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Chapter 1
Introduction to Interrelated Biology of Age-
Associated Chronic Diseases and Cancer: 
Chronic Inflammation, a Common 
Denominator in Morbidity and Mortality

Abstract The biological events that regulate the body’s multi-organ systems from 
conception to development and through adulthood and aging process are fascinating 
molecular communications between immune and non-immune systems. The highly 
organized interdependent network of signals and chemical interactions (crosstalk) 
among the organ systems such as immune cells, vasculature, neuronal, metabolic 
hormonal pathways constitute the body’s effective immunity that defend the body 
against any intrinsic or extrinsic components that are perceived hazardous. Body’s 
protection against all unwanted elements was originally conceptualized as the the-
ory of immune surveillance that also defined control of cancer growth; by Sir 
Mc Farland Burnet in 1957. Disturbance of the orchestrated crosstalk in immunity 
by frequent exposures to various immune disruptors, including pathogen-specific 
vaccines and aging process can cause retardation of various interrelated communi-
cations in susceptible tissues and initiation of mild or severe health conditions. In 
this introductory chapter we overviewed the topics that are detailed separately 
throughout the book. It is suggested that policy makers and professionals in deci-
sion making roles in medical sciences to return to common sense and logics that our 
Forefathers used to serve the public. Future directions in medical cancer research 
are suggested to be systematical studies of oxidative stress initiating events that 
disturb the effective immunity (immune surveillance) toward multistep disease 
processes.

Keywords Age-associated chronic diseases • American health status • Answer to 
cancer • Antigen overload • Autoimmune diseases • Biological heterogeneity • 
Cancer financial toxicity • Cancer/medical establishment • Clinical trials • Colitis • 
Congress • Early immune dysfunction • Effective immunity • Healthy aging • 
Historical neglected observations • Host-pathogen interactions and synergies • 
Hypertension • Immune disrupters • Immune-privileged • Immune-responsive • 

We could certainly slow the aging process down if it had to 
work its way through Congress

Will Rogers
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Infections • Longevity • Morbidity • Mortality • Neurodegenerative • Shotgun 
research • Signal transduction network • Systematic study • Translational medicine 
• Tumor virology • Virus-contaminated polio vaccines • War on cancer • Yin–Yang 
of inflammation

1  Introduction

Fascination with the topic of aging remains the mysterious or mystical subject for 
scientists, poets and philosophers for centuries. Over the past few decades, the sci-
entific interest in the biology of aging process has accelerated, especially because of 
the significant increased in the growth rate of the older adult population around the 
world. Advancing in age is associated with increased risk of developing one or more 
chronic disabling medical illnesses such as allergies, hypertension, neurodegenera-
tive and autoimmune diseases, adult on-set diabetes and cardiovascular complica-
tions, vulnerability to infectious diseases and many site-specific cancers.

Longevity and the rate of susceptibility and severity to chronic and disabling ill-
nesses vary among individuals due to the complex combination of interactions and 
heterogeneities between the intrinsic and extrinsic factors that would determine the 
biology of aging. The increased growth rate of healthy older adults around the world 
suggests that the aging process is not necessarily associated with illnesses; and not 
all older individuals develop chronic illnesses at the same rate or severity. The 
degrees of interactions between intrinsic (innate) factors including the genetic 
make-up of the individual influencing other biological features of immune and non- 
immune systems (e.g., vasculature, metabolic, hormonal, neuronal and physiologi-
cal), and response profiles toward immune disruptors or extrinsic factors (e.g., 
infective agents or exposures to diverse chemical, biological or environmental haz-
ards and life styles) vary among individuals.

To date, our biological information on aging process and chronic diseases are 
fragmentary, obscure and confusing, due in part to the fact that, except for a small 
group of decision makers within the medical establishment, majority of scientists 
work in isolated fields of expertise for a limited durations of funding. It is also note-
worthy that despite the fact that there are enormous numbers of published data on a 
wide range of age-associated topics, the available information is not effectively inte-
grated to make better sense of what data is worth following to benefit the public. 
Furthermore, the fashionable field of computational biology cannot be expected to 
provide the intellectual answers to too many biological knowledge gaps and ques-
tions that currently exist for connecting the dots on the scattered data. The best 
evidence for disconnect in understanding the fragmented data comes from the 
 ongoing debates, confusion and misunderstanding of the role of immune/inflamma-
tion in the genesis and progression of chronic diseases and cancer (reviewed in 1, 2).

1 Introduction to Interrelated Biology of Age-Associated Chronic Diseases…
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The followings are excerpts and analyses of data on American health status in 
comparison with other developed nations, from Mirror, Mirror (2014, details in 
Chap. 5)1:

“The United States health care system is the most expensive in the world, but this 
report and prior editions consistently show the U.S. underperforms relative to other 
countries on most dimensions of performance. Among the 11 nations studied in this 
report—Australia, Canada, France, Germany, the Netherlands, New Zealand, 
Norway, Sweden, Switzerland, the United Kingdom, and the United States—the U.S. 
ranks last, as it did in the 2010, 2007, 2006, and 2004 editions of Mirror, Mirror. 
Most troubling, the U.S. fails to achieve better health outcomes than the other coun-
tries, and as shown in the earlier editions, the U.S. is last or near last on dimensions 
of access, efficiency, and equity. In this edition of Mirror, Mirror, the United 
Kingdom ranks first, followed closely by Switzerland…..The U.S. ranks last of 11 
nations overall. Findings in this report confirm many of those in the earlier four edi-
tions of Mirror, Mirror, with the U.S. still ranking last on indicators of efficiency, 
equity, and outcomes. The U.K. continues to demonstrate strong performance and 
ranked first overall, though lagging notably on health outcomes. Switzerland, which 
was included for the first time in this edition, ranked second overall. In the subcat-
egories, the U.S. ranks higher on preventive care, and is strong on waiting times for 
specialist care, but weak on access to needed services and ability to obtain prompt 
attention from primary care physicians. Any attempt to assess the relative perfor-
mance of countries has inherent limitations. These rankings summarize evidence on 
measures of high performance based on national mortality data and the perceptions 
and experiences of patients and physicians. They do not capture important dimen-
sions of effectiveness or efficiency that might be obtained from medical records or 
administrative data. Patients’ and physicians’ assessments might be affected by 
their experiences and expectations, which could differ by country and culture…. 
Major Findings

• Quality: The indicators of quality were grouped into four categories: effective 
care, safe care, coordinated care, and patient-centered care. Compared with the 
other 10 countries, the U.S. fares best on provision and receipt of preventive and 
patient-centered care. While there has been some improvement in recent years, 
lower scores on safe and coordinated care pull the overall U.S. quality score 
down. Continued adoption of health information technology should enhance the 
ability of U.S. physicians to identify, monitor, and coordinate care for their 
patients, particularly those with chronic conditions.

• Access: Not surprisingly—given the absence of universal coverage—people in 
the U.S. go without needed health care because of cost more often than people do 
in the other countries. Americans were the most likely to say they had access 
problems related to cost. Patients in the U.S. have rapid access to specialized 
health care services; however, they are less likely to report rapid access to pri-

1 Davis K, Stremikis K, Schoen C, Squires D: Mirror, Mirror on the Wall, 2014 Update: How the 
U.S. Health Care System Compares Internationally, The Commonwealth Fund, June 2014.

1  Introduction



4

mary care than people in leading countries in the study. In other countries, like 
Canada, patients have little to no financial burden, but experience wait times for 
such specialized services. There is a frequent misperception that trade-offs 
between universal coverage and timely access to specialized services are inevi-
table; however, the Netherlands, U.K., and Germany provide universal coverage 
with low out-of-pocket costs while maintaining quick access to specialty 
services.

• Efficiency: On indicators of efficiency, the U.S. ranks last among the 11 coun-
tries, with the U.K. and Sweden ranking first and second, respectively. The U.S. 
has poor performance on measures of national health expenditures and adminis-
trative costs as well as on measures of administrative hassles, avoidable emer-
gency room use, and duplicative medical testing. Sicker survey respondents in 
the U.K. and France are less likely to visit the emergency room for a condition 
that could have been treated by a regular doctor, had one been available.

• Equity: The U.S. ranks a clear last on measures of equity. Americans with below- 
average incomes were much more likely than their counterparts in other coun-
tries to report not visiting a physician when sick; not getting a recommended test, 
treatment, or follow-up care; or not filling a prescription or skipping doses when 
needed because of costs. On each of these indicators, one-third or more lower- 
income adults in the U.S. said they went without needed care because of costs in 
the past year.

• Healthy lives: The U.S. ranks last overall with poor scores on all three indicators 
of healthy lives—mortality amenable to medical care, infant mortality, and 
healthy life expectancy at age 60. The U.S. and U.K. had much higher death rates 
in 2007 from conditions amenable to medical care than some of the other coun-
tries, e.g., rates 25–50% higher than Australia and Sweden. Overall, France, 
Sweden, and Switzerland rank highest on healthy lives.”

With regard to cancer research and therapy, it is alarmingly disappointing that 
while over 20 million publications exist on cancer-related topics, the scientists still 
argue whether inflammation is protective or destructive to the body. The author 
believes that the reductionist approaches and creation of a double vision for the mis-
sion of cancer, by decision makers (establishment, insiders) in cancer community 
who emphasize to fund too many projects that are claimed as ‘targeted’ therapies, 
‘personalized’ or ‘precision’ medicine, are the principal reasons for extremely slow 
progress and repeated failed outcomes [2].

In preparing this book, attempts were made to discuss some of the known hetero-
geneities in the biological systems, address pitfalls and shortcomings or misunder-
standing of the cancer science and identify the intellectually important knowledge 
gaps and questions on age-associated chronic diseases with emphasis on cancer 
biology and treatment. A goal in this effort is to demonstrate that for improving 
public health decision makers need to move away from the current reductionist 
views and the irresponsible shut-gun approaches in cancer research and therapy, 
which have been extremely costly and produced high failure rate outcomes. The 
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overall future proposed directions will be to conduct systematic and logical studies 
that are cost effective and would lay a foundation to understand cancer biology 
toward better preventing or treating cancer and benefiting the growing society and 
the cancer-stricken public.

The chapters in this book were prepared as extensions of the author’s discoveries 
and suggestions that the major known biological theories of aging (genomics, free 
radicals and immune) are interdependent; and that chronic, persistent or unresolved 
inflammation (oxidative stress, sub-clinical) is a common denominator in the initia-
tion, progression and manifestation of nearly all age-associated chronic diseases [1, 
2]. A focus of the book chapters will be discussing recent definitions and hypotheses 
on the role of acute and chronic inflammation in health and diseases, based on the 
analyses and extension of our ‘accidental’ discoveries that were established in 
1980s on experimental models of acute and chronic ocular inflammatory diseases at 
the University of Pennsylvania. The results of these groundbreaking studies, as 
summarized below are suggestive of a series of interrelated and systematic findings 
as the first evidence for a direct link between inflammation-induced distinct devel-
opmental phases of immune dysfunction in the direction of tumorigenesis and 
angiogenesis including demonstration of the early events of immune disruptors-
induced altered response profiles in host tissues [1, 2]. The emphasis will be to 
demonstrate how the altered inherent and natural duality and response dynamics of 
immune and non-immune systems (e.g., vasculature, metabolic, hormonal and neu-
ronal) facilitate cancerous cells to bypass (escape) immunity for their enhanced 
growth requirements and invasive characters during cancer metastasis and angio-
genesis (Fig. 1.1). The ultimate goal of this undertaking is to demonstrate the seri-
ous need for conducting systematic studies of the inherent protective properties of 
immunity that are altered or lost during aging process as bases for induction of 
chronic diseases. Future unique opportunities and challenges for cancer research 
and therapy will also be proposed.

2  Neglected Historical Observations, Theories 
and Discoveries on the Role of Immunity in Controlling 
Carcinogenesis

The following sections highlight the neglected century-old fundamental observa-
tions and recent theories and discoveries that are intimately relevant to the impor-
tance of inflammation in multistep carcinogenesis. Lack of interest to support 
systematic studies on cancer biology by decision makers (reductionists in medical 
establishment) who moved away from extending these logical and groundbreaking 
observations are the principal reasons for very costly cancer-care (cancer financial 
toxicity to the society) that produced very little to positively influence public health 
[1–15].

2  Neglected Historical Observations, Theories and Discoveries on the Role…
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Fig. 1.1 Longevity and oxidative stress are co-morbidity and co-mortality risk factors that 
increase the incidence of many chronic diseases. Age-induced hormonal, metabolic and physiolog-
ical changes in the body, impose biological rearrangements in organ systems (biological senes-
cence). Aging also induced minor or major changes in immune cell responses or immunosenescence. 
Unresolved inflammation together with aging process could adversely and progressively cause 
DNA damage and chromosomal changes, alteration in vascular function-toning neovascularization 
or angiogenesis, tissue necrosis or cell growth and changes in oxido-redox status with accumula-
tion of free radicals. Depending on the type and susceptibility of the target tissues manifestation of 
potentially interrelated diseases such as diabetes and cardiovascular complications, neurodegen-
erative and autoimmune diseases, arthritis, Alzheimer’s, atherosclerosis, as well as neoplasia, 
hyperplasia or cancer could occur. (Reproduced with permission from Khatami Ref. [1], all rights 
reserved.)
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2.1  Observations by Paul Ehrlich and Ilya Mechinkov 
in Nineteenth and Twentieth Centuries: Era of Modern 
Experimental Immunology

At the end of nineteenth century, Ilya Mechnikov discovered the action of phagocy-
tosis and the basis for studying innate immunity. In the same period, Paul Ehrlich 
hypothesized that antigen and antibody behave as the fit between key and lock; thus 
establishing the innovative concept of antigen-antibody complementarities and the 
basis for studying adaptive immunity. Ehrlich and Mechnikov shared the Nobel 
Prize in 1908 for their pioneering studies in the field of immunity and host defense 
mechanisms. In 1909, using the newly invented technology of microscope, Ehrlich 
observed that cancer cells were monitored and destroyed by immune cells [3, 4].

2.2  Contributions of Peyton Rous in 1900s: Era of Tumor 
Virology. Virus-Causing Cancers

A century ago, in 1910, Peyton Rous reported the first transplantable avian tumor 
virus of ‘spindle-celled sarcoma’ a discovery that began the era of tumor virus biol-
ogy and tumor biology [5]. The avian tumor as Rous reported ‘closely resembles the 
typical mammalian neoplasms that are transplantable’. Several related studies on 
comparison of tumor growth in different species (e.g., rat, mouse, dog, fish) pre-
sented controversies whether the findings were genuine tumors as they produced 
different growth characteristics. However, Rous’ careful observations on chicken 
sarcoma became the first evidence for a virus-causing tumor which is transmissible 
to other individuals [5]. The main factor that was found in similar studies for trans-
missible chicken leukemia, lymphoma, sarcoma and other neoplasms was a filter-
able virus [5].

Rous’ visionary work demonstrated the cumulative effects of the ‘initiators’ in 
carcinogenesis. His concept is now described as the cumulative role of immune 
disruptors (e.g., pathogens, allergen, chemical, biological and environmental fac-
tors) in altering cellular behaviors in the direction of growth promotion.

In 1966, Peyton Rous, at the age of 87 was finally recognized for his novel con-
tributions in the field of tumor virology and was awarded the Nobel Prize in 
Medicine. Despite his impeccable integrity and exceptional scientific qualities that 
were ahead of his time for showing the origin of cancer, it took 55 years, the longest 
period in the history of Nobel Prizes, to be honored for his major discovery. His 
colleagues noted Rous’ impeccable integrity and honesty and exceptionally gifted 
writing skills on details of his work. Rous shared the award with Charles B. Higgins.

While data on the role of virus-causing cancers existed, half a century prior to 
injecting the American population with million doses of virus-contaminated polio 
vaccines in 1955, the decision makers in the establishment proceeded to downplay 
and ignore the existing data, as well as the serious warnings and findings of a compe-

2  Neglected Historical Observations, Theories and Discoveries on the Role…



8

tent microbiologist at NIH (Bernice Eddy, MD) and created the deadly cancer epi-
demic and other chronic diseases such as neurodegenerative and autoimmune diseases 
that is destroying the health of baby boomers in America and to some extent around 
the world [6, 7]. In recent reports, the author described the scientific concerns regard-
ing newly popularized vaccines against human papilloma virus (HPV) for prevention 
of cervical cancers in young generation. Suffice to note that while a great deal of stud-
ies have been devoted on reductionist approaches for identifying details of structure 
and substructure of viral DNA and expression products and mechanisms of actions of 
the evolving characteristics for HPVs or other viruses or bacteria (e.g., polio, herpes, 
AIDS, EBOLA, influenza, measles, hepatitis A, B, meningitis) that behave differently 
in different susceptible tissues for induction and manifestation of infectious or neuro-
logical diseases or cancer, there is a peculiar absence of study to understand what initi-
ate the immune disruptor-,(virus)-induced altered biological properties in the 
susceptible tissues (host-pathogen interactions and synergies) that lead to manifesta-
tion of virus- causing disease processes. We also hypothesized that the exposure to 
many pathogen-specific vaccines or their particles (recombinant DNA) and adjuvant/
ingredients, could impact the homeostasis and dynamics (ecosystem) of the host 
microorganisms (e.g., GI track, skin), particularly in young adults. Altering the haz-
ard/benefit ratios of body’s microbiota may be important contributing factors in the 
induction of chronic diseases such as allergies, autoimmune or neurodegenerative 
complications or cancers. Already, mild or moderate chronic health problems have 
been reported in younger adults who were vaccinated with HPV or other pathogen-
specific vaccines (see Chap. 5) [6, 7].

In general, we described that systematic understanding of the effective immunity 
of host and its protective mechanisms against all internal and external foreign enti-
ties, and how to promote the organ systems defense ability, have greater priorities 
than investing resources on understanding the details of evolving DNA substruc-
tures of trillions of viruses for producing vaccines that are potentially hazardous.

2.3  Burnet (1957): Insightful Theory of Immune Surveillance-
Controlling Cancer Cells

Sir Macfarlane Burnet in a seminal article developed the theory of immune (cancer) 
surveillance, the body’s protective mechanism that controls the growth of microor-
ganisms or cancerous cells [8]. Since the principal content of this book is devoted to 
extension of the Burnet’s theory of immune surveillance, here the original theory of 
cancer control mechanisms are discussed in more details, along with our recent  
definitions of acute and chronic inflammation [6–12]. Aspects of the Burnet’s  
theory of immunological selections have been challenged in recent years [9]. As 
discussed below, the fundamental role of immune surveillance, as well as, the 
important observations of Ehrlich that were originally documented over a century 
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ago, have been practically ignored and downplayed by the cancer community [1, 2, 
6, 7, 10–12].

In his 1957 article [8] Burnet commented that scientists, particularly in USA 
have “a strong tendency to concentrate on investigations that may provide leads to 
(a) to the elaboration of tests for the early diagnosis of cancer, and (b) to its cure by 
non-surgical means. This has led perhaps to an undue interest in the biochemical 
aspects and especially the enzymic activities of tumour cells... Scientists may be 
divided into three groups. There are those, like myself, who believe that at every 
stage in scientific development it is necessary to provide the best available general-
izations as a guide to effective work, both in the application of knowledge to human 
needs and in the planning of future research. At the other extreme are those who feel 
that the only valuable scientific activity is to concentrate on some significant facet 
of knowledge until the facts are incontrovertible and are expressible in some gen-
eral statement, preferably mathematical in form, that is acceptable to all competent 
workers…” [8].

Acknowledging the fundamental observations of Ehrlich [3, 4] and other col-
leagues, Burnet argued on the requirements for any general theory of cancer to be 
universally admitted so that “…the essence of group of phenomena we know as 
cancer or neoplastic growth is growth of cells free from the normal control exer-
cised by the organism as a whole…Cancer is a negative condition- a manifestation 
of the breakdown in one or more aspects of the positive control that welds the cells 
of the body into a single functioning unit-the organism as a whole…The failure in 
cancer is due not to any weakness of the organism but to a change in the character 
of the cells rendering them in one way or another insusceptible to the normal con-
trol. This statement is self-evident when we consider the phenomena of metastasis 
and experimental transplantation….” [8].

Burnet’s thoughtful analyses of data from different scientific groups (e.g., Wiess, 
Mascona, Medawar, Ebert, Green, Stewart, Krebs, Hauschka, Koprowski, Law, 
Furth, Armitage, Doll, Metcalfe, Fisher, Holloman, Cowdry, Mackay, Habich, 
Kanzow, Berenblum and Shubik, Weiler, Haddow, Millers, Pollock, etc) of his era 
who studied in the fields of developmental biology, immunology and cancer, and 
emphasized the followings:

 (a) Embryonic cells dissociation and association, under appropriate tissue cultures 
and enzymatic assays;

 (b) Immunological tolerance capacity, using skin grafts mice models;
 (c) Transplant studies in mice and studies of ascites tumors;
 (d) Heterogeneity of tumor strains, extending its virulence to other hosts;
 (e) Selective survival of mutant cells and resistant to agents provided rational for 

cellular control “...the first step is for the cells to become grouped according to 
kind, aggregating into clusters by a variety of processes which seem to include 
random encounter, directional migration, and surface interactions. The next 
process is one of organization within the aggregates and their interaction with 
clusters of cells of other types to develop the tissue-like appearance… From the 
point of view of cellular control in its relation to cancer the important aspect of 
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these results is the indication that cells of many types are constantly liberating 
‘ self- markers’ into the lymph and blood circulations…This is perhaps equiva-
lent to saying that every normal cell in the body is played on by multiple con-
trols, and that more than one of these controls must be abrogated to allow 
unrestrained or excessive growth …” [8].

The ‘multiple controls’ in preventing cancer growth that Burnet discussed in 
1950s, were later defined as the elaborate signal transduction mechanisms between 
immune and non-immune (e.g., vasculature, metabolic, hormonal and neuronal) 
responses of tissues that protect the body against harmful elements, including the 
growth of cancerous cells that threaten the body’s survival [1, 2, 6, 7, 10–12].

In his early visionary approach to control the growth of cancer cells, Burnet 
explained that “a small fraction of heteroploid cells in a tumour could be concen-
trated by propagation in a partially incompatible host. In his [Hauschka] view loss 
of transplantation specificity is a result of immunological selection of cell types with 
least antigenicity amongst the available chromosomal variants. The possibility that 
the selection is rather for cell types which are unduly resistant to the destructive 
action of immunological processes must also be considered. When transplantable 
tumours are exposed to therapeutic concentrations of radiations or antimetabolites 
it is the rule to find the eventual appearance of resistant tumour strains… the work-
ing hypothesis that the development of malignancy is the result of a biological pro-
cess in which successive mutations occur in cells capable of continued proliferation, 
by which a certain advantage is gained. If cell A mutates to A′, and A′ has a slight 
advantage over A, there will be a gradual conversion of at least some regions from 
a population of A to one of A′…with increasing age more and more patches of cells 
in expendable tissues are the offspring of cells which have undergone more than one 
mutation in the line of progression to cancer. Perhaps a very clear indication of this 
is to look at the skin on the back of the hand of an elderly man and note its mosaic 
of colour and texture...in his [Cowdry] summary of the main changes, which include: 
increased thickness of epidermis in some areas, lessened thickness in others, dimi-
nution in hairs, sweat and sebaceous glands, patchy areas of hypo- and hyper- min-
eralization, occasional marked hypertrophy of single hairs. There are probably 
invisible mosaics of similar character in many other parts of the ageing body… a 
cardinal point of the theory that only if a mutation results in the loss of some struc-
ture or function by which general control over growth is exercised will the descen-
dants of the mutated cell become sufficiently numerous to produce clinically or 
chemically detectable effects. The commonest effects will, of course, be those result-
ing directly from malignant growth of the cell descendants concerned….” [8].

Burnet further explains that macroglonulinaemia is “a relatively rare condition 
found in elderly patients in which the blood contains an abnormal globulin of very 
high molecular weight. It is always associated with a gross replacement of the bone 
marrow by lymphocyte-like cells which are clearly neoplastic and which in a small 
proportion of cases give a blood picture hardly distinguishable from chronic lym-
phatic leukaemia. Whenever the abnormal proteins from different cases of macro-
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globulinaemia have been compared they have shown sharp individual antigenic 
differences…” [8].

Acknowledging the concept of Green (1954), on immunological theory of can-
cer, Burnet further described “…that the basic reason for failure to grow [cancer] in 
a heterologous strain is the immune response of the new host to the foreign marker 
antigens in the graft…” [8].

This was a basic important theory that provided scientists a foundation to start 
understanding the role of immune surveillance in protecting the body against minor 
or major injuries or insults such as exposures to pathogens or biological, chemical 
or environmental hazards or carcinogens that threaten the survival of the body 
throughout life [1, 2, 10–12].

However, systematic extension and application of these fundamental observa-
tions for cancer research and therapy were practically ignored and downplayed by 
the decision makers in the cancer community for about a century. Instead, the deci-
sion makers created reductionist approaches to cancer research and therapy for 
motives that seem far from conducting effective projects to benefit the patients or to 
prevent cancer [2, 7, 10–12]. The heavy investment of public and private funds on 
disproportionate identification of numerous genetic mutations in the chaotic molec-
ular environments of site-specific cancers was recently considered as ‘molecular 
false flags’ that are based on false foundations [2, 6, 7, 10]. The best evidence for 
wrong approaches in cancer research and therapy comes from the repeatedly failed 
outcomes (90% +/−5, failure rates) of claimed ‘targeted’ therapies, ‘personalized’ 
or ‘precision’ medicine for solid tumors that are heavily popularized by the might 
of decision makers, under the banners of ‘cancer cure’ or ‘stand up to cancer’ [2, 6, 
7, 10].

Even in the last couple of decades that the establishment in the cancer commu-
nity began to appreciate the role of immunity and inflammation in cancer research 
and translational medicine, nearly all publications relate to numerous fragmented 
and shut-gun data on a wide range of studies demonstrating tumors infiltration by 
leukocytes in experimental models of tumors or human cancers, with inconclusive 
prognostic values, or high failure rates for therapies [2, 6, 7, 10–22]. In recent years, 
other governmental agencies, professionals and media have raised serious concerns 
about the validity and high costs of cancer research and therapy and vaccines  
[6, 7, 12, 22–27]2,3,4. As discussed below, in these expensive projects, little serious 
attempts are demonstrated to understand what are the early steps that change the 

2 Medscape December 5, 2011 (Washington DC) reported by Dr. Foji (NCI) ‘zero [is] the number 
of targeted therapies that prolonged survival by 1  year’ when compared with conventional 
treatment.
3 Bennett, A. (2010) End-of-life warning at $618,616 makes me wonder was it worth it, Mar. 4. 
Bloomberg News. http://www.bloomberg.com/apps/news?pid=newsarchive&sid=avRFGNF6Q
w_w
4 Berger, E. (2012) Interview with the president of MD Anderson, DePinho in CNBC program, 
June 1, 2012, http://blog.chron.com/sciguy/2012/06/m-d-anderson-president-goes-on-cnbc-extols- 
his-own-company.
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immune surveillance properties toward loss of its effectiveness to control the growth 
of cancerous cells, particularly during aging process [1, 2, 6, 7, 10–12].

Examples of fragmented data reported on cancer immunology and therapeutic 
projects that resulted a cancer financial toxicity, costing trillions of dollars to the 
public, while producing over 20 millions cancer-related articles and thousands of 
cancer drugs are outlined below (details in Chaps. 5 and 6):

 (a) Types of tumor infiltrated leukocytes [e.g., polymorphonuclear cells (PMNs), 
natural killer cells (NKs), dendritic cells (DCs), macrophages (MΦs), eosino-
phils (Eos) and mast cells (MCs), T or B lymphocytes, in site-specific cancers 
from experimental models of tumors, basic science or clinical studies including 
identification of numerous biomarkers [1, 2, 6, 7, 24–41].

 (b) Ongoing findings of hundreds and thousands of immune and inflammatory fac-
tors and mediators [e.g., cytokines/chemokines (e.g., CX3C, CCL2, interleu-
kins, IL-1, IL-2, IL5, IL-8, IL-10, IL-12, IL-17, IL-23, IL-27, M-CSF, GM-CSF), 
vasoactive components (e.g., histamine), interferons (IFNs/IFN-γ), oxidants 
(e.g., ROS, RNS, caspases), neurotoxins (e.g., EDN, eotaxin), expression of 
suppressors or adaptive molecules from innate or adoptive immune cells; sub-
sets/lineage of cells and surface molecules [e.g., CD4 + −CD25+, Th1, Th2, T 
reg, CD8+/cDC, DC1/Dc2, M1/M2-TAM, FOXP3, myeloid-derived suppressor 
cells (e.g., MDSC)], immunoglobulins and isotypes and receptor molecules 
(e.g., IgE- IgΕfcR, IgG1/IgG2, IgM, IgA), growth factors expressed from lym-
phocytes or vasulature components (e.g., NFκb, FGF, VEGF), kinases (e.g., 
IP3K, MAPKs, thr/serK), toll-like receptors, transforming growth factors or 
adapter molecules (e.g., TGF-α,β, TLRs, TNF-R, dectins), membrane lipid 
metabolism and activated enzymes or proteins [e.g., cyclooxygenase, lipooxy-
genase, prostaglandins/PGs (e.g., PGI2, PGF1α, PGE2), surface glycoproteins, 
lipoproteins, indoleamine 2,3- dioxygenase (IDO), tryptase, chymase], as well 
as endless identification of genetic mutations and transcription factors of DNA/
RNA, epigenetic components and repair protein/enzyme factors (e.g., p53, p38, 
ERK, GATA3, STAT3, 4, ALK) or immune checkpoints in experimental models 
of tumors or human subjects or approaches to clinical trials and immunotherapy 
or development of pathogen-specific vaccines [1, 2, 9–21, 28–72];

 (c) In these efforts, development of numerous specific technologies for detection of 
specific molecular entities in experimental mouse or rat models for testing, 
developing, popularizing and utilizing specific networks in the fields of genom-
ics, proteomics, lipidomics, metabolomics, glycomics continue to flood the 
literature.

The discoveries of these individual molecules accompany reports on mecha-
nisms of actions of related pathways in site-specific cancer microenvironments lay 
the foundations for drug development and clinical trials with limited scientific 
visions or values to benefit the public. Furthermore, while the cascades of cancer 
metastasis to secondary specific organs are relatively understood (see below); sys-
tematic studies of multistep carcinogenesis that are the most important events for 
understanding the loss of cancer control, that could lead to effective detection and 
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prevention as well as, therapy of cancer remain a mystery. In other words, very little 
efforts have gone to systematically demonstrate the initial events during multistep 
loss of immune response dynamics (immune surveillance) that could lead to effec-
tive monitoring, reversing and controlling cancer cell growth.

2.4  Biological Cascades Toward Cancer Metastasis: Extension 
of the Theory of ‘Seed and Soil’ by Paget (1889)

The metastatic spread of cancer cells from primary host tissue to distant organs that 
is the basis for most cancer deaths is the topic of intense investigations. The impor-
tant original hypothesis by Paget in 1889 [73] which held the test of time by numer-
ous insightful studies on the mechanisms of metastasis from primary tumor sites to 
secondary specific organs, demonstrate requirements of selective crosstalks 
between cancer cells (the ‘seed’) and specific organ microenvironment (the ‘soil’) 
[73–77].

However, as stated above, while the mechanisms of cancer metastatic cascades 
to different secondary sites have been investigated relatively well, very little efforts 
have gone to conduct systematic studies of understanding how cancer cells escape 
the monitoring ability of immune surveillance in the first place. It is also noteworthy 
that despite the relative advancements in understanding the metastatic stages of can-
cer, finding the ‘cure’ for solid tumors repeatedly failed the patients, most likely due 
to wrong approaches for treatments (see below).

2.5  Contribution of Dvorak (1986): ‘Tumors Are Wounds that 
Do Not Heal’

In his cogent report that was published prior to recent definitions of inflammation, 
Dvorak made important molecular analyses of tumor behavior, particularly with 
regard to blood-derived wound healing properties of coagulation-related compo-
nents and angiogenesis, comparing tumors with wounds that do not heal [78, 79]. 
The observation was recently described as unresolved inflammation or the loss of 
balance between tumoricidal (‘Yin’) and tumorigenic (‘Yang’) properties of immu-
nity [1, 2, 11].

Dvorak analyses of data and hypotheses in cancer biology is perhaps among 
those few insightful contributions that stood the test of time in the past decades, as 
are the fundamental observations on immunology of carcinogenesis and metastasis 
reported by Ehrlich and Burnet or Paget (details in Chap. 6).
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2.6  ‘Accidental’ Discoveries: Systematic Studies Led to First 
Evidence on Direct Link Between Inflammation 
and Tumorigenesis (Khatami et al. 1980s)

In 1980s, working on experimental models of acute and chronic ocular inflamma-
tory diseases, at the University of Pennsylvania, under the direction of John H 
Rockey (M.D., Ph.D.) we reported a series of findings that later became ‘accidental’ 
discoveries and the first series of evidence toward multistep induction of tumorigen-
esis and angiogenesis.5 In 1980s, our research team was not involved in cancer 
research and we had no idea of the importance or significance of these findings until 
Khatami joined the National Cancer Institute (NCI); the National Institutes of 
Health (NIH) in 1998. At the Division of Cancer Prevention (DCP/NCI/NIH), the 
author was given the responsibility for producing molecular concepts for cancer 
diagnosis and prevention, design of clinical trials and utilization of patient samples 
for large clinical trials such as prostate-lung-colorectal-ovarian (PLCO) Cancer 
Screening Trials [6, 7, 10 (NCI documents since 1998)]. A brief background on the 
challenging efforts of Khatami to promote the role of inflammation in cancer 
research would be interesting from scientific and human spirit dimensions.

At NCI/NIH, review of numerous published data on cancer-related topics 
revealed that the results of our ‘accidental’ discoveries were suggestive of the first 
series of systematic and interrelated findings in tumor growth as outlined below 
(details in Chaps. 2, 4 and 6) [1, 2, 80–89] (Figs. 1.2 and 1.3):

 (i) First evidence for the early effects of immune disruptors-(antigen-) induced 
altered immune response dynamics. Briefly, the antigen or immune disruptor 
was a chemically synthesized fluorescein conjugation to ovalbumin (fluorescei-
nyl ovalbumin-FLOA). Working at the Department of Ophthalmology at 
University of Pennsylvania, there was dual purpose for using FLOA as antigen 
in our experimental models of ocular allergies;

 (a) Diabetic patients who developed retinopathy and treated with fluoresceine 
dyes (angiography) prior to laser surgery and therapy, often developed aller-
gic conditions. We were interested to understand how the dye influenced 
immunobiology of the eye.

 (b) The synthesis of covalent conjugation of fluoresceine with ovalbumin 
(FLOA) was a suitable antigen for studying the effects of immune disruptors 
in experimental models of acute and chronic ocular inflammatory diseases.

In these studies, early immune responses (within 11 days) upon repeated topical 
applications of FLOA in conjunctival-associated lymphoid tissues (CALTs) 
included sensitization of mast cells (MCs), through activation of B lymphocytes by 
FLOA-specific IgE antibodies, followed by MCs degranulation and release of hista-

5 In 1980s, the author was also studying the role of glucose toxicity in ocular tissues to understand 
biology of diabetes complications with focus on retinopathy and maculopathy (examples in Ref. 
[90–94]). This was a tremendous thought-provoking period for author’s professional life and bases 
for her desire to integrate useful data from multidisciplinary fields of biomedical sciences and 
extend earlier discoveries to better understand the biology of cancer.
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mine and prostaglandins from target/inflamed tissue. Ocular responses often associ-
ated with tissue edema, tearing, and vascular hyperpermeability reactions (Fig. 1.2) 
[80]. In 1980s, these early responses were identified as acute inflammatory reac-
tions toward antigen. In 2014/2015, working as co-author in a multi-authored report 
on the role of chemical and environmental hazards (immune disruptors), to demon-
strate the potential effects of low level carcinogens [88], the author learned with 
much excitements that the studies that her group reported in 1984 [80] were the first, 
and the only evidence on the role of immune disruptors in the induction of earliest 
response profiles in the direction of tumorigenesis (Fig. 1.2).

 (ii) The first report on time-course kinetics of inflammation-induced identifiable 
developmental phases of immune response dynamic alterations toward tumor-
igenesis and angiogenesis [1, 2, 80–86]. The identified phases included,

 (a) acute inflammation responses (within days);
 (b) intermediate phase (within a couple of months)- induction of desensitiza-

tion phenomenon, heavy infiltration of eosinophils into tissue epithelium 
and goblet cells; and

 (c) chronic phases (within 30  months of tissue stimulation)- induction of 
hyperplasia of lymphoid tissues, activation of macrophages and angiogen-
esis, epithelial thickening and/or thinning (necrosis or growth) often noted 
in the same tissue sections, increased MCs degranulation (‘leaky’ MCs) 
(details in Chap. 4) (Fig. 1.2).

Fig. 1.2 Schematic representation that aging and long-term exposure to inflammatory conditions 
could increase the risk of immune suppression in direction of cellular growth promotion. 
Inflammation-induced identifiable phases of immune dysfunction that the author’s research group 
demonstrated on experimental models of ocular allergies (1980’s); included phases (a); acute reac-
tions causing mast cells (MCs) degranulation, vascular hyperpermeability and tissue edema 
(reversible); (b) intermediate phase; persistent inflammation, tissue atrophy and/or pre-neoplasia 
along with neovascularization (potentially reversible); (c) induction of hyperplasia/neoplasia; pro-
gression of immune dysfunction and loss of tissue integrity towards Phases (d) and (e) in the direc-
tion of tumor growth, metastasis and angiogenesis. Reproduced from Khatami [87] with 
permission. All Rights Reserved
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 (iii) Recent analyses of data on these studies further suggested the first evidence 
for sequential and synergistic interactions between host (local) immune cells 
(e.g., MCs, goblet cells and B lymphocytes) and those of recruiting immune 
cells (e.g., activated macrophages or TAMs), in the direction of tissue damage 
and massive hyperplasia of lymphoid tissues, tumorigenesis and angiogenesis 
(Fig. 1.2) [2].

 (iv) In 2008, acute inflammation was defined for the first time, as the balance 
between 2 tightly regulated and biologically opposing arms of immunity, 
termed Yin (apoptosis or tumoricidal) and Yang (wound healing or tumori-
genic) event with intimate involvement of vasculature for protecting the body 
against foreign elements, throughout life (‘friend’) [11]. Unresolved or chronic 
inflammation (oxidative stress) was suggested as the loss of balance between 
Yin and Yang of acute inflammation (‘Foe’), causing expression and co-
expression of mismatched apoptotic and wound healing factors, creating 
immunological chaos or immune tsunami, in susceptible target tissue [1, 2, 
10–12, 86, 87]. Chronic inflammation was suggested to be the basis for induc-
tion of altered immune responses in tissue that could lead to ‘mild’, ‘moder-
ate’ or ‘severe’ immune disorders, influencing the bioenergetics of tissues 
(mitophagy) and causing instability of chromosomal components (DNA/
RNA, epigenetics and repair mechanisms), damage to extra- and intra- cellular 
membrane components in the direction of chronic diseases or cancer, particu-
larly during aging process (Figs. 1.1 and 1.2) [1, 2, 10–12].

 (v) It was hypothesized that inflammation differentially influences the tissues that 
are immune-privileged (e.g., neuronal tissues, CNS, neuroretina, cornea, 
reproductive system) or immune-responsive (e.g., squamous or glandular epi-
thelia, endothelia, stroma, vasculature), creating ‘immunological chaos’ or 
‘immune tsunami’ in the target tissues. Inflammation-induced immunological 
chaos could switch response profiles in the oxidative stress-sensitive immune- 
privileged tissues toward necrosis causing the induction of neurodegenerative 
or autoimmune diseases. On the other hand, in immune-responsive target tis-
sues, chronic inflammation and expression, or co-expression of wound healing 
and apoptotic factors could create altered (decreased) ratios of Yin vs Yang 
(tumoricidal vs tumorigenic) of immune responses in the direction of cell 
growth promotion and initiation of neoplasia, hyperplasia, tumorigenesis, can-
cer and angiogenesis and metastasis (Fig. 1.3) [1, 2, 10–12, 86, 87].

 (vi) In 1999, at DCP/NCI/NIH, Khatami suggested and discussed the potential 
anti-inflammatory roles of drugs such as aspirin, Captopril and Sulindac for 
cancer prevention (May 12, 1999, lecture at DCP/NCI/NIH and documents) 
[85].

 (vii) In 2004/2005 an initial project involving standardization of cancer biomarkers 
using ‘data elements’ as a foundation of a cancer biomarkers database for 
oncology research became an NCI-Invention. Abstract of the invention pub-
lished in Federal Register (2005). A more detailed description of the work was 
also published in 2007 [41]. This was a needed project, according to the NCI/
NIH records.
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In 2016, we hypothesized that site-specific cancers are ‘severe’ (irreversible) 
forms of cumulative delayed hypersensitivity responses that would induce immuno-
logical chaos in favor of growth in target tissues. Shared or special features of 
growth from fetus development into adulthood and aging processes and carcinogen-
esis were compared with regard to energy requirements of highly complex function 
of Yin and Yang (details in Chaps. 2 and 6) [7, 12].

In summary, since 1998, the author submitted a series of concepts and hypothe-
ses on the role of inflammation in carcinogenesis emphasizing that ‘inflammatory 
mediators are ideal targets for detection, prevention and therapy of cancer’; fol-
lowed by designs of clinical trials; as well as, standardizing cancer biomarkers 
criteria (data elements) for developing a cancer biomarkers database. In 2006, at 
the request of the upper management at NCI/NIH, the author also submitted a com-
prehensive proposal to extend her pioneering studies that were published in 1980s, 
(Khatami, documents submitted to CCR-Center for Cancer Research, NCI/NIH, 
2006).

After heavy opposition, denial, rejection and minimization of the submitted doc-
uments, the decision makers in the cancer community decided to fragment the con-
cepts and treat them as many separate ideas apparently for fundraising and career 
promotional purposes of those who serve at the pleasure of the decision makers with 
power to control project funding. In the last decade, significantly increased funded 
projects focus on a wide range of basic research and clinical trials that relate to 
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Fig. 1.3 Schematic representation of chronic inflammation-induced immune response shifts 
(‘immune meltdown’ or ‘immune tsunami’) in tissues that are naturally immune—privileged or 
immune- responsive in the induction of local responsiveness or immune-privilege toward tissue 
necrosis and/or growth. See text
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inflammation and cancer using expensive and specific detection technologies; orga-
nizing many networking forums within and outside NCI/NIH.  For example, in 
2005, NCI management developed a program for inflammation and cancer within 
Center for Cancer Research (CCR/NCI), for which the author was requested to 
submit a comprehensive proposal on extension of her groundbreaking studies ([2, 9, 
10] scientific documents and correspondence, CCR/NCI/NIH, 2006). In 2003, the 
American Association for Cancer Research (AACR) organized the first symposia 
promoting the role of inflammation in cancer. The cancer OMICS (proteomics, lipi-
domics, genomics, metabolomics, glycomics) have their own separate networking 
and funding mechanisms around the world. It is also noteworthy that in the book 
that was published in 2000 by Hanahan and Weinberg on cancer-related topics, 
there is no mention of the importance of inflammation in carcinogenesis. However, 
in their 2011 edition, the role of inflammation in cancer research and therapy had a 
prominent position.

The behaviors of the members of cancer establishment with regard to Khatami’s 
proposed concepts on the fundamental roles of inflammation in cancer research 
remind us that even the scientific truth often goes through three stages of ‘opposition, 
denial and rejection, and it then becomes a routine and ordinary fact of life’. Such 
heavy politics and abuse of power by medical/cancer establishment have been 
extremely costly to the public. The outcomes of such approaches to cancer science 
and therapy repeatedly failed patients, cost millions of precious lives and brought 
financial toxicity to the society, particularly in America. Cancer is the induced disease 
of twentieth century and has been made as an imaginary problem that is too complex 
and cannot be solved for the purpose of corporate profit (details in Chap. 5) [6, 7].

Figure 1.4, is the cover page of Time Magazine (2004) showing ‘Inflammation’ 
as ‘The Silent Killer’ involved in all chronic diseases including cancer.

3  Why War on Cancer Will Not End: False Foundation 
and Visionless/Reductionist Approaches to Cancer 
Research and Therapy as Bases for Extremely Slow 
Progress and Financial Toxicity to Society. Might of Power 
Over Right of Science!

The major reasons for the extremely slow progress in understanding the pathways 
in multistep diseases or carcinogenesis include:

 (a) Absence of systematic approaches in studying the biology of aging and chronic 
diseases, particularly pathways involved in carcinogenesis. As noted above, 
while the biological cascades of cancer metastasis have been studied in relative 
details [73–77]; except for our ‘accidental’ discoveries on the sequential events 
that are involved in tumorigenesis and angiogenesis [1, 2, 10–12], very little is 
known about the early biological events that contribute to immune disruption in 
the multistep carcinogenesis.
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 (b) Controversies and disconnects in existing biological data within different scien-
tific disciplines, particularly for cancer biology and treatment;

 (c) Fundamental knowledge gaps between initiation, progression and manifesta-
tion of diseases in susceptible or vulnerable tissues/organs;

 (d) Lack of knowledge on cellular composition and nature of susceptibility of organ 
systems during induction of a specific disease;

 (e) Lack of interest or support in understanding the biological heterogeneities of 
intrinsic and extrinsic interactions between organ systems exposed to harmful 
agents (immune disruptors) that shift the normal physiology of tissues toward 
the induction of diseases and manifestations of tissue-specific age-associated 
chronic illnesses and cancer;

Fig. 1.4 Cover page of Time, 2004 showing inflammation as ‘The Secret Killer’ of chronic dis-
eases or cancer
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 (f) There is a powerful group of decision makers in cancer community, with career 
longevity of 40–65 years who exclusively decide, popularize, insist and defend 
too many molecular false flags that are based on false foundations for cancer 
research and therapy with claims of ‘targeted’ therapy, ‘precision’ or ‘personal-
ized’ medicine as well as pathogen-specific vaccines. The outcomes of these 
scientifically visionless projects produced failure rates of 90% (+/−5) accord-
ing to governmental and private organizations [2, 6, 7, 10–12, 22–27].

In the last century, there are too many reports on too many isolated molecules 
that flood the literature on site-specific cancers [2, 6, 7]. Analyzing data on cost and 
benefit to the public, one concludes that these efforts are primarily for fundraising 
purposes and increased power of the establishment in cancer community. There is 
no intellectually independent evaluation of the funded projects and no clear vision 
when decision makers support identifying a set of mutated genes, among thousands 
of others that are identified with specific detection protocols, in the ‘molecular can-
cer tsunami’ of site-specific cancers to benefit the public [6, 7].

Another serious concern is that the fragmented published data generated much 
confusions, misinformation and misunderstanding among cancer researchers. 
Majority (90% +/−5) of efforts for making therapeutic decisions for solid tumors 
have failed in the last century [2, 6, 7, 10, 25–27]. Every few years, members of 
establishment overtly publicize and exaggerate the role of their chosen molecules 
for cancer research and therapy to the public and policy makers for fundraising 
purposes. The highly exaggerated promises of ‘cure’ by decision makers remind us 
of a ‘pie in the sky’, or the Congressional debates on ‘building bridge (s) to nowhere’ 
[6, 7, 10]. The highly claimed ‘targeted’ therapies become additional motives to 
recruit desperate cancer patients in clinical trials and use such drugs (poisons) that 
have been tested in rats and mice for patients while charging insurance companies 
and public ([2, 10], details in Chap. 5). The author believes that the visionless deci-
sions and building on shut-gun approaches are the principal sources of high cost of 
clinical trials and cancer care and more importantly the loss of millions of precious 
lives. The approaches to develop pathogen-specific vaccines are no different (details 
in Chaps. 5 and 6).

4  Answer to Cancer: A Case for Inflammation as Common 
Denominator in Induction of Nearly All Age-Associated 
Chronic Diseases and Site-Specific Cancers

There is now little dispute that aging process is associated with the combined dimi-
nutions (retarded levels or effectiveness) of important hormones and metabolites; 
related enzymes or receptor molecules and immune responses in organs/tissues, 
known as the biological and immunological senescence [1, 2] (details in Chaps. 3 
and 6). The age-associated intrinsic biological changes are often adversely influ-
enced by accumulation of a wide variety of internal or external stimuli (e.g., 
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antigens/allergens, pathogens/infective agents, senescent cells, immune lymphocyte 
complexes, oxidized metabolites, chemical, biological or environmental hazards) 
that would increase the risks of induction of a wide range of chronic diseases, 
inflammatory conditions or site-specific cancers [1, 2, 10–12, 25, 35–40, 45, 50–55, 
81, 82, 84–87]. We proposed that chronic inflammation- induced initiation of multi-
step pathways toward tumorigenesis and angiogenesis affect primarily immune-
response tissues (e.g., squamous or glandular epithelial cells, endothelial, stroma, 
mucosal cells). However, in immune-privileged tissues (e.g., CNS, BBB, reproduc-
tive organs, neuroretina or asvascular cornea), sustained oxidative stress could 
switch these oxidative stress-sensitive tissues to be immune responsive causing ini-
tiation of neurodegenerative or autoimmune diseases as well as, tumorigenesis [1, 2, 
10–12].

Among the principal roles that impaired immunity and inflammatory responses 
play during aging process and negatively affect health are:

 (a) Decreased antigen-processing ability of immune and non-immune systems 
(e.g., vasculature, metabolism, neuronal) that affect proper responses toward 
new or old antigen challenges;

 (b) Diminished co-stimulatory capability and limited repertoire diversity of 
immune cells;

 (c) Immune response changes that influence vascular dynamics (e.g., vascular ton-
ing, hyperpermeability, neovascularization or angiogenesis) causing alterations 
in the rates or nature of cellular infiltration, proliferation and maturation in host/
target tissues. It should be emphasized that vasculature (the body’s tree of life), 
being the gate-keeper of immune cells trafficking to host tissue and crosstalk 
with cellular or neuronal receptor molecules (e.g., histamine receptors during 
induction of pain or tissue edema), perhaps play the most important roles in 
health and in acute and chronic inflammatory diseases, as well as, treatment and 
drug-delivery to target tissues [1, 2, 6, 7, 10–20, 25, 35–40, 61–68, 81, 82, 
84–87].

Accumulating data on epidemiological, clinical and prospective meta- analyses 
demonstrate a role for inflammation-induced dysregulation of immune cell 
responses in the genesis and progression of many diseases including:

 (a) Severe acute inflammatory diseases such as sepsis, pneumonia, meningitis or 
major trauma) often leading to multiple organ failures (MOF) or death;

 (b) Increased incidence of allergies such as asthma, emphysema, skin and ocular 
inflammatory conditions, particularly among the older adults, and major health 
concerns in recent in recent decades around the globe;

 (c) Increased risks of a wide range of age-associated chronic illnesses, neurodegen-
erative and autoimmune diseases such as rheumatoid arthritis, atherosclerosis, 
dementia, Alzheimer’s, multiple sclerosis, hypertension, diabetes, stroke and 
cardiovascular complications, colitis, gastritis, hepatitis, nephritis, prostatis, 
pancreatitis, appendicitis, thyroiditis, opthalmitis, Grave’s disease, fibromyal-
gia, Bechet’s, esophagitis, neuritis, lupus, Parkinson’s, psoriasis;
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 (d) Numerous circumstantial evidence documented a link between prior injuries, 
infections or chronic irritations with development of many site-specific soft tis-
sue and solid cancers (e.g., lung, colon/rectal, breast, stomach, cervical, pros-
tate, bladder, liver, gall bladder, appendix, ovarian, thyroid, pancreas, brain, 
hematologic malignancies).

 (e) Clinical and epidemiological data on cancer metastasis suggests that the metas-
tasis is a combined biological, bioenergetics, mechanical and physical phenom-
ena. The metastatic cascades are the complex and extraordinary processes that 
enable tumor cells to acquire a series of molecular features to develop at distant 
site (‘seed and soil’ theory). Many such features include rupturing of the cel-
lular membrane, loss of integrity of cell junctions, migration through extracel-
lular spaces and changes in matrix structures. These processes most likely are 
due to, in part, cancer cells taking advantage of the inherent duality of immune 
cells for selective DNA-directed expression of growth and apoptotic factors that 
would alter the balance between tumoricidal vs tumorigenic properties of 
immunity. Overall analyses of data on metastatic cascades demonstrate involve-
ment of exaggerated expression of proteolytic enzymes and degradation of 
intra-and extravasation of B cells for fusion and cloning involving altered activ-
ities of plasma and other immune cells, epithelial-mesenchymal transformation 
and vasculature accompanied by changes in oxidative metabolism and DNA/
RNA mutations. Moreover, reports from cell culture and experimental models 
of tumors, and human cancers show that host and tumor cells merge [1, 2, 10–
12, 38–74, 84–87, 95–125] (details in Chap. 6).

Many of the chronic diseases that manifest as distinct and site-specific diseases 
are potentially interrelated (Figs. 1.1, 1.2 and 1.3). However, how the intrinsic and 
extrinsic biological heterogeneities in organ systems and their collective responses 
differentially interact with the age-associated altered hormonal, physiological, met-
abolic and immunological rearrangements in organ/tissue systems (biological and 
immunological senescence) in manifestation of disease processes are among 
important knowledge gaps that require systematic studies [1, 2, 6, 7].

In brief, longevity and accumulation of multiple context-dependent signaling 
pathways of long-standing inflammation (antigen-load or oxidative stress), includ-
ing changes in the regulation of stem cell function and site-specific-dependent loss 
of control switch mechanisms and altered oxidative metabolism are very likely the 
key initiators (immune disruptors) in the induction of progressive changes in many 
cellular components toward multistep diseases processes. Important biological 
changes that collectively contribute to inappropriate signaling pathways toward new 
stimuli or microbiota, include altered lysosomal activities and loss of control of cel-
lular homeostasis (autophagy), energy production from mitochondrial oxidative 
metabolism (mitophagy), accumulation of mutations and damages to genetic mate-
rial (e.g., DNA/RNA, chromosomal proteins, repair mechanisms), other cellular 
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and membrane components (e.g., ribosome, Golgi apparatus) [1, 2, 6, 7, 10–12, 86, 
87, 99–124]. Mutations that lead to multistep site-specific cancers often require 
many years/decades to develop. Furthermore, many initial phases of genetic muta-
tions and damages to chromosomal repair mechanisms are potentially preventable, 
if details of early events in multistep carcinogenesis were systematically investi-
gated and understood.

Depending on the nature of stimuli, the extent of inflammatory responses, as well 
as, the site of tissue injury, the spectrum of manifestation of inflammatory condi-
tions/illnesses and/or the mortality and morbidity risks in older adults vary. 
Therefore, in an inflammatory condition, the nature (quality), quantity, frequency 
and duration (extent) of tissue exposure to irritants or infective agents, as well as the 
extent of responses perhaps will determine the outcome of inflammation that is, 
whether to support cell growth inhibition/arrest (apoptosis) or growth promotion, 
proliferation and tumorigenesis (Figs. 1.1, 1.2 and 1.3).

5  Assessing Claimed ‘Targeted’ Therapies, ‘Personalized’ or 
‘Precision’ Medicine for Solid Tumors

In this section, the following fundamental questions are addressed before assessing 
the claimed ‘targeted’ therapies:

 1. Why we have not solved cancer biology, or why we have not been able to control 
cancer after six decades of heavy public and private investment on war against 
cancer?

 2. Except for scientists/professionals who are in decision making roles and direct 
cancer research and therapy to maintain a profitable enterprise, who would select 
from hundreds and thousands of molecular chaos of site- specific cancers, any 
one or 2 or 5 evolving mutated genes or growth factors to inhibit or activate as 
answer for cancer therapy?

 3. Is cancer ‘OUTSMARTING’ scientists?

An overall evaluation of current cancer therapeutic strategies demonstrates that 
the cytoreductive and fragmented molecular approaches for therapies, particularly 
the heavy emphasis on gene mutation-based regimen that are claimed ‘targeted’ 
therapies, ‘personalized’ or ‘precision’ medicine are conducted on a false founda-
tion (Fig. 1.4). The outcomes on the use of such drugs proven to be poisonous rather 
than curative for solid tumors; as they substantially aggregate the patient’s immune 
and non-immune system problems that kill them [2, 6, 7, 10–12, 125–131]. The 
principal/active components of such costly drugs that are used in clinical trials for 
site-specific solid tumors are potent apoptotic factors (specific growth factor inhibi-
tors) and clearly indicate that the approaches are wrong and unethical as outlined 
below (details in Chaps. 5 and 6):
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 (a) A distorted picture of cancer biology. Research and treatment of cancer are 
based on molecular false flags and identification of numerous evolving genetic 
mutations in the cancer ‘molecular tsunami’, where hundreds or thousands of 
other dysfunctional molecules exist. Figure 1.5, is an example of image of hun-
dreds of mutations that are identified in site-specific cancer; longer spikes 
seemingly are selected by one laboratory or another as the choice for drug 
development;

 (b) Poorly designed protocols for safety and efficacy of the drugs that are tested in 
rats and mice and approved by FDA before clinical trials start;

 (c) Drug development strategies basically ignore the importance of compensatory 
mechanisms of response dynamics. These mutational-derived drugs are specific 
growth factor inhibitors, or potent apoptotic factors (e.g., antibodies or inhibi-
tors of specific growth factors, kinases or receptor molecules), identified by 
specific costly technologies in the molecular chaos of site-specific cancers 
(Fig. 1.5);

 (d) Majority of ‘targeted’ drugs produce serious and life-threatening side effects 
such as drug-resistance, cancer relapse, cachexia, anorexia, fatigue, sarcopenia, 
thromboembolism, often leading to multiple organ failure (MOF) and death; 
symptoms that are associated with potent pathogen-induced acute inflammatory 
diseases such as sepsis, meningitis, and salmonella poisoning or major trauma.

Fig. 1.5 Example of genetic-mutational diagrams, showing an image of identification of thou-
sands of signals that become the bases for development of cancer claimed ‘targeted’ therapy, ‘pre-
cision’ or ‘personalized’ medicine. The diagram apparently! shows active or abnormal (red) or 
normal (green) genes and the intensity of such signals and anything in between in a site-specific 
cancer (Source: AACR document 2014. Image of cancer genomic and mutations—Reproduced 
from AACR meeting announcement (accessed 11/17/2014)
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 (e) Another serious concern is the safety or efficacy of drugs. The drugs are tested 
in animal models such as rats and mice prior to conducting expensive Phase I 
and II clinical trials.

 (f) The outcomes of such approaches produced failure rates of 90% (±5) for solid 
tumors, according to admission by government and private industry [2, 9, 10, 
22–26, 63, 86, 108, 125–130].

The statement made by Payton Rous (Nobel Laureate in Physiology and 
Medicine) over half a century ago, best describes the current situations in cancer 
therapy; “A hypothesis is best known by its fruits. What have been those of the 
somatic mutation hypothesis? It has resulted in no good thing as concerns the can-
cer problem, but in much that is bad… Most serious of all the results of the somatic 
mutation hypothesis has been its effect on research workers. It acts as a tranquilizer 
on those who believe in it.” This statement was made decades before the emphasis 
on genetic mutations was put on steroids! [10].

In summary, the claimed ‘targeted’ drugs are strong poisons (potent apoptotic 
agents) that affect not only the function of T and B cells, in the body of an already 
immune-compromised cancer patient, but cause serious side effects often leading to 
MOF and death (Fig. 1.6) [2, 6, 7, 10].
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Fig. 1.6 Schematic representation of targeting cancer therapy (Modified from Cell Biochem 
Biophy Ref. [10] with permission. All right reserved)
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6  Heavy Economic Burden to Society on Falsely  
Designed Clinical Trials that Repeatedly Failed: Cancer 
Financial Toxicity

Economically, a great proportion of the national and international resources is spent 
for therapy, hospitalization and long-term care of the older adults that suffer from 
chronic illnesses, many of which are potentially preventable. For example, in the 
past six decades, while trillions of dollars were spent on cancer research and ther-
apy, millions of lives were lost to cancer. The outcomes of highly publicized and 
claimed ‘targeted’ therapies, ‘personalized’ or ‘precision’ medicine produced fail-
ure rates of 90% (±5) [2, 6, 7, 10–12, 22–27, 125–128, 131]. In only 1 year (2008), 
7.6 million patients lost their lives to cancer; while in the same year, 1.6 trillion 
dollars were spent on cancer research, drug development, clinical trials and hospi-
talization of cancer patients, according to official reports by WHO or other govern-
mental and private organizations. Evaluation of life-threatening side effects of drugs 
clearly demonstrates wrong approaches to cancer science and therapy. The high cost 
of care for chronic illnesses, particularly for cancer drug development, clinical trials 
and care, is not sustainable much longer [2, 6, 7, 22–27].

The reductionist approaches to cancer research and treatment options, repeatedly 
failed patients; cancer became a problem not to be solved. With the tremendous 
funding that cancer community has received for decades, cancer biology and many 
other chronic diseases should have been understood, prevented and/or treated years 
ago if the decision makers who control cancer community did not insist supporting 
too many out-of-focus projects that failed in translational research and clinical tri-
als. Even the reported limited benefits of ‘targeted’ therapies on some forms of 
leukemia occurred when the defective immune cells [e.g., dysfunctional B cells in 
acute lymphocytic leukemia (ALL) or chronic myelocytic leukemia (CML)] are 
corrected [2, 6, 7, 10–12].

As noted above, another serious concern is that the cancer drugs are primarily 
tested for efficacy and safety in test tubes and/or experimental models of site- 
specific cancers in rats and mice (not in higher primates such as chimpanzees) and 
approved by the governmental agencies (e.g., FDA in US). Such drugs that worked 
in mice or rats are standardized and commercialized as the only choices for use in 
clinical trials. Physicians encourage patients to enroll to specific clinical trials and 
be subject to treatment. ‘Success’ is measured when the drugs postpone the death 
sentence of patients for short durations (3–6 months) before the life- threatening side 
effects of the drugs kick in to cause cancer relapse, metastasis and multiple organ 
failure and death [2, 6, 7, 10–12, 125–131].

With the availability of modern technologies, decision makers in the cancer com-
munity (government, academia and Big pharma) have become narrowly experts in 
their fields of ‘omics’ (e.g., genomic, proteomic, lipidomic, glycomic, metabolo-
mic) and know details of structures and substructures of viruses, bacteria, parasites 
(microbiotics), carcinogens and endless broken/defective molecules (e.g., somatic 
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mutations of growth or apoptotic factors, enzymes, receptors) or how to inhibit 
them in experimental models of tumors or clinical trials [6, 7].

Lack of oversight and accountability and abuse of funds on too many out-of- 
focuses and failed projects made cancer a myth making machine. The war on cancer 
remains an imaginary problem (‘it is too many diseases’) to solve. Public deception 
on cancer science reminds us of the statement that ‘The creation and maintenance 
of public myths exert a powerful influence.’ Philip Zelikow [7].6

7  Challenges in Conducting Effective Research and Clinical 
Trials for Cancer

In general, aside from heavy financial and political motives that prevent an effective 
solution for cancer research and therapy, the principal scientific challenges and 
complexities in the designs of effective clinical trials, drug development and formu-
lation of accurate risk assessments in multistep carcinogenesis fall into the follow-
ing major confounding and interrelated categories:

 1. Lack of systematic study on identifying the dynamics of immune and non- 
immune responses toward a wide range of stimuli (immune disruptors) is per-
haps the most serious factor in lack of understanding the biological pathways in 
aging process and chronic diseases or cancer;

 2. Heterogeneities in determining the immune-biological disease outcomes includ-
ing the extent/duration, nature/potency and route of exposures to immune dis-
ruptors and carcinogens and cumulative/additive long-term influence on intrinsic 
and extrinsic stimuli. Immune disruptors-induced diversities in the rates of dys-
function or extent of activation/deactivation of innate or acquired immune cells 
are among major knowledge gaps that deserve further studies.

 3. Heterogeneities in host (target tissue) immune and non-immune cells composi-
tion and related variations in the interactions and potential synergies between 
resident and recruiting immune or non-immune cells in the direction of disease 
processes;

 4. Heterogeneities in reported outcomes of case-control studies, epidemiologic, 
prospective or meta-analyses; when risk values are estimated and formulated 
toward wide ranges of potential hazards or immune disruptors;

There is undisputed fact that the physiology and metabolism (e.g., oxidative 
metabolism, glucose utilization), immune response profiles (e.g., CMI and HI) at 
the microenvironmental levels of solid tumors are sufficiently different from the 
normal tissues from which they arise. Such differences, if studied systematically are 
expected to provide unique and selective targets for cancer prevention or treatment. 
However, systematic targeting of tumor physiology and metabolism on molecular 

6 Philip Zelikow was one of the architects behind creation of war against powerless nations.

7  Challenges in Conducting Effective Research and Clinical Trials for Cancer



28

differences between transformed and untransformed cells has received very little 
attention compared with the heavy support on shut-gun approaches on identification 
of too many evolving genetic mutations within the chaotic cancer molecular 
environment.

Therefore, it is reasonable to propose that designs of logical strategies that would 
correct or minimize defects in the important function of immune surveillance; the 
principal protecting (controlling) systems for proper activities of metabolic- 
physiology- genomic pathways are keys to understanding the biology of aging. The 
proposed future studies are to consider correcting the defects for the maintenance of 
balance between 2 biologically opposing arms of acute inflammation; Yin (tumori-
cidal) vs. Yang (tumorigenic) that intimately involve crosstalk between vasculature, 
neuronal, hormonal and metabolic activities of organ systems.

8  Concluding Remarks and Proposed Future Directions: 
Maintenance of Immune Surveillance Key to  
Healthy Aging

Longevity combined with persistent oxidative stress are likely the co-conspirators 
in altering the effectiveness of immune surveillance, provided through acute inflam-
mation, a tightly controlled balance between 2 biologically opposing arms (Yin - 
Yang) of immunity or the crosstalks between immune and non-immune systems. 
Sustained or unresolved inflammation differentially affects the immune-privileged 
or immune-responsive tissues in the directions of disease processes. In immune- 
privileged tissues oxidative stress could lead to induction and progression of tissue 
necrosis and complications of site-specific diseases such as neurodegenerative or 
autoimmune diseases; while in immune-responsive tissues, oxidative stress causes 
cell growth promotion, neoplasia, hyperplasia, polyps, tumorigenesis, angiogenesis 
and cancer metastasis.

Cancerous cells should be regarded as the intrinsic cellular defects whose onco-
genic growth features, within the multilayered organized tissues, are routinely mon-
itored and arrested by the self-terminating protective properties of acute inflammation 
as any other pathogens, infective agents, senescent and useless cell complexes that 
are perceived as ‘foreign elements’ and threaten body’s survival. Chronic irritations 
or sustained injuries to the epithelial or endothelial cells result in exaggerated acti-
vation, migration or recruitment of other inflammatory cells to the site of injured 
tissue that would alter the balance between ‘Yin’ and ‘Yang’ properties of immune 
surveillance. Stimulated phagocytes or lymphocytes can induce exaggerated signals 
in the direction of altered cellular activities including expression of unresolved 
growth or apoptotic factors, chromosomal breaks and altered nuclear repair mecha-
nisms, sister chromatid exchanges, increased DNA/RNA damage and mutations and 
altered energy consumption from defective mitochondria. Loss of effectiveness of 
immune cellular and humoral factors plays important roles in the production or 
aggravation of most of tissue responses toward damage.
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Proposed future studies in the designs of effective diagnostic, preventive or ther-
apeutic measures are summarized in the following.

 1. Systematic studies on the role of unresolved inflammation in the loss of balance 
between inherent tumoricidal vs tumorigenic (Yin and Yang) protective proper-
ties of innate and adaptive immune cells as primary focus in understanding the 
cancer biology and other chronic diseases.

 2. Role of unresolved inflammation or oxidative stress in the induction of immune 
dysfunction in tissues that are naturally immune-privileged or immune- 
responsive and could lead to neurodegenerative and autoimmune diseases or 
cancer.

 3. Tissue susceptibility toward oxidative stress in insulin-dependent or insulin- 
independent tissues for glucose transport.

 4. Pathogen-host interaction profiles that include identification of principal response 
features of pathogen-, allergen-, oxidative stress-induced activation of resident 
or recruited immune cells in target tissues.

 5. Potential reversibility of early stages of inflammation-induced immune dysfunc-
tion [e.g., developmental phases of immune dysregulation during acute, interme-
diate and chronic responses] including altered initial immune response dynamics 
and cellular chromosomal/genetic material that would lead to cellular growth 
and induction of hyperplasia, neoplasia/precancer or cancer-malignancy deserve 
detailed studies.

 6. Potential health benefits of antioxidants, anti-inflammatory agents, or sulfhydryl- 
containing agents (e.g., Amifostine, isothiocyanate, mercaptoethanol, 
N- acethylcysteine or captopril) or precursors of glutathione on redox-sensitive 
transcription factors (e.g., NF-kB), leukocyte adherence to be examined at early 
stages of immune dysfunction for potential promotion and/or stabilization of 
innate and adaptive immune cells.

The expected outcomes for conducting systematic studies of the role of immune 
disruptors (hazardous materials) in altering response dynamics of metabolic, neuro-
logical and immune systems in the induction of tissue damage and initiation of 
disease processes including cancer are proposed to be the following (details in 
Chap. 6):

 (a) Improved accuracy of risk assessment formulation for chronic diseases;
 (b) Accuracy on cancer diagnosis, minimizing costly over-, or under diagnosis of 

site-specific cancers;
 (c) Effective decision making for prevention strategies of age-associated chronic 

illnesses and cancer;
 (d) Effective designs of drug development for clinical trials and therapy with the 

goal to minimize life-threatening side effects of drugs.

Developing useful roadmaps on key biological events that govern the biology of 
aging process is a timely and important undertaking for the scientific community 
toward improving the health of growing population around the world. A reliable 
‘roadmap’ on major interrelated biological events of aging is expected to provide a 
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forum for identification of tremendous biological gaps that currently exist in our 
knowledge for understanding the chronic health problems. The author believes that 
the existence of too many fragmented data on a wide range of immunobiological 
topics is among the important roadblocks for getting a better handle on the com-
plexity of chronic illnesses that is crippling our society.

Author’s Personal Note

Vision without action is daydream, action without vision is nightmare. (Japanese proverb)

A closer look at a century of cancer science reveals that highly power structure 
(system) in medical establishment vs. anti-system and chaos in cancer research and 
therapy or pathogen-specific vaccines are potent recipes for failed therapeutics that 
kills patients but generate huge corporate profits [6, 7].

Personally, I believe that pretending or claiming that we are winning the war on 
cancer is worse than admitting that we are not. Policy makers and professionals in 
decision making roles are urged to return to common sense and logics that our 
Forefathers used to serve the public. Otherwise, it does not matter ‘how many 
resources you have, if you don’t know (or don’t want to know) how to use them, 
there will never be enough’ (Fig. 1.7).

In the last few decades, the largest proportion of the national and international 
resources are invested for long-term care and hospitalization of the elderly. Cancer 
therapy and care is particularly the major economic burden in USA and other devel-
oped countries [7, 125, 130, 131].

There is a need to move away from shotgun approaches to cancer research and 
therapy and pay attention to conducting systematic studies to understand the biol-
ogy of aging process, since most chronic diseases or the multistep carcinogenesis 
occur during aging. Systematic identification and monitoring of the composition 
and interactions between host/target tissues and those of recruited cells should pro-
vide key information on early events in the loss of immune surveillance whose 

Fig. 1.7 It does not matter 
how many resources you 
have, if you don’t know 
how to use them, they will 
never be enough (Source: 
Internet)
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importance in controlling cancer were documented decades ago. The systematic 
identification of stages of immune dysfunction would tremendously help scientists 
to make informed decisions for balancing and promoting the inherent tumoricidal 
(Yin) and tumorigenic (Yang) properties of immune system, toward formulation of 
accurate risk assessment, effective preventive and therapeutic approaches with the 
goal to improve public health.

Personally, I feel it in my bones that the current false foundation in cancer proj-
ects that are decided, directed and funded by an elite group of insiders in the cancer 
community is eroding not only the health values of our society but our commitment 
to humanity. On behalf of patients around the world it is argued that with appropri-
ate scientific vision and proper disciplines obtaining true scientific and clinical out-
comes are achievable, not only for cancer, but also for nearly all chronic disorders 
and it should not be as costly to achieve better health for the growing society that is 
free and happy.

Finally, we should remind ourselves that the ‘Destiny of human being is deter-
mined by love alone.’ Shakespeare
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Chapter 2
Immune Surveillance in Health and Diseases 
of Aging: Definitions of Acute and Chronic 
Inflammation [Yin and Yang]

Abstract Acute inflammation is a secretive success of self-terminating and inher-
ent property of the immune system that protects the host tissue against internal 
(intrinsic) or external (extrinsic) foreign elements so that the body survive and thrive 
throughout life. For over a century, a role for inflammation in many acute and 
chronic diseases such as sepsis, allergies, neurodegenerative and autoimmune dis-
eases, diabetes and cardiovascular complication, Alzheimer’s, lupus as well as site- 
specific cancer has been documented. However, ongoing controversies, debates, 
misinformation and misunderstanding on the role of inflammation in chronic dis-
eases, particularly cancer research and therapy, continue to be very costly for the 
society, as ageing population around the world increases. In recent years, Khatami 
defined acute inflammation as the balance between two tightly regulated and bio-
logically opposing arms, termed ‘Yin’ (apoptosis, pro-inflammatory, initiation or 
tumoricidal) and ‘Yang’ (wound healing, post-inflammatory, termination or tumori-
genic) properties of effective immunity (immune surveillance). The self-termina-
tion ability of acute inflammation is governed by a complex and precise series of 
signal transductions and cross communications between immune cells, genetic/epi-
genetic- neuronal- hormonal- metabolic and physiological responses of tissues 
toward internal or external hazardous agents (e.g., defective cells or proteins, aller-
gens, pathogens or low level carcinogens) that threaten body’s health. The two prin-
cipal arms (positive and negative control switches) in acute inflammation, ‘Yin’, is 
responsible for production of death signals and oxidants to destroy both the enemy 
and injured host cells, requiring efficient energy from mitochondrial oxidative phos-
phorylation; while the ‘Yang’ arm is responsible for simultaneous removal of toxic-
ity and debris and repair or remodeling of host, requiring low energy from glycolysis. 
Chronic or unresolved inflammation was hypothesized as loss of balance between 
‘Yin’ and ‘Yang’ of immune responses or exaggerated expression and co-expres-
sion of mismatched factors in target host. Oxidative stress and longevity could cause 
defects in dynamics of innate and adaptive immune cell responses along with 
molecular, mechanical and physical changes in vascular, neuronal and metabolic 
integrities and functions leading to dysregulation of response profiles. Oxidative 
stress-induced altered local or systemic activities of cellular and humoral responses 
that create antigen burden could result an ‘immunological chaos’ or ‘immune tsu-
nami’ and differentially influence architectural integrity and function of immune- 
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responsive or immune-privileged tissues and initiation of chronic diseases. Future 
research directions and designs of clinical studies are proposed on promotion of 
homeostasis of immune surveillance, or inherent properties of Yin and Yang of acute 
inflammation.

Keywords Acute inflammation • Allergen • Antibody • Angiogenesis • Antigen- 
load • Antigen presenting cells • Apoptosis • ATP hydrolysis • Autophagy • Bacteria 
• B cells • Bioenergetics • Cancer risk factors • Cell-mediated immunity • Chronic/
unresolved inflammation • Dendritic cells • Early immune dysfunction • Effector 
cells • Effective immunity • Epigenetic modifications • Genetically modified organ-
isms • Growth arrest • Growth promote • Humoral immunity • Immediate hypersen-
sitivity • Immune dysfunction • Immune-privileged • Immune surveillance • 
Macrophages • Mast cells • Metabolism • Mitochondria • Mitophagy • Multipotentent 
stem cells • Natural killer cells • Neuronal • Oncosis • Oxidative phosphorylation • 
Parasites • Pathogen • Phagocytes • Polarization • Programmed cell death • Pro-
inflammatory • Post-inflammatory • Pyroptosis • Reactive oxygen species • Redox 
potential • T cells • Tissue susceptibility • Toll-like receptors • Tumoricidal • 
Tumorigenic • Vasculature • Viruses • Wound healing • Yin and Yang

1  Introduction

Rudolph Virchow, in the nineteenth century noted that the signs of inflammation 
were four; “redness and swelling, with heat & pain“. In 1909, Ehrlich recorded 
important observations that tumor cells are recognized and eliminated by immune/
inflammatory cells. In 1957, Sir McFarland Burnet developed the important theory 
of immune surveillance or the body’s defense mechanism for controlling cancer 
growth [1–4]. Since these historical observations, a role for defective inflammatory 
processes reported in the genesis of many immune disorders, including the severe 
immediate anaphylactic hypersensitivity or delayed type hypersensitivity (DTH) 
and variations of defective immune responses (e.g., type I, II, III and IV reactions) 
[4–17]. The induction of mild or severe hypersensitivity syndromes often involve 
molecular defects in the dynamics of immune and non-immune cells, including 
mast cells (MCs), eosinophils (Eos), basophils, B and T lymphocytes, vascular acti-
vation, complement cascades and platelets in susceptible tissue. Altered activities of 
cell-mediated or humoral immunity (CMI, HI) have been reported in a number of 
potent pathogen-induced acute inflammatory diseases (e.g., sepsis, pneumonia, 
meningitis) or major trauma; chronic allergies (e.g., asthma, emphysema, skin and 
ocular inflammatory diseases), immunodeficiency syndromes, bacterial, parasitic or 
viral infectious diseases (AIDS, tuberculosis, rubella, rabies, measles) [3–5, 11–
20]. The role of inflammation in age-associated chronic illnesses such as neurode-
generative and autoimmune diseases, or in hypertension, colitis, gastritis, hepatitis, 
nephritis, prostatis, pancreatitis, appendicitis, opthalmitis, Bechet’s, esophagitis, 
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neuritis, diabetes and other metabolic disorders, cardiovascular complications, 
stroke, rheumatoid arthritis, atherosclerosis, lupus, psoriasis, Alzheimer’s, multiple 
sclerosis and other immune or metabolic disorders also have been widely reported 
in the literature [3–5, 21–47]. Regarding the role of inflammation in cancer research 
and therapy, although for many decades circumstantial evidence reported a role for 
inflammation in cancer, the decision makers in the cancer community ignored and 
downplayed these reports including the historically important observations of 
Ehrlich and Burnet in early twentieth century [1–6, 48–68]. In 1998, Khatami pre-
sented compelling evidence, based on extension of her earlier ‘accidental’ discover-
ies that were established in 1980s and demonstrated a direct association between 
inflammation and tumorigenesis to the NCI upper management. The originally sub-
mitted concepts including proposal that ‘inflammatory mediators are ideal targets 
for molecular diagnosis, prevention and therapy of many cancers’ and related 
designs of clinical trials, and introduction of several anti-inflammatory agents (i.e., 
aspirin, Captopril and Sulindac) met with serious opposition, downplay, denials and 
rejections by the NCI upper management [3–5, 50, 55, 63–68], NCI/NIH docu-
ments, since 1998]. However, in the last decade, increasing number of funded proj-
ects, networks, symposia and technologies focused on the roles of numerous 
inflammatory mediators and their influence in cancer research without a vision to 
conduct such funded programs on systematic bases to understand what inflamma-
tion does with regard to cancer and how to prevent or treat it. The many funded 
projects include molecular markers identification, design of clinical trials, ‘targeted’ 
therapies and immunotherapies for soft or solid site-specific cancers such as lung, 
colon/rectal, breast, prostate, bladder, liver, ovarian, pancreas, brain, lymphoid tis-
sues or leukemia, in experimental models of tumors or cancer clinical trials [3, 4, 
37, 60–108].

However, the ongoing debates, controversies, misunderstanding or misinformation 
on the role of inflammation, whether it is protective in preventing cancer or it causes 
cancer are among the major reasons for the extremely costly and wrong approaches in 
cancer immunotherapy with proven failed outcomes [3, 4, 50, 63, 64]. Current modal-
ities and therapies, using anti-inflammatory mediators, hormone replacement therapy 
and steroids to manage chronic inflammatory diseases, particularly claimed cancer 
‘targeted’ therapies or ‘personalized’ or ‘precision’ medicine, often have serious and 
life-threatening side effects [3, 4, 50, 63–65, 69, 80, 85, 101–109].

Since 1960s, several worthy investigations reported the definitions and classifi-
cations on mechanisms of cell death, primarily based on morphological features of 
tissues and types of cell death or tissue necrosis. The categories of cell death 
included ‘type I’, involved in heterophagy; ‘type II’, associated with autophagy and 
‘type III’, which was not included in morphological categories of any type of diges-
tion and corresponding to apoptosis, as autophagic cell death and necrosis. Cell 
necrosis defined as a regulated event that played significant role in numerous physi-
ological and pathological activities, including DNA damage, excitotoxins having 
specific death receptors for binding to death factors such as caspases and other 
oxidants under special conditions [109–118]. Many investigators also reported the 
mechanisms of actions of numerous mediators of inflammatory processes and 
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 identification of cancer markers; receiving federal and private funding to separately 
develop networks and technologies in the fields of proteomics, genomics, lipido-
mics, metabolomics, glycomics searching for hundreds and thousands of molecules 
and many such molecules were suggested or claimed as molecular targets for cancer 
research and therapy [3, 4, 37, 55, 63–68, 71, 72, 74–107, 109, 118–128].

However, despite the availability of enormous data on the roles that inflammation 
play in health and diseases, a clear definition of what acute and chronic inflamma-
tion do in maintaining health or initiating diseases, particularly during aging and the 
development of multistep carcinogenesis has been missing in the literature. With 
regard to cancer, numerous circumstantial evidence document a role for inflamma-
tion in site- specific cancers [3, 4, 37, 60–68, 70–80, 83–109, 125]. However, as 
noted above, except for the ‘accidental’ discoveries that we established in 1980s and 
extended in recent years [3–5, 16, 17, 63, 66–68, 81, 82, 109], direct evidence that 
oxidative stress (chronic, persistent or recurrent inflammation) is linked to the gen-
esis of benign or malignant tumors/cancers in mammalians has yet to be estab-
lished. Consequently, little or no information is available on the developmental 
stages of inflammation-induced altered immune response dynamics that would lead 
to tumorigenesis or angiogenesis. The author suggests that a major serious obstacle 
in advancing our efforts to understand the cancer biology and effectively design 
clinical trials and drug development is intentional lack of interest to systematic 
understanding of the roles that immune disruptors (intrinsic or extrinsic stimuli) 
play in the induction of early/initial changes in response dynamics in susceptible 
tissues (see Chaps. 4 and 6) [3, 4, 63–68, 81, 82, 109].

A major focus of this chapter is to describe the recent definitions of acute and 
chronic inflammation in health and diseases, with emphasis on multistep carcino-
genesis. The original concept that acute inflammation possesses two biologically 
opposing arms, termed Yin and Yang was introduced in the literature in 2008 (Ref. 
[66]).1 The fundamental idea was proposed after detailed analyses of data from a 
series of our earlier experiments on experimental models of acute and chronic 
inflammatory diseases that were established in 1980s and resulted in tumorigenesis 
and angiogenesis, and later became ‘accidental’ discoveries. Definition of Yin-Yang 
included review of a large amount of scattered data that intellectually and logically 
would fit the Yin and Yang arms of self-terminating properties of acute inflammation 
(immune-surveillance) for maintenance of health (see below). Furthermore, a pre-
liminary roadmap on the role of inflammation in the genesis and progression of 
age-associated chronic diseases was developed and led to hypotheses that chronic 
inflammation is a common denominator in the genesis and progression of nearly all 

1 The article that was published in 2008 was originally prepared for and submitted to Nat. Rev. 
Caner in 2006 (NPG Manuscript Tracking System NY-610A-NPG&MTS); the editor rejected it, 
claiming their journal was not interested in mast cells. In 2007, the manuscript was submitted to 
Nat. Rev. Immunol the editor stated that while the manuscript would potentially be of interest to 
the readership of their journal, a similar topic has been commissioned to someone else!! The topic 
is now the focus of numerous projects and published articles.
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age-associated chronic diseases or site-specific cancers [3–5, 15–17, 50, 55, 63–69, 
81, 82, 109].

Currently, numerous important biological knowledge gaps exist in basic under-
standing of how the protective properties of immunity turn against the body in the 
direction of multi-phases immune destruction that threaten its survival. A goal for 
preparing this and other chapters in this book was to address such biological gaps in 
the context of influence of inflammatory processes in specific target tissues (e.g., 
immune-responsive or immune-privileged) and the induction and progression of 
age-associated chronic diseases or site-specific cancers.

The present chapter was an attempt to continue analyses and integration of infor-
mation on the overall roles that inflammation play in tissue metabolism, neuronal, 
hormonal, vasculature and immune cells in maintaining health or initiating age- 
associated chronic diseases or site-specific cancers. Potential interdependence 
between immune-mediated programmed cell death and other mechanisms of cell 
death, such as necrosis, pyroptosis, oncosis, and the energy requirements and bio-
logical recycling pathways (e.g., authophagy, mitochondria/mitophagy or ribosome/
ribophagy) that contribute to the homeostasis of immunity or initiation of diseases 
will be outlined (details in Chap. 6).

Future proposed studies are directed on systematic understanding of the role of 
sustained oxidative stress (stimuli, immune disrupters) in alterations of Yin-Yang 
balance and differential energy requirements of mitochondria in maintenance of 
health or initiation of disease processes, with emphasis on cancer [109]. The results 
are anticipated to guide scientists to find logical approaches for developing cost- 
effective strategies for accurate formulation of risk assessment of diseases, as well 
as effective prevention, and control of chronic diseases and/or multistep 
carcinogenesis.

2  Acute Inflammation: Division of Labor in Programmed 
Cell Death. Protective, Self-Terminating Property 
of Immune Surveillance. Balancing Growth-Arrest (Yin) 
and Growth-Promote (Yang) Arms of Immunity

Acute inflammation is part of a biologically amazing complex and secretive success 
of the body’s effective immunity (immune surveillance) that protects the body 
against unwanted (foreign) elements or immune disruptors that could threaten the 
body’s survival throughout life. Stimulation of the host/target tissue by any intrinsic 
or extrinsic immune disruptors (stimuli), evokes an inflammatory response; an elab-
orate and precise signal transduction and crosstalk, between innate and adaptive 
immune cells and closely facilitated and orchestrated by non-immune pathways, 
such as the vasculature, metabolic, hormonal and neuronal systems (the entire net-
work is referred to as effective immunity). Stimuli-induced local/host tissue 
responses are initiated by expression of alarming signals, death factors and receptor 
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molecules from activated immune cells. The processes engage a tightly regulated 
and sophisticated generation of often thousands or millions of other required chemi-
cals from recruiting and attracting (activating) other inflammatory or non- 
inflammatory cells via the activation of vasculature, metabolic and neuronal 
pathways.

Recently, acute inflammation was defined as the inherent immune responses of 
two biologically and functionally opposing and reversible arms, termed; Yin (pro- 
inflammatory, initiation, growth-arrest or tumoricidal) and Yang (post-, anti- 
inflammatory, wound healing, resolution, growth-promote or tumorigenic) responses 
[66].

To better understand the roles that each arm plays in acute inflammation, the Yin 
and Yang events are separately described below (Fig. 2.1).

Fig. 2.1 Schematic representation of original definitions of Yin and Yang processes in acute 
inflammation (Modified with permission from Ref. [66], Exp. Opin. Biol. Ther. 2008. Informa 
Healthcare, all rights reserved)
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2.1  Yin Phenomenon: Pro-inflammatory or Initiation Stage: 
Apoptosis, Program Cell Death, Growth-Arresting or 
Tumoricidal  [DRESSED TO KILL!]

As schematically represented in Fig. 2.1, the overall role in Yin processes is genera-
tion of death factors, toxins and oxidants for the purpose of destruction and elimina-
tion of foreign components and also destruction of the injured/infected host tissue. 
Depending on the type of tissue and inflammatory condition, the major responses 
include a combination of the following interdependent biological events that occur 
to destroy the unwanted elements and injured tissue (Fig. 2.1) [3, 4, 63–68, 81, 82, 
109]:

 (i) Stimuli-induced activation of appropriate antigen presenting cells (APCs) 
within innate and/or adaptive immune system;

 (ii) Encounter and recognize the nature of stimuli (e.g., pathogens, allergen, 
antigens);

 (iii) Process of destruction of pathogens/antigens by induction of expression of 
danger signal molecules and receptors, generation of a wide range of death 
factors, oxidants and toxins from host activated immune cells and/or recruited 
cells from vasculature, neuronal or metabolic pathways;

 (iv) Induction of stimuli-specific antibodies, surface and receptor molecules and 
activation of immune cells, aggregation of specific receptors and effector 
(pharmacological) function;

 (v) Changes in oxidative status of tissue, burst of energy in activated immune 
cells (e.g., MΦs) resulting in ATP hydrolysis from mitochondrial oxidative 
phosphorylation and generation of ROS and other oxidants and enzymes; 
changes/increases in intracellular ionic (Na + and/or Ca++) levels needed to 
destroy/kill cells (lysis of pathogen structure and infected host), disruption of 
membrane integrity and efflux of required intracellular components;

 (vi) Vasculature-derived activation of complement cascade enzymes (e.g.,c1-c5) 
facilitating cell fixation and perforation/lysis of infective agents and injured 
host cells;

 (vii) Induction of cell/tissue edema, often accompanied by coagulation of plasma 
proteins/lipids in injured tissue, perhaps as part of ‘temporary’/immediate 
healing (filling) process of the damaged cell/tissue and/or to dilute toxicity;

 (viii) Simultaneous initiation of termination processes from polarized cells for 
healing the tissue and terminating inflammation (Yang events, below).

External and internal hazardous elements (immune disruptors) include a wide 
range of antigens or allergens (e.g., pollen, ragweed, foodstuff), infective agents/
microbiomes, pathogens, carcinogens/mutagens, chemical, biological and environ-
mental hazards. The stimuli include intrinsic or extrinsic changes in the levels of 
hormones and their functions occurring naturally in aging process or treated indi-
viduals with hormones or steroids. Among intrinsic immune disruptors are accumu-
lation of defective, senescent or useless (non-functional) cellular and molecular 
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components [e.g., immune or non-immune cells, B lymphocyte complexes or can-
cerous cells, damaged chromosomal, genetic and epigenetic materials (mutated 
DNA/RNA and epigenetic hypo-, hyper methylated molecules, related repair 
enzymes or repressor molecules), oxidized metabolites (e.g., crystallized uric acid) 
or accumulation of pathogen-specific particles, use of fetal tissue and adjuvant (e.g., 
mercury, L-histidine) in vaccines] [3–5, 15–17, 63–68, 81, 82, 109–125].

As depicted in Fig.  2.1, depending on the nature of stimuli, specialized host 
inflammatory cells, such as innate immune cells (e.g., NKs, MΦs, DCs or MCs), are 
sensitized or activated and prepared for appropriate responses. Activated host cells 
also provide signals to activate, mature, differentiate and recruit (infiltrate) other 
immune cells and blood components through activation of vasculature and expres-
sion of precise quantities of required pro-inflammatory mediators, vasoactive agents, 
oxidants, enzymes or cytokines/chemokines to destroy the unwanted components 
(Fig. 2.1, Yin processes identified as Death Factors) [3–5, 63–68, 81, 82, 109].

The pro-inflammatory mediators that are expressed during Yin processes (death 
factors) include toll-like receptors (TLRs), vasoactive components (e.g., histamine), 
acidic glycoproteins (e.g., heparin), eosinophil chemotactic factor of anaphylaxis 
(ECFA), CCL11/eotaxin-1, MPIF-2/eotaxin-2, tumor necrosis factor–α (TNF-α), 
transforming growth factors (TGFs), PTEN, FADD, interleukins (e.g., IL-1β, IL-4, 
IL-6, IL-8), caspases family of enzymes (caspases 1–10), blood-born complement 
cascades (e.g., C1-C5), perforin molecules, Bax, prostaglandins (PGs), leukotrienes 
(LTs), a variety of cytokines and chemokines receptor molecules (e.g., TNFR/
TNFSF5, IgE-FcεR, TGFRs, CCL13/mcp-4, CCR family of chemokine receptors, 
CX3CR1, ILBrA, XCR1/CCXCR1), membrane phospholipases, antibodies (e.g., 
IgE, IgA, IgG, IgM), NO and genesis of free radicals and oxidants [e.g., reactive 
oxygen species (ROS), reactive nitrogen species (RNS), superoxide radicals, hydro-
gen peroxide,…] (Fig. 2.1, Yin) [3–11, 15–17, 63–65, 109] .

The Yin activities often require receptor aggregation and synthesis of immuno-
globulins (e.g., IgG to activate myeloid cells or IgE to activate and degranulate 
MCs). These events also involve activation of membrane enzymes phospholipases 
(PLs, e.g., PLA, PLC or PLD), sphingosine kinase and metabolism of arachidonic 
acid [e.g., activation of cyclooxygenase (COX) and lipoxygenase (LO)] pathways 
and biosynthesis of prostaglandins [(PGs), PGF1α, PGI2, PGE2 and leukotrienes 
(LTs, LTA, LTC) and thromboxanes (TXs)] to produce the required pharmacologi-
cal effects [3–5, 15–17, 63, 66–68, 81, 82, 109, 125–128].

In the list of immune disruptors or antigens that potentially increase the risk of 
chronic diseases, the genetically engineered or modified food products, genetically 
modified organisms (GMOs) should be included. These and other components of 
preserved foods or environmental hazards, as well as pathogen-specific vaccines, 
are likely important contributors of the reported increasing risks of allergies (or 
perhaps cancers) among both older and younger individuals in America in the last 
couple of decades [63–65, 125]. GMOs (e.g., corn, soybean products, cotton, fruits) 
are bacteria-crops, and considered ‘transgenic’, herbicide and insecticide resistant 
foods. They have long shelf lives and are marketed for animal and/or human con-
sumption. Recent articles discuss controversies regarding the health benefits, ethics, 
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biotechnologies and environmental challenges of such products for human or ani-
mal use [129–134]. The digested modified proteins of the GMO foods are likely 
antigen burden for the immune system. Like the pathogen-specific vaccines, the 
genomic components or amino acids of bacteria-derived GMO products may inter-
fere with body’ ecosystem of microbiomes in the gastrointestinal tract and poten-
tially lead to a wide range of health conditions (details Chaps. 5 and 6). Currently, 
the health concerns of consumption of GMO foods are expressed primarily for the 
American population compared with other developed nations. That is because the 
United States is the major producer and consumer of genetically engineered foods. 
These products are heavily endorsed and publicized by a powerful lobbying group 
who minimizes and ignores the potential adverse influence of these health hazards 
for human.

2.2  Yang Phenomenon: Post-inflammatory or Termination/
Resolution of Acute Inflammation (Wound Healing, 
Growth-Promoting, Tissue Repair, Tumorigenic).  
Host Revival!

The Yang (termination, post-inflammatory, wound healing, growth promote or 
tumorigenic) arm of acute inflammation is responsible for neutralizing the toxicity 
of death factors and oxidants that are generated in Yin events and to resolve and 
terminate the inflammation. The overall activities involved in Yang processes 
include the following steps [3, 4, 50, 63–68, 81, 82, 109]:

 (i) Simultaneous polarization of immune cells that signal for immune suppres-
sion. The polarization of immune cells include generation of mature DCs 
(DC2, TADC), induction of M2 (TAM) phenotypes, induction of regulatory T 
(Treg) or memory cells for expression of appropriate growth factors and anti-
oxidants from activated immune cells, and/or recruited cells from vasculature. 
Yang events are often facilitated by hormonal, neuronal and metabolic path-
ways that signal for immune suppression.

 (ii) Removal/expel and/or dilution of the unwanted components and oxidants by 
production of tears, mucus secretion from goblet cells, or influx of plasma 
proteins to the site of injury;

 (iii) Induction of signals for generation of reducing power to offset the oxidative 
status of injured tissues. In this process expression of several inhibitors of 
apoptosis, decoy receptor molecules (e.g., TNFRdr), immune suppressor inter-
leukins (e.g., IL-1dR or IRAK-M), interferons and growth factors, antioxi-
dants and enzymes are involved to reduce/inhibit energy consumption within 
mitochondria via inhibition of ATPase activities creating ‘temporary’ hypoxic 
condition for expression of growth factors (e.g., HIF1-VEGF), induction of 
kinases (mTOR/PI3K/AKT) for growth promotion and repair of the injured 
host tissue (anabolic events);
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 (iv) Resolution and termination of inflammation for repairing and/or remodeling of 
the injured host tissue also involve neovascularization or angiogenesis under 
hypoxic conditions to resolve injury and return tissue to normal function;

Therefore, the Yang phase involves simultaneous activation of appropriate anti- 
inflammatory pathways to precisely neutralize and remove the toxicity generated 
during the pro-inflammatory (Yin) response processes and to heal and repair or 
remodel the injured host tissue and terminate the inflammation (Figs. 2.1 and 2.2). 
As depicted in Fig. 2.1 (Yang), a wide range of signals from activated immune and 
non-immune cells induce expression of growth factors and inhibitors of oxidative 
materials and generation of reducing powers to terminate the inflammation [3, 4, 
63–68, 81, 82, 109].

Fig. 2.2 Schematic representation of acute inflammatory responses during Yin (apoptosis) and 
Yang (wound healing). Stimuli- induced activation of immune cells such as polymorphonuclear, 
mast cells, natural killer cells, dendritic cells or macrophages lead to generation of oxidants such 
as reactive oxygen species and intermediates (ROS, ROI), reactive nitrogen species and intermedi-
ate (RNS or RIN), increased ratio of NADP+/NADPH, nitric oxide (NO) by activation of enzymes 
such as NADPH oxidase to produce precise quantity of toxic material that lead to lysis of pathogen 
and host tissue as well as induction of vascular hyperpermeability. The Yin events simultaneously 
signal for production of anti-oxidants and growth factors to neutralize the toxicity generated in Yin. 
The figure depicts that continued stimulation of tissue would change the balance between Yin and 
Yang of acute inflammation in favor of cell growth and induction of cancer, angiogenesis and 
metastasis (Modified from Khatami (Ref. [67]) all rights reserved)
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Again, depending on the nature, potency and type of stimulation, extent of tissue 
injury and/or the composition of host immune and non-immune cells, the wound 
healing pathways involve appropriate expression of growth promoting factors such 
as lymphocyte-derive nuclear factor (NF-kB) and receptor molecules, BCL-2, pro-
tein kinases (e.g., PKC, PI3 kinase-related kinases and mutated-ATM, MAPK fam-
ily, JUNK, IKK, Ataxia Telangiectasia), synthesis of related receptor molecules, 
inhibitors of pro-inflammatory mediators (decoy receptors), immune suppressor 
factors, or inhibition of oxidative components [e.g., histaminases, iNOS, cytosolic 
or mitochondrial super-oxide dismutases (SODs), catalase, fibroblast growth factor 
(FGF), vascular endothelial growth factor (VEGF), metalloproteases (MMPs), che-
mokines or cytokines [e.g., interferons (IFNs), interleukins (ILs)…] (Figs. 2.1 and 
2.2) [3–5, 15–25, 37, 63, 66–68, 72, 80–128, 135–175].

Therefore, the principal function of post-inflammatory responses in Yang is to:

 (i) Neutralize and/or remove death factors and toxins from the injured target 
tissue;

 (ii) Provide the required growth factors and reducing powers that would repair any 
damage or scar (tissue necrosis) caused by expression of pro-inflammatory 
responses in Yin processes;

 (iii) Switch from high energy to low energy consumption, shutting down mitochon-
drial oxidative phosphorylation, ATP utilization from glycolysis (Warburg effect);

 (iv) Repair and remodel the cellular DNA damage, tumor suppressor genes (e.g., 
p53) and genomic integrity in the target tissue;

 (v) Resolution and termination of inflammation;

2.3  Contribution of Non-immune Systems in Acute 
Inflammation in Balancing Yin-Yang

To accomplish its protective and self-terminating role, acute inflammation through 
Yin and Yang processes, induces a complex, well-orchestrated, elaborate and pre-
cise chemical signal communications between mediators of innate and adaptive 
immune cells that are intimately facilitated by vasculature, metabolic, hormonal and 
neuronal responses. The following sections briefly incorporate the contributions of 
intracellular components such as mitochondria, ER and ribosomal activities during 
completion and/or clearance of byproducts of inflammatory responses. Analyses 
and integration of large amount of scattered data from basic and clinical research on 
complex biological rules are helpful for initiating a roadmap on the importance of 
maintenance of effective immunity for protecting health [3–6, 15–17, 47, 58, 63–66, 
71, 79–82, 84, 103, 109, 113–122, 126, 136–151, 157–195]. The integration of such 
data also provides opportunities to identify major biological gaps as well as insights 
into correcting and delaying the age-, and oxidative stress-induced alterations of 
effective immunity toward preventing or delaying initiation of multistep diseases 
(details in Chap. 6). The overall analyses and integration of data will also reveal 
important knowledge gaps that are suggested to be major obstacles in advancing the 
goals of effective disease prevention and/or therapeutic approaches.
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Examples of major interrelated biological activities that are likely to contribute 
to self- terminating properties of Yin-Yang of acute inflammation (immune surveil-
lance) are outlined below (detailed in Chap. 6) [3–6, 15–17, 47, 58, 63–66, 71, 79–
82, 84, 103, 109, 113–122, 126, 136–151, 157–195] (Figs. 2.1, 2.2 and 2.3).

2.3.1  Bioenergetics of Yin [‘Dressed to Kill’] -Role of Mitochondria

During Yin responses (the ‘dressed to kill’ phase of acute inflammation), burst of 
oxygen and production of high energy released from mitochondria of activated 
immune cells (e.g., MΦs, NKs, MCs, DCs, T or B cells) are required. It is not clear 
to what extent activated non-immune cells (e.g., epithelium, mucus-secreting cells 
or vascular endothelium) contribute to the host production of high energy at this 
phase of inflammation. The rapid generation of free energy requirements comes 
from oxidative phosphorylation of mitochondria via activation of ATPase that 
hydrolyze ATP.

Hydrolysis of ATP rapidly lowers cellular ATP/ADP/AMP ratios and changes 
(increases) influx of [Ca++] and mobilization and intracellular [Na+], resulting in 
increased host oxido-redux potential. The high energy production temporarily 
decreases the tissue reducing powers (e.g., NADH/NAD+ or NADPH/NADP+, glu-
tathione recycling pathways) and allows generation of reactive oxygen species 
(ROS), reactive nitrogen species (RNS), NO, superoxide radicals and activate oxidiz-
ing enzymes (e.g., caspases, NADPH oxidase, myeloperoxidase, membrane metal-
loproteases). The increased levels of oxidants in tissue are perhaps signals that would 
further facilitate increased vasculature hyperpermeability and activation and infiltra-
tion of other immune cells and/or blood complement cascades contribution during 
lysing pathogens and injured host tissue. As noted above, the biological events in Yin 
are often initiated by induction of pathogen (stimuli)-specific danger molecules or 
TLRs (TRL 1–11). The events in Yin are further accompanied by  expression of hun-
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Fig. 2.3 Role of immune 
and non-immune systems 
in acute inflammation. 
Maintaining balance 
between Yin (growth- 
arresting) and Yang 
(growth-promoting) arms 
of immunity is through 
activation of immune cells 
assisted by vasculature, 
metabolic and neuronal 
pathways including 
contribution from adipose 
tissue (Modified from 
Khatami [4] InTech 
Publishing)
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dreds of respective adaptor and surface molecules or expression of oxidative enzymes 
or release of vasoactive components (e.g., histamine) and interleukins (e.g., IL-1) or 
prostaglandins (PGF1α) that activates other tissue components (e.g., nuclear mem-
brane, DNA/RNA, cytoplasmic, membrane lipid, ion transport). These steps are sug-
gested to be simultaneous and well orchestrated for the purpose of destroying 
pathogens and the injured tissues in Yin responses (Figs. 2.1, 2.2 and 2.4). See text.

2.3.2  Shift/Reversal of Energy Consumption and Metabolism in Yang 
(‘Revival’ of Host from Death’)

Following killing of the foreign elements, the injured host tissue needs to simultane-
ously recover and repair by biological activities that possess opposite properties 
(growth-promote) from the growth-arrest actions of Yin pathways. As schematically 
represented in Figs. 2.1 and 2.2, the Yang responses (‘recovery from death’) involve 
simultaneous shift in oxidative metabolism by polarization of immune and non- 
immune systems for wound healing of injured tissue. The Yang events require 
switching away from high energy production of oxidative phosphorylation (shutting 
down mitochondrial function) to aerobic glycolysis (Warburg effect), a condition 
that also occurs in tumor microenvironment during tumor growth. Polarized immune 
cells (e.g., MΦs in M2 or TAMs phenotypes, degranulated or ‘leaky’ MCs, DC2 or 
TADCs) signal for induction of hypoxic conditions (impaired mitochondria) and 
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Fig. 2.4 Schematic representation of steps involved in acute (immediate) hypersensitivity 
responses, primarily Yin (pro-inflammatory) events. It depicts the three major stages of sensitiza-
tion, activation and effector (pharmacological) function of tissues, involving primarily mast cells 
(MCs). See text 
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expression of hypoxia induced factor 1 (HIF1), also known as vascular endothelial 
growth factor (VEGF) and induction of neovascularization. The high energy ATP 
level that is spent during Yin causes mitochondria to conserve/reduce oxidative 
metabolism for its TCA cycle intermediates and anabolic/catabolic homeostasis. 
Events in Yang also accompany simultaneous generation of reducing powers, anti-
oxidants and growth factors from activation of adrenal (production of cortisol) and/
or thyroid (immune suppression by thyroxine, thyrotropin or TSH) glands. Among 
numerous important metabolites that are likely involved in Yang, are the activation 
of adenosine deaminase and generation of adenosine monophosphate (AMP) and 
related surface molecule CD 73, a key event in energy reversal for facilitating termi-
nation of inflammation and recovery of tissue. The AMP signaling is perhaps needed 
for ATP synthesis from aerobic glycoslysis and expression of growth factors and 
enzymes such as PI3 kinase, PKC, reducing enzymes (e.g., SODs, catalase) or FGF, 
VEGF and membrane proteases to promote growth under hypoxic conditions 
(Figs. 2.1 and 2.2).

2.3.3  Shared Features of Yang Processes and Tumor Growth

As noted above, there are shared features between metabolism of activated immune 
cells, under oxidative stress, and growth of tumor cells. For example, both Yang 
processes and tumor growth utilize aerobic glycolysis (Warburg effect) for wound 
healing (termination of cell death or growth). Similarly, several growth promoting 
factors (e.g., mTOR/PI3 Kinase, MAPKinase, PKC, VEGF, FGF, IFNs, NFkB…) 
or other immune suppressors and growth promoting angiogenic factors are  
involved in Yang events as well as during tumor cell growth (Figs. 2.1 and 2.2, Yang 
arm of acute inflammation). In 1986, Dvorak suggested that tumors are wound that 
do not heal [51]. This cogent observation stood the test time in cancer research. 
However, even recent review of the literature does not seem to differentiate the 
metabolic and bioenergetic requirements of Yin vs. Yang processes in acute inflam-
mation or the Warburg phenomena in tumor growth [63, 109, 179]. Recently, the 
author hypothesized that the oxidative phosphorylation in mitochondria (during 
Yin) and the aerobic glycolysis (Warburg effect) in cytosol (during Yang) use dif-
ferential energy requirements for the ‘duality’ that effective immunity has for self- 
terminating function of acute inflammation [63, 109]. In other words, upon tissue 
stimulation, the activated immune cells first engage in rapid generation of free 
energy (ATP) by utilizing the oxidative phosphorylation from mitochondria, that 
otherwise is needed for tricarboxylic acid (TCA) cycle intermediates and biosynthe-
sis of lipids, related enzymes and homeostasis of mitochondrial energy power for 
cells. Providing rapid energy (ATP hydrolysis) from oxidative metabolism,  
enables immune cells (e.g., M1, tumoricidal phenotype of MΦs) to produce pro- 
inflammatory mediators and generate needed toxicity for killing/destroying patho-
gens or foreign elements (Fig.  2.1 Yin arm). However, Yang responses that are 
involved in resolution of inflammation simultaneously use activated/polarized 
immune cells (e.g., M2 or TAMs phenotype) with growth promoting features. The 
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Yang responses shift to low energy requirements from aerobic glycolysis (Warburg 
effect) and under hypoxic condition, which signals for expression of HIF1 (VEGF), 
in the neighborhood of hypoxic neovasculature, for the purpose of resolveing and 
terminating inflammation, repairing or remodeling and returning target tissue to 
resting status. The energy shifts away from mitochondrial ATP hydrolysis during 
Yang also enable the tissue to correct Yin-induced rise in tricarboxylic acid (TCA) 
cycle intermediates (e.g., succinate, fumarate) and reduced production of ROS in 
mitochondria.

However, it is suggested that sustained oxidative stress or persistent unresolved 
inflammation increases utilization of aerobic glycolysis (Warburg effect) for energy 
consumption due to overwhelming/exhaustion of oxidative phosphorylation path-
ways and the need for production of wound healing factors to terminate inflamma-
tion. The validity of this hypothesis seems supported by findings that angiogenesis 
and hypoxic conditions are primary features in tumor microenvironment and 
inflammatory diseases. One should also keep in mind that oxidative stress and aging 
retard the effectiveness of immunity to fight new antigens, perhaps as the result of 
loss of tightly regulated Yin and Yang processes toward necrosis and/or tissue 
growth promotion and ineffectiveness in energy homeostasis (Fig. 2.2) (details in 
Chaps. 3, 4 and 6).

2.3.4  Activation of Vasculature

Being the gatekeeper of the immune cell trafficking, vasculature has the most cru-
cial function in facilitating both, the Yin (tumoricidal) and Yang (tumorigenic) pro-
cesses by expression of precise quantities of death and growth factors. Activation of 
vascular tissue often involves activation of complement cascades (e.g., C3, C5 
enzymes) to assist perforation and lysis of infective agents and/or damaged host 
(Yin); release of granules from platelets and expression of required amounts of 
growth factors (e.g., PDGF, EGF, VEGF, MMPs, CAMs) (Yang) for completion of 
Yin and Yang processes (Figs. 2.1, 2.2, 2.3 and 2.4). In addition, vascular endothe-
lial cells provide receptor molecules for vasoactive components (e.g., histamine, 
heparin) that contribute to vascular hyperpermeability, cell adhesion, infiltration of 
immune cells, influx of plasma proteins, induction of edema and coagulation of 
plasma proteins to potentially facilitate ‘temporary’ wound healing [3–5, 11, 24, 
56–60, 63, 72, 74, 87, 95, 96, 99, 100, 109, 155], (Figs. 2.1 and 2.4).

2.3.5  Activation of Neuronal and Endocrine Systems

Expression of several other factors and receptors for inflammatory mediators such 
as histamine receptors and hormones, metabolites or neuropeptides such as sero-
tonin, adrenalin/ norepinephrine or cortisol contributes to the induction of pain and 
wound healing processes, respectively, during inflammatory reactions (details in 
Chap. 6) [3, 4, 63, 109, 177, 178, 180–187, 190, 191].
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2.3.6  Role of Adipose Tissue in Inflammation

Immunologically, adipose tissue is a large and active tissue composed of innate and 
adaptive immune cells, such as B and T cells, MΦs and neutrophils. The polarized 
or subtype forms of such cells play important roles in immune surveillance, or 
induction of metabolic diseases such as insulin- resistant, hyperglycemia of diabe-
tes or obesity. Adipose tissue perhaps contributes directly or indirectly in the induc-
tion of other diseases such as atherosclerosis, cardiovascular complications or 
cancer. Inflammatory mediators such as IL-6 and receptor molecule activation are 
linked to insulin-insufficiency and deterioration of glucose homeostasis in adipose 
tissue and a shift in MΦs polarization that results in expression of IL-4 and increased 
susceptibility to lipopolysaccharide (LPS)-induced endotoxemia [63, 171, 173, 
192–194].

2.4  Mission and Outcomes of Acute Inflammation (Yin- Yang) 
or Effective Immunity (Immune Surveillance)

The principal mission of an inflammatory process (Yin and Yang) is twofold:

 (a) To encounter, recognize, process, destroy and eliminate the external or internal 
foreign elements that may harm the target/host tissue; and

 (b) To neutralize the death factors and oxidants and remove toxins that is present in 
the host cell and to repair the damaged cells and terminates inflammation.

The time course kinetics for induction and termination (resolution) of an inflam-
matory condition often depend on the quality and/or severity of an inflammatory 
condition. With the exception of non-specific or minimal tissue stimulation (e.g., 
acid burn or minor injuries), the major outcomes of an inflammatory reaction 
include:

 (a) Synthesis of allergen/pathogen-specific antibodies and receptor molecules;
 (b) Increased synthesis of memory B and T cells (T reg);
 (c) Upon tissue exposure to the same types of stimuli, the ‘initiated’ immune sys-

tem can unleash appropriate responses (e.g., expression of antigen-specific anti-
bodies) to destroy unwanted foreign elements and terminate inflammation.

In summary, effective immunity that protects the body against all potential harms 
plays a crucially important, exact and justifying role in health. Acute inflammation 
possesses two opposing biological properties characterized as (Yin) that is respon-
sible for production of death signals to destroy both the enemy and the injured host 
cells; and (Yang) that is responsible for removal of toxicity and debris generated in 
target tissue and to repair and remodel the host and resolve inflammation (Figs. 2.1, 
2.2, 2.3, and 2.4).
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3  Sequence of Events in Immediate Hypersensitivity 
Reactions

The exact time course kinetics and mechanisms of actions of responses involved in 
inflammatory processes are not fully understood. Overall analyses of relevant data 
on sequences of events occurring during immediate type 1 (acute) hypersensitivity 
reactions in host tissues whose prominent immune cells are MCs and lymphoid tis-
sues [e.g., conjunctival-associated lymphoid tissues (CALTs), lung airways, gut- 
associated lymphoid tissues (GALTs), perivascular or perhaps the skin], include 
three major phases of sensitization, activation and effector function (pharmacologi-
cal effects or outcomes).

It is noteworthy that mast cells (MCs) that are categorized within the innate 
immune cells often function as effector cells for producing an effect, while B cells 
that are categorized as effector cells for humoral immunity within the adaptive 
immune cells often function as antigen presenting cells (APCs) to sensitize and 
activate MCs [3–10, 15–17, 38, 63–68, 72, 81, 82,  87, 89, 109, 120–124, 137, 144, 
145, 159, 196].

Briefly, the three stages of sensitization, activation and effector function of 
immediate (type 1) hypersensitivity reactions include the following sequence of 
events (Figs. 2.1 and 2.4):

 (a) Tissue exposure: Antigen, parasites or allergen inhaled, ingested or adminis-
tered via lung, skin, gut or ocular tissues;

 (b) Circulating blood: Antigen is engulfed by circulating blood phagocytes and 
delivered to B lymphocytes (B cells);

 (c) B cells activation and response: B cell differentiation into plasma cells and 
biosynthesis of antigen-specific IgE antibodies;

 (d) Mast cells sensitization: At low levels, IgE antibodies (Abs) circulate through-
out the body without causing any reaction or harm, perhaps as part of tolerance. 
Upon exposure to higher levels of antigen, or repeated tissue encounter with the 
same antigen the circulating IgE Abs attach to the surface of mast cells (or baso-
phils) through specific receptor binding (MCs-IgE-fcε receptors), which sensi-
tizes MCs. Sensitization of MCs may last for weeks or years, without any severe 
responses. However, depending on the type of allergen or antigen, further con-
tact of target tissue with the same antigen initiates an allergic response from the 
sensitized tissue (effector or pharmacological phase).

 (e) Effector phase: Mast cells activation or degranulation and pharmacologi-
cal effects: Activation of MCs occurs when IgE bound to high affinity Fc recep-
tor (FcεR1) on the surface of sensitized MCs are cross-linked (aggregated) by 
allergen to trigger degranulation and release of preformed granule-derived 
mediators and proteases or express newly synthesized mediators. Release and 
expression of mediators from activated MCs include vasoactive histamine, 
acidic glycoproteins such as heparin, enzymes (e.g., tryptase and chymase), 
expression of chemotactic mediators that are released in the circulating blood to 
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attract and recruit other inflammatory cells (e.g., eosinophils) for additional 
production of toxicity at the site of injury that may cause further injury to the 
tissue. In occasions where IgE Abs produced against parasitic infection, hel-
minths (e.g., Ascaris Suum or its extracts), the responses from MCs are stronger 
and the damage to the tissues are severe. Furthermore, while circulating IgE 
antibodies preferentially sensitize MCs of the susceptible host (target exposed 
tissue), often the circulating (homocytotropic) IgE Abs sensitize other MCs that 
are distant from the target. In addition, as we reported for inflammatory 
responses in ocular tissues (details in Chap. 4), the severity of type 1 reactions 
may not necessarily correlate with the circulating levels of IgE [3, 5, 81, 82, 
109]. For example, repeated topical and unilateral sensitization and challenge 
of ocular tissues with antigen caused not only strong responses from contra-
lateral eye (untreated eye), they occasionally produced asthma-like wheezing 
symptoms in immunized animals suggesting sensitization and activation of 
MCs in lung airways. In addition, newborn babies from repeatedly sensitized 
animals (guinea pigs) demonstrated severe ocular allergies upon the first or sec-
ond challenge with the antigen suggesting antibody transfer maternally or 
paternally (genetic predisposition?) [3–5, 66–68, 81, 82, 109].

4  Molecular Mechanisms of Acute Inflammation

As noted above, the exact molecular mechanisms of activation of multiple interde-
pendent and complex pathways that are involved in the two phases of self- terminating 
acute inflammation are not understood. The signals initiated/generated from the 
activated innate and/or adaptive immunity for the purpose of destruction of foreign 
elements and injured tissue during Yin (growth-arrest) responses, would simultane-
ously signal for induction of Yang (growth-promote) pathways to resolve, neutralize 
and terminate the pro-inflammatory phase-induced tissue damage and resolve 
inflammation [3–5, 63, 66–68, 82, 109]. Therefore, resolution of acute inflamma-
tion means returning to normal activities of all immune cells, the vasculature and 
the metabolic and neuronal pathways (resting status of immunity) with little or no 
harm to the host. The dual inherent properties of immunity during termination and 
resolution of acute inflammation and generation of decoy receptor molecules, in all 
likelihood, are inclusive of the shift in energy consumption, away from oxidative 
phosphorylation (in Yin) toward aerobic glycolysis (Warburg effect). Yang pro-
cesses are accompanied by the scavenger roles of metabolites and antioxidants or 
reducing enzymes (e.g., vitamin E, ascorbate, NADPH reductase, GSH, catalase, 
SODs) for reducing/neutralizing the toxicities of ROS/RNS and other oxidants that 
are generated in host. Therefore, stimuli-induced burst of energy in immune cells 
and rapid production of ATP from oxidative phosphorylation causes rapid ATP 
hydrolysis, followed by a change (rise) in the tricarboxylic acid (TCA) cycle inter-
mediates (e.g., succinate or citrate) that are required for lipid biosynthesis and main-
tenance of mitochondria energy homeostasis.
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Because multiple factors are involved in inflammatory processes, the outcomes 
of inflammation present infinite possibilities. In general, factors influencing the out-
comes of inflammation, include the nature, quantity and potency of foreign ele-
ments, frequency of inflammatory conditions, competency of immune and non 
immune components (individual’s genetic makeup) of target tissue, route of expo-
sure, types of target tissue (e.g., immune-privileged, immune-responsive, insulin-
dependent or insulin- independent for glucose transport and/or utilization), as well 
as the age of individual.

5  Interrelated Cell Death Categories

The nomenclature of cell death (necrosis, accidental cell death, oncosis, pyroptosis) 
or apoptosis, also known as Type I, Type II or Type III, cell death are confusing and 
ambiguous when mechanisms of immune-independent or immune-regulated cell 
death are defined [3, 4, 20, 80, 63, 66–68, 109–119, 138, 197–219]. These termi-
nologies for cell death are often used when cell death occurs principally indepen-
dent of programmed cell death, without extensive involvement of immune pathways 
that was described for Yin and Yang of acute inflammation. Highlights of known 
mechanisms of cell death with limited shared features with programmed cell death 
include the following: (Fig. 2.5):

 1. Accidental necrosis, oncosis and pyroptosis: Accidental tissue necrosis hap-
pens as the results of significant or sudden increases in tissue oxidative stress 
causing extensive depletion of adenosine triphosphate (ATP) accompanied by 
the loss of cytosolic components and membrane integrity. The special feature of 
accidental necrosis is the absence of death signaling, which is different from Yin 
pathways in programmed cell death. Analyses of related data suggest that acci-
dental necrosis and programmed cell death present limited shared physiological 
features. Both processes occur as the result of decreased host ATP levels (or 
increased ATPase activity for ATP hydrolysis) followed by an increased level of 
intracellular sodium ions [Na+]. These events cause opening of the ion channels 
that lead to membrane and cytoskeleton rupture (membrane ‘leakiness’), loss of 
cellular membrane integrity, osmotic swelling of intracellular organelles along 
with disruption of nuclear components and condensation of chromatin structure, 
a phenomenon also called oncosis (Fig. 2.5) [20, 109–117, 197–203]. It is not 
clear however, what conditions (nature of stimuli or tissue type) would induce 
sudden drop in ATP hydrolysis and how the intrinsic inappropriate synthesis of 
cells (e.g., cancerous cell or viruses) or drugs contribute to the accidental cell 
death. Another question is whether cytotoxic T cells are able to induce accidental 
cell death without involvement of the programmed cell death (Fig. 2.5).

The outcomes of accidental cell necrosis are different from apoptosis in pro-
grammed cell death since in the absence of wound healing processes (Yang), 
necrotic bodies that accumulate in tissues need to be neutralized and/or recycled by 
other mechanisms. It is possible that necrotic bodies are simply digested by circulat-
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ing phagocytes as part of acute inflammation and/or autophagy. Accumulation of 
necrotic bodies from accidental necrosis may be considered as the biological 
byproducts in tissue; they form useless or toxic materials (antigen loads, internal 
stimuli) and could activate immune responses and/or autophagy. The accidental 
necrosis perhaps is a ‘one way’ cellular killing, compared with programmed cell 
death in ‘Yin-Yang’ pathways that requires complex participation of immune and 
non-immune pathways. However, the role of low-level activation of caspases and 
interleukins (e.g., IL1β), to trigger pyroptosis in non-inflammatory elimination of 
pathogens and maturation of dendritic cells have been demonstrated. Furthermore, 
activation of caspase 1 does not seem to lead to cell death (pyroptosis) in all cells 
such as the epithelial cells [20, 23, 26, 63, 66–68, 109–120]. These interesting 
observations suggest that a reason for caspase activation not leading to cell death in 
epithelium is that epithelium is an immune-responsive tissue and could trigger 
many other signals for induction of wound healing processes of acute inflammation 
that lead to repair and survival of the tissue.

 2. Autophagy or macroautophagy: The term ‘autophagy’ derived from Latin 
meaning ‘self’ and ‘eating’. Autophagy is an essential and dynamic process of 
tissue homeostasis, involving continuous degradation and recycling of cytosolic 
components, membrane formation and fusion. Autophagy has intracellular anti- 
viral and anti-bacterial functions and plays a role in the initiation of response 
processes from innate and adaptive immune system against viral and bacterial 
infections. In general, there are three types of autophagy, macroautophagy, 
microautophagy and chaperone-mediated autophagy (CMA). Briefly, the overall 
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Fig. 2.5 Schematic representation of interrelated cell death. Major categories of cell death are 
oncosis/pyroptosis, accidental tissue necrosis and programmed cell death (Yin-Yang) of acute 
inflammation involving ATP hydrolysis and autophagy. See text
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processes in autophagy involve six major steps of membrane and protein assem-
bly and degradation processes often initiated by mTOR (mammalian target of 
rapamycin)/PI3K/AKT signaling pathway in the induction of autophagy as the 
following (details in Chap. 6) [63, 109, 138, 201–219]:

 (a) Initiation of membrane isolation. The process also called phagophore, or 
preautophagosome. mTOR kinase signaling initiate complex association of 
cell membrane and cytosolic materials [e.g., endoplasmic reticulum (ER) 
and related vesicles]. The process requires autophagy-related protein- 
enzymes complexes (e.g., DFCP1, Atgs).

 (b) Omegasome formation. The process involves autophagy-related gene pro-
tein (Atgs) expression products, phospholipid phosphatases, ATPases, 
kinases complexes (e.g., Atg12-Atg5-Atg16, ULk1-Atg13-FIP200-Atg101) 
and components of ER and Golgi complexes, which are formed inside the 
ring of the omegasome.

 (c) Elongation of the isolated membranes. This process further engulfs cyto-
plasmic components including mitochondria and ER.  The elongation of 
membranes involves many negative (inhibitors) and positive (inducers) pro-
teins and enzymes that control the extent of membrane isolation and 
elongation.

 (d) Autophagosome formation. The next steps in autophagy are associated 
with a number of other autophagic-related proteins, enzymes and ligands 
(e.g., Atg5-Atg12-Atg16L), followed by membrane fusion and dissociation 
factors (e.g., LC3-II, LC3-PE) to form autophgosome (maturation step) that 
prepare the complex for degradation.

 (e) Autophagosome-lysosome fusion. Following maturation of the autophago-
some, cytoplasmic lysosome fuse with the autophagosome (autophagosome- 
lysosome fusion).

 (f) Degradation and recycling. In this process, a number of lysosomal hydro-
lases are involved in degradation of autophagosomal contents. As the result 
of this process, protolysosome is elongated from autolysosome.

In brief, the essential factor or the ‘core’ for the above six major events involves 
energy-driven autophagy-related (Atg) protein kinase complexes and conjugate sys-
tems (e.g., ULK1 protein kinase, Atg9-WIPI-1, Vps34-becl in1 class III PI3-kinase, 
and the Atg12 and LC3), as well as PI3 binding proteins and phosphatases and Rab 
proteins pathways initiated through mTOR-dependent signaling. Elegant studies 
demonstrate that while some viruses encode virulence factors for blocking the 
autophagy, others utilize autophagy components for their intracellular growth or 
cellular budding [138, 206–220].

 (g) Selective Functions of Autophagy: Mitophagy, Reticulophagy, Ribophagy 
and Xenophagy

In addition to the non-selective function of autophagy, the selective autophagy 
that includes mitophagy, a type of autophagy specific for degradation of mitochon-
dria; reticulophagy for the recycling of endoplasmic reticulum; ribophagy for 
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 degradation/recycling of ribosomes; or piecemeal autophagy for the nucleus/chro-
mosomal components; and xenophagy for pathogens have been identified and 
reported in the literature. Defects in multistep complex processes of autophagy are 
associated with a wide range of chronic diseases such as neurodegenerative dis-
eases, diabetes complications, cardiomyopathy, fatty liver pathology and tumori-
genesis. For example, changes in mTOR/PI3K/AKT pathways implicated in 
longevity, malignant transformation and growth or endocrine/hormonal control of 
metabolism and adipose tissue biology. Details of biological processes that are 
involved in non-selective or selective autophagy and degradation- assembly of cel-
lular components for maintenance of health or induction of diseases are available in 
a number of recent publications (Fig. 2.5) [138, 203–229].

In summary, autophagy is a bulk process of degradation of cytoplasmic compo-
nents and membrane organelles or vesicles. Autophagosomes and autolysosomes 
are transient structures during protein/lipid degradation and recycling in autophagy. 
It seems that both killing of pathogens through programmed cell death (Yin-Yang) 
or accidental cell death, often requires simultaneous involvement of metabolic sig-
nals that are dependent on cellular burst of energy (changes in oxido-redox poten-
tial), accompanied by increased ratios of NADP+/NADPH and hydrolysis of ATP 
involving ATPase and alterations in ADP/AMP levels. As noted above, accomplish-
ing Yin-Yang events in programmed cell death of self-terminating acute inflamma-
tion, the complex apoptotic response pathways involve burst of energy from the 
mitochondria of activated APCs (e.g., MCs) to release mediators (e.g., Histamine) 
and enzymes such as tryptase or chymase, phosphatases, caspases, adenosine deam-
inase (ADA) and cell surface molecules (e.g., CD 73), also involving aggregation of 
receptor molecule (e.g., antigen-induced IgE-fcεR and MCs degranulation). These 
events are energy requiring and produce the required pharmacological effects. The 
Yin events are followed by shifting away from high energy consumption to utiliza-
tion of low energy produced in glycolysis and induction of growth pathways to 
repair the tissue and terminate inflammation (Figs. 2.4 and 2.5).

6  Chronic Inflammation: ‘Immunological Chaos’ in Host 
Tissue and Initiation of Disease Process. Not All Immune 
Disruptors Created Equal!

Unresolved inflammation (oxidative stress, chronic, subclinical) was defined as the 
loss of balance between the two tightly regulated and biologically opposing arms of 
acute inflammation, Yin (growth-arrest, apoptosis or tumoricidal) and Yang (growth 
promote or tumorigenic) of immunity. We proposed that sustained oxidative stress 
could lead to exaggerated expression and co-expression of death and growth factors 
in susceptible host tissues. Depending on the nature of stimuli (immune disruptor) 
and/or the extent of expression of growth or death factors, and type and composition 
of host tissue (e.g., immune-responsive or immune- privileged) loss of balance in 
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Yin and Yang processes could determine the outcomes of tissue damage. Those 
immune disruptors (e.g., potent pathogens, strong carcinogens, major trauma), that 
manage to cause serious imbalance in the homeostasis of immunity, would take 
advantage of inherent dualities of dynamics of biological responses (feedback con-
trol mechanisms) to initiate serious damages in the susceptible tissues and organ 
systems and induction of chronic diseases [3, 4, 63, 66–68, 81, 82, 92, 109].

In 2009, Khatami proposed that unresolved inflammation was a common denom-
inator in the genesis and progression of nearly all age-associated chronic health 
problems including site-specific cancers [67]. The extensive alterations or defects in 
the pathways of immune and non-immune networks, seem to be the principal con-
tributors to increased risks of allergies, asthma, autoimmune and neurodegenerative 
diseases, hypertension, diabetes and cardiovascular complications, stroke, multiple 
sclerosis, Hodgkin’s, lupus, Alzheimer’s, and induction of soft or solid tumors, the 
illnesses that primarily develop in older adults [3, 4, 63, 66–68, 82]. As detailed in 
Chaps. 3 and 6, aging process itself induces minor or major alterations in the func-
tion of immune and non-immune systems altering the inflammatory response pro-
files toward new stimuli or accumulated senescent cells [3–5, 21–28, 31–34, 40, 41, 
63, 66–68, 82, 92, 196, 217–237].

In brief, shifting from oxidative phosphorylation during Yin, to aerobic glycolysis 
and the induction of VEGF or HIF1 around neovascular tissue during Yang, are 
examples of inherent duality of the immune cells, assisted by non-immune systems 
during initiation and termination of inflammation. Oxidative stress and/or aging 
process could adversely influence the inherently dual capacity of immunity to gen-
erate exact amount of decoy receptors required for termination of inflammation 
(Yang). Retardation of immunity and expression of mismatched apoptotic or wound 
healing mediators accompanied by altered oxido-redox potential in tissues are per-
haps essential components for immune suppression and initiation of chronic inflam-
matory diseases or tumorigenesis. In general, alterations in activation- induced cell 
death (AICD) or damage-induced cell death (DICD) of apoptosis (programmed cell 
death) are suggested as contributing factors in the dysfunction of immune responses 
during the aging process [63–68, 109, 221–232].

7  Stem Cells; Shared or Special Features in Innate 
and Adaptive Immune Cell Responses in Health  
and Age-Associated Chronic Diseases or Cancer

Antigen presenting cells (APCs), to varying degrees, possess distinct functions for 
regulation and control of death and survival signals that influence the effector cell 
function for pharmacological response. The outcomes of specific inflammatory con-
ditions in host tissues are the results of interdependent immune responses. As sche-
matically shown in Fig. 2.6, each immune cell that is generated by stem cells, the 
giant manufacturer of immune cells, has the capacity to directly or indirectly 
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influence activation, proliferation, differentiation, growth and maturation (polariza-
tion) of other immune cells. (Table 2.1) [3, 4, 63, 66, 81, 82, 109].

Depending on requirements of the target tissue and function, innate and adaptive 
immune cells, and their counter parts in non-immune systems are capable of diverse 
dual functions to change the dynamics of Yin-Yang balance (tumoricidal: tumori-
genic ratio) in acute inflammation. For example, DCs, MΦs or MCs, as well as T or 
B lymphocytes can be induced to function as polarized cells during, development, 
maturation, wound healing and in response to tumorigenesis (Fig. 2.6) [3, 4, 63–65, 
81, 82, 109]. Growth and maturation of immune cells include maturation and sur-
vival of self, or those of T cells subpopulation Th1, Th2 (Treg), transformation of 
macrophages into M1/M2 (or tumor associated TAMs) phenotypes, mast cells mat-
uration (granulation, IgE Fcε-dependent phenotypes)  and degranulation, or they 
can become IgEfcε-independent ‘leaky’ MCs or TAMCs form, transformation of 
dendritic cells from immature/tumoricidal (DC1) to mature/tumorigenic (DC2 or 
TADCs) phenotypes (Fig. 2.6, Table 2.1).

Therefore, pro- and anti-inflammatory signals regulate the levels and efficiency 
of inflammatory cytokine receptor coupling and amplification of effector function. 
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Fig. 2.6 Schematic representation of complex interdependent influence of innate and adaptive 
immune cells in growth and function of hematopoietic cells. Stem cells considered as the giant 
manufacturer of all hematopoietic cells whose growth and differentiation to specific immune cells 
are potentially directed by the signal transductions guided by specific tissues with special immune 
and non-immune compositions and/or under certain inflammatory conditions and tissue require-
ments. See text
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Pro-inflammatory cytokines such as IL-1, IL-6, IL-8, TNF-α, M-CSF, GM-CSF, 
eotaxin, as wells as, histamine, prostaglandins (e.g., PGF1α or PGI2), leukotrienes, 
heparin or enzymes (e.g., chymase, tryptase) other proteases released by activated 
resident (local) and/or recruited inflammatory cells are capable of contributing to 
the progression of responses. In all likelihood, increased local concentrations of 
special mediators produced by resident inflammatory cells signal for expression, 
interactions and synergies between recruited and infiltrated cells (e.g., eosinophils, 
MΦs, vasculatures) are requirements of an effective immunity to accomplish a task, 
such as removal of an infectious agent and repair of damaged host. Details on the 
roles of immune cells under inflammatory conditions and carcinogenesis are pro-
vided in Chap. 6.

8  Differential Influence of Acute and Chronic Inflammation 
in Immune-Privileged and Immune-Responsive Tissues 
and Chronic Diseases

Molecular mechanisms that govern the tightly regulated processes of acute inflam-
mation somewhat differ in immune-privileged and immune-responsive host tissues. 
In general, acute inflammation provides immune protection in target tissues via two 
mechanisms:

Table 2.1 Example of dual (pleiotropy) properties of immune cells and mediators in acute (AI) 
and chronic inflammation (CI) [3, 4, 63, 67, 109] 

Mediator/Factor Cell polarization Major biological effects

Toll like receptors (TLRs 
1–9)

DC1/DC2 (TADC); M1/M2 
(TAM); MC/‘leaky’(TAMC)

AI: Signal for death factor-Yin
CI: Decoy receptor, growth 
promotion-Yang

Tumor necrosis factor α 
(TNF-α) and TNFR

DC1/DC2 (TADC);
M1/M2 (TAM); 
MC/‘leaky’(TAMC)

AI: Induction of apoptosis
CI: Decoy receptor, growth 
promotion

Histamine MC/‘leaky’(TAMC) AI: Vasoactive, apoptosis, 
IgE-fcε-rec-dependent, vascular 
hyperpermeability
CI: Release independent of 
IgE- fcε-rec, growth promotion

Macrophage colony 
stimulating factor 
(M-CSF)

M1/M2/TAM AI: Induction of apoptosis
CI: Decoy receptor, immune 
suppressor, tumorigenic

Interleukins (ILs) (IL-1-α, 
IL-2, IL-4, IL-5, IL-6, 
IL-10, IL-12, IL-13,…)

Innate and adoptive immune 
cells

AI: Apoptosis
CI: Decoy receptor, growth
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 1. Immune surveillance in the immune-responsive tissues for killing of cancer 
cells, destruction of infective agents/pathogens (stimuli) and resolution of 
inflammation, remodeling or regeneration of host cells; and

 2. Immune ignorance, immune evasiveness and tolerance in the oxidative-sensitive 
immune-privileged tissues.

8.1  Immune Surveillance (Protection) in Immune- Responsive 
Tissues

Immune-responsive tissues are generally the sites of initial contact and processing 
of internal or external stimuli. These tissues include squamous and glandular epithe-
lial tissues, epithelial-associated mucosal surfaces (e.g., goblet cells), endothelial 
and stromal cells, fibroblasts, lymphoid tissues and vasculature.

The disease outcomes of chronic inflammation-induced immune dysfunction in 
immune-responsive tissues are a wide range of allergies (e.g., asthma, emphysema, 
food, ocular or skin allergies), chronic diseases such as hypertension, vasculitis, 
diabetes and cardiovascular complications, colitis, gastritis, pancreatitis, thyroiditis, 
esophagitis, psoriasis, lupus, prostatitis and/or cellular growth, hyperplasia, dyspla-
sia, neoplasia/pre-cancer or cancer (e.g., prostate, lung, colorectal,  uterine, breast, 
ovarian, stomach, pancreas, esophagus, bladder, cervix), metastasis and angiogen-
esis (details in Chap. 6) [3, 4, 63, 66–68, 82].

In certain chronic diseases such as diabetes complications, the hyperglycemia of 
diabetes is associated with glycosylation of proteins, and accumulation of advanced 
glycation end-products (AGE) and maillard reactions, complexes that are known to 
induce inflammatory reactions and interference with antigen-antibody binding [3, 4, 
63, 82, 109, 238–240]. AGE, is viewed by tissues as non-self and additional risk 
factors for induction of not only adult on-set diabetes mellitus (DM) complications 
(e.g., retinopathy, cardiovascular diseases, hypertension, neuropathy, nephropathy, 
stroke) but they also increase the risk of several cancers (e.g., liver, pancreas, endo-
metrium, colon, rectum, bladder, breast). The author suggested that the damaging 
impact of inflammatory responses toward hyperglycemia of diabetes may be differ-
ent in insulin-dependent (e.g., muscle, adipocytes or liver) or insulin- independent 
(e.g., vasculature, retina, kidney or neuronal) tissues for glucose transport and utili-
zation, and/or immune-privileged or immune-responsive tissues [3,  63, 109].

8.2  Immune Protection (Tolerance) in Immune-Privileged 
Tissues

Immunobiology of protection against pathogens, chemical or biological insults in 
immune-privileged tissues and neighboring cells are complex and not well 
understood.
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Immune-privileged sites, in general, prohibit the processing and spread of 
pathogen- induced inflammation because these episodes can threaten delicate integ-
rity and function of these stress-sensitive tissues. The most prominent examples of 
immune-privileged tissues are central nervous system (CNS), blood brain barrier 
(BBB), ocular tissues [e.g., cornea, neurosensory retina and retinal pigment epithe-
lium (RPE)], hair follicles and reproductive organs (e.g., testis and uterus). Due to 
low capacities for self-renewal, the immune-privileged tissues are particularly vul-
nerable toward infections, chemical insults or injuries as even minor persistent 
inflammation could have long-term effects on survival of these tissues. Immune 
responses in these tissues either do not proceed, or proceed in a limited fashion that 
differs from those described for immune-responsive tissues. Induction of inflamma-
tory processes in immune-privileged tissues is restricted by one or a combination of 
immunological barriers including the absence or limited presence of vasculature 
(e.g., avascular cornea), lymphatic channels; antigen presenting cells (APCs, 
Langerhans, microglial or dendritic cells/DCs) and/or immune recognition and 
adapter molecules (e.g., MHC class I or II, or HLA). These immunological barriers 
provide ‘immune unresponsiveness’, ‘immune ignorance’ or ‘immune tolerance’ 
for the immune-privileged tissues. Exposure to foreign elements often results in 
sequestration of antigen and avoidance of encounter with stimuli which also limits 
activation of lymphoid tissues for humoral and/or cell-mediated delayed hypersen-
sitivity responses by other antigen presenting cells (Fig. 2.7, Table 2.2) [3, 4, 63, 67, 
68, 109, 190, 236, 237, 241–245].

The immunological unresponsiveness in the immune-privileged tissues is termed 
‘immunological ignorance’ or the term sometimes used for immune tolerance [3, 4, 
67, 68, 109, 241–244]. In immune-privileged sites, immune protection appears to 
involve site-specific processes that deal with the invaders before they spread to 
stress-sensitive tissues. Localized immunity provided in these tissues by immune 
deviation or immunomodulation that includes active or passive suppression of 
responses from immune cells (e.g., NKs, DCs or MΦs). Preliminary studies to com-
pare the viability of rabies virus in cultures of bovine retinal pigment epithelial 
(RPE) with human neuroblastoma cells suggested phagocytic/protection role for 
RPE cells that prevented virus’s survival and propagation (Khatami, unpublished  
 observations). Others reported the immune protection of neuroretina and cornea 
against pathogens [63, 67, 68, 241, 242].

Table 2.2, shows examples of immunomodulation in immune-privileged tissues, 
by site-specific expression of growth inhibitors, immunosuppressive cytokines, 
neuropeptides, limited expression of MHC I, II complex and complement regula-
tory proteins, as well as increased expression of selective apoptotic or death- 
inducing factors such as TNF-related ligands (e.g., FasL and TNF-related 
apoptosis-inducing ligand (TRAIL), heat shock proteins (e.g., α−β-crystalline) or 
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proteolytic enzymes to effectively destroy inflammatory cells and limit the spread 
of inflammation and cell growth and minimize vascular hyperpermeability and neo-
vascularization during exposure to stimuli or pathogenic infections (e.g., bacterial 
Staphylococcus aureus) [63, 67, 68]. Increased expression of selective death-induc-
ing molecules or growth inhibitors are poised to destroy inflammatory cells that 
would otherwise initiates manifestation of neurodegenerative diseases and 
 oxidative- induced damage to the brain, CNS, induction of endophthalmitis, neovas-
cularization and infiltration of inflammatory cells within the confines of these vul-
nerable tissues [68].

However, the immune-privileged status of these oxidative stress-sensitive tissues 
does not provide complete barriers. Immune ignorance in these tissues can be 
breached when tissues are overwhelmed by infections or sustained oxidative stress, 
particularly during the aging process (Fig.  2.7). Unresolved inflammation could 
seriously threaten these stress-sensitive tissues, causing enhanced cell death and 
increased risk of neurodegenerative and autoimmune disorders such as multiple 

Fig. 2.7 Schematic representation of impact of acute and chronic inflammation in tissue. Left panel 
(a) represents self-terminating property of acute inflammation (Yin-Yang). Stimuli-induced activa-
tion of immune cell responses, facilitated by vascular hyperpermeability to defend tissues against 
stimuli. Right panel (b) represents oxidative stress could cause continuous activation of immune 
cells (e.g., DC1/DC2, M1/M2) that would lead to DNA damage and mismatched or co- expression 
of wound healing and apoptotic factors to differentially impact immune-privileged and immune-
responsive tissues in the direction of altered architectural integrity of tissues and initiation of neu-
rodegenerative diseases or tumorigenesis (Modified from Khatami (EXP Opin Biol Ther. Ref. [68]) 
with permission. All rights reserved)
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sclerosis and demyelination of CNS, encephalomyelitis, stroke or Alzheimer’s, 
 ocular inflammatory complications as well as, induction of cell growth and tumori-
genesis [3, 63, 67, 68, 109]. Chronic inflammation-induced expression of mediators 
such as GM-CSF, neuron-, or antigen-reactive lymphocytes have been demonstrated 
to break the immunological barriers via activation and cross-presentation of MHC 
class I/II to T cells (CD8 subtypes) in immune-privileged tissue causing collateral 
and serious damage to tissues (e.g., demyelination and axonal or cellular degenera-
tion). Studies on pathobiology of Alzheimer’s disease suggest that inflammatory 
cells, such as microglia, and deposition of complement proteins (e.g., C3, C4) and 
expression of wound healing or growth factors such as NF-kB or GM-CSF are 
involved in the genesis of amyloid precursor proteins (APP) plaque formation and 

Table 2.2 Immune tolerance and structural barriers for inflammatory mediator responses in 
immune-privileged tissues during acute and chronic inflammatory conditions [63, 68, 236, 237, 
241–244] 

Structural and response barriers Acute inflammation
Chronic inflammation 
(Diseased stage)

Blood brain barrier (BBB) Brain integrity Loss of BBB, hemorrhage, 
stroke (?)

Avascular (cornea) Limited immune response Induction of vascular 
activity

Lymphatic channels Absence or limited 
presence- immune deviated

Induction of activity, 
increased 
presence/immune 
responsive

NK, Langerhance, astrocytes, 
microglia, DCs, MΦs

Retinal pigment epithelium/RPE Immune deviation, informal 
phagocytes

Loss of phagocytic activity 
(?)
Immune-responsive

Inflammatory mediators
MHC class I,II  or HLA Limited presence Activated
Immune suppressive cytokines Increased activity Reduced function (?)
FasL, (CD95L) TRAIL, 
complement proteins

Increased activity Loss of activity

TGF-β Expression of T reg 
(CD4-CD8)

PE (IPE, CBPE, RPE)

M-CSF Limited expression Increased activity
NF-kB Limited expression Increased activity
Thrombospondin1 (TSP-1) Provides autoimmunity Reduced activity (?)
CD86 (B7–2) Expression (ocular PEs) Reduced activity (?)
Pigment epithelial-derived factor 
(PEDF)

Expression (ocular PEs) Reduced activity (?)

Cytotoxic T lymphocyte antigen- 
2α (CTLA-2α)

Expression (ocular PEs) ?

Heat-shock proteins (α,β 
crystalline)

Increased activity Reduced function (?)

S100A (neutrophils-derived) Increased activity 
(clearance)

Loss of activity (?)
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changes of astrocyte subpopulations [26, 42, 63, 68, 197, 198, 244]. Similarly, 
reports on neurodegenerative diseases demonstrated that neuron- or antigen-reac-
tive lymphocytes can escape immune tolerance and break the immunological barri-
ers via cross- presentation of MHC class I/II to T cells (CD8 subtypes) and invade 
the tissues (e.g., ocular anterior chamber, retinal and neuronal tissues, CNS or brain) 
resulting in collateral tissue damage. The anti-inflammatory property of the intra-
ocular environment is critical to the survival of immune-privilege ocular tissues. 
Induction of oxidative stress and alterations in the immune protection and clearance 
properties of ocular tissues are important factors in several blinding disorders, 
including age- associated macular degeneration, uveitis, ophthalmitis, corneal 
inflammatory and diabetic ocular complications (e.g., retinopathy, neuroretinopathy 
or retinopathy of prematurity) [63, 68, 241–243].

In certain neurodegenerative diseases such as multiple sclerosis or acute enceph-
alomyelitis, or uveitis, it has been shown that neuron- or antigen-reactive lympho-
cytes can escape immune tolerance and invade the tissue (e.g., CNS) and induce 
significant tissue damage (e.g., demyelination and axonal degeneration) [42, 45, 63, 
68, 241–244].

In summary, significant dysfunction of immune responses and progressive ero-
sions of natural integrity in both immune-privileged and immune-responsive host 
tissues could be a foundation for genesis of the majority of age-associated chronic 
illnesses. Inflammation-induced increased expression of apoptotic factors could 
cause major shifts in  local immune responsiveness and integrity of immune- 
privileged tissues that lead to neurodegenerative or autoimmune diseases. On the 
other hand, exaggerated co-expression of wound healing and selected apoptotic fac-
tors could induce local immune-privilege (immune tolerance, immune evasion) and 
loss of immune surveillance in the immune-responsive tissue, in the direction of 
growth promotion, neoplasia, cancer, metastasis and angiogenesis (Fig. 2.7).

We hypothesized that there are comparable mechanisms of actions in potent 
pathogens-induced severe acute inflammatory diseases (e.g., sepsis, or shock, men-
ingitis or respiratory distress syndromes) with life-threatening side effects of cancer 
claimed ‘targeted’ drugs that cause cachexia, anorexia, sarcopenia and/or relapse [3, 
63, 68]. Both conditions induce ‘cytokine storm’ or ‘immune tsunami’ that increase 
the risk of multiple organ failure (MOF) or death, due to rapid induction of immune 
dysfunction that otherwise occur over a longer periods of time. In acute inflamma-
tory diseases, the prominent presence of mediators in host tissues is due to severe 
pathogen-driven expression of excessive amounts of apoptotic factors and toxic 
materials (tumoricidal) that could occur at any age. Under these conditions, it was 
suggested that strong pathogens would bypass orderly immunological processes by 
first destroying the integrity of the vasculature and gaining direct access to tissues 
causing induction of large amount of pro-inflammatory mediators that are toxic to 
host tissues [3, 55, 63, 68].
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9  Clinical and Immunological Features of Immune 
Deficiencies

Recent studies have advanced the notion that chronic inflammation is a major risk 
factor underlying aging and age-related diseases. We suggested that low-grade unre-
solved inflammation is a common denominator in nearly all age-related pathologi-
cal processes [3, 4, 63, 67, 68, 109]. Continuous (chronic) upregulation of 
pro-inflammatory mediators (e.g., TNF-α, IL1β, COX2, iNOS) induced during the 
aging process due to redox imbalance may activates many anti-inflammatory signal-
ing pathways, including NF-kB and kinases that could inappropriately induce 
expression of factors in the direction of chronic illnesses such as increased allergies, 
atherosclerosis, arthritis, or benign or aggressive tumor growth.

The following sections describe bird’s eye view on interrelated examples of 
inflammatory mediators, during acute and chronic inflammation in health or aging 
process in the direction of multistep tumorigenesis and angiogenesis. The roles that 
APCs play in immunity are at the center of critical decision of the immune system 
dynamics. That is because APCs are responsible for capturing antigens or pathogens 
in the periphery and migrating to the lymphoid organs and presenting the processed 
peptides and viral/bacterial particles to T cells for priming for either tolerance or 
induction of a response. The extent of expression of mediators from activated 
immune and non-immune cells is likely to influence the outcomes of inflammation 
as summarized in the following (details in Chap. 6) [3, 4, 63, 66–68, 81–100, 109]:

 (a) Angiogenesis and expression of VEGF (HIF-1): Formation of new capillaries 
is a normal process occurring in wound healing (Yang or resolution of acute 
inflammation), embryonic and placental development, ovulation, chronic 
inflammation, as well as induction of chronic diseases, tumor growth and 
metastasis. Angiogenesis is a key event in tumor growth and progression. The 
most important signal that links these different angiogenic-dependent processes 
is perhaps the degree of cell hypoxia. Nearly all of the components of the wound 
healing (Yang responses in acute inflammation, tumorigenic arm) or chronic 
inflammation-induced angiogenic processes have shared characteristics with 
the angiogenesis occurring during tumor growth and metastasis. Under oxida-
tive stress, polarized immune cells such as macrophages produce proangio-
genic, as well as antiangiogenic molecules that could cause damage to the 
integrity of blood vessels. For example, M-CSF-induced TAM-derived metal-
loelastase generates angiostatin. Irregular vascularization (neovascularization) 
and hypoxia are characteristics of hyperplastic and neoplastic tissues which 
also affect macrophage infiltration/migration, distribution and function in 
affected tissues [3, 4, 56, 60, 63, 66–68, 92–109, 195]. TAMs accumulate pref-
erentially in poorly vascularized regions of tumors characterized by low oxygen 
tension. TAMs or skewed M2 population have altered antitumor properties; 
they are less mobilized or immobilized in poorly vascularized and avascular or 
necrotic and hypoxic areas of tumors or perhaps hyperplastic tissues. Compelling 
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elegant studies show that hypoxic cells, particularly tumor cells, initially 
respond to stress by expression of vascular endothelial cytokine, originally 
known as hypoxia-inducible factor 1 (HIF1), or vascular endothelial growth 
factor (VEGF) to increase the genesis of vessel growth in an attempt to compen-
sate for the lack of sufficient oxygen. The functional changes associated with 
expression of transcription factors HIF-1 HIF-2a or VEGF, bFGF and CXCL18 
result in amplification of tumor angiogenesis [3, 4, 56–60, 62, 63, 66–68, 100, 
109, 169, 195]. In human glioblastomas, highly expressed VEGF are identified 
near focal necrosis and hypoxic area where the new capillaries alongside 
VEGF-producing cells are localized. The extent of tumor hypoxia and angio-
genesis in immune-responsive tissues likely determine the extent of tumor 
growth. In immune-privileged tissue, oxidative stress and induction of hypoxia 
could cause changes to the avascular tissues (e.g., cornea) causing local tissue 
immune responsiveness and vascularization, bypassing immune tolerance in 
these stress-sensitive tissues (Fig. 2.7, Table 2.2).

 (b) Oxidative damage: generation of ROS and RNS and physiological conse-
quences: The free radical theory has been primarily related to the damaging 
effects of reactive oxygen species (ROS) and reactive nitrogen species (RNS) 
and their intermediate superoxide components that are produced during inflam-
matory responses to destroy various toxins (Figs.2.1 and 2.2). However, genera-
tion of ROS and reactive RNS is part of normal metabolism of tissues and 
byproducts of oxidative metabolism. Under normal metabolism, the generation 
of these molecules is routinely and effectively neutralized by a wide range of 
cellular reducing powers and scavengers of oxidants [e.g., superoxide dis-
mutases (SODs), NADH/NAD+, NADPH/NADP+ reductases, ascorbate- 
semidehydroascorbate reductase, vitamin E and glutathione recycling 
pathways], as well as, the presence of reducing metal ions (e.g., Zn2+, Fe2+, 
Mg2+) within cellular components (e.g., Hb, albumin, mitochondria, Golgi 
apparatus, plasma membrane). The advanced damaging effects of enhanced 
state of oxidation (e.g., accumulation of free radicals and decrease in ratio of 
redox potentials) on biological systems toward initiation and promotion of 
chronic diseases such as cancer have been extensively documented [3, 4, 36, 63, 
66–68, 71, 81, 82, 90, 118–124, 210, 245, 246]. Routine quantification of a 
panel of inflammatory mediators or the status of oxidative stress (e.g., hista-
mine, TNF, PGs, neurotransmitters, CRP, NAD+/NADH) to determine the sta-
tus of individual health over the years, and to target for early detection of cancer, 
perhaps would be effective diagnostic methods of personal health. An example 
of dual roles that inflammatory cytokines play in carcinogenesis is tumor 
 necrosis factor-alpha (TNF-α), a cysteine-rich family of cytokines and recep-
tors. TNF-α is involved in maintenance of tissue homeostasis and elimination of 
cells with damaged DNA, pathways in apoptosis (Yin) or programmed cell 
death. Environmental, chemical or biological stimuli (exogenous or endoge-
nous) can trigger the synthesis and production of TNF-α in a variety of cell 
types such as macrophages, T cells (Th1,Th2), MCs, or keratinocytes. The 
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TNF-receptors (e.g., TNFR-1, TNF-Rp55, TNF-Rp75) act as transducers of 
TNF by receiving and transmitting signals that trigger inflammatory responses. 
The TNFRs signaling is involved in mediation of a wide range of biological 
functions including cytotoxicity/cell death; antiviral activity; fibroblast or thy-
mocyte proliferation, as well as induction of superoxide dismutase and NFkB 
activation. Accumulation of free radicals or oxidative stress will cause damage 
to cell components leading to inappropriate expression of decoy receptor pro-
teins for TNF (TNFdR) or chemokines and create unresolved inflammation. 
Unresolved inflammation leads to damages, to varying degrees, of microstruc-
ture of tissue chromosomes or mitochondrial DNA (mutations), as well as cel-
lular proteins or lipids and alterations in the immune system response dynamics 
and the function and integrity of host. An important damaging effect of oxida-
tive stress is progressive alterations and decreases in energy output by mito-
chondria below the requirements of tissues that lead to hypoxia-induced growth 
promotion in immune-responsive tissues [63, 67, 90, 118–124, 210, 245–248] 
(Figs.  2.2 and 2.7, Table  2.1). In stress-sensitive immune-privileged tissues, 
accumulation of ROS could lead to destruction of immunity, induction of local 
immune-responsiveness, tissue necrosis and initiation of neurodegenerative dis-
eases (Fig. 2.7). In brief, chronic inflammation (oxidative stress) and accumula-
tion of ROS, RNS and superoxide radicals would increase, to varying degrees, 
the rate of damage to plasma and intracellular membranes and nuclear compo-
nents, leading to DNA/RNA mutations and altered oxidative metabolism and 
bioenergetics of tissues toward the induction of hypoxia that further damage  
the integrity of vascular endothelial membrane structure and tissue function.

 (c) Natural Killer Cells (NKs): NKs have critical roles in tumor immune surveil-
lance, infections, autoimmunity and hematopoietic stem cell transplants. NKs 
exhibit cytotoxicity against a number of inflammatory conditions in oxidative 
stressed tissues by secreting a number of mediators that facilitate adaptive 
immune responses (Fig.  2.6). NKs share many similarities with cytotoxic T 
cells (CTCs) including expression of cell surface receptor molecules for 
perforin- dependent killing activities or NK cell-mediated lysis. However, NKs 
are distinct from CTCs since their inherent cytotoxicity is independent from 
adaptive role of MHC-related sensitization of T lymphocytes [4, 32, 49, 63, 
66–68, 109, 128, 163]. While NKs cytotoxicity features have been recently con-
sidered for cancer immunotherapy, the effective use of these cells is yet to be 
demonstrated. As with other innate or adaptive immune cells, phenotype pres-
ence of NKs (tumor-associate NKs, TANKs) in tumor microenvironment assists 
immune evasion and facilitates enhanced growth requirements of tumor cells 
perhaps due to expression of decoy receptors or surface molecule that retards 
their cytotoxicity.

 (d) Macrophages (M1/M2 or TAMs): As noted above, under oxidative stress, 
activated MΦs (increased M2/M1 or TAMs) could induce over-expression of 
monocyte-(MΦs)-colony stimulating factor-1 (MCSF-1) and/or its receptor 
c-fms in tissues and contribute to the tissue hyperplasia and tumorigenesis in 
conjunctival-associated lymphoid tissues (CALTs), vascular dysfunction, 

9  Clinical and Immunological Features of Immune Deficiencies



70

 mammary glands of transgenic mice, human ovarian adenocarcinoma and other 
gynecological cancers and metastasis [3, 4, 37, 52, 58, 60–63, 66–68, 73–76, 
87, 88, 93, 94, 109, 175, 194, 195]. Clinical features of phagocytic disorders are 
often found in individuals suffering from lymphadenitis, skin and visceral 
abscesses, cellulites, and gingivitis. Activated ΜΦs (TAMs or M2) and eosino-
phils that are recruited by tissues (e.g., conjunctiva or perhaps lung airways or 
gut-associated lymphoid tissues) whose principal resident immune cells are 
MCs and lymphocytes were suggested to play crucial synergistic roles in 
enhancing the growth promoting capacities of host toward tumorigenesis [3, 4, 
63, 109]. Increased proliferation of neoplastic tissue is associated with increased 
requirements for nutrients and growth factors and induction of hypoxia. High 
efficiency of pro-neoplastic M2 (TAM) activity relates to their ability to accu-
mulate and function under the oxygen-deficient regions of the tissue. In addi-
tion to over expression of MCSF, TAMs express and release an array of growth 
and pro-angiogenic factors that are concurrently chemotactic factors (decoy 
receptors) for monocytes and macrophages and act as tumorigenic or scaven-
gers of oxidants during growth promotion and signals for abnormal growth pro-
motion (skewed wound healing). Therefore, growth promoting factors that are 
normally expressed during Yang event to terminate inflammation can be exces-
sively expressed in the hypoxic environment of accumulated TAM for expres-
sion of VEGF, bFGF, CXCL8, PDGF, EGF, and TGF-β. Factors such as PDGF 
promote the proliferation of neoplastic tissue and acts as a pro- angiogenic 
mediator for recruiting pericytes and stabilizing the newly formed vessels. 
Epidermal growth factor (EGF) stimulates neoplastic cells to synthesize and 
release M-CSF. Aside from the chemotaxis of macrophages (M2 or TAM phe-
notype), M-CSF1 induces differentiation and migration of peripheral mono-
cytes that result in the enhanced infiltration of macrophages into the tumor 
microenvironment and enhanced expression of EGF, further influence induction 
of MCSF and expression of decoy receptors that would additionally facilitate 
macrophage- dependent intensive proliferation of neoplastic cells. MCSF-1 
binding to its receptor molecule c-fms, a cell surface family of tyrosine kinase 
receptors, results in dimerization and phosphorylation of c-fms, the signaling 
requirements for macrophage proliferation to M2 phenotype to facilitate 
growth. We suggested that over expression of M-CSF from M2 phenotypes pro-
duces signals that are cumulative and synergistic with host mediators (e.g., low 
levels of histamine released into the media from ‘leaky’ MCs, independent of 
IgE-fcεR binding) causing tumor-directed expression of decoy receptors and 
immune suppressive factors (e.g., TNFdR, IL-5, IL-10, TGF-β, PGE2) [3, 4, 
63].  Furthermore, in their role as pro-inflammatory cells, MΦs are involved in 
stroma remodeling releasing a slate of pro-inflammatory factors that constitute 
a signal of danger for immune cells. The outcomes of MΦs activities and polar-
ization in tissue contribute to; (a), activation of cytotoxic T lymphocytes and 
NK cells; (b), infiltration of dendritic cells; (c), migration and differentiation of 
monocytes in a pro-inflammatory state (Figs. 2.2 and 2.4). M-CSF was sug-
gested a suitable biomarker for cancer diagnosis and technology development 
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because of its superior sensitivity and specificity, compared with conventional 
cancer biomarkers (e.g., CA-125, CA-19-9) (details in Chap. 6) [3, 4, 63, 
109, 141].

 (e) Mast cells activation: As discussed above, MCs activation usually occurs 
when IgE bound to high affinity Fcε receptor (FcεR1) on the surface of MCs 
cross-linked by allergen to trigger degranulation and release of preformed 
granule- derived mediators and proteases (effector function). Degranulation of 
mast cells also includes synthesis and release of newly formed lipid products 
(e.g., phospholipids, arachidonic acid metabolism and synthesis of prostaglan-
dins and leukotrienes), activation of membrane enzymes (e.g., phospholipases- 
PLA, PLC, phosphotidylserine) and transcription of a number of cytokines that 
produce pharmacological effects in target tissue [3–12, 17, 38, 63, 66–68, 87, 
89, 120–124, 137, 144, 159, 196, 232–234, 249, 250]. Oxidative stress-induced 
changes in MCs function and integrity have been associated with induction of a 
number of chronic allergies (e.g., asthma, emphycema, dermatitis, conjunctivi-
tis) and cellular growth promotion and tumorigenesis, angiogenesis or cancer 
metastasis [3, 63, 66–68, 87, 89, 120–124, 137, 196, 249, 250].

 (f) Dendritic cells maturation: As professional APCs, DCs are crucial for the 
initiation of primary immune responses. They form a network of innate or sen-
tinel cells in the periphery to recognize, capture and transport/ferry pathogenic 
antigens to secondary lymphoid tissues for further processes. Immature DCs 
(DC0 s) in the blood can undergo polarization into immature type 1 dendritic 
cells, also known as DC1 (Yin response), and mature type 2 dendritic cells, 
known as DC2 or tumorigenic phenotype TADCs (Yang response), during 
migration under the influence of a variety of growth factors, cytokines/chemokines 
such as IL-1β, IL-10, and receptor molecules to terminate inflammation and 
cause immune suppression [3, 4, 42, 63, 109, 158, 166, 174, 244]. The inflam-
matory signals that are involved in DCs maturation and migration to lymphoid 
organs, simultaneously induce a chemokine receptor switch, which normally 
cause down-regulation of inflammatory receptors (e.g., CCR1, CCR2, CCR5) 
and induction of CCR7 to terminate and resolve inflammation. Concomitant 
exposure to lipopolysaccharide (LPS) and IL-10 blocks the chemokine receptor 
switch associated with DC maturation [3, 4, 29, 42, 43, 79, 158, 166, 174, 175, 
244]. LPS  +  IL-10-treated DCs showed low expression of CCR7 and high 
expression of CCR1, CCR2 and CCR5 and become growth-promoting media-
tors. Furthermore, uncoupled receptors expressed on LPS+ IL-10-treated cells 
sequester and scavenge inflammatory chemokines and potentially signal for 
expression of imbalanced growth factors, to create unresolved inflammatory 
environment that scavenge the apoptotic factors and oxidants. Thus, in an 
inflammatory environment, it seems the mature phenotype of DCs (DC2) gen-
erates IL-10 functional decoy receptors on DCs and/or perhaps other mono-
cytes in an attempt to terminate and resolve inflammation. Sustained oxidative 
stress suggested to cause a decrease in the ratios of DC1:DC2 (TADCs) leading 
to exaggerated expression of wound healing mediators in the direction of 
immune suppression and cell growth promotion. Since small numbers of DCs 
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are sufficient to induce an immune response, DCs can act as the most potent 
stimulators of T cells. Furthermore, DCs are the only APCs able to present 
novel antigens to resting naïve T cells (T0) and initiate the primary immune 
response. For this reason, DCs are prime targets for immunotherapy. Owing to 
the highly specific and important roles of DCs in body’s defense, any minor 
modulation in DCs function could result in significant alterations in immune 
responses [14, 29, 63, 78, 152, 166, 174, 175].

 (g) B cell memory function: Analyses of data from several studies on the induc-
tion of activities and transformation of B cells into plasma cells and genesis of 
B memory cells, induction of tolerance and humoral immunity (HI), suggest 
that oxidative stress and/or aging lead to repertoire maturation of these cells to 
proceed at lower pace. In some instances memory B cells exhibit autoreactivity 
and population shifts that influence CMI such as T cell effector responses, pro-
liferation and cyclin D2 expression and altered antibody response profiles [3–5, 
7, 13, 16, 25, 30, 48, 63, 79, 82, 109, 142, 147, 149, 184, 249, 251, 252]. The 
minor or major changes in the ratios of Th1/Th2 (CD4+/CD8+) potentially 
contribute to the altered immune response dynamics of lymphoid tissues and 
vascularization of lymphatic channels in affected tissues. Categories in clinical 
features of B cell-derived immunodeficiencies relate to primary deficiencies in 
IgA antibodies, IgG subclass (e.g., IgG1/IgG2 or IgG3), common variable 
immunodeficiency (CVID), complement deficiency, and specific antibody defi-
ciency of normal immunoglobulins. Clinical features of disorders in the func-
tion of B lymphocytes and antibody production include recurrent sinopulmonary 
infection, sepsis, aseptic meningitis, autoimmune diseases, dermatitis, and 
increased incidence of malignancies [63, 109, 235, 249, 252, 253] Deficiencies 
in complement cascades are often associated with pyogenic bacterial infections, 
neisserial meningitis, and autoimmune diseases. However, some immunodefi-
ciencies (e.g., IgA antibodies) are clinically asymptomatic. In such cases, the 
inherent pleiotropic ability of immune cells, is likely to compensate and over-
come the genetically defects in biological functions of such abnormalities, par-
ticularly in younger individuals. The role of dysregulated autophagy and 
hyperglycemia-induced glycosylation of immunoglobulins in regulation of B 
cells and biosynthesis of antibodies have been identified as contributing factors 
in B cell-related immunodeficiencies, malignancies and metabolic disorders 
[63, 79, 109, 239–241, 245, 248, 249].

 (h) T effector lymphocytes. In human, T cell antigen receptors (TCRs) couple in 
millions of combinations that enable them complex and unique repertoires for 
each individual processed antigenic molecules. TCRs recognize processed for-
eign peptides bound to major histocompatibility complex classes (MHC I, II) 
proteins and lipid antigens, such as Mycobacterium tuberculosis during infec-
tions. Detailed analyses of data indicate that the antimicrobial activities of 
MHC class I and II and expression of inflammatory cytokines (e.g., TNFα, 
INF-γ) induced by T helper subclasses (e.g., Th1, Th2, Treg,Th17), and/or 
involvement of regulatory phenotypes (e.g,. CD4(+)CD25(+)CD127(lo)
CD45RA(+) and CD4(+)CD25(+)CD127(lo)CD45RA(-)...], present highly 
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complex polymorphic organizations in a wide range of inflammatory 
conditions,aging and therapies including Crohns’ disease, graft vs host disease, 
diabetes complications, dermatitis or cancers [61, 63, 67, 109, 127, 163,  
176–178, 181–184]. That is to say any given foreign protein sequence encoded 
by HLA-A, HLA-B, HLA-C, HLA-DP and HLA-DQ loci can bind many pep-
tides for a response. Aging or repetitive stimulation of host cells with antigens 
or mitogens could retard the competency of T cells, which influence B cell 
production of antibodies against specific antigens that are T cell dependent 
(TD) and require appropriate help from CD4+ T cells in the form of cytokines 
and cell-cell contact. Age-induced thymic involution leads directly to a 
decreased production of both naïve T cells and ultimately, a decrease in reper-
toire diversity of T cells in the periphery [3, 4, 31, 61, 63, 67, 78, 92, 102, 109, 
127, 153, 176, 177, 178, 180, 182–184, 188, 204, 222–224, 231]. However, as 
in the case of B-lymphocytes, the total number of circulating T cells does not 
appear to decrease with age, despite the decline in thymic production. These 
observations are suggestive of subtle changes in subpopulation distribution of T 
cells that result in significant accumulation of long-lived memory T cells pro-
duction. Furthermore, the homeostasis of circulating T cells in older adults 
seems to be due to the development of extra-thymic T cell. It is reasonable to 
predict that age-induced increased in the presence of memory T or B cells are 
viewed by immune system as ‘antigen overload’ or oxidative stress and con-
tributors of tardiness of immune response (immune suppression) toward new or 
old immune disruptors. In general, the clinical features of T cell immunodefi-
ciency disorders often include failure to thrive, increased viral opportunistic 
infections (e.g., pneumonia, HIV), frequent and prolonged or severe infections, 
disseminated infections with unusual organisms or organisms of low virulence, 
chronic diarrhea, hematologic disorders, dermatitis and increased incidence of 
cancer malignancies (details in Chap. 6) [109, 184, 217–222, 245–246].

 (i) Cell surface markers of APCs: Analyses of data from multiple experimental 
studies demonstrate that in general, long-standing chronic inflammation and 
aging process produce minor or major defects in the co-stimulatory activity of 
APCs, through surface marker regulation that contribute to the altered immune 
dynamics and retardation of the recognition phase of immunity. For example, 
specialized dendritic cells (DCs) or the follicular DCs (FDCs), have distinct 
function in antigen presentation to T cells through binding of immune com-
plexes. Oxidative stress and aging cause FDCs to express considerable amount 
of cell surface molecules and complement receptors; but the serum levels of 
complement proteins seem not reflective of DCs surface molecules. This is per-
haps due to the induction of immune complexes with surface molecule ligands 
such as CD21 (CD21L) to retard responses for B cell activation during aging or 
perhaps under long-standing chronic inflammatory conditions [3, 4, 46, 60, 
63,  67, 102]. Oxidative stress-induced continued DCs polarization from 
DC1(tumoricidal) to DC2 (or TADCs, tumorigenic phenotypes) could retard 
the capacity of DCs to capture antigen, and present the processed antigen to T 
cells. This is potentially due to increased expression of surface molecule 
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involved in chemotaxis and T cell activation of major histocompatibility com-
plexes I and II, and costimulatory surface molecule CD-40 [3, 4, 63, 66–68, 
82–87, 109, 229]. Mature DC2 also produce T cell stimulatory cytokines IL-12 
and IFN-γ during wound healing processes. Under normal conditions (acute 
inflammatory responses), soon after antigen specific interaction with T cells 
occurs, mature DCs undergo apoptosis via CD40 and FAS ligation, a mecha-
nism suggested to control unnecessary and excessive activation and expansion 
of T cells [63, 109, 184, 227–229, 234]. Partial activation of CD4 T cells sug-
gests contribution to tolerance by resting B lymphocytes [184].

 (j) Antigen-induced altered prostaglandin synthesis: Metabolism of membrane 
arachidonic acid and induction of activities of cyclooxygenase and lipooxygen-
ase pathways that results in synthesis of prostaglandins (e.g., PGI2/PGF1α, 
PGE2) during acute and chronic inflammatory conditions have been extensively 
studies [3, 4, 17, 63, 66–68, 82, 109]. Increased expression of cyclooxygenase 
observed in LPS-stimulated macrophages, or perhaps aged DCs or during 
chronic inflammation would lead to enhanced production of growth promoting 
PGE2 and decreasing the ratios of PGI2 (PGF1α). The enhanced production of 
PGE2 contributes to the age-, or inflammation-induced immune suppression 
and inhibition of T cell function, changes in CD4+:CD8+ ratios, or perhaps 
induction of such enzymes as urokinase receptor (CD87) in tumor growth and 
angiogenesis [3–5, 15–17, 60, 63, 66–68, 81, 82, 109]. Analyses of data also 
suggest that aging and/or chronic inflammation failed the expression of phos-
phatidylserine in macrophages or fibroblasts that is required for recognition and 
ingestion of antigens and proper apoptosis. In contrast, reports on aging and 
oxidative stress seem to activate phosphotidylinositide-3 kinase PI3K, in MCs 
or other APCs leading to the induction of PGE2 and immune suppression and 
cell growth [63, 246, 247, 252–256].

Although it is not clear how inflammation influences the disease outcomes, one 
can intellectually argue that the combination of minor or major cellular/biological, 
genetic or immunological defects, at multi-level crosstalk of immune and non- 
immune systems could retard the balance between Yin (tumoricidal) and Yang 
(tumorigenic) of acute inflammation, particularly during the aging process. Defects 
in immune response pathways include one or combination of changes in the dynam-
ics of cellular or humoral immunity (CMI, HI) and/or loss of exact biological sig-
naling among immune and non-immune (e.g., vasculature, metabolism or neuronal) 
pathways that contribute to altered tissue bioenergetics and initiation of diseases. 
Therefore, longevity and frequent stimulation of tissues (antigen burden, oxidative 
stress) could induce exaggerations of the expression and co- expression of cellular 
and humoral response profiles to create an ‘immunological chaos’ and loss of bal-
ance between Yin (tumoricidal) and Yang (tumorigenic) properties of acute 
inflammation.
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10  Challenges in Understanding Dynamics of Immune 
Responses and Inflammation

Maintenance of the balance between ‘Yin’ (tumoricidal) and ‘Yang’ (tumorigenic) 
properties of acute inflammation, is most likely a key to host defense mechanisms 
in preventing or delaying the onset of chronic illnesses such as neurodegenerative 
and autoimmune diseases, or induction of hyperplasia, neoplasia, tumor growth, 
cancer metastasis and angiogenesis. Strategies for promotion of the inherent ability 
of innate immune cells, can potentially influence proper polarization of other cells 
within innate and adaptive immune system including Th1 and Treg and improve the 
natural ‘tumoricidal’ versus ‘tumorigenic’ properties of defense mechanism [3, 4, 
63, 66–68, 82, 109]. Recent approaches in immunotherapy that consider promotion 
of innate and adoptive immunity, through active and/or passive methods of stimula-
tion of tumor-associated antigen or induction of monoclonal antibodies and/or 
enhancement of innate and adaptive immune cell defense capacity (e.g., T cells 
MHC complex I and II or death factors ability of DCs) are encouraging. However, 
there are important scientific considerations and biological gaps in conducting such 
studies to be effective as outlined below (details in Chaps. 5 and 6) [3, 63, 109].

Major challenges in better understanding the complexity of dynamics of immune/
inflammatory responses in maintenance of health or initiation of chronic diseases or 
site-specific cancers include:

 1. Lack of systematic studies in identification of early immune response profiles 
toward a wide range of immune disrupters (stimuli) that could potentially be 
controlled or reversed or prevented from advancing to ‘mild’, ‘moderate’ or 
‘severe’ immune disorders.

 2. Lack of understanding of the heterogeneities in immune and non-immune cell 
compositions of site-specific tissues, and variations of interactions and synergies 
between host/tissue resident immune cells and those recruited cells/factors acti-
vated and infiltrated to the host tissue. Detailed understanding of the composi-
tion and heterogeneities of immune and non-immune cell responses in 
site-specific tissue with host-pathogen should be the primary focus of future 
studies. In our studies on experimental models of acute and chronic ocular 
inflammatory diseases, we discovered that repeated challenges with antigen 
caused partially granulated mast cells (exhausted or ‘leaky’ MCs) to sequentially 
signal for recruiting other activated inflammatory cells (e.g., eosinophils and 
macrophages) at the site of injury contributing to the developmental phases of 
immune dysfunction toward tumorigenesis and angiogenesis. In the immune-
responsive tissues, such as lung airways,  gut- associated lymphoid tissues 
(GALTs) or conjunctival associated lymphoid tissues (CALTs) whose primary 
immune cell compositions are mast cells and lymphoid tissues, the response pro-
files are perhaps somewhat different from those whose primary immune cell 
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composition are MΦs or dendritic cells [3–5, 63, 66–68, 81, 82, 109] (details in 
Chaps. 4 and 6).

 3. Heterogeneities in antigen clearing effects and immune response profiles (strong 
or weak acute inflammatory reactions) are among important challenges because 
the extent of antigen permeability and access to inter-epithelial and sub- epithelial 
cells in tissues that are immune responsive may produce significantly different 
outcomes. We suggested that a strong type 1 reaction could restrict the penetra-
tion/exposure of antigen to trans-epithelial surface by an outward flow of fluids 
(e.g., mucus secretion, tearing or copious leakage of vascular plasma from 
hyperpermeable vasculature) in protecting host during acute inflammation. 
However, whether increased or repeated exposures to stimuli and cumulative 
permeability of low levels antigens or low level release of histamine from 
exhausted MCs would predispose the epithelial tissue toward antigen penetration 
and tissue damage are among biological gaps that deserve further investigations. 
Furthermore, a weak initial type 1 response due to defects in structure or func-
tion of MCs, B/plasma cells or GCs, may result greater net promotion of antigen 
penetration and/or increased epithelial exposure to higher doses of antigen or 
environmental toxins for inducing damages to tissues [3–5, 16, 17, 63, 66–68, 
81, 82, 109].

 4. Poor understanding of host-pathogen interactions and extent of immune response 
alterations in multistep disease processes.

 5. Lack of understanding in minor or major heterogeneities of immune-biological 
response profiles in individuals, toward potential carcinogens (external and inter-
nal stimuli) that body recognizes hazardous to its survival, particularly during 
aging process.

 6. Major biological gaps in the role of immune protection in immune-responsive 
and immune-privileged tissues, as well as difference in response profiles in 
 insulin-dependent or insulin-independent tissues, for glucose transport or metab-
olism, toward oxidative stress.

 7. Lack of knowledge in potential differential characteristics of mitochondrial 
development and function for energy requirements in tissues during stages of 
life; fetus growth and development, after birth and adulthood and aging and dis-
ease processes. It was recently suggested that the bioenergetics of mitochondrial 
development and function parallel the features of high energy requirements (oxi-
dative phosphorylation from mitochondria) for tumoricidal (Yin) and low energy 
requirements (from glycolysis) of tumorigenic (Yang) pathways at different 
stages of life (details in Chap. 6) [109].

11  Concluding Remarks

Acute inflammation is a molecular village of complex signaling and energy requir-
ing biological events between and among immunological, neuronal, hormonal vas-
cular, genetic and physiological responses toward intrinsic (internal) and extrinsic 
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(external) stimuli to guard and maintain the body’ health throughout life. In an 
effective immunity, immediate (acute) hypersensitivity reactions are initiated by a 
highly regulated and exquisitely precise pro- and post-inflammatory crosstalk 
between local and systemic immune and non-immune systems for the purpose of 
neutralizing and eliminating the hazardous components while repairing the dam-
aged host tissue.

Dysfunction of immunity and development of abnormal cell growth promotion 
and/or tissue necrosis that often are manifested as age-associated chronic diseases, 
such as neurodegenerative and autoimmune diseases or benign and malignant 
tumors and angiogenesis are perhaps the results of slow and progressive alterations 
in the dynamics of biological response profiles of persistent and unresolved inflam-
mation. The nature and extent of exposures to intrinsic and extrinsic biological haz-
ards together with age-induced altered hormonal, metabolic and immunological 
changes are likely the determining factors in homeostasis of immune surveillance 
and the risks of chronic diseases. Identification and understanding of developmental 
stages of immune response dysfunction in initiation of ‘mild’, ‘moderate’ or ‘severe’ 
immune disorders that are manifested as different diseases in immune-responsive or 
immune-privileged tissues deserve systematic and careful studies.

With regard to cancer, a single most pointing question that needs to be addressed 
for future research directions is how the growth-arresting properties of acute inflam-
mation that is the body’s defense mechanism, switch to growth-promoting function 
under persistent inflammatory conditions in the genesis of benign or malignant 
tumors. Similarly, how altered immunity could lead to tissue necrosis  in immune-
privileged tissues and genesis of neurodegenerative or autoimmune diseases or 
metabolic disorders. To answer such questions systematic studies of the dynamics 
of inherent properties of tumoricidal vs. tumorigenic (Yin-Yang) of acute inflamma-
tion are the first steps toward understanding the complex biology of immune sur-
veillance and the mechanisms that are involved in controlling the growth of tissue, 
or induction of necrosis. Focusing on the promotion of the balance between tumori-
cidal (Yin or apoptosis) and tumorigenic (Yang or wound healing) of acute inflam-
mation including the differential energy requirements of the two arms of immunity 
could provide unique opportunities and challenges toward effective approaches to 
combating illnesses, developing universal vaccines for preventing diseases or treat-
ing a wide range of immune disorders including cancer for a healthier growing 
population around the world.

Detailed integrated studies of molecular complexes of chemical and bioenergetic 
signaling that fall into the biological roadmaps of factors that contribute to the 
maintenance of body’s anabolic and catabolic molecular resources deserves careful 
and detailed studies. The search for answers into biology of health starts with sys-
tematically understanding of how a well orchestrated biological system can be dis-
turbed by aging process or sustained oxidative stress.

The author’s original definitions of Yin (tumoricidal) and Yang (tumorigenic) 
properties of effective immunity may serve larger applications for understanding 
the biphasic (dual) activities of system biology in sustenance of health or initiation 
of diseases.

11  Concluding Remarks
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Throughout this book attempts were directed to demonstrate that:

 (a) Cancer is an induced disease of Twentieth century, facilitated by medical/
cancer establishment for huge corporate profit;

 (b) Cancer is a symptom of violations of time-controlled biological circadian 
rhythms with differential bioenergetics.
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Chapter 3
Theories of Aging and Chronic Diseases: 
Chronic Inflammation an Interdependent 
‘Roadmap’ to Age-Associated Illnesses

Abstract

Cancer is a symptom of violations of controlled biological circadian rhythms.

Living long is a biological process characterized by progressive alterations in 
tissue/organ function, often associated with increased risk of chronic diseases. 
Among major theories of aging are retardation of immune response dynamics, 
increased free radicals (oxido-redox imbalance) and increased genetic mutations. 
These age-associated biological changes cause minor or major readjustments of 
organs systems known as biological senescent and immunosenescent. In this chap-
ter, the focus will be to discuss that these changes are interdependent processes and 
persistent or unresolved inflammation (oxidative stress) is a common denominator 
in increasing the risk of nearly all age- associated chronic illnesses and site-specific 
cancers. Attempts were made to demonstrate the interrelationships between unre-
solved inflammation and the induction of immune response shifts in immune-
responsive and immune-privileged tissues in initiation and progression of major 
chronic illnesses. Evaluation of scattered data on aging process suggests that in 
general, longevity is a biologically intrinsic process characterized by steady and 
progressive declines in the integrity and function of organs/tissues. However, the 
rate of susceptibility and severity to illnesses vary among individuals due to com-
plex combination of interactions and heterogeneities between intrinsic and extrinsic 
factors that would determine the biology of aging. Strategies for reducing oxidative 
stress or correcting the balance between Yin and Yang response profiles of acute 
inflammation may prove to be important targets for delaying or preventing the onset 
of disabling illnesses and reducing the cost of sick-care.

We have confused illness with the process of aging, which can 
be thoroughly healthy. Illness is not a necessary part of aging!

Dr. Charles Eugster, 94-year-old World Master Rowing 
Champion.



92

Keywords Aging theories • American health status • Alopecia • Antioxidants • 
Antigenic-load • Aspirin • Atrophy • Biological clocks • Bioenergetics • Biological 
wear and tear • Caloric restriction • C-elegans • DCs maturation • Genomic theory • 
Redox imbalance theory • Hematopoietic cells • Hormones • Hypoxia • Immune 
competency • Immunosenescence theory • Immune compromised • Inflammatory 
mediators • ‘Leaky’ MCs • Mitochondrial theory • Polarization • Reactive oxygen 
species • Respiration • Stem cell attrition • Super oxide dismutases • T cell immu-
nity • Thymus involution • Amifostine • Mercaptoethanol • N-acethylcysteine • 
Captopril • Werner syndrome • Cokayne syndrome • Trichothiodystrophy • 
Dyskeratosis congenital • Ataxia-telangiectasia • Skewed cytotoxicity • Yin-Yang

1  Introduction

Aging seems to be the only way to live longer!

Fascination with studying the biology of aging process has intensified only in the 
mid-twentieth century, as the growth of population of older adults is rapidly rising 
around the world and the economic cost of healthcare for elderly with chronic ill-
nesses is becoming a significant national burden. With advanced aging, the likeli-
hood of development of one or more significant medical illnesses in the elderly 
increases. However, the increased rate of population among healthy older individu-
als around the globe suggests that the aging process is not necessarily associated 
with illnesses. Older people can lead a healthy, active and productive life well 
beyond the standard age of retirement of 65–70 years.

Several clinical reports demonstrate that the risks for older adults to develop 
community-acquired pneumonia (CAP) or hospital-acquired pneumonia (HAP) rise 
when various illnesses such as swallowing disorders, recurrent aspiration, cognitive 
impairment, malnutrition, alcoholism, obstructive lung disease, congestive heart 
failure, diabetes, renal disease or immunosuppressive therapy are also present [1–8]. 
Published guidelines by various health organizations have limitations for diagnosis 
and treatment of these aging health conditions. The issues are often complicated by 
patient’s capacity to make decision when professionals require to observe practices 
on mental capacity of the patients, consent issues, criteria for safe discharge of 
patients from different health centers and related variables [8–17]. The principal 
clinical options recommended for management of patients that are exposed to spe-
cific pathogens (e.g., staphylococcus aureus, gram-positive cocci, bacteria) include 
steroid administration (e.g., glucocorticosteroid), antibiotic intervention, gas 
exchange and airway pressure control. Such clinical practices present limitations of 
frequencies, duration or combination therapies, to be effective for all older individu-
als in different settings [5, 9, 14–17]. Furthermore, prevention strategies including 
vaccination (e.g., flu, meningitis) or life style recommendations and management 
advice with alternative or complementary treatment procedures (e.g., saline nebu-
lizer, granulocyte-colony stimulating factor, fluid intake, physiotherapy, nutrition) or 
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palliative care often produce complications such as the follow-up after discharge 
from hospital for microbiological tests in patients with moderate or severe CAP 
[12–17].

Biologically, defects in in cellular immunity (T cell) and cytokine production 
(e.g., IFN-γ) are considered risk factors for the increased morbidity in older adults 
(mean age 75 years) that are exposed to infective viruses such as respiratory syncy-
tial virus (RSV), when compared with younger (mean age 31 years) adults [16, 17]. 
It should also be noted that even the older individuals who have no evidence of any 
clinical diseases may be at greater risk for developing pneumonia due to skewed 
immune dynamics and alterations of microbial clearance associated with advancing 
in age [1–6, 12–18].

As noted in Chap. 1, according to a 2014 report by Mirror, Mirror [18], compar-
ing health status and performance of general population of Americans with 11 other 
developed nations (Australia, Canada, France, Germany, Netherlands, New Zealand, 
Norway, Sweden, Switzerland, the United Kingdom), “The United States health 
care system is the most expensive in the world”, but consistently shows that U.S.A 
ranks last and underperforms [18]. The reported health performance dimensions 
that USA consistently rated last included:

 (a) Health Quality: The indicators were effective care, safe care, coordinated care, 
and patient-centered care. “While there has been some improvement in recent 
years, lower scores on safe and coordinated care pull the overall U.S. quality 
score down”.

 (b) Health Access: Due to the absence of universal coverage, while patients ‘in the 
U.S. have rapid access to specialized health care services, … they are less likely 
to report rapid access to primary care than people in leading countries in the 
study.

 (c) Health Efficiency: On health performance, USA measures last on expenditures 
and administrative costs, as well as on administrative hassles and avoidable 
emergency room use and duplicative medical testing compared with other 
developed nations.

 (d) Health Equity: “Americans with below-average incomes were much more 
likely than their counterparts in other countries to report not visiting a physician 
when sick; not getting a recommended test, treatment, or follow-up care; or not 
filling a prescription or skipping doses when needed because of costs.”

 (e) Healthy Living: The Americans rank last overall with poor scores on all three 
indicators of healthy living …“mortality amenable to medical care, infant mor-
tality, and healthy life expectancy at age 60. The U.S. and U.K. had much higher 
death rates in 2007 from conditions amenable to medical care than some of the 
other countries…”

Economic burden to the society, particularly with regard to cost of cancer care 
and therapy is becoming unsustainable in USA and other developed countries such 
as Japan and England [18, 19]. As detailed in Chaps. 5 and 6, cancer therapy and 
cost of care for patients in USA is the reason for almost half of the home foreclo-
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sures, while, the outcomes of claimed cancer ‘targeted’ therapies, ‘personalized’ or 
‘precision’ medicine produced 90% (±5) failure rates for solid tumors [19–22].

In this chapter, the author attempted to extend her recently published hypotheses 
that the different health conditions, which increase the reported risks of community- 
acquired pneumonia (CAP) in older adults or other age-associated health conditions 
have shared biological features; and that oxidative stress (unresolved, sub-clinical 
or chronic inflammation) is the hallmark of nearly all chronic diseases including 
site-specific cancers.

In this effort, outlined analyses of major interrelated biological features includ-
ing important knowledge gaps in understanding the age-associated illnesses, as well 
as, problems in managing the care for the elderly are provided in the following 
[21–55]:

 (a) Older adults are immune compromised to varying degrees;
 (b) The differently known age-associated illnesses have oxidative stress as interde-

pendent common links that are manifested in vulnerable-susceptible tissue/
organ systems as distinct diseases;

 (c) Oxidative stress or unresolved (sub-clinical, chronic) inflammation differen-
tially influences the tissue-specific features (e.g., immune-responsive and 
immune-privileged tissues, insulin-dependent and insulin-independent tissues 
for glucose transport and metabolism) that lead to the induction and manifesta-
tion of different diseases;

 (d) Special or shared biological features (complications) of full-blown disease that 
generally determine the outcomes of nearly all chronic diseases fall into three 
major interdependent categories, tissue necrosis, vascular complications and 
tissue growth;

 (e) Effective immunity (immune surveillance) that is ‘friend’ for protecting the 
body against all harmful elements becomes ‘foe’ during aging and chronic 
inflammation (oxidative stress) and utilizes same molecular tools of inherent 
duality of immune and non-immune systems in favor of initiation and progres-
sion of chronic conditions in vulnerable tissues;

 (f) The majority of age-associated chronic illnesses are very likely preventable or 
correctable, if the scientific understanding of the biology of aging was focused 
on the maintenance of effective immunity (balancing the inherent tumoricidal 
vs tumorigenic properties of immune surveillance), and caring for the elderly in 
hospital settings were significantly improved;

Detailed discussion of clinical or basic research on the individual chronic dis-
eases is out of the scope of this book. Attempts were made to demonstrate that lon-
gevity and oxidative stress (unresolved, subclinical, persistent or chronic 
inflammation) are co-morbidity and co-mortality risk factors in the induction of 
nearly all age-associated chronic diseases such as neurodegenerative and autoim-
mune diseases, diabetes and cardiovascular complications, stroke, hypertension, 
Alzheimer’s, Parkinson’s, lupus, colitis, as well as, site-specific tissue growth, neo-
plasia, hyperplasia, cancer metastasis and angiogenesis.
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2  Principals in Biology of Aging Process

Until a few decades ago and despite the development of numerous modern tech-
nologies for detection of hundreds and thousands of isolated molecular entities in 
the fields of OMICS (e.g., proteomics, genomics, lipidomics, metabolomics, gly-
comics), little serious scientific efforts were invested for systematic understanding 
of the aging process, the immunosenescence and the initiation of age-associated 
chronic diseases. Numerous risk factors have been identified that predispose the 
elderly to several chronic diseases such as neurodegenerative and autoimmune dis-
eases, asthma/emphysema and lower respiratory tract infections, Alzheimer’s, adult 
on-set diabetes and cardiovascular complications, Parkinson’s, osteoporosis and 
many site- specific cancers [21–55]. However, the molecular or cellular bases of 
these health problems are yet to be integrated or understood sufficiently enough to 
achieve better outcomes for improving public health. Admittedly, a biological rea-
son for the lack of progress in studying the interdependent events during the induc-
tion of age- associated health problems is the combined and complex extrinsic and 
intrinsic  heterogeneities that are involved in the pathobiology of common 
illnesses.

To appreciate the complexity of the biology of aging and age-associated chronic 
diseases, the core principals that govern biological activities in eukaryotic cells are 
outlined in the following. It is important to note that from birth to death, the multi-
cellular organism of the human body is subject to continued energy-requiring wear 
and tear processes to accommodate repairing and adaptation that are required for 
maintenance of health. Aging and weakened status and eventual loss of controlled 
wear and tear processes (regeneration, degeneration and recycling) are likely the 
bases for initiation and progression of diseases as well as death (details in Chap. 6) 
(Fig. 3.1) [56–80]:

 (i) The body is a dynamic system of complex and highly interactive multiple 
organs, whose function continually evolves, from the conception and fetal 
growth all the way through life including the aging process.

 (ii) The proper functioning of organ systems involves a wide range of well- 
orchestrated and energy-dependent physical, mechanical, molecular and 
chemical signal transduction mechanisms involving genetic/epigenetic, enzy-
matic, metabolic and neuronal activities for the purpose of regeneration, deg-
radation and turnover processes and survival. The highly regulated crosstalks 
occur continuously between and among organs, glands, tissues and cells of the 
skin, liver, kidney, lung, heart, stomach, eyes, bones, muscles, thymus, immune 
cells, vasculature, neuronal, and gastrointestinal tract.

 (iii) Among critical steps in sustenance of normal living cells are the proton pump-
ing across the membrane and generation of differential acidity between cellu-
lar membrane and cytoplasm. Continued proton pumping and generated 
electricity is required for numerous routine cell activities such as lysosomal 
digestion and protein recycling, ion/solute transport, degradation of pathogen’s 
structural proteins/lipids/genes for immune recognition/activation, as well as 
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cellular proliferation. The extent of proton pumping provided through vascular 
and other cell membrane ATPases alter, to varying degrees, from the time of 
fetal growth and after birth, as well as during aging or disease processes includ-
ing carcinogenesis. Agents that are foreign to the body as well as aging process 
and diseases can temporarily or permanently disturb the membrane effective 
potential of cell environmental pH causing skewed signal transduction and 
crosstalk between and among cells/tissues for achieving and controlling the 
required activities of the cells.

 (iv) Interactions and signal transductions between immune and non-immune tissue 
components (e.g., cells, organelles, proteins/enzymes, lipids, DNA/RNA) are 
amazingly successful complexes of turnover and regeneration processes with 
durations lasting from a fraction of seconds to several minutes; few days or 
months and even years. To achieve various crosstalks all types of cells and 
organ systems must follow biological rules of rhythmicity at different and pre-
cise levels. The links among physio-immune-neuronal-hormonal or pathologi-
cal features of nearly all tissue/organ systems follow the control mechanisms 
of circadian rhythms (positive- negative response cycles). The circadian system 
is defined as a principal pacemaker in the suprachiasmatic nucleus circadian 
(SNC) in coordination with a number of peripheral circadian oscillators. Patho-
physiological features of chronic diseases such as metabolic syndrome, site-
specific cancers, diabetes and cardiovascular complications are very likely 
associated with disruptive conditions of certain components of the circadian 
cycle. The insufficient circadian rhythms could be the results of mutations of 
the clock genes, circadian control genes, or physiological and perhaps immu-
nological deficiencies that lead to altered synchronization between SCN and 
other peripheral dual features of biological oscillators.

 (v) The various synchronization properties are defined as the natural positive and 
negative duality (oscillations) or biphasic events that are required for mainte-
nance of health. In general, approximate duration of biological rhythms (col-
lectively labeled as ‘effective acquisition time’) are classified into three major 
categories:

(a)  Ultradian, lasting seconds to several hours (e.g., neuronal and visual signal 
transduction, ion fluxes, hormonal release, enzymatic reactions, trans-
porter activities, biosynthesis of receptor molecules, chromosomal repair 
activities, type 1 or immediate hypersensitivity responses),

(b) Circadian, lasting approximately 24 h (e.g., skin turnover, melatonin, cel-
lular and extracellular membrane component biosynthesis),

(c) Infradian, also known as tidal or annual pathways, lasting more than a few 
days (e.g., biosynthesis and turnover of hemoglobin, mast cell sensitiza-
tion and responses). Regeneration of complex organ systems (e.g., liver, 
lung or kidneys) may take a few years to be completed,

 (vi) Aging process itself is a dynamic phenomenon of biological regeneration and 
degeneration characteristic of all multicellular organisms with minor or major 
declines skewed/retarded in the biological switches. For example, aging pro-
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cess and altered hormonal and related activities lead to declines or accelera-
tions (skewed) of physiological activities (biological rearrangements) in 
organs/tissues (biological senescence). Aging process also induces minor or 
major changes in immune response dynamics within organ systems (immu-
nosenescence). The age-induced altered natural biological and immunological 
activities, in general, lead to altered effectiveness of immune surveillance or 
the balance between tumoricidal vs. tumorigenic properties of immune system, 
weakening the body to effectively challenge toxicity of components that poten-
tially threaten the body’s survival.

It is hypothesized that the overall control switches of the stimulating and inhibi-
tory processes that follow the above rhythmic rules are larger version of the original 
definitions that the author proposed [30] for effective immunity, possessing 2 highly 
regulated and biologically opposing arms (biphasic or Yin and Yang) mechanisms 
provided through acute inflammation (immune surveillance) for maintenance of 
health.

Longevity and Oxidative Stress: Risk Factors in Chronic Diseases

Oxidative Stress
Infections, Life 

Style, Chemical, 
Biological Hazards

Mitophagy
ROS/RNS, H2O2, 
O2-0, NADPH oxidase
SODs, MMPs
CMI/HI
Autophagy
Membrane/Protein Recycling
DNA/RNA

Yin = Yang
Tumoricidal = Tumorigenic

Resting Immune Cells
Vasculature Integrity

Aging

Risk

Gene�cs, Hormonal, Metabolic, 
Immune cells,…

Asthma/Emphysema 
Atherosclerosis

Arthritis
Diabetes

Cardiovascular
Stroke
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Autoimmune
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Angiogenesis

Immune Compromise
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Fig. 3.1 Schematic representation of maintenance of Yin-Yang (tumoricidal vs tumorigenic) of 
acute inflammation in health (left panel) and induction of oxidative stress in alterations of intrinsic 
and extrinsic factors toward increased risk of chronic diseases during aging process (right panel). 
It represents that aging and oxidative stress increase risk of chronic diseases. Alterations or loss of 
mitochondrial function (mitophagy), ribosomal activities (autophagy), accumulation of oxidants 
(ROS/RNS), increased mutated genes (DNA/RNA) and immune suppression (changes in CMI/HI) 
lead to increased risk of asthma/emphysema, diabetes and cardiovascular diseases, stroke, 
Alzheimer’s, neurodegenerative or autoimmune diseases or cancer and angiogenesis) (Reproduced 
from Khatami Clin Trans Med 2016 [80]. All rights reserved)
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In summary, maintenance of health depends on the inherently precise expression 
and regulations of energy-requiring positive and negative biological control switches 
(biological rhythms or clocks) between the local (host) and distant immune and 
non-immune (e.g., vasculature, metabolism neuroendocrine or neuro-physiological) 
systems [80].

3  Biological Theories of Aging: Search for Common Link

In the last few decades, numerous biological theories of aging have been proposed 
to explain the mechanisms of aging process. To date, among the popular theories of 
aging are the genetic program theory, wear-and-tear theory, telomere theory, endo-
crine/hormonal theory, melatonin theory, DNA damage hypothesis, error catastro-
phe theory, the rate of living theory, mitochondrial theory, the nitric oxide hypothesis, 
the free radical and/or the oxidative stress theory, mitochondrial and immune/
inflammation theory (reviewed in [45, 56, 61–63, 65–90]). These reports address 
and argue some of the challenges on the validity and pitfalls of documented theories 
that include isolated efforts to prevent diseases or slow down aging and prolong life, 
by means of food and nutrition intake, exercise and diet restrictions [47, 49, 58, 
71–120].

As discussed in the following sections, the various aging theories, in all likeli-
hood, are interdependent and the oxidative stress is the major influence on the 
intrinsic and extrinsic biological systems affecting the immune surveillance (immu-
nity) that Burnet theorized over six decades ago [28]. Support for interdependence 
of the known theories of aging comes from the observations that age-induced altera-
tions of hormonal, immunological, genomic functions are co-morbidity and co- 
mortality risk factors whose declines are accelerated by oxidative stress and 
accumulation of free radicals in tissues in the direction of initiation of nearly all 
age-associated chronic diseases (Figs. 3.1 and 3.2) [21–26, 80].

The following outlines the analyses of data on major interdependent biological 
dynamics in aging process based on reported theories with emphasis on the role of oxi-
dative stress. The mechanisms of actions of immune disruptors and induction of chronic/
unresolved inflammation are suggested as common links in the genesis of nearly all 
chronic illnesses and site-specific cancers [reviewed in 21–26, 31–36, 50, 80–150]:

 (a) Aging accompanies the atrophy or shrinkage of thymus followed by shortage of 
biosynthesis of stem cells, the giant manufacturer of immune cells. The short-
age of stem cells often leads to altered/inefficient synthesis and response 
dynamics of innate and adaptive immune cells. The effects of aging on the 
immune system are widespread and extend from altered functions of the hema-
topoietic stem cells and lymphoid progenitors in the bone marrow and thy-
mus to mature lymphocytes in secondary lymphoid organs. The combined 

The recently accepted adaptive origin of life is somewhat in contrast with the 
evolutionary theory of exclusion as traditionally known.
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changes result in a diminution of immune responsiveness in the elderly 
(immunosenescence);

 (b) The endocrine system and the function or levels of hormones (e.g., estrogen, 
insulin, testosterone, DHA) that play important roles in modulation of oxidative 
stress, metabolism and physiology of tissues alter in aging. Endocrine deficien-
cies impact the dynamics of immune responses;

 (c) Oxidative stress-induced altered chromosomal components and increased 
mutations of the genetics and epigenetics materials that damage the DNA/RNA 
and expression profiles and functions of proteins/enzymes, hormones, 
cytokines/chemokines or lipids influence tissue physiology and function;

 (d) Aging can cause impaired or insufficient transport properties of metabolites 
(e.g., glucose, myo-inositol, pyridoxine/pyridoxal phosphate, vitamin C), their 
receptors and cell surface molecules and loss of effectiveness in homeostasis of 
oxido-redox potential and bioenergetics in tissues (e.g., nuclear and membrane 
phosphorylation and dephosphorylation by kinases and phosphatases); 

 (e) Accumulation of senescence cells and loss of effectiveness in protein/lipid 
recycling pathways involving intracellular organelles such as lysosomes, ER, 
Golgi apparatus and mitochondria and induction of pathological status in 
autophagy and mitophagy;

 (f) Promotion of telomere attrition is an important contributing factor in aging;

Inflammation and Age-Associated Diseases

Aging

Unresolved 
Inflammation

Immune 
Compromised

Proteins
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Fig. 3.2 Schematic representation that longevity and oxidative stress are co-morbidity and co- 
mortality risk factors that would increase the risk of chronic illnesses. As depicted in the figure, 
chronic inflammation differentially influences the tissues that are immune-responsive or immune- 
privileged leading to a wide range of illnesses that are potentially interrelated. See text
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 (g) Free radicals accumulation and induction of impaired circadian rhythmicity and 
cardiac output are among important factors in aging process;

While the importance of individual genetic makeup (intrinsic factor) in longevity 
is logical, how the confounding extrinsic factors such as the interactions of oxida-
tive stress and aging process lead to increased somatic mutations that would affect 
the regulations of biological clocks and chemical functions of organ systems in the 
direction of diseases are not understood. The degrees of interactions between intrin-
sic (innate) factors or the genetic makeup that influence the physiological behaviors 
of the organs/tissues (e.g., vasculature, metabolic, hormonal, neuronal and immune 
response pathways), combined with extrinsic factors (e.g., exposures to chemical, 
environmental, biological hazards, life styles) are likely to impose major impacts in 
aging process and the outcomes of age-associated chronic conditions (Fig. 3.2).

In 2008, the author defined that acute inflammation possesses 2 tightly regulated 
and biologically opposing arms (biphasic), termed Yin (tumoricidal, apoptosis) and 
Yang (tumorigenic, wound healing) properties of immunity. Yin and Yang control an 
elaborate and precise crosstalk between immune and non-immune (e.g., vascula-
ture, neuroendocrine and metabolic pathways) systems to protect the body against 
all foreign elements that threatens the body’s survival [30, 80]. It was further 
hypothesized that chronic inflammation is a major risk factor underlying aging and 
age-related diseases [23–27, 30, 80]. Since 1998 at the National Cancer Institute 
(NCI) a major goal of the author has been to promote the important roles that inflam-
mation play in cancer biology. In the last decade, heavily funded projects and sig-
nificant number of publications are devoted to fragmented proposed hypotheses on 
the role of inflammation in cancer research, immunotherapy and related network 
and conferences around the world. However, except for our ‘accidental’ discoveries 
that were established in 1980’s, little efforts have been invested to systematically 
understand the early events that occur between tissues and immune disruptors that 
alter immune dynamics in tissue toward multistep carcinogenesis ([21–27, 30, 31, 
50–60, 80], submitted documents to NCI/NIH since 1998).

4  Free Radical Concept and Oxidative Stress Theory 
of Aging: Role of Mitochondria

Half a century ago, Harman [65] originally postulated that the free-radical theory of 
aging is the accumulation of the molecular damage in tissue caused by byproducts 
of the normal oxidative metabolism, called reactive oxygen species (ROS). Harman 
further extended his theory and explained the role of mitochondria in aging process 
since mitochondria is the main source of generation of ROS and SODs [65, 66]. 
Since then, other studies following the discovery of detoxifying enzymes such as 
the superoxide dismutases (SODs), within cellular components and organelles (e.g., 
cytosol, mitochondria) that neutralize the superoxide anions; catalases and detec-
tion of the hydrogen peroxide (H2O2) provided credibility and support for the free-
radical theory of aging [80–118]. Understanding of the signaling pathways in aging 
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that involve free radical theory largely comes from the investigations on the nema-
tode Caenorhabditis elegans (C-elegans) organism [99–116]. Analyses of reported 
data using this model address how reactive oxygen species (ROS) influence the 
aging process. Data demonstrate that over time ROS and/or oxidative stress accu-
mulate some types of damage in specific targets such as the proteins, lipids, or 
nucleic acids contributing to the aging process. However, further analyses of such 
data on the oxidative biology of C. elegans show debates and controversies that 
ROS are not the toxic byproducts of the oxidative metabolism, since using anti-
oxidant interventional therapies to alter the effects of accumulation of ROS remain 
inconclusive. It has been suggested that the overall rise in oxidative damage is not a 
major factor determining lifespan, due to duality of oxido-redux or rhythmic biol-
ogy in organ systems that are capable of neutralizing the impact of ROS or other 
oxidants through effective function of anti-oxidants in healthy aging body. 
Furthermore, the notion that a general increase in oxidative stress does not limit 
lifespan in this model organism suggests that under stressful conditions, resistant to 
oxidative stress might be important to normal lifespan and reproduction in C-elegans, 
or other experimental model systems and human subjects.

In the last few decades many oxidants and enzymes have been identified that are 
not free radicals but, if not properly neutralized and removed by antioxidants and 
growth factors, they produce oxidative damage to tissues, perhaps participating in 
the loss of balance between the Yin and Yang (tumoricidal and tumorigenic) proper-
ties of acute inflammation [21–27, 30–36, 80, 117–165]. Several studies demon-
strate that the normal byproducts of cellular metabolism including the intermediates 
of mitochondrial respiration or the activities of oxidative enzymes (e.g., cytochrome 
P-450, NADPH oxidase, myeloperoxidases, NO synthase, glutathione peroxidase, 
or  xanthine oxidases), generate highly reactive molecules with unpaired electrons or 
free radicals (e.g., ROS, RNS, superanions-HO−, peroxynitrile, H2O2, NADP+). 
The generation of oxidants are routinely neutralized by cellular antioxidants and 
scavengers of free radicals, agents that possess reductive capacity and protect tissue 
components from oxidative damage and maintenance of the oxido-reductive status 
of cells. Generation of normal amounts of ROS is required for  routine regulation of 
cell functions, including apoptosis and proliferation that influence intracellular sig-
naling pathways, gene expression, fragmentation of DNA, membrane lipid peroxi-
dation and increased vulnerability of extracellular matrix to proteases. For example, 
hydroxyl ions (HO−) or O2− can interact and oxidize free iron (Fe+2, reduced form) 
or copper (Cu+) ions, or NO to their oxidized forms (e.g., Fe3+, Cu2+, or ONOO−) 
and thereby modify and regulate the function of specialized carrier proteins (e.g., 
ferritin) or availability of NO [21, 23, 25, 30–38, 46–50, 80, 86, 150–180]. Related 
information supports that oxidative stress induces activation of enzymes [e.g., 
NADPH oxidase, peroxisome proliferators- activated receptors (PPARs), pro-
inflammatory mediators (e.g., IL-6, IL-10, TNF-α, PGs] and alters redox state of 
binding proteins (e.g., Fos, c-jun, c-myc, beta actin), altered activities of genomic, 
chromosomal or epigenetic component, DNA/RNA/mRNA or telomere and telom-
erase activities that would lead to early abnormal genetic responses and hematopoi-
etic activation [170–255]. These changes are known to contribute to the induction of 
numerous mild or severe conditions such as, asthma, atheroma, emphysema, athero-
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sclerosis, autoimmune and neurodegenerative diseases, hypertension, stroke, mul-
tiple sclerosis, arthritis, neurodegenerative diseases, diabetes or Alzheimer’s or 
carcinogenesis and angiogenesis. Furthermore, the extent of presence of energy-
consuming peroxidation- induced extracellular membrane damage (e.g., activities of 
MMPs and expression of type IV collagenase or lipid peroxidation) may determine 
the extent of immune response profiles and chromosomal/genomic damage in tis-
sues and the fate of tumor growth, metastasis and angiogenesis in susceptible tis-
sues such as squamous and epithelial tissues in lung, prostate, colorectal, stomach 
or ovary [80, 163–270].

An overall review of data provide compelling evidence that the aging process is 
centrally regulated by a complex energy-requiring metabolic activity, cellular pro-
liferation and differentiation, immune response crosstalk and autophagy for protein/
lipid recycling events. Among several energy-driven pathways, the major complex 
processes involve 2 distinct forms of mammalian target of rapamycin (mTORC1 
and mTORC2), an evolutionary conserved family of serine/threonine kinase and 
member of the family of phosphoinositide-3 kinase (PI3K) related kinases (PIKK). 
The role of mTORC1 has been shown to engage with complexes such as NAD+ 
-dependent deacetylase enzymes, SIRT1 pathways and include mediation by ROS- 
induced activation of S6 kinase and H2O2 production for signal transduction and 
regulation of cell growth and proliferation involving the immune response crosstalk. 
Abnormal function of TOR contributes to the tissue hypertrophy and hyperactivity 
toward cellular damage and age-related health conditions. Furthermore, activation 
of TOR-dependent pathways seems to limit lifespan by accelerating age-related dis-
eases even before the accumulation of ROS induces death (details in Chap. 6).

Several age-associated diseases (e.g., atherosclerosis, stroke, cardiovascular 
complications, adult diabetes, neurodegenerative diseases or site-specific cancers) 
clearly are affected by increased oxidative stress. Oxidative stress inactivates or 
alters functions of critical enzymes (e.g., superoxide dismutases, catalase, glutathi-
one peroxidase and glutathione reductase), intrinsic metabolites (e.g., uric acid, bili-
rubin, SH-proteins, glutathione), extrinsic reducing agents (e.g., vitamins C, D, E, 
carotenoids, flavonoids) or other antioxidants, and metal chelating proteins that pre-
vent Fenton and Haber-Weiss chemistry have been identified as potential contribu-
tors of age-associated diseases. The reported loss of numerous natural protective 
mechanisms that prevent cellular damages associated with chronic diseases strongly 
support that the oxidative damage theory play a key role in aging [21–27, 30, 80, 
111–146, 183–285].

The classic free radical theory of aging includes mitochondria-related specific 
processes of senescence. Age-associated generation of free radicals and accumula-
tion of ROS are toxins to the mitochondrial function including induction of numer-
ous mitochondrial DNA mutations and progressive reduction in energy output that 
are significantly below the required levels of body’s function. The reduced output 
energy from mitochondria implicated in a number of age-associated health condi-
tions such as the loss of memory, hearing, vision, stamina and tumorigenesis.

Increased damage by free radicals is linked to the impairments of mitochondrial 
function, which further alters inflammatory processes required for routine immune 
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or tissue remodeling. The release of pro-inflammatory cytokines from DNA- 
damaged cells and dysfunctional mitochondria (mitophagy or mitotically arrested 
DNA) that exhibit the senescence-associated secretory phenotype (SASP) present 
several adverse effects including mutations of stem cells that reduce the capacity of 
tissue regeneration processes and induction of cancer stem cells and abnormal tis-
sue growth. Senescence-associated secretory phenotype also could potentially be 
involved in antigen-load and chronic inflammation that would lead to necrosis and 
neurodegenerative diseases in immune-privileged tissues [21, 23, 26, 27, 30–38, 80, 
100, 142–216].

Review of several excellent reports suggest that in the mitochondrial concept 
(mitohormesis theory) under normal metabolism, the production of ROS seems an 
important molecular signal that induce ‘hormetic’ effect by triggering stress resis-
tance and longevity and induction of specific antioxidants in response to ROS. 
Combined aging process and cumulative effects of ROS are important factors in the 
impaired mitochondrial metabolism, oxidative phosphorylation and differential bio-
energetics in cell that participate in altered dynamics of immunity and induction of 
chronic diseases processes. Among important known factors that are involved in the 
ROS-induced dysfunction of mitochondria (mitophagy) are mutations of certain 
genes (mit mutants) such as clk-1, isp-1 or neu-6, involved in expression of enzymes 
(e.g., increased SOD and catalase activities, or hypoxia-inducible transcription 
 factor- HIF- 1), perhaps biological attempts to offset the damaging effects of a rise in 
tissue ROS levels. Furthermore, inhibition of mitochondrial respiration leads to 
altered mitochondrial protein folding response (e.g., UPRmito and increased hsp-6 
expression). The uncoupling of respiration could disturb the integrity of mitochon-
drial architectural integrity, causing abnormalities in membrane composition (e.g., 
cardiolipin), effective bioenergetics and signals for production of anti-oxidants and 
expression of enzymes (e.g., SOD) that are required for effective metabolism and 
immunity of organ systems and life span (see Sect. 7 below).

The natural antioxidants within organ systems include several enzymes [e.g., 
superoxide dismutases (SODs), NADP+ reductase or catalase], hydrophilic agents 
[e.g., glutathione (GSH), vitamin C, uric acid], lipophilic compounds (e.g., vitamin 
E, carotenoids, and bilirubin), mitochondrial thioredoxin and metal ions with elec-
tron transfer capacity such as Fe2 +, Cu+. These antioxidants are ubiquitously dis-
tributed within cytoplasm, mitochondria and/or extracellular tissue compartments 
throughout the body. Antioxidant enzymes such as SODs prevent formation of 
highly reactive free radicals such as ROS by readily accepting and scavenging the 
unpaired electrons and transferring or converting the oxidants to other electron 
accepting molecules. For example, SODs convert superoxide anion (free radical 
O2−) to the less aggressive oxidant H2O2, which is further removed by other anti-
oxidant enzymes such as GSH peroxidase or catalase, involving other reducing 
metabolites such as GSH, NADPH, vitamins E or C (ascorbate, semidehydro- 
ascorbate) recycling pathways [21–27, 30, 40–65, 80, 101–124, 144, 155–165]. It is 
likely that neutralization of ROS by natural antioxidants would reduce/regulate acti-
vation of mTOR and related kinase pathways that are associated with tissue hyper-
trophy and growth.

4  Free Radical Concept and Oxidative Stress Theory of Aging: Role of Mitochondria
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Thus far, the recommended caloric restriction is the only known strategy tested 
to increase the life span in rodents and may also applies to primates, and presumably 
humans [95–98, 127, 128, 158]. However, potential health benefits of a number of 
antioxidants, vitamins (e.g., vit D, E, C), anti-inflammatory agents, or sulfhydryl- 
containing agents (e.g., asprin, Amifostine, isothiocyanate, mercaptoethanol, 
N-acethylcysteine or captopril) and precursors of reduced glutathione on cellular 
redox-sensitive transcription factors (e.g., NF-kB), leukocyte adherence or ACE or 
mast cell stabilizers (e.g., Na-cromolyn) could also be important in delaying or 
preventing age-associated diseases including cancer ([21–27, 30, 51, 78–80, 91, 96, 
101, 116, 130–132, 148] Khatami submitted documents to NCI/NIH, since 1998).

In brief, the ‘oxidative stress’ theory, also known as the ‘free radical’ theory 
seems to have stood the test of time, as this biological phenomenon has been the 
most broadly investigated topic in biology of aging. The tightly controlled concen-
trations of ROS and fluctuations/oscillations (negative-positive switches) of the tis-
sue redox potentials are important mediators of signaling processes for inflammatory 
responses and metabolism in tissues. The ongoing controversies to the oxidative 
damage theory of aging using the experimental models of aging are, most likely, 
due to the enormous knowledge gaps and lack of systematic understanding of the 
age-associated altered molecular dynamics of oxidative stress during the progres-
sive deterioration of feedback controls of the immunity; the giant umbrella of the 
immune cells, the neuro-endocrine and the metabolic networks that lead to increased 
somatic mutations in the genesis of molecular catastrophic errors and initiation of 
site-specific diseases [24–30, 33–36, 50, 80, 112–124, 148]. Insights into the mech-
anisms of accumulation of ROS and the redox status of tissue compartments and 
response dynamic contributions in aging require detailed bioenergetic studies that 
would enable scientists to accurately detect the initial interrelated biological 
 processes. In all likelihood, the functional loss of neutralizing ROS factors is the 
result of a progressive pro-oxidizing shift in the redox state of the cells during aging. 
This would lead to over-oxidation of the redox-sensitive proteins and consequently 
the disruption of redox-regulated signaling mechanisms.

5  Genomic Theory of Aging

Biological aging and tendency to decay the ordered systems into general disorder 
applies to all body’s cellular and molecular networks, including DNA and chromo-
somal damage [e.g., depurination and depyrimidation at normal acidity or tempera-
ture] that often lead to injury by water nucleophillic properties that could alter 
structural integrity and function of genetic, epigenetic and influence expression of 
proteins/enzymes as well as recycling pathways. Several elegant studies demon-
strate that normal tissue metabolism including mitochondrial oxidative phosphory-
lation are associated with DNA mutations at the rate of about 10,000 bases/cell/day 
(for depurination or depyrimidation), or an average of 100 bases/cell/day (for cyto-
sine deamination) that involve hydroxyl radical-mediated oxidative damage and 
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altered immune response crosstalk among organ/tissues [168–237]. Normal aging 
process causes changes in the features of chromosomal function, including the 
shortening of telomere and expression of related proteins and enzymes that are 
required for maintenance of regeneration as well as degeneration pathways for 
nearly all activities of tissue components [30, 80, 172–197].

To maintain health and effective immunity throughout life, correction of genera-
tion of genetic errors and mismatches, require routine and simultaneous molecular 
repair pathways involving biological and immunological pathways of protein 
expression and recycling/regeneration processes or replication/repair of DNA/RNA 
molecules and nuclear components [80, 175–229]. The DNA repair mechanisms by 
AP Pol β base replacement (base excision repair BER) and related repair enzymes 
occasionally lead to base pair excision or modifications and rearrangements of one 
strand of DNA (mismatch repair) while the second strand remains as template for 
zip or fork replication. The process of fork replication on one strand seems to pro-
vide temporary vulnerability causing potential increased damage to DNA before the 
natural double-stranded DNA is repaired. The accumulation of mismatched or mod-
ified and unprocessed DNA bases would induce altered molecular signals for repair 
mechanisms including protein kinase signaling pathways leading to destabilization 
of recombination pathways during the loss of multi-potency of mesenchymal 
 stromal cells and dysregulation of crosstalk in immune and non-immune pathways 
that could lead to the multistep chronic diseases such as epilepsy, bone and pulmo-
nary diseases and cancer [30, 80, 168–191, 205–207, 213–229, 231–237]. It is sug-
gested that accumulation of senescent cells with features of inactive/suppressed 
DNA/RNA or chromosomal activities present additional burden (antigen-load) to 
organ systems for clearance and recycling pathways as potential contributing fac-
tors in aging.

Among the many factors involved in chromosomal and DNA damage, in the 
course of normal cellular metabolism, are oxidative damage to DNA during mito-
chondrial respiration, immune cell maturation and responses toward stimuli and 
exogenous factors (e.g., exposure to UV radiation or perhaps carcinogens), as well 
as cellular DNA synthesis during cell cycle transit [30, 80, 150–215, 228, 229]. 
During cellular DNA synthesis the damaged DNA is often magnified through slow 
process of replacement of an excised base and base pairing excision in the G1 phase 
(nicks) that may cause collapsed forks preventing correct replication forks into 
DNA double strand, leading to further large deletions and chromosomal damage 
and deficiencies in cell cycle progression and checkpoints (ATR protein kinase) and 
fork stability. Therefore, the normal DNA replication processes, over time, create 
sufficient damage to DNA to cause stem and progenitor cell attrition and deplete 
tissue regeneration capacity leading to accelerated or premature decline in tissues 
renewal capacity of stem and progenitor cell fates that influence senescence and 
apoptosis and increased risks for onset of age- associated chronic diseases. It is also 
important to note that as is the case for immune response activities, nucleotide bio-
synthesis and related DNA/RNA repair pathways are ATP-dependent and require 
efficient mitochondrial integrity [30, 80, 159, 167, 171–178, 206, 207, 210–225, 
228, 232].

5  Genomic Theory of Aging
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Deficiencies in genome maintenance are associated with various aspects of pre-
mature aging in genetically modified animal models and in humans. Human specific 
genetic diseases featured by Werner syndrome, Cockayne syndrome, trichothiodys-
trophy, dyskeratosis congenital, and ataxia-telangiectasia, as well as age-associated 
conditions such as graying hair, alopecia, hyphosis, osteoporosis, and impaired tis-
sue regeneration, have been reported in mouse models of aging in which targeted 
mutations have been generated in DNA damage response (DDR) regulators caused 
by mutation of genes involved in the efficient repair of DNA damage or the cell 
cycle regulatory response molecular patterns [165–175, 204]. Loss of stem and pro-
genitor cells attrition and tissue homeostasis including impaired genome regenera-
tive capacity in adult stem cells have been proposed as the general organismal 
decline in aging [30, 80, 172–187, 206, 207, 214, 219–222].

It is noteworthy, that only in the last decade, the decision makers in the cancer 
community have come to accept and appreciate that inflammation is a precancerous 
state of cells that initiates adaptive changes in epigenetic structures resulting in 
accumulation of genetic errors and impairments of regulation of gene expression in 
multistep carcinogenesis [25, 26, 159, 166–172, 200–229]. Epigenetics and post-
mitotic modification events of gene expression pathways (e.g., DNA methylation, 
methylated DNA binding proteins, histone modification-related enzymes, microR-
NAs) or telomere-telomerase pathways are sensitive to immune dysfunction and 
oxidative stress [21–27, 30, 38–44, 48, 50–56, 73, 80, 135–137, 143, 171, 178, 255, 
280, 282].

5.1  Role of Hyperactivation of Suppressor Gene Pathways 
in Aging

As described above, the process of restarting DNA replication forks and preventing 
collapse require 50 different genes during the complex multistage processes of 
DNA homologous recombination such as double-strand break recognition, strand 
invasion and space-‘holiday’ junction resolution. Defects in any steps of these 
molecular sequences could influence mutagenic types of repair processes and accu-
mulation of DNA damage at bridge-breakage fusion cycles during the chromosomal 
translocations.

Analyses of relevant data demonstrate that aging and oxidative stress, to varying 
degrees, increase the genetic mutations at multiple locations leading to inactivation 
or defective function of suppressor gene molecules (e.g., p25, p35, p38, or p53) and 
increased instabilities in somatic maintenance and repair, proliferative control of 
gene expression as well as misguided expression of apoptosis or wound healing 
mediators [172–229]. The increased genetic mutations could also damage chromo-
somal contents and alter DNA methylation (hypo-, and hypermethylation) causing 
defects in cell contact inhibition and cell cycle regulation such as cyclin-dependent 
kinases (e.g., ser-thr kinases-cdks), telomere dysfunction or shortening as well as 
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epigenetic and posttranslational events. A specific example of the role of suppressor 
genes mutations in senescence is the role of p38 pathways. The inactivation or 
mutation of P38 mitogen-activated protein kinase (MAPK) that are involved in reg-
ulation of extracellular-signal regulated kinase (ERK), c-Jun N-terminal kinase 
(JNK) could lead to enhanced cellular transformation and disruption in the induc-
tion of senescence that follows tumor growth. Furthermore, impaired DNA meth-
ylation of CpG islands, important molecular checkpoints in gene expression 
pathways influence carcinogenesis, inflammation and viral infection [21, 31, 92, 
170, 178, 180, 181, 201, 202, 212–226, 237].

6  Immunosenescence Theory: Connecting the Dots 
with Oxidative Stress and Skewed Dynamics of Immunity 
in Aging

Immunoscenescence is the results of age-induced readjustment and/or remodeling 
of the immune cell dynamics, combined with age-associated physiological rear-
rangements and altered hormonal and metabolic changes (biological senescence). 
Immunoscencence-induced remodeling of immune system includes minor or major 
alterations in innate and adaptive immune cells and bone changes in the activities of 
bone morphogenesis and remodeling and initiation of disease processes [21–30, 
33–36, 38–45, 48, 50–56, 80, 239–259, 284, 308–310].

A clinical feature of immunosenescence is the development of hyper-, or hypo- 
sensitivity reactions toward new antigen challenges and/or self-antigens and the 
observed increased allergies or autoimmune diseases in older adults. The immune 
dysfunction results from cumulative impairments in the complex network of cellu-
lar and humoral interactions of the critical cells in the immune system, including the 
dendritic, natural killer and mast cells, macrophages, B and T cell subpopulations 
(e.g., Th1/Th2 cells or B memory cell). Aging response to inflammation is cell and 
humoral mediated pathways (CMI, HI), with active participation of nearly all other 
components of organ systems (e.g., vascular, metabolic, neuronal and hormonal 
pathways). Furthermore, the protective roles of immune responses (immune sur-
veillance) depend on the ability of immune cells to generate and retain ‘memory 
cells’ to recognize and respond in an accelerated defensive manner to pathogen  
exposures. The aging body generally retains immunity against previously encoun-
tered pathogens. However, components of immunologic memory show skewed 
responses toward new stimuli (pathogens or carcinogens) [21–27, 30, 41, 50, 80, 
241–283, 311–355].

In general, aging causes minor or major alterations in the response ability of 
APCs to present antigen to the resting/naïve T cells (T0). The changes are likely due 
to the proposed altered balance between tumoricidal vs tumorigenic (Yin-Yang) 
properties of immune response dynamics, or the loss of homeostasis of oxido-redox 
potential of immune and non-immune cells. Depending on the tissue immune cell 
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composition and vulnerability toward oxidative stress, the loss of Yin- Yang balance 
could result in untimely maturation or polarity of APCs such as changes in DCs 
(DC1/DC2 ratios), granulation and degranulation of MCs (MCs-‘leaky’ or TAMC) 
and/or macrophage (M1/M2 or TAM) phenotype population. The altered response 
dynamics of APCs, could further contribute to the impaired inflammatory signals in 
maturation, migration or recruitment and infiltration of other inflammatory cells 
and/or defects in communications with adaptive T or B cells. Data on aging provide 
evidence that the dysfunction of humoral response profiles associated with changes 
in expression of antibody profiles (e.g., IgG, IgE, IgM, IgA and isotypes) are, in 
part, due to decreases in Th1 (tumoricidal) response ability to provide appropriate 
crosstalk through co-stimulatory molecules, expression of cytokines and/or effec-
tive production of immunoglobulins. Aging is also associated with defects in T cell 
responses to viral infections. As detailed below, defects in cellular and humoral 
immunity (CMI, HI) could likely result in increased morbidity in older adults when 
exposed to infective viruses (e.g., respiratory syncytial virus, RSV) or increased 
chronic allergies (e.g., asthma, emphysema).

6.1  Immune Competency in Aging: Role of Antigen Presenting 
Cells (APCs) in Immunosenescence

In general, advance aging appears to cause decreases in both non-immune and 
immune defenses, although many aspects of immunity remain robust in centenari-
ans. A growing body of evidence supports the notion that aging- and oxidative 
stress-induced impaired function of antigen presenting cells (APCs) could alter 
response profiles of adoptive immunity, which collectively cause retardation of the 
dynamics of crosstalk in non-immune (e.g., vasculature, neuronal, hormonal and 
metabolic) pathways in the direction of initiation and manifestation of chronic 
health problems. For example, APCs are responsible for recognition, uptake, pro-
cessing and presentation of processed/digested antigens/pathogens to the antigen-
specific receptor molecules (epitopes) of major histocompatibility complexes 
(MHC, MHC I and II) on T cells [21, 30, 80, 205–207, 221–345].

The intrinsic processes of T cell activation (adaptive or adoptive immunity) 
require interactions between T cells and APCs. In an acute inflammation, APCs and 
the expression of specific cytokines and mediators initiate and determine the out-
comes of effector T cell responses (pharmacological effects) and the maintenance of 
balance in dual properties of Th1/Th2 and cytokine expression profiles [21–27, 30, 
50, 80, 217, 336, 348–369].

In general, innate immune cells express invariant receptors, as opposed to adap-
tive immune cells, which express rearranged receptors for a wide range of processed 
antigens presented by APCs. Among major antigen presenting cells are the dendritic 
cells (DCs, the most professional APCs), and macrophages (MΦs, also professional 
phagocytes/monocytes). Activation of inflammatory cells (e.g., DCs, MΦs, MCs, 
eosinophils/Eos) and the production of diverse pro-inflammatory signals, cytokines 
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and chemokines initiate crosstalk between innate and acquired immune response 
systems for generation of memory B cells and humoral response mechanisms. The 
APCs play key roles in protection of epithelium and mucosal surfaces through spe-
cific receptors that recognize, capture and ferry specific moieties of pathogens such 
as bacteria, viruses or other microorganisms such as mannose-rich glycoproteins or 
lipopolysaccharides (LPS). APCs are able to produce specific anti-bacterial pep-
tides/cytokines or reactive oxygen species and neurotoxins that kill/destroy the 
infective pathogens or tumor cells. As a result, APCs generate various pro- 
inflammatory (apoptotic or tumoricidal) mediators that interact with and upregulate 
their counterparts in adaptive immune cells for acquired immune responses and 
activation or recruitment of other inflammatory cells [21, 80, 217, 265–285, 336, 
348–369] (see Chap. 6).

With advancing age, naïve T cell population gradually decline while memory 
cells become predominant and tend to cause skewed (hypo-, or hyper-) responsive-
ness toward stimuli as bases for the increased prevalence of age-associated 
 conditions such as asthma, emphysema, ocular and skin allergies, arthritis or neuro-
degenerative and autoimmune diseases or cell growth [21, 80, 280–297, 370–388]. 
Older adults often demonstrate higher allergen sensitization as evaluated by total 
IgE levels. Furthermore, age-related T cell immune deficiency is preceded by intrin-
sic changes within bone marrow stem cells and the involution of the thymus. Bone 
marrow stem cells show decreased affinity for the thymic stroma. Atrophy of the 
thymus is associated with loss of thymic hormone and alterations in T cell function 
as well as changes in metabolic activities of the tissues as integrated factors in dis-
eases processes [21, 80, 81, 289–294, 370–390] (see Chap. 6).

It is noteworthy that the collective alterations in anti-inflammatory and bioener-
getics of aging (e.g., changes in hormonal, metabolic, physiological and mitochon-
drial activities) accompanied by sustained oxidative stress could induce expression 
or co- expression of mismatched growth and apoptotic factors in susceptible tissues. 
The extra caloric intake may additionally disturb the feedback controls of metabo-
lism in tissues in the direction of growth promotion and induction of site-specific 
cancers. Suggestions that caloric restriction and exercise would delay the age- 
related declines of physiological function and chronic illnesses and promote healthy 
aging are biologically logical as obesity and extra caloric intake may additionally 
impair the oxido-redox balance in tissue in favor of growth promotion (see below) 
[21–64, 78–80, 97–138, 155, 158, 176, 247–252].

6.2  Multipotent Hematopoietic Stem Cells

Cells of the immune system are constantly renewed and supplied by the giant manu-
facturer of hematopoietic multipotent stem cells. Well documented data demon-
strate that with aging the thymus involutes and the supply of naïve T cells gradually 
falls causing a reduction in the overall renewal capacity of stem cell. The critical 
deficits that occur in stem cells, particularly changes in T cells, are termed 
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immunosenescence. The inefficiency of immune system to defend against new 
pathogens or cancerous cells and the increased incidence of autoimmune, inflam-
matory and infectious diseases during the aging process is recognized in the last few 
decades (Fig. 3.3) [21–27, 30–56, 178, 193–200, 221, 243–345]. For example, the 
proliferative activity of bone marrow peaks in middle age and then gradually 
decreases in older individuals, a phenomenon perhaps associated with increased 
apoptosis in aging. Consistent with these observations, CD 34+ stem cells mobilize 
less effectively in the elderly when compared to younger donors. Moreover, thymic 
involution, decreased lymphopoiesis along with reduction in the ability of marrow 
stroma to support lymphopoiesis have been reported in aging. Aging also causes 
cumulative expansion of memory cells and increased expression/ co- expression of 
apoptotic (Yin) and wound healing (Yang) mediators. These changes alter CMI and 
HI immune competence in aging [21, 24, 30, 31, 80, 178, 193, 199, 200, 219, 
 288–337, 459, 489].

The changes in multipotent hematopoietic stem cell population originate from 
alterations of bone marrow remodeling and regenerative processes as well as thymic 
and spleen T-lineage committed to stem cell biosynthesis and function. The features 
of immunosenescence are the following three primary changes in hematopoietic 
(innate and adaptive) immune cells that result in skewed immune response  dynamics 
of CMI and HI accompanied by altered vasculature, metabolic and physiological 
activities in organs/tissues [21–50, 80, 186, 200, 226, 244–254, 264–522]:

 (a) A decline in the number of naïve cells due to diminished thymopoiesis;
 (b) An increase in the number of memory cells resulting in abnormal expression of 

cytokines/chemokines, other mediators or antibodies and mucosal secretion 
activities;

 (c) Dysfunctional accumulation of activated effector cells, limited mutations of 
activated effector cells and limited T cell repertoire occupying T cell space.

Upon infection, adoptive immunity provides protection through three basic 
phases of recognition, activation/effector and memory. The age-induced immune 
dysfunction may occur at any of these phases, particularly in the recognition phase 
where the immune response alterations are attributed to intrinsic B cell numerous 
molecular defects including skewed antigen presentation, mucosal secretion, 
reduced co-stimulation, antibody profiles, repertoire constrictions, or a combination 
of colonotypic immune responses as features of immunosenescence [21–27, 30, 
37–50, 80, 186, 200, 226, 266–463].

As schematically represented in Fig. 3.3, myeloid cells, originated from mega-
karyocytes express a number of cytokines and receptor molecules with various 
functions in the genesis of monocytes (MΦs) or granulocytes. There are at least 24 
different immune cell types with distinct genetic profiling (at least 155 reported 
genes). They include innate and adaptive subpopulations/phenotypes, present in 
resting/normal (unstimulated) status or present distinct activities under a wide range 
of acute or chronic inflammatory responses or immunosenescence. Different 
immune cell phenotypes including platelets, innate and adaptive cells inherit expres-
sion of many cytokines and chemokines and receptor molecules with shared, over-
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lapping/compensating or distinct features under specific conditions to main the 
body’s health [21–24, 31, 80, 147–155]. During antigen processing, the major func-
tions of APCs are outlined below:

 (d) Expression of receptor/ligands and surface molecules, such as toll-like recep-
tors (TLRs, IL types), surface molecules (over 100 proteins, such as CD40/
CD40L, CD22, CD73), cytokines such as tumor necrosis factor superfamily (22 
molecular expression entities), complement cascade (at least 12 reported 
genetic profiles). The expression of these factors requires them to recognize and 
bind pathogens or pathogen-processed structures for presentation to other 
immune cells or responses from non- immune cells;

 (e) Expression of innate cell-like (invariant) receptors (e.g., from platelets) for 
ingestion and destruction of microbiomes and prevention (termination) of 
pathogenicity;

 (f) Release of molecular signals to communicate with other immune or non- 
immune cells in the tissue microenvironment or at distance to facilitate inflam-
matory conditions;

 (g) Contribution to signaling molecular responses, facilitating polarization, differ-
entiation and growth of other cells during apoptosis or wound healing or tissue 
repair and remodeling;

Fig. 3.3 Schematic representation of stem cells as the giant manufacturer (pluripotent cells) of 
hematopoietic immune cells. As depicted, growth and differentiation of each immune cell is regu-
lated by induction of expression of special or shared mediators, cytokines, chemokines and growth  
factors. See text
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Therefore, the proper function of stem cells seems to be a key to healthy aging 
for making the body resistance to oxidative stress and delayed on-set of chronic 
diseases. However, longevity and the rate of functional capacities of organ systems 
and susceptibility to disabling diseases vary in individuals, perhaps due to a combi-
nation of genetics, immunological or biological factors as well as the frequency of 
exposure to diverse environmental hazards.

6.3  Cytokine/Chemokine Dynamics: Role of Decoy Receptors 
in Control of Acute or Chronic Inflammation in Health 
and Diseases

Pro- and anti-inflammatory signals from activated immune and non-immune cells 
regulate the levels and efficiency of inflammatory cytokine receptor coupling in a 
variety of inflammatory conditions to maintain the balance between Yin and Yang of 
immune surveillance or the control of immunity.

A major feature in the biology of immune system in aging is upregulation of 
inflammatory responses that seems detrimental to longevity. Data on age-dependent 
increased expression of several cytokines such as IL-2, IFN-γ, TNF-α (identified as 
Type 1), or IL-4, IL-6, IL-10 (identified as Type 2) that influence T cells, particu-
larly CD8+ subset of effector/cytotoxic and memory cells in chronic inflammatory 
state and inability to fight viral infections in aging are not understood and often 
confusing [21–41, 80, 134–138, 203–207, 238–264]. Detailed analyses of several 
reports, however, support the author’s recent hypotheses that loss of balance between 
Yin (pro-inflammatory) and Yang (anti-inflammatory) processes of acute inflamma-
tion is the major force in the induction of chronic state of unresolved inflammation. 
In all likelihood, oxidative stress and aging process lay a foundation for persistent 
viral infections by EBV and CMV or the induction of other illnesses such as hyper-
tension, neurological diseases, cardiovascular problems as well as site-specific can-
cers. In other words, aging and persistent viral infection induce chronic antigenic 
stimulation status (antigen-load, oxidative stress) and generate modifications of 
CD8+ subsets and inability to clear/resolve antigen-(infection)-induced activation 
of immune dynamics. Furthermore, age-dependent expansions of CD-8 + CD28- T 
cells, and co-expression of pro-inflammatory cytokines including CMV-epitope 
specific cells, underline the importance of chronic antigenic stimulation in the 
pathogenesis of immunological alterations that could favor the appearance of 
pathologies (e.g., arteriosclerosis, dementia, osteoporosis, cardiovascular complica-
tions, cancer), all of which share aspects of inflammatory components [21–55, 68, 
80, 266–286].

Further analyses of data demonstrate that stimuli-induced expression of pro- 
inflammatory cytokines and enzymes (e.g., IL-1, IL-6, IL-8, ΤΝF−α, M−CSF, 
GM-CSF, eotaxin, histamine, PGs, LTs, heparin, chymase, tryptase) from activated 
resident (local) and/or recruited inflammatory cells, contribute to the amplification 
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and progression of responses. The required signals to destroy the pathogens are 
often generated in part, by increasing the local concentrations of pro-inflammatory 
mediators produced by resident inflammatory cells or by producing additional cyto-
kines or mediators (e.g., ROS/RNS, TGF-β) from infiltrated macrophages, platelets 
or complement activation to accomplish a function (e.g., removal of an irritant or 
lysing of an infectious agent).

It appears that the major bases for age-associated persistent (chronic/unresolved) 
inflammatory status in the induction of chronic health conditions fall into two prin-
cipal categories:

 1. Loss of vascular integrity and function (vascular toning), further facilitated by 
skewed metabolic responses and impaired immune signals- resulting in increased 
vascular permeability and changes in the balance between angiogeneic and anti- 
angiogenic factors;

 2. Impaired balance in the oxido-redox potentials or bioenergetic features in  tissues/
organ systems, as the principal loss of protective mechanisms of body’s health;

During an inflammatory response, the decoy receptors seem to function as con-
trol switches or checkpoints (feedback mechanisms) that simultaneously initiate the 
termination processes (Yang, wound healing) following the Yin events (Fig. 3.4).

Decoy receptor molecules are agonist-binding proteins that sequester inflamma-
tory cytokines and signaling receptor components during termination or control of 
self-terminating acute inflammation. The cytokine receptor dual function (decoy 
behavior) was originally formulated for IL-1 and IL II receptors. Decoy receptors 
are structurally incapable of participating in signaling receptor complexes. However, 
they are able to sequester ligands that have subsequently been identified for IL-8, a 
member of the IL-1 family, and the TNFR superfamily (e.g., osteoprotegerin)  
[19–30, 80, 227, 250–266, 286–288, 297, 298, 303–311]. An example of exten-
sively studied cytokine and decoy receptor function that is involved in the multistep 
carcinogenesis is tumor necrosis factor-alpha (TNF-α), a cysteine- rich cytokine 
and its receptor molecules (TNFR-1, TNF-Rp55, TNF-Rp75). The TNFRs act as 
transponders of TNF by receiving and transmitting signals that trigger inflammatory 
responses. The TNFR signaling mediates several biologically different functions 
during Yin and Yang of acute inflammation (programmed cell death) for mainte-
nance of tissue homeostasis and elimination of host cells with damaged 
DNA. Environmental or chemical stimuli (exogenous or endogenous) can trigger 
the synthesis and production of TNF-α and its receptor molecules in a variety of cell 
types [e.g., MΦs, T cells (Th1, Th2), DCs, MCs or keratinocytes]. TNFR also has 
proliferative  capabilities for growth of fibroblasts or thymocytes and induction of 
expression of superoxide dismutases to terminate acute inflammation (Yang), likely 
through expression of decoy receptor molecules (e.g., TNFdr). Other decoy recep-
tors that participate in termination event of inflammation (Yang response) or prolif-
eration of other immune or non-immune cells and cancer growth and angiogenesis, 
include receptor molecules for MCSF, iNO, PGE2 and/or histamine (released from 
‘leaky MCs into tissue microenvironment, independent from IgE-fcεR binding) 
[21–27, 80, 200, 227, 265–270, 287–293] (see Chap. 6).

6  Immunosenescence Theory: Connecting the Dots with Oxidative Stress -Skewed…



114

In brief, the expression of apoptotic or pro-inflammatory mediators (Yin events) 
has two distinct features:

 (a) Activation-induced cell death (AICD), which is a specific but ‘peculiar’ com-
plex immune response dynamics for eliminating useless/excess lymphocytes 
that are produced during clonal expansion as a response to tissue antigenic 
stimulation;

 (b) Damaged-induced cell death (DICD), which is a more generalized immune 
response to a variety of cellular insults, particularly oxidative metabolism, bio-
logical byproducts and autophagy/mitophagy function in tissues;

Antigenic-load and the presence of pro-inflammatory status in aging process are 
associated with subtle remodeling on the functions of apoptotic processes in AICD 
and DICD. Other minor or major changes in immune cell function (e.g., changes in 
DCs and MΦs, MCs, NKs functions, or T- and B- cell response profiles) including 
induction of decoy receptor molecules, are likely to contribute to the unresolved 
inflammation and age-induced immunosenescence and initiation of chronic dis-
eases [21–44, 50–60, 80, 226, 240–298].

Accumulation of free radicals (e.g., ROS, RNS, ROO−) signals that the status of 
oxidative-reductive potentials in tissue is imbalanced. Since stimuli-induced acute 
inflammatory responses are initiated through expression of danger molecules or the 
signaling receptors (e.g., TLRs, TNFR), long-standing inflammatory conditions 
(oxidative stress) or the loss of effective defense could also be through altered sig-
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nals of decoy receptor molecules to control acute inflammation. Under-, or over- 
expression of decoy receptor signaling could influence the activities of tissue 
components, such as vasculature integrity; shifts in the ratios of tissue oxidative- 
reductive status and altered synthesis of cell phenotypes (e.g., changes in M1/M2/
TAM or DC1/DC2) that would lead to tissue growth-arrest or growth-promotion, or 
altered tumoricidal vs. tumorigenic ratios of immune cells (Figs. 3.3 and 3.4).

6.4  Role of Natural Killer Cells in Aging: Skewed Cytotoxicity

Natural killer (NKs) cells have important and diverse functions within innate immunity 
as first line of defense. Recent studies demonstrate critical roles for NKs in reproduc-
tion and the most abundant cells (50–70%) at the maternal/fetal interface for induction 
of angiogenesis through specific MHC molecules. They also participate in control of 
adaptive immune cells and memory responses [21, 305, 312–328]. While the absolute 
number of NK cells, and the IFN-γ production and phagocytosis are increased in aging 
individuals, the NK-cell cytotoxicity on a ‘per-cell’ basis and the response to IL-2 is 
impaired. Age-associated increases in NK cells and in T cells expressing NK receptors 
was suggested to play a beneficiary role in immunosenescence and these effectors 
might blunt the growth of neoplastic cells in older individuals.

In the innate immune system, the levels of cytotoxic activities of natural killer 
(NK) cells has been shown to play critical roles in inhibiting tumor growth and metas-
tasis in a number of studies. However, whether the inherent dual roles NKs (mature vs 
immature phenotypes) of immune surveillance is skewed during aging or carcinogen-
esis and metastasis are not well understood. Analyses of recent data suggest that cyto-
toxicity of human NKs and the presence of CD56 for lysing infected cells or 
oncogenically transformed cells may be altered by growth factors and membrane pro-
teins such as human aspartyl-β-hydroxylase (HAAH), a member of the α-ketoglutarate-
dependent 2,3 dioxygenase family that hydroxylates epidermal growth factor 
(EGF)-like domain in transformation-associated proteins [21, 305, 312–328].

Under certain inflammatory conditions, NKs may be considered as humoral as 
well as, cellular elements of the immune system for initiating crosstalk between 
innate and acquired/adoptive immunity through activation of vascular components. 
Some of the critical deficits in immunosenescence occur in stem cells and NKs, 
particularly, causing changes in T cell subpopulations that underlie the functional 
deficits of aging and extractable recovery from therapy [21, 80, 305, 312–328].

A number of reports show there are three primary changes in NKs-T cell func-
tion in aging:

 (a) Decline in the number of naïve cells due to diminished thymopoiesis;
 (b) Increased number of memory cells resulting in increased cytokine production;
 (c) Dysfunctional accumulation of activated effector cells of limited T cell muta-

tion and skewed T cell repertoire.

As noted above, while the absolute number of NK cells and the IFN-γ production 
and phagocytosis increases in older individuals, the NK-cell cytotoxicity on a ‘per-
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cell’ basis and the response to IL-2 is impaired. Age-associated increases in NK 
cells and in T cells expressing NK receptors was suggested to contribute and benefit 
immunosenescence that might blunt the growth of neoplastic cells in older individu-
als [21, 80, 305, 312–328].

6.5  T Cell Immunity in Aging

T cell dysfunction is associated with reduced thymic generation of naïve T cells, 
virus-induced expansion of terminal effectors and increased levels of memory cells 
producing skewed pro-and anti-apoptotic responses. One of the most critical com-
ponents of the immune system during aging process is alterations in T cell immu-
nity. The mechanisms that alter the normal homeostatic balance of T cell 
subpopulations during the aging process and stimulation of pro- inflammatory 
 cytokine production and perpetuating large oligoclonal populations of immune dys-
functional cells are the topics of intense investigations [21, 22, 132, 133, 188, 232, 
238–241, 243–246, 329–345]. The diminished diversity of the T cell receptor reper-
toire in aging, in all likelihood, is primarily due to two interdependent conditions:

 (a) Elevation of pro-inflammatory cytokine milieu present in the elderly;
 (b) Persistent oxidative stress-induced additional changes in the ratios of immune 

cells in the direction of Th2 and Treg expression;

A crucial event during an innate immune response is the process of antigen rec-
ognition and presentation by antigen presenting cells (APCs), to specific immune T 
cells for destruction. Both DCs and macrophages have been demonstrated to pos-
sess diverse functions depending on their microenvironments. Age-induced declines 
in T cell repertoire and accumulation of memory effector cells and genesis of oligo-
clonal complexes (megaclones) cause a condition of ‘antigen-load’ that could 
changes the dynamics of effective immunity in defending the vulnerable tissue 
against ubiquitous infectious agents or new antigen challenges. Age-associated 
changes in T cells include shifts in the population of subtypes of naïve and memory 
T cells which changes the cytokine profiles and T cell proliferative and cytotoxic 
responses. However, despite the extensive research on characterizing the alterations 
(decreases) in T cell immunity in elderly, little is known about correlation between 
immunological changes and clinically relevant decline in health outcomes. It is 
therefore essential to understand the details of alterations in T cell immunity, the 
potential relationships with vascular function as well as oxidative- reductive status 
so that the future of clinical interventions can be designed according to the extent of 
such changes to better manipulate and restore these fundamental systems for the 
aging population [30, 31, 309–342].

Overall analyses of data on the role of T cells in the induction of chronic diseases 
demonstrate that the formation of oligoclonal complexes results from accumulation 
of combined defects in one or more interdependent immune regulatory events 
including:
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 (i) Changes in immune response dynamics due to modifications of T cell MHC- 
binding regions (epitopes);

 (ii) Alterations in antigen processing components that influence accumulation of 
terminally differentiated effector T cells;

 (iii) Increased accumulation of genetic errors, leading to exaggerated or mis-
matched expression and synthesis of apoptotic and wound healing mediators 
(creating sustained inflammation);

 (iv) Skewed expression of Th1/Th2 and Treg in response to infective agents;
 (v) Skewed lymphocytes clonal expansion or polyclonal complexes and inability 

of immune and non-immune systems to properly respond to new challenges 
(e.g., viral, bacterial, neoplastic cells or vaccines);

 (vi) Release of histamine, a vasoactive component from activated (‘leaky’) MCs, 
into microenvironment of vulnerable tissue;

 (vii) Minor or major damages in mitochondrial oxidative phosphorylation and 
energy status of tissue, contributing to frailty; 

 (viii) Enhanced vulnerability of aging body toward new antigens and infective 
agents in the induction of chronic illnesses or cancer (Figs. 3.3–3.5).

The changes (decreased) in the ratios of Th1: Th2 responses are likely important 
contributing factors in age-associated immune dysfunction and multistep 
 carcinogenesis. Release of histamine, an important vasoactive pro-inflammatory 
mediator (alkaline) from activated MCs, not only promotes a Th2 response, but it 
also induces polarization of DCs into Th2 cell-promoting effector DCs or DC2 s via 
interaction with the Th2 receptor, leading to immune suppression and carcinogen-
esis. Inhibition of histamine-receptor (H2) to reverse the polarization of activated 
DCs back to Th1 response and improve immune function in the frail elderly has 
been postulated [21, 46, 80, 344, 392, 395, 399–422].

The intrinsic process of T cell activation requires interaction between the T cell 
and antigen presenting cells (APCs). APCs are responsible for the uptake,  processing 
and presentation of antigen in association with distinct major histocompatibility 
complexes (MHC) epitopes to antigen receptors on T cells [80, 337, 344, 392, 395, 
399–422]. APCs work along with cytokines to initiate and determine the outcome 
of effector T cell responses.

Given the predominance of the Th2 and Treg response in the elderly, vaccine 
strategies may need to focus on mechanisms where humoral immunity predomi-
nates. In addition, nutritional supplements such as vitamin E, minerals, Cox-2 
inhibitors that have shown initial promise for immunomodulation require further 
systematic investigation to ascertain their role in manipulating the immune system 
[21, 47, 80, 97–99, 327, 331, 337, 345, 399–422].

The T cell population displays an age-dependent decline of the absolute number 
of total T cells (CD3+), involving both CD4+ and CD8+ subsets, accompanied by 
an increase of NK cells with well preserved cytotoxic function and by a reduction 
of B cells. As noted above, one of the main characteristics of the immune system 
during aging is a progressive, age-dependent decline of the virgin T cells (CD95-), 
which is particularly profound at the level of the CD8+ subpopulation of the oldest 
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old subjects. The progressive exhaustion of this important T cell subpopulation 
dedicated primarily to the defense against new antigenic challenges (viral neoplas-
tic, bacteria or pathogen-specific vaccines), could be a consequence of both the 
thymic involution and the lifelong chronic antigenic stimulation. The immune func-
tion of the elderly, therefore, is weakened by the exhaustion of CD95- virgin cells 
(TH0) that are replaced by large clonal expansion of CD28- T-cells. The origin of 
CD28- cells has not been completely clarified but it is assumed that they present 
cells in the phase of replicative senescence characterized by shortening telomeres 
and reduced proliferative capacity [329–337, 339–350].

In brief, upon maturation, T cells polarize into either T helper 1 (Th1) or Th2 
cells, based on their cytokine profile.Th1 and Th2 cells represent two polarized 
forms of T helper cells. T cells which express patterns of both Th1 and Th2 cells are 
designated Th0 cells and they mediate intermediate effects that depend on the ratio 
of cytokines produced and the nature of responding cells. Th1 cells are involved in 
coordination or mediation of inflammatory or immune responses against bacterial, 
viral, and parasitic infections as well as other allergens or pathogens. The major 
cytokines associated with Th1 responses are interferon gamma (IFN-γ), tumor 
necrosis factor-β (TNF-β), interleukin-2 (IL-2) and IL-12. Impairments of Th1 
responses have been associated with the pathogenesis of organ-specific autoim-
mune disorders, such as Crohn’s disease, sarcoidosis, and unexplained recurrent 
abortions.

Th2 cells produce cytokines such as IL-4, IL-5, IL-6, IL-9 and IL-10. These 
cytokines are associated with humoral immunity and evoke a strong antibody 
response in certain diseases such as in accelerated progression from HIV infection, 
and AIDS, various atopic and inflammatory disorders, parasitic infections and 
allograft tolerance [21, 285, 329–337, 339–350].

Better understanding of the roles of Th1 and Th2 cells is of paramount impor-
tance for comprehending the mechanisms of protection against infectious agents 
and the pathogenesis of immunopathologic disorders as well as for the future direc-
tions for development of novel therapeutic strategies.

6.6  B Cells and Lymphoid Organ Function in Aging

The lymph nodes (LNs) and spleen have highly organized structural features that 
would allow interaction between T and B cells and the antigen-presenting dendritic 
cells (DCs) on a matrix made up by stromal cells. The optimal structure of the LNs 
and spleen require formation of tertiary lymphoid organs (TLOs) at the sites of infec-
tion or chronic immune stimulation and genesis of germinal centers. The knowledge 
gaps and controversies on the molecular mechanisms of TLOs formation and func-
tions of these structures under a wide range of inflammatory conditions such as 
infections, transplantation, autoimmunity, humoral immunity (HI), as well as, aging 
processes, make it difficult to better appreciate the important roles that these immune-
responsive systems play in health or diseases [21, 24, 30, 31, 336, 344–349].
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The reported decreases in circulating memory B cells and germinal center for-
mation in the elderly are suggestive of altered function of follicular dendritic-cells 
that also skew T cell responses and virus-induced expansion of terminal effectors 
and increased tissue levels of memory cells. The observed loss of response dynam-
ics in innate immune cells and T and B cell subpopulation (cell-mediated immunity-
CMI and humoral immunity-HI) in aging suggests their significant contributions in 
the increased risk of many infections, autoimmune diseases and other chronic health 
problems such as cancer in older adults. In addition, the response to vaccination that 
requires CMI-induced humoral response is significantly decreased in the elderly. 
Although memory lymphocytes can proliferate fairly rapidly upon stimulation with 
specific antigens; in general, the generation of such responses in the lung is not 
necessary unless components of innate immunity are overwhelmed by pathogen 
challenges that cannot be contained primarily by the innate immune system [21, 
329–336, 339, 364].

Oxidative stress-induced skewed clearance ability of immune system and gen-
eration of dysfunctional lymphocytes could be viewed as additional foreign ele-
ments (self antigens), adding to the ‘pool’ of antigen-load and potentiating 
inappropriate immune responses and the induction of hyper- or hypo-sensitivity 
reactions or cross-reactivity, toward a wide range of stimuli that are not normally 
considered antigenic.

Several studies demonstrate the interactions between thymic epithelial tissues 
and thymocytes in experimental models of aging [21, 23, 131, 132, 133, 238, 239, 
244–246, 249, 262, 363, 364]. The analyses of data illuminated many of the funda-
mental signaling pathways that are involved in regulation of thymopoiesis and the 
critical control points that potentially could reverse the age-associated thymic invo-
lution or immune reconstitution. For example, increased in thymopoiesis was shown 
in animal models of age-induced thymic involution after marrow transplant, by 
treatment with IL-7, growth hormone (GH) and Keratinocyte growth factor (KGF). 
GH therapy was shown to also enhance bone marrow cellularity and multi-lineage 
hematopoiesis, although improvement in follicular dendritic cells or B cells has not 
been established [21, 32, 244, 249, 363, 364].

The extension of these studies and applications of growth hormones or other 
cytokines involved in thymopoiesis and related marrow transplant for human should 
await a better understanding of the fundamental immunobiological heterogeneities 
that are unique to humans, particularly when therapeutic approaches are considered 
for site-specific cancers.

6.7  Germinal Center Dynamics: Antibody-Forming 
and Memory Cells

During germinal center (GC) reaction, B cells receive signals to produce high–affin-
ity, isotype-switched antibodies as well as differentiate to memory cells or antibody- 
forming cells (AFCs). Therefore, changes in the GC reaction can dramatically affect 
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humoral immunity. In aged animals, GCs are fewer in number and smaller. 
Antibodies from aged individuals exhibit less somatic mutation and are of less affin-
ity [21, 41, 137, 356, 363, 364]. In an analysis on heavy genes and lineage trees of 
post-GC B cells, the mechanisms of somatic hypermutation was found to be intact 
in aged mice, and the changes in mutations observed in antibodies from aged ani-
mals were thought to be due to founder cells effects and/or the process of selection 
[342–346]. Additionally, striking tissue-specific differences were seen. Many of 
these observations of diminished germinal center responses can be attributed to 
poor APC (FDC) and Th cell function. During GC reaction, some B cells are trig-
gered to enter the memory cell pathway. It is clear then, that a poor GC response in 
the elderly can attribute not only to the inability to clear an existing infection, but 
also the inability to protect against future infections. Defects in B cell memory are 
reported at all stages, from generation of memory cells in the GC to poor mainte-
nance of the memory cells due to defective iccosomes, to ineffective reactivation of 
low-affinity, non-isotype-switched clones [41, 137, 138, 356, 363, 364]. B cell 
themselves may be defective in generating memory. GC reaction was suggested to 
be intact in aged mice, but its function merely delayed for B cell antibody produc-
tion as demonstrated in a number of studies. Using murine model of aging it was 
shown that aged B cells were able to produce high affinity, isotype- switched anti-
bodies in response to TD antigen, when provided with an appropriate environment. 
Another plasma cell population, the long-lived bone marrow plasma cells are 
decreased in number and have fewer germline mutations than AFCs in young ani-
mals [138, 356, 363, 364]. These studies suggest that B cell responses in aged ani-
mals are not defective but may merely have slower kinetics or decreased 
specificity.

6.8  Role of Neutrophils in Remodeling Extracellular Matrix 
and Angiogenesis

Polymorphonuclear cells (PMNs) are not a major constituent of the leukocyte infil-
trate, but they might have a key role in triggering and sustaining the inflammatory 
cascade. Analyses of several reported data suggest that neutrophils participate in 
acute inflammatory processes, particularly during termination of inflammation 
(Yang or wound healing) and/or induction of tumorigenesis [21, 31, 365, 366, 367, 
369, 393]. Briefly, during termination of an acute inflammation (Yang), neutrophils 
respond to signals of IL-8, expressed from activated innate immune cells, and 
release a series of enzymes that are involved in remodeling of the extracellular 
matrix (ECM) and neovascularization of target tissue. Activated neutrophils ini-
tially adhere to vascular endothelium and then potent binding occurs during this 
reaction. Adhesion molecules expressed on granulocytes such as CD11a, CD11b, 
CD18 are involved in these phenomena. After the initial reactions, granulocytes 
migrate out of blood vessels via LFA-1 (CD11a.CD18) and Mac-1 (CD11b/CD18) 
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to exert bactericidal effects [21, 31, 365–367, 369, 393, 492–497]. Neutrophils-
induced ECM remodeling involve activation of enzymes, such as matrix metallo-
proteinases (MMPs) including MMP-9 (gelatinase B), a family of Zn2+-dependent 
extracellular proteases, to initially digest extracellular components (acting initially 
in the apoptotic arm of Yin process?). Following their actions, these enzymes are 
inhibited or inactivated by the tissue inhibitors of metalloproteinases (TIMPs). 
Neutrophils activation by IL-8 signaling and ECM remodeling processes also 
involve release of specific sulfatase and heparanase and growth factors (e.g., bFGF, 
chemoattractants) expressed from activated vascular endothelial cells and lympho-
cytes. The ECM remodeling events would allow activation and migration of neutro-
phils and expedite the recruitment of other immune cells responding the inflammatory 
cascade established by IL-8 release. It is suggested that the action of enzymes and 
growth factors that are involved in remodeling of the extracellular matrix provide 
less resistance or temporary loss of matrix integrity during termination of inflamma-
tion. Under oxidative stress or during carcinogenesis, lack of ECM resistance could 
provide an opportunity to facilitate influx of clumps of tumor cells and take advan-
tage of the diminished cell-cell interactions in favor of tumor infiltrations and sub-
sequent metastasis in secondary organ systems. Therefore, the presence of growth 
or wound healing factors could facilitate tumor angiogenesis and create an environ-
ment to further use wound healing signals such as IL-8 to attract neutrophils for 
remodeling in favor of tumor angiogenesis. Indirect support for the suggestion 
comes from analyses of related data that show another cytokine such as M-CSF 
induces cytokine production by monocytes (e.g., MΦs) and secondarily enhances 
expression of cell adhesion molecule (CAM) and superoxide anion production by 
granulocytes. In this process, IL-8 was reported to accelerate granulocyte chemo-
taxis and expression of adhesion molecules such as Mac-1 (CD11b/CD18), as well 
as synthesis of superoxide anion production by granulocytes [21–23, 31, 32, 80, 
171, 276, 368, 497]. Teranishi et al. [368] showed that IL-8 production by mono-
cytes from ovarian cancer patients, at day 14 after chemotherapy, dose-dependently 
increased with M-CSF, while the levels of GM-CSF and G-CSF secretion were not 
influenced. In general, the biological systems involved in IL-8 production by mono-
cytes seem to have important roles in activation and expression of other cytokines 
such as the M-CSF and potential improvement of granulocyte functions. They also 
could secondarily enhance neutrophils chemotaxis that are further influenced by 
IL-8 expression of monocytes.

6.9  Mast Cells: Innate Immune Cells Possessing Effector Cell 
Properties

In mammalians, including humans, mast cells (MCs) as other immune cells origi-
nate from the hematopoietic lineage. MCs complete their differentiation in various 
peripheral tissues, and ubiquitously present in organs throughout the body. 
Originating from CD34+ progenitor cells in the bone marrow, mast cells circulate 
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as undifferentiated mononuclear cells in the peripheral circulation and express c-kit 
(CD117), the receptor for stem cell factor [21–26, 30, 50, 51, 80, 367, 373–382]. 
MCs have tendency to localize around blood vessels, nerves, glandular duct as well 
as inflammatory neoplastic foci (Figs. 3.4 and 3.5). All MCs possess common char-
acteristics of cytoplasmic granules storing biogenic amines (e.g., vasoactive hista-
mine) and acidic proteoglycans (e.g., heparin), expression of plasma membrane 
receptors binding for IgE antibodies, cytokines and neutral proteases. However, MC 
populations are heterogeneous and show marked differences in their phenotypic 
expression of different proteases in their granules in distinct anatomical sites. Mast 
cell containing tryptase (MCT), also known as immune cell associated MCs, are 
predominantly located in the respiratory and intestinal mucosa, where they co-
localize around T lymphocytes. MCs containing both tryptase and chymase (MCTC) 
are predominantly found in connective tissue areas of the skin, conjunctiva and 
synovium. MCs stain metachromatically, because of the presence of sulphated gly-
cosaminoglycan heparin. In many organs and under physiological conditions, MCs 
are numerous and close to the capillaries. Maintenance of MCs growth is facilitated 
by dermal endothelial cells expressing growth mediators and chemotactic stem cell 
factor (SCF) [21–26, 30, 50, 51, 80, 367, 373–382, 386, 397–403, 405–418].

Possessing and expressing a wide range of biologically active mediators within 
their granules and cellular membranes, mast cells are considered multipotent effec-
tor cells of the immune system. Mast cells express a number of functionally impor-
tant cell surface antigens and growth factors, such as stem cell factor receptor 
(SCFR also called kit ligand or CD117) as well as immunoglobulin E receptor 
(IgER, FC high affinity epsilon receptor). Tryptases (alpha and beta) are selectively 
and abundantly produced by mast cell degranulation and the levels of tryptase in the 
circulation provide a precise indicator of mast cell activation [e.g., during anaphy-
laxis]. Systemic anaphylaxis arises when mast cells, possibly along with other cell 
types, are provoked to secrete mediators that evoke a systemic response including 
vascular hyperpermeability reactions. Generally, in anaphylaxis elevations of hista-
mine levels in circulation have been detected. However, suggestions of involvement 
of other innate immune cells such as basophiles and release of additional histamine 
in genetically modified food allergy-induced conditions such as asthma, utricaria, 
angioderma, atopic dermatitis, conjunctivitis, shock and cardiac arrhythmias 
deserve further studied (see Chaps. 5 and 6) [21].

Upon activation, MCs can induce or promote degranulation, migration, and/or 
cytokine production through respective ligand binding. Interactions and communi-
cation of external and internal molecules of activated mast cells can mediate surface 
molecule adhesion and also cell aggregation. The extent of mast cell activation and 
physiological responses e.g., expression of critical molecules on the surface of mast 
cells, depends not only on the extent of signal on the effected tissue/organ environ-
ment, but also on the stage of cell maturation. Under a variety of conditions mast 
cells express variable amount of activated surface antigen proteins such as CD25, 
CD63, CD69, CD88; cell recognition molecules, such as CD2, CD11, CD18, CD 
50, CD54 or cytokine receptors [21, 80, 367, 373–382, 386, 397–403, 405–418].
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MCs are recognized as the key cells in immediate or type 1 hypersensitivity 
 reactions. However, their distribution throughout serosal and mucosal tissues and 
their close proximity to blood vessels have suggested their involvement in several 
other diseases. The number of MCs, primarily non-functional MCs, rise in patho-
logical conditions often during oxidative stress involving increased angiogenic 
activity, such as psoriasis, atherosclerosis, rheumatoid arthritis, haemangioma and 
other neoplasms and tumorigenesis [21, 80, 367, 373–382, 386, 397–403]. We sug-
gested that the rise in number of MCs, was due to oxidative-stress-induced produc-
tion of unscheduled (not fully granulated) or increased in number of ‘leaky’ mast 
cells [21–26, 50, 80]. The extent of mast cell granulation and degranulations, or 
“leakiness” could determine the tumoricidal vs tumorigenesis function of MCs and 
contributions in cell growth. It was further hypothesized that the release of low-level 
histamine (independent from antigen-specific IgE-fc binding receptor aggregation), 
from ‘leaky’ or exhausted MCs in the microenvironment of tissue could signal for 
induction of angiogenesis and tumorigenesis (Fig. 3.5). Similar to allergic rhinitis, 
the atopic dermatitis, asthma, or conjunctivitis are often accompanied by increased  
circulating IgE. However, the circulating levels of IgE may not always correlate 
with the extent of clinical reactions as we reported for conjunctival- associated lym-
phoid tissues (details in Chaps. 4 and 6) [21, 23, 50]. In acute (immediate) inflam-
matory responses or hypersensitivity (type1) reactions, activation of MCs leads to 

Fig. 3.5 Schematic representation of mast cells activities in chronic inflammation and the induc-
tion of angiogenesis and tumorigenesis. Modified from Khatami [30] Exp.Opin. Biol. Ther. 2008. 
All rights reserved. See text.
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crosslinking of receptor molecules Fcε RI-IgE and release of preformed vasoactive 
mediators such as histamine, synthesis of prostaglandins and leukotrienes, and the 
transcription of several other inflammatory cytokines, oxidants and neurotransmit-
ters (Fig. 3.4) [21, 80, 367, 373–382, 386, 397–403]. The inflammatory mediators 
rapidly induce mucosal edema and mucus secretion, constriction of smooth muscle 
and hyperpermeability of vasculature to facilitate inflammatory cell infiltration.

Histamine, a potent vasoactive mediator of mast cell degranulation, exerts its 
effects via at least three receptors, H1, H2 and H3 expressed on vascular endothelial 
and lymphoid cells and the neuronal systems including the brain [21, 22, 50, 51, 80, 
386, 397–403]. Histamine is a regulator of inflammatory responses and promotes 
allergic reactions, gastric acid secretion, and tumorigenesis. Studies using antibody 
titers and delayed type hypersensitivity reactions in rats demonstrated H2 selective 
antihistamines improved responses in HI and CMI. Analyses of data on using hista-
mine H2 antagonists demonstrated boost of the proliferative response of T cells to 
IL-2 and improved healing of Herpes Zoster as well as increased survival of patients 
with gastric and colorectal cancers. The overall analyses of data on these and related 
studies on inhibition of histamine receptors seem to support the author’s hypothesis 
that using mast cell stabilizers may be immunologically effective in preventing mul-
tistep pathways of tumorigenesis in mast-cell dependent tissue growth stimulation 
(details in Chap. 6 ) [21, 50, 80]. Among several mediators affected by continuous 
release of histamine into the target tissue are inhibition of apoptotic cytokines (e.g., 
IL-12, involved in Th1 responses or Yin), stimulation of IL-10 (mediated by H2 
receptor during Th2 response and immunosuppressive or Yang) [21, 22, 50, 51, 80, 
284, 285, 306, 307, 340, 360, 386, 397–403]. It was suggested that continuous 
release of histamine signals for shifts (decrease) in the dynamics of adaptive immune 
cells (Th1/Th2 ratios), similar to, or contributing to the response shifts occurring in 
favor of Th2 response immune compromise, and the observed increased allergic 
reactions in frail elderly (details in Chap. 6 ) [21, 80]. The hypothesis is further 
 supported by an increased severity of inflammatory responses and inappropriate 
feedback control loop observed in atopic disorders and increased asthma in aging. 
The evidence also supports the use of H2 antihistamines to restore the Th2/Th1 and/
or downregulate Th2 responses seen in the elderly. If the Th2 response could be 
restored to a level that is seen in the healthy individuals, a more normal Th1/Th2 
ratio would result in improvement of immune function.

Through H1 and H2 receptor molecules, histamine also polarizes human imma-
ture DCs (DC1) into Th2 cell-promoting effector DCs (DC2 or TADCs) that would 
contribute to the immune suppression [21–27, 80, 308, 419, 420, 424]. As previ-
ously suggested, in acute inflammation, histamine initially signals for Th2 polariza-
tion and expression of growth factors for termination of inflammation. However, 
prolonged release of histamine (independent of IgE-binding to receptor occurs by 
‘leaky’ MCs) is likely an attempt to induce termination of inflammation by induc-
tion of Th2 polarization (Yang). Overexpression of the CSF-1 and/or its receptor 
c-fms in mammary glands of transgenic mice results in hyperplasia and tumor for-
mation [226]. Binding of CSF-1 to its receptor c-fms, which is a cell surface recep-
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tor belonging to a family of tyrosine kinase receptors, results in the dimerization 
and phosphorylation of c-fms, leading to macrophage proliferation via signal trans-
duction pathways. Studies involving certain hematopoietic growth factors, such as 
CSF-1, have demonstrated that these substrates also affect normal and malignant 
cells of nonhematopoietic origin. Involvement of MCs and/or high expression of 
CSF-1 has been associated with a variety of disorders such as stroke, conjunctivitis, 
gynecological cancers (ovarian adenocarcinoma), non-Hodgkin lymphoma and 
hyperplasia, neoplasia and other cancers [21, 22, 23, 80, 226, 384, 389].

It is suggested that the release of low-level histamine, a negatively charged vaso-
active agent, produced non-specifically in the microenvironment of tumor  associated 
MCs (TAMC) or ‘leaky’ MCs is an immune suppressor, similar to production of 
arginine (also a negatively charged/alkaline amino acid) release from activated MΦs 
(TAMs or M2 phenotype) in the direction of tumor growth promotion (Figs. 3.4. 
and 3.5) [21, 22, 23, 80].

Mast cells have been shown to directly and indirectly influence growth and cel-
lular functions of eosinophils, macrophages and T cells. The mediators involved, 
include T cell-derived IL-5, granulocyte-macrophage colony-stimulating factor 
(GM-CSF). These mediators also play a role in eosinophil activation, chemotaxis, 
and macrophage growth promoting activity. Mast cells also induce the release of 
factors/cytokines for program cell death, tumor necrosis factor-α (TNF-α) that inter-
acts with eosinphil chemotaxic during apoptosis and cell growth arrest. Furthermore, 
synthesis and release of factors, such as mast cell/stem cell factor (SCF)-c-kit and 
its receptors regulates the function of mast cells. The level and nature of cytokines 
and chemokines present in the tissue would perhaps produce signals that regulate 
the activation or suppression of oncogene pathways such as Ras-MAPK through 
c-fos gene expression and induction of cancers or other systemic diseases (Figs. 3.4 
and 3.5) [21–26, 50, 80, 375–382].

6.10  Function of Dendritic Cells in Immunity and Aging

Dendritic cells (DCs), originate in the bone marrow and found in peripheral sites of 
antigen uptake (skin, spleen, thymus, colon and synovia) as well as the blood. They 
are routinely responsible for initiation, activation and outcome of effector T cells 
(Th1 or Th2) resulting in immune responses. Resting immature DCs, also called 
DC0s, are derived from monocytes and are highly efficient for capturing foreign 
antigens. DCs form a network of sentinel cells in the periphery to capture and trans-
port/ferry pathogenic antigens to secondary lymphoid tissues. Therefore, DCs are 
crucial for the initiation of primary immune responses [21, 52, 80, 308, 335, 
 419–422, 424–431, 439].

At least two classes of dendritic cells are considered as highly specialized APCs. 
However, other phenotypes of DCs have been identified in site-specific tissues 
under a wide range of inflammatory conditions and experimental model studies. 
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The following outlines the origins and basic function of dendritic cells in 
immunity:

 (a) Class 1 DCs – induction of tolerance. Derived from bone marrow, DCs pres-
ent the processed antigen to T cells and act as ferry for delivery/presentation of 
processed antigens to the naïve and memory T cells resulting in CD4+ and 
CD8+ immunity and tolerance. These cells do not synthesize antibodies or 
many cytokines and are not normally involved in phagocytic or antimicrobial 
activities.

 (b) Class 2 DCs-follicular dendritic cells (FDCs): FDCs are involved in presenta-
tion of native antigens as immune complexes to B cells to develop antibody 
memory-affinity maturation and immunity. The origins of FDCs are not clear 
but they may also arise from bone marrow.

Immature DCs (DC0 s, resting cells) are thought to undergo step maturation or 
transition (polarization) from type 1 (tumoricidal) dendritic cells (DC1) and type 2 
(tumorigenic) dendritic cell phenotypes (DC2) during stimuli-induced migration 
and under the influence of growth factors/cytokines such as IL-1β [419–422, 424–
431, 439, 452]. The inflammatory signals, that are involved in DCs maturation and 
migration to lymphoid organs, also induce a chemokine receptor switch, which nor-
mally cause down-regulation of inflammatory receptors (such as CCR1, CCR2, 
CCR5) and induction of CCR7, perhaps as contributing signals for termination of 
an acute inflammation (Yin-Yang). For example, as noted above, concomitant tissue 
exposure to lipopolysaccharide (LPS, stimuli) and IL-10, blocks the chemokine 
receptor switch associated with DC maturation. LPS + IL-10-treated DCs showed 
low expression of CCR7 (signal for apoptosis Yin arm?) and high expression of 
CCR1, CCR2 and CCR5. These chemokines receptors were unable to elicit migra-
tion. Relevant data showed that uncoupled receptors expressed on mixture of LPS+ 
IL-10-treated cells sequester and scavenge inflammatory chemokines. Similar 
results were obtained for monocytes exposed to activating signals and IL-10. Thus, 
in an inflammatory environment, it is likely that IL-10 generates functional decoy 
receptors on DC and monocytes, which act as molecular sinks and scavengers for 
inflammatory chemokines, to regulate and terminate (resolve) inflammation [21–27, 
419–422, 424–431, 439, 452].

Again, since small numbers of DC are sufficient to induce an immune response, 
DCs are the most potent stimulator cells of T cells. Analyses of related data suggest 
that in addition to their roles for presentation of processed antigen to T cells during 
the induction of tolerance, DCs seem to be the only APCs capable of presenting 
novel antigens, to resting naïve T cells to initiate the primary immune response. This 
important feature of DCs has currently become the focus of considering DCs as 
prime targets for immunotherapy. Therefore, due to the highly importance of the 
DCs, any minor modulation in DCs function could result in significant alterations in 
immune responses. As recent data suggested, methods could be developed in the 
near future to provide elderly individuals with protection through enhanced route of 
administration, such as repeated vaccination (details in Chaps. 5 and 6) [422,  
424–431, 439, 452].
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Major or minor alterations in the number or function of DCs are associated with 
immune dysfunction, in chronic/persistent inflammation and the aging process 
 [21–27, 80, 422, 424–431, 439, 452]. These changes include:

 (a) Oxidative stress-induced DCs polarization to DC2 phenotypes (perhaps on both 
classes of DCs) and maturation processes resulting in the loss of capacity to 
capture antigen, increased capacity to present processed antigens to T cell due 
to increased expression of surface molecule involved in chemotaxis and T cell 
activation of major histocompatibility complexes I and II and costimulatory 
molecules (e.g., (CD-40) or potential loss of tolerance to antigens that  ordinarily 
do not stimulate responses from T cells.

 (b) Mature DC2 also produce T cell stimulatory cytokines IL-12 and IFN-γ. Soon 
after antigen specific interaction with T cells, mature DC undergo apoptosis via 
CD40 and FAS ligation, a mechanism thought to regulate unnecessary and 
excessive T cell or perhaps natural killer cells activation and expansion.

While, the current approaches to modulate the activities of DCs for, immuno-
therapeutic vaccination methods against infectious diseases in frail older adults are 
attractive, applications of such strategies require detailed understanding of the 
potential interactions and synergies between DCs and other APCs in site-specific 
tissues for effectiveness of such approaches as we recently demonstrated in 
conjunctival- associated lymphoid tissues [22, 80] (details in Chaps. 4 and 6).

6.11  Role of Macrophages in Acute and Chronic Inflammation 
and Aging

Macrophages are terminally differentiated cells of bone marrow derived from 
peripheral monocytes and reside in tissues (Fig. 3.3). In general, activation of mono-
cytes by pathogens/microbial or their fragments, cause expression of pro- 
inflammatory death signals and mediators leading to migration into tissues and 
differentiation to pro-inflammatory cells or MI (tumoricidal), which are involved in 
the destruction of microorganisms and neoplastic cells. M1 function includes acti-
vation of other innate and adaptive immune cells and non-immune (vasculature, 
metabolism and neuronal) responses that facilitate enhanced synthesis and release 
of pro-inflammatory cytokines such as TNF-α, IL-1, IL-6, IL-12, and IL-23 and 
expression of chemokines such as CCL5, CCL8, CXCL2, and CXCL4 (Figs. 3.3 
and 3.6) [21–26, 80, 260, 308, 337, 367, 368, 384, 393, 435–451, 504].

Macrophages occupy distinct regions of lymphoid tissues in the gut and mucosa. 
MΦs are influenced and activated by signals from intracellular microbial cell walls 
and by cytokines (e.g., TNF or IFN-γ), to produce numerous cytokines, enzymes, 
reactive oxygen species/ROS, reactive nitrogen species/RNS to kill intracellular 
microbes and to clear antigens, from the B cells and/or follicules of the lymphoid 
organs, the mucosal surface of the gut and the circulation. In addition, B cell prolif-
eration and induction of plasma cell for specific antibody production are influenced 
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by signals from surface Ig receptor proteins of immune cells or lymphocyte-derived 
cytokines (lymphokines) such as IL-2, IL-4, IL-5, under inflammatory conditions, 
and could influence the dynamics of immune responses [balance between tumori-
cidal (Yin) and tumorigenic (Yang) properties] in the direction of tissue necrosis or 
growth and induction of chronic diseases (Figs. 3.5 and 3.6).

Fig. 3.6 Schematic representation of pleiotropic properties (duality) of macrophages (MΦs) in 
acute and chronic inflammation. Self-termination acute inflammation induces generation of a wide 
range of precise signals for apoptotic and wound healing from activated MΦs in their M1 and M2 
(tumoricidal vs tumorigenic) phenotypes (A, left panel, Yin = Yang). The mediators include tumor 
necrosis factor alpha (TNFα), interleukins (ILs, IL-1, IL-12), interferon gamma (INF-γ), chemo-
kines (e.g., IP-10 or CXCL10 or MIG- CXCL9), inducible nitric oxide synthase (iNOS) for argi-
nine (Arg) metabolism, matrix metalloproteases (e.g., MMP-2, 7, 8, 9), reactive oxygen species 
(ROSs), reactive nitrogen species (RNs) other chemokines (e.g., CXCL 1) as well as expression of 
NF-kB and wound healing pathways. The outcomes are destruction (lysis) of viruses, defective 
tumor cells and infected host tissue as well as termination of inflammation and tissue repair. The B 
(right panel) oxidative stress-induced hypoxia favors polarization of MΦs in M2 (TAMs) pheno-
types and expression of tumorigenic factors including activation of arginase and ornithine path-
ways toward polyamine biosynthesis, generation of decoy receptors in IL-1 RA (IL-1dR), MMPs 
(MMP-2, 9, 10, 11) or ILs (IL-3, IL-4, IL-10, IL-13), chemonkines such as CCL24 (Eotaxin-2), 
CCL18, CXC, MDC/CCL22, Cytp1B, which influence tumor growth, neoplasia, angiogenesis, 
and metastasis. Alterations in the ratios of M1/M2 impact cell-mediated immunity (CMI), Th1/
Th2 ratios including regulatory T cells (Tr/ CCL22) leading to immune suppression and tumori-
genesis (Modified from Ref. [23] with permission, All right reserved)
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Macrophages have major roles in tissue remodeling and repair in inflammatory 
conditions and ontogenesis in adult life. Macrophage heterogeneity, possessing at 
least two types of cells (M1 and M2) perhaps reflects the plasticity and versatility of 
these cells in response to exposure to diverse microenvironmental signals. The 
immunoregulatory roles of these cells are increasing being recognized [21–23, 80, 
260, 308, 337, 367, 368, 435–451, 504]. Differential cytokine production (pro- and 
anti-inflammatory mediators) is a key feature of polarized macrophages. The classi-
cally  activated M1 macrophages are potent effector cells that kill microorganisms 
and lyse the tumor cells by producing copious amount of proinflammatory cyto-
kines. In contrast, TAMs or M2 phenotypes produce a host of growth factors that 
affect tumor-cell proliferation, angiogenesis and the deposition and dissociation of 
connective tissues. By expressing cytokines from M2 (TAMs) phenotypes, MΦs 
participate in circuits that regulate tumor growth and progression, adaptive/acquired 
immune dysregulation, stroma formation and angiogenesis. Inflammatory condi-
tions, causing dynamic shifts in immune responses include alterations in the ratios 
of polarized APCs, infiltrating macrophages, changes in the T cell subpopulation 
(e.g., decreases in Th1:Th2) that could promote tumor progression and metastasis in 
a cascade of events (Fig. 3.6).

The progressive immune dysfunction raises the possibility that systematic moni-
toring of molecular and cellular profiles involved at identifiable phases of 
inflammation- induced tumorigenesis might represent novel and valuable therapeu-
tic targets. For instance, arginine metabolism is characterized by high levels of 
inducible nitric oxide synthase (iNOS) in M1 cells, whereas the arginase pathways 
predominates in the M2 cells with generation of ornithine and polyamines (Fig. 3.6) 
[21–26, 80, 367, 368, 384, 393, 435–451, 504]. Others have shown that inhibition 
of polyamine synthesis has been used in preclinical studies for cancer chemopre-
vention. Whether inhibition of polyamine synthesis restores antitumor properties of 
macrophages, e.g., shifting the ratios of M1: M2 polarities and favoring their tumor-
icidal effects, are yet to be understood. CCL8, for example, is a highly inducible 
chemokine that is clearly responsible for the elicitation of neutrophils as part of an 
innate response to a wide variety of challenges. In contrast, CCL19 and CCL20 
chemokines are expressed constitutively and are intimately involved in the basal 
migration patterns of T cell and the formation of secondary lymphoid organs 
involved in adaptive response [21, 435–440].

As schematically demonstrated in Fig. 3.6, the maintenance of body homeostasis 
requires maintaining a proper ratio of both M1 (tumoricidal):M2 (tumorigenic or 
TAM) phenotype of macrophages. This balance is disturbed during altered immune 
response dynamics and unresolved inflammation in aging. Tumor associated macro-
phages (TAM) and the M2 phenotypes demonstrated similar functions in immune 
suppression and promotion of cell growth. M2 and TAMs phenotypes are poor 
APCs and express little apoptotic factors (IL-12) or toxins such as NO, but express 
high levels of mannose receptors (MR) and IL-10 primarily involved in growth 
promotion. Therefore, polarization of macrophage (and other innate immune cells) 
is a simplified model for conceptual framework of feedback control mechanisms 
describing how the Yin and Yang of acute inflammation may continue diverse opera-

6  Immunosenescence Theory: Connecting the Dots with Oxidative Stress -Skewed…



130

tion of immune responses in health and diseases [21–23, 80, 260, 368, 384, 393, 
435–451, 504].

In brief, the sequence of events and diverse biological activities of macrophages 
(professional APCs), under a wide range of acute (simultaneous Yin-Yang events) 
or chronic inflammatory conditions that may lead to tumorigenesis includes, but not 
limited to, the following (Fig. 3.6):

 (a) Polarization/activation (M1) for recognition of antigen, induction of TLR 
molecules;

 (b) Cytotoxicity and phagocytosis, burst of energy (ATP) from mitochondrial oxi-
dative phosphorylation for antigen processing involving secretion of biologi-
cally active molecules, generation of toxins and oxidants (e.g., TNF-a, IL-1, 
caspases, NO) and related receptor molecules;

 (c) Activation of cytotoxic T lymphocytes, NK cells and vasculature and genera-
tion of signaling molecules and receptors (e.g., MHC class I or II, CAMs, plate-
lets activation) to facilitate apoptosis;

 (d) High capacity for presentation of antigen to antigen-naive T lymphocytes;
 (e) Activation, migration and differentiation of monocytes such as DCs in the 

direction of pro-inflammatory process for additional required oxidants and tox-
ins for destruction of pathogens and target tissue;

 (f) Immune response towards Th1 and/or Th17;
 (g) Control/regulation of inflammatory process through induction of M2 (tumori-

genic or TAM) phenotype during termination phase of acute inflammation 
(Yang);

 (h) Termination of inflammation occurs by induction of decoy receptor molecules 
(e.g., IL-1 dR, TNFdR or IRAK-M), activation of arginase, induction of sup-
pression of adaptive immune cells through expression of factors [e.g., NFkB, 
PGE2, IL-10, CCR2/CCL2, CCL17 and CCL22, MMP-2 and MMP-9, uroki-
nase-type plasminogen activator (uPA)]. Expression of these wound healing 
mediators of M2 also facilitates tumor invasion and influence induction of Th2 
phenotype, influx of T regulatory cells (Treg) and altered TCR during tumor 
growth promotion;

 (i) Activation of B and plasma cells and induction of higher expression of certain 
membrane/surface receptors, including type 2 Fc receptor for IgG (Fc-R2, 
CD23), mannose receptor (MR), and receptor for LPS (CD14);

 (j) Suppression of adaptive immunity, remodeling and repair of damaged target 
tissue and termination of inflammation;

 (k) Persistent oxidative stress or aging could induce infiltrations, interactions and 
synergies of TAMs to the site of injury by activated host immune cells in the 
direction of immune suppression and tumorigenesis;

 (l) Induction of hypoxia and expression of mismatched apoptotic and growth fac-
tors (immune chaos or immune tsunami) facilitate enhanced growth require-
ments of cancer cells with oncogenic features could lead to immune suppression 
and opportunities for tumor cells to evade immune surveillance;
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Furthermore, maintenance of macrophages in TAM phenotype is assisted by T 
cells infiltrating human tumors in Th2 phenotype, with a predominance of CD8+ in 
conditions such as Kaposi’s sarcoma, perhaps gastric malignancies or colorectal 
cancer. Presence of TAM further induce expression of growth promoting mediators 
such as IL-4, IL-13, IL-10 or PGE2, which facilitate skewing of macrophage polar-
ization in tumor environment. However, infiltration of TAM at site-specific tumors 
may not correlate with cancer patients’ survival, as the presence of M1  in tissue 
have been shown to have cytotoxic and apoptotic activities that compensate for 
growth promoting activities of TAM in improving survival. As recently suggested, 
promotion of Yin and Yang activities of immune cells such as enhancing anti-tumor-
icidal properties of M1 in certain regions of neoplastic tissue may improve survival 
[21–27, 30, 50, 80]. As noted above, TAM are capable of modifying subunit of T 
cell receptor (TCR-ζ) or T-helper lymphocytes, which play a role in the activation 
of Th2 leading to induction of energy and apoptosis of T lymphocyte (Th1). 
Therefore, as with other immune cells, the duality or immunoregulatory roles of 
macrophages might contribute to the fate of tissue repair, growth promotion or 
necrosis under a wide range of inflammatory conditions [21–27, 30, 50, 80, 431, 
303, 337, 434–451].

As schematically represented in Fig. 3.6, chemokines expressed from MΦs pres-
ent both growth-arresting (Yin) and growth- promoting activities in vitro and in vivo 
depending on the conditions that they exert their effects. In general, in acute inflam-
mation inducible chemokines are involved in attracting leukocytes (e.g., DCs, MΦs) 
to the tissue site of inflammation while constitutive chemokines control the basal 
trafficking of T lymphocytes for termination/resolution of acute inflammation. For 
example, monocyte chemoattractant protein-1 (MCP-1), also known as macrophage 
chemoattractant protein (CCL2), fits the role of inducible chemokine. At basal (rest-
ing), MCP-1 is rarely expressed but under inflammatory conditions, it can be rap-
idly induced [21–27, 30, 80].

Oxidative stress-induced expression of chemokines (e.g., CCL2, CCL22, 
CCL18) from activated MΦs (M2/TAMs phenotypes) are involved in amplification 
and regulation of the polarized immune cells such as T cell responses and often lead 
to changes in the Th1 to Th2 ratios influencing immune suppression and tissue 
growth in the direction of tumorigenesis or cancer. Reports on the formation of 
fibrous tissue in tumor stoma are major features in human tumors. Fibrous tissue 
formation, known to encapsulate parasites (or perhaps their substructures) could 
induce oxidative stress and continuous activation of M2 (TAMs) that signal for 
expression of chemokines or growth factors (e.g., CCL2 and IL-13, or TGF-β) and 
the induction of Th2 responses and suppression of apoptosis. It should be noted that 
nearly all tumor cells produce and/or induce abundant quantities of several chemo-
kines (e.g., CCL2, M-CSF, TGF-β), in the direction of growth survival by either 
changing the receptor function (expression of decoy receptors) or by altering the 
chemokine response function that result in “hijacking” and satisfying their enhanced 
growth requirements (Fig. 3.6) [21–27, 30, 50, 80, 303, 337, 434–451].
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6.12  Inefficiency of Immune System to Overcome New 
Challenges in Aging. A Cycle of Skewed Response 
Dynamics in Immune and Non-immune Systems

Immunosenescence is the result of minor and major skewed responses of immunity, 
including altered functions of vasculature and metabolic response dynamics that 
affects the immune-responsive and immune-privileged tissues as the bases for the 
genesis and progression of a wide range of age-associated chronic diseases. 
Numerous reports clearly indicate that the activity, availability and function of 
immune, vascular, hormonal and neuroendocrine systems change or deteriorate 
with aging. For instance, as the organisms age, changes in the activities, architec-
tural and function of immune and non-immune systems influence reproductive, 
morphological, behavioral and biochemical properties in the organs/tissues. Age- 
related increased oxidative damage in a variety of cell types (e.g., T and B cell, 
APCs, mucus-secreting goblet cells, epithelial or endothelial cells) or cellular com-
ponents (mitochondria, ER, lysosome, Golgi apparatus) and molecules (e.g., DNA/
RNA, proteins and lipids) or transport systems in organisms, invertebrates or 
humans have been demonstrated [21–45, 80, 196, 197, 300–369]. Analyses of rele-
vant data suggest that immunosenescence is not accompanied by progressive dete-
rioration of the immune function, but it is rather the result of immune system 
remodeling where some functions are reduced, others remain unchanged or even 
increased. It appears that the ancestral/innate compartment of the immune system is 
relatively preserved during aging in comparison with the more acquired sophisti-
cated adaptive compartment that exhibit profound modifications. Furthermore, data 
on biology of aging strongly suggests that continuous (chronic) up-regulation of 
pro- inflammatory mediators (e.g., TNF-α, IL1-b, COX-2, iNOS) that are expressed 
in aging are due to redox imbalance that activates many pro-inflammatory signaling 
pathways, including NF-kB signaling pathway [21–31, 186, 303, 335, 337, 
380–562].

7  Cytobiology of Vasculature, Platelets and Complement 
in Acute or Chronic Inflammatory Diseases

Vasculogenesis is the earliest event in the fetal growth development. Activation of 
vasculature, neovascularization and angiogenesis are also normal required physio-
logical events for growth and development, and facilitation of acute inflammatory 
conditions.

At resting, the homeostasis of vascular function (toning) and integrity is main-
tained by basal expression of vascular-derived angiognenic and anti-angiogenic fac-
tors. Mediators of activated vascular components participate in both apoptosis and 
wound healing processes. During inflammation, activation of vascular tissue com-
ponents is necessary for increased vascular permeability (hyperpermeability) and 
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infiltration of inflammatory cells to the target tissue. Stimuli induce vascular tissues 
to express mediators such as cell adhesion molecules (CAMs), vascular endothelial 
growth factor (VEGF), endostatin, epidermal growth factor (EGF), heparin and his-
tamine receptors, membrane metaloproteases-MMPs. Other events such as activa-
tion of histaminase, heparinase or inhibitors of prostaglandin synthesis or NOS also 
participate during vascular tissue activation and inflammatory processes. These 
events are required for regulation of vascular permeability and passage of blood 
components (e.g., inflammatory cells, plasma proteins or complements), differenti-
ation and migration of cells at the site of injury during both apoptosis and wound 
healing processes and for termination of inflammation (Figs. 3.5 and 3.6) [21–27, 
30, 50, 80, 338, 452–454, 456–477].

Considered the tree of life, vasculature plays key roles in health and diseases 
with three principal functions:

 (a) Delivery of nutrients and oxygen to tissues/organ systems and removal of gases 
and waste products from the tissues throughout the body;

 (b) Gate-keeper of immune cells; involved in proliferation, differentiation and infil-
tration of inflammatory cells into stimulated (infected or injured) targeted tis-
sues, facilitate both apoptosis (Yin) and wound healing (Yang) processes;

 (c) Maintenance of crosstalk between neuronal-immune systems and organs/
tissues;

Being the gatekeepers for leukocyte trafficking, vasculature was suggested to 
play a most crucial role during both arms of Yin (apoptosis) and Yang (wound heal-
ing) responses with active participation of neuronal pathways and induction of 
mediators such as cortisol, epinephrine or norepinephrine [21–27, 30, 50, 80]. Upon 
tissue stimulation, vascular responses include leukocyte activation; differentiation 
and migration to the target/injured tissue; appropriate expression of cytokines and 
chemokines and receptor molecules as well as vascular-derived neuronal/hormonal 
components (epinephrine, norepinephrine, cortisol) during tumoricidal (growth-
arresting) and tumorigenic (growth-promoting) responses. In an acute inflamma-
tion, activation, infiltration and trafficking of leukocytes to target tissue often involve 
vascular hyperpermeability reactions and crosstalk between mediators of immune 
inflammatory cells (e.g., TLR, TNF-α, ILs) and vascular components (e.g., CAMs, 
VEGF, FGF, PDGF), extracellular matrix and membrane proteases (e.g., ECMs, 
MMPs), responses from neuroendocine system (e.g., cortisol or epinephrine). A 
wide range of nutrients, metabolites and gases (e.g., adenosine, glucose, arginine, 
NO, CO/CO2), hormones (e.g., insulin), vasoactive components (e.g., histamine) 
and their respective receptors or surface molecules, also influence blood flow regu-
lation and growth, B and T cell activities that initiate from fetal growth and undergo 
minor or major changes in aging [21–27, 30, 37, 47, 48, 58, 87, 117, 452–473]. It 
should also be noted that under oxidative stress, vascular permeability, function and 
integrity differentially impact tissues that are immune-privileged or immune-
responsive leading to manifestation of site-specific diseases such as neurodegenera-
tive and autoimmune diseases, diabetes and cardiovascular complications or 
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neoplasia and cancer (Figs. 3.5 and 3.6) [21–27, 30, 50, 80, 224, 338, 399, 408, 
452–497].

Outlined examples of major biological properties of angiogenesis in health and 
chronic diseases and cancer are provided below (Figs. 3.5 and 3.6).

 1. Angiogenesis is part of the complex networks of immunity that functions within 
the highly regulated mechanisms of Yin and Yang of self-terminating properties 
of effective defense mechanism provided through acute inflammation.

 2. Under acute inflammatory conditions, vasculature expresses required angiogenic 
and anti-angiogenic factors to facilitate both arms of Yin (pro-inflammatory) and 
Yang (anti-inflammatory) responses for maintaining body’s protection against 
harmful foreign elements.

 3. Maintenance of vascular quiescence (integrity) normally is achieved by the 
homeostasis of endogenous inhibitors of angiogenesis (anti-angiogenic) that are 
balanced by the pro-angiogenic factors.

 4. Aging and oxidative stress alter, to varying degrees, the vascular toning or integ-
rity leading to expression or co-expression of anti-, and pro-angiogenic factors 
and induction of molecular deposition of complexes and micro coagulation 
(unresolved inflammation) products such as oxidized lipids, proteins, metabo-
lites (e.g., glucose, uric acid or creatinine), and immune cell complexes of under-, 
or over-expressed mediators that create an antigen-load. The complexes 
 (antigen- load) could further signal for mismatched responses from immune and 
metabolic pathways leading to additional aggregated complexes at the vascular 
bed and initiation and progression of organ-specific health problems.

 5. Generation of adenosine and receptor molecules (ARs) involves expression of 
vascular and immune cells ectonucleotidases and surface molecules (e.g., CD39, 
CD73) that are involved in regulation of blood flow and B and T cell dynamics 
(e.g., CD4+ and subset of NKT, Treg) during acute or chronic inflammatory 
conditions. Adenosine involvement in blood flow and immune cell dynamics is 
particularly important in solid organ transplantation-induced ischemia and pro-
motion of immunogenicity of donor organ that could increase the risk of organ 
rejection [64, 295, 302, 390, 477, 478–481, 497, 515].

 6. Tumor angiogenesis is associated with a more serious shift in the equilibrium 
between positive (angiogenic) and negative (anti-angiogenic) regulators of vas-
culature function that benefit tumor growth.

Several reports present compelling evidence that aging and unresolved inflam-
mation induces minor or major changes in vascular biology and function, involving 
a wide range of chronic diseases such as adult-onset diabetes complications (e.g., 
retinopathy, neuropathy, angiopathy, nephropathy), impotence, neurodegenerative 
and autoimmune diseases, rheumatoid arthritis, stroke, epilepsy, cardiovascular 
complications, neoplasia/hyperplasia and cancer metastasis. Among the most 
important reported biological features of vascular dysfunction are neovascularizati
on/angiogenesis, induction of hypoxia, loss of balance between pericytes and endo-
thelial cells, association and deposition of molecular complexes [64, 295, 302, 390, 
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477, 478–481, 497, 507, 510–520]. Similar to the duality of the immune cells, under 
physiological conditions, angiogenesis is regulated by maintenance of balance 
between positive and negative factors and modulators requiring expression of angio-
genic and anti-angiogenic factors, involving extracellular matrix proteins, adhesion 
molecules and receptors, growth factors and proteolytic enzymes. There are distinct 
gene expression patterns of angiogenic endothelial cells that are characterized by 
control switches of cell proteolytic balance towards an invasive phenotype as well 
as by the expression of specific adhesion molecules.

As part of the inflammatory response, the localization of leukocytes depends on 
cytokine-induced expression of vascular cell adhesion molecule-1 (VCAM-1) on 
endothelial cells (EC). Several reports demonstrate that VCAM-1 expression is 
induced on human umbilical vein EC (HUVEC) by both TNF-α, and IL-1α, in con-
trast to human dermal microvascular EC (HDMEC) that only TNF-α leads to 
expression of VCAM-1. To explore molecular mechanisms responsible for these 
contrasting patterns of VCAM-1 transcriptional activation, contrast studies with 
VCAM-1, and in  vitro binding assays using two adjacent NF-kappa B binding 
sequences of the VCAM-1 promoter as a DNA probes, suggested requirements of 
the NF-kB motifs for VCAM-1 transcription and related pathways [492–497]. 
Furthermore, it was shown that the gene regulatory region of VCAM-1 is distinct 
from the NF-kappa B sites and potentially function as IL-1α -mediated transcrip-
tional repressor within human dermal microvascular endothelial cell. It was con-
cluded that the repressor region conveys IL-1α−dependent, but not TNF 
α−dependent, inhibition of transcription driven by a heterologous cytokine response 
on promoter gene [21, 64, 80, 470, 494–497, 507, 511–514].

Among pro-angiogenic factors, vascular endothelial growth factor (VEGF) plays 
crucial roles in biology of neovascularization and neoplasm growth. In acute inflam-
mation, expression of VEGF is receptor-dependent, interacting with VEGF-R1 
(pro-inflammatory for chemotaxis, activation of peripheral monocytes and MMP-9 
and vascular hyperpermeability) and VEGF-R2 (anti-inflammatory and inhibition 
of vascular permeability) processes (Yin-Yang), respectively. The serum concentra-
tion of VEGF in patients is often higher than the plasma level, potentially due to the 
secretory activity of thrombocytes, which release high amounts of VEGF during 
blood coagulation. Analyses of relevant data on the role of VEGF in neoplasm 
growth suggest that VEGF acts through several interdependent pathways involving 
gelatinase A, decreased in tissue inhibition of endothelial metalloproteases (e.g., 
MMP 9), altered cell adhesion molecules and selective alterations in IL-1, as well as 
enhanced expression of NFkB that would lead to alterations of integrity of extracel-
lular matrix and growth of neoplasm. It is possible that the continued expression of 
MMP-9 that normally signals for wound healing (Yang or termination) of acute 
inflammation, is viewed by neoplastic tissues as extended signals for wound healing 
and continued expression of VEGF-R2. The increased activity of VEGF-R2 recep-
tor leads to an enhanced permeability of blood vessels (‘leaky’ vessels) and promo-
tion of neovascularization processes within the neoplastic tissue resulting in 
proliferation of vascular endothelial cells and decreased ratios of pericytes: 
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 endothelial cells. Furthermore, abnormal proliferation of endothelial cells are asso-
ciated with inhibition of dendritic cell maturation and altered/decreased ratios of 
DC1/DC2 (TADCs), induction of NO, expression of CAMs, or perhaps altered 
ratios of M1/M2 (TAM), events that contribute to immune suppression, chronic 
inflammatory diseases, carcinogenesis and hypoxia-induced angiogenesis [21, 80, 
478–481, 496, 497, 507, 510–520].

Other mediators, chemokines or pro-angiogenic factors whose altered activities 
are known to contribute to age-associated chronic diseases include (Figs. 3.4, 3.5, 
and 3.6):

 (a) Basic fibroblast growth factor (bFGF) interacting through receptor molecules 
(e.g., FGF-R and FGF-R2);

 (b) Epidermal growth factor and its receptor (EGFR);
 (c) Interleukin-8 (IL-8), a chemokine acting through receptor molecules (A/

CXCR1 and B/CXCR2) inducing migration of monocytes to neoplastic tissues. 
IL-8 directly correlates with vascularization of proliferating tissue, poor prog-
nosis and advanced growth of cancers such as gastric cancer cells.

7.1  Platelets Contributions in Immunity: Shared Features 
with Innate Immune Cells

Until recently, platelets were considered as non-immune cell moieties with some 
immune functions. However, compelling data demonstrate that blood platelets dis-
play a number of functions and are special facilitators of acute inflammation con-
tributing effectively in Yin (apoptosis), and Yang (wound healing) crosstalks. 
Platelets originate from myeloid cells and belong to the megakaryocytes (Fig. 3.3). 
During acute inflammatory processes, platelets play crucial roles in repairing (Yang, 
anti- inflammatory) the damaged vascular endothelium and stop bleeding and behave 
as innate immune cells, primarily through expression of PDGF and other wound 
healing mediators. They also participate in apoptotic events when they recognize a 
variety of danger signals from infectious agents, including pathogen-(bacteria)- 
induced acute inflammatory conditions such as sepsis. At least 1000 proteins/factors 
are reported in platelets activities, many are membrane-bound proteins and actively 
participate in immune response dynamics such as blood hemostasis, surface molec-
ular shedding as well as pathobiology of diseases [21, 80, 462–468, 476, 505,  
532–536]. For example, platelet-activating factor (PAF) is a potent phospholipid 
mediator and expressed in response to diverse immunologic and non- immunologic 
stimuli. In vivo and in vitro studies using PAF receptor antagonists demonstrated 
PAF involvement in a number of cardiac disorders such as ischemia, infarction and 
sudden cardiac death. PAF directly affects cardiac tissue by modification of chrono-
tropic and inotropic activity; or indirectly causing coronary artery constriction, 
modulation of myocardial contractility and induction of arrhythmias by activation 
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of membrane arachidonic acid pathways (e.g., cyclooxygenase-COX, lipooxygen-
ase-LO) and the synthesis of eicosanoids such as thromboxane A2 (TXA2), leukot-
rienes (LTs) as well as expression of pro-inflammatory cytokines such as TNF-α 
[21, 80, 476, 505, 532–536].

An overall analyses of data demonstrate that platelets express several receptors 
with diverse (dual or pleiotropy) functions as other immune cells. The major known 
functions of platelets that closely resemble the duality of innate immune responses 
include (details in Chap. 6):

 (a) Expression of non-mutated ligands (naïve proteins?) and toll-like receptors 
(TLRs), through pattern recognition receptor for binding to pathogens or 
pathogen- derived components (e.g., lipopolysaccharides) using distinct lipid A 
moiety that are different from classical receptor molecules (e.g., CRs or FcRs) 
of innate immune cells.

 (b) Expression of innate/invariant receptors for the ingestion of a variety of micro-
organisms through different mechanism of actions for the purpose of destruc-
tion or inhibition of pathogenicity;

 (c) Release a variety of molecular signals for crosstalk with other cells in the tissue 
microenvironment and/or to influence recruiting cells during an inflammatory 
process;

 (d) Polarize and respond to activate cellular machinery upon receiving danger sig-
nals to repair tissue damage and wound healing processes;

 (e) Expression of infection-induced TLRs possesses efficient functions for 
pathogen- specific production of receptors for antibodies and complement fac-
tors and interactions with innate immunity. The roles that CD40-CD40L 
(ligand) and adhesion molecules play in crosstalk between immune and non- 
immune cells, under inflammatory conditions, particularly during damage to 
vascular endothelium and disorders are under extensive studies [476, 505, 
532–536].

7.2  Nitric Oxide in Inflammation and Aging

Nitric oxide (NO) is synthesized by vascular endothelial, immune and neuronal 
cells via NO synthases (NOS). The role of mediator is ubiquitous in controlling the 
function of almost every, if not all, organ systems in the body. Bacterial or viral 
products such as lipopolysaccharides (LPS) induce massive amount of inducible 
NOS (iNOS) from activated host cells that is toxic to the invading pathogens and 
inactivation of constituent enzymes, leading to target cell death. Actions of all NO 
(constituent and inducible) are mediated by the free radical oxidant properties of 
this soluble gas, as well as by activation of guanylase cyclase (GC), leading to the 
production of cyclic guanosine monophosphate (cGMP) for immune cell activation 
(e.g., induction of M2 or TAM) that mediate numerous physiological actions in 
health and a wide range of chronic diseases and cancer [21, 47, 84–90, 491, 492, 
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503, 506, 509, 511, 515–530]. For example, NO activates cyclooxygenase and 
lipoxygenase enzymes leading to the production of physiologically relevant quanti-
ties of PGE2 and leukotrienes as well as induction of IRAK-M for tolerance or 
growth (details in Chap. 6). In the case of iNOS, the massive release of NO, PGE2 
and leukotrienes produce toxic effects [85, 491, 492, 503, 506, 509, 511, 515,  
516–530]. Systemic injection of LPS causes induction of expression of IL-1 β 
mRNA followed by IL-β synthesis and by induction of iNOS mRNA in a time-
course delay of 2 h and 4 h, respectively. The LPS-induced synthesis of NO affects 
the anterior pituitary and pineal glands, meninges and choroids plexus, regions out-
side the blood- brain barrier, and shortly thereafter, in hypothalamic regions, such as 
the temperature-regulating centers, paraventricular nucleus containing releasing 
and inhibitory hormone neurons, and the arcuate nucleus, a region containing these 
neurons and axons bound for the median eminence [85–88, 509, 516–530]. The 
question has been raised whether LPS similarly activates production of inflamma-
tory cytokines and iNOS in the cardiovascular system and the gonads. It has been 
suggested that recurrent infections over the life span play a significant role in pro-
ducing aging changes in all systems outside the BBB via release of toxic quantities 
of NO [85, 509–534]. NO may be a major factor in the development of coronary 
heart disease (CHD). Accumulating data indicate a role for the infections in the 
induction of CHD and indeed patients treated with a tetracycline derivative has 10 
times less complications of CHD than their controls [47, 85, 503, 506, 509–530]. 
Inflammatory conditions induced by infection have been shown to cause activation 
of iNOS in rats that lead to progression of coronary arteriosclerosis and coronary 
occlusion. In aging, infections and activation of iNOS may play a role in the 
decreased secretion of the pituitary and pineal hormones (e.g., melatonin) in ante-
rior pituitary and pineal gland as well as the temperature-regulating centers and the 
observed loss of thermosensitive neurons [85, 509–512]. Furthermore, aging and 
recurrent infection- induced iNOS in the paraventricular nucleus may cause the 
decreased nocturnal secretion of growth hormone (GH) and prolactin, leading to the 
destruction of luteinizing hormone-releasing hormone (LHRH), neurons that follow 
decreased genesis of gonadotropins. Persistent infections (unresolved inflamma-
tion) may play a role in the observed increases in the numbers of brain astrocytes 
expressing IL-1β in older patients [85, 509–538]. Published data also suggest that 
IL-1 and products of NO activity accumulate around the plaques in Alzheimers’ 
patients. During World War I, a role for activation of iNOS was suggested in early 
onset of Parkinson’s disease, coupled with aging process, damaging the survival of 
cells adjacent to substantia nigra dopaminergic neurons as the result of flu-induced 
encephalitis. It should be noted that the pathology of the central nervous system 
(CNS) in patients with AIDS bears striking resemblance to aging biological changes, 
and may also be largely caused by the action of iNOS. Antioxidants, such as mela-
nin, vitamins C, D, E, probably play important acute and chronic roles in reducing 
or eliminating the oxidant damage produced by NO [47, 85, 503, 506, 509–530].
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8  Autophagy and Mitophagy in Inflammation and Aging

Among numerous biological alterations that occur under oxidative stress and aging, 
the body’s ‘self eating’ processes provided through cellular lysosome, mitochondria 
and Golgi membrane recycling pathways for degradation and regeneration of pro-
teins and lipids, termed autophagy (macroautophagy) and mitohormesis play cru-
cial roles in maintenance of immunity, physiology and metabolism of tissues and 
during immunosenescence and chronic diseases. Mitochondrial dysfunction 
(mitophagy) has been linked to a number of age-associated or chronic health condi-
tions, including migraine, cardiovascular and neurodegenerative diseases, sarcope-
nia, cancer, infertility, kidney and liver diseases, drug toxicities and related illnesses 
[21, 23, 30, 66, 75, 80, 91, 100, 102, 110–120, 148, 149, 154–167, 275–277, 510, 
511, 542–584]. Relevant data indicate that the key biochemical functions of mito-
chondria are beyond its physiological roles as the energy power plant of the body’s 
tissues and cells. In recent decades, the biology of mitochondria has been the focus 
of active basic research and clinical studies and as potential target for drug develop-
ment and prevention for a number of pathological and chronic conditions including 
aging process and cancer (details in Chaps. 2 and 6) (Fig. 3.7) [21, 23, 30, 66, 75, 
80, 91, 100, 102, 110–120, 156, 159, 160, 164, 165, 275–277, 510, 511, 543–548].

Observations on the association of defects in energy metabolism in cancer cells 
in relationship with respiration (oxidative phosphorylation) and the abnormal rates 
of aerobic glycolysis for ATP synthesis that originally reported by Otto Warburg, led 
to mitochondrial injury (mitophagy) concept [557–562]. Since these important 
observations research in metabolism of cancer cells and the role that mitochondria  

Fig. 3.7 Proposed mechanisms of mitochondria dysfunction. (1) Mitochondrial DNA (mDNA) 
mutation caused by free radical damage; (2) Kreb’s cycle decreased efficiency due to inadequate 
Kreb’s cycle intermediates; (3) Respiratory chain defect due to enzyme and substrate alteration; 
and (4) Membrane Disorganization and loss of fluidity (Reproduced from Rustin et al. ‘Defective 
mitochondria, free radicals, cell death-Reality or myth-ochondria’. Mech Age Develop,  
Ref. [75])
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play in cancer growth extended to the presentation of two well-known hypotheses 
of ‘Crabtree effect’ and the ‘Pasteur effect’ that may be defined as the following 
interdependent (cause and effect) biological events that would satisfy tumor growth 
[21, 80, 561, 565, 569, 578–582]:

 (a) Crabtree Effect: the tumor cells trigger the competitive inhibition of oxidative 
phosphorylation (respiration) for phosphate groups (Pi) and ADP, by glycolysis 
for their enhanced growth requirements;

 (b) Pasteur Effect: the tumor cells induce inhibition of glycolysis by elevated oxy-
gen concentration.

These concepts argue that cancer cells have higher rates of consumption for 
either oxygen or glucose, when concentration of the either nutrient is reduced in the 
microenvironment of cancerous tissue. The concepts suggest the survival adaptabil-
ity of cancer cell metabolism in adjusting to their microenvironment under the fol-
lowing conditions that are toxic to normal cell survival:

 (a) Increased mutations or alterations and damage in mitochondrial DNA;
 (b) Elevation of hexokinase production;
 (c) Lysis or loss of mitochondrial cristae structures and altered mitochondrial pro-

tein and lipid content;
 (d) Potential utilization of mitochondrial cardiolipin as additional sources of 

energy;

Furthermore, as analyses of recent data suggest cancer cell mutations and dys-
regulation of pathways for expression of PI3K/Akt and the altered balance in the 
activity of c-MYC, HIF, or p53 alter glucose and amino acids transport and metabo-
lism [21, 80, 177, 438, 483, 544–547, 561, 565, 569–577, 582]. The content and 
composition of cardiolipin, a key mitochondrial lipid located in the inner membrane 
of mitochondria, necessary for efficient cellular oxidative phosphorylation (respira-
tion) or maintenance of chemiosmosis demonstrated to be abnormal in cancer cells. 
While details of reported data on the role of mitochondria and inflammation in dis-
eases of aging are debatable and not well understood, it is likely that acute inflam-
mation initially causes a burst of energy (ATP) in mitochondria of activated immune 
cells, to generate oxidants and toxins during apoptosis (Yin). In the process cardio-
lipin molecules oscillates/moves from the inner to outer mitochondrial membrane, 
apparently to facilitate the acute inflammatory processes for termination or wound 
healing (Yang) events and to prevent further oxidative metabolism, contributing to 
the protective mechanisms of immunity [21, 23, 80].

Validation of the above integrated concepts awaits systematic studies of the rela-
tionships between bioenergetics of mitochondria during acute and chronic inflam-
matory processes, and better understanding of the bases for dysregulated protein 
recycling pathways (autophagy) and the roles that genetics and epigenetics play in 
health or disease processes to be beneficiary for prevention or treatment of chronic 
diseases.

3 Theories of Aging and Chronic Diseases: Chronic Inflammation an Interdependent…



141

9  Hormonal, Metabolic and Lipid Adaptations- 
Rearrangements in Aging

Multiple and diverse roles of important hormones (e.g., estrogen, progesterone, 
insulin, glucagons, androgen, andosterone, testosterone, thyroxine, glucocorticoids, 
mineralcorticoids, dehydroepiandosterone-DHEA) and hormone-like growth fac-
tors (e. g., IGF-1, FGF, EGF, VEGF) on the regeneration and function of organ 
systems and tissue physiology, development and metabolism in health and age-
associated diseases have been extensively documented [21–27, 30, 50, 58, 64, 77, 
80, 102, 103, 111, 128, 176, 247, 271, 540, 547, 587–634]. The influence of these 
important hormones and growth factors in the biology of aging tissues (e.g., neuro-
genesis, myelination, cognition, bone, immunity, metabolism) in the induction of 
chronic diseases (e.g., diabetes, vascular complications, cardiovascular diseases, 
atherosclerosis, osteoporosis, Alzheimer’s and site-specific cancers) also have been 
the focus of many recent studies (Figs. 3.1 and 3.2). For example, the age-associated 
hormonal alterations on thymic atrophy and associated declines in the genesis of 
subsets of T cells, particularly peripheral T cells have been linked to immune dys-
function, cell death and immunosenescence [23, 25, 131–134].

In general, hormones including gonadal and sex steroids (e.g., estrogen, andro-
gens, testosterone, progerstrone), DHA/DHEA, insulin or parathyroid hormones 
(e.g., 1–25 dihydroxy vitamin D, and calcitonin) play crucial roles in the regulations 
of a wide range of physiological functions in the body such as reproductive systems, 
organogenesis, fluid homeostasis, bone structure, membrane and intracellular sig-
naling pathways, metabolic and immune responses to stress. The roles that these 
hormones play, to varying degrees on the physiology, function and remodeling of 
bone, neuronal function, myelination and neurogeneration of brain and CNS and/or 
membrane-associated fatty acid metabolism have been extensively studied in exper-
imental models of diseases and in human subjects [21, 23, 58, 80, 590–599,  
602–622]. Details on the role of the hormones in health and diseases are beyond the 
scope of this book. A brief overview of some of the known function of hormones 
under the influence of oxidative stress and age-associated diseases should help 
understand the common links in the biology of aging. For example, changes in 
estrogen or testosterone are associated with increased production of pro-inflamma-
tory cytokines; alterations in bone resorption and remodeling, and changes in essen-
tial fatty acid metabolism as contributing factors in osteoporosis and other 
age-associated illnesses such as atherosclerosis or cancer. Furthermore, insulin defi-
ciency and glucose toxicity (hyperglycemia), or insulin-induced expression of 
inflammatory mediators such as NF-kB and Ikappa B kinase (IKK-beta, encoded by 
IKbKb), or surface proteins (e.g., CD40L) in platelets’, adhesion molecules (e.g., 
VCAM-1) on hepatocytes, endothelial or myeloid cells have been reported. Details 
of the role that insulin deficiencies play in insulin-dependent (e.g., muscle, liver, 
adipocytes) or insulin-independent tissues (e.g., vasculature, kidney, nerves, retina, 
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RPE, lens) as well as, the influence of increased non-enzymatic glycosylation of 
proteins in alterations of functions of important proteins or metabolites has been 
extensively studied [21, 23, 58, 64, 77, 102, 111, 271, 540, 547, 548, 598]. A closer 
examination of the available data on a variety of cytokines (e.g., TNF-α, ILs, VEGF) 
and receptor molecules on the endogenous hormones and hormone-like factors such 
as cortisol, epinephrine, neurotransmitters (e.g., norepinephrine) or melatonin, 
which also contribute to the growth and immune responses, suggest that aging pro-
cess elevates the circadian rhythm of these factors and the observed pathophysiolog-
ical responses. The overall responses are suggestive of compensatory sympathetic 
outflow increases, that elevate norepinephrine levels, via activation of adrenocep-
tors (α & β)-stimulation of the heart, vasculature, kidney and significant changes in 
the heart rate that influence cardiac output, peripheral vascular resistance, renal 
blood flow or urine output. In addition, the effect of age on response to dexametha-
sone treatment among the control group supports the hypotheses that the sensitivity 
of glucocorticoids negative feedbacks decrease with age [21, 70, 80, 251, 589]. 
Whether these effects reflect the stress-induced down-regulation of pituitary corti-
cotrophin releasing factor (CRF) receptors and/or accumulation of mismatched 
inflammatory mediators and changes in the circadian nature of body’s biology (pos-
itive and negative feedback control mechanisms or Yin and Yang of immunity) 
remain to be understood. Other biological systems with important potential pleio-
tropic roles are the suppressor molecule, silence signal regulating factor 1 (SIRT1, 
sitruin 1, also known as silent information regulator 1) and melatonin-related pro-
cesses as clock proteins in facilitating cellular and metabolic dynamics of sensing 
and controlling the induction of senescence and carcinogenesis [21, 74, 122, 526, 
619, 620].

9.1  Inflammation-Induced Sarcopenia or Cachexia in Aging

Sarcopenia or muscle loss (waste) in aging has multifactorial origins, involving 
activities of neuronal, immunological and physiological pathways [21, 23, 80, 146, 
199, 291, 346, 347, 551–553, 575, 628]. Analyses of related data including cancer 
targeted drug-induced cachexia or sarcopenia suggest that sarcopenia is a smolder-
ing inflammatory dynamics, driven by mismatched expression and co- expression of 
mediators and accelerated rate of unresolved inflammation (immune tsunami or 
immunological chaos) similar to other diseases of aging including arthritis or cancer 
affecting different organ systems. The severe conditions resemble the life- 
threatening effects of cancer ‘targeted’ drugs and induction of cachexia or aneroxia 
(details in Chap. 6) [21, 23, 80]. The overall contributing factors in the complica-
tions of age- associated sarcopenia or cachexia include:

 (a) Changes in the anabolic hormones such as DHA, glucocorticoids, thyroxine, 
insulin, estrogen, testosterone and related receptor proteins;

 (b) Loss of alpha-motor neuron input, decreased intake of dietary protein, and 
decline in physical activity;
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 (c) Associated changes in glucocorticoid negative feedback inhibition of hypotha-
lamic corticotropin-releasing factor (CRF) and pituitary ACTH;

 (d) Elevated levels of interleukin-6 and C-reactive protein;
 (e) Sarcopenic obesity often displays inflammatory burden due to continued activa-

tion of adipocytes and associated expression of adipokines.

There are debates whether sarcopenia is a distinct feature of a disease or it is a 
milder and evolving form of cachexia or anorexia observed in older adults. 
Furthermore, the beneficiary roles of hormones such as dehydroepiandrosterone 
(DHEA) and its sulfate ester (DHEAS, a reservoir for DHEA) which are antioxi-
dants and weak androgens and primarily produced by adrenal gland, have been 
reported in treatment of such metabolic disorders (e.g., diabetes or hepatic injury) 
or longevity and prevention of cancer. Potential recommended interventions for sar-
copenia include nutritional supplements, physical activity/resistance exercise, 
caloric restriction, anabolic hormones, anti-inflammatory agents, vitamin E and 
other antioxidants [21, 23, 80, 97–99, 139, 346, 551, 553].

9.2  Fatty Acid (Lipid) Biology in Inflammation and Aging

Long-chain polyunsaturated fatty acids (essential fatty acids-FAs) including mem-
brane arachidonic acid (AA) metabolites such as prostaglandins (e.g., PGI2/
PGF-1α, PGD, PGE2), leukotrienes (e.g., LT4, LTC), phosphatidylinositol (PI), 
phosphatidylserine (PS) together with their respective receptors and enzymes (e.g., 
COX, LO, phospholipases A, B and C, leukotriene synthases) play crucial roles in 
regulation, metabolism and function of tissues. For example, membrane fatty acids 
are involved in a wide range of signal transduction mechanisms and crosstalk during 
immune and hormonal responses, vasculogenesis and vascular toning, bone remod-
eling and function in health and diseases of aging [21–27, 80, 87, 157, 153, 287, 
370, 420, 441, 450, 505, 544, 589, 621]. Aging-associated thymus involution along 
with oxidative stress and certain life styles (e.g., smoking, heavy alcohol consump-
tion) are factors associated with increased levels of pro-inflammatory mediators 
(e.g., IL-1, TNF-σα, IL-6) and decreased body’s capacity to metabolize and convert 
precursor of FAs into polyunsaturated FAs that could lead to physiological changes 
such as decreased in bone mass, resorption and remodeling and impaired calcium 
balance, alterations of osteoblastogenesis, osteoclastogenesis, and functions of 
osteoblast and osteoclast during menopause, as well as rheumatoid arthritis. Bone 
and vascular remodeling and function are controlled by activation of a sophisticated 
membrane-lipid complex interactions involving intracellular soluble form of ligands 
and inflammatory mediators [e.g., receptor-activator of nuclear-kappa B (RANK) 
and ligand binding (RANKL), decoy receptor proteins and bone-specific  osteopro-
tegrin (OPG)] that are essential for differentiation and activation of osteoclasts [192, 
283, 408, 417, 434, 493, 575, 602].
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10  Concluding Remarks

The increased rate of population among healthy older individuals around the globe 
suggests that the aging process is not necessarily associated with illnesses. Older 
people can lead a healthy, active and productive life well beyond the current stan-
dard age of retirement that is set at 65–70 years. However, longevity and extensive 
inflammatory response alterations in the pathways of immune and non-immune net-
works, particularly the vascular system, seem to be the principal common links in 
many age-associated chronic health problems such as asthma, hypertension, auto-
immune and neurodegenerative diseases, diabetes and cardiovascular complica-
tions, stroke, neuronal dysfunctions, Alzheimer’s, Parkinson’s and site-specific 
cancers. Aging process itself cause minor or major alterations in the function of 
immune and non-immune systems that are the bases for altered inflammatory 
responses to various old and new stimuli. It should be emphasized that the loss of 
effective immunity is the combined changes of the balance between the biphasic 
response profiles (two biologically opposing arms) of acute inflammation, initiated 
by activation of immune cells and facilitated by negative and positive factors of 
vasculature (angiogenic and antiangiogenic mediators), oxido-redox potentials 
(oxidants and anti-oxidants), as well as, dysregulated dual capacities of metabolic 
and neuronal pathways.

The second laws of thermodynamics and physics may apply to the body’s growth 
dynamics from fetus development to the aging process. Here we assume that in a 
normal healthy adult effective immunity conducts orchestration of a fascinating 
successful and orderly network of positive and negative chemical/biological signals 
(biological control switches) that constitutes the Yin-Yang of self-terminating acute 
inflammation for protecting the body against exposures to all potential hazards 
throughout life. However, biological and immunological rearrangements that occur 
in organ systems during normal aging are associated with decays or retardation, to 
varying degrees, of the ordered duality of Yin-Yang that would create general bio-
logical chaos. Recently, we hypothesized a concept specifically related to the role 
that chronic inflammation-(oxidative stress)-induced ‘immunological chaos’ or 
‘immune tsunami’ damages to the architectural integrity and function of tissues 
toward retardation or altered dynamics of immunity in the direction of tissue necro-
sis or neoplasia [21–27, 80]. It is likely that the type and extent of vulnerability of 
an organ or tissue toward the drifts in the three fundamental systems of genomic 
stability, immune cells and oxidative stress determine the outcomes of a particular 
disease process. For example, loss of immunity and altered vascular integrity, 
including changes in oxido-redox balance in tissues that are immune-privileged 
(e.g., blood brain barrier or CNS) could result in diverse manifestations of neurode-
generative diseases such as the stroke, Alzheimer’s, Parkinson’s or even brain 
tumors. This takes into consideration of the anatomical barriers loss in brain (BBB) 
and biological differences of the brain architectural structure (e.g., vasculature, glial 
and neuronal tissue) and function within the oxidative-sensitive tissues of the brain, 
compared with those tissues that are classically known as immune- responsive (e.g., 
epithelial, endothelial, vasculature).

3 Theories of Aging and Chronic Diseases: Chronic Inflammation an Interdependent…
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Experimental manipulations that slow down aging, such as dietary restriction 
and result in promotion of immunity are proposed to increase oxidative stress resis-
tance and longevity. Strategies for maintaining the pleiotropic roles of antigen pre-
senting cells (APCs) are highly desirable targets as these cells are responsible for 
enhancing and preserving the T cell responses during the aging process. It is note-
worthy that modulations of T cell differentiation have limited capacity after puberty. 
Therefore, stabilizing the duality of innate (APCs) immune cell responses at APC-T 
cell interface could prove to be a key in reversing impaired immune function.

Significant improvement of health, particularly for the older population ulti-
mately comes from better understanding of the complex molecular and cellular pro-
cesses that are collectively involved in declines of immunity during aging. The 
future directions for systematic studies of the heterogeneities of the biological sys-
tems would require constructing a useful ‘roadmap’ that identifies the interrelation-
ships between inflammation and a wide range of biological events that are considered 
co- morbidity and co-mortality risk factors in increasing the genesis and progression 
of chronic illnesses. Developing a ‘roadmap’ to identify the key biological control 
mechanisms that govern the biology of aging process is a timely, challenging and 
important undertaking for the scientific community toward improving the health of 
growing population around the world.

11 Author’s Personal Note

The current combination of economic burden of sick-care to the society and the 
increased population of older adults around the globe require making conscience 
decisions that the public deserves; that is the need for switching to a culture of 
healthcare for a more productive society, particularly in the USA.  As reflected 
throughout this book, a personal goal of the author is to continue these challenging 
scientific and professional attempts for making professionals and public to appreci-
ate that the mission of public health should not be maintenance of costly ‘sick-care’ 
that only benefit the medical/cancer establishment and associates in big pharma and 
food industry.

Again, there is a need to switch this wasteful culture of ‘sick care’ to the culture 
of ‘health care’ where prevention of diseases outweighs the therapeutic approaches.

Immunity in Health and Disease
Effective immunity is crosstalk between the molecular village of negative and 
positive (Yin-Yang) signals that guard the body for maintaining health. 
However, a few bugs or aging process can disturb this amazingly orchestrated 
and secretively successful molecular operation to make us sick!

11 Author’s Personal Note
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Chapter 4
THE EYES HAVE IT ALL!

Accidental Systematic Discoveries: Direct Link for 
Inflammation-Induced Immune Dysfunction toward 
Multistep Tumorigenesis and Angiogenesis in Models 
of Allergies

Abstract Lack of systematic studies on the role of inflammation in age-associated 
chronic diseases, including multistep carcinogenesis has been extremely costly for 
taxpayers and patients. Recently, unresolved/chronic inflammation was defined as 
loss of balance between two tightly regulated and biologically opposing arms of 
acute inflammation (Yin–Yang or immune surveillance). Analyses of a series of data 
on ‘accidental’ discoveries that were established in 1980s on models of acute and 
chronic ocular inflammatory diseases in conjunctival-associated lymphoid tissues 
(CALTs) revealed at least three stages of clinical and immunological findings 
including earliest immune disruptor-induced changes in immune response profiles. 
Inflammation-induced interactions between resident (host) and recruited immune 
cells included: (a), acute phase, early immune disruptor-induced strong clinical 
reactions and tearing, activation and effector response from mast cells (MCs) and B/
plasma cells, biosynthesis of IgE Abs, release of histamine and biosynthesis of pros-
taglandin PGF1α; (b), intermediate phase, down-regulation phenomenon, minimal 
clinical response, exhausted/degranulated MCs, heavy eosinophils (Eos) infiltra-
tions into epithelium and mucus secreting goblet cells (GCs), tissue hypertrophy 
and neovascularization; and (c), chronic phase; induction of lymphoid hyperplasia, 
activated macrophages (MΦs), increased (irregular size) B and plasma cells, loss of 
integrity of lymphoid tissue capsular membrane, presence of histiocytes (activities 
of dendritic cell phenotype), follicular and germinal center formation, increased 
ratios of local IgG1/IgG2, epithelial thickening (growth) and/or thinning (necrosis) 
often noted in the same tissue sections and angiogenesis. Results of these systematic 
studies are suggestive of first series of evidence for direct association between 
inflammation and identifiable multistep immune dysfunction in the direction of 
tumorigenesis. Systematic studies to monitor interactions between resident and 
recruited cells in site-specific tissues should provide key information not only for 
identification of immune disruptor-induced early events in the loss of immune sur-
veillance, but they would help making informed decisions for balancing the inherent 
tumoricidal (Yin) and tumorigenic (Yang) properties of immune system for  effective 
preventive and therapeutic approaches and accurate risk assessment toward improve-
ment of public health.



176

Keywords Adjuvant • Antigen • Angiogenesis • Ascaris Suum • B lymphocytes • 
CALTs • Conjunctival-associated lymphoid tissues • Direct evidence • Duality • 
Early responses • Eyes • ‘Leaky’ MCs • Interactions • Synergies • Developmental 
Phases • FLOA • Degranulation • Eosinophils • Genetic predisposition • Histamine 
• IgE • IgE-fεc receptor crosslinking • IgG isotypes • Immune dysfunction • 
Inflammation • Inflammatory mediators • Macrophages • M-CSF • Mucus secreting 
goblet cells • Mast cells • Prostacycline • Prostaglandin • Strong and weak ocular 
responses • Time course kinetics • Tumorigenesis • Tumor promoting agents • 
Newborn hypersensitivity • Upper and lower bulbar conjunctiva • Yin and Yang

1  Introduction

A hero is an ordinary individual who finds the strength to persevere and endure in spite of 
overwhelming obstacles. Christopher Reeves

To begin this chapter, it is appropriate to acknowledge the documented historical 
and fundamental contributions of nineteenth and twentieth century scientists 
Rudolph Virchow and Paul Ehrlich on the role of inflammation in inflammatory 
diseases and cancer [1–3]. In his book ‘Cellular Pathology’ in 1858, Virchow noted 
that “the signs of inflammation are four; redness and swelling, with heat & pain“. 
He also suggested that arteriosclerosis is an inflammatory and degenerative disease. 
In 1909, shortly after the microscope was invented, Ehrlich observed that tumor 
cells are recognized and eliminated by immune/inflammatory cells. Later in 1957, 
Sir McFarland developed the theory of immune surveillance (cancer surveillance) 
defining how growth of cancer was controlled, thus the initial concept of immunity 
[4]. Chapters 1 and 2 of this book provide details of these historical observations, 
which were practically ignored and minimized by the decision makers in the cancer 
community. Consequently, while the circumstantial evidence for a role of inflamma-
tion in the development of many site-specific cancers have been noted and numer-
ous inflammatory mediators have been identified in pathways of carcinogenesis 
[4–17], except for our ‘accidental’ discoveries that were established in 1980s on 
experimental models of acute and chronic ocular inflammatory diseases, there are 
little/no reports that systematically demonstrate a direct association between inflam-
mation and multistep tumorigenesis and angiogenesis [18–23].

The ongoing debates, misunderstanding and controversies in the literature, 
whether inflammation is protective for preventing cancer or it is a cause of carcino-
genesis demonstrate lack of comprehending and differentiating the protective 
(‘friend’) or destructive (‘foe’) contributions of immune/inflammatory dynamics in 
health and diseases of aging, particularly with regard to site-specific cancers and 
therapeutic approaches [4–39]. Consequently, despite heavy public investment on 
war against cancer for the last six decades, lack of interest in conducting systematic 
studies have been very costly for the public, as too many out-of-focus and expensive 
clinical trials, technologies and drug development repeatedly failed cancer patients. 
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A simple explanation for the repeatedly failed clinical trials and claims of ‘targeted’ 
therapies, ‘precision’ or ‘personalized’ medicine is that these approaches are based 
on identification of too many mutated genes in the molecular chaos of cancer envi-
ronment. The selected drugs are primarily potent apoptotic factors or inhibitors of 
specific growth factors that produced life-threatening side-effects for cancer patients 
[reviewed in 40–46] (details in Chaps. 5 and 6).

In this chapter, details of the systematic analyses of data on the ‘accidental’ dis-
coveries that were established in 1980s, at the University of Pennsylvania, on exper-
imental models of acute and chronic ocular inflammatory diseases, which resulted 
in progressive altered immune response dynamics and multistep tumorigenesis will 
be revisited. The results of these studies show series of first evidence on early 
changes in immune response profiles when tissue is repeatedly exposed to immune 
disruptor (antigen). Systematic alterations of immune dynamics at distinct periods 
of tissue responses that led to tumorigenesis and angiogenesis will be demonstrated. 
It was suggested that contributions of early changes in host immunity are prevent-
able. Furthermore, we demonstrated that repeated exposures to antigen cause inter-
actions and synergies between host resident and recruiting cells in the direction of 
tumorigenesis. Future proposed directions toward identification of developmental 
phases of inflammation-induced altered immune dynamics will be summarized 
based on recent hypotheses that inflammation is a common denominator in the gen-
esis and progression of nearly all age-associated chronic diseases and site-specific 
cancers [18–23, 28–30, 40–45]. In 2016, following analyses of data on a wide range 
of chronic diseases or cancer the author further proposed that nearly all age-associ-
ated chronic diseases are manifestation of ‘mild’, ‘moderate’ or ‘severe’ immune 
disorders. In this context cancer was hypothesized as the severe delayed accumula-
tion of immune responses in susceptible tissues. Histamine was suggested as a blue-
print in maintaining oxidative stress and altering the immune dynamics of 
immune-responsive tissues in the direction of cell growth. Differential roles of Yin 
and Yang of effective immunity and mitochondrial bioenergetics and function at 
different stages of life, from fetus orderly growth and development, after birth, 
adulthood and age- associated chronic diseases were compared (details in Chap. 6) 
[43, 44].

It should be noted that prior to 1998, few cancer researchers were involved in the 
role of inflammation in cancer research. These scientists were aware of the circum-
stantial evidence for an association between chronic irritation or tissue injuries and 
cancer development and acknowledged lack of a direct evidence for a link between 
inflammation and tumor development. There were also few reports that desired the 
need for evidence on systematic developmental phases of tumor growth [21]. In 
1998/1999, at the National Cancer Institute (NCI), the author’s challenging efforts 
and struggles to promote the role of inflammation in cancer research met with seri-
ous opposition and minimization by decision makers in the upper management at 
NCI/NIH. In the last decade, appreciation and interest in studying the role of inflam-
mation has significantly increased, as numerous funded projects, clinical and basic 
science research, therapeutic approaches, technologies and networks are focused on 
multi-factorial roles of inflammation in cancer research and immunotherapy. 
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However, many of the current studies are fragmented studies on isolated molecules 
with reductionist approaches and created further chaos and controversies of what 
inflammation does in health or diseases of aging, particularly with regard to cancer 
‘targeted’ drugs in clinical trials that produced life-threatening side effects, admit-
ted by governmental and private industry [reviewed in 30, 42–46]. It is disappoint-
ing that the professionals in cancer research continue to follow the reductionists and 
chaotic approaches on identification of too many mutational-derived inflammatory 
molecules for research and clinical trials ‘immunotherapy’. Review of literature 
shows that the current funded projects and claims of immunotherapy and inflamma-
tion and cancer research are practically name-changing, using words of ‘inflamma-
tion’ or ‘immunotherapy’. These schemes created additional confusion in all aspects 
of research and therapy. While clinical conduct for immunotherapy appears logical, 
there is lack of systematic approach to understand the host tissue complexes of 
immune and non-immune interactions toward therapy. Immunotherapy studies are 
based on using specific somatic mutations of defective ‘inflammatory’ molecules or 
immune cell checkpoints (e.g., T cells, DCs or NKs) or activation of specific death 
factors (DFs) in the chaotic molecular landscape of site-specific cancers for treating 
patients [30, 42–44] (details in Chap. 6).

As emphasized throughout this book, effective cancer preventive strategies, thera-
peutic approaches and assessment of accurate risk formulation on exposure to a wide 
range of immune disruptors (antigens, microbiota or pathogen-specific vaccines and 
adjuvant) are achievable only through systematic and integrative study of the early 
actions of pathogens, low level carcinogens, allergen or other biological, chemical or 
environmental hazards that are considered hazardous to effective immunity and dis-
turb the quality of immune and non-immune responses in specific target tissues.

2  Definitions of Acute and Chronic Inflammation in Health 
and Diseases

Discovery consists of seeing what everyone has seen and thinking what nobody has thought. 
Dr. Albert Szent-Gyorgyi

Acute inflammation is a complex self-limiting and natural protective property of 
immune system (immune surveillance). Immune surveillance is provided through 
pleiotropic or biphasic properties (polarity or dual function) of acute inflammation 
that allow organ systems to return to normal physiological function after encounter-
ing and neutralizing external or internal unwanted/foreign elements (stimuli or 
immune disruptors) such as microorganisms (e.g., viruses, bacteria, parasites), 
allergens, biological, chemical or environmental hazards/toxins, carcinogens, use-
less and non-functional proteins/enzymes, genetic and epigenetic defects (e.g., 
mutated DNA/RNA, hypo-, hyper-methylated genes), useless cells (e.g., polyclonal 
B cell complexes, senescent and cancerous cells), oxidized metabolites (e.g., crys-
talline uric acid) that are hazardous to body’s survival (details in Chaps. 2 and 3) 
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[28–30, 40–45]. Here, a brief overview of recent definitions on acute and chronic 
inflammation is provided to discuss the relevance of altered dynamics of host tissues 
that we found in earlier systematic series of data on time course kinetics of stimuli- 
induced interactions and synergies between host and recruited cells in multistep 
tumorigenesis.

Acute inflammation was defined as a highly regulated molecular cross- 
communications between two biologically opposing arms of immune and non- 
immune responses termed ‘Yin’ (apoptosis, initiation, growth-arresting or 
tumoricidal) and ‘Yang’ (wound healing, growth-promoting or tumorigenic) [40]. 
Stimuli-induced cell mediated and humoral immunity (CMI, HI) of activated 
immune cells are facilitated by appropriate and precise responses from non-immune 
systems (e.g., vasculature, neuroendocrine, adipose and metabolic response path-
ways) (Fig. 4.1) [40, 41].

In general, in an acute inflammation, generation of signal transductions and 
crosstalk between innate and adaptive immune cells and non-immune systems pres-
ents a 2-fold principal mission:

 (a) Encounter/sense or recognize, process and digest, destroy and eliminate intrin-
sic or extrinsic foreign elements and the injured host tissue,

 (b) Resolve and terminate inflammation and repair, reconstruct or remodel the tar-
get (injured) host tissue.

Simply described, in an acute inflammation, apoptosis arm (growth arrest, tumor-
icidal, initiation, pro-inflammatory) or ‘Yin’ responses are responsible for high 
energy-requiring production of ATP hydrolysis from mitochondrial oxidative phos-
phorylation of activated immune cells, for expression of death signals, oxidants, 
enzymes and receptor molecules to destroy both the enemy (pathogens, allergen, 
immune disruptors) and the injured host cells. The wound healing (growth promote, 
termination, post-inflammatory or tumorigenic) arm of an acute inflammation or 
‘Yang’ responses, the low energy requiring events that utilize glycolysis (Warburg 
effect) are simultaneously generated from polarized immune and non- immune sys-
tem, to counteract and neutralize the toxicity that is generated during apoptosis in 
the ‘battle field’ and to resolve or terminate inflammation and repair or reconstruct 
the target host tissue. The major outcomes of an acute inflammation are lympho-
cyte-derived clonal expansion, increased synthesis of pathogen-, or allergen-specific 
antibodies and plasma and memory T and B cells that prepare the tissues to appro-
priately defend the body when exposed to the same hazardous agents [40–44].

A large body of quality data on basic and clinical research on models of chronic 
inflammatory diseases or human allergies or cancer demonstrate that the immune 
and non-immune cells, including innate [e.g., natural killer cells (NKs), macro-
phages (MΦs), dendritic cells (DCs), mast cells (MCs)] or adaptive [e.g., T and B 
cells, and subpopulations (cytotoxic T cells, Th1, Th2, Treg or plasma cells)], as 
well as, non-immune response pathways (e.g. vasculature, metabolic, hormonal, 
neuronal and adipocytes) present shared and specialized biphasic or duality (polar-
izing or pleiotropy) under acute and chronic inflammation and in cancer environ-
ment [47–88]. Analyses of data directly and indirectly support the recent definitions 
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on the role of acute and chronic inflammation in health and diseases. Thus, effective 
immunity is a highly regulated and complex property of defense mechanism 
(immune surveillance) for maintenance of the balance between two biologically 
opposing arms of tumoricidal (Yin) and tumorigenic (Yang) pathways provided 
through self- terminating protective properties of acute inflammation. Polarization 
of immune cells, during Yang events, is accompanied by expression of mediators 
whose effects are different from the non-polarized forms (resting status). Therefore, 
stimuli- induced activation and polarization of immune cells and the expression of 
mediators are capable of acting as tumor suppressors (growth-arresting) or tumor 
promoters (growth-promoting) agents (dual properties) [40–44]. Examples of fac-
tors and receptor molecules with known dual function include TLRs, MCP-1, 
CCL2, M-CSF, TGF-β, GM-CSF, histamine, heparin, TNF-α/TNFR, VEGF, CAMs, 
MMPs, prostaglandins (e.g., prostacyclin to PGE2), surface antigens, adaptor mol-
ecules or cell recognition molecules (e.g., CD2, CD11, CD18, CD25, CD 50, CD54, 
CD63, CD69, CD88), cytokine suppressor molecules (e.g., S100 family of calcium- 
binding proteins), enzymes (e.g., tryptase/chymase, neutrophil-derived serine prote-
ases, indolamine 2, 3-dioxygenase), peroxynitrite, other cytokines/chemokines, ILs 
or IFNs (e.g., IFN-γ, Il-2, IL-3, IL-5, IL-10, IL-12, IL-13), ECFA, SCF, c-kit), 
decoy receptors (e.g., TNFdR, IL1dR, IRAK-M), antibodies (e.g., IgE, IgG iso-
types, IgA, IgM), platelet-derived growth factor (PDGF) and related mediators. 
Numerous reports also demonstrate expression of abnormal proteins/peptides, lip-
ids, metabolites, mutated DNA/RNA, hypo-hyper-methylation of epigenetic modi-
fications (e.g., p53, p27, p16, p70, MAPKs, KRAS, BRAF, ALK, Myc, BCR, ABL, 
MGMT, TKIs, mTOR/ PI3K/AKT) are identified as potential targets for therapy 
[4–100].

Fig. 4.1 Schematic representation of balance in ‘Yin’ (growth-arrest) and ‘Yang’ (growth- 
promote) properties in acute inflammation. Acute inflammatory processes involve elaborate and 
precise interdependent crosstalk between immune and non-immune systems (e.g., vasculature, 
neuroendocrine, metabolic and adipocyte pathways) to combat and destroy foreign elements and 
injured host tissue and to neutralize, resolve and terminate inflammation and repair and reconstruct 
the damaged tissues. Modified from Khatami [28]. All rights reserved. See text
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In the following sections attempts were made to make biological sense of the 
immunological chaos that disturb effective immunity by demonstrating the results 
of our systematic studies on experimental models of acute and chronic ocular 
allergies.

3  Immune Disruptors-Induced Interactions and Synergies 
between Local and Recruiting Cells Toward Multistep 
Tumorigenesis

Foreign elements (external or internal components) that disturb effective immunity 
(immune disruptors) and induce loss of balance in Yin-Yang of acute inflammation 
(unresolved inflammation, oxidative stress) cause mild, moderate or severe immune 
responses in tissues. The spectrum of immune responses in susceptible tissues 
includes responses toward structures and substructures of extrinsic or intrinsic ele-
ments that are perceived hazardous to body’s survival presents infinite possible 
response profiles. The general categories of external/extrinsic or internal/intrinsic 
foreign components that induce certain responses from Yin-Yang of immune system 
(Fig. 4.1) include the following interdependent list [28–30, 40–44, 91–95] (details 
in Chaps. 2 and 6):

 (a) External Immune Disruptors:

 (i) Specific structures of microorganisms, infective agents or pathogens (e.g., 
viruses, bacteria, parasites). The specific vaccines against infective agents 
that impose immune responses and often cause ‘antigen overload’ for 
immunity fall into this category;

 (ii) A wide range of allergens and antigens including pollen, mite, dust, certain 
foods, genetically modified organisms in foods, other biological, chemical 
or environmental hazards that are considered low level carcinogens or 
mitogens;

 (b) Internal Immune Disruptors:

 (i) Useless and non-functional proteins/enzymes, defective genetic and epi-
genetic materials (e.g., mutated DNA/RNA, hypo- hypermethylated genetic 
components), useless cells (e.g., polyclonal B cell complexes, senescent, 
cancerous cells), oxidized metabolites (e.g., crystalline uric acid),]

 (ii) Aging process and minor or major changes in innate and adaptive  
immune response profiles, alterations in availability or function of  
hormones and metabolites (biological rearrangements in organ systems, 
immunosenescence);

The recognition, uptake and clearance of pathogens by mononuclear phagocytes are 
crucial events for the protection and defense of host tissue. To achieve infection, 
pathogens must evade both the natural and specific responses of the host through a 
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variety of mechanisms that would allow them to circumvent (camouflage) the 
immune responses for their survival. Analyses of relevant data suggest that patho-
gens (or cancerous cells) take advantage of the natural duality (pleiotropy) of 
immune and non-immune cell responses, particularly during aging. For example, in 
immune-responsive tissues, microorganisms or other immune disruptors that cause 
oxidative stress in host apply multiple mechanisms including induction of decoy 
receptors to prevent apoptosis and provide signals for wound healing for pathogen 
survival. Potent pathogens (e.g., pneumococcal bacteria, meningitis) or certain can-
cer drugs (strong monoclonal antibodies or growth factor inhibitors) can bypass 
vascular tissue barriers (or gut immune-mucus secreting barriers) and induce 
expression of overwhelming toxins and apoptotic factors creating ‘cytokine storm’ 
or ‘immune tsunami’, leading to significant destruction of architectural integrity of 
vasculature and rapid access to multiple organs and induction of severe inflamma-
tory conditions such as sepsis, meningitis or pneumonia and organ failure that are 
life- threatening to host survival (details in Chap. 6) [reviewed in 40–44].

Analyses of data involving activation of macrophages demonstrate that the 
receptor molecules provide direct link to NF-kB activation and pro-inflammatory 
cytokine secretion as preferred mechanisms by M1 phenotype during acute inflam-
mation. Review of reports from human or experimental models of mononuclear 
cells suggest that IFN-γ stimulates the expression of toll-like receptor 4 (TLR-4) as 
key factor in the MyD88 signaling pathways, while interleukin-receptor-associated 
kinase (ILAK-M) in TLR7, or PGE2 and IL-10 expression counteracts these effects 
and mediate tolerance [5–8, 15–17, 30, 40–43, 56, 57, 101]. These and related find-
ings are perhaps attempts of immunity to terminate apoptosis and inflammation or 
induce tolerance. Another example of the role of activated/polarized immune cells 
is the molecular repertoire of M2 versus M1 phenotype and metabolism of arginine. 
A major discrimination between M1 and M2 phenotypes in mice was demonstrated 
at the biochemical level, in the metabolism of L-arginine. Furthermore, analyses of 
data on activation and polarization of macrophages in experimental models of 
inflammatory diseases or cancer demonstrate that within MΦs, L-Arg is metabo-
lized by three different pathways for production of L-citrulline and NO by inducible 
iNOS, ureum and L-ornithine by arginase, or agmatin by arginine decarboxylase 
(ADC). The cross-regulation of the iNOS-arginase balance by Th1 mediators such 
as IFN-γ and LPS, and by Th2 cytokines such as IL-4 and IL-13, suggest that the 
measure of NO level and arginase activity in distinct cell populations reflect their 
activation states [28–30, 40–50, 101–114].

In summary, immune dysfunction is the cumulative impairments of complex 
immune response networks that result in the loss of balance in critical interactions 
of CMI and HI and disturb the required bioenergetics of homeostasis between 
 positive and negative control switches of effective immunity or the loss of 2 biologi-
cally opposing arms termed tumoricidal (Yin) and tumorigenic  (Yang) of protective 
pathways of acute inflammation. Major known changes in immune response pro-
files that would lead to multistep tumorigenesis include alterations in the ratios of 
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Th1:Th2, shifts in ‘tumoricidal’ (immature) properties of DCs (reduced ratio of 
DC1: DC2 or TADC), NKs (NK1:NK2), MCs (mature MCs: degranulated or ‘leaky’ 
MCs, TAMC), MΦs (M1: M2 or TAM) in tissues that are immune-responsive 
(details in Chap. 2). In immune-response tissues (e.g., epithelial, endothelial, fibro-
blast, mucus secreting cells), oxidative stress-induced shifts in tumoricidal proper-
ties of innate immune cells very likely alter the bioenergetic quality/power of host 
defense mechanisms and alter ratios of oxido-reductants (redox potentials) and 
changes in energy output (ATP/ADP/AMP) that would damage the mitochondrial 
function and diminish oxidative phosphorylation (high energy production from ATP 
hydrolysis) [43]. Insufficient ATP production in mitochondria that is generated from 
oxidative phosphorylation, could lead to progressive alterations in metabolism of 
host tissues (enhanced glycolysis), induction of hypoxia and expression of VEGF 
and contribute to retardation of high energy- requiring tumoricidal (Yin) properties 
toward immune tolerance that facilitate tumor growth (details in Chaps. 2 and 6).

4  ‘Accidental’ Series of Discoveries in Ocular Tissues: 
Implications for Direct Link Between Inflammation 
and Multistep Tumorigenesis and Angiogenesis 
in Conjunctival-Associated Lymphoid Tissues (CALTs)

Circumstantial evidence and meta analyses of the clinical and epidemiological data 
on an association between prior infections and injuries and the increase risk of site- 
specific cancers in patients suffering from chronic colitis (or crohn’s), pancreatitis, 
, chronic obstructive pulmonary diseases (COPD), asthma, gastritis (infections with 
Helicobacter pylori and/or other stomach ulcers), prostatis, thyroiditis, and respec-
tive cancers of colon, pancreas, lung, stomach or prostate have been documented for 
decades [3, 6–8, 10, 11, 14–20, 23, 25–27, 30, 34, 40–44, 104, 110, 112]. However, 
except for our ‘accidental’ discoveries that were established in 1980s, little/no data 
are available to demonstrate a direct association between the role of inflammation in 
multistep tumorigenesis and angiogenesis. Furthermore, despite the fact that over 
20 million articles are available on cancer related topics, there are no reports on how 
repeated exposure to low level carcinogens (immune disruptors, antigens) can initi-
ate early alterations of immunity, or interactions and synergies between resident and 
recruiting immune or non-immune cells that cause progressive damages in suscep-
tible site-specific tissues that lead to growth of tissue, tumorigenesis and angiogen-
esis [40–44, 92].

The following sections describe the extended analyses of data on a series of stud-
ies that were established over 35 years ago on ocular inflammatory diseases with 
emphasis on identification of developmental phases of immune disruption toward 
tumorigenesis [18–23, 28–30, 40–45, 61, 72, 89–92, 115].
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4.1  Background Information on Author’s Personal Experience

Courage is the ladder on which all the other virtues mount. (Clare Booth Luce1)

In 1980s our research team at the University of Pennsylvania, Department of 
Ophthalmology, was not involved in cancer research and we had no idea of the 
importance or significance of the original findings for cancer research until I joined 
the Division of Cancer Prevention (DCP),NCI/NIH, in 1998. At NCI, as a Program 
Director, Health Science Administrator, I was given the responsibility to review a 
large amount of data; including questionnaires, clinical forms and a variety of 
computer- generated information on collected data from patient’s biorepositories, 
statistics and related administrative issues that were gathered by several contract-
ing organizations, under NCI directions. Since 1993, NCI staff and academicians 
were involved in a peculiar and expensive (over $250 M) clinical project, prostate-
lung-colorectal-ovarian (PLCO) Cancer Screening Trials. My formal assignment 
was to develop concepts for cancer molecular diagnosis and utilization of patient 
biorepositories (e.g., PLCO), designs of clinical trials for detection and prevention 
of cancer. After review of enormous amount of published data on cancer-related 
fields and with much excitements, I learned that the results of our earlier published 
studies on experimental models of acute and chronic ocular inflammatory dis-
eases, were suggestive of the first and only evidence for a direct link between 
inflammation and systematic developmental phases of immune dysfunction that 
led to neoplasia, hyperplasia, tumoigenesis and angiogenesis. Table 4.1 is a grow-
ing list of reports on circumstantial evidence that cancer develops at prior site of 
injuries. The table was a much shorter list in 1998, when I prepared it to promote 
the important role of inflammation in cancer research. As discussed throughout the 
book, over the last couple of decades interest in the topic has significantly intensi-
fied and extensive epidemiologic, basic and clinical research documented the role 
of a wide range of inflammatory mediators and immune responses for cancer 
research and therapy. Details of how the decision makers at NCI downplayed, 
ignored and minimized the challenging efforts and struggles that I endured to pro-
mote the topic are provided in Chaps. 1 and 6 ([40–44], NCI/NIH submitted docu-
ments since 1998).

As analyses of our original data continued, it became clear that lack of system-
atic studies on the roles that inflammation play in multistep tumorigenesis and 
 existence of numerous important knowledge gaps in understanding cancer biology 
are the principal factors for slow/lack of progress in cancer research, prevention and 
therapy, despite trillions of dollars that have been invested in cancer research and 
therapy. In this chapter, analyses of original data and the importance and signifi-
cance of our ‘accidental’ discoveries for cancer research and therapy are briefly 
discussed. In addition, attempts were made to identify a list of important biological 
gaps for future proposed directions of cancer biology. The goal is to help research-

1 Clare Booth Luce (1903–1987), American author, politician and a US Ambassador. Source: 
Internet.
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ers and clinicians to better understand the importance of immunity and to make 
informed decisions in promoting immune surveillance and controlling the multistep 
carcinogenesis. Systematic studies of the role of immunity whose progressive alter-
ations lead to the loss of cancer control mechanisms are essential steps toward 
design of cost-effective strategies for cancer prevention, assessment of accurate 
cancer risk calculations, clinical trials and drug development and for better use of 
public and private funds on selecting science-based technologies.

5  Ocular Tissues: Ideal Targets for Studying Inflammatory 
Diseases or Tumorigenesis and Angiogenesis. Comparison 
of Composition and Function of Immune and Non-immune 
Cells in Conjunctiva and Lung Airways

Among body’s organ systems, conjunctiva and lung airways represent ideal sys-
tems for demonstration of a wide range of human inflammatory diseases. A major 
immune function of the conjunctival epithelium and lid architecture is to prevent 
entry of microorganisms or foreign elements (e.g., infective agents, toxins, aller-
gen, environmental and chemical hazards) into the globe and to clear the eye and 
prevent damage to the oxidative-sensitive immune-privileged ocular tissues such 
as the avascular cornea, retina and neuroretina. Major ocular inflammatory condi-
tions include vernal conjunctivitis, keratoconjunctivities, punctuate keratitis, giant 
papillary conjunctivitis, bechet’s disease, Sjogren’s syndrome, retinitis or squa-
mous cell carcinoma of conjunctiva [18–23, 40–44, 62–76, 89, 90]. Similarly, an 
immune function of the epithelial structure of the lung airway is to prevent entry 
and clearance of inhaled toxins or unwanted particles from the lung tissues [77–81, 
83–85].

To perform their functions, both tissues, being accessible to external chemical or 
environmental hazards (stimuli), have similar diverse cell types, including 
 epithelium, mucus secreting goblet cells (GCs), mast cells (MCs) or dendritic cells 
(DCs) and depending on the types of immune disruptors (stimuli), they provide 
somewhat similar cellular and molecular responses. Clinical and histopathological 
manifestations and immune response mechanisms that are involved in lung allergies 
or infectious diseases (e.g., asthma, emphysema, COPD, pneumonia) or lung can-
cers are, to some extent, comparable to those occurring in conjunctival allergic reac-
tions (e.g., vernal and giant papillary conjunctivitis, keratoconjunctivitis, hay fever, 
atopic eczema, punctuate keratitis) or Behcet’s diseases, Sjogren’s syndrome and 
squamous cell carcinomas of the conjunctiva. Stimuli-induced mast cells-IgE acti-
vation and degranulation and release of histamine, heparin and other preformed or 
newly synthesized inflammatory mediators, eosinophil infiltration into epithelium 
and goblet cells and hyperproduction of thick mucus secretion from GCs have been 
identified as principal responses during inflammatory conditions in both conjunc-
tiva and lung tissues. Furthermore, abnormalities and diversities in B-cell memory 
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expression of immunoglobulin subclasses have been reported in patients with atopic 
eczema and Sjogren’s syndrome, autoimmune disorders associated with lymphoid 
follicles and progression to lymphoma are comparable to the mechanisms occurring 
in asthmatic patients [21, 44, 66, 67, 76–81]. In lung diseases of the respiratory 
airway, activated epithelial cells, which are coated with a layer of mucus causing a 
thick barrier has been reported as major contributors in the development of cystic 
fibrosis, asthma and emphysema that also prevent access to therapeutic drugs [7, 
40–44, 62–87, 108–110]. Participation of mast cells (MCs) sensitization and activa-
tion (effector function) and release of preformed or newly synthesized mediators, 
followed by infiltration of eosinophils has been reported in acute and chronic ocular 
allergies or asthma. Furthermore, activation of mucus secreting goblet cells (GCs) 
and infiltration of eosinophils into GCs during ocular inflammatory conditions or 
asthma and the progression of diseases may be considered comparable events. It is 
also noteworthy that individuals suffering from asthma often manifest ocular aller-
gic reactions and vice versa. While, mast cells are the primary tissue constituent 
immune cells (effector cells) that respond to many airborne allergens in both con-
junctiva and lung airways, exposure of these tissues to specific infective agents may 
primarily stimulate dendritic cells or macrophages for immunological responses 
and potentially interact with the release of histamine in host tissue for improving the 
antigen/pathogen uptake and cross presentation to adaptive immune cells. Therefore, 
understanding the composition, interactions and synergies of host-antigen (immune 
disruptor) dynamics at site- specific tissues should be prerequisite when investigat-
ing the biology of specific disease processes for effective designs of prevention, 
drug development and treatment of diseases.

6  Time-Course Kinetics of Inflammation-Induced Immune 
Dysfunction and Tumorigenesis in Conjunctival Associated 
Lymphoid Tissues (CALTS)

Experimental models of acute and chronic inflammatory diseases were established 
in conjunctival-associated lymphoid tissues (CALTs) of guinea pig eyes by topical 
(unilateral or bilateral) application of fluoresceinyl-ovalbumin (FLOA, antigen, 
immune disruptor), in the presence or absence of infective agents (A Suum and its 
extracts), adjuvant or tumor promoting agents (TPAs) for up to 30  months. The 
major clinical and histopathological findings are summarized in the following sec-
tions. Details on experimental procedures, immunization schedules, immunological 
assays and histological studies for detection of cells, mediators and antibodies are 
provided in the original publications [18–23]. As detailed in the following sections, 
further analyses of data on the significance of the original findings relevant to 
tumorigenesis and angiogenesis, as well as identification of selected biomarkers 
were reported in recent years [28–30, 40–44, 61, 89–91, 115].
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6.1  Acute Phase (a): Mast Cell (Effector) Response 
Toward Immune Disruptor

Clinical findings that initiated after 9 days of repeated topical challenges with anti-
gen (FLOA) produced a range of strong or weak acute (type 1) immediate hypersen-
sitivity reactions including tearing, conjunctival edema, lid scratching or milky 
(lipid-protein) secretion in tears. Tear production occasionally coagulated and 
appeared as a thin film covering the sensitized eye (Figs. 4.2, 4.3 and 4.4). The clini-
cal reactions subsided within an hour of the last challenge and eye appeared normal 
(quiet, resting).

Histopathological and immunological assays of early responses demonstrated 
IgE-dependent mast cells (MCs) degranulation (effector pharmacological response), 
release of histamine and prostaglandin (PGs) and vascular hyperpermeability 
responses. Time course kinetics of histamine and PGs (6-keto-PGF-1α, stable com-
ponent of PGI2) release in tears demonstrated that the ratios of 6-keto PGF-1α to 
histamine increased more than 16-folds in the first 2 h of topical antigen challenge, 
suggesting that histamine was a primary mediator that activated arachidonic acid 
metabolism and cyclooxygenase pathways for the synthesis and release of pros-
tanoids via constituent and/or infiltrating inflammatory cells [18, 21, 23, 44, 89, 90].

No correlation was found between circulating homocytotropic-IgE and the 
degree of clinical reactions. This suggested tight binding of IgE-MCs-Fc-ε receptor 
(IgE-fcεR) molecules by effectively sensitizing MCs in ocular or other distal tissue 
MCs and removing IgE from circulation. Preliminary observations in animals which 
produced strong ocular reactions demonstrated wheezing reactions suggesting mast 
cells sensitization and effector response in lung airways. In addition, preliminary 
studies with newborn babies of sensitized animals, demonstrated strong ocular 
responses upon one or 2 challenges with FLOA, suggesting IgE antibody transfer 
and fetal MCs sensitization and/or fetal genomic predisposition (details in Chap. 6).

Fig. 4.2 Acute 
inflammation in an eye 
repeatedly challenged with 
FLOA showing milky 
secretion in tears 
(Reproduced with 
permission from Khatami 
et al. (Ref. [18], 1984) 
Archives of 
Ophthalmology, AMA. All 
rights reserved)

4 THE EYES HAVE IT ALL!



189

6.2  Intermediate Phase (Stage b): Down-Regulation 
Phenomenon

Clinical findings evaluated within 2  months of repeated topical challenges with 
FLOA included minimal tearing or tissue edema and mild neovascularization and 
hypertrophy of CALTs. Ocular reactions at this phase seemed reactive at least for a 
couple of hours after the last antigen challenge. Histological evaluation revealed 
increased degranulation and loss of mast cell function, increased infiltration of 
eosinophils into ocular secretion and mucus secreting goblet cells (GCs) and suepi-
thelium accompanied with neovascularization (Fig. 4.5a, b) [18, 19, 21]. A decrease 
in the number of functional MCs during down-regulation of clinical responses was 
demonstrated. It was suggested that repeated activation of MCs led to exhaustion of 
these effector cells. Further examination with topical treatment of the sensitized 
eyes with histamine produced strong type 1 reactions during down-regulation phe-
nomenon suggesting that histamine receptors were not affected at this stage. In 
addition, when a mast cell degranulating agent (compound 48/80) was topically 
applied to the desensitized eye, the minimal clinical reactions were comparable to 

Fig. 4.3 Acute 
inflammatory response in 
unilaterally sensitized and 
challenged eye of guinea 
pig 30 min after last 
challenge (Reproduced 
with permission from 
Khatami et al (Ref. [18], 
1984) Archives of 
Ophthalmology, AMA.  
All rights reserved)

Fig. 4.4 Acute ocular 
inflammatory responses 
produced coagulated 
material in guinea pig eye 
that was topically 
sensitized with FLOA and 
systemically infected with 
A. Summ parasite 
(Reproduced with 
permission from Khatami 
et al. (Ref. [18], 1984) 
Archives of 
Ophthalmology, AMA.  
All rights reserved)
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the eyes that were repeatedly challenged with antigen supporting that repeated stim-
ulation of the tissue reduced the effector function of the MCs [18, 19, 21]. Figure 4.5 
demonstrates heavy infiltration of eosinophils in ocular secretion at the intermediate 
phase of ocular responses toward antigen (A), or in conjunctival mucus secreting 
GCs (B) in repeatedly sensitized tissue with FLOA.

6.3  Chronic Response (Phase c): Induction of Massive 
Hyperplasia in CALTs

Massive hyperplasia of CALTs developed in the eyes that were continuously chal-
lenged with FLOA for 12–30 months. Little/no clinical hypersensitivity reactions 
were noted (Figs. 4.6, 4.7 and 4.8). However, tumor-like lesions were prominent 
features in the conjunctiva (within upper and/or lower lids) along with angiogenesis 
(Figs.  4.6, 4.7 and 4.8). Cross-sectional areas of massive hyperplastic lymphoid 
nodules from animals that were continuously challenged with antigen were at least 
five times greater than lymphoid tissues in normal-untreated animals (Fig.  4.9)  
[20, 21].

Fig. 4.5 Induction of 
intermediate inflammatory 
response in CALTs. A and 
B panels demonstrate 
heavy eosinophils 
infiltration into 
conjunctival secretions 
taken from animals that 
were repeatedly challenged 
with FLOA, systemically 
immunized with A. Summ 
[A]. B panel shows 
eosinophils infiltration into 
GCs (Adopted from Ref. 
[18] American Medical 
Association @1988, all 
rights reserved). See text
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Histopathological examination demonstrated massive lymphoid hyperplasia, fol-
licular formation with germinal centers, activated macrophages, increased swollen 
GCs, degranulated-partially granulated MCs (‘leaky’), involvement of lymphatic 
channels, extensive epithelial thickening (growth) and/or thinning (necrosis) often 

Fig. 4.6 Clinical 
responses of chronic 
inflammation-induced 
massive hyperplasia of 
conjunctival-associated 
lymphoid tissue (CALTs) 
(Reproduced with 
Permission from Ref. [20] 
Archives of 
Ophthalmology, AMA. All 
rights reserved). See text

Fig. 4.7 Ocular clinical 
response to chronic 
inflammation-induced 
massive hyperplasia of 
CALTs after repeated 
challenges with FLOA 
(Reproduced with 
Permission from Ref. [20] 
Archives of 
Ophthalmology, AMA. All 
rights reserved). See text

Fig. 4.8 Clinical response 
to chronic repeated topical 
challenges of CALTs with 
FLOA in guinea pigs. It 
demonstrates extensive 
angiogenesis, hyperplastic 
tissue and mucus secretion 
(Reproduced with 
Permission from Ref. [20] 
Archives of Ophthalmol, 
AMA. All rights reserved. 
See text
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in the same tissue section, suggesting necrosis and/or growth of epithelial tissues 
[20–22] (Fig. 4.9).

Animals treated with a mixture of FLOA and TPAs showed development of 
tumor-like lesions within 6 months after commencement of sensitization suggesting 
shifts in time course kinetics of immune response alterations through activation of 
protein kinase C (PKC) and perhaps related tumor growth pathways [20, 21, 28, 
30].

6.4  Antibody Profiles

Comparison of antibody profiles (i.e., IgE, IgG1/IgG2 isotypes) in ocular and/or 
splenic tissues in highly sensitized animals during the course of immunization sug-
gested that chronic inflammation-induced site-specific/local alterations in B-plasma 
or memory cell expression profiles of immunoglobulin subclass (e.g., IgG1/IgG2 
ratios). Changes in germinal center reactions could play important role in B cell 
activities, humoral immunity and tumorigenesis [20–22] (Fig. 4.10).

6.5  Role of Mucus Secreting Goblet Cells in CALTs

Mucus secreting GCs seemed to play a role in developmental phases of immune 
dysfunction and genesis of tumor-like lesions in CALTs. Heavy eosinophil infiltra-
tion into GCs was identified during the intermediate stage of inflammatory 
responses. The number of swollen GCs also increased in massive hyperplastic 
CLATs and significant changes in epithelial thickening or thinning. Other studies 
reported the critical roles of GCs in human or experimental models of inflammatory 
diseases such as asthma, emphysema, appendicitis, intestinal inflammatory diseases 
and neoplasia of endocrine system or carcinomas (Fig. 4.5 panel B) [18–22, 28–30, 
44, 79, 80].

Fig. 4.9 Histopathological 
findings of hyperplasia of 
CALTs in the chronic 
phase of animals 
repeatedly challenged with 
FLOA. Reproduced from 
American Medical 
Association @1989 [20], 
all rights reserved. See text

4 THE EYES HAVE IT ALL!



193

6.6  Statistical Analyses

From a total of 400 eyes that were examined, 12/40 (30%) of eyes from animals that 
were not sacrificed during earlier immunization periods developed tumor-like 
lesions or hyperplasia of CALTs. It is noteworthy that tumor development in CALTs 
primarily occurred in animals that produced minimal early type 1 responses toward 
antigen challenge. Monitoring percentage of tumor-like lesions developed with 
strong or weak responses during the entire course of immunization is perhaps 
among the important knowledge gaps that awaits future investigations [20, 21,  
28–30, 40–44].

6.7  Sequential Interactions and Synergies Between Resident 
MCs and Mucus Secreting GCs and Recruiting Eos 
and MΦs Toward Multistep Tumorigenesis

In 2014, further analyses of data resulted in the first report demonstrating systematic 
time course for progressive interactions and synergies between activated mast cells 
and recruited Eos (in intermediate phase) and activated/polarized MΦs (TAMs or 

1 2 3

Pooled Culture Supernatants

IgG
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IgG1 (PCA)
IgE (P-K) - - - - -

- - - - +

IgA
slgA

E
LI

S
A

 O
D

49
2

0.0

0.2

0.4

0.6

0.8

1.0

1.2

1.4

1.6

1.8

4 Serum

Fig. 4.10 Expression profiles of antibodies detected by ELISA. Data show levels of antibodies in 
serum and tissue culture supernatants of CALTs from repeatedly challenged guinea pig eyes. 
Upper panels show detection of IgG isotype (IgG1) by PCA; or IgE by P-K methods in serum. 
Reproduced from [Ref. 22]. All rights reserved
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M2) in conjunctival-associated lymphoid tissues [30]. It was proposed that such 
interactions or synergies between resident mast cells and those recruiting eosino-
phils or macrophages could also occur at various stages of immune responses in 
lung  airways or other tissues (gut- associated lymphoid tissues-GALTs) toward 
repeated exposures to immune disruptors. The principal resident immune cells in 
these tissues are also MCs, lymphoid organs and mucus secreting goblet cells. It was 
suggested that crucial interactions and synergies of the activated cells were respon-
sible for enhancing growth promoting capacities of host toward tumorigenesis [30,  
40–44]. It was further proposed that under oxidative stress, M-CSF may produce 
signals that are cumulative/synergistic with host mediators (e.g., low level release of 
histamine), facilitating tumor- directed expression of decoy receptors and other 
immune suppressive factors (e.g., dTNFR, IL-5, IL-10, TGF-β, PGE2). It was also 
proposed that M-CSF, possessing superior sensitivity and specificity, compared with 
conventional markers (e.g., CA-125, CA-19-9) was potentially a suitable biomarker 
for cancer diagnosis and technology development [30, 44, 61, 91].

Systematic monitoring of interactions between resident and recruited cells 
should provide key information not only about early events in loss of immune sur-
veillance, but it would help making informed decisions for balancing the inherent 
tumoricidal (Yin) and tumorigenic (Yang) properties of immune system and for 
effective preventive and therapeutic approaches and accurate risk assessment for-
mulation toward improvement of public health.

The immunopathological data that are reported by a number of investigators on 
human and experimental models of conjunctivitis as well as squamous cell carci-
noma of the conjunctiva produced a range of inflammatory reactions including 
appearance of yellowish cornea, yellow stringy exudates composed of mucus, acti-
vated epithelial cells, activation and infiltration of eosinophils, eosinophil granules, 
neutrophil and mononuclear cells [21, 28–30, 67–76]. These and related findings on 
the role of MCs mediators and/or B or plasma cell-derived pro-, and anti-inflamma-
tory mediators in the induction of a wide range of inflammatory conditions, includ-
ing pathogen-specific vaccines-induced allergies, autoimmune or neurodegenerative 
diseases or several cancers in human or models of chronic diseases are indirect 
support of the systematic and progressive presentations of inflammatory conditions 
that resulted in tumorigenesis and angiogenesis of the ‘accidental’ discoveries that 
we established in 1980s [19–27, 40–44, 77–92, 95–144].

Figure 4.11, schematically demonstrates developmental stages of inflammation- 
induced alterations in immune responses (identified as phases a, b and c) or acute, 
intermediate and chronic phases, which led to tumor growth and angiogenesis in 
CALTs. It also represents that while the early stages (a or b) may be reversible 
 (correctable), continuous exposure of host tissue to antigen and aging process 
increase the risk for induction of advanced stages of carcinogenesis that may not 
be reversible [40–44].
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6.8  Discussion: Direct Role of Inflammation in Multistep 
Tumorigenesis

The results of these studies are the first reported systematic probes into understand-
ing the sequential interactions and synergies between local (host)-resident cells and 
recruiting immune cells. The results demonstrate a range of immune response 
dynamics from the earliest (initial) stages of response alterations followed by pro-
gressive damages to tissue integrity and function at the intermediate and chronic 
phases toward development of massive hyperplasia or tumorigenesis and angiogen-
esis at a site-specific tissue such as the conjunctival-associated lymphoid tissues. 
Role of MCs and increased levels of histamine in tissue, serum or tears, or 

Fig. 4.11 Schematic representation of acute and chronic inflammation and increased risk of car-
cinogenesis in aging. Left panel depicts acute phase inflammation (a) inflammation-induced vas-
cular hyperpermeability and tissue edema followed by tissue repair (reversible, self-terminating 
phase). Phase (b), initiation of tissue atrophy, induction of pre-neoplasia and neovascularization, 
potentially reversible/correctable phase if inflammatory conditions were removed or if the innate 
immune cell functions could be stabilized. Phase (c) depicts induction of oxidative stress accom-
panied by altered signals from immune and non-immune cells, expression and co-expression of 
wound healing and selective apoptotic factors leading to immune dysfunction, loss of tissue integ-
rity and progression towards Phases (d) and (e) in the direction of tumor growth, metastasis and 
angiogenesis. See text (Adopted with permission from Khatami [Ref. 41]. All rights reserved)
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expression of IgE antibodies have been demonstrated in isolated reports of human 
vernal conjunctivitis and other immediate allergic reactions in humans or models of 
acute or chronic inflammatory (hypersensitivity) conditions or site-specific cancers 
[18–23, 28–30, 40–44, 71, 86, 98, 99, 110, 119, 129, 135–143].

The dense eosinophil infiltration into epithelial tissues and mucus secreting gob-
let cells that we observed at the intermediate stages of immune cell responses may 
directly cause damage at this phase of tissue injury and additionally signal for 
recruitment of activated macrophages (M2 or TAMs phenotype) into the target tis-
sue. It is also possible that eosinophil-derived expression of apoptotic mediators 
[e.g., major basic protein (MBP), neurotoxic factors, and/or myeloperoxidase- 
superoxide anion], directly damage the target tissues and signal for infiltration of 
macrophages at M2 (TAMs) phenotypes in an attempt to neutralize or induce wound 
healing and immune suppression. However, recruiting activated MΦs could further 
damage the host tissue integrity in the direction of cell growth promotion. Synergistic 
increase in the expression of immune suppressive mediators such as PGE2 from 
‘leaky’ (tumorigenic) MCs and/or TAMs into CALTs could also promote growth 
properties (Figs. 4.11, 4.12 and 4.13) [20–22, 40–44].

In general, it seems that biological reasons for interdependent interactions 
between activated or exhausted resident and recruited inflammatory cells that would 
lead to immune suppression are the attempts of the immune system to resolve 
inflammatory conditions (oxidative stress) when polarized immune (or non- 
immune) cells generate mediators from the phenotypes (e.g., M2 or TAMs) that 
express wound healing factors. The disproportionate expression of wound healing 
factors create an immunological chaos, by expression and co-expression of apop-
totic and wound healing factors that collectively potentiate the immune-suppressive 
quality of resident immune cells (e.g., exhausted or leaky MCs or TAMs, decreased 
apoptotic powers) with serious adverse consequences.

There are no other reports to demonstrate systematic analyses of time-course 
kinetics of stages of developmental phases of inflammation-induced immune dys-
function and sequential interactions and synergies between host resident immune 
and non-immune cells with those of recruiting cells that would lead to tumor 
growth and angiogenesis. Majority of cancer-related data report on advanced 
stages of genetically manipulated experimental models of tumors that are used for 
identification of a large number of factors for drug development (Fig. 4.11, stage 
e) (see Chap. 6).

Confirmation and extension of these ‘accidental’ series of discoveries using sys-
tematic studies on the role of infections or carcinogens at site-specific tissues (e.g., 
CALTs, lung airways or gut-associated lymphoid tissues) are expected to lay solid 
foundations for better understanding of cellular/molecular and bioenergic mecha-
nisms that are operative during the progressive tissue damage and loss of integrity 
of epithelial or vascular tissue components in multistep tumorigenesis and angio-
genesis. These are logical approaches for targeting and correcting skewed immunity 
at various stages of tissue response profiles that could lead to effective designs of the 
balance between Yin-Yang (tumoricidal vs tumorigenesis) of acute inflammation 
and control of disease processes (see Chaps. 2 and 6).
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6.9  Significance of ‘Accidental’ Discoveries and Systematic 
Identification of Stages of Immune Dysfunction 
in Multistep Tumorigenesis and Angiogenesis

The author considers the ‘accidental’ discoveries that were established since 1980s 
on experimental models of acute and chronic ocular inflammatory diseases that  
resulted in tumorigenesis and angiogenesis, a real ‘Gold Mine’ to further base the 
future studies. The outcomes of these studies lay a foundation for systematic 

Fig. 4.12 Schematic representation of oxidative stress-induced ‘leaky’ mast cells (MC, TAMC) 
and altered expression profiles of angiogenic and anti-angiogenic mediators toward induction of 
immune suppression and tumorigenesis and angiogenesis. It depicts that repeated tissue stimula-
tion and induction of ‘leaky’ or tumor associated MCs (TAMC) would lead to expression of low 
level histamine independent from antigen-IgE-receptor binding and MC degranulation, causing 
impaired balance in Yin and Yang and signaling for immune suppression and growth promotion by 
Yang (wound healing, tumorigenesis) that further cause activation, infiltration and polarization of 
other immune and non-immune cells such as TAMs, TADCs and vasculature toward carcinogen-
esis. See text (Modified with permission from Khatami [Ref. 40]. All rights reserved)
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investigations of the roles of immune disruptors (e.g., wide range of low level car-
cinogens, infective agents or chemical and biological hazards) in early dynamics of 
immune dysfunction. These studies deserve confirmation and extension of what 
other molecular entities are involved in the genesis of tissue damage that would help 
understanding cancer immunobiology and how to control it.

The summary of the results that were published in 1980s and further analyses of 
data on the role of inflammation in multistep tumorigenesis (since 1998, during 
author’s initiatives in promoting the role of inflammation in cancer research, and the 
development of molecular concepts for cancer diagnosis, prevention and designs of 
clinical trials at NCI/NIH) are listed below ( [8–23, 28–30, 40–45, 61, 72, 89–92, 
110, 112], NCI submitted proposals since 1998). Highlights of important biological 
knowledge gaps are also proposed for better understanding of the immunobiology 
of cancer (details in Chap. 6):

Fig. 4.13 Schematic representation of tissue stimulation during acute and chronic inflammation 
and aging process toward tumorigenesis. Left panel depicts that in acute inflammation, stimuli 
would activate one or more innate or adaptive immune cells and vasculature for expression of 
precise quantities of apoptotic and wound healing factors to eliminate hazardous components and 
injured tissue, resulting in resolution of inflammation, tissue repair and vascular integrity. The 
right panel represents that continuous tissue stimulation (chronic inflammation) and aging process 
would lead to damage to cell function, such as DNA mutation, polarization of innate and adaptive 
immune cells followed by abnormal expression and co-expression of apoptotic or wound healing 
factors from activated cells [e.g., altered/increased ratios of DC2/DC1, M2/M1 (TAMs), ‘leaky’ 
MCs (LMC), NKs (ANK), memory and plasma cells, Th2/Th1/Treg] leading to immune suppres-
sion and activation of oncogenes and growth of defective cancerous cells. See text. Adopted from 
Khatami [Ref. 41] with permission. All rights reserved
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6.9.1  Summary of Data on Models of Acute and Chronic Ocular 
Inflammatory Diseases in 1980s: Major Knowledge Gaps and 
Future Research Directions

Experimental models of repeated stimulation of CALTs produced a series of reports 
on clinical histopathological and immunological changes of immune cell responses. 
At least three identifiable phases of acute, intermediate and chronic inflammatory 
responses were demonstrated. The immune responses involved sequential activation 
and effector function of resident and recruiting immune and non-immune cells that 
resulted the development of massive lymphoid hyperplasia of CALTs.

The proposed important future studies that deserve confirmation and further 
studies include:

 (i) Initial clinical strong or weak responses toward immune disruptor (FLOA, or 
other antigens, infective agents) during acute phase of inflammation could 
potentially influence the onset of stages of inflammatory responses and per-
centage of tumor growth;

 (ii) Altered ratios of IgG antibodies (IgG isotypes) in local vs. distant tissue sug-
gest that extent and potency of factors that are generated during development 
of hyperplasia of lymphoid tissues determine the fate of tissue damage;

 (iii) Preliminary observations that demonstrated strong clinical responses in newly 
born guinea pigs eyes, upon 1st or 2nd ocular challenges are suggestive of 
antibody transfer from highly sensitized parents to newly born babies. 
Confirmation and extension of these observations on details of MCs activation 
and IgE antibody transfer are important and timely topics for future studies to 
understand the role of parental genetic predisposition and the basis for the 
observed increased allergies and anaphylaxis (e.g., asthma, food allergies, vac-
cines) in younger generation;

 (iv) Preliminary observations that mixing antigen with tumor promoting agents 
shifted the dynamics of immune responses toward earlier timing for tumori-
genesis and angiogenesis are important for future understanding of the cumu-
lative roles of immune disruptors or low level carcinogens in immune 
dynamics;

 (v) Cross-sectional areas of massive hyperplastic lymphoid nodules from animals 
that were continuously challenged with antigen were at least five times greater 
than lymphoid tissues in normal-untreated animals. To what extend epithelial- 
mesenchymal transformation alters immune response dynamics toward stages 
of tissue immune and non-immune damages are important knowledge gaps 
and deserve further studies;
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6.9.2  Summary of Progress and Data Analyses on Inflammation-induced 
Tumorigenesis and Angiogenesis Since 1998

 (i) 1998/1999, at DCP/NCI/NIH, the author initially proposed that inflammatory 
mediators are ideal targets for molecular diagnosis of cancer (biomarkers) 
and utilization of biorepositories in clinical trials such as PLCO (Prostate- 
Lung- Colorectal Ovarian) Cancer Screening Trials2 [89] (details in Chap. 1);

 (ii) 1999, author proposed a number of anti-inflammatory agents such as aspirin, 
Sulindac and captopril for prevention of cancer to colleagues and decision 
makers at DCP/NCI/NIH.  Aspirin is currently the subject of a number of 
clinical trials for prevention of several clinical trials such as PLCO Cancer 
Screening Trials [113]2;

 (iii) Statistical analyses of a series of original data using a total of 400 eyes, 
showed 12/40 (30%) of the animal eyes that were not sacrificed during earlier 
immunization periods developed tumor-like lesions or hyperplasia of CALTs 
[20, 21];

 (iv) 2005, analyses and integration of a series of published data led to a first pub-
lication on time-course kinetics of inflammation-induced at least three identi-
fiable developmental phases of immune dysfunction that led to tumorigenesis 
and angiogenesis [21];

 (v) 2004–2007, standardized criteria of cancer biomarkers (‘data elements’) for 
identification of a wide range of published articles on markers reported on 
clinical and basic research for the purpose of developing a cancer biomarkers 
database. The work was published as NCI-Invention in Federal Register as 
research tool for oncology researchers (2005). M-CSF was used as a proto-
type to test/tailor ‘data elements’ as a potentially suitable biomarker for tech-
nology development when superior sensitivity and specificity of the marker 
was compared with traditional markers. A detailed article on the topic was 
published in 2007 [61, 91]. The role of mast cell stabilizers in clinical trials 
were also proposed in comparison with cyclooxygenase inhibitors (Ketorolac) 
[90];

 (vi) 2008, definitions of acute inflammation as the balance between 2 biologically 
opposing arms (Yin and Yang) of immunity was introduced [40];

 (vii) 2009, oxidative stress or unresolved (chronic) inflammation and altered prop-
erties of tumoricidal vs tumorigenic (Yin vs. Yang) of acute inflammation was 
proposed as a common denominator in the initiation and progression of nearly 
all age-associated chronic diseases or cancer. An initial roadmap was intro-
duced for identifying and interconnecting the major pathways that are 
involved in the development of age-associated chronic diseases [29];

2 DCP/NCI, Division of Cancer Prevention, National Cancer Institute; Khatami’s challenging 
efforts to present a number of proposals for molecular diagnosis and prevention of cancer and 
designs clinical trials including introduction of aspirin, Sulindac and captopril to upper manage-
ment met with severe opposition and denial and rejections (details in Chap. 1) [21, 44, 45].
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 (viii) 2011, published differential influence of inflammation in immune-privileged 
and immune-responsive tissues as the bases for induction of neurodegenera-
tive and autoimmune diseases or cell growth and site-specific cancers [41];

 (ix) 2012, assessment of claimed cancer ‘targeted’ therapy was published, describ-
ing why we have not won the war on cancer despite decades of heavy public 
and private investment for cancer research and therapy [42];

 (x) 2012, edited and authored 2 books on cancer and inflammatory diseases and 
aging, and therapeutic approaches [28, 112, 114];

 (xi) 2014/2015, in collaboration/co-authorship with epidemiologists and toxicol-
ogists on assessing environmental low level carcinogens and cancer risk, it 
was found that there are no report on early events of immune response dynam-
ics on a wide range of molecules that are identified as carcinogens and bio-
hazards according to EPA [92–94]. Our earlier data described the role of 
immune disruptor (FLOA)-induced acute inflammatory responses as the first 
evidence of the earliest changes in immune dynamics [18–23]. These early 
stages of immune dysfunction are potentially preventable, reversible or 
druggable;

 (xii) 2014, addressed a major question of how the protective quality of acute 
inflammation (balance between Yin and Yang) switches to damaging effects 
of oxidative stress-induced tumorigenesis and angiogenesis. Analyses of ear-
lier data led to a first report that focused on the composition (types) and roles 
of local or host/resident tissue immune and non-immune cells activities (e.g., 
mast cells/MCs, B/plasma cells, epithelium, GCs) that sequentially interacted 
and recruited other inflammatory cells (e.g., Eos, TAMs, histiocytes), in the 
direction of tumorigenesis and angiogenesis [30];

 (xiii) 2016, published an invited perspective hypothesizing that cancer is a severe 
delayed and cumulative hypersensitivity responses of tissues [43]. A working 
model on differential bioenergetics of tissues and functionality of  mitochondria 
that parallel the role of Yin-Yang of immunity at different stages of life from 
orderly fetus growth to adulthood and aging process and disorderly cancer 
growth was proposed (see Chap. 6). A book was also published on assessment 
of cancer research and therapy in the last century; provided evidence that the 
virus-contaminated polio vaccines in 1955s contributed to the sharp increased 
in cancer incidence and mortality and other chronic diseases in baby boomer 
generation. Assessment and safety concerns on current emphasis on HPV 
vaccination of young generation was also reported. A related invited 
Commentary on the timely topic of safety concerns and hidden agenda behind 
targeting young generation for HPV vaccination that could potentially 
increase the population of drug-dependency in America was published [44, 
45, 115];
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7  Addressing Additional Major Knowledge Gaps in Cancer 
Biology

Detailed knowledge of how the multistep dysfunction of immunity would allow 
cancer cells to take over the machinery of the site-specific tissue that result in law-
less cell growth and carcinogenesis and metastasize at distant organs causing the 
death of an individual, is fundamental for optimizing strategies for cancer preven-
tion, designs of logical clinical trials and effective therapeutic approaches. 
Furthermore, there are numerous important biological knowledge gaps that must be 
systematically considered in the study of cancer biology. These important biologi-
cal gaps must be addressed in order to overcome many of the challenges that are 
currently hinder efforts for accurate risk assessment formulation of cancer and other 
age-associated chronic diseases and identification of potential reversible/modifiable 
pathways at early stages of immune dysfunction. Identifying such knowledge gaps 
is anticipated to enhance our understanding of the biology of cancer as the first logi-
cal steps toward design of effective therapeutic approaches and clinical trials.

In addition to what is described above, examples of interdependent major knowl-
edge gaps that hinder our progress in understanding the biology of multistep carci-
nogenesis are listed in the following. The knowledge gaps identified in this chapter 
are primarily based on our earlier discoveries that were extended on the roles of 
acute and chronic inflammation in multistep tumorigenesis. Addressing these intel-
lectually important knowledge gaps are expected to provide a better platform when 
future studies of cancer research and treatment are strategized (details in Chap. 6):

 (a) Sequential identification of immune and non-immune cell composition in site- 
specific tissues (e.g., lung, prostate, ovarian, breast, thyroid, stomach, colon, 
esophagus or conjunctiva) that are susceptible to multistep cancer cell growth 
and metastasis. These tissues are considered immune-responsive and the epi-
thelial-mesenchymal transformation are often reported at the site of initial 
altered immune response dynamics;

 (b) The relationships between stimuli/pathogen and host immunity, nature and 
potency of immune disruptor and the extent of interactions with host resident 
and recruiting cells. Quality, potency and nature of pathogenic or mutagenic 
stimuli, genetic predisposition and vulnerability of site-specific tissues toward 
exposure to carcinogens could produce heterogeneities in response profiles;

 (c) Potential differential influence of strong or weak initial/acute phase responses 
toward exposure to stimuli during the developmental phases of host immune 
responses are important in multistage carcinogenesis. In this regard, identifica-
tion of resident cells (e.g., MCs or other first immune cell responders) profiles 
of mediator release, biosynthesis and expression of other mediators and bioen-
ergetics in susceptible tissues during induction, down-regulation and chronic 
phases of responses require detailed studies;
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 (d) Time-course kinetics of developmental phases of immune disruptor-induced 
alterations in response dynamics, using site-specific host tissues, specific expo-
sure routs on defined stimuli, identification of expression of mediators at dif-
ferent phases of immune dynamic alterations;

 (e) It is important to address how stimuli-induced generations of danger signals 
(TLRs and decoy receptors) are transmitted in target tissues with specific 
immune and non-immune composition. For example, epithelial tissues such as 
conjunctiva, lung airways or gut, whose resident immune defense cells are pri-
marily mast cells, lymphoid tissues and mucus secreting goblet cells, may pro-
duce shared or special signals for activation or deactivation (tolerance) in host 
resident cells and those recruited to the site of tissues;

 (f) Little is known about mechanisms of expression of additional shared or spe-
cialized mediators from resident or recruited inflammatory cells that result in 
extensive tissue damage and loss of architectural integrity in immune- privileged 
or immune-responsive tissues in the induction and manifestation of tissue- 
specific neurodegenerative or autoimmune diseases and/or cell growth, neopla-
sia, hyperplasia, polyps, precancer or invasive cancer and angiogenesis.

 (g) Role of vasculature mediator response to normal or hypoxic conditions at vari-
ous stages of inflammatory processes and carcinogenesis;

 (h) Antibody profiles expressed during stages of inflammatory responses in target 
susceptible tissues (e.g., immune-responsive, immune-privileged, insulin- 
dependent or insulin-independent tissues for glucose transport and metabo-
lism) are perhaps essential steps toward better understanding of the 
interdependent mechanisms of chronic inflammatory diseases including diabe-
tes and cardiovascular complications, neurodegenerative and cancer biology;

 (i) Genetic makeup of immune system and target tissues and the influence of stim-
uli in induction of genetic mutations at various stages of inflammatory 
responses;

 (j) Susceptibility of target tissues (e.g., immune-responsive, immune-privileged, 
as well as insulin-dependent and insulin-independent tissues for glucose 
 transport and utilization) toward specific stimuli is anticipated to produce het-
erogeneities in initial response profiles and outcomes;

 (k) Identification of mediators (growth-promoting or growth-arresting) that are 
abnormally expressed at distinct phases of altered immune dynamics, and 
which could be potentially reversed or corrected, are expected to provide 
important clues in better understanding of the complex dynamics of immunity 
toward maintenance of health and prevention of diseases;

 (l) Interrelationships between immune disruptors-(oxidative stress-) induced 
altered crosstalk in immune and non-immune systems that contribute to altera-
tions of cellular components such as mitochondria and lysosomes, ER or Golgi 
apparatus and protein-lipid recycling pathways (anabolic/catabolic status of 
tissues) and altered mitochondria (mitophagy) or bioenergetic status of tissues 
or autophagy, at early or late phases of immune dynamic alterations;
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 (m) Monitor percentage of tumor-like lesions as relate to the initial strong or weak 
responses during the entire course of immunization. Since diversity and hetero-
geneity of disease processes are considered as major problematic issues for the 
design of suitable clinical trials, close monitoring of extent of strong or weak 
acute inflammatory responses is perhaps among the important clues in under-
standing the influence of immune response dynamics in protecting or damag-
ing the target tissues;

8  Types of Allergies and Immune Disorders: Rational 
for Promotion of Balance Between Yin (Tumoricidal) 
and Yang (Tumorigenic) Pathways in Immunity 
for Prevention of Chronic Diseases

As discussed throughout this book, despite availability of over 20 million publica-
tions on a wide range of basic sciences or clinical studies of cancer research and 
therapies as well as numerous age-associated inflammatory diseases, the peculiar 
absence of systematic and integrative studies led to existence of numerous key bio-
logical gaps and lack of effective progress in understanding the cancer biology or 
how to prevent or treat it.

In general, allergies such as food allergies, asthma, ocular or skin allergies are 
clinically considered as symptoms of three types of tissue responses to stimuli, IgE- 
mediated (acute, immediate or type 1), non-IgE-mediated (cellular or delayed type 
hypersensitivity) and mixed responses, IgE-mediated and delayed type allergies 
(details in Chap. 6) [112, 114, 116]. We recently considered that nearly all allergies 
and age-associated chronic diseases or site-specific cancers may be categorized as 
‘mild’, ‘moderate’ or ‘severe’ forms of immune disorders [43–45]. Detailed infor-
mation on biosynthesis and immune-pharmacological properties of histamine (cat-
echolamine, an alkaline and a vasoactive component) and its direct or indirect 
influence on organ/tissue metabolism and function in the genesis and progression of 
nearly all acute hypersensitivity reactions, infections, age-associated chronic 
immune disorders or site-specific cancers are discussed in Chap. 6 to better appreci-
ate the complexity of histamine role in health and diseases with emphasis on cancer 
biology [21, 44].

In recent years, a number of drugs such as anti-histamines, mast cell stabilizers 
or none steroid anti-inflammatory drugs (NSAIDs) and sulfhydryl-containing 
agents that were originally used for prevention of inflammatory diseases (e.g., 
asthma or conjunctivitis) or cardiovascular, stroke or kidney complications are 
being considered as chemopreventive agents for a number of cancers such as gastro-
intestinal, colorectal and breast cancer [21, 44, 66, 72, 96, 98, 110, 112–114, 121]2.

A fundamental question that should be seriously considered for future research 
is how the protective and precise crosstalk of immune and non-immune systems 
(e.g., vasculature, metabolic, hormonal, neuronal) that contribute to tissue physiol-

4 THE EYES HAVE IT ALL!



205

ogy and function at different levels (e.g., transport of nutrients and metabolites, 
proton exchangers, ATPases, bioenergetics from oxidative phosphorylation or gly-
colysis, protein-lipid degeneration/regeneration pathways) or biological clocks 
(rhythmic switches of on-off or Yin-Yang) that are involved in guarding the body’s 
health and survival are disturbed by aging process and/or immune disruptors (intrin-
sic and extrinsic stimuli) to the extent that the inherent duality of immunity favors 
cell growth promotion, or growth-arrest. Extrinsic or intrinsic stimuli, if not prop-
erly removed and neutralized by effective immunity are suggested to take advantage 
of the inherent duality of immunity, provided through Yin (tumoricidal) and Yang 
(tumorigenic) properties of self-terminating acute inflammation (body’s friend) and 
would take over the machinery of immunity in the direction of disease process and 
destruction of organ systems. Conducting systematic and time-course studies of 
immune response dynamics are essential first steps in understanding details of host 
tissue interactions with stimuli and extent of damage that specific immune disrup-
tors impose on architectural integrity and function of site-specific tissues in the 
developmental phases of multistep disease processes [21, 28–30, 40–45].

9  Conclusions and Perspectives

Given the crucial status of immunity that protects the body against a wide range of 
intrinsic and extrinsic immune disruptors and chronic diseases and cancer, com-
prehensive understanding of the host composition of resident and recruited immune 
and non-immune cells and their interactions or synergies during multistage 
immune dysfunction are essential for effective cancer therapeutics. In this regards, 
careful identification of multiple interrelated mechanisms of diverse mediators 
that contribute to the loss of immune surveillance should provide a range of novel 
targets for promoting the balance between Yin-Yang of acute inflammation and 
preventing chronic diseases, as well as for effective designs of anti-tumor 
therapies.

Effective strategies for design of therapies for a wide range of inflammatory dis-
eases or cancer can be achieved only if the biology of immune-surveillance, that 
was initially theorized several decades ago, are systematically understood and 
appreciated. Potential reversibility of early stages of inflammation-induced immune 
dysfunction including alterations in cellular chromosomal/genetic material that 
would lead to cellular growth promotion and genesis of hyperplasia, neoplasia, pol-
yps, precancer or cancer-malignancy deserve detailed studies. Outcomes of logical 
and systematic plans for identification of multiple stages of immune regulations are 
anticipated to lay a foundation for design of accurate risk assessment formulation 
and effective preventive and/or therapeutics. Proposed interrelated projects for 
future studies of complex dynamics of immunity that contribute to multistep tumor-
igenesis and metastasis include understanding the interactions between carcino-
gens-(antigen-load)-induced altered crosstalk in tissues that alter the functions of 
lysosomal-derived protein recycling pathways or loss of balance between 
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anabolic/catabolic pathways (autophagy) and energy status of cells (oxidative dam-
age to mitochondria in mitophagy) that lead to skewed/retardation of program cell 
death (Yin) and wound healing (Yang).

In brief, understanding the detailed heterogeneities of immune response dynam-
ics in site-specific tissues is the essential primary steps toward formulation of more 
accurate cancer risk assessment and designs of effective diagnostic, preventive and 
therapeutic strategies.
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Chapter 5
Cancer Statistics and Concerns for Safety of 
Drugs or Vaccines: Increased Population of 
Drug-Dependent Sick Society!

Abstract Statistical analyses of a number of data from 1946 to 2010 on baby 
boomers show that despite the improved hygiene and eradication of many infectious 
diseases, or reduction of cigarette smoking and longer life expectancy over previous 
generations, the baby boomers in USA have higher rates of chronic disease. In par-
ticular there is a disproportionate increased in rates of many types of cancers and 
neurodegenerative diseases and related disabilities when baby boomer generation 
health is compared with the previous two generations at the same age. In 2010 the 
baby boomers made up 26.1% of the total population of USA. In 2013, American 
Association for Cancer Research (AACR) announced that 33% of women and 50% 
of men will develop cancer in their life time.

The focus of this chapter is to discuss analyses of data on health status, with 
emphasis on the models used for estimation of cancer incidence, mortality and sur-
vival rates in different parts of the world by governmental and private organizations 
on epidemiological reports. The estimated distribution of deaths by site-specific 
cancers along with what is officially known as risk factors for induction of chronic 
diseases will be presented. The outlines of epidemiological logics and missing 
information on bases for reported increased in chronic illnesses are presented for 
future considerations of research and formulation of accurate risk assessment and 
effective strategies for prevention and treatment of chronic diseases and cancer. In 
this context, the role of aging process and impact of immune-disruptors or low level 
carcinogens, including the potential impact of viral or bacterial components in 
pathogen-specific vaccines in induction of antigen-load and chronic  inflammation 
that increase the risk of age-associated chronic diseases and site-specific cancers 
will be discussed.

Developing a universal vaccine, a prophylactic agent that generally boosts immu-
nity and prevent chronic diseases, rather than preventing specific disease is proposed 
for future studies. Due to the current philosophy of reductionist approaches to all 
aspects of medical sciences developing universal vaccines has yet to be thought of.

It is better to deserve honors and not have them than to have 
them and not deserve them.

Mark Twain
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1  Introduction

A chief event of life is the day in which we have encountered a mind that startled us. Ralph 
Valdo Emerson

Statistical analyses of data sponsored and reported by various governmental 
agencies (e.g., NCI-SEERS*Stat, CDC, ACS, National Health and Nutrition 
Surveys- NHANES) and private epidemiological and clinical studies from 1946 to 
2010 show that despite the improved hygiene and eradication of many infectious 
diseases, less cigarette smoking and longer life expectancy over previous genera-
tion, the baby boomers in USA have higher rates of chronic diseases, particularly 
disproportionate increased in incidence and mortality of many cancers and related 
disabilities, compared with the previous generation at the same age [1–22]. Despite 
the fact that medicine and detection technologies have improved significantly dur-
ing the baby boomers’ lifetimes that increased life expectancy, the health status of 
aging baby boomers seem poorer with regard to several diseases such as obesity, 
autoimmune and neurodegenerative illnesses, hypertension, diabetes and cardiovas-
cular complications, osteoporosis and malnutrition, compared with prior genera-
tions [4–14, 23–38]. A major factor that has not been included or analyzed in the 
majority of reports on statistical analyses is the sharp increase in site-specific cancer 
incidence and mortality (particularly in America) between 1955s and 1960s, the 
period that public was vaccinated with virus-contaminated polio vaccines [31–33, 
39–49]. American health ranks last among many other developed nations, despite 
the fact that America spends the highest amount of public and private funds for 
healthcare. In addition, racial and ethnic disparities including economic inequality 
impact the outcomes of diseases such as obesity, malnutrition, infectious diseases 
and cancer [31–33, 43–71]1,2,3

1 a.Sharon Begley (2008-09-05). “Rethinking the War on Cancer”. Newsweek. http://www.news-
week.com/rethinking-war-cancer-88941;

b.Bernadine Healy (2008-06-12). “We Need a New War on Cancer”. U.S.  News and World 
Report;

c.“LIVESTRONG Global Cancer campaign announces Hashemite Kingdom Of Jordan’s com-
mitment of $300 million to fund three cancer control initiatives.”

2 Kolata, Gina (April 24, 2009). “As Other Death Rates Fall, Cancer’s Scarcely Moves”. The 
New York Times.
3 Apostolides AD, Apostolides,IK: The United States Program on Cancer, 1975–2006: A Failure 
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In this chapter, reported statistical data, definitions and the models that are used 
for estimation of cancer incidence, mortality and survival rates in different parts of 
the world will be overviewed with emphasis on data for the distribution of site- 
specific cancer mortality. The existence of important knowledge gaps and missing 
information or misinformation that obscure accurate statistics and risk assessment 
formulation will be discussed for future considerations. Among important knowledge 
gaps are the strange absence of systematic studies on the relationships between host- 
pathogens or the cumulative role of environmental hazards that would increase the 
risk of cancer and other age-associated chronic diseases (details in Chaps. 1 and 6).

2  Statistical and Epidemiologic Data on Disease Mortality 
and Morbidity Around the World: Why Americans Health 
Rank Last?

Noise proves nothing. Often a hen who has merely laid an egg cackles as if she laid an 
asteroid. Mark Twain

Reports from governmental and private sources similarly demonstrate that the 
Americans (baby boomers) health has fallen behind many other developed countries 
[4–8, 31–33, 52–66]4,5. From 1946 through 1964, 78 million children were born in 
the United States that are considered the “baby boomers”. In 2010, baby boomers 
made up 26.1% of the US population [4–9, 31]. Figure 5.1, is a comparison of the 
health status of American baby boomers with previous generation, with regard to 
hypertension, increased cholesterol, diabetes and obesity [6].

In another study, analyses of poor health in America were reported by a panel of 
experts who found that American ranked last among 16 other developed countries. 
The group’s remarks included “… Is it Americans’ rugged individualism and the 
sense that most important thing is the individual’s freedom, and that’s so much more 
important than doing what is right for society… American are less likely to smoke or 
may drink less heavily than their counterparts in peer countries, but they consume 
the most calories per capita, abuse more prescription and illicit drugs….Yet even fit, 
nonsmoking Americans have higher disease rates than those elsewhere…”.6

The above report was prepared by a group of physicians, epidemiologists, 
demographers and other researchers charged by the National Research Council and 
the Institute of Medicine to better understand American’s comparative health status. 
Figure 5.2, demonstrates data on the rate of deaths from all causes by 17 developing 

(Part 2), Townsend Letter. The Examiner of Alternative Medicine. August/September 2010.
4 Mirror, Mirror on the Wall, 2014 Update: How the U.S.  Health Care System Compares 
Internationally. Executive Summary.
5 USA Today (1994) reflected an article that was published in JAMA: ‘Baby boomers are much 
more likely to get cancer than their grandparents were at the same age.’
6 Grace Rubenstein: New Health Rankings: Of 17 Nations, U.S. is Dead Last….Jan 10, 2013.
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countries, using data on 2008 report from World Health Organization (WHO) in 
2012/2013 publications [31–33, 55–58].6 It shows death from all causes; and that 
Americans’ health ranked last, despite the fact that America invest highest amount 
of money under the claim of healthcare!

The panel examined when and why people die in the United States and 16 other 
nations (e.g., Australia, Japan, Canada and Western European countries) using the 
data that reported by the WHO for Economic Cooperation and Development. 
Outlines of data that were reported for death in the USA showed the following sur-
prising factors:

 (a) Highest rate of death occurred by violence;
 (b) Highest rate of death was due to car accident;
 (c) Highest chance that a child dies before the age of 5;
 (d) Second (2nd) highest rate of death by coronary heart disease;
 (e) The 2nd highest rate of death by lung diseases;
 (f) Highest teen pregnancy and death due to childbirth
 (g) Even white and the “well-off Americans live sicker and die sooner than simi-

larly situated people elsewhere…“6

According to another report “The United States healthcare system is the most 
expensive in the world, but this report and prior editions consistently show the U.S. 

Fig. 5.1 Comparison of health status for hypertension, hypercholesterolemia, diabetes and obe-
sity in baby boomers and previous generation (Adopted from JAMA Intern Med. (Ref. [6]) with 
permission)
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underperforms relative to other countries on most dimensions of performance. Among 
the 11 nations studied …Australia, Canada, France, Germany, the Netherlands, New 
Zealand, Norway, Sweden, Switzerland, and the United States—the U.S. ranks last, as 
it did in the 2010, 2007, 2006, and 2004 edition of Mirror, Mirror….”.4 [See Chap. 1]

2.1  Anatomy of a Sick Care Nation (America): Power 
of Advertisement-Creation of ‘Magical Reality’ Culture 
for Selling Drugs and Unhealthy Food Products

The above reports neglected to identify the important factors that contribute to the 
increased disease status of Americans. In addition to the roles that virus- contaminated 
polio vaccines or other pathogen-specific vaccines and environmental hazards 

Source: World Health Organization

Japan

Switzerland

Australia

Italy

France

Spain

Canada

Sweden

Austria

Norway

Netherlands

Germany

Finland

United Kingdom

Portugal

Denmark

United States

0 100 200 300 400 500 600

Deaths from All Causes

Deaths per 100,000 in 2008 (age-adjusted)

Fig. 5.2 Age-adjusted death among 17 developed nations.1 It shows lifespan among various devel-
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played in sharp increase in cancer incidence and neurodegenerative and autoim-
mune diseases around the globe (see below) [31–33, 39–41, 47–49, 62, 67–88], the 
available publications underestimate the power of advertisement and propaganda in 
all aspects of American lives as major contributors to the higher disease status [31–
33]. The militarized power of medical establishment that includes the Government 
(NIH, FDA, CDC-DHHS), major health/medical/cancer organizations, food indus-
tries, Big Pharma and their powerful lobbying groups, collectively control major 
media. The establishment has been able to heavily advertise and publicize all types 
of packaged foods that are fortified with hormones, antibiotics, preservatives, salt, 
sugars or imitation fats or sweeteners; or a wide range of genetically modified 
microorganisms (GMOs) foods, herbicides-, pesticide-(carcinogen)-laced fruits and 
vegetables, drinks (e.g., energy, diet, sugarless), as well as a variety of prescription 
or over-the-counter drugs as ‘choices’ for individuals who may experience minor or 
major health discomfort or mental problems [31–33]. The system has cleverly and 
gradually created a different, magical or virtual culture in America by pushing 
Americans to be consumers of a wide range of what is marketed and call it ‘freedom 
of choice’! The foods and drugs are heavily publicized in such a way that maximize 
and exaggerate their pleasures and positive effects while minimize the short-, or 
long-term health hazards. The wide range of chemical, biological and environmen-
tal hazards that are in the food and household products and are routinely advertised 
and consumed by the public has created a ‘magical reality’ for Americans, while 
these products gradually caused a wide range of chronic diseases that require more 
medications [31–33, 89–148]. The power of medical establishment, which was 
formed over a century ago, increased since the 1955s, by deceiving the public and 
injecting Americans with virus-contaminated polio vaccines, claiming to eradicate 
polio. It is estimated that for every case of polio that the vaccine prevented, 15 cases 
of cancer and untold number of other diseases were induced since 1955 [31–33, 
39–61, 67].1–6 This created a huge business advantage for the establishment that 
continues to its current scary state. The establishment has absolute power to control, 
design and direct not only the research and clinical projects, and drug development, 
but it controls and publicizes the majority of food and household products that are 
routinely consumed by Americans. 

3  Cancer Global Burden: Statistics on Incidence 
and Mortality

There are lies and damned lies and statistics. Mark Twain

The following sections reflect review of data on examples of procedures and 
epidemiological methods that were used for estimation of cancer burden on a global 
scale. The calculations of cancer incidence and mortality rates were based on the 
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reports from the World Health Organization (WHO) and International Agency on 
Research in Cancer (IARC, 2000, 2012, 2014), Global Burden of Disease (GBD, 
2000) [31, 38, 39, 58–88]. The data sources for cancer death and survival also 
derived from the cancer survival models developed by the National Cancer Institute 
Surveillance, Epidemiology, and End Results (SEER)7 and SEER statistical pro-
gram (SEER *Stat), the Connecticut survival data from Cancer in Connecticut – 
Survival Experience, 1935–1962 and the US vital statistics. The data for SEER 
statistical program is considered as the standard for quality among cancer registries 
around the world, being the most authoritative source of information on cancer inci-
dence and survival in the United States. The SEER-related information includes 
data from population-based cancer registries, which collect cancer data on a routine 
basis and covers approximately 14% or 30% of US population (2015 report, see 
below) [58, 63, 64].7 It should be noted that the SEER program is funded by NCI 
and initiated in 1973, apparently as the results of the significant rise of cancer inci-
dence in America following public vaccination with virus-contaminated polio vac-
cines in the 1955s/1960s [31–33, 36, 44, 45]. However, except for numerous 
incomplete and isolated reports on circumstantial evidence for relationship between 
contaminated vaccines or low level carcinogens and environmental biohazards with 
chronic diseases or site-specific cancers [31–37, 49–53, 62, 64–88],7 there is a dis-
connect on statistics between the decades of 1930s to 1960s to make a better com-
parison on the influence of virus- contaminated polio vaccines in the increased 
cancer incidence and mortality and other autoimmune and neurodegenerative dis-
eases of ‘Baby Boomers’ and the subsequent 2 generations that are likely more 
vulnerable toward chronic illnesses (e.g., asthma, diabetes, obesity, neurodegenera-
tive and autoimmune diseases) [31–33]. The review of data on statistics and epide-
miologic reports are presented to collectively demonstrate potential relationships 
between viral/bacterial infections, specific vaccines, chemical, biological and envi-
ronmental hazards with site-specific cancers in specified regions around the world, 
including increased diseases in younger population in America that is becoming 
drug-dependent.

To build survival models and prediction of cancer incidence researchers used 
primarily information from SEER*Stat and related cancer databases. The results 
provided information on frequencies, death and survival rates, as well as data on 
state/local information (e.g., Connecticut State Department of Health on Tumor 
Registry on survival and causes of death followed up by decades, since 1935).

The summary of key points from latest SEER report that was published in the 
JNCI, includes the following [58, 63] 7,8:

7 SEER updated information presented at a joint meeting of NCI Board of Scientific Advisor (BSA) 
and National Cancer Advisory Board (NCAB), December 1, 2015, ‘Challenges to cancer surveil-
lance’ and ‘New initiatives to address the challenges’. etc..
8 JNCI: Journal of National Cancer Institute, March 30, 2015.
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• The report highlights the period from 1975–2011 to provide the best perspec-
tive on long-term trends in cancer incidence (new cases) and mortality (death) 
rates for all races combined.

• Researchers found continued declining mortality rates for men, women, and 
children.

• The incidence rate of thyroid cancer is increasing among both men and 
women, as well as the mortality rate for liver cancer.

• The incidence rate of oral/oropharyngeal cancers is increasing among white 
men despite a decline in oral cancers that are more closely associated with 
tobacco use.

• With a focus on breast cancer, the researchers used comprehensive national 
data on hormone receptor (HR) and HER2 status to determine the incidence 
of the four major molecular subtypes of breast cancer by age, race/ethnicity, 
poverty level, and several other factors.

• Moreover, researchers found unique racial/ethnic group-specific patterns by 
age, poverty level, geography, and by specific breast tumor characteristics.

4  Statistical Definitions for Cancer Mortality and Morbidity

Highlights of selected basic guidelines of WHO Cancer Mortality Database or 
SEER on definitions, surveys, classifications and terms that are commonly reported, 
applied and extended for disease risk assessment formulation, estimated cancer 
incidence and mortality or survival outcomes in studies by clinicians, researchers, 
statisticians, epidemiologists or demographers are shown below [1, 4, 10, 16–21, 
35, 36, 42, 43, 54–65, 70, 79–81, 149–152].

 (a) Mortality: Mortality is the number of deaths occurring in a given period in a 
specified population. It can be expressed as an absolute number of deaths per 
year or as a rate per 100,000 persons per year.

 (b) Population at risk: The population at risk includes all individuals susceptible to 
a specific cancer. It is defined on the basis of demographic variables, such as 
place of residence, sex, age group. Years of risk duration are counted in 
person-years.

 (c) Age-specific rate: The age-specific rate is calculated simply by dividing the 
number of cancer deaths observed in a given age category during a given time 
period by the corresponding number of person years in the population at risk in 
the same age category and time period. For cancer, the result is usually expressed 
as an annual rate per 100,000 person-years.

 (d) Crude rate: Data on mortality are often presented as rates. For a specific tumor 
and population, a crude rate is calculated simply by dividing the number of 
cancer deaths observed during a given time period by the corresponding num-
ber of person years in the population at risk. For cancer, the result is usually 
expressed as an annual rate per 100,000 persons at risk.
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 (e) Age-standardized rate (ASR): An age-standardized rate (ASR) is a summary 
measure of the rate that a population would have if it had a standard age struc-
ture. Standardization is necessary when comparing several populations that dif-
fer with respect to age because age has a powerful influence on the risk of dying 
from cancer. The ASR is a weighted mean of the age-specific rates; the weights 
are taken from population distribution of the standard population. The most 
frequently used standard population is the World Standard Population. The cal-
culated mortality rate is then called age-standardized mortality rate (world).9 
The ASR is also expressed per 100,000.’ Other definition for Age-standardized 
rate is the number of new cases or deaths per 100, 000 persons per year, which 
a population would have if it had a standard age structure. Standardization is 
necessary when comparing several populations that differ with respect to age 
because age has a powerful influence on the risk of cancer.

 (f) Risk of getting or dying from the disease before age 75 (%): The probability or 
risk of individuals getting/dying from cancer. It is expressed as the number of 
new born children (out of 100) who would be expected to develop/die from 
cancer before the age of 75 if they had cancer (in the absence of other causes of 
death).

 (g) Method: Population weighted average of the area-specific rates applied to the 
2012 area population.

 (h) Prevalence: Sum of area-specific prevalent cases. Causes of death for the WHO 
subregions and the world have been estimated based on data from national vital 
registration systems that capture about 17 million deaths annually. In addition, 
information from sample registration systems, population laboratories and epi-
demiological analyses of specific conditions have been used to improve esti-
mates of the cause of death patterns. Cause of death data have been carefully 
analyzed to take into account incomplete coverage of vital registration in coun-
tries and the likely differences in cause of death patterns that would be expected 
in the uncovered and often poorer sub- populations.

For majority of such reports algorithms were developed to estimate region- 
specific cancer incidence, survival and death distributions, rates and absolute num-
bers of cases for the year 2000 using the available published information on age-, 
sex-, and site-specific cancer incidence and survival. These data have been used to 
estimate the global burden of cancer (GBC) as part of the Global Burden of Disease 
(GBD or GD) for 2000 [36–38, 54–60, 63–65, 150–152, 160]. Cancer sites primar-
ily identified with codes; i.e., mouth and pharynx [ICD-9 140–149], oesophagus 
[ICD-9 150], stomach [ICD-9 151], colon and rectum [ICD-9 153, 154], liver 
(ICD-9 155), pancreas [ICD-9 157], lung [ICD-9 162], melanoma of skin [ICD-9 
172], female breast [ICD-9 174], cervix uterine [ICD-9 180], corpus uteri [ICD-9 
182], ovary [ICD-9 183], prostate [ICD-9 185], bladder [ICD-9 188], lymphomas 
[ICD-9 200–203], leukemia [ICD-9 204–208], and other cancers with related con-

9 The world standard population used within the application as proposed by Segi (1960) and modi-
fied by others [150–152].
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troversies or disagreements on such topics as mortality patterns with various regis-
tries or diseases surveillance systems [balance of ICD-9 140–208] [54–60, 63–65, 
150–152, 160].

According to these reports, the techniques to undertake the analyses were devel-
oped based on the global burden of disease study and further refined using a more 
extensive database and more robust modeling techniques. The resulting estimates of 
death were systematically corrected on the basis of other epidemiological evidence 
from registries, community studies, and disease surveillance systems. For China 
and India, cause patterns of mortality were based on existing mortality registration 
systems, namely the Disease Surveillance Points system (DSP) and the Vital 
Registration System of the Ministry of Health in China, and the Medical Certificate 
of Cause of Death (MCCD) for urban India and the Annual Survey of Causes of 
Death (SCD) for rural areas of India. For all other countries lacking vital registra-
tion data, cause of death models were used to estimate the maximum likelihood 
distribution of deaths across the broad categories of communicable, non- 
communicable and injuries, based on estimated total mortality rates and income. A 
regional model pattern of specific causes of death was then constructed based on 
local vital registration and verbal autopsy data and this proportionate distribution 
was then applied within each broad cause group. Finally, the resulting estimates 
were then adjusted based on other epidemiological evidence from specific disease 
studies [4, 55–60, 64, 65, 73, 74, 78–81, 88].

It should be noted that according to the 2015 SEER update, national population- 
based registries covering 30% of the US population; reported 400,000+ cases of 
cancer incidence annually.7 SEER identified that from the $87 M funded in 2011–
2012 for research projects, 112 used SEER data as ‘critical to the grant’, and that 
‘40,000 manuscripts referencing to SEER data’.7

As a general rule, the information provided by various sources on vital registra-
tion data are accepted to suitably correct for ill-defined coding and probable system-
atic biases in certifying deaths to non-specific vascular, cancer and injury codes 
when estimated number of the cause of death pattern were considered (Figs. 5.3, 
5.4, 5.5, 5.6, 5.7, 5.8, 5.9, 5.10, 5.11 and 5.12).

It should also be noted that, although the statistical analyses between 1940s and 
1960s on the cancer incidence and mortality rates are not detailed, there is sufficient 
evidence to show that the cancer became a deadly disease since 1960s/1970s, after 
the consumption of virus-contaminated polio vaccines in 1955–1960s [31–33, 40, 
41, 42, 67]. In 1955 and before the public consumed virus- contaminated polio vac-
cines Bernice Eddy who discovered that the polio vaccines were contaminated with 
live viruses warned the authorities and predicted that consumption of vaccines could 
cause a cancer epidemic. However, because million doses of vaccines were already 
prepared, decision makers decided to sell the contaminated vaccines to the public 
with little regard to the health hazards that led to the sharp increase in cancer inci-
dence and death that followed by heavy cost of cancer drug development with out-
come failure rates of 90% (+/−5) (details in Chaps. 1 and 6) [31–33, 44–54].
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Fig. 5.3 Estimated incidence and mortality of all cancers (excluding non-melanoma skin cancer) 
worldwide in 2012. Globocan-IARC-WHO report 2012

5  Results and Analyses of Cancer-Related Statistics 
on Incidence, Mortality and Morbidity

Facts are stubborn, but statistics are more pliable. Mark Twain

Estimated data on cancer incidence, mortality and morbidity reported by WHO 
(IARC, Globocan) or GBD are demonstrated in Figs. 5.3, 5.4, 5.5, 5.6, 5.7, 5.8, 5.9, 
5.10 and Tables 5.1, 5.2 5.3, 5.4. Vital registration data from 65 countries was 
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 available for majority of the analyses. In 28 countries, cause of death models were 
used to correct vital registration data by age and sex to yield more plausible patterns 
across different population (e.g., Groups I, II and III) and to calculate estimated 
distribution or profiles of specific causes of death obtained from recorded vital reg-
istration data [28, 55–60].

According to the 2012 report by IARC-Globocan (WHO), the estimated cancer 
incidence, mortality and morbidity for all cancers and some site-specific (e.g., lung 
colorectal and breast) cancers are summarized below [55–59]:

 (a) All Cancers: The summary of reports indicated that in 2008, there were 14. 1 
million new cancer cases, of which 8.2 million died. The cumulative number of 
people living with cancer (within 5 years of diagnosis worldwide) was 32.6 mil-
lion. Fifty seven percent (57%) of new cases of cancer, and 65% (5.3 million) of 
the cancer deaths and 48% (15.6 million) of the 5-year prevalent cancer cases 
occurred in less developed countries. The report demonstrates that the overall 
age-standardized (adjusted) cancer incidence rate is about 25% higher in men 
than in women, with rates of 205 and 165/100,000, respectively. The cancer rate 
in men was shown to be highest in Central and Eastern Europe (173/100,000) 
and lowest in Western Africa (69/100,000). In contrast, the highest rates in 
women are in Melanesia (119/100,000) and Eastern Africa (111/100,000), and 
the lowest in Central America (72/100,000) and South-Central Asia (65/100,000) 
(Table 5.1 and Fig. 5.5).

 (b) Lung Cancer: Lung cancer has been the most common cancer in the world for 
the last few decades. Lung cancer is also the most common cause of death from 
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Fig. 5.5 Lung cancer data. Estimated incidence, mortality and prevalence by regions, reproduced 
from Globocan 2012 [54]

cancer worldwide. The 2012 estimated number of new cases is 1.8 million 
(12.9%) of total new cases of cancers. Fifty eight percent (58%) of cases 
occurred in less developed regions. Lung cancer remains the most common in 
men worldwide (1.2 million or the 16.7% of total cases) with the highest esti-
mated age-standardized incidence rates in Central and Eastern Europe 
(53.5/100,000) and Eastern Asia (50.4/100,000). The incidence rates were 
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Fig. 5.6 Colorectal cancer. Estimated incidence, mortality and prevalence worldwide in men and 
women (Source: Globocan-IARC–WHO, 2012)

observed to be lower in Middle and Western Africa (2.0 and 1.7/100,000) 
respectively. Also the incidence rates as reported are generally lower and the 
geographical pattern is a little different, which suggested to reflect different 
historical exposure to tobacco smoking. Thus the highest estimated rates are in 
North America (33.8) and Northern Europe (23.7) with a relatively high rate in 
Eastern Asia (19.2) and the lowest rates again in Western and Middle Africa 
(1.1 and 0.8) respectively. Due to its high fatality (ratio of mortality to incidence 
is about 0.87) and the relative lack of variability in survival in different regions 
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of the world, the geographical patterns in mortality closely follow those in inci-
dence. (Table 5.2 and Fig. 5.5).

 (c) Colorectal Cancer: Colorectal has been reported as the third most common 
cancer in men (746,000 cases or 10.0% of the total) and the 2nd in women 
(614,000 cases or 9.2% of total) worldwide. Nearly 55% of the colorectal can-
cers occur in more developed countries and incidence rate vary 10-fold in both 
sexes worldwide, the highest estimated rates shows in Australia-NewZealand 
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Southern Europe

More developed regions

Polynesia

South America
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Central and Eastern Europe

Micronesia

Caribbean

World

Northern Africa

Western Asia
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Eastern Africa

Central America

South-Central Asia

Eastern Asia

Middle Africa
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Less developed regions

Fig. 5.7 Breast Cancer: Estimated incidence, mortality and prevalence worldwide in 2012
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(ASR 44.8 and 32.2/100,000 in men and women, respectively) and the lowest in 
Western Africa (4.5 and 3.8/100,000). Table 5.3 and Fig. 5.8 show that mortality 
is lower (694,000 deaths, 8.5% of the total) with more deaths (52%) in the less 
developed regions of the world, reflecting a poorer survival in these regions. 
There is less variability in mortality rates worldwide (six-fold in men, four-fold 
in women), (Table 5.3 and Figs. 5.6 and 5.8).

 (d) Breast Cancer. Breast cancer ranks as the 5th cause of death from cancer 
(522,000 deaths) and while it is the most frequent cause of cancer, death in 
women seems lower in less developed regions (324,000 deaths or 14.3% of total 
death from cancer). In recent years breast cancer is the 2nd cause of cancer 
death in more developed region of world (198,000 deaths or 15.4%) after lung 
cancer. As shown in Table 5.4 and Fig. 5.7 and 5.9, breast cancer is the 2nd most 
common cancer in the world and, by far, the most frequent cancer in women 
with an estimated 1.67 million new cancer cases diagnosed in 2012 (25% of all 
cancers). According to IARC-WHO breast cancer cases reported to slightly 
increase in less developed regions compared with more developed countries 
(883,000 v 794,000) respectively. The incidence rates vary four-fold across the 
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Fig. 5.8 Estimated age-standardized incidence and mortality rates in men. Data reproduced from 
WHO/IARC-Globacan 2012 (IARC) Section of Cancer Surveillance accessed October 19, 2015
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world regions, ranging from 27/100,000 in Middle Africa and Eastern Asia to 
96 in Western Europe (Table 5.4 and Figs. 5.9 and 5.11).

Figures 5.7, 5.8, 5.9, 5.10 and 5.11 show estimated age-standardized incidence 
and mortality of site-specific cancers. Details of data on cancer incidence, mortality 
and prevalence and the age-adjusted site-specific cancers are reported by govern-
mental agencies and other publications [55–58].7,8

Figure 5.10a, b, c represents age-adjusted trends in stomach cancer in men at 
different regions of the world as reported by Globocan-IARC-WHO.9 Details of 
methods and procedures and age-adjusted calculation are provided in a number of 
publications [1, 4, 55–60]

Figures 5.7 and 5.9 and Tables 5.4 and 5.5 show data on incidence, mortality and 
5-year survival (prevalence) of cancers in women around the world, according to 
Globocan-IARC- WHO [53–57].7,8

According to the 2000 calculated estimation of Global Burden of Disease (GBD), 
the sum of deaths from all specific causes for any sex-age group must sum to the 
total number of deaths for that age-sex group via the data sources and methods used 
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Fig. 5.9 Estimated age-standardized incidence and mortality rates: both sexes. Data reproduced 
from WHO/IARC–Globacan 2012 (IARC) Section of Cancer Surveillance accessed October 19, 
2015
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Fig. 5.10 (a, b, c) Trends in incidence of stomach cancer in selected countries (A, B and C regional 
countries): age-standardized rate (W) per 100,000 for men. Data show in a, b and c countries. Estimated 
age-standardized rates (World) per 100,000 — Data reproduced from WHO/IARC- Globacan 2012 
(IARC) Section of Cancer Surveillance accessed October 19, 2015 (Regional data derived from-NOR-
DCAN-C15.iarc.fr; Australia: www.aihw.gov.au; New Zealand: www.health.govt.nz; England: www.
ons.gov.uk USA: seer.cancer.gov NORDCAN: www.ancr.nu--2012 and 2015-IARC)
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for such estimation. GBD-2000 described that complete or incomplete vital regis-
tration data together with sample registration systems covered 74% of global mor-
tality in 128 countries. Survey data and indirect demographic techniques provide 
information on levels of child and adult mortality for the remaining 26% of esti-
mated global mortality. Causes of death for the WHO sub-regions and the world 
have been estimated based on data from national vital registration systems that cap-
ture about 17 million deaths annually. In addition, information from sample regis-
tration systems, population laboratories and epidemiological analyses of specific 
conditions have been used to improve estimates of the cause of death patterns [12–
15, 35, 37, 38, 63–65].

The 2000 GBD estimate for global cancer deaths is 11% higher than the 
GLOBOCAN 2000 estimate. This difference has been explained to be predomi-
nantly due to the very large difference in the regional/local data estimation (e.g., 
AFRO and SEARO regions), suggesting GBD estimates are almost double that of 
GLOBOCAN and adjustment to cancer deaths attributable to HIV/AIDS. For these 
and related reasons on estimation of deaths by other diseases, the expected GBD 
estimates of cancer deaths were higher than those of GLOBOCAN estimates. For 
other regions, the GLOBOCAN estimates are based on either cancer incidence data 
from cancer registries in the region (with a survival model used to estimate deaths) 
or on mortality data collected by regional cancer registries or other sources. As sug-
gested by the sources of information the current data are likely incomplete and the 
result may be underestimation of cancer deaths [30, 31, 34, 35, 55–59].7

In general, the proportional representation in the cancer literature of individual 
cancers has been difficult, if not confusing, to establish. The principal repositories 
for medical research publications are the Web of Science (WoS) (Thompson Reuters), 
and PubMed [the National Library of Medicine (NLM)], the latter recognised as the 
most frequently used source for information in the medical field. Recently developed 
internet-based analytical tools now allow for interrogation of these online databases 

Table 5.4 Breast cancer: Estimated incidence, mortality and prevalence worldwide in 2012

Estimated numbers (thousands) Cases Deaths 5-year prev.

World 1671 522 6232
More developed regions 788 198 3201
Less developed regions 883 324 3032
WHO Africa region (AFRO) 100 49 318
WHO Americas region (PAHO) 408 92 1618
WHO East Mediterranean region (EMRO) 99 42 348
WHO Europe region (EURO) 494 143 1936
WHO South-East Asia region (SEARO) 240 110 735
WHO Western Pacific region (WPRO) 330 86 1276
IARC membership (24 countries) 935 257 3591
United States of America 233 44 971
China 187 48 697
India 145 70 397
European Union (EU-28) 362 92 1444

5  Results of Cancer-Related Statistics on Incidence, Mortality and Morbidity
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and for the provision of reports that are comparable within and between datasets. 
However, interpretation and integration of generated data are chaotic and somewhat 
confusing (if not misinforming), due to disproportionate rapid increase in research 
publications, facilitated by the development of the internet, search engines, compu-
tational biology reports and on-line publishing compared with accurate assessment 
of data for cancer risk formulation to design follow up studies.

Limitations in Analyses of Data Sifting through the various incomplete reported 
data for 2008, 2010 and 2012 from governmental (e.g., WHO/IARC and SEER) and 
private organizations, on the number of chronic diseases or site-specific cancers 
since the 1940’s (with limited cancer statistics until 1970’s, post polio vaccines 
[31]) the following conclusions and perspectives are outlined:

 (a) Lung, breast, colorectal, stomach, liver and prostate cancers seem to be causes 
of the majority of cancer deaths around the world;

 (b) There are several intrinsic problems and potential misinformation with such 
reports. As an example, the reported data on breast cancer are examined here. It 
has been reported that over 2.2 million women are living with breast cancer 
(beyond 5-year survival), suggesting a decrease in the breast cancer death. 
However, the data is misleading because while the 2.2 million survival number 
is the cumulative number of breast cancer, the data do not reflect that well over 
30 millions died from breast cancer when reported data are analyzed in more 
details. According to Globacan (2000), the estimated incidence and mortality 
for breast cancer (in thousands) per 1 year, were 1,671 and 522, respectively 
(Tables 5.4 and 5.5), showing, that over 35% of newly diagnosed breast cancers 
patients died of the disease [55–58].9 In addition, the data do not account for the 
number of over-, or mis- diagnosed patients who could better, tolerated or dis-
continued the treatment. Furthermore, the SEERS updated report admits that 
the cancer ‘Population- based registries covering 30% of the US population’.7 
The estimated number that over 30 million women died from breast cancer 
since the 1940s comes from extrapolation of data on the numbers reported by 
WHO (Tables 5.4 and 5.5 and Fig. 5.11) and the cumulative number of breast 
cancer incidence around the world reported separately by WHO in 2008, show-
ing approximately over a total of 1.4 millions cases of breast cancer incidence 
occurred (sum number by various regions of the world, or by economic status), 
and the number of death provided by WHO in 2012 alone (age-adjusted) (Fig. 
5.11, and Tables 5.4 and 5.5). The 30 million deaths from breast cancer is an 
estimated figure and could be off by10-20%, because little data on yearly inci-
dence of breast cancer are documented prior to 1940’s and since 1950s and 
1960s. The author’s estimated number of death from breast cancer has other 
limitations because extrapolation of data is from analyses of only 2 years (2008 
and 2012, Fig. 5.11 and Tables 5.4 and 5.5), breast cancer cases rising from 
approximately 1.4 million (2008) to 1.67 million (2012). The total numbers in 
each column in Fig. 5.11 are gross estimation (yellow bars)/100,000 and the 
parameters used may not be comparable. The next challenge for  statisticians, 
epidemiologists and demographers is to investigate detailed  analyses and com-
parison of the number of incidence and cancer deaths in 1930s to 1940s and 
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compare the data with those incidences after 1950s/1960s, which are pre- and 
post-  vaccination of the public with virus- contaminated polio vaccines or per-
haps other vaccinations, (e.g., swine flu, HPV), which become compulsory for 
the public under the propaganda to prevent diseases and improve public health 
(see the following) [31–33]10

 (c) Since 1940’s (Baby Boomer generation), over 20 million women developed 
hypertension and coronary disease complications. These data do not provide the 
potential increase in the rate of coronary diseases after 1960s (post polio vac-
cines era), although analyses of data from few reports suggest such association 
for baby boomers (Fig. 5.1, see Chap. 6) [1–8].

 (d) Since the 1940s, aside from increased in cancer incidence and mortality, over 
20 million women are afflicted with several common autoimmune and neurode-
generative diseases (e.g., rheumatoid arthritis, multiple sclerosis, lupus, sclero-
derma, inflammatory bowl diseases, Sjogren’s, type 2 diabetes, obesity, stroke 
and Alzheimer’s) [4–14, 23–25, 30–34]. The estimated number of such health 
conditions for men in the same time-frames are also provided in a number of 
publications [1–8] (data not analyzed).

 (e) Proportion of various cohort on comparison of baby boomers and the previous 
generation at age 46–64, with regard to increased diseases such as hyperten-
sion, hypercholesterolelimia, diabetes, obesity and other chronic illnesses 
reported in various studies suggest significantly poorer health status (2–8 times) 
between the current and previous two generations, despite much higher expen-
diture in medicine, diagnostic technologies and improved hygiene since a cen-
tury ago [6–10, 31, 32].

6  Cancer Risk Factors: Impact of Aging Process, Chronic 
Infections, Pathogen-Specific Vaccines, Carcinogens 
and Chemicals

In the last few decades, cancer prevention community has focused on the contribu-
tion of “lifestyle” factors (primarily smoking habits) as the principal modifiable 
causes of cancer. However, increasing number of pollutants, biological and chemi-
cals that are identified in the environment we live and breathe, such as commonly 
used products, pesticides, herbicides, hormones, steroids, food additives and preser-
vatives, gasoline exhausts, genetically modified foods, plastic containers, cosmetics 
care products, over-the- counter remedies, asbestos, house paints, chemicals in arti-
ficial rains and drinking water or pathogen-specific vaccines and adjuvant, as well 
as direct and indirect exposures to high radiofrequency electronics, are considered 
health-hazard concerns that could increase the risk of carcinogenesis. Extensive 
access/exposure to advanced technologies and electronic devices and games (e.g., 
cell/smart/iphones, household gadgets, medical diagnostics tools, microwaves etc) 

10 Tom Valentine: Polio vaccine spreads cancer. Dark Politricks. Part II, SHOAH, June 21, 2011.
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may be considered potential hazards whose additive impacts in biology and func-
tion of tissues are not well understood [110–147].

According to governmental and academic reports, the important risk factors for 
cancer incidence, in both developed and developing countries include the tobacco 
use, unhealthy diet, several known carcinogens, physical inactivity and excessive 
use of alcohol. As noted above, the reports indicate that the developed countries 
such as the Europe and the Americas had the highest incidence of all types of cancer 
combined for both sexes, while countries in Eastern Mediterranean Region had the 
lowest cancer incidence (see above). The reported exposures to known agents such 
as cadmium, o-toluidine, trichloropropane, thiourea, 4-chloro-1,2- benzenediamine 
1,3-dihydroxybenzene (resorcinol), diethylene glycol dimethyl ether, p-chloroani-
line (parachloroaniline), expoxybutane, dichlorobenzidine, chloroprene, chloro-
methyl methyl ether, L-lewisite, methylenedianiline, coal tar, nickel chloride, nickel 
sulfate, copper components, diacetone alcohol (DAA), 2- ethylhexanoic acid, 
n-nitroso-n-methylethylamine, soluble nickel, n-nitrosodi-n- propylamine, are 
among risk factors in carcinogenesis, particularly for the older population around 
the globe (NIEHS or EPA websites and databases). Table 5.6, is a list of examples 
of biological and environmental components that are known as potential risk factors 
(immune disruptors) that at low levels act as carcinogens. The information is pro-
vided from overall analyses of reported data on a wide range of isolated experiments 
in animal models of inflammatory diseases, genotoxicity, carcinogenesis or in clini-
cal trial. The results also reflect continued confusion, inconsistency and misunder-
standing on the actions of various agents that are reported in different labs or clinical 
trials including efficacy of drugs, safety of pathogen-specific vaccines, hormonal 
replacement therapy, use of steroids and antibiotics in the induction of chronic dis-
eases (Table 5.6) [31–33, 56, 71, 84–212].

Analyses of reported data demonstrate that majority of these agents are stimuli 
that affect combination of the complex molecular components of immune/inflam-
matory response processes. It should be emphasized that despite the facts that the 
chemical, structural and biological properties of numerous carcinogens are well 
known in the literature, there is a peculiar absence of systematic studies to demon-
strate how these chemical structure can cause early disturbance of immune response 
profiles in the direction of tumorigenesis or angiogenesis. Identification of early 
events of immune responses is important as these responses are potentially revers-
ible or correctable. However, the cumulative roles of these potential carcinogens or 
the mixtures of carcinogens that could contribute to mutagenesis in susceptible or 
site-specific tissues toward multistep carcinogenesis are yet to be determined.

In general, the reported actions of all known carcinogens fall into the two catego-
ries of disturbing the effective immunity or the loss of Yin and Yang balance of acute 
inflammation and causing over-, or under-expression of hundreds or thousands of 
proteins, enzymes or receptor molecules that contribute to the control of cancer or 
any other diseases processes. In general, the identified carcinogens belong to the 
following interdependent biological categories that would likely alter effective 
immunity (details in Chap. 6) (Fig. 5.12) [31–33, 82–84, 95, 99, 107, 82–84, 111, 
112, 119–125, 180–183]:
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Table 5.6 Examples of immune disruptors or carcinogens and inconsistency in reported 
inflammatory responses [31–33, 96–212]

Agent/Carcinogen

Nature/ Property/Tissue

Reported paradoxical actions- 
controversy of risk factors in 
carcinogenesis

Immune disruptor

Bisphenol A (BPA); 
Brominated BPA;

Intracellular signaling; 
Mitochondrial oxidative 
metabolism; Endocrine- 
Estrogen disruptor

ER-- Activate mTOR (mammalian 
target of rapamycin); Block P53, 
Promote growth signal and 
angiogenesis; Genetic instability; 
Estrogen Activity (ER); 
Upregulation of hTERT 
transcription factor complex to 
Fos/Jun; Replicative immortality; 
DNA and chromosomal 
instability-reprogramming; Induce 
neoplasia (prostate); Genotoxic; 
Cell proliferation; Polarization; 
Endocrine disruption; PPARs 
antagonist

Polybrominated 
diphenyl ethers 
(PBDEs) +17v-estradiol

Disrupt glucose and lipid 
metabolism (MCSF); Present 
in breast milk; Placenta; 
Amniotic fluid, Umbelical cord 
blood; Mutagen

iNOS--Genetic instability, Pro- 
and anti-apoptotic (IL-1β, TNFα, 
PGE2), Risk for breast cancer;

NO and iNO Genotoxic Angiogenesis; Tumor metastasis
Permissive factor
Vinclozolin & 
Dicarboximide 
(fungicide)

Endocrine disruptor, Amide- NFkB--Promote evasion of 
anti-growth signals; Oxidative 
damage; AR and ER expression 
(prostate gland)/prostatitis; 
Phosphorylation and Nuclear 
Translocation of NFkB 
(expression of IL8 andTGFβ1);

Nonylphenol (NP), 
4-NP

Estrogenic action IL-6–Proliferation in estrogen 
responsive ovarian cancer PEO4 
and Anti-cancer or enhancing 
apoptosis, TNF-α and suppress 
regulatory cytokines e.g., IL-10, 
IFB-g, IFB-β; Enhance replicative 
immortality- altered telomerase 
activity; Pro-epigenetic; decrease 
in ERα; Expression of COX-2- 
PGE2; lung allergies;

Genotoxic Saccharomyces 
cervisiae

(continued)
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 (a) Carcinogens that are known to interrupt the endocrine and hormonal activities 
(e.g., insulin, estrogen or DHT receptors, enzymes) are often facilitators of 
wound healing and growth (anabolic) pathways. In such pathways all metabolic 
and growth factors contribute to the loss of balance in tumoricidal vs tumori-
genic properties of immunity in favor of growth promotion. Among altered 
activities of such pathways are expression of kinases, NADP/NADPH regenera-
tion, COX/LOX pathways and induction of PGE2, mTOR/PI3K, induction of 
IRA-M for tolerance, altered mitochondrial oxidative phosphorylation (mitoph-
agy); hypoxic conditions and induction of vascular growth pathways; nuclear 
and genomic toxicity and instability affecting pathways such as DNA/RNA 
repair mechanisms, genomic mutations, chromatin, transcription, epigenetic 
(hypo-, and hyper methylation), impaired p53 and other growth suppressor 
genes activities that lead to immune suppression and initiation of growth in 
susceptible tissues;

Table 5.6 (continued)

Agent/Carcinogen

Nature/ Property/Tissue

Reported paradoxical actions- 
controversy of risk factors in 
carcinogenesis

Immune disruptor

Phthalates; Di-isonoyl 
phthalate, Benzyl butyl, 
or di-n-buthyl 
phathalate; Diethylhexyl 
Phthalate (DEHP)

Vinyl products; plastic 
wrapping

TNF-α–Increase proliferation; 
Reproductive system 
(spermatogenesis); Evasion of 
Anti-growth signals; Decrease 
Smad regulation of Cyclin D; 
Increase palmitoyl-CoA oxidase 
activity; Increase β-and 
ω-oxidation of fatty acids; Nuclear 
receptor-PPARa in hepatocytes; 
Asthma; Prostate; Uterus; Ovary; 
Breast

Atrazine; Herbicide; 
Pesticide (copper 
8-hydroxyquinoline)

Contaminate water; Endocrine 
disruptor; 
(diaminochlorotriazine, major 
metabolite); weak mutagen;

Induction of mammary gland 
tumors; Reproductive/endocrine 
disruptors; Suppression of 
anti-oxidant in liver; decrease 
testosterone gene transcription; 
NO regulation; Angiogenesis; 
Immunotoxicity; Decrease TNFα, 
IFNγ

Copper (C), C. sulfate, 
C. gluconate, C. ore 
(silica, iron, manganese, 
arsenic, titanium, sulfur) 
C. hydroxide, C. 
ammonium carbonate, 
C.oxychloride +sulfate

Copper miner, Cumulative 
contaminated food or water/
beverage, Radon emission (??), 
Fungicide, Crop [citrus fruits, 
peanuts, deciduous fruits (other 
than apples), potatoes, 
vegetables]

Increased Metallothionein, 
5-HT3,4Rs (?), Atherosclerosis, 
Cardiovascular, Hypertension, 
CNS, Hepatic (Wilson’s diseases), 
Renal, Gastrointestinal, Children’s 
cirrhosis, Hyperplasia, 
Hyperkeratosis of squamous 
mucosa in stomach, Lung cancer

Aluminum, Mercury, 
L-histidine

Pathogen-specific vaccines 
(HPV) and Adjuvant

Histidine-protein metabolism, 
histamine synthesis, Autoimmune 
and neurodegenerative diseases or 
cancers (?) 
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 (b) Carcinogens or immune disruptors that are reported to alter the activities or 
expression of apoptotic factors such as TNFs/TNFR, ILs, toxins, decoy recep-
tors, accumulation of ROS/RNS, oxidants, vasoactive components (e.g., hista-
mine and receptor molecules) similarly contribute to the dysfunction of acute 
inflammation and their actions disturb the function of effective immunity that 
also lead to immune suppression;

Our ‘accidental’ discoveries on experimental models of acute and chronic inflam-
matory diseases seem to be the only evidence on the systematic series of data show-
ing identifiable sequential changes of immune responses, that also revealed the time 
course interactions and synergies between host immune and non- immune cells 
(e.g., mast cells, B and goblet cells, and epithelial) with recruiting cells (e.g., eosin-
ophils and tumor-associated macrophages/TAMs) in the direction of tissue growth 
promotion, tumorigenesis and angiogenesis [31–33, 175–183]. Therefore, under-
standing the biology of host toward exposure to various carcinogens that alter the 
activities of endocrine, neuronal, metabolic or immune systems and signal transduc-
tions require systematic, detailed study of initial events toward multistep immune 
dysfunction. The outcomes of such studies are expected to be highly effective for 
detection, prevention and therapy of cancer and for accurate risk assessment formu-
lation (details in Chap. 6).

Immune Cells
Innate & 
Adaptive

Vasculature
Neuroendocrine

Stimuli 
(Stressor)

‘Yin’
Growth-Arrest

‘Yang’
Growth-Promote

Acute Inflammation

Balanced
Immunity

Fig. 5.12 Schematic representation of effective immunity (immune surveillance) provided by 
acute inflammation. Immune disruptor (stimuli) causes activation of self-terminating and protec-
tive mechanisms of acute inflammation for maintenance of health. Acute inflammation is depicted 
as the precise balance between 2 biologically opposing arms, Yin (growth-arresting or tumoricidal) 
and Yang (growth promoting or tumorigenic) properties of immunity. Acute inflammation involves 
crosstalks between immune and non-immune systems such as vasculature, adipose tissue, metabo-
lism of mitochondrial and ribosomal bioenergetics and acid-base balance See text (details in 
Chaps. 2 and 6)
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7  Misrepresented Information and Knowledge Gaps 
on Cancer Triggers: Viral Oncogene Sub-structures 
in Vaccines and Sharp Increase in Cancer Incidence or 
Chronic Neurodegenerative and Autoimmune Diseases

Wisdom has never made a bigot, but learning has. Josh Billings11

The available statistical and epidemiological reports and the models that are 
established for estimation of disease-related deaths, particularly SEER data on 
 cancer incidence and mortality or morbidity in America lack fundamental informa-
tion on the causes of cancer, particularly with regard to comparison of detailed 
 statistics in cancer incidence and mortality, prior to 1940s and after 1970s. These 
statistics ignore the contribution of virus-causing cancers on sharp increased in 
 cancer incidence and death and other chronic diseases that are due to the vaccina-
tion of public with virus-contaminated polio vaccines in 1955s and early 1960s that 
affected millions of baby boomers, particularly in America [4–8, 25, 28, 31–33, 
39–41,  47–49, 67, 68].

The current epidemiological data on major risk factors in the induction of mor-
tality and morbidity of cancer and other chronic diseases, as well as, strategies in 
vaccine production that aim to prevent specific infectious diseases or site-specific 
cancers lack the following fundamental information:

 1. As early as a century ago, Rous presented evidence that viruses are triggers of 
cancer [31–33, 184, 185].

 2. Analyses of data on viral/bacterial infections and many vaccines suggest that the 
viral or bacterial oncogenes and their substructures have stronger additive influ-
ence for triggering cancer, compared with low level carcinogens or environmen-
tal hazards such as smoking or drinking alone for facilitating changes in biological 
dynamics of cellular and sub-cellular functions of susceptible tissues (e.g., lung 
airways). The association between smoking and environmental hazards in the 
increased risk of site-specific cancers (e.g., lung) is still controversial. Results of 
several studies suggest that not all smokers, even heavy smokers,  
may be prone to lung cancer. Reports on none-smokers or never smokers  
who develop lung cancer further suggest that such data overlook other participat-
ing factors, such as infective agents or virus- or bacteria-specific vaccines  
in the development of asthma, tuberculosis, lung or other site-specific cancers 
[31–33, 184–207]. Even the BCG (Mycobacterium bovis bacillius calmette- 
Guerin) vaccines that are considered the most successful bacterial pathogen that 
is safe for prevention of tuberculosis have adverse and diverse effects in the 
induction of diseases such as vasculitis, secondary infections, diabetes complica-
tions, immunological problems with T or B cell function and production of anti-

11 Josh Billings (pen name), born Henry Wheeler Shaw, American author, humorist, Poet, 
Nonfiction (1818–1885). Known as the second most humor writer and lecturer in USA, after Mark 
Twain, although his reputation has not fared so well with later generations.
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bodies, and the increased risk of cancers and diseases in children and adults. 
There are estimated two billion people that are exposed to Mycobacterium tuber-
culosis around the globe, where approximately eight million patients present 
active disease and die from it each year. With the emergence of HIV, people 
exposed to Mycobacterium tuberculosis are shown to be more vulnerable to die 
of TB or become more resistant to drug [186–205]. While the need for developing 
new TB vaccines to boost or replace BCG has been expressed in recent publica-
tions, progress has been slow and the result of one candidate vaccine in phase IIb 
efficacy trials have been inconclusive and disappointing [195–198, 203–205].

 3. With regard to the politics of smoking and lung cancer, in an interesting letter to 
then VP and Counsel for Philip Morris Inc. (1965),12 Holtzman writes ‘He [Dr. 
Dmochowski] is not impressed with the fact that tobacco con [not legible] will 
produce tumors in animals…that isoniazid, a drug used in the standard treat-
ment for tuberculosis, has been to be proved to be carcinogenic for animals. He 
also mentioned that an organisim commonly found in milk (PPLO) has been 
found in the blood of leukemia patients and that if attention were directed to that 
fact the drinking of milk might well be curtailed…Dr. Dmochowski worked under 
Dr. Passey at the University of Leeds for many years and he mentioned that Dr. 
Passey was for many years contemptuous of the cigarette theory. At the University 
of Leeds two out of 57 doctors in a professional society had died of lung cancer 
and neither had ever smoked…‘.12 However, Holtzman described how Dr. Lee 
Clark intimidated Dr. Dmochowski out of testifying before the Congress on the 
evidence that human cancers are potentially caused by viruses, an issue that was 
noted in virus-contaminated polio vaccines since 1955s. The contaminated vac-
cines caused numerous death and diseases followed by several law suits against 
NIH and DHHS directors that led to their resignation [31–33] 12,13,14

 4. The current data still lack details on the link between virus-contaminated vac-
cines or frequent infections as cancer triggers that would enhance the risk of 
induction of chronic diseases or site-specific cancers such as the lung or liver.

 5. For the same rational, other viral-substructures or oncogene-induced vulnerabil-
ity of tissue could lead to site-specific cancers or the induction of hepatitis B or 
C infections and integration of viral components in host tissues. These viruses 
could be strong triggers in facilitating the induction of liver cancers in  alcoholics. 

12 Holtzman A: Dr. Leon Dmochowski and Dr. R. Lee Clark-- Truth Tobacco Industry Documents. 
5-page Letter, to Paul D. Smith, VP and General Counsel, Philip Morris Inc., January 06, 1965. 
https://industrydocuments.library.ucsf.edu/tobacco/docs/[ID], Ness Motley Law Firm. https://indus-
trydocuments.library.ucsf.edu/tobacco/docs/qymd0040---Bates Number: 10051001761005100180.
13 The Charles A LeMaistre Page—The Conspiracy Against Tobacco-- www.smokershistory.com/
LeMaistr.htm  - Since its establishment, the NUATRC has been led by an interim Board of 
Directors, ... Emerson Foote; Mrs. Anna Rosenberg Hoffman; Alton Ochsner; Ann Landers. ..... 
John Mendelsohn, Alan S. Rabson of the NCI (former acting NIH Director Ruth ... a Public Health 
Service pathologist) before they came to NIH in 1955.
14 Tom-Valentine.doc - … real story behind the Polio vaccine. - Vaccine ... vaccineliberationarmy.
com/wp-content/.../By-... scourge prior to the 1950’s (polio vaccine first arrived in 1955)... (Mary 
Sherman is the Mary in the book title [Dr. Mary’s Monkeys] …and Alton Ochsner was ... Due to 
this, she was not well accepted by the NIH or NCI staffs who ...).
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Other infections with viruses (e.g., Epstein Barr Virus/EBV or HPV), or bacteria 
(e.g., Helicobacter pylori) are likely the initiators of site-specific cancers [31–33, 
75–78. 186, 206–211].

 6. In all likelihood, the viral/bacterial structures (oncogenes or proteins) are addi-
tional antigen-load for the immune surveillance to handle and neutralize. The 
virus-substructures could alter the balance in Yin and Yang of acute inflammation 
to the extent of disrupting the activities of immune and non-immune (vascula-
ture, metabolism, neuronal) response profiles and inducing a wide range of 
chronic diseases or site-specific cancers. In other words, the viral particles 
(oncogenes) that are in the vaccines and their adjuvant or stabilizers (e.g., 
L-histidine, mercury, aluminum) could disrupt the highly ordered structure and 
function of host tissues and facilitate the induction of disease processes, rather 
than being prophylactic, particularly in the older population who normally 
develop minor or major altered immune responses (immunosenescence) [31–33, 
175–183]. Therefore, in the production of prophylactic (vaccines) candidates,  
the key question is whether, and to what extent the integration of various viral or 
bacterial oncogenes into the host modifies the integrity of host sub-anatomical or 
subcellular organelles that could cause additional disruption in effective immu-
nity. Analyses of the reported data on the role of viruses (e.g., Rous sarcoma, 
polio, HIV, meningitis, human papilloma, Epstein-Barr, hepatitis B, C), bacteria 
(e.g., Mycobacterium tuberculosis, helicobacter pylori) and/or viral and bacte-
rial oncogene sub-structures in the induction of site-specific cancers and neuro-
degenerative or autoimmune diseases and many other inflammatory diseases 
have not be emphasized or considered in the statistical calculations as important 
cancer risk factors [31–33].

 7. The vaccines that carry segmented bacterial or viral oncogenes, in addition to 
induction of neutralizing antibodies, are likely to damage and/or be incorporated 
into the chromosomal and DNAs/RNAs substructures causing genomic instabili-
ties that would lead to abnormal expression profiles of important functional pro-
teins/enzymes or membrane structures and alter the repair mechanism pathways 
or cellular function in susceptible tissues.

 8. It was suggested that the long-term consequences of integration of viral onco-
genes in host sub-anatomical structures influence not only the individual vulner-
ability toward diseases but also influence the next generation (off springs) having 
genetic disorders! [31–33].

In brief, the viral/bacterial oncogenes-induced altered sub-anatomical behaviors 
of host tissue could cumulatively facilitate minor or major altered architectural and 
functional integrity of tissues/organs and enhance the risks of induction of chronic 
diseases (autoimmune and neurodegenerative diseases) in immune-privileged tis-
sues, or site-specific cancers in immune-responsive tissues [31–33]. In order to bet-
ter assess the risk for cancer and a wide range of autoimmune and neurodegenerative 
diseases, the statisticians and oncology professionals should focus on gathering and 
including relevant information on the frequency and quality of individual exposures 
to viruses/bacteria and the many vaccines with adverse effects on biology of host 
tissues that potentiate the initiation and progression of chronic illnesses.

7  Misrepresented Information and Knowledge Gaps on Cancer Triggers: Viral…
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8  Challenges in Formulation of Accurate Risk Assessment: 
Immune Disruptor-(Antigen)-Induced Chronic 
Inflammation as Precancerous State of Tissues

A person with a new idea is a crank until the idea succeeds. Mark Twain

Ongoing debates, misunderstanding and downplaying the important role that 
inflammation play in carcinogenesis are perhaps the most damaging factors in the 
extreme slow progress in the cancer prevention, therapeutic approaches and formu-
lation of accurate risk assessment. A role for acute or chronic inflammation in con-
trolling or inducing cancer, has been noted in isolated reports for over a century 
[31–33]. However, the formal acceptance and appreciation of the author’s submitted 
concepts that chronic inflammation is a prerequisite in carcinogenesis; that inflam-
matory mediators are ideal targets (biomarkers) for diagnosis, prevention and ther-
apy of cancer, which awakened the cancer community has been recognized in the 
last couple of decades (Khatami, submitted scientific and legal documents, NCI/
NIH, since 1998) [31–33, 175–183].

Aging and long-term exposures to inflammatory conditions are considered ‘co- 
conspirators’ in increasing the risk of tumorigenesis and angiogenesis or other 
chronic diseases such as neurodegenerative and autoimmune diseases. However, the 
rates and susceptibilities toward diseases vary in aging individuals. In general, the 
principal challenges and complexities in the formulation of accurate disease risk 
assessment fall into the following confounding and interdependent categories and 
deserve systematic studies:

 1. Heterogeneities in immune-biological-genomic response dynamics of individu-
als toward potential carcinogens or immune disruptors;

 2. Heterogeneities in reported outcomes of case-control, prospective or meta- 
analysis when risk values toward a wide range of hazards are estimated and 
formulated;

 3. Lack of suitable models to systematically monitor the initial signals/events that 
disturb the immunity in multistep pathways toward loss of balance in Yin-Yang 
of acute inflammation, the inherent property of effective immunity;

 4. Comprehending that cancer cells become a threat when the dynamics of immune 
system (immune surveillance) responses significantly shift in favor of growth 
promotion pathways, particularly during the aging process.

The inherent heterogeneities/diversities, duplicities and/or compensating bio-
logical responses toward exposures to combination of hazardous components can 
further complicate risk assessment calculations that are the results of reported bias 
and heterogeneities in study designs and outcomes. The case control vs. prospective 
studies or meta-analysis where diverse clinical and neurological methodologies 
consider using heterogeneous parameters such as sample size analyses, emphasis on 
types of exposures (occupational vs non-occupational hazards) or specific compo-
nents (e.g., pesticides, food additives/preservatives, radiation exposures, or other 
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commonly used products) are challenges and hurdles that complicate accurate risk 
assessment values. One should also keep in mind that the risk values that are 
reported on many chemicals or environmental hazards generally reflect the proper-
ties of molecular entities in isolation and have little values on their own for risk 
assessment purposes to benefit the public, as several compensating biological fac-
tors in immune and non-immune systems can easily skew such risk assessment 
formulations.

In summary, effective immunity is an elaborate and precise involvement of coor-
dination of biological signals, with opposing properties, from immune and non- 
immune systems (e.g., vasculature, hormonal, neuronal and metabolic pathways) 
that are required for maintenance of health throughout life (Fig. 5.12). The genetic 
makeup of immune and non-immune systems generally plays the most important 
roles in maintaining health or disturbing well being of individuals. The heterogene-
ities of response profiles in site-specific tissues toward internal/intrinsic or external/
extrinsic stimuli (immune disruptors or risk factors), present challenges for better 
understanding of the initiation and progression of disease processes, design of accu-
rate risk assessment formulations, prevention and therapeutic strategies.

As emphasized throughout this book the bases for the reported controversies, 
debates and misunderstandings on the role of immune disruptors in the induction of 
cancer are primarily the results of the following important factors:

 (a) Lack of systematic study on the role of acute and chronic inflammation that 
would include understanding of immune disruptor-(antigen)induced early 
changes in biphasic properties of effective immunity that we proposed as the 
loss of Yin and Yang of acute inflammation.

 (b) Tremendous knowledge gaps to logically understand the extent of host-immune 
disruptor interactions or potential synergies in enhancing tissue growth or 
necrosis at site-specific tissues that would lead to carcinogenesis or induction of 
autoimmune and neurodegenerative diseases.

 (c) Lack of understanding of the heterogeneity between vulnerable host/target tis-
sues and cumulative role of exposures to a wide range of immune disruptors.

9  Proposed Future Directions: Risk Reduction and Control 
of Cancer

There are basically two types of people; those who accomplish the things, and those who 
claim to have accomplished things. The first group is less crowded. Mark Twain

Detailed understanding of how carcinogenesis can destroy the multilayer organi-
zation of tissues is fundamentals in optimizing cancer molecular/cellular diagnosis, 
prevention or therapeutic approaches. The multistep carcinogenesis occur several 
steps distance from the time cancer cells are able to destroy and take over the 
machinery of well-organized multilayer structures of tissue and alter physical and 
mechanical forces of tissues. As emphasized throughout this book, future proposed 

9  Proposed Future Directions: Risk Reduction and Control of Cancer
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studies toward effective diagnostic, preventive or therapeutic measures are outlined 
below on the notion that unresolved inflammation is a common denominator in the 
genesis and progression of nearly all age-associated diseases or cancer:

 (a) Systematic studies on the role of unresolved inflammation in loss of balance 
between inherent ‘tumoricidal’ vs ‘tumorigenic’(Yin vs Yang) protective prop-
erties of immune cells is suggested as the primary focus in comprehending the 
cancer biology or other chronic diseases,

 (b) Time-course kinetics of developmental phases of inflammation-induced altera-
tions in immune dynamics in site-specific host tissues with specific exposure 
routs and defined stimuli;

 (c) Determination of composition and heterogeneity of immune and non-immune 
cells in site-specific tissues and influence of immune disruptors in altering 
immune dynamics;

 (d) Dose-response relationships between stimuli and altered inflammatory dynam-
ics (e.g., cell and mediator response profiles);

 (e) Pathogen-host interaction profiles that include identification of principal 
response features on pathogen-, allergen-induced activation of resident or 
recruited immune cells in target tissues;

 (f) Identification of molecular components that are over-, or under-expressed dur-
ing developmental phases of tumorigenesis. Potential reversibility at early 
stages of immune dysfunction designed to monitor by such parameters as 
altered cellular oxidative stress, chromosomal and genetic/epigenetic compo-
nents, mediator profiles in immune and non-immune cells in models of site- 
specific tumors;

 (g) Sequential monitoring of clinical, histopathological and expression profiles of 
the initial strong or weak responses toward stimuli. Preliminary analyses of data 
on experimental models of acute and chronic ocular inflammatory diseases sug-
gested that initial strong reactions (type I hypersensitivity) such as tissue edema, 
tearing, scratching/itching, vascular hyperpermeability, mast cells degranula-
tion, production of histamine and prostaglandins, could potentially be protec-
tive in preventing tumorigenesis. However, tissues with low (weak) initial 
responses could show progressive cellular changes, such as interactions and 
synergies with other infiltrated and activated cells (e.g., eosinophils, mucus 
secreting goblet cells and macrophages), toward induction of hyperplasia of 
lymphoid tissues, thickening and/or thinning of epithelial surfaces (necrosis 
and/or cell growth) and angiogenesis as we observed in a series of studies on 
experimental models of tumorigenesis and angiogenesis in conjunctival- 
associated lymphoid tissues (details in Chaps. 4 and 6),

 (h) Role of unresolved inflammation or oxidative stress in the induction of immune 
dysfunction in tissues that are naturally immune-privileged or immune- 
responsive as well as insulin-dependent or insulin-independent tissues for glu-
cose transport and metabolism;

 (i) Tissues susceptibility toward oxidative stress-induced damage to genetic and 
epigenetic modifications of immune and non-immune systems;

5 Cancer Statistics and Concerns for Safety of Drugs or Vaccines…
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 (j) Potential reversibility of early stages of inflammation-induced immune dys-
function (e.g., in the developmental phases of immune disruptors during acute 
and/or intermediate phases) that include altered initial immune responses and 
cellular chromosomal/genetic material that lead to cellular growth and induc-
tion of hyperplasia, neoplasia/precancer or cancer-malignancy.

It is anticipated that the outcomes of systematic investigations of immune 
disruptors- induced altered response dynamics of immunity toward multistep tissue 
damage and initiation of disease processes and site-specific cancers would help 
advance comprehensive understanding of tumor biology. The overall outcomes are 
expected to improve the following integrated medical sciences:

 (a) Improved accuracy of risk assessment formulation for chronic diseases or 
cancer;

 (b) Accuracy on cancer diagnosis and minimizing the costly over-, or under diag-
nosis of site-specific cancers;

 (c) Effective decision making for prevention strategies of age-associated chronic 
illnesses and cancer;

 (d) Effective designs of drug development for suitable clinical trials and therapy 
with the goal to minimize life-threatening side effects of drugs.

10 Author’s Final Comments on Future Perspectives 

The real voyage of discovery consists not in seeking new landscapes, but in having new 
eyes. Marcel Proust.15

Body’s tolerance and defense mechanism toward adverse reactions of extrinsic 
and intrinsic factors is limited. This chapter primarily raised questions on funda-
mental knowledge gaps that are reported for the methods used for statistical assess-
ment of risk factors and epidemiological data that influenced the scientific outputs 
in the field of oncology. There are fundamentally different philosophies that author 
proposes for supporting research on systematical and logical search for causes of 
disease initiation. The mindset is a new way of searching the truth in medical sci-
ences and different from reductionist approaches that created a costly sick and drug 
dependent society, particularly in America. The outcomes of proposed systematic 
and logical approaches to study early events in alterations of immune response pro-
files are very likely reversible, correctible or drugable.

The primary topic in promoting health is to first understand how the amazing 
defense mechanisms that routinely monitor, neutralize and control adverse effects 
of pathogens and kill defective cells such as cancerous cells are weakened or lost 

15 Marcel Proust:Valentin Louis Georges Eugène (1871–1922), known as Marcel Proust, French 
novelist, critic, and essayist best known for his monumental novel À la recherche du... Book: ‘In 
Search of Lost Time’ “http://en.wikipedia.org/wiki/Marcel_Proust”  Wikipedia

10 Author’s Final Comments on Future Perspectives 
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during aging or disease processes. The cancer literature is overcrowded with con-
tinuously ‘new’ information on molecular entities that are identified in the environ-
ment of site- specific cancers, and related chaotic data on statistics or methods of 
risk assessment formulation and epidemiological reports. Careful analyses of can-
cer research and therapy show that the organized system in power structure of medi-
cal establishment vs. anti-system and chaos in conducting science is a potent recipe 
for failed therapeutics that kills patients but generates huge corporate profit. Health 
status of Americans ranks last compared with other developed nations, while 
America invests the highest resources for healthcare [31, 32, 82, 83].

Future studies require logical systematic understanding of risk factors that alter 
the dynamics of Yin and Yang (tumoricidal vs tumorigenic) properties of effective 
immunity. There are wide ranges of molecular hazards that often possess shared 
features in changing the proper response profiles of site-specific host tissues at the 
early phases of altered immune dynamics. Among such risk factors, researchers 
should seriously consider the adverse influence of pathogens- (virus, or bacteria) 
specific vaccines that are claimed to prevent certain diseases or cancers. Introduction 
of viral or bacterial genomic materials and vaccine stabilizer that are used as adju-
vant (e.g., aluminum, mercury or L-histidine) are perhaps the most hazardous risk 
factors in altering the defense of body. These factors are rarely reported in statistical 
or epidemiological data or clinical studies.

It is reasonable to anticipate that the designs of logical and systematic investiga-
tions provide important biological clues that would lead to minimizing or correcting 
the defects in the interdependent molecular village that constitute immune surveil-
lance for guarding body’s health throughout life. The outcomes of such studies are 
also expected to provide statisticians and epidemiologists to make informed deci-
sions on formulating accurate risk assessments and better interpretations and analy-
ses of data for a wide range of chronic diseases or cancer.
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Chapter 6
Cancer Biology: Severe Cumulative Delayed 
Type Hypersensitivity Reactions

All Diseases Pass through Allergies and Differential 
Bioenergetics-Histamine a Blue Print!

Abstract The outcomes of two centuries of repeated failed cancer research and 
therapy show that cancer has been made as an imaginary problem, a black box, not 
to be solved by the decision makers in the medical/cancer establishment for huge 
profit. In this chapter the ‘Other Side of Political Darkness’ in cancer science will 
be discussed by attempting to systematically analyze and integrate available data 
and demonstrate that growth of cancer cells is the results of severe, aggressive, and 
progressive aggregation of immune response alterations (immune tsunami or cancer 
tsunami) or accumulation of delayed hypersensitivity responses in tissues. Cancer 
cell growth is proposed to initiate as ‘mild’ (often sub-clinical) altered immune 
dynamics (immune disorder) and progress innately, genetically or be induced 
 primarily in immune-responsive tissues. Severe altered immune-responses could 
also damage the immune-privileged tissues by shifting the architectural integrities 
and barriers of these oxidative-sensitive tissues to behave as immune-responsive 
and promote growth.

Evidence is provided that cancerous cells behave like pathogens altering host 
immune dynamics by hijacking and taking advantage of loss of balance in dual 
(pleiotropy) properties of Yin (tumoricidal) and Yang (tumorigenic) processes of 
effective immunity at multiple levels (e.g., cytoplasmic, vasculature, extracellular 
and intracellular membrane trafficking) with differential bioenergetics requirements 
to create immune suppression and demand tissue adaption that allow cancer cells to 
grow and thrive resulting in host destruction. Answer to cancer is proposed to be 
correcting the balance and differential bioenergetics of Yin-Yang of immunity. 
Future studies are proposed in focusing on systematic understanding of age-associ-
ated bioenergetics defects in Yin (tumoricidal) and Yang (tumorigenic) responses of 
effective immunity. Crucial dysfunction of mitochondria, through pyruvate shuttle 
mechanisms as well as high energy demands of biosynthesis of structural proteins 
from branched amino acids are among important studies for better understanding 
the cancer biology. Defects in mitochondria (mitophagy) have far more influence in 

Common sense is not so common.

Voltaire
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age-associated disease processes such as site-specific cancers and loss of cellular 
integrity than originally thought. A proposed working model for future studies dem-
onstrates functionality of mitochondria after birth being intimately involved in 
maintenance or loss of Yin-Yang energy requirements in health or disease processes.  
Presence and accumulation of cancerous cells or other immune disruptors (‘biologi-
cal terrorists’, oxidative stress) alter bioenergetics profiles in tissues, shifting the 
ratios of Yin vs. Yang of immune surveillance in favor of tissue growth and carcino-
genesis. Role of circulating histamine is hypothesized among major factors involved 
in genesis of defective cancerous cells, induction of tolerance and differential energy 
consumption in promotion of wound healing events.

Keywords Adipocytes • Alanine • Alkaline • Anabolic • Anaphylaxis • Angiogenesis 
• Asthma • ATP/ADP/AMP • Autophagy • Biomarkers • Cancer bioenergetics • 
Cancer disorderly growth • Cancer microenvironment • Catabolic • Catecholamine 
• Cell surface molecules • Constituent and adaptive receptors • Decoy receptors • 
Differential energy requirements in Yin-Yang • Environmental hazards • Extrinsic 
factors • Fetus orderly growth • Fumarate • Glycolysis • Golgi apparatus • 
Heterogeneity • Histamine • Immune chaos • Immune tolerance • Immune Tsunami 
• Inflammation • Innate and adaptive immune cells • Intrinsic factors • IRAK-M • 
Isoleucine • ‘Leaky’ MCs • Leucine • Low level circulating histamine • ‘Mild’ • 
‘Moderate’ or ‘severe’ immune disorders • Mitogen-activated protein kinase • 
mTOR/PI3K/AKT • Mitochondria • Mitophagy • Neoplasm • Oxidative stress • 
Pathogen pattern recognition • Polyps • Prostaglandins • Site-specific cancers • 
Somatic mutations • Succinate • TCA cycle • TNFR • Transporters • Vasoactive • 
Vasculogenesis • Warburg • Wound healing

1  Introduction

While falsely-based science will not hide scientific truth at the end, it creates confusion 
benefiting those who direct chaotic science for financial gain at high cost of erosion of 
public health and trust and destruction of humanity.

Finding answers to biological laws that govern the complex interactions and syn-
ergies between host tissue and its surrounding environment require logical pursuit 
of systematic and integrated studies of the fascinating ‘molecular village’ that form 
the body’s effective immunity for maintenance of health. However, logical and  
systematic approaches to understand disease processes are rarely applied in medi-
cine, particularly with regard to studying cancer biology and how to control it.

The definitions of cancer remain elusive, and little variations on its biology have 
been presented to be beneficiary for resolving cancer or other age-associated chronic 
diseases for the last century. According to the cancer definitions presented by cancer 
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community such as Nature and other organizations: “cancer is a complex disease in 
which cells in a specific tissue are no longer fully responsive to the signals within 
the tissue that regulate cellular differentiation, survival, proliferation and death.” 
Finally in its recent definition of cancer, the cancer community included the word of 
‘inflammation’ that “As a result, these cells accumulate within the tissue, causing 
local damage and inflammation…” for applying and obtaining research funding for 
cancer or clinical trials including the immunotherapy [1–5].1 The NCI describes the 
types of cancer as ‘There are more than 100 types of cancer. Types of cancer are 
usually named for the organs or tissues where the cancers form...’2

However, despite existence of more than 20 millions publications related to basic 
science of cancer molecular biology, epidemiology, pathophysiology, clinical stud-
ies and therapies, and despite reported documents on circumstantial evidence for a 
link between prior injuries and carcinogenesis, definitions of cancer or inflamma-
tion remain elusive [5–29]. The two centuries of studying age-associated chronic 
diseases, particularly cancer research and therapy resulted in investment of trillions 
of dollars and loss of millions of precious lives due to wrong approaches to treat-
ment. Furthermore, because of continued reductionist and chaotic approaches to 
cancer science, we are far from understanding how the body’s biological laws 
(effective immunity or immune surveillance) that police and arrest the growth of 
cancerous cells are violated in such a way that the cancer oncogenes (defective cells 
of body) would take over the machinery of host for their lawless enhanced growth 
requirements that kill the host [5, 10–15].

In this chapter, unlike the popularized notions that cancer is too ‘complicated’ to 
be solved, or cancer is ‘several different diseases’ (100 or 200 types)!, which make 
cancer an imaginary problem that cannot be solved, the author attempts to present a 
simple and logical argument that all age-associated diseases (e.g., asthma, emphy-
sema, neurodegenerative, autoimmune disorders, diabetes and vascular complica-
tions) or site-specific cancers arise from different degrees of ‘mild’, ‘moderate’ 
(intermediate) or ‘severe’ immune response mismatches (immune disorders) toward 
intrinsic or extrinsic foreign elements in susceptible tissues. Evidence is presented 
that carcinogenesis is the ultimate cumulative form of ‘severe’ delayed hypersensi-
tivity reactions (not reversible) that would create an ‘immune tsunami’ and destroy 
the amazingly ordered complex biological laws and bioenergetics of the body [5, 
10].

We recently proposed that oxidative stress (unresolved inflammation) and the 
induction of multistage carcinogenesis is the results of accumulation of dysregu-
lated (lawless or chaotic) molecular activities that create opportunities for cancer 
cell oncogenes to escape being arrested by ineffective immunity (loss of Yin and 
Yang of acute inflammation), which enable them to take control of the machineries 
of host immunity to satisfy their enhanced growth requirements at the cost of host 

1 Nature statement on cancer, accessed through Internet 12-2-15.
2 National Cancer Institute, accessed January 27, 2017.
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survival [5, 10–15]. A working model will be presented on the differential bioener-
getics of Yin and Yang pathways that parallel the function of mitochondria at differ-
ent stages of life, from fetus growth and development, to adulthood, aging and 
disease processes, with emphasis on cancer biology.

2  Highlights of Two Centuries of Cancer Research 
and Therapies: Neglected Common Sense on Fundamental 
Observations and Discoveries

A great deal of intelligence can be invested in ignorance when the need for illusion is deep. 
Saul Bellow3

Table 6.1, shows examples of heavy investment on reductionist and chaotic 
approaches to cancer research and therapies for the last couple of centuries. It rep-
resents that claimed ‘targeted’ therapies, ‘personalized’ or ‘precision’ medicine 
produced failure rates of 90% (+/–5), costing millions of precious lives and heavy 
economic burden (several trillion dollars) to the society. Table 6.1 also reflects a 
contrast between peculiar absence of interest to support continuation of  fundamental 
discoveries to systematically understand how the immune disruptors (e.g., antigens, 
pathogens, defective cells, biological, chemical or environmental hazards) would 
initiate altered immunity toward multistep diseases such as cancers [5, 10–15, 
30–160].

Table 6.1 also reflects the disproportionate heavy investment on identification of 
too many genetic mutations in the chaotic and disorganized molecular defects in 
site-specific cancer as bases for drug development and clinical trials that repeatedly 
failed the patients. There is something fundamentally wrong with the current reduc-
tionist views on cancer research and therapy. With the tremendous funding that 
cancer community received for decades, cancer biology and all other chronic dis-
eases should have been understood, prevented and/or treated by now, if the decision 
makers who control public health did not insist supporting too many expensive and 
out-of-focus projects that are considered ‘medical/scientific ponzi schemes’ for 
conducting phase I, II or III clinical trials [5, 10]. The information overload and lack 
of validation, regulation and integration of relevant data on disease processes are 
major factors in bias, misinformation, controversy and abuse of funds, particularly 
with regard to cancer research and therapy [5, 10, 159–162].

Examples of major neglected discoveries are shown shown (Table 1) in contrast 
with heavily support of too many out-of-focus projects with outcome failure rates of 
90% (±5) for solid tumors (5).

3 Saul Bellow. A Canadian-born American writer (1915–2005), he was awarded the Pulitzer Prize, 
and the Nobel Prize for Literature,... “The Adventures of Augie” (March, 1953) “http://en.wikipe-
dia.org/wiki/Saul_Bellow” Wikipedia
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Table 6.1 Highlights of two centuries of cancer-related research and therapya

Many a small thing has been made large by the right kind of advertising. Mark Twain

Year Discoveries and professional events Comments, funding support

1863 Rudolph Virchow: cancer cell develops at site 
of inflammation

Ongoing debates, controversies 
and neglected support

1889 Stephen Paget: Seed and soil hypotheses Cancer Metastasis–reasonable 
progress made; since 1951In the last decades investigators such as Rex, 

Comman, Fidler, Liotta, Nowell, Nicolson, 
Poste, Talmage, Wolman and others 
demonstrated cellular and molecular 
mechanisms of metastasis in various site-
specific tissues.

1901 Pasteur: parasitic theories of cancer Pasteur institute –lack of 
support to understand 
molecular events that initiate 
altered immunity toward 
multistep carcinogenesis

1910/1911 Peyton Rous: discoveries on virus theory of 
cancer; virus-causing cancer in chicken; 
transmission of malignancy in cell-free 
filtrate;

Father of virology. Knowledge 
that viruses cause cancer. 
Heavy support on studies of 
trillions of viruses; heavy 
investment on structure and 
substructure of evolving viruses
Neglect to systematically 
understand how viruses initiate 
immune dysfunction in favor of 
carcinogenesis

1914 Boveri: Chromosomal mutations in cancer. Heavy investment on 
reductionist approaches to 
identify endless somatic 
mutations in site-specific 
cancers for drug development;

Somatic mutations studies began

1937 NCI: Established Government control of public 
health

1942/1943 Panic of polio Number of death announced 
heavily antibiotics used for 
sanitation
Public panic and outrage

1944 Avery: Cell DNA transformations Ongoing heavily supported 
studies

1950 Traditional cancer drugs (cisplastin, 
Adriamycin, 5-fluorouracil, vinblastine) 
available 

Chemotherapy with some 
success

1953 Report on DNA structure Continued heavy support to 
date;

(continued)
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Table 6.1 (continued)

Year Discoveries and professional events Comments, funding support

1955–1963 Salk and Sabin-preparation of polio vaccines 
in monkey’s kidneys. Cutter vaccines were 
contaminated with SV-40 viruses;

Million doses of prepared 
contaminated vaccines 
consumed as injections or sugar 
pills;

Young generation inoculated with virus 
-contaminated polio vaccines, despite 
discovery and warnings of Bernice Eddy 
(NIH scientist) that contaminated vaccines 
could create cancer epidemic;

Americans (current ‘baby 
boomers’) paid highest price 
from virus-contaminated polio 
vaccines;
American health status ranks 
last among other developed 
nations.

1955 Public outrage and law suits against NIH on 
virus-contaminated polio vaccines, after loss 
of many lives; or vaccine-induced paralysis;

NIH and HHS directors 
resigned;

1957 Mc Farland Burnet: Fundamental theory of 
immune surveillance for control of cancer 
growth;

Neglected and minimized to 
continue support for systematic 
understanding of immune 
surveillance

1961–todate Genetic code reported, identification of 
somatic mutations in site-specific cancers;

Continued heavy support on 
identification of infinite number 
of mutations in site-specific 
cancers, claims of ‘targeted’ 
therapies, ‘precision’, 
‘personalized’ medicine; failure 
rates of 90% (±5);

1960′/1970’s; discovery of DMSO (dimethyl 
sulfoxide) as an inexpensive and potential 
safe healing agent, alone or as potentiating 
chemotherapeutic effect of conventional 
drugs (e.g., cisplatin, Adriamycin, 
5-fluorouracil, Vinblastine) for treating 
several diseases including cancer; 
controversies on DMSO effects deserve 
study;

Downplayed role of DMSO; 
FDA banned its use in USA

1970 Reverse transcriptase studies and cancer Heavy support
1960s–1990s Cancer-causing Semian virus-40 (SV-40) 

polio vaccines
Heavy support on reductionist 
approaches to structures and 
substructures of numerous 
microbiota or individual   
molecules for cancer research 
and treatment continued;

Discovery of T cell receptor genes, 
immunoglobulin genes; major 
histocompatibility complex (MHC);

Absence of systematic study on 
immune dysregulation and how 
carcinogenesis is initiated;

(continued)
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Table 6.1 (continued)

Year Discoveries and professional events Comments, funding support

1971 Cancer act: Pres. Nixon increased NCI 
funding to $1.6 B to solve cancer problem in 
8 years-

De Vita, director of NCI, 
initiated new programs; 
increased employment;
Absence of any systematic 
study on what initiate 
carcinogens, despite numerous 
circumstantial evidence on a 
role that infective agents, prior 
injuries or carcinogens and 
environmental hazardous 
material played in 
carcinogenesis;

1975–todate Cancer tracking, Surveillance, Epidemiology, 
and End Results (SEER) and other cancer 
programs and networks initiated;

Cancer careers increased, heavy 
support on genomics;
Lack of evidence on initial 
molecular events, including 
initial identification of damage 
to genetic and epigenetic 
modifications that lead to 
multistep tumorigenesis and 
angiogenesis;

1976 Retroviral oncogenes structure defined Heavy support continue to date;
1981–1992 Mahin Khatami-research team at Univ. PA: 

Accidental discoveries; direct evidence for 
inflammation-induced tumor growth in 
models of allergies;

NIH funding discontinued;

1991–1992 James Watson (Nobel laureate) resigns as first 
director of National Human Genome 
Research Institute (NHGRI) or National 
Genome Project (NGP);

James Watson resigns over 
conflict of interest and ethical 
matters on patenting partial 
DNA sequences of human 
genome projects-during 
Bernadine Healey as NIH 
director; 

Francis Collins was appointed as NHGRI or 
HGP director, he is currently NIH director 
(2009–);

Michael Gottesman, acting 
director of NHGRI or HGP;

(continued)
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Table 6.1 (continued)

Year Discoveries and professional events Comments, funding support

2006-to date HPV vaccine development for vaccinating 
young public.

Lowy and colleagues hold 
patents, invested to develop 
vaccines with drug companies; 
HPV vaccines sale; disregard 
for conflict of interest;

HPV vaccines headed by Douglas Lowy at 
NCI; 

Absence of systematic studies 
on potential short- and 
long-term adverse health effects 
for next generation; serious 
concerns expressed by 
professionals around the world 
on safety of HPV vaccines;

Douglas Lowy installed as acting director. Absence of interest to develop a 
universal vaccine, a 
prophylactic agent to promote 
immunity;

2015–2017;
Sixty nine (69) cancer centers urged to 
vaccinate young generation with HPV 
2016- Moonshot initiative [VP Biden] increase 
funding for NCI by $1.6 B. Blue Ribbon Panel 
formed to justify priority projects,
Obamacare insurance to pay for preparation 
and heavily advertised HPV and meningitis 
vaccination of young generation

1998–2009 Mahin Khatami joined NCI/NIH; submitted 
proposals on role of inflammation in cancer 
research; design of clinical trials;

Severe opposition, denial, 
rejection by DCP/NCI/NIH 
[1999];

Involved in PLCO cancer screening clinical 
trials; standardized cancer biomarkers criteria 
[data elements] for a database; [Fed Reg, NCI 
invention-2005];

2005; NCI/CCR initiated an 
inflammation research 
laboratory;

2006-submitted comprehensive proposals on 
extension of ‘accidental’ discoveries to CCR/
NCI/NIH;

2006-CCR/NCI/NIH 
management requested Khatami 
for proposal; proposals 
reviewed by questionable 
review panel; opposition, denial 
and rejection to systematically 
study role of inflammation in 
tumorigenesis;
2009, Khatami retired from 
NCI/NIH

1970s–to date Identification of hundreds/thousands of growth 
and apoptotic mediators, enzymes, metabolites, 
hormones, genetic mutations on site-specific 
cancers; drug development, clinical trials, 
immunotherapy [e.g., DFs, ILs, PGs, GFs, 
checkpoints] and explosion of fields of Omics 
[proteomics, metabolomics, genomics, 
lipidomics, glycomics]; specific technologies 
and use of numerous experimental models of 
tumors to test drugs prior to clinical trials;

Heavy research investment on 
chaotic molecular environment 
of site-specific cancers; heavy 
investment on too many Omics 
projects and network activities;
2003-exploded fields of 
inflammation in cancer;
Absence of support for 
systematic studies on what 
initiate carcinogenesis;

(continued)
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3  Forgotten Common Sense to Systematically Study Cancer 
Science: Bases for Lack of Progress in Therapy or 
Prevention

Take up one idea that you love enough to consumes and possesses you in all of your awak-
ening moments and in your dreams. That is when you achieve real success and satisfaction 
in finding happiness and the purpose of your being. (?)

Despite documented historical information on fundamental observations, theo-
ries and discoveries of pioneers such as Paul Ehrlich, who discovered the role of 
inflammatory cells in controlling cancer growth; Peyton Rous, the Father of virol-
ogy who discovered that viruses induce cancer; Sir McFarland Burnet, who theo-
rized immune surveillance as the ability of body to monitor and control growth of 
cancer cells; and the work of others that stood the test of time, there is a peculiar 
absence of interest to support to systematically extend these important logical stud-
ies to understand and solve the cancer mystery [5, 10–15, 30–40].

Table 6.1 (continued)

Year Discoveries and professional events Comments, funding support

Overall 
outcomes of 
2 centuries 
of cancer 
research and 
therapy

Over 20 million publications; thousands of 
molecules identified, hundreds of clinical 
trials; hundreds of cancer drugs, claims of 
‘targeted’ therapies, ‘personalized’ or 
‘precision’ medicine; virus-contaminated 
vaccines consumed by public;

Over $30 trillion spent on 
research, therapy and cancer 
care;

American health status lowest among other 
developed nations.

Specific vaccines (e.g., polio, 
swine flu, HPV, meningitis)
caused more death and diseases 
than saving lives by vaccines;
Heavy use of drugs by public;
Over 50 million patients lost 
lives due to toxicities of cancer 
drugs (poisons).
Therapies for solid tumors 
produced failure rates of 90% 
[±5]

aThis table does not, by any mean, represent all discoveries and observations on a wide range of 
immunology or cancer topics [e.g., DiGeorgo followed by Robert Good et al (1965–1984) on role 
of thymus in immunity and definition of 2 arms of humoral (HI) or cell-mediated immune response 
(CMI) and attempts in bone marrow transplant of severe combined immunodeficiency (SCID); 
identification of migration inhibitor factors as first lymphokine/cytokine (initiated by Lewis and 
Rich in 1932 and extended in 1966), and many other pioneers who used immunosuppressive 
agents (1970s, cyclosporine A), etc.
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A personal example on the absence of interest to support logical studies in cancer 
is noteworthy. When author joined NCI/NIH in 1998, during analyses of a large 
amount of cancer-related data, she found with much excitement that the results of 
the ‘accidental’ discoveries that her research team established in 1980s on experi-
mental models of acute and chronic ocular inflammatory diseases were closely 
related to cancer research. The results of these studies were suggestive of a series of 
first and only evidence on direct association between inflammation and dysfunction 
of immune responses toward multistep tumorigenesis. Peculiarly, continuation of 
submitted proposals, concepts and lectures to systematically extend these funda-
mental studies met with severe opposition, denial, minimization and rejection by the 
NCI decision makers (see Chaps. 2 and 4) [5, 10–15, 161, 162]. However, in recent 
years, it appears that her challenging efforts to promote the essential role of immu-
nity/inflammation in cancer research awakened the entire cancer community within 
and outside NCI/NIH. Significant increased in funded projects in basic and transla-
tional research are invested on numerous inflammatory mediators and therapeutic 
approaches including cancer immunotherapies reflected in numerous published 
articles, conferences and networks. However, it is alarming that researchers con-
tinue to follow the same reductionists and chaotic methods on endless identification 
of too many mutational-derived inflammatory molecules for cancer research and 
immunotherapy. Review of literature shows that the current heavily funded projects 
on inflammation research or immunotherapy are practically name-changing, using 
words of ‘inflammation’ or ‘immunotherapy’ that created additional confusion in 
all aspects of research and therapy. While the immunotherapeutic approaches appear 
more logical, they lack interest to systematically understanding the host tissue com-
plexes of immune and non-immune interactions toward therapy. Such studies are 
based on identification of specific somatic mutations of defective ‘inflammatory’ 
molecules, checkpoints of immune cells (e.g., T cells, DCs or NKs) or activation of 
specific death factors in the lawless molecular landscape of site-specific cancers 
[4–6, 10–15, 161, 162].

Among other major factors in lack of progress in cancer research and therapy are 
endless funded projects on details of evolving structural and biological properties of 
pathogens/microbes (e.g., viral, bacterial or parasites oncogenes structures and sub-
structures) that are trillions in number. The number of pathogens and their genomic 
structures and substructures out-number those of human cells and the information 
on details of evolving behaviors or potencies of the microorganisms proven to be of 
little value to benefit the public. Studying the evolving properties of pathogens is 
like identifying ‘shifting sands’ in the desert. Decision makers who direct such cha-
otic projects ignore that the biology and potencies of the microorganisms change 
from individual to individual, organ/tissue to organ/tissue and from time to time. 
These expensive and useless projects created more confusion in understanding why 
some antibiotics or drugs work under certain conditions but fail in others. As 
detailed below, such reductionist views apply to all aspects of cancer research and 
therapy, including development of pathogen-specific vaccines (e.g., polio, HPV, 
Swine flu, meningitis) that not only failed to protect public health, the cumulative 
presence of structures of pathogens is considered immune-overload for the body [5, 
10, 161, 162].
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4  American Tragedy of 1955s: Virus-Contaminated Polio 
Vaccines and Sharp Increase in Cancer Incidence 
and Mortality and Other Chronic Inflammatory Diseases 
in Baby Boomer Generation: A Sick Drug-Dependent 
Society

Loyalty to petrified opinion never yet broke a chain or freed a human soul. Mark Twain

In 1900s, one of every 20 individuals (5%) reported to have cancer. That statistic 
coincided for the genomic factor of cancer development in normal population. In 
the 1940s (during the polio epidemic and before vaccinating the American public) 
1/16 individuals developed cancer. After 1955s and with the intentional introduction 
of virus-contaminated polio vaccines to the public, cancer incidence and mortality 
sharply increased to its current deadly epidemic for the baby boomer generation. In 
the 1970s, the rate of individuals reported to have cancer was 10% (doubled from 
1900s). However, in 2013, the American Association for Cancer Research (AACR) 
announced that 1/3 (33%) of all women and 1/2 (50%) of all men develop cancer in 
their life time. American health status ranks last among other developed nations 
despite the tremendous investment for health care (see Chap. 5). In 1940s/1950s, 
during the polio virus scare, the establishment saw a major opportunity to increase 
and solidify its power and control public health when virus-contaminated polio vac-
cines [e.g., polyoma viruses or simian virus-SV-40 cancer-causing viruses] were 
injected or consumed as ‘sugar pills’ by the public, despite the warning of a compe-
tent microbiologist who discovered that vaccines were contaminated before vacci-
nating the population. This American health catastrophe was avoidable, if the 
motives of the establishment were to prevent the cancer epidemic and discarded the 
million doses of prepared vaccines when the decision makers learned that the vac-
cines were contaminated in 1955 [5, 161–175].

It is estimated that for every case of polio that was eradicated by vaccines, the 
virus-contaminated vaccines (small or large filterable viruses including SV-40 or per-
haps other viral particles) initiated at least 15 different cases of B cell-derived lym-
phomas such as aggressive or non-aggressive forms of acute leukemia, lymphocytic 
leukemia, Burkett’s lymphoma, myelocytic leukemia, EBV-positive large B cell lym-
phoma in elderly, germinal center lymphoma or Kaposi sarcoma-associated herpes 
virus-encoded proteins in lymphoma whose clinical features, morphologies and 
pathogenicities in site-specific tissues or how to control or prevent them are topics of 
numerous clinical and basic science investigations in the last six decades. Numerous 
death and diseases are associated with other pathogen-specific vaccines such as Swine 
flu, HPV, pneumonia, meningitis, measles, or other vaccines [5, 10, 161–187].

After 1955s, the percentage of individuals (current baby boomers) who suffer 
from a number of health conditions such as allergies, neurodegenerative and auto-
immune diseases, hypertension, diabetes and cardiovascular diseases, stroke, 
Alzheimer’s, and particularly site-specific cancers significantly increased in com-
parison with the previous generations, despite the fact that modern medicine and the 
introduction of antibiotics and better hygiene increased longevity of population in 
the developed nations (Table 6.2) [5, 10, 161, 162, 177–187].
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5  Maintenance of Health: Biological Laws in Policing Body’s 
Health. Biphasic/Dual Roles of Yin and Yang Pathways 
in Acute Inflammation

A believer, a mind whose faith is consciousness, is never disturbed because other persons 
do not yet see the fact which he sees. Ralph Valdo Emerson4

Details on fundamental observations that Virchow, Ehrlich and others docu-
mented on the role of immune cells in recognizing and eliminating the tumor cells 
in the nineteenth century and early twentieth century as well as, Burton’ s theory of 
immune surveillance in 1957 are provided in Chaps. 1 and 2 (Table 6.1) [5, 10, 
30–39]. The important theory of immune surveillance (effective immunity) was 
based on analyses of a large amount of diverse biological information in Burton era. 
It describes that the immune system is capable of monitoring and controlling the 
growth of cancer cells and protecting organ systems from being harmed by elements 
that are perceived useless or threaten body’s survival throughout life. The ability of 
immune surveillance to encounter, fight, arrest and neutralize hazardous elements 
and maintain health is provided through the self-terminating and protective mecha-
nisms of acute inflammation. Since 2008, this fundamental theory was extended by 
Khatami based on analyses of a large body of information on inflammatory responses 
and tissue-specific immune disorders including site-specific cancers [5, 10–15]. 
Khatami described that acute inflammation (effective immunity) is the balance 
between 2 highly regulated and biologically opposing arms, termed Yin (apoptosis, 
initiation, pro-inflammatory, growth-arrest or tumoricidal) and Yang (wound heal-
ing, post-inflammatory, termination, growth-promote or tumorigenic) of immune 

4 Ralph Valdo Emerson. [1803–1882] an American essayist, lecturer, poet and philosopher who led 
the Transcendentalist movement of the mid-19th century-author of ‘Nature’ and ‘The Conduct of 
Life’. Wikipedia

Table 6.2 List of increased chronic diseases since 1940s and the influence of environmental 
hazards (see Chap. 5) [5, 10, 161–184].

Number of chronic diseases since 1940
Influence of environmental hazards

  2.2 million women are living with breast cancer
  7.2 million women have coronary disease
  9.8 million women are afflicted with one of the following seven or more common 

autoimmune diseases:
    Lupus
    Scleroderma
    Rheumatoid arthritis
    Multiple sclerosis
    Inflammatory bowl disease
    Sjogren’s
    Type 1 diabetes
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cells that are intimately facilitated by crosstalk with non-immune systems 
(e.g., vasculature-metabolic-genomic-hormonal-neuronal pathways) to protect the 
body against all foreign elements (see Chaps. 2 and 4) (Fig. 6.1) [5, 10, 11].5 In the 
last decade, the terms Yin and Yang have been increasing used in immunology-
related literature for describing individual immune cells (e.g., MΦs) or inflamma-
tory mediators/cytokines, redox regulation, autophagy or mitochondria, etc. [5, 10, 

5 The concept of Yin and Yang of acute inflammation was originally circulated to Nature journals; 
Nat. Rev. Cancer (NRC) and Nat Rev. Immunology (NRI), in 2006 [NRC-06-235 V 1] and 2007 
respectively, followed by submission to Science. Editor of NRC rejected the article saying they 
were not interested in mast cells topic for cancer! In 2007, Editor of NRI stated that the article was 
potentially interesting to their readership but they cannot publish the article as they commissioned 
to publish a similar article! It should be noted that the Editor of NRI is no longer with the journal. 
Since then, the use of the terms Yin-Yang increased in immunology-related literature for describ-
ing individual immune cells (e.g., MΦs), various inflammatory mediators/cytokines, redox regula-
tion, autophagy, mitochondria, etc.

Adipose Tissue 
Metabolism

‘Yin’
Growth-Arres�ng

‘Yang’
Growth-Promo�ng

Acute Inflamma�on

Balance

Immune System

VasculatureNeuroendocrine

Bioenerge�cs
Mito [ATP]

Effec�ve Immunity

Immune Surveillance
Molecular Village Guarding Health

Immune Disruptors (S�muli, Oxida�ve Stress)
Infec�on/Pathogen-Specific Vaccine-Adjuvant, Environmental, Chemical, Biological, 

Carcinogens  (Biological Terrorists)

Signals (TLRs, Ils, His, MHC I,II)

Tumorigenic
Growth

Tumoricidal 
Necrosis

Ag
in

g Aging

Fig. 6.1 Schematic representation of effective immunity provided through ‘Yin’ and ‘Yang’ of 
acute inflammation. It involves an elaborate crosstalk between immune and non-immune systems 
[(e.g., innate and adaptive immune cells, vasculature, neuroendocrine, metabolism, adipose tissue, 
mitochondria (bioenergetics)] to combat and destroy foreign elements such as infective agents, 
cancerous cells, pathogen-specific vaccines, environmental hazards, carcinogens, and injured host 
tissue and to resolve and terminate inflammation. Scheme also depicts that oxidative stress (stim-
uli, immune disruptors and aging) are biological terrorists that could alter the balance between 
Yin-Yang, leading to tissue necrosis (tumoricidal) or growth (tumorigenic) toward initiation and 
progression of chronic diseases or cancer. See text
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11, 188–202]. The author’s definitions of Yin (tumoricidal) and Yang (tumorigenic) 
properties of effective immunity was recently suggested to serve larger applications 
for understanding the biphasic (dual) activities (rhythmic, on-off biological 
switches) of body’s biology in sustenance of health or initiation of diseases (Fig. 6.1) 
[5, 10].

Chronic (unresolved, subclinical) inflammation (oxidative stress) was 
hypothesized as the loss of balance in Yin-Yang of acute inflammation, accom-
panied by exaggerated expression and co-expression of apoptotic and wound 
healing factors that generate an immune chaos or immune tsunami in host tis-
sues. Unresolved inflammation was proposed as a common denominator in the 
genesis of all age-associated chronic diseases or site-specific cancers. As 
recently described [10–15] among age-associated biological readjustments in 
tissues/organs, the sustained oxidative stress perhaps has the most adverse 
cumulative influence in immune and non-immune cells (e.g., APCs, T and B 
cells, epithelium, endothelium, GCs) responses that would damage cellular 
components (e.g., membrane, cytoplasm, chromosome, mitochondria, ER, lyso-
some, Golgi apparatus) and related molecules (e.g., DNA/RNA, epigenetic 
modifications, enzymes, proteins, receptors, cytokines, lipids) in vertebrates, 
invertebrates and humans. These logical and systematic concepts that are exten-
sions of our original data on a series of ‘accidental’ discoveries on models of 
acute and chronic inflammatory diseases have been supported, directly and indi-
rectly by numerous isolated and fragmented basic research, histopathological or 
clinical studies including treatment options for acute and chronic inflammatory 
diseases or site-specific cancers (see Chaps. 2 and 4) [5, 10–15, 78–90, 
200–400].

As detailed throughout this book, for over a century compelling evidence dem-
onstrated the roles that potent pathogens or severe trauma play in the induction of 
‘cytokine storm’ that often lead to life-threatening acute inflammatory diseases 
(e.g., sepsis, pneumonia, meningitis) [5, 10–15, 204–226, 373–386]. Cancerous 
cells (defective cellular components) should be regarded as any other pathogens 
(viruses, bacteria, parasites) whose survival are dependent on the destruction of 
the host effective immunity; the amazingly ordered networks of immune and non-
immune systems, whose job is to petrol and secure the body’s health. Aging and 
persistence disruption or disturbance of immunity by frequent exposures to 
immune disruptors (‘biological terrorists’) could allow leaks in the highly orches-
trated network of effective immunity that are provided through inherent dual 
function of Yin and Yang of acute inflammation. Further review of a large body of 
basic and clinical reports on acute and age-associated chronic inflammatory dis-
eases and altered metabolism and function of tissues, we suggested that the 
induction of chronic diseases or site-specific cancers is the results of accumula-
tion of heterogeneous degrees of body’s hypo-, or hyper-sensitivity responses 
toward new or old antigens (see below) [5, 10–15, 355–510].
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6  Hypersensitivity Reactions or Biological Terrorists: Tissue-
Specific Immune Disorders or Cancers

Only she who attempts the absurd can achieve the impossible [?]

Ordinarily, innocuous substances and occasional exposures to a wide range of 
foreign elements are ignored by the immune system in tissues that are immune-
responsive or immune-privileged, to various degrees. The condition is termed 
immune tolerance. The immune-privileged tissues (e.g., CNS, BBB, cornea, neuro-
retina, reproductive organs) which are highly sensitive toward oxidative damage 
possess special features to ignore responses toward oxidative damage by foreign 
elements (stimuli). These tissues present higher and specific levels of immune toler-
ance, compared with those described for immune-response tissues (reviewed in 
Chap. 2) [5, 10–15]. However, the levels of immune tolerance are limited in both 
types of tissues. Under certain circumstances (acute or persistent tissue stimulation) 
the irritating components are deemed potential hazards (biological terrorists) to 
stimulate a wide range of immune responses leading to various degrees of acute or 
delayed hypersensitivity reactions or immune disorders (Fig. 6.2) [5, 10–15, 161, 
162, 342–369].

Hypersensitivity reactions are generally classified as type I, II, III and IV 
immune/inflammatory reactions. Type I or immediate hypersensitivity reactions 
involve antigen-(immune-disrupter) induced activation of innate immune cells such 
as mast cells (MCs) acting as effector cells. The process initiates by stimuli- (aller-
gen, parasites) activation of B/plasma cells and synthesis of antigen-specific IgE 
and IgG antibodies followed by sensitization of the mast cells (MCs) or basophils; 
synthesis of specific receptor and surface molecules involved in signaling and bind-
ing of IgE to MCs Fcε-R (receptor molecules). Upon re-exposure to sufficient 
amount of the same stimuli, antigen-IgE-fcεR-complex aggregates and the sensi-
tized MCs become activated (pharmacologic effects) to degranulate and release 
vasoactive substances (e.g., histamine) and other preformed or newly synthesized 
mediators for producing rapid (within minutes) allergic symptoms (e.g., ocular, 
skin, gastrointestinal or lung airway reactions) (Yin events of acute inflammatory 
responses) [5, 10–15]. Depending on the nature and exposure frequency to stimuli, 
the process of MCs sensitization and activation takes about 9 days to a couple of 
weeks. Typical example of type 1 hypersensitivity reactions that often occur toward 
ordinary innocuous antigens is exposure to pollen. The IgE antibody production by 
B cells is often T cell-dependent and accompanied by expression of mediators such 
as IL-4 and involving CD4+ and TH2 (helper) cells, in an attempt to contribute/
facilitate apoptosis and also to terminate and resolve acute inflammation (Yang 
events). The acute inflammatory responses (Yin and Yang processes) are facilitated 
by activation of vascular components, with the involvement of endothelial cells, 
vascular hyperpermeability, efflux of plasma proteins, infiltration of monocytes and 
blood components (see Chaps. 2 and 3) [5, 10–15, 342–375].

Review of literature on inflammation and multistep carcinogenesis demonstrate 
ongoing and controversial debates and misinformation about the role of inflamma-
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tion in allergies and chronic immune disorders and whether inflammation is protec-
tive in preventing cancer or it induces tumorigenesis and site-specific primary or 
secondary cancers [5, 10–15, 55, 56, 61, 285–371]. For example, several reports 
suggest the role of asthma, other allergies or circulating IgE as protective (decreas-
ing) the risk of cancer, while IgE blocking antibodies or its receptor molecules are 
proposed to treat allergies or cancer along with other cancer drugs [5, 10, 157, 158, 
344, 345, 351–354]. Analyses of data from a number of reported basic research and 
clinical studies including ours suggest that in general, aging process and repeated 
exposures of tissue to allergen, antigens, infective agents or biochemical and envi-
ronmental or airborne hazards (e.g., dust mites, pet allergens, mold, nitrogen diox-
ide, ozone, sulfur dioxide, particulate matter, volatile organic agents), are ‘immune 
disruptors’ and would lead to expression of a combination of receptor molecules 
that would increase polarization of immune cells (Fig. 6.2). We demonstrated that 
altered immune response profiles during chronic inflammation (oxidative stress) 
change the protective role of acute inflammation (e.g., IgE-dependent tissue 
responses toward allergen) in preventing cancer [5, 10–15, 243, 361, 363].

Depending on the type of tissue and inflammatory conditions, stimuli-induced 
increased polarization of immune cells often accompany the following major events 
that would lead to immune suppression [5, 10–15, 329–339, 365–372] (Figs. 6.2 
and 6.3):

Fig. 6.2 Schematic representation that inflammation and aging (stimuli or inducers) result in loss 
of Yin-Yang balance of effective immunity. It depicts that oxidative stress differentially influence 
tissues that are immune-privileged, immune-responsive, or insulin-dependent and insulin-indepen-
dent for glucose transport and metabolism. Altered tissue integrity and function could lead to ini-
tiation and manifestation of nearly all age-associated chronic diseases. See text
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 (i) Development of ‘leaky’ MCs (TAMC) and release of low level histamine 
(piecemeal, independent from allergen-specific IgE-fcεR binding) into local 
(host) or distal tissue environment;

 (ii) Increased infiltration of eosinophils;
 (iii) Altered vasculature activities;
 (iv) Increased ratios of mature/immature dendritic cells (DC2/DC1 or TADCs);
 (v) Increased mucus secretion and synthesis of IgA;
 (vi) Induction of M2/M1 (TAMs);
 (vii) Altered activities of NK cells (NKs);
 (viii) Increased polarization of T and B cell (Th1, Th2, Treg, B/plasma) 

phenotypes;

Pathogens/Infections in Acute and Chronic Immune 
Disruption toward Carcinogenesis

Acute Inflammation (Self-Termination)
TLRs (MCs) Activation CMI/HI (Response)

(Yin= Yang) (Resolution/Repair)

‘Leaky’ MCs             Piecemeal Histamine Release 
Activities of Eos + GCs + TAMs, Lysosomal Biogenesis   

Acid-Base Balance
ATP/ADP (Oxidative Phosphorylation) Hypoxia

?    Yin <Yang (Low Energy-Glycolysis) Premalignant lesions?

Vasculature Mitophagy + Autophagy 
Physical/Mechanical Disruption

(Tissue Integrity and Function)
Angiogenesis +Carcinogenesis

Aging + Oxidative Stress 

Fig. 6.3 Schematic representation that pathogens/infections induce acute or chronic inflammation 
toward carcinogenesis. The complex scheme shows that acute inflammation involves activation of 
MCs through toll-like receptors (TLRs) and responses from cell mediated or humoral immunity 
(CMI/HI) through activities of Yin and Yang pathways that lead to resolution of inflammation (self-
terminating, protective). The scheme also represents that aging and unresolved inflammation (oxi-
dative stress) lead to exhausted (‘leaky’) activities of MCs and release of low level histamine in 
surrounding tissue that contribute to infiltration, altered activity and polarization of other cells and 
components, such as Eos, GCs, TAM, lysosomal recycling pathways, acid-base balance, altered/
reduced ratio of ATP/ADP (low energy) and induction of hypoxia. Loss of Yin and Yang balance is 
depicted to induce hypoxia and enhanced glycolysis that facilitate tissue growth and premalignant 
lesions. Multistep pathways in carcinogenesis and angiogenesis also involve altered activities of 
vasculature, mitochondria function (mitophagy) and autophagy that would further disrupt physical 
and mechanical behaviors and function of tissue. See text
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 (ix) Altered mitochondrial oxidative phosphorylation and changes in energy sta-
tus of cell/tissue for metabolism and recycling pathways (mitophagy and 
autophagy;

 (x) Altered chromosomal activities and increased genomic instability and DNA 
mutations, epigenetic modifications (hypo-, or hypermethylation);

As detailed below, disturbed differential energy-requiring pathways of effective 
immunity [Yin (tumoricidal), high energy requiring events and Yang (tumorigenic), 
low energy requiring of acute inflammation] lay a foundation for induction of tissue 
necrosis or growth and manifestation of age-associated inflammatory diseases or 
site-specific benign tumors, cancer metastasis or angiogenesis. The high energy-
requiring events in Yin phase are facilitated by burst of energy (ATP hydrolysis) 
from tissue mitochondrial oxidative phosphorylation. The Yin responses of acute 
inflammation must be immediately and precisely neutralized and terminated by 
expression of factors with growth promoting and anti-oxidant properties that are 
simultaneously induced by dual mechanisms (feedback control switches) or recruit-
ing cells during resolution phase of acute inflammation (Yang) events that utilize 
low energy from glycolysis [5, 10–15].

The followings summarize major events in acute allergic responses (type I, 
immediate) involving three principal phases of sensitization, activation and effector 
phases, often initiated by involvement of mast cells (MCs) through activation of B/
plasma cells during Yin responses and expression of pro-inflammatory or initiation 
factors (details in Chap. 2) [5, 10–15, 345–363, 381–397, 500–536]:

 (i) Sensitization phase: involving B cells (act as innate immune cells for encoun-
tering antigen and the synthesis of IgE and sensitization of mast cells (MCs, 
act as effector cells), expression of antigen-specific receptor and surface 
molecules;

 (ii) Activation and Effector (pharmacological) phase: binding of IgE antibodies 
to sensitized MCs-Fc receptor molecules (IgE-FcεR). Upon further exposure 
to the same stimuli, aggregation of antigen-IgE-FcεR-binding causes MCs 
degranulation and release of preformed or newly synthesized molecules. The 
most important mediators that are released during effector phase are histamine, 
heparin and prostaglandins, activation of vasculature complement cascade 
enzymes and a number of other pro-inflammatory cytokines and enzymes;

 (iii) Termination phase of acute inflammation: involving expression of post-
inflammatory mediators, such as growth factors, anti-oxidants, and cytokines 
with wound healing properties to terminate inflammation and repair any damage 
inflicted by hazardous agents and pro-inflammatory mediators (Yin events), and 
to reconstruct host tissue. Mediators that participate during wound healing (termi-
nation phase) of an acute inflammation often are facilitated through polarization 
of immune cells (e.g., leaky MCs, M2, Treg) induction of memory cells, vascular-
derived growth factors, mucus secreting goblet cells, as well as endocrine hor-
monal regulation (epinephrine, thyroid hormones, cortisol).

It is noteworthy that the extent and complexity of immune response profiles 
depend on the function of the organs/tissues toward enteric (internal) and external 
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exposures to biohazards. For example, in the complex composition of gut-associ-
ated lymphoid tissues (GALTs), the balance between Yin (tumoricidal) and Yang 
(tumorigenic) responses are protective of gut flora and maintenance of homeostasis 
of trillions of diverse microbial/microbiota (bacteria, fungi) in the gut flora (enteric 
microbiota) that are normally beneficial to health and facilitate food digestion and 
maintain acid-base balance of gastrointestinal track. Effective immunity in GALTs 
is additionally responsible for guarding the tissue against extrinsic harmful ele-
ments in food and ingested viruses or bacteria [5, 10, 66, 245–250, 252, 254, 262, 
475, 519]. Significant imbalance in the enteric and external hazardous components 
are associated with a number of mild, moderate or severe compromised immunity 
in conditions such as allergies, autoimmunity, diabetes, autism, depression, 
Alzheimers, Yeast (fungi) overgrowth and site-specific cancers [5, 10, 66, 245–250, 
252, 254, 262, 475, 519]. Therefore, effective immunity (composition and response 
profiles of immune and non-immune cells) in the GALTs, being the interface of 
external-internal environments, is expected to be more sophisticated than other 
organ systems (e.g., lymph nodes, skin or ocular tissues). In fact about 70% of 
body’s complex immune system is in the crucial position of digestive/gastrointesti-
nal track. The immune composition in GALTs also presents shared features with 
other tissues that are responsible for fighting against external harmful agents, such 
as the respiratory lung-associated lymphoid tissues (LALTs) or conjunctival-associ-
ated lymphoid tissues (CALTs) for early sensitization and tolerance (induction of 
Th2 phenotypes) against perennial allergens (e.g., dust mites or cat epithelium). The 
special features of immunity and tolerization in GALTs (e.g., increased numbers of 
plasma cells lining the gut epithelium for production of IgA and IgE, TLRs, enzymes 
and hormones) are required for maintenance of the homeostasis of gut microbiota 
(intrinsic foreign elements) and ingested foods. It should be also noted that the 
 initial immunity and tolerance in respiratory and gastrointestinal tracts develop 
 during fetal growth. Fetus immunological system, as detected in cord blood has Th2 
phenotypes, is the basis for protection of ‘graft-versus-host’ reactions or toleriza-
tion [5, 10, 245–250, 495–497].

It is noteworthy that frequent exposure to stimuli including consumption of 
inactivated segments of infective agents and associated adjuvants (e.g., aluminum, 
mercury, L-histidine or stabilizers, chemicals) that are used in pathogen-specific 
vaccines (e.g., polio, measles, HPV, swine flu, shingle, BCG) could induce an 
‘antigen overload’ or sustained oxidative stress and activation of a number of 
immunosuppressive pathways such as hyporesponsiveness of T cells (down-regu-
lation of Th1), increased Th2 or regulatory cells (Treg), induction of antibodies 
[e.g., IgE, IgG isotypes (e.g., IgG1, IgG2, or IgG 4)] that would retard effective 
immunity toward increased allergies, autoimmune or neurodegenerative diseases 
or cancers, even in younger individuals [5, 10, 161, 162].

The sources of allergens/stimuli are diverse and include plants, fungi or fungal 
spores, parasites, pollen, house mites, foods such as milk, eggs, peanuts and cereals, 
insect venom, drugs, animal dander, as well as preserved or genetically altered food 
products (genetically modified organisms-GMOs), or perhaps frequent exposures to 
various environmental radio waves and electronic devices [5, 10–15, 161, 162, 246, 
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248, 249, 350, 355, 385, 388, 505]. It should be emphasized that many specific 
 vaccines [e.g., inactivated high potency structures of human papilloma viruses 
(HPVs) or polio] or bacteria (mengiococcal, swine flu) that are used for prevention 
of certain infectious diseases or cancers should be considered as immune disruptors 
(‘antigen overload’) rather than immune promoters of the body. While pathogen-
specific vaccines may provide some protection against specific infective agents, 
they often cause immediate clinical, subclinical or delayed hypersensitivity 
 reactions. The long-term health hazards of many immune disruptors including 
pathogen-specific vaccines and potential shifts in immune response profiles in 
 tissues that create an ‘antigen overload’ and contribute to multistep chronic diseases 
or site-specific cancers are discussed elsewhere [5, 10–15, 161, 162, 242, 363]. 
Furthermore, the need for developing universal vaccines and prophylactic agents 
that logically promote body’s general immunity for prevention of diseases is yet to 
be seriously thought of [5, 161, 162].

As depicted in Fig. 6.4, depending on the type and susceptibility of target tissue 
and expression profiles of inflammatory mediators (accumulated mismatched 
immune responses), oxidative stress could induce tissue necrosis (growth-arrest) or 
tissue growth promotion toward multistep disease processes such as neurodegenera-
tive or autoimmune diseases or tumorigenesis and angiogenesis [5, 10–15].

Fig. 6.4 Schematic representation that aging process and chronic inflammation would lead to 
response shifts (‘immune meltdown’ or ‘immune tsunami’) in immune-privileged or immune-
responsive tissues toward tissue necrosis and/or growth. The scheme depicts that response switches 
in immune-privileged tissues cause local immune responsiveness toward necrosis and neurodegen-
eration of tissue. In contrast, in immune-responsive tissues, loss of Yin and Yang balance was 
hypothesized to induce expression of selective factors to cause local immune-privilege and facili-
tate tumor growth promotion and angiogenesis. See text 
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While there are a number of compensatory mechanisms to ensure maintenance 
of health, an ‘antigen overload’ could increase defects in any one of the complex 
cellular, metabolic, hormonal or genomics signals, enough to disturb the precise 
crosstalk between apoptotic and/or wound healing pathways causing exaggerated 
expression or co-expression of mediators that would lead to immune meltdown 
(immune chaos or immune tsunami) and adversely influence tissue function toward 
multistep disease processes in vulnerable tissues.

In summary, sustained unresolved inflammation (‘antigen overload’) or ‘biologi-
cal terrorists’ would generate a spectrum of adverse or deleterious effects that could 
manifest as diverse allergies or immune disorders that were recently classified as 
‘mild’, ‘moderate’ or ‘severe’ clinical symptoms. It is estimated that 20% of popu-
lations in USA suffer from some forms of allergies. Aging process and increased 
encounters with offending allergen and increased levels of free radicals in host tis-
sues have been reported as rational for threshold effect of IgE and the increased 
allergies [e.g., asthma, skin eczema, hay fever, urticaria (hives), ocular inflamma-
tory responses] or perhaps other health conditions such as gastritis, pancreatitis, 
hepatitis, or colitis in adults (see following sections) [5, 10–15, 161–183, 350–363, 
384, 385, 445].

7  Immune Disorders: Common Denominators of ‘Mild’, 
‘Moderate’ or ‘Severe’ Hypersensitivity Responses: 
Cancer a ‘Severe’ Cumulative Altered Immune Responses 
that Destroy Architectural Integrity of Tissue 

7.1 Histamine a Blue Print? [An Idea Who’s Time Has Come!]

Part of the secret of a success in life is to eat what you like and let the food fight it out inside. 
Mark Twain

Aging is associated with biological rearrangements (biological senescence) 
accompanied by minor or major changes in immune and non-immune responses 
(immunosenescence) of tissues that would result in ineffective wear or tear (degen-
eration and regeneration) of organ systems. Longevity and repeated/frequent expo-
sures to infective agents/microbiota or pathogens (e.g., viruses, bacteria, parasites 
or other microorganisms) or environmental, chemical or biological hazards (low 
level carcinogens) could cumulatively retard the immune response profiles in sus-
ceptible tissues to the extent that would damage the balance between tumoricidal 
(Yin) and tumorigenic (Yang) properties of protective immune surveillance to cause 
initiation and progression of chronic diseases including multistep carcinogenesis [5, 
10–15] (details in Chaps. 2 and 4).
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In the following sections an overview of the types of immediate and late phase 
inflammatory responses toward manifestation of disease processes will be presented. 
Comparison will be made that mediators that are identified in tissue-specific cancers 
share the biological features with those of other reported chronic inflammatory dis-
eases. Such comparison is fundamental to the recently novel hypotheses that site-spe-
cific cancers are the results of ‘severe’ and aggressive (irreversible) forms of immune 
disorders that progressively destroy the inherent dual properties of immunity.

Scientifically it is logical to conclude that the molecular and functional defects in 
the complex biological network of effective immunity that guards the body’s health, 
could lead to diverse manifestations of ‘mild’, ‘intermediate’ or ‘severe’ immune 
disorders or site-specific cancers. The importance of mitochondria and differential 
bioenergetics of Yin and Yang processes at different stages of life, from fetus organ-
ogenesis and development after birth, and throughout adulthood and aging process 
in the induction of chronic diseases or cancer will be overviewed. Site-specific can-
cers are considered as advanced and aggressive accumulation of immune disorders 
(‘immune tsunami’) that violate biological laws and disturb the amazingly ordered, 
precise and orchestrated crosstalk between immune and non-immune tumoricidal 
(Yin) and tumorigenic (Yang) arms of acute inflammation (Fig. 6.5).

Fig. 6.5 Schematic representation that aging and chronic inflammation are interdependent cofac-
tors in biological and immunological senescence that would increase the risk of age-associated 
chronic diseases and cancer. Loss of balance in Yin and Yang of immunity would lead to altered 
mitochondrial and lysosomal functions (mitophagy and autophagy) and other tissue components 
including vascular and chromosomal activities (e.g., genetic mutations and epigenetic modifica-
tions) that contribute to immune response mismatches in immune-responsive and immune-privi-
leged tissues and induction of chronic diseases. The scheme represents that chronic inflammation 
is a common denominator in the genesis and progression of nearly all chronic disorders that are 
manifested as different diseases in tissues. See text
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The intellectual exercise to integrate some of the available quality of informa-
tion, while daunting, it is fundamental for comprehending the aging and disease 
processes and for developing useful biological roadmaps, and connecting the dots 
or identifying important missing data. Systematic understanding of the complex 
molecular network that uniquely guard effective immunity is expected to provide 
crucial clues of what constitutes the biology of health or diseases of aging and how 
to cost-effectively make decisions on diagnosis, prevention, accurate risk assess-
ment or treatment of diseases.

7.2  Interdependent Categories in Age-Associated Chronic 
Diseases

In general, one should keep in mind that all diseases arise from the following medi-
cal/biological categories:

 1. Congenital; 
 2. Hereditary;
 3. Neonatal;
 4. Induced; 

In this book we primarily emphasize on the biological bases of ‘induced’ diseases. 
The important roles of biological hazards (e.g., pathogens and vaccines + 
ingredients)-induced expression of ‘designer’ or ‘transient’ receptor molecules that 
alter tissue bioenergetics and induction of immune disorders are the topics of dis-
cussion in this chapter. 

Describing biological defects that contribute to other disease categories is beyond 
the scope of this monogram. However, it is likely that all other diseases possess, to 
varying degrees, shared features of defects in genetics-immune-hormonal-bioener-
getics-metabolic-neuronal pathways with those that are described for induced dis-
eases. It is also logical to consider that aging process is the outcomes of mixed 
innate+induced biological defects that would increase the risk of chronic diseases. 

Special or shared biological complications of full-blown diseases that generally 
determine the outcomes of nearly all chronic conditions fall into three major inter-
dependent categories:

 (a) Vascular and lymphatic channels disorders;
 (b) Tissue necrosis;
 (c) Tissue growth.

There is little dispute that when the body ages, changes occur in the availability, 
transport, physiology or quality of hormones, metabolites, nutrients and associated 
receptor molecules and immune response dynamics in tissues (Fig.  6.5). These 
changes demand biological readjustments in organ systems (biological and immune-
senescence) that accompany minor or major alterations in the function of immune 
and non-immune systems and altered (tardiness) inflammatory responses to old and 
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new challenges and the initiation of a wide range of chronic diseases in immune-
responsive or immune-privileged tissues [5, 10–15, 18, 72, 75, 183, 232, 233,  
239–242, 259, 290–304, 334, 363, 367, 422–429, 489–491, 525, 535, 556, 558, 
571]. We proposed that maintenance of health depends on the inherently precise 
expression and regulations of energy-requiring positive and negative biological con-
trol switches (biological rhythms or clocks) between the local (host) and distal con-
tributions of innate and adaptive immune cells, vasculature, metabolic, 
genetic-epigenetic-neuroendocrine or neuro-hysiological pathways.

While the importance of individual genetic makeup (intrinsic factors) in longev-
ity in the delayed onset of diseases is logical, how the confounding extrinsic factors 
such as the interactions of oxidative stress and aging process would lead to increased 
somatic mutations and the altered regulations of biological clocks and functions of 
organ systems in diseases are not understood. The degrees of interactions between 
the intrinsic (innate and enteric) factors that influence the physiological behaviors 
of the organs/tissues (e.g., vasculature, metabolic, hormonal, neuronal and immune 
response pathways) combined with those extrinsic factors (e.g., exposures to chemi-
cal, environmental, biological hazards, carcinogens, life styles, specific vaccines) 
would likely determine the outcomes of age-associated chronic conditions.

In brief, age-associated health conditions such as ocular or skin allergies, asthma, 
emphysema, hypertension, colitis, gastritis, hepatitis, thyroiditis, lupus, diabetes 
and cardiovascular complications, stroke, atherosclerosis, other autoimmune and 
neurodegenerative diseases such as Alzheimer’s or Parkinson’s and the site-specific 
cancers seem to be manifestations of different degrees of immune disorders. The 
challenging questions that may be addressed include to what extent the intrinsic and 
extrinsic biological heterogeneities and collective responses of organ systems are 
influenced by the age-induced altered hormonal, physiological, metabolic and 
immunological rearrangements that contribute to manifestation of specific 
diseases?

8  Metabolism and Function of Histamine (Catecholamine) 
in Acute and Chronic Inflammatory Diseases

The interdependent physiological and pharmacological properties of histamine in 
the induction of acute and chronic inflammatory diseases or carcinogenesis are 
overviewed in this section. Attempts were made to demonstrate that while different 
age-associated acute or chronic health problems are manifested in site-specific tis-
sues as different pathological problems, they share molecular and immunobiologi-
cal characteristics of one health problem- the loss of immune-surveillance, the 
biphasic properties of self-terminating acute inflammation (Yin-Yang) that is 
responsible for maintenance of health. We suggested that circulating levels of hista-
mine, above normal, are major contributors in the maintenance of oxidative stress 
and induction of majority of acute or chronic age-associated disorders or 
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tissue-specific cancers [5]. The biological and clinical effects of histamine that 
 contribute to major immune disorders are summarized below.

8.1  Spectrum of Anaphylaxis and Inflammatory Diseases: 
When Beneficial Biphasic Yin and Yang of Immunity 
becomes Health Hazards

The term “anaphylaxis” was introduced by Paul Portiere and Charles Richet6 in 
1902 for explaining the results of their investigation and the mechanisms of marine 
invertebrate poisons on mammalian physiology. This was the first clinical example 
that the immune system could be harmful rather than protective or beneficiary to 
body’s health [373–381]. In 1921, the passive transmission of hypersensitivity with 
human antibody by Prausnitz, known as the P-K reaction, was an important study of 
human allergy [378]. Originally, anaphylaxis was referred to as a serious and life-
threatening form of acute hypersensitivity reactions during which release of vasoac-
tive components (histamine or slow reacting substance of anaphylaxis-SRS-A) 
from mast cells induced a sudden drop in blood pressure to cause shock. Recent 
careful assessment of retrospective data from multicenter studies demonstrates that 
the risk and incidence of different degrees of anaphylaxis are increasing among the 
general population [5, 10, 350, 353–355, 363, 382–385, 445]. The clinical symp-
toms and severity of anaphylaxis vary among individuals. The symptoms include 
hypotension and shock (often fatal) or mild and moderate conditions such as itch-
ing, flushing, skin reactions, hives, mucosal and respiratory reactions such as cough, 
wheezing, dysphonia, chest tightness, shortness of breath, vomiting, cramp-like 
abdominal pain and diarrhea. The potential triggering factors in anaphylaxis include 
a wide range of prepared foods with preservatives or genetically modified organ-
isms (GMOs), insect venoms, various drugs and pathogen-specific vaccines, rubber 
latex or even exercise. The biphasic reactions in anaphylaxis are known as primary 
or secondary (late) or protracted phases.

The roles that MCs activation and secretion of IgE isotypes (IgEα and IgEβ), 
their genomic promoter and receptor (e.g., IgE-fc epsilon/fcεR1), surface molecules 
(e.g., CD25hi, CD69, Notch1 and 2,) and many inflammatory mediators (e.g., hista-
mine, IL-1, IL-3, IL-10, Foxp3,…) play in the induction of acute and chronic hyper-
sensitivity reactions or tumorigenesis, as well as the treatment options [e.g., use of 
corticosteroids or monoclonal antibodies for allergen immunotherapy (omali-
zumab), indications of graft-versus-host disease or the role of other innate (e.g., 
eosinophils, basophils, dendritic cells or macrophages) and adaptive immune cells, 
the formation of memory T and B or regulatory (Treg) cells have been the topics of 
extensive studies [5, 10–15, 386, 388, 389, 445–447, 453, 462–465, 473–475,  
478, 484–544, 493–514, 517]. Analyses of data suggest that the development of 

6 In 1913, the Nobel Prize in Medicine and Physiology was awarded to Charles Richet, French 
physiologist for original experiments on induction of hypersensitivity (‘anaphylaxis’) reactions in 
collaboration with Paul Portiere.
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immunity and sensitization toward allergen initiate during fetal growth. Our origi-
nal observations on newborn sensitivity of ocular tissues toward antigen challenges 
support that the maternal/paternal atopy influences the newborn responses through 
mast cells activation and IgE production. Maternally transmitted genes (e.g., GSTP1 
and IgE-FcεRIβ) are identified with lung airway function and mast cell sensitiza-
tion. With regard to induction of asthma, the maternal effects on gene-environment 
interactions and epigenetic modifications were suggested to be greater than paternal 
influence [5, 10–15, 545–548]. However, due to complexity of the maternal/paternal 
interactions between ancestral and environmental influence on genetic and immu-
nological make up of the offspring, our understanding of the methods of prediction 
and treatment remain fragmentary and present huge challenges to overcome.

Use of anti-histamine receptor-1 (HR1) or anti-inflammatory agents is common 
in treatment of anaphylaxis with different effectiveness. Depending on the severity 
of anaphylaxis, treatment options include use of neuroendocrine agents such as 
adrenaline (epinephrine) or intravenous, intramuscular or oral use of steroids or 
glucocorticoids with family variations of products (e.g., prednisone, prednisolone, 
methylprednisolone, betamethasone, solu-cortex, dexamethasone, triamcinolone). 
Use of drug often follows resuscitation. Anti-IgE antibodies (e.g., omalizumab) also 
have been used for severe allergies such as asthma [345–347, 367, 377, 380, 386, 
389, 395, 396, 462, 464, 493–503]. The effectiveness of such interventions is con-
troversial perhaps due to multiple factors including:

 (i) Host immune response status to overcome the condition;
 (ii) Time course kinetics of induction and clearance of primary or secondary phase 

of anaphylaxis;
 (iii) Varied influence of histamine and receptor molecules (in addition to HR1) in 

diverse metabolic pathways;
 (iv) Bioenergetics of host organ system to overcome shock and potential induction 

of ‘cytokine storm’;
 (v) The stage of inflammatory reactions and potential contributions of other medi-

ators during anaphylaxis episodes;

Furthermore, as discussed below, the long-term immune suppressive effects of 
treatment with steroids that contribute to wound healing events (Yang or tumorigen-
esis) and could potentially change the biphasic dynamics of immune responses 
toward induction of other health complications such as cell/tumor growth have not 
been seriously considered.

Severe inflammatory conditions such as sepsis, meningitis, pneumonia that are 
induced by potent pathogens, or major trauma are various forms of acute immune 
disorders and often cause induction of ‘cytokine storm’ or ‘immune tsunami’. These 
severe inflammatory conditions, if not treated properly or immediately, could be 
life-threatening or may lead to chronic health problems [5, 10–15, 204–226]. 
Analyses and comparison of data between potent pathogen-induced severe molecu-
lar damage to organ system and those of current claimed cancer ‘targeted’ therapies, 
‘precision’ or ‘personalized’ medicine, which use monoclonal antibodies against 
specific growth factors or potent apoptotic agents were recently reported [5, 10–15]. 
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It was suggested that in conditions such as anaphylaxis, sepsis or many cancer drug-
induced severe inflammatory reactions and sudden changes in energy demands from 
mitochondria that could significantly damage tissue oxidative metabolism in mito-
chondria would alter metabolism of branched amino acids and biosynthesis of 
structural proteins and other energy-requiring metabolic and physiological activities 
in target tissues. In brief, potent pathogen- (trauma or ‘targeted’ cancer drug-) 
induced internal biological trauma could cause activation of cellular components 
and secretion of inflammatory cytokines creating an environment that facilitate tis-
sue damage and multiple organ failures (MOFs). The severe tissue damage is the 
results of a vicious cycle of immune cell activation leading to systemic or intraperi-
toneal expression of pro-inflammatory cytokines and damage-associated molecular 
pattern (DAMP), increased C-reactive protein (CRP), altered muscle F-actin fila-
ments and high-mobility group box 1 (HMGB1), expression and co-expression of 
growth-arresting (Yin, tumoricidal) and growth-promoting (Yang, tumorigenic) 
cytokines such as TNF-α, ROS, interleukins (e.g., IL-4, IL-6, IL-8, IL-10, IL-12, 
IL-18), monocyte chemoattractant protein 1 (MCP-1), CXCR3, neutrophil extracel-
lular traps (NETs), abnormal expression of vaculature components (e.g., P- and 
E-selectins, ICAM-1, VCAM-1) damage to mitochondrial oxidative metabolism 
and DNA and impaired energy production (ATP) from oxidative phosphorylation, 
induction of systemic inflammatory response syndrome. The severe inflammatory 
conditions, also known as immunoparesis or induction of ‘immune tsunami’, often 
accompany a range of seriously adverse outcomes for patients including frequent 
visits or long hospital stays and increased risk of mortality [5–15, 161, 162,  
204–232, 265, 280, 285].

In brief, induction of ‘immune tsunami’ by potent pathogens or cancer ‘targeted’ 
or ‘designer’ drugs could result in the release and interactions of inflammatory 
mediators such as histamine and other pro-inflammatory mediators (above factors) 
and the activation and metabolism of membrane arachidonic acid pathways, biogen-
esis of prostaglandins and platelet metabolism, as well as compensatory mecha-
nisms that would lead to drug-induced clinical complications (e.g., blood coagulation 
and thromboembolism, cancer relapse, sarcopenia, cachexia, fatigue), serious con-
ditions that lead to severe damages to vital organ systems (e.g., liver, kidney, brain 
or heart) and multiple organ failures (MOFs) and death.

8.2  Allergies and Induction of Diverse Diseases and Cancer

In general, many allergies such as food allergies, asthma, ocular or skin allergies are 
clinically classified as symptoms of three types of tissue responses, IgE-mediated 
(acute or type 1), non-IgE-mediated (cellular or delayed type hypersensitivity) and 
mixed (IgE-mediated and delayed type responses). Analyses of relevant data on 
acute or chronic inflammatory conditions that were classically identified as Type I, 
II or III or delayed hypersensitivity responses seem to be the various degrees of loss 
of balance between the two biologically opposing arms (Yin and Yang) of acute 
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inflammation. The proposed differential effects of inflammation in immune- 
privileged or immune-responsive tissues and manifestation of nearly all age- 
associated chronic diseases seem to be the collective consequences of altered 
metabolic,  neuronal and cellular or humoral immune cell activities and directly or 
indirectly supported by numerous isolated basic research and clinical reports (see 
below) [5, 10–15, 61, 212–372, 490–600].

9  The Many Faces of Histamine: Friend and Foe!

Analyses and integration of data on biochemical and pharmacological properties of 
histamine and its direct or indirect influence on organ/tissue metabolism and func-
tion in the genesis and progression of nearly all acute hypersensitivity reactions, 
infections, pathogen-specific vaccines and their ingredients, age-associated chronic 
immune disorders or site-specific cancers are briefly discussed in the following sec-
tions to better appreciate the complexity of histamine role in health and diseases  
[5, 10–15, 178–184, 220–235, 328–357, 245–249, 275, 328, 345–363, 516,  
517–560, 614, 628].

Catecholamine (histamine) stimulates contraction of smooth and cardiac mus-
cles, or bronchoconstriction; the symptoms of anaphylactic shock and sudden 
change in blood pressure (see above). These life-threatening events required phar-
maceutical industries to develop clinical antihistamine drugs. However, ongoing 
controversies on the effectiveness of drugs and continued search for more effective 
remedies are continued challenges for the industry perhaps due to the wide influ-
ence that histamine, its known receptor molecules and histamine biosynthesis and 
clearance pathways present in nearly all aspects of tissue metabolism and function 
(Table 6.3).

The primary source of histamine is tissue MCs, but basophile granules are also 
able to liberate preformed histamine when provoked. Data from several reports also 
demonstrate that other cells such as MΦs, smooth muscle, endothelial and fibro-
blasts are capable of releasing histamine [5, 10–15, 498–503]. Brain ischemic or 
hypoxic conditions also release histamine to cause changes in astrocytes function or 
limited normal histamine levels lrvrls, as likely the bases for certain conditions such 
as idiopathic hypersomnia, obstructive sleep apnea syndrome, as well as diseases 
such as Parkinson’s or perhaps Alzheimer’s [5, 10, 267, 275, 345–347, 523, 525–
528, 578]. Muscle relaxants [e.g., anaestatic drugs (e.g., suxamethonium, opiods, 
plasma  expanders) and adjuvant] or heavy exercise are also able to release hista-
mine chemically (anaphylactoid) or immunologically (anaphylactic), while the 
clinical distinction and their mechanisms of actions are debatable [530–534, 569].

Histamine is an alkaline and a vasoactive component that is generated  
through the actions of the amino acid histidine decarboxylase (L-histidine decar-
boxylase) present throughout the body. The half-life of histamine is very short 
(<1 min) but pharmacologic effects of histamine last from 5 to 70 min. The short 
half-life of histamine in circulation, in all likelihood, is a required specific feature of 
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self-termination properties of acute (immediate) inflammation. In healthy individu-
als (normal conditions) the baseline levels of circulating histamine are approxi-
mately 0.3–1.0  ng/ml, perhaps contributing to the maintenance of acid-base 
homeostasis in tissues. However, the effective pharmacological levels of histamine 
to cause pro-inflammatory effects in ocular tissues, skin, gastrointestinal, lung 
respiratory or neuronal tissues are much greater, ranging from 3 to12 ng/ml. During 
stimulation of mucus secretion and skin irritation (pruritis), contraction of bronchial 
smooth muscle or vasodilatation, the histamine levels can reach as high as μM levels 
[275, 345–347, 350, 628].

Histamine metabolism and turnover occur through two enzymatic reactions of 
diamine oxidase (DAO) and histamine N-methyl transferase [HNMT, or HNT]. 
Activation of either enzyme is tissue location-dependent (e.g., peripheral or intra-
cellular spaces). It has been suggested that the HNMT enzyme which is manufac-
tured in a number of tissues (e.g., kidney, liver, brain) has a primarily role in allergic 
reactions. HNMT metabolizes histamine in the intracellular spaces within organ/

Table 6.3 Examples of antihistamine agents that are launched with some success [5, 345–347, 
352, 355]

Year–Name AKA, chemical name Mode of action, comment

1933 2-isopropyl-5-methyl phenoxyethyl 
diethylamine

Introduced by Fourneu and 
Bovet, Pasteur instituteEthanolamine,

1940s N1Ndimethyl-N1-benzyl-N-phenyl-
ethylenediamine;

Antergan, phenergan (other 
histamine receptors-
varients—H1-H4- not 
known)

Diphenhydramine; 
diphenhydramine

1940s Promethazine and chlorpromazine Sedative effect, 
Thorazine – Rhone-PoulencPromethazine and 

chlorpromazine
1960s H1 (anti-allergic) antagonists; H1 antihistamines
Name changed for 
anti-histamine receptors

H2 antagonists H2 antagonist gastric acid 
secretion and prevention of 
smooth muscle contraction

1970s- (?) Cimetidine Tagament-H2 receptor 
antagonist

1990s Olopatadine hydrochloride 
(11-[Z)-3(dimethylamino)- 
propylidine]-6,11-
dihydrodibenzine[b,e]-oxepin-
2acetic acid monohydrochloride)

H1 antagonist, inhibit AA 
metabolism, tryptase, LTs, 
PGD2, treatment of rhinitis, 
chronic urticaria, eczema 
dermatitis, purigo. Cutaneous 
pruritis, psoriasis vulgaris, 
erythma exudativum, allegic 
conjunctivitis.

Olopatadine (Allelock1, 
oral), Patanol1, 
ophthalmic solution)

1990s Ca2þ fluxes from intracellular stores, 
distort phase transition and fluidity 
of artificial membranes [L-alpha-
dipalmitoyphosphotidyl choline 
liposome]

H1 antihistaminic, FcεIgE, 
inhibit Ca2þ fluxes, 
exocytosis in rat basophilic 
leukemia (RBL-2H3) 
biphasic effect on mediator 
release.

Astemisole
Oxatomide
Norastemisole
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tissue-based responses (e.g., bronchial, skin or perhaps conjunctival epithelium) 
[10, 329–334, 498–505, 524–526].

Whether fluctuations of brain or other tissue histamine in vaccines (e.g., HPV), 
containing L-histidine (precursor of histamine) would induce alterations in the 
function of important histidine-proteins, as additional adverse effects of pathogen-
specific vaccines in the induction of neurological or autoimmune disorders are 
important knowledge gaps [5, 10].

At least three or four types of histamine receptors (HRs, H1-H4) have been iden-
tified in producing various physiological effects such as vasodilatation, smooth 
muscle contraction, gastric acid secretion, brain/neuronal activation and cardiovas-
cular actions [5, 10, 345–349, 362, 363, 516–522]. The most well characterized 
histamine receptors are H1 Rs. Histamine (H1) Rs are located on vascular endothe-
lial and smooth muscle cells of the upper respiratory tract (bronchi and bronchi-
oles). Release and binding of histamine to H1 Rs cause dilatation of capillaries and 
hyperpermeability of vasculature for influx of plasma fluids and infiltration of 
inflammatory cells to the site of target tissue. The actions induce rash or scratch, 
tearing and swelling (edema) of the skin or ocular inflammatory responses which 
are characteristics of clinical reactions of acute inflammation. If the vascular hyper-
permeability and efflux of plasma fluid are extensive, sudden drop in blood pressure 
may result in shock (anaphylaxis) as noted above. H1R in smooth muscle contrac-
tion in airway tract often leads to breathing difficulties. Strong constriction of lung 
smooth muscle is perhaps part of defense mechanisms and exaggerated immune 
responses or tissue attempts to prevent influx/entry of allergen to lung airways. 
Studying experimental models of ocular acute and chronic inflammatory diseases, 
we noted that antigen-induced strong clinical ocular type 1 hypersensitivity reac-
tions often accompanied by wheezing-like symptoms. It was suggested that circu-
lating IgE binding caused sensitization of lung airways MCs FcεRs and activation 
(effector response), degranulation of MCs and release of histamine [5, 10–15, 
357–363].

Histamine also binds to H2 receptors of the smooth muscle in the gastrointestinal 
tract and stimulates the release of stomach acid from the stomach mucosa, often 
resulting in cramps and severe diarrhea. Furthermore, depending on the location of 
the receptors, H2Rs stimulate nasal mucus secretion or they increase vascular per-
meability. As suggested above, the normal levels of circulating histamine, an alka-
line agent, are required for contributing to the acid-base balance in different tissues 
via activation of appropriate receptor molecules [10, 345–347].

The possibility that inhibition of one or 2 histamine receptors or blocking the 
Ca+2 flux in MCs or basophils of local tissue could lead to the activation of altered 
or compensatory pathways (e.g., expression of decoy HRs or iso HRs) that are not 
inhibited by specific HRs inhibitors in the induction of immune disorders are yet to 
be discussed or understood. Furthermore, the roles that anti-histamine drugs play in 
retarding histamine clearance pathways or metabolic activities as well as the poten-
tial drug-, or inflammation-induced histamine biosynthesis and release that would 
facilitate cell growth or chronic allergic reactions are not understood (manuscript in 
preparation).
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The results of a series of studies that we reported on experimental models of 
ocular acute and chronic inflammatory diseases in 1980’s included massive lym-
phoid hyperplasia of conjunctival-associated lymphoid tissues (CALTs) as the first 
evidence for a direct link between inflammation and tumorigenesis and angiogene-
sis. Analyses of a series data on our ‘accidental’ discoveries in 1980s on models of 
acute and chronic inflammatory diseases in conjunctival-associated lymphoid tis-
sues (CALTs) demonstrated at least three stages of interactions between resident 
(host) and recruited immune cells (details in Chap. 4) [5, 10–15, 360–362]:

 (a) Acute phase; activation of mast cells (MCs), induction of IgE antibodies, release 
of histamine and synthesis of prostaglandins;

 (b) Intermediate phase; down-regulation phenomenon, exhausted/degranulated 
MCs, heavy eosinophils (Eos) infiltrations into epithelia and goblet cells (GCs), 
tissue hypertrophy and neovascularization; and

 (c) Chronic phase; induction of lymphoid hyperplasia, activated macrophages 
(Mϕs), increased (irregular size) B and plasma cells, loss of integrity of lym-
phoid tissue capsular membrane, presence of histiocytes, follicular and germi-
nal center formation, increased ratios of local IgG1/IgG2, epithelial thickening 
(growth) and/or thinning (necrosis) and angiogenesis.

Activated MΦs (TAMs or M2) and eosinophils that are recruited in tissues (e.g., 
conjunctiva or perhaps lung airways) whose principal resident immune cells are 
MCs and lymphocytes were suggested to play crucial synergistic roles in enhancing 
the growth promoting capacities of host toward tumorigenesis. The release of low 
level histamine and down-regulation phenomenon toward induction of massive 
hyperplasia of CALTs and distinct phases of immune suppression were associated 
with increased number of ‘leaky’ (exhausted) MCs and activation of other inflam-
matory cells such as eosinophils and MΦs and expression of growth promoting 
mediators. For example, under oxidative stress, M-CSF could produce signals that 
are cumulative/synergistic with host mediators (e.g., low levels release of hista-
mine), facilitating tumor-directed expression of decoy receptors and immune sup-
pressive factors (e.g., dTNFR, IRAK-M, IL-5, IL-10, TGF-β, PGE2). We 
demonstrated that during down-regulation phenomenon, further challenges of con-
junctiva with either antigen or MCs degranulating agents such as compound 48/80 
produced minimal reaction supporting exhaustion of MCs. Furthermore, tissue chal-
lenge with histamine produced strong ocular reactions suggesting that HRs were 
functional (Fig. 6.6). However, repeated challenges with histamine led to down-
regulation phenomenon of tissue [5, 10–15, 357–363]. It was suggested that 
exhausted MCs (‘leaky’ MCs) and the release of low level histamine (independent 
of MCs- IgE-FcεR degranulation) into host tissue environment contributed to infil-
tration of other immune cells such as eosinophils and recruitment of activated MΦs, 
that follow a sequence of interactions and synergies between altered (decreased) 
ratios of tumoricidal (Yin) vs. tumorigenic (Yang) phenotypes of MΦs (M1/M2 or 
TAMs) resulting cellular growth promotion (Fig. 6.6) [5, 15].
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In brief, normal levels of circulating histamine are likely required for contribut-
ing to the acid-base balance in different tissues via activation of appropriate receptor 
molecules. Stimuli-induced histamine release and biosynthesis of other pro-inflam-
matory mediators must be simultaneously and precisely removed and neutralized by 
expression of anti-inflammatory or wound healing factors, including cortisol or epi-
nephrine, growth factors or enzymes to remove/decompose histamine and also 
digest histamine receptor molecules in Yang pathways [5, 10–15]. Under oxidative 
stress, understanding the details of histamine removal pathways or potential modi-
fications of HRs that may lead to adverse health conditions deserve further investi-

Fig. 6.6 Schematic representation of loss of balance in Yin and Yang signals in mast cells and 
induction of cell growth and angiogenesis. In acute inflammation, mature MCs are considered 
tumoricidal and IgE-dependent for degranulation and release of vasoactive components such as 
histamine. However, oxidative stress induces production of ‘unscheduled’ immature or partially 
degranulated or exhausted (‘leaky’) MCs. Leaky MCs could continuously and slowly release vaso-
active mediators such as histidine, heparin, ROS, chymase or tryptase, expression of angiogenic 
factors from activated vasculature independent of IgE-fceR binding. The scheme depicts that oxi-
dative stress promotes synthesis/expression of mediators that are involved in altered balance in 
angiogenic [e.g., VEGF, CAMs, hematopoitic growth factor, HGF-FGF-2 and membrane metalo-
proteases (MMPs), angiogenin 1 (ANG-1), etc] and anti-angiogenic (inhibitors of angiogenesis) 
factors [e.g., TSP-1 (thrombospondin 1),TPA (tissue plasminogen activator),TIMP (tissue inhibi-
tor of membrane proateases), etc] contributing to activation of other immune cells (e.g., TAMs, 
TADCs) in the initiation and enhancement of tumor growth and angiogenesis (Adopted from 
Khatami (Ref. [11]) Exp Opin Biol Ther. with permission. All rights reserved)
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gations. Sustained oxidative stress could alter one or combination of the following 
pathways for histamine metabolism or removal:

 (i) Altered or modified histaminases, tryptase or chymase activities;
 (ii) Altered biosynthesis or functions of important histidine-related proteins/

enzymes [e.g., histidine kinases (phosphorylation), histidine-rich glycoproteins 
or impaired activities of histidine decarboxylase or diamine oxidase (DAO);

 (iii) Insufficient IgE digestion by proteases including tryptase;
 (iv) Induction of histamine decoy- or iso-receptor molecules;
 (v) Oxidative stress and heterogeneity in MCs biosynthesis leading to abnormal 

release of histamine in mastocytosis-like conditions in site-specific tissues 
(e.g., skin or bone);

9.1  Biological Gaps: Connecting Dots on Diverse Function 
of Histamine Under Oxidative Stress and Aging Process

Analyses of a wide range of basic and clinical data provoke the following questions 
that are interdependent biological knowledge gaps on the roles that histamine play 
in health and diseases and proposed future directions for systematic studies [4, 10, 
344–347, 361, 388, 389, 501, 523–525]:

 (i) Continued tissue stimulation or repeated use of traditional anti-histamine 
agents could promote cell growth in affected tissues by activating or inducing 
expression of histamine-like receptors (H-LRs), or histamine decoy receptors 
(HdRs). Allergic individuals who routinely consume anti-histamine drugs for 
conditions such as asthma, skin allergies or gastrointestinal tract problems 
seem to be at greater risk for developing site-specific or distal cancers, perhaps 
as the results of inhibition of specific HRs. The concept is indirectly supported 
by large clinical observations that asthmatic patients had higher risks for devel-
oping not only lung cancer, but they demonstrated to be at differential risk for 
other cancers (e.g., higher risk for stomach cancers and lower risk for soft tis-
sue cancers or oral squamous cell carcinoma). The release of histamine or 
other pro-inflammatory mediators in circulation could potentially decrease the 
risk of soft-tissue cancers due to accessibility of these tissues to apoptotic 
mediators;

 (ii) Oxidative stress or genetic factors could induce exaggerated and abnormal pro-
liferation of MCs in organ systems and creation of a sub-group of heteroge-
neous clinical conditions known as mastocytosis affecting primarily the skin or 
bone marrow often involving systemic events in adults or children. Mastocytosis 
could enhance histamine release in large quantities that cannot be clinically 
treated or inhibited by anti-histamine agents or by histamine clearing 
mechanisms;

 (iii) Aging process could impair/retard expression or activities of HRs, or hista-
mine methyl transferase (HNMT) or diamine oxidase (DAO) that contribute to 
the progression of allergic reactions or histamine intolerance;
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 (iv) Whether reported increased in the incidence of replacement of a branched 
amino acid isoleucine 105 (Ile105) in the gene of enzyme histamine 
N-methyltransferase (HNMT) reported for Parkinson’s would also apply to 
 asthmatic patients or histamine intolerance individuals are not understood. 
The  defective biosynthesis of HNMT could also influence mitochondrial 
 oxidative metabolism and energy-requiring biosynthesis of architectural 
 proteins that utilize branched amino acids such as Ile as potential altered 
 activities of HNMT are important knowledge gaps for future investigation;

 (v) Whether aging processes (immune-biological senescence) accompany altera-
tions in cross reactivity of expression of HRs or induction of expression of 
histamine-like receptor molecules (H-LRs) that contribute to altered integrity 
and function of vasculature or inflammatory responses to old and new chal-
lenges are not understood.

10  Energy-Requiring Activation of Immune Cells in Health 
or Immune Disorders: Role of Mitochondrial Oxidative 
Phosphorylation and Autophagy

Stimuli-induced activation of innate immune cells such as MCs or MΦs, NKs and 
DCs requires burst of energy (ATP hydrolysis, high energy demands) from oxidative 
phosphorylation of mitochondria. For example, activation of MCs (effector pharma-
cological phase) leads to a decreased intracellular cAMP levels that allow calcium 
entry into the cell for degranulation processes. The effector phase of MCs activation 
is associated with the release of histamine and heparin and a number of preformed 
proteases (chymase or tryptase) followed by metabolism of membrane arachidonic 
acids (AAs) and activation of cyclooxygenase (COX) and lipooxygenase (LO) path-
ways and de novo synthesis of prostaglandins (PGs), as well as induction of inflam-
matory mediators and respective receptor molecules. The bioenergetics of these and 
other important cellular events including activation of several enzymes (e.g., NADH/
NADPH oxidase) and  expression of other oxidants, cytokines or mediators (e.g., 
TNF-α, IL-1, IL-6, IL-10, VEGF, complement cascades) in acute or chronic inflam-
mation are important topics that are not fully understood (Figs. 6.3 and 6.6).

The major parallel and simultaneous on-off switches of response profiles during 
immune cell activation and complex pharmacological pathways involved in initia-
tion (Yin or tumoricidal) and resolution (Yang or tumorigenic) of acute inflamma-
tion are briefly discussed below [5, 10–15].

Sensitization, differentiation, activation or effector functions of leukocytes are 
energy requiring metabolic events that are under increasing investigation in recent 
years, particularly with regard to T cell function. Similar to T cells, mast cells 
(effector cells within the innate immune cells) also undergo a dynamic and multi-
step metabolic reprogramming upon activation during early and late phase responses. 
An overview of the energy requiring complex inflammatory responses of degranula-
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tion or exocytosis of mast cells and release of a wide range of pre-formed or newly 
synthesized mediators in target tissue during apoptosis (Yin or tumoricidal) and 
wound healing (Yang or tumorigenesis) processes are summarized below. The role 
of chronic inflammation (loss of balance in Yin-Yang) in the developmental stages 
of age-associated diseases or carcinogenesis are also briefly proposed in the 
 following [5, 10, 544, 557–615]:

 (i) Yin (tumoricidal – high energy consuming events): oxidative phosphory-
lation and mitochondrial role: Involving burst of energy (ATP hydrolysis) 
required for secretory lysosomal activities, membrane fusion, exocytosis and 
ion fluxes, vascular hyperpermeability;

 (ii) Acid-base homeostasis required for release of histamine and heparin during 
MCs degranulation and exocytosis processes;

 (iii) Oxidative phosphorylation events (ATP hydrolysis) in the production of ROS 
from mitochondria to facilitate destruction of structure of foreign elements 
(e.g., allergen or parasites) and potential signals for activation of other immune 
cells (e.g., eosinophils, T or memory cells);

 (iv) ROS-induced shut-down events in mitochondria for the TCA cycle 
regeneration;

 (v) Yang (tumorigenic-low energy consuming events): glycolysis Warburg 
effect: Switching from oxidative phosphorylation (high energy demand from 
ATP hydrolysis of Yin) to low energy ATP production from glycolysis for 
termination of acute inflammation and wound healing or tissue repair. The 
events are similar to bioenergetics of cancer cells growth when mitochondrial 
function is impaired (see below);

 (vi) Recycling of proteins and lipids of phagocytised materials, expression of lyso-
somal hydrolases and proteases in autophagy;

 (vii) Termination/resolution of acute inflammation, wound healing, remodeling 
and repair of target tissue;

The precise sequences of events involved in simultaneous activities of Yin and 
Yang processes of acute inflammation that result in neutralization of foreign ele-
ments and repair of target/host tissues that include contributions from metabolic, 
neuronal and hormonal pathways are crucial biological gaps to be understood.

In a recently proposed working model, we hypothesized that the interdependent 
complex response dynamics of tissues toward external and internal stimuli require 
differential cellular bioenergetics. It was suggested that requirements for mitochon-
drial function to provide high energy at moment notice for combating foreign ele-
ments (pathogens, biological, chemical and environmental hazards) develop after 
birth for maintaining health and controlling diseases throughout life. Age-induced 
dysfunction of mitochondria could influence bioenergetic of Yin (tumoricidal) and 
Yang (tumorigenic) resulting in initiation of diverse health problems as ‘mild’, 
‘moderate’ or ‘severe’ immune disorders, including site-specific cancers (see below) 
[5, 10].

10  Energy-Requiring Activation of Immune Cells in Health or Immune Disorders…



296

11  Bioenergetics of Mast Cell Exocytosis, Secretory 
Lysosomes and Ca+2 Fluxes in Acute and Chronic 
Inflammation

Lysosomes play important roles in regulation of exocytosis and the breakdown of 
phagocytosed protein and lipid materials or cell debris for recycling processes. In 
general, degranulation of MCs and release of diverse charged molecules (e.g., his-
tamine and heparin) or other mediators do not follow the ‘all or none’ pharmaco-
logical effects. For example, under a wide range of inflammatory conditions, 
allergen-induced membrane fusion often involves piecemeal release of mediators 
from MCs and lysosomal activities. The complex pathways during degradation, 
clearance and recycling of proteins, require energy-dependent biosynthesis of a 
number of acidic hydrolases or proteases and surface molecule signaling within 
endoplasmic reticulum (ER), Golgi apparatus and lysosomes. The review of rele-
vant data demonstrates that these interdependent pathways are universal in living 
cells and influenced by aging and disease processes. The summarized events with 
emphasis on the role of MCs activation are provided below [5, 10–15, 275, 369, 
370, 390, 393, 423–426, 436, 587–655].

The early events of FcεR aggregation and MCs degradation require membrane 
fusion for exocytosis of granules or the secretory lysosomes processes involving 
activation of a number protein receptor molecules at different stages of membrane 
fusion, requiring ATP hydrolysis and Ca+2 mobilization from intracellular stores. 
The lysosomal exocytic events are triggered following an increase in the free Ca2+ 
concentration acidified by protons (H+/ATPase) for fusion and flux at the plasma 
membrane level. A number of studies using anti-allergic or antihistaminic agents 
(e.g., oxatomide, astemizole, olopatadine) demonstrated the role of IgE-fcεR, hista-
mine and Ca+2 flux, as well as AA metabolism in several in vivo (e.g., rats) or in vitro 
models of allergies or basophilic leukemia cells (RBL-2H3) [49, 345–347]. 
Additionally, agents such as olopatadine hydrochloride were shown to inhibit 
inflammatory cytokines such as IL-4 expression by MCs both in vivo and in vitro. 
Olopatadine differentially inhibited Ca+2 influxes through receptor-operated chan-
nels (ROC) without affecting Ca+2 release from intracellular stores. The actions 
were associated with suppressed phosphorylation of P38 mitogen-activated protein 
kinase and c-Jun NH2-terminal kinase, pathways that are involved in IL-4 gene 
expression and tumorigenesis.

Earlier we suggested that under normal inflammatory conditions, stimuli-induced 
exocytosis of MCs and release of histamine or PGs (e.g., PGF-1α or PGI2) and 
oxidants or toxins (Yin, growth-arrest events) in the tissue environment would 
simultaneously signal for induction of neutralizing mediators and expression of 
anti-inflammatory mediators (e.g., IL-10, VEGF or PGE2) during Yang (growth-
promote or tumorigenic) processes [5, 10–15] (details in Chaps. 2 and 4) (Figs. 6.3 
and 6.6).

The overall analyses of relevant data using inhibitors of MCs degranulation, oxi-
dative phosphorylation or glycolysis pathways (e.g., pyruvate oxidation), under a 
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wide range of immune dysfunction or carcinogenesis suggest that MCs activation 
and release of histamine and other preformed or newly synthesized mediators, 
require activation of lysosomal exocytosis and Ca+2 flux from the stored-operated 
Ca+2 channels as part of effector function of MCs [5, 10–15, 345–364, 368–371, 
373–385, 388, 561]. To what extent oxidative stress and low level release of hista-
mine from ‘leaky’ MCs impair pathways that are involved in lysosomal activities 
and exocytosis or tissue acid-base homeostasis or expression of mediators from 
other immune cells (e.g., T cells, eosinophils or MΦs) to alter physiological behav-
iors of tissues and initiation of chronic diseases are among interdependent knowl-
edge gaps. Another question is whether repeated activation of MCs (or MΦs) and 
release of low level histamine influence the level of free/stored Ca+2 in cells and 
associated induction of biosynthesis of immature or ‘leaky’ MCs or polarized M2 
(TAMs) contribute to the multistep carcinogenesis (Figs. 6.6 and 6.7).

Chronic Inflamma�on, Aging and Carcinogenesis
Injus�ce to Biological Law and Order: 

Immune Tsunami and Organ Destruc�on

Growth-Promo�ng Growth-Arres�ng

Yin
Yang

Cancer, Angiogenesis, 
Metastasis

Oxida�ve Stress     Metabolism, Vasculature, Neuronal, hormonal, Lipolysis, 
Energy (ATP/ADP)-PH Gradient, Gene�c/Epigene�c Muta�ons, 

IRAK-M (ILdRs) 
TNFdRs, CCL2

mTOR/PI3K/ALK
IKK, PKC,MMPs, 

VEGF, PDGFs, 
SODs, CAMs, ECM,

ATM, AQP-5
AMP, Cor�sol

Pro-angiogenic
Hypoxia

TLRs, ILs
TNF-a,Toxins
Oxidants,ROS

Caspases,
Proteases

An�-angiogenic
Complements

P53
MMPs

‘leaky’ MC, TADC, TANK, TAM, Th2/Th1 [Treg], Platelets, ER, Ca+2 

[Leu, IsoL, Val, Ala] Mitophagy, Autophagy,

Histamine?

Fig. 6.7 Schematic representation that chronic inflammation and aging are biological injustices to 
molecular law and order in immunity that lead to immune tsunami and multistep carcinogenesis. 
The scheme shows that loss of balance in tumoricidal (Yin) and tumorigenic (Yang) properties of 
protective acute inflammation (effective immunity) is associated with mismatched and exagger-
ated expression and co-expression of apoptotic and wound healing factors. Circulating histamine 
release at low levels from ‘leaky’ MCs was hypothesized to play important roles in altered immune 
responses and induction of tumorigenesis and angiogenesis. See text (Adopted from Khatami (Ref. 
[10]) with permission. All rights reserved)
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Depending on the level of antigen-receptor crosslinking, time-course kinetics of 
reformation/resynthesis of granules (maturation of MCs) or frequency of tissue 
stimulation, activated cells could release part or all of its granules content resulting 
in a wide range of immune/inflammatory responses. What we defined for the pro-
cess of an acute inflammation; the balance between Yin-Yang properties of effective 
immunity, logically apply to the processes of exocytosis or effector phase of MCs, 
or basophils as well as NKs, MΦs or DCs or T and B cells. Therefore, activation and 
deactivation (Yin-Yang) of effective immunity require respective differential bioen-
ergetics (high-low energy consumption).

Suggestions that oxidative stress-induced impaired activities of Ca+2 channels 
and altered lysosomal and mitochondrial functions during autophagy and mitoph-
agy in the context of balance in Yin and Yang of immunity during aging or disease 
processes are among interdependent new concepts and deserve further investigation 
(manuscript in preparation).

12  Histamine Influence on Tissue Physiology and Function

The major biological influences of histamine on cellular/tissue function under a 
wide range of inflammatory conditions are outlined in the following (Figs. 6.3, 6.6, 
and 6.7) [5, 10–15, 344–347, 357–363, 370–385, 647–666]:

 (a) Chemotactic Factors (CCXs): Histamine is shown to influence neutrophils 
and eosinophils through the induction of expression of neutrophil chemotacttic 
factor (NCXF) and eosinophil chemotactic factor-A (ECXF-A), respectively. 
This action of histamine potentially occurs during repeated activation and 
degranulation of MCs that result in the infiltration of neutrophils and eosino-
phils at the site of tissue injury. We demonstrated that continuous stimulation of 
conjunctival-associated lymphoid tissues (CALTs) caused down-regulation 
phenomenon and exhausted or ‘leaky’ MCs (reduced number of granulated/
mature MCs); the events followed by heavy eosinophils infiltration along with 
activation of mucus-secreting goblet cells and MΦs during multistep tissue 
damage that resulted tumorigenesis and angiogenesis [5, 10–15, 357–363]. It 
was suggested that low level histamine release (independent of IgE-FcεR bind-
ing) from degranulated MCs into tissue environment sequentially signals for 
activation and infiltration of other inflammatory cells (e.g., eosinophils and 
polarized macrophgages, M2 or TAMs) in an attempt to terminate the inflam-
mation. The presence of ‘leaky’ MCs could additionally induce factors such as 
IL5 and oxidants to create an immunological chaos for recruitment of TAMs or 
induction of Th2 immune profiles or Treg that lead to immune suppression and 
facilitating progressive damages of target tissue (details in Chaps. 2 and 4).

 (b) Heparin: Heparin, a mucopolysaccharide is an acidic proteoglycan and a major 
component in the matrix of MCs that holds together (neutralize) the basic medi-
ators such as histamine and serotonin within the cell granules. Upon MCs 
degranulation and release of histamine and other mediators, heparin is released 

6 Cancer Biology: Severe Cumulative Delayed Type Hypersensitivity Reactions



299

to inhibit blood coagulation. Analyses of relevant data [10, 487, 647, 648, 650] 
suggest that protamine, an inhibitor of heparin-dependent MCs protease 
(β-tryptase) may also contribute to the resolution of inflammation. While hepa-
rin may not be directly involved in anaphylaxis, its action on platelets aggrega-
tions during vasculature permeability could be quite important. Detailed 
understanding of the heparin action on platelets is particularly crucial with 
regard to cancer drugs-induced venous thromboembolism and related compli-
cations that are life-threatening and often require additional medication.

 (c) Platelet activating factor (PAF). PAF is the most potent bronchoconstriction 
and vasodilatation factor, and in extremely low doses is capable of inducing 
shock symptoms within minutes. PAF activates platelets to release histamine and 
serotonin during hypersensitivity reactions [5, 10, 661–666]. While its action in 
microthrombus formation has not been fully understood, it seems the action of 
PAF, originating from vasculature, enhances and facilitates the histamine actions.

 (d) Bradykinin: is a vascular nanopeptide and a somewhat weaker alkaline com-
pared with histamine and acts similar to histamine with slower dynamics. 
Bradykinin has been detected in the individual blood during anaphylaxis, per-
haps to contribute to the drop in blood pressure.

 (e) Serotonin: Histamine causes the release of serotonin, a basic component of 
MCs and facilitates smooth muscle contraction and increases the vascular per-
meability in some species, such as rodents.

 (f) de Novo synthesis of inflammatory mediators expressed from activated 
MCs or other immune cells include (Figs. 6.3 and 6.7):

 (i) Prostaglandins and Thromboxanes: Prostaglandins (PGF1-α or PGI2) 
are synthesized at very low levels from membrane arachidonic acid (AA) 
metabolism followed by activation of cyclooxygenase pathways. Their 
actions are somewhat similar and perhaps complementary to the action of 
histamine in promoting bronchoconstriction. Being chemotactic factors 
they seem to participate in recruiting other inflammatory cells such as neu-
trophils, eosinophils, basophils, and monocytes to the site of injury.

 (ii) Leukotriens: Leukotirens (LTs- 1-4) are synthesized at very low levels 
from activated MCs membrane AAs metabolism and activation of lipooxy-
genase pathways. Like PGs, the actions of LTs facilitate vasoconstriction, 
prolonged smooth muscle constriction and chemotaxis of inflammatory 
cells such as eosinophils.

 (iii) Proteases: MCs proteases (e.g., tryptase, MCP-6, β-tryptase) contribute to 
the clearance of parasitic infections and chronic infection with bacteria 
(e.g., Trichinella spiralis or Klebsiella pneumonia) by recruiting neutro-
phils and their degradation abilities to cleave IgE molecules; potentially 
contributing to the termination and resolution arm of inflammation (Yang). 
Whether MCs proteases are involved in degradation of histamine receptors 
at the termination phase of an acute inflammation are among important 
biological gaps to be understood.
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 (iv) Cytokines: A wide range of mediators are expressed from activated MCs 
and other immune or non-immune cells during acute inflammation. These 
cytokines are secreted upon required intercellular signals during Yin and 
Yang processes. The inflammatory cytokines are tumoricidal or tumori-
genic and initiate or terminate and resolve an inflammatory condition. As 
noted above, production of cytokines and chemokines during MCs activa-
tion include pro-inflammatory mediators such as TLRs (e.g., TLR-4), 
IL-1, TNF, and post-inflammatory mediators (e.g., IL-5, IL-10, FoxP3+) 
and their interactions with T regulatory proteins (CD4 + CD25+) [5, 10–
15, 345–347, 357–371].

12.1  Oxidative Stress and Low Level Circulating Histamine: 
Preparing Host for Induction of Tumorigenesis?

It’s not the size of the dog in a fight; it’s the size of the fight in a dog. Mark Twain

In general, late and delayed hypersensitivity reactions (immune disorders) are 
likely the result of unresolved and accumulated presence of inflammatory mediators 
from recruited immune cells, locally (host) or at distant tissue (e.g., activated vascu-
lature or secondary immune cells) [5, 10–15]. The late phase responses often follow 
anaphylactic reactions within 4–8 h and can persist for several days. To what degrees 
immune responses subside (resolve) following an acute inflammation (self-termi-
nating, protective immune mechanisms) or persist (oxidative stress) depend on sev-
eral intrinsic or extrinsic conditions including the following (Figs. 6.3, 6.4, 6.5, 6.6 
and 6.7):

 (a) Frequency of subsequent exposures to the same or similar immune disruptors;
 (b) Potency and nature of immune disruptors;
 (c) Immune effectiveness and integrity and functionality of innate and adaptive 

immune responses and the corresponding signals generated from non-immune 
systems (e.g., vasculature, metabolic, neuronal, hormonal);

 (d) Genomic susceptibility of site-specific target tissues;
 (e) Types of host tissues (e.g., immune-responsive or immune-privileged, insulin-

dependent or insulin-independent tissues for glucose transport and utilization);
 (f) Presence of other chronic illnesses in complicating the immunobiological 

responses in organ systems, particularly in an aging body;

The above biological heterogeneities seem to be major factors involved in the 
observed wide responses of individuals toward pathogens or allergen and the induc-
tion of multistep diseases or site-specific cancers. We suggested that cancerous cells 
are intrinsic defective (useless) cells whose oncogenic growth are routinely moni-
tored and arrested by body’s effective immunity. However, as detailed below, accu-
mulated delayed hypersensitivity reactions and expression of mismatched 
tumoricidal and tumorigenic factors provide opportunities for cancerous cells to 
utilize the machinery of dysfunctional immune responses and satisfy their enhanced 
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growth requirements in the directions of tumorigenesis, hypoxic conditions, angio-
genesis and metastasis [5, 10–15].

12.2  Asthma: Intermediate Inflammatory Responses: 
Increased Risk of Cancer

Asthma is the pulmonary airways (bronchial) hyperresponsiveness of immune sys-
tem. Induction of asthma is an example of chronic inflammatory disease; an inter-
mediate (‘moderate’) immune disorders and potentially reversible if the asthmatic 
episodes and clinical obstruction of lung airways are not extensive. However, 
repeated episodes and long-term asthma when the conditions progress to other 
immune disorders such as emphysema and increased risks of lung cancer may not 
be reversible. Physiologically, the bronchial hyperresponsiveness of asthma is asso-
ciated with a decreased in bronchial airflow upon exposures to triggers (e.g., smok-
ing, pathogens or allergen) or when experimentally provoked (bronchoprovocation) 
by agents such as histamine or methacholine or other inflammatory cytokines [5, 
10–15, 344, 345, 353, 370, 380–382, 445, 447, 493, 499–509, 512, 532, 545–551, 
654, 670, 673]. Due to the similarities between lung airways immune and non-
immune cell composition (e.g., mast cells, lymphoid tissue, mucus secreting cells, 
epithelia) in lung-associated lymphoid tissues (LALTs) and those in conjunctival-
associated lymphoid tissues (CALTs), the immune response profiles in these tissues 
are somewhat comparable. Stimuli such as allergen induce an early phase reaction 
by activation of B lymphocytes (acting as innate immune cells) for biosynthesis of 
allergen-specific immunoglobulin E (IgE) and sensitization of MCs and expression 
of IgE-fcεR molecules followed by activation and degranulation of MCs and release 
of histamine that mediate a decrease in bronchial airflow. Subsequent exposure to 
stimuli often induces late-phase reaction (4–8 h) with a further decrease in bron-
chial airflow. Clinical and immunopathological features of airways in asthmatic 
patients include lung hyperinflation, smooth muscle hypertrophy, lamina reticularis 
thickening, mucosal edema, epithelial cell sloughing, cilia cell disruption, mucus 
gland hypersecretion as well as increased numbers of eosinophils, neutrophils, dif-
ferent size lymphocytes, and plasma cells in the bronchial tissues, bronchial secre-
tions, and the mucus secreting cells. The recruitment of leukocytes (e.g., eosinophils) 
from activated vasculature to the airway involves activation of CD4 T-lymphocytes. 
While the sequence of early events in the lung airway are not clear, it appears that, 
as we described for CALTs [5, 10, 15], repeated MCs degranulation of lung airways 
and the release of low levels histamine induce the recruitment of eosinophil infiltra-
tion and induction of altered-polarization of Th1/Th2 (decreased CD4+/CD8+) 
toward immune suppression. Analyses of data on features of mediators that are 
identified from asthmatic patients or models of asthma suggest mixed expression 
and co-expression of apoptotic and growth factors including histamine, leukotri-
enes, interleukins (e.g., IL-4, IL-5, IL-13) and antibodies (IgG, IgM, IgE). 
Expression of IL-5 influences differentiation, activation and infiltration of 
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eosinophils or lymphocytes and creates an oxidative stress in the tissue and perpetu-
ation of inflammation leading to impaired termination of inflammation and tissue 
remodeling mechanisms. Furthermore,  sustained oxidative stress along with aging 
process increases the risk for lung  cancer [5, 227, 533, 550, 551].

Often, but not always, the elevated circulating levels of IgE or histamine are the 
best markers of allergies, as some patients become reactive to histamine (‘histamine 
intolerance’) suggesting impaired histamine metabolism and clearance and/or over-
reactivity of cells for histamine production and altered genetic involvement [5, 
531–533]. Alternatively, it is possible that the absence of circulating IgE, which we 
also observed in experimental models of ocular allergies, be due to the effectiveness 
of MCs sensitivities and activation (effector cells). Antigen/allergen-induced spe-
cific IgE-FcεR was proposed to bind and sensitize MCs locally/host (e.g., conjunc-
tiva) and at distant sites (e.g., lung airways) where it would react upon allergen 
challenge to release higher levels of histamine. In our studies, animals with high 
ocular hypersensitivity reactions also produced wheezing- (asthma-) like symp-
toms, when the sensitized eyes were challenged with antigen, suggesting MCs acti-
vation and antigen-specific IgE-binding to MCs of lung airways [5, 10–15]. Further 
support for this mechanism came from studies on newborn babies from highly sen-
sitized animals who produced high ocular reactivity toward the 1st or 2nd antigen 
challenge, much earlier reactions compared with time course for MCs sensitization 
and degranulation (9 days to a couple of weeks of challenges) (see Chap. 4).

In addition, interesting reports that compared the DNA sequence from 237 
healthy individuals and 192 asthmatic patients demonstrated a significant increase 
in the incidence of Ile105 replacement in the asthmatic group or patients with 
Parkinson’s [10, 523–525]. Integration and analyses of relevant data show that some 
H1 antihistamines, such as diphenhydramine are potent HNMT blockers when 
treating allergic patients [523–529]. Whether increased in the replacement of iso-
leucine 105 (Ile 105), a branched amino acid, reflects the biosynthesis of altered 
HNMT and/or its potential impact on energy-consuming biosynthesis of structural 
proteins within mitochondria that utilize branch amino acids (leucine, isoleucine, 
valine or alanine) are important biological gaps that require systematic studies [10]. 
Whether induction of histamine intolerance in patients previously treated with H1 
antihistamine drugs correlates with inactivation of histamine metabolism and clear-
ance by HNMT is also not understood. Furthermore, data on histamine intolerance 
and genetically-inherited defects in enzyme HNMT activity that were associated 
with tyrosine or threonine replacement with isoleucine (IL-105) indirectly support 
our observations of parental transfer of hypersensitivity reactions (genetic predispo-
sition) and early responses toward antigen in newborn guinea pigs [5, 15].

12.3  Mediators of Late Phase Hypersensitivity Responses

The detection of mediators that are released in late phase hypersensitivity reactions, 
including thromboxanes, interleukins (e.g., IL-3, IL-5, IL-8, IL-10), eosinophils 
chemotactic factor of anaphylaxis (ECF-A) indicate the presence of unresolved 
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inflammation (oxidative stress) in target tissue and surrounding tissue environment 
(e.g., vasculature, fibroblasts). Under a wide range of experimental conditions these 
mediators have been shown to directly or indirectly promote immune cell prolifera-
tion and growth, immune suppression and tumor growth [5, 10–15, 244, 393]. As 
noted above, these growth promoting mediators influence, to varying degrees, acti-
vation, infiltration and degranulation of eosinophils and release of eosinophilic cat-
ionic protein (ECP), leukotrienes, platelet activating factor (PAF), arylsulfatase and 
major basic protein (MBP). The combined presence and interactions of these factors 
could cause local tissue damage often promoting immune suppression and accumu-
lation of growth promoting responses (wound healing pathways). For example, 
eosinophil-induced expression of MBP, not only destroys various parasites or hel-
minthes (e.g., schistosomes/trematodes, A Suum) by inflicting surface damage that 
immobilize pathogens, but it is extremely toxic to the mammalian ocular tissues, 
respiratory tract or perhaps gastrointestinal and mucus secreting tissues [5, 10, 244, 
393, 661–663]. Furthermore, another eosinophil mediator, ECP is a known neuro-
toxin and an antihelminthes mediator (helminthotoxin) and inflicts damages to the 
host tissue. Other studies show that combined actions of ECF-A and IL-8 provoke 
activation, phagocytosis and degranulation of neutrophils in the late phase reaction. 
The actions of these mediators further lead to the release of lysosomal enzymes, 
leukotrienes, platelet activating factor (PAF), and abnormal mitochondrial oxidative 
phosphorylation. Therefore, in all likelihood, if the inflammatory responses are not 
properly resolved, the presence of oxidants and toxins would additionally stimulate 
T and B cells for expression of immune cells mediators causing chemotaxis and 
enhanced immune suppression. Our original suggestion that the presence of circu-
lating low level release of histamine from ‘leaky’ MCs (independent of antigen-
specific IgE-fcεR binding and degranulation) could lead to multistep tumorigenesis 
deserves further studies under various inflammatory conditions [5, 10]. Our pro-
posed mechanisms of MCs responses are directly and indirectly supported by sev-
eral reports on basic and clinical studies and age-associated diseases such as asthma, 
Parkinson’s or  site-specific cancers [5, 344, 345, 361, 367–369, 521, 523–535].

Therefore, the late phase of inflammatory responses, ordinarily should be con-
sidered as protective part of immunity when targeted tissue is exposed to pathogens 
or parasitic infections or for removal of defective and useless complex proteins 
including cancerous cells. However, the late phase become damaging to the host 
when tissue stimulation is continued by frequent infections or innocuous substances 
such as pollen or other immune disruptors including exposures to low level environ-
mental chemical or biological agents or carcinogens, particularly during aging pro-
cess (Figs. 6.3, 6.4, and 6.7).

It should be emphasized that except for our ‘accidental’ discoveries that were 
established three decades ago, there is little/no report on early biological events that 
are identified as sequences of immunological and/or genomic alterations in the 
developmental phases of immune dysfunction toward multistep tumorigenesis and 
angiogenesis [5, 10]. As recent as 2016, in an article authored by several profession-
als from various cancer disciplines, including colleagues at DCP/NCI/NIH who wit-
nessed the author’s challenging efforts to promote the role of inflammation in cancer 
research since 1998, admitted that ‘There has been increasing focus on the molecu-
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lar origins of cancer over the last several years….In contrast to studies in malig-
nancy, however, genome-wide analyses of premalignancy have been rare’ [463]. In 
this ‘Special Report’ the authors finally and indirectly admitted that despite numer-
ous reports that are available on molecular genomics and biology of cancer metas-
tasis, study on ‘…the progression of genomic events and inflammatory 
microenvironment that drive premalignancy provide unprecedented possibilities…’ 
[463]. The authors however, continue to disregard the existence of our fundamental 
contributions on a series of ‘accidental’ discoveries and the first evidence for a 
direct association between inflammation and multistep immune dysfunction that 
resulted in tumorigenesis and angiogenesis.

13  Pattern Recognition Receptors (PRRs) in Biological 
Events: Constituent (Innate) and Induced (‘Designer’). 
Crucial Roles in Circadian Rhythms and Immunity

There is a wide range of pattern recognition molecules or receptor molecules that 
play crucial roles in signal transduction mechanisms in all biological events and 
they contribute to the maintenance of health or induction of diseases. Several excel-
lent articles describe the roles of numerous intracellular or extracellular membrane 
receptor and surface molecules in the regulation of hormones, growth factors, 
cytokines/chemokines, metabolites/nutrients, ion transport and related enzymes. 
These receptor molecules contribute to all aspects of cells/tissues functions such as 
visual transduction, bone and lipid biosynthesis, bioenergetics, cellular infiltration, 
differentiation and growth, nuclear/chromosomal or chromatin activities, neuronal 
pathways, tissue necrosis or growth in immune and non-immune systems [10, 599, 
646, 656, 688, 689, 692, 695–697, 707–761].

The time course kinetics and biological behaviors of receptor molecules present 
a complex molecular universe with unique or shared features. As an example of how 
daunting the field of receptor molecules is, suffice to note that discussing only the 
role of insulin receptors in various tissues for maintenance of health or induction of 
major problems such as diabetes-related complications is a huge topic [267, 273, 
529, 553, 646, 779, 787, 788].

While discussion of receptor molecules is not the focus of this chapter, it is note-
worthy that despite the pivotal roles that receptors play in all phases of cell/tissue 
biology, little efforts have been directed to make an overall classification and dis-
tinction of these important molecular signatures in health or diseases. The highly 
regulated biological laws (feedback control switches or rhythmic cycles) that we 
defined as the balance between Yin (tumoricidal) and Yang (tumorigenic) of effec-
tive immunity extend to the biology of activating and deactivating expression of 
pattern recognition receptors (PRRs) that are required for binding to respective 
ligands and performing their widely different biological actions.

Below, we attempted to categorize the general features of a wide range of recep-
tors and pattern recognition molecules that are involved in effective immunity, with 
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emphasis on cancer biology. The overall classifications of these ‘biological signal-
ers’ (constituent/innate and transient/induced) that follow or violate the biological 
laws in maintenance of health or induction of disease include the following [10, 
109, 202, 267, 273, 582, 599, 619, 656, 688, 689, 692, 713–715, 723–729, 731–733, 
737, 738, 757–761, 779]:

13.1  Constituent: Innate and Adoptive Receptors and Surface 
Molecules

Constituent receptors and surface molecules are predictable and essential (innate) 
members of the mammalian embryonic growth and development. They are required for 
postnatal survival and biological schedules of organs/tissues throughout life. These 
receptors are synthesized and/or regenerated for routine maintenance of enormous bio-
logical activities of living cells. Examples of such pattern recognition receptor mole-
cules are the various insulin receptors for glucose transport or metabolism in 
insulin-dependent tissues (e.g., muscle, adipocytes or liver) for transport and metabo-
lism of glucose, or those insulin receptors that are required for organ development and 
maintenance of health in tissues such as the brain, retina, endothelial or neuronal sys-
tems [267, 273, 529, 553]. Numerous other molecules may be categorized as constitu-
ent receptor molecules for actions of hormones, metabolites, cytoplasm, extracellular, 
intracellular signaling, or nuclear and genomic transporter/enzyme receptors, mito-
chondrial membrane receptors, neuronal transporters, or related surface molecules 
involved routinely in physiology of immune or non-immune cells.

However, after birth, each of these genetically-determined and diverse molecules 
are strongly and often immediately influenced by the signals they receive from the 
environment and become adaptable/malleable to the quality of nutrition (initiated 
from mother’s milk) and upon exposures to a variety of bioactive agents, microor-
ganisms, environmental chemical and biological hazards. Analyses of relevant data 
suggest that the constituent receptor molecules could mature or shift, to some 
degrees, particularly in the gastrointestinal and upper respiratory tracks and skin 
[267, 273, 529, 553, 691–705].

The mechanisms of gene-environmental interactions and the degrees of altera-
tions/adaptations of innate receptor molecules or their interdependence with induced 
(transient) receptor molecules in organ systems for maintenance of health or induc-
tion of diseases remain to be understood.

13.2  Induced or Transient Receptors and Surface Molecules: 
‘Designer’ Molecules

These are known as ‘designer’ receptors and are generally induced when tissue is 
exposed to specific foreign elements (stimuli) such as allergen, pathogens (viruses 
or bacteria), certain foods, chemicals, carcinogens and other biological, chemical or 

13  Pattern Recognition Receptors (PRRs) in Biological Events: Constituent…



306

environmental hazards and often present transient functions. In this category a large 
number of toll-like receptor molecules (TLRs-1-9), immune disruptor-induced spe-
cific cytokine/chemokine receptors, as well as allergen-specific synthesis of recep-
tor molecules for antibody bindings and sensitization of MCs, DCs, MΦs or mucus 
secreting cells (e.g., IgE-fcεR, IgGγRs, IgARs) and related surface molecules are 
included. There are other receptors with short half-lives whose function may fit the 
profile of either or both constituents and induced. These receptors include a wide 
range of molecules for ion channels, such as activation-induced enhanced Ca+2 per-
meability by expression of receptor potential channels such as TRPM4 (transient 
receptor potential cation channel, subfamily 4), TRPC 5, in combination with 
STIM1 and CRACM1that contribute to FcεRI-induced Ca2+ influx during MCs 
degranulation [5, 10, 91, 616–618, 701–705].

13.3  Pattern Recognition Receptors (PRRs) in Health 
and Immune Disorders: Toll-like Receptors (TLRs) 
and Inhibitors: Role in Multistep Carcinogenesis

With regard to allergies, several publications show the roles of pattern recognition 
receptors (PRRs) in sensing, recognizing and differentiating various molecular 
structures on pathogens/microbial for initiating the warning (danger) signals to 
immune systems for further actions. Mechanisms of actions on multistep presenta-
tion of processed pathogens (microbial) or hazardous materials for immune response 
and elimination/neutralization are detailed in several excellent reviews [712–729]. 
A brief analyses of relevant data on the importance of toll-like receptors or pattern 
recognition receptor molecules (PRRs) that are expressed upon tissue exposure to 
microbiota are summarized below for their crucial contributions in the induction of 
immune suppression and carcinogenesis.

The important roles of PRRs, primarily the toll-like receptors (TLRs) in the 
defense of body for activation of innate immune cells and generation of death fac-
tors and pro-inflammatory responses as well as polarization of cells during initiation 
processes (Yin, tumoricidal) have been extensively studied. However, data on the 
mechanisms of signal transduction and degradation or binding to inhibitors/regula-
tors of PRRs that could lead to termination (Yang, wound healing, tumorigenic) of 
inflammation or the roles in the induction of age-associated inflammatory diseases 
or cancer are fragmentary and confusing [267, 273, 529, 553, 649, 682, 690, 695–
705, 711–742]. A brief discussion on mechanisms of actions of these molecules is 
helpful for better understanding and integrating or comparing data on mechanisms 
of actions of induced and specialized surface molecules with a number of stimuli-
specific receptor molecules such as immunoglobulins (e.g., MCs-IgE- FcεR; MΦRs, 
IgM Rs or IgGRs, mucus-secreting IgARs) or surface molecules (e.g., CD 11, 
CD22, CD40,CD80, CD83, CD86,CAIX, integrin, indolamine 2,3 dioxygenase, 
sialic acids, CAMs, ECMs) that directly or indirectly act as promoter or inhibitors 
of proliferation of immune cells or enzymes and contribute to the host defense and 
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inflammatory response dynamics, immune homeostasis or tolerance in maintenance 
of health or multistep carcinogenesis [5, 10–15, 397, 406, 420, 423, 589, 617, 618, 
624, 627, 630–632, 678, 712–745].

Initiation of inflammatory responses from antigen presenting cells (APCs) such 
as DCs, MΦs or NKs, toward microbial is mediated through a number of pathogen 
recognition molecules (danger signals) which include specialized toll-like recep-
tors-TLRs (e.g., TLR1-9). Stimuli-induced expression of TLRs contributes to the 
differential recognition of molecular structures or sub-structures of pathogens (bac-
teria, viruses or parasites) and specific activation of APCs. For example, LPS-
induced expression of TLRs to specific structures of the pathogen leads to activation 
of immature DCs and differentiation/polarization and migration from peripheral 
tissues to lymphoid organs to further activate naïve T cells (T0) and up-regulate 
expression of major histocompatibility complexes (MHC I and II) and co-stimula-
tory surface molecules, followed by expression of other pro-inflammatory cyto-
kines, oxidants and chemokines leading to destruction of microbial (Yin, tumoricidal 
events). Review of relevant data shows that the danger molecules or TLRs, together 
with interleukin-1 receptor (IL-1R) form a group of superfamily regulatory proteins 
with shared and special features for signaling to the intracellular domains under a 
wide range of immune responses [5, 10, 253, 607, 616, 618, 659, 690, 696, 697, 
722–748]. The combined signals apparently further regulate expression of other 
cytokines at extra-, and intracellular levels for inducing and recruiting adaptor mol-
ecule response such as gene 88 (myeloid differentiation or MY 88) and formation 
of receptor-adaptor complex domains. Danger molecules such as TRL1 and TLR2 
are known to recognize and bind to ligands of specific molecular patterns of micro-
bioms such as the tri-acyl lipopeptides, lipoarabinomannan or bacterial wall pepti-
doglycan (PGN) and lipoteichoic acid (LTA), and phospholipomannan of the 
bacteria (e.g., mycobacterium tuberculosis, Staphylococcus aureus). Other recep-
tors (e.g., TRL4) bind to LPS of gram-negative bacteria for initial activation of DCs,  
while TLR3 recognizes viral dsRNA.  TRL 7 and TRL 8 primarily bind to sub-
structures of viruses and often initiate responses from macrophages as primary 
APCs [712–714].

13.4  Pattern Recognition for Regulation (Tolerance) 
of Inflammation by IRAK-M: Special Features  
of Yin-Yang Events?

The reports on mechanisms of inhibition of some of the TLRs demonstrate their 
crucial roles in pattern recognition during initiation and termination of inflamma-
tory responses or induction of tolerance. For example, it has been shown that treat-
ment with bacterial lipoteichoic acid (LTA) induces tolerance in macrophages for 
LPS-induced activation of NF-κB and increases expression of immune responses by 
interleukin receptor activation of kinase-M (IRAK-M) that regulates (terminates) 
acute inflammation [716, 721–728, 741–743]. Review of similar reports on 
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activation of TLRs in tissues during various bacterial or viral infections on models 
of liver injury or influenza infection-induced lung tissue damage and lysis of epithe-
lial cells show exaggerated immune cell activation and increased expression of 
IRAK-M to protect tissue damage [269, 270, 712–714, 722–744]. The reported data 
suggest the limited immunopathology protection of IRAK-M in tissue without 
influencing or decreasing the viral clearance. Therefore, it seems that expression of 
IRAK-M protects, to some degrees, damaging the lung or perhaps other epithelial 
tissues and preventing complications of asthma. Expression of IRAK-M also limits 
neutrophils-induced damage to tissue while improved tissue remodeling. Data on 
TLR7-induced MΦs activation (Yin, M1 phenotype?) and tolerance (Yang, M2 phe-
notype ?) seem to accompany an elevated expression of IRAK-M and diminished 
production of TNF-α, while it induced expression of NF-κB, p38 and stress-acti-
vated protein kinase (SAPK) within the protein family of MAPKs. This suggests the 
induction of immune suppression that is also feature of Yang (tumorigenic) events 
in acute inflammatory responses.

Whether IRAK-M and induction of decoy receptors that have been described 
during polarization of MΦs to M2 phenotype for termination of acute inflammation 
or tumorigenesis are the same receptors or they operate on different regulatory path-
ways or as complementary processes are not clear. However, these regulatory mol-
ecules suggest that the induction of TLR7 and tolerance involve increased expression 
of IRAK-M and sulfhydryl domain-(SH2) containing protein-tyrosine phosphatase 
(SHP-1) activities including involvement of 2 subgroup of MAPKs, c-Jun- NH(2) 
N-terminal kinase (JNK) and p38 MAPK that signal for immune suppression [641, 
642, 731–739]. Collectively, it seems that involvement of SH-containing proteins in 
IRAK-M activity and acting as anti-oxidants and scavengers of free radicals (oxi-
dants) support the mechanisms of termination of inflammation (Yang events) we 
described for acute inflammation [5, 10–15]. TNF-α secreted from activated macro-
phages in response to LPS and CpG DNA treatment induced necrosis/apoptosis of 
hepatocytes. It was concluded that induction of tolerance (‘tolerization’) associated 
with elevated expression of IRAK-M likely serves to prevent liver cell death. LPS-
induced TNF-α production is associated with a lack of IRAK-M induction in liver 
cirrhotic lymphocytes [716, 717, 735, 739–741]. Other data show that IRAK-M 
expression could be regulated by activation of cell surface molecules, such as trig-
gering receptor expressed on myeloid cells 1 (TREM-1) [725, 738]. Lagler et al. 
[725] demonstrated that activation of TREM-1 during the early Streptococcus pneu-
moniae infection resulted in decreased expression of lung IRAK-M and elevated 
pro-inflammatory cytokines were suggestive of decreased expression of IRAK-M, 
mediated by TREM-1 and promoted efficient early bacterial clearance. It would be 
interesting to study if TREM-1 activation that is triggered by TLRs signaling in 
response to bacterial infection would modulate the early IRAK-M activation. 
Similar reports demonstrate that mannose receptors and C-type lectin-induced DCs-
specific intercellular adhesion molecule-3-grabbing non-integrin (DC-SIGN) bind 
to Mycobacterium tuberculosis cell wall components called mannose-capped lipo-
arabinomannans (Man-LAMs) [602, 740]. Furthermore, Man-LAMs inhibit LPS-
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induced IL-12 p40 production, NF-κB activation, and IRAK-1-TRAF6 interaction. 
This is accompanied by increased IRAK-M expression [269, 716, 741]. Whether 
IRAK-M expression facilitates Man-LAM-induced macrophage deactivation or 
silencing of IRAK-M to restore LPS-induced IL-12 production in Man-LAM 
treated cells involving mannooligosaccharide caps of LAM as major factors in the 
induction of IRAK-M remain to be understood.

Additionally, as suggested above, whether induction of IRAK-M is similar, same 
or different from the actions of decoy receptor molecules that possess immune sup-
pressive effects during termination arm of acute inflammation (Yang) and polariza-
tion of immune cells (e.g., immature DCs) to mature DCs (DC2 or TADC) or M2 
phenotypes are yet to be understood. However, since the actions of these inhibitory 
molecules seem very similar to the known decoy receptors and facilitate termination 
of inflammatory reactions (e.g., IL1dR), it is possible that these molecules are the 
same factors with different nomenclature. It is also possible that the complexes of 
activation of interleukin (IL) receptor-associated kinase M (IRAK-M) could be dif-
ferent or complementary to IL decoy receptors (ILdR) to induce control/termination 
or regulation of acute inflammation (Yang) in MΦs (M2 or TAMs) and the immune 
suppression during multistep tumorigenesis. Therefore, stimuli-induced inflamma-
tory processes could be initiated by biogenesis of specific transient pattern recogni-
tion receptors (PRRs) followed by expression of danger molecules/alarms (alarmins) 
during  activation of constituent (innate) receptors for adaptation and induction of 
specific responses. As proposed below, induction of specific transient PRRs and 
generation of pro-inflammatory factors for initiation of events in acute inflammation 
(Yin) have different (higher) energy requirements (oxidative phosphorylation from 
mitochondria) compared with induction of termination (Yang) or tolerance (glyco-
lytic pathways).

In summary, the molecular complexes associated with IRAK-M that lead to 
immune suppression, if not the same as decoy receptors, they likely follow the same 
biological principals for maintenance of health or initiation of diseases.

14  Regulatory Signaling Mechanisms of Soluble Hormones 
and Tumor Factors in Immune Tolerance: Role 
of IRAK-M in Violations of Biological Laws 
and Tumorigenesis!

An overview on the roles of some of the pattern recognition receptors (PRRs) in 
acute and chronic inflammatory responses are provided below. This is helpful when 
we present hypotheses that cancerous cells are:

 (a) Defective host cellular components whose growth is routinely arrested by effec-
tive immunity (balance in Yin and Yang of acute inflammation);

 (b) They behave as any other pathogens whose oncogenic components induce spe-
cific signals (e.g., decoy receptor molecules and antigenic agents) to misdirect 
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or ‘confuse’ the organized crosstalk between immune and non-immune systems 
and escape immune surveillance, induce hypoxia and low energy requirements 
for growth promotion in the direction of tumorigenesis and angiogenesis.

 (c) Lawless growth of cancer cells are comparable to orderly (one way) fetus 
growth, in the absence of functional mitochondria or high energy-demand of 
Yin events.

In general, a variety of hormones [e.g., estrogen, α-melanocyte-stimulating hor-
mone (MSH), insulin, TSH, cortisol, adiponectin] that are induced or secreted from 
respective tissues have anti-inflammatory (growth-promoting, post-inflammatory or 
tumorigenic) properties and often are involved in wound healing (Yang) events. The 
actions of these hormones are regulated by a number of receptor molecules and 
inhibitors. For example, review of several elegant reports demonstrate that growth 
promoting factors such as adiponectin, insulin or anti-infective mediators that 
induce IRAK-M expression require activation of phosphatidyl inositol 3-kinase 
(PI3K), protein kinase B (AKT/PKB/mTOR) or ERK pathways to induce macro-
phage endotoxin tolerance and signal for wound healing and immune suppression 
[5, 10–15, 323, 744–759].

Further analyses and integration of related data suggest that the inhibitory effects 
and induction of tolerance in innate or adaptive immune cells and activation of 
growth pathways support definitions of dual function of Yin (tumoricidal) and Yang 
(tumorigenic) of immunity for maintenance of health or induction of immune disor-
ders. As noted above, during ‘tolerization’ of cells, IRAK-M is bound to IRAK-1, 
suggesting a role in tridecapeptide alpha-melanocyte-stimulating hormone 
(α-MSH)-induced macrophage tolerance (down-regulation or induction of M2 phe-
notypes) or perhaps as costimulatory molecules (e.g., CD40, CD86, ICAM-1) of 
mature DCs (DC2) [678, 695–699, 710, 722–729]. In specific, our evidence on 
inflammation-induced interactions and synergies between host immune and non-
immune cells (e.g., MCs, B cells, mucus secreting cells) and those recruiting cells 
(e.g., M2-TAMs, DCs or eosinophils) during cell growth and tumorigenesis indi-
rectly support the chain of events that lead to activation of IRAK-M-PI3K- AKT/
PKB-ERK described for induction of Treg and central or peripheral tolerance [250, 
254, 442–447, 590, 710, 716, 719, 721]. Induction of M2 phenotype by inflamma-
tory mediators (e.g., IL-4, IL-13) involved Th2 (Treg) and down-regulation of 
inflammation [15, 189, 716, 721, 722]. In brief, induction of tolerance in innate or 
adaptive immune cells by hormones or GFs requires synergies between a numbers 
of interdependent growth promoting mediators.

With regard to cancer growth, several studies show that tumor-derived factors 
such as acidic gangliosides (sialic acid-containing glycosphingolipids), hyaluronan/
glycosaminoglycan or C-type lectin that are produced in the extracellular matrix or 
plasma membrane of different cell types (e.g., chondriocytes, MΦ or DCs) are capa-
ble of stimulating expression of IRAK-M that would inhibit danger signals (e.g., 
TLRs) in monocytes leading to immune suppression [10, 423, 722, 729, 741–743]. 
The events in the induction of immune suppression are facilitated by a number of 
cytokines, receptor and surface molecules or transcription factors (e.g., GM-CSF, 
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CD44, TLR4 intermediates, PGE2, TGF-β, NF-kB, CAMs, PU.1) that are involved 
in growth promoting (tumorigenic) events during wound healing and termination of 
inflammation [5, 10, 75, 280, 322, 323, 361, 363, 367, 369]. The findings that NO 
donor molecule (S-Nitrosoglutathione-GSNO) induces IRAK-M in LPS-activated 
monocytes in the presence of TNF-α are intriguing [713, 714]. It is possible that 
stimuli-induced TLRs and expression of TNF-α followed by induction of IRAK-M 
are the early and simultaneous signaling events that we described for termination of 
inflammation (Yang). Related studies reported elevated levels of IRAK-M in blood 
monocytes from patients with chronic inflammatory bowel disease or myeloid leu-
kemia and metastasis [722, 729, 768]. Similarly, monocytes co-cultured with tumor 
cells or supernatant of tumor cells demonstrated significant decrease in expression 
of apoptotic factors such as TNF-α, IL-12 and IRAK-1, and an increased expression 
of IRAK-M. Tumor inoculation studies of IRAK-M-deficient models showed resis-
tant to melonoma and fibrosarcoma tumor growth suggesting enhanced anti-tumor 
function of effector lymphocytes (e.g., T or B cell) in the absence of IRAK-M [423, 
722, 729, 741–743].

Therefore, it seems that IRAK-M has an important role in limiting immune 
responsiveness to repeated pathogen exposures (induction of oxidative stress) 
through down-regulation of pathogen-induced danger signaling molecules such as 
TLRs that are required for expression of pro-inflammatory mediators (Yin) in DCs 
(DC2, TADCs) or MΦs (M2, TAMs) for induction of tolerance or growth. Thus, 
expression of IRAK-M results in pathogen/endotoxin tolerance or induction of cell 
growth. In the immune-responsive tissues (e.g., epithelial, endothelial or mucus-
secreting cells) it is possible that increased IRAK-M expression plays important 
regulating roles in a wide range in inflammatory conditions, including epithelial-
mesenchymal transition and cell growth promotion. Whether in the immune-privi-
leged tissues (e.g., CNS, BBB, cornea, retina, reproductive organs) the expression 
levels of IRAK-M is naturally high to protect these oxidative stress-sensitive cells 
against stimuli-induced inflammatory conditions or induction of natural tolerance 
are important biological gaps deserving future investigations.

In the gastrointestinal tract, tolerance against various GI bacteria (GI flora) is due 
to regulatory/inhibitory complex molecules such as the interleukin receptor associ-
ated kinases (IRAK-M) and related immune suppressive pathways [695, 719, 768, 
769]. Interestingly, expression of regulatory receptor molecules (IRAK-M) in epi-
thelial lung tissue of asthmatic patients suggests induction of immune suppression 
of chronic inflammatory conditions that also involves expression of adenosine 
receptors (A2A) and surface molecules of CD4+ T lymphocutes. In related studies 
IRAK-M were suggested to interact with CD80 and disassociates in response to 
stimulation with CD28-containing neutrophil lipid rafts. This would lead to a 
decreased in IRAK-M interactions with TRAF6 and contributes to the induction of 
lethal cytokine storm and pathological inflammation [10, 227, 382, 654, 670, 673, 
695, 719, 768, 769]. These data further suggest that IRAK-M negatively regulate 
activation of NF-κB/AP-1 via CD80 signaling in addition to TLR/IL-1R signaling.

Therefore, expression of molecules such as IRAK-M is likely the results of sus-
tained oxidative stress and induction of exaggerated expression of growth promot-
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ing factors. The events involving immune cell tolerance (induction of wound healing 
or immune suppression) have been implicated in clinical trials such as allograft 
acceptance in transplanted host tissues such as the skin in models of allograft or 
bone marrow or stem cell transplantation [136, 496, 695, 769]. However, IRAK-M 
complex pathways may not be the only mechanisms that are involved in the induc-
tion of immune suppression pathways. Other compensating factors may be acti-
vated in the processes of immune mediation involving specific monocytes for 
allograft acceptance or chemotherapy.

14.1  Receptor Recognition and Function in Autoimmune 
Diseases

Expression of immunoglobulins G (IgG) antibodies, and the family of Fc gamma 
receptor molecules (FcγRs) are features of humoral immunity (HI), known to facili-
tate activation and down-regulation of inflammatory processes. For example, induc-
tion of IgG receptors (FcγRI, FcγRIIa, FcγRIIb, FcγRIIc, FcγRIII) amplify the 
actions of other pro-, or anti-inflammatory mediator receptors (e.g., TLR ligands, 
TNFα, IL-10, Th17) and are crucial factors in antibody/protein cross-reactivity 
reactions for mediating and controlling cytokine production by cell-mediated 
immunity (CMI) or immune cells (e.g., DCs, MΦs, Th2) and for opsonizing bacte-
ria and forming complexes to efficiently counteract local or systemic infections [5, 
10, 500–504, 702–704, 770]. Although detailed mechanisms of action of these 
receptors are not understood, IgG-receptors are likely involved in inhibition of 
inflammasome activation; mechanisms that are comparable to the actions described 
for blocking antibodies. However, overuse or inappropriate activation of IgGFcγRs 
by persistent unresolved inflammation, repeated infections or aging process, could 
contribute to the development of autoimmune diseases such as systemic lupus ery-
thematosus (SLE), rheumatoid arthritis (RA), systemic sclerosis (SS, scleroderma), 
Sjogren’s syndrome, multiple sclerosis or pemphigus [5, 671, 672, 770–778]. In 
these complications it seems that the immune cells (e.g., DCs or MΦs) view bacte-
ria-aggregated IgG-fcγRs complexes as opsonized bacteria and overreact by 
expressing death factors (e.g., TLRs, TNFα, IL-β) and autoantibodies against the 
host, damaging the tissue and causing necrosis, fibrosis or nuclear reactions [5, 671, 
672, 771–777]. The general features of autoimmune diseases such as SLE and RA 
or SS are the presence of IgG autoantibodies. Immune cells view IgG-complexes as 
danger signals and are activated to express apoptotic factors to necrotize the target 
tissue seen in the pathology of joints (RA), or damage DNA/RNA and nuclear struc-
tures of organs (e.g., kidneys, skin, lungs, brain, heart), in SLE or inducing exces-
sive fibrosis in connective tissues, skin or internal organs (SS) [775, 776].

In summary, there are numerous immune and non-immune factors with dual 
(positive and negative control switches) functions that contribute to the maintenance 
of immunity or facilitate the immune disorders or carcinogenesis. As noted above, 
examples of molecular components with dual regulatory functions are TLRs and 
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inhibitors (e.g., ILdRs, IRAK-M), MCP-1-CCL2, M-CSF, TGF-β, GM-CSF, hista-
mine, heparin, TNF-α/TNFR and NFkB, VEGF, CAMs, MMPs, prostaglandins),  
surface antigens, adaptor molecules or cell recognition molecules (e.g., CD2, CD11, 
CD18, CD22, CD25, CD 50, CD54, CD63, CD69, CD88), cytokine suppressor 
molecules (e.g., S100 family of calcium-binding proteins), enzymes (e.g., 
tryptase/chymase, neutrophil-derived serine proteases, indolamine 2,3-dioxygen-
ase, lipases or membrane metalloproteases/MMPs), peroxynitrite, 
cytokines/chemokines, interleukins (e.g., CCL2, CXC, Il-2, IL-3, IL-5, IL-10, 
IL-12, IL-13) or interferons (e.g., IFN-γ), ECFA, SCF, c-kit, antibodies (e.g., IgE, 
IgG isotypes, IgA, IgM), platelet-derived growth factor (PDGF), as well as expres-
sion products of pathways in gene activation (e.g., p53, p27, p70, MAPKs, KRAS, 
BRAF, ALK, Myc, BCR, ABL, MGMT, TKIs, PI3ks) from mutated DNA, hypo-, 
hyper-methylation products (Figs.  6.3, 6.4, 6.5, 6.6 and 6.7), [5, 10, 706, 707, 
 762–765, 780]. The amazingly secretive success of the biogenesis and interactions 
or synergies of these molecules with their counterparts are regulatory signals to 
safeguard and control oxidative stress. However, under persistent or unresolved 
inflammation (oxidative stress) expression and co-expression of apoptotic and anti-
apoptotic mediator result in creation of biological lawlessness and chaos (immune 
tsunami) and adversely affect target tissue in the direction of multistep disease 
processes.

15  Energy-Dependent Differential Role of Mitochondria 
in Maintenance of Yin and Yang Balance: mTOR/PI3K/
AKT Complexes in Health or Immune Disorders 
and Cancer

The principal free energy source that is required for all body’s biochemical path-
ways is the universally known molecule of ATP. In general, the normal function of 
organ system uses ATP as both an intracellular energy source and an extracellular 
messenger for energy requiring transmission of signals in tissues such as the central 
nervous system (CNS) or optic nerve or immune and non-immune cells and for 
exocytosis, formation of Golgi complex, delivery of vesicles, as well as active trans-
port of nutrients (e.g., glucose, Ca+2, ascorbate), enzymatic processes (e.g., oxi-
dases, kinases, lipases, hydrolases) and other physiological pathways, as well as 
physical, thermodynamics, mechanical or locomotion of cellular/tissue/organ integ-
rity and architecture [5, 10, 188, 214, 215, 483, 557–600, 624–637, 781–790].

Several theories suggest that longevity is associated with altered (decreased) 
activities of family of proteins known as phosphoinositide (phosphatidyl inositol)-3 
kinase (PI3K)-AKT- mechanistic (mammalian) Target Of Rapamycin (mTOR) or 
PI3K/AKT/mTOR pathways (biological senescence?) [585, 586, 627, 750, 754–759, 
781–791].

As discussed above, under unresolved inflammation, expression of a wide num-
ber of growth factors, anti-oxidants, hormones and hormone-like mediators includ-
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ing activation of mTOR/AKT/IP3K pathways (Yang processes) are required to 
neutralize the toxic effects of stimuli-induced expression of pro-inflammatory and 
oxidants (Yin processes) in an attempt to terminate inflammation and tissue repair 
or to induce tolerance.

15.1  Mechanisms of mTOR-Kinase Complexes in Metabolism, 
Hormonal Regulation, Cell Growth and Immunity

The mammalian/mechanistic target of rapamycin (mTOR) is a serine/threonine 
kinase (also referred to as DRAK2) and a member of the phosphoinositide 3-kinase 
(PI3K)-family of kinases (PIKK). The super-family of mTOR/PIKK pathways is 
directly and indirectly involved in regulation of a wide range of tissue activities such 
as metabolism, proliferation, differentiation, lipid metabolism, growth and develop-
ment, autophagy and immune cell responses [72, 196, 423, 455, 585, 587, 591–601, 
604–606, 627, 657, 750, 754–758, 784, 789–793]. The two major constitutive 
(innate) and induced complexes of mTORC1 and mTORC2 seem to contribute to 
healthy tissue function and longevity. However, molecular defects (over-, or under-
expression, genetic mutations) of any members of these complex pathways are 
reported to be involved in initiation of a wide range of metabolic disorders, infec-
tious diseases (e.g., tuberculosis), neurological disorders (e.g., autism, epilepsy), 
cancer and other age-associated chronic illnesses.

In general, data on animal models of longevity demonstrate that growth hor-
mones (GHs) modulate glucose uptake in insulin-dependent tissues (e.g., muscle). 
The growth hormones promoting signals involve IGF-1-independent pathways and 
the mTORC1 complex to activate Rag-GTPase family of enzymes and lipid metab-
olism. Low levels of plasma lipid were suggested to promote insulin sensitivity and 
signaling of PI3K/AKT/mTOR [476, 585, 757, 785, 786, 792].

Type 2 diabetes (adult onset) accompanied by expression of pro-inflammatory 
mediators (e.g., IL-6) and insulin-insensitivity increase the risk of several cancers. 
Related reports show that PI3K/AKT pathways are involved in glucose transporter-1 
(GLUT-1) trafficking/activities. These pathways are also associated with cell growth 
and carcinogenesis and increased glucose consumption of cancerous cells through 
glycolysis (Warburg effect). Use of diabetes agents such as sulfonylurea and met-
formin are reported to directly influence ATP-sensitive k+ channels for enhancing 
membrane depolarization of pancreatic beta cells and to stimulate exocytosis of 
insulin granules [361, 553, 585, 593, 744, 757, 784–786, 791–793]. While the sug-
gested mechanisms and clinical values, efficacy or safety of such agents in diabetes 
are subjects of debates [553, 593, 784, 791, 793], it seems that these agents support 
other findings that cellular exocytosis is energy-dependent processes in many 
immune and non-immune cells/tissues with different functions. For example, we 
consider diabetes and related metabolic disorders as immune disorders that initially 
influence metabolic pathways and glucose transport and metabolism. Impaired glu-
cose transport and utilization in these metabolic disorders, are associated with T cell 
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activation and generation of memory or regulatory cells (Treg) and often require 
energy sources from fatty acid oxidation for glycolysis and glutaminolysis as addi-
tional or alternative pathways for tissue physiology. These pathways seem to be 
alternative or compensatory mechanisms to mitochondrial oxidative phosphoryla-
tion and generation of hypoxic conditions. Under these conditions, cell surface liga-
tion and activation of membrane phospholipases (e.g., PLC) would allow 
mobilization of intracellular Ca+2 associated with loss of ER Ca+2 along with T cell 
plasma membrane influx of Ca+2 through ion channels [e.g., calcium release-acti-
vated channels (CRAC), also known as Ca release-activated Ca] signals to mediate 
regulation of Na/K ATPase and compensate for the Ca depletion of intracellular ER 
[329, 553, 592–599, 624–626, 752–754, 782–794].

Reported data on site-specific cancers such as renal cell carcinoma (RCC) sug-
gest an association between up-regulation of hypoxia-inducible factor (HIF)-genes 
with growth factors such as platelet-derived growth factor (PDGF) and vascular 
endothelial growth factor (VEGF) and the binding to tyrosine kinase receptors as 
the result of activation of PI3K/AKT/ mTOR pathways. Other reports on genetic 
defects such as mutations in ras and von Hippel-Lindau (VHL) in tissues show acti-
vation of hypoxia-inducible factors (HIF-1 and HIF-2) and induction of VEGF 
expression and angiogenesis through PI3K/AKT/mTOR [767]. These and related 
reports demonstrate that oncogenes induce expression of vascular endothelial 
growth factor (VEGF), a key mediator in tumor angiogenesis [766, 767, 797]. 
Furthermore, radiation- or inflammation-induced mutations in any one of the inter-
dependent pathways in PI3K/AKT/mTOR play important roles in outgrowth condi-
tions in a variety of tissues (adipose, skeletal muscle, brain, lymphatic and 
vasculature) and cancer biology [686, 744, 753–759, 797]. It is also noteworthy that 
mTORC1 is sensitive to rapamycin and regulation of ribosomal protein recycling 
pathways and authophagy. However, chronic treatment with rapamycin inhibits 
mTORC2 pathways that mediate metabolism through FOXO and p38 MAPK path-
ways, crucial to oxidative stress resistance and lifespan in experimental animal stud-
ies [554, 555, 620–632, 646, 686, 744, 755, 759].

15.2  Role of mTOR in Metabolism and Immunity of Adipose 
Tissue (an Endocrine Organ)

Approximately 20% of genes that are expressed in adipocytes are hormones and 
growth factors for diverse functions. Examples of important metabolism of 
 hormones and immune cell activities in adipose tissues and relations to mTOR 
 signaling pathways in longevity are shown below (Fig. 6.8) [5, 10, 468, 544, 555, 
646, 744–747, 752–759, 780, 782–784, 794, 795]:

 (a) Adiponectin Metabolism. Adiponectin, secreted from adipose tissues is a hor-
mone. Mediating through adiponectin receptors (AdipoR1 and AdipR2) the 
hormone involves activation of AMPK and PPARα signaling pathways and  
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contributes to the regulation of tissue metabolism and lifespan. Its serum level 
is decreased in diabetes and increased upon weight loss [555, 744]. The 
AdipoR1 effects on insulin sensitivity are mediated through activation of 
AMPK and result in inhibition of mTORC1 complex and decreased activation 
of its substrate followed by inhibition of serine phosphorylation of IRS;

 (b) Leptin: Leptin hormone produced by white adipose tissue is involved in regula-
tion of energy balance for food intake and obesity. Leptin regulates neuronal 
and insulin signaling cascades through its receptors that mediate PI3K/AKT/
mTOR-S6 K activities and involves SHP2-ERK and Jak2 mediation of insulin 
receptor phosphorylation and GH/IGF-1 pathways. Signaling pathways of 
leptin primarily influence the homeostasis of energy balance involving hypotha-
lamic neurons (mediobasal) network. Altered leptin signaling pathways involv-
ing SOCS3, tyrosine phosphatase (PIP1B) and inflammatory mediators 
(IKK-NFkB and JNK) are suggested to be due to impaired ER-mitochondrial 
pathways in diseases such as obesity, diabetes and aging [755, 759];

 (c) Resistin: Resistin, secreted in white adipocytes, decreases insulin sensitivity, 
affects cholesterol metabolism and regulation of LDL [468, 686];

 (d) Gherlin: A neuropeptide (hunger hormone), released by the endocrine cells in 
empty stomach, antagonizes leptin function [554, 646];

Fig. 6.8 Schematic representation of the roles that adipose tissue play in effective immunity.  
Adipose tissue is shown as an endocrine organ and an insulin-dependent tissue for glucose trans-
port and metabolism.  An integrated representation suggests that adipose tissue contributes to regu-
lation of a wide range of immune-hormonal-metabolic activities in tissues in health or chronic 
diseases. See text 
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 (e) Cholecystotokinin (CCK): CCK is released by duodenal I-cells; stimulates 
gallbladder contraction and pancreatic exocrine secretion. CCK contributes to 
the regulation of glucose homeostasis and pancreatic acinar (beta) cells. CCK 
acts synergistically with leptin in promoting satiety perhaps by activation of 
AMPK in the hypothalamus and inhibition of mTORC1 complex [76, 77, 259, 
439, 555];

 (f) Glucagan-like peptide 1 (GLP1): GLP-1 is a hormone generated from proglu-
cagan genes in the small intestine in response to nutrients and potentially stimu-
lates insulin secretion. GLP1 agonists are being tested for treatment of chronic 
diseases such as Alzheimer’s, stroke, Huntington’s and Parkinson’s diseases in 
various clinical studies [794]. However, the results are not conclusive.

 (g) Fibroblast growth factors (FGFs): Several recent animal studies suggest the 
Klotho gene and FGF15/19, FGF21, FGF23 and related complexes play a role 
in glucose homeostasis or aging, involving also IGF1 activities mediated by 
PI3K/AKT pathways [780, 795].

 (h) Humanin: Humanin is a short neuropeptide (23 residues) involved in mito-
chondrial (16S) or ribosomal RNA gene structure that binds to IGFBP-3. 
Humanin has a potential neuro-protective agent and a regulator of peripheral 
insulin sensitivity. It is also suggested that humanin increases the beta cell 
 survival and glucose tolerance. Together with IGF-1-binding protein, humanin 
regulates apoptosis [795].

Therefore, it seems that PI3K/AKT/mTOR activities play interdependent crucial 
roles in growth and metabolism of tissues and influence the innate/intrinsic path-
ways. Related data on obesity show low-grade inflammation and impairment of 
insulin receptor signaling and insulin resistance, mediated through the complex and 
interdependent stress kinases [e.g., p38 MAPK (mitogen-activated protein kinase), 
c-Jun NH2-terminal kinase (inhibitor of NF-kB kinase - β-IKKβ), AMP-activated 
protein kinase, protein kinase C, Rho-associated coiled-coil containing protein 
kinase, and RNA-activated protein kinase] and phosphorylate the key regulators of 
glucose homeostasis in various tissues. The phosphorylation of serine residues in 
insulin receptors (e.g., IRS-1) results in diminished enzymatic activity of phospha-
tidylinositol 3-kinase (PI3K)/Akt pathway, the important mechanisms involved in 
insulin resistance and type 2 diabetes mellitus (T2-DM) or induction of cancer [267, 
273, 529, 646, 686, 753–757]. A number of reports also suggest that insulin-insen-
sitivity and hyperglycemia (high circulating glucose levels) alters mTOR complexes 
(mTORC1, mTORC2) signaling and mediate several interdependent pathways 
including metabolism, ribosomal biogenesis and autophagy. Whether caloric restric-
tion (CR) and increased insulin sensitivity via decreased signaling through mTOR 
pathways, promotes endocrine factors and lifespan are subjects of recent debates 
and controversies [620–632, 646, 686, 744, 755, 759, 780, 794, 795].

As noted above, activation of PI3K/AKT is a common signaling pathway for 
oncogenes through hypoxia, a major stimulus for VEGF production. Effects of a 
selective PI3K inhibitor (LY294002) on HIF-1α and HIF-2α expression and endog-
enous VEGF response to hypoxia on breast cancer cell lines with different genetic 
changes suggest that use of PI3K inhibitors could inhibit synergistic and inducible 
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effects of hypoxia with a wide range of common oncogenes, while basal hypoxia-
inducible VEGF was partially inhibited [750, 790, 797, 830]. Analyses of relevant 
data also suggest the importance of these theories as linked to altered (increased) 
activities of signals in the chain of events in mTOR/AKT/kinases (e.g., mTORC2) 
pathways and loss of stress resistance and metabolism in tissues that contribute to 
cell growth and tumorigenesis.

In general, the various hormones or growth factors that are identified above seem 
to regulate glucose transport and metabolism by influencing insulin function in tis-
sues and longevity or diseases of aging. The modes of actions of these hormones 
basically share involvement of the PI3K/AKT/mTOR signaling pathways via spe-
cific receptor molecules whose affect also differentially impact the sex hormones 
(e.g., 17b-estradiol) and longevity. Relevant experimental data also indirectly suggest 
that longevity is associated with growth hormone gene regulations such as IGFBP7 
and influence tumor suppression. In all likelihood, the roles of adaptive/induced fac-
tors on the innate hormonal receptors (e.g., insulin, glucagon, estrogen, aldosterone, 
TSH) are important enough for maintenance of effective immunity and warrant fur-
ther investigations. There are several recent clinical trials that aim to target mTOR for 
treatment of site-specific cancers (e.g., breast, renal cell carcinoma, NSCLC, ana-
plastic astrocytoma, mesothelioma, soft tissue sarcoma, cervical and uterine) [157, 
750, 756, 758, 784, 785, 790, 811–814]. While the results are inconclusive the 
approaches support the fundamental roles of hormonal regulations in immunity and 
maintenance of health or metabolic diseases and tissue-specific cancers.

15.3  Bioenegetics of Chromatin Complexes: Remodeling 
of Nucleaosome

There are several studies that show the combined DNA double helix that spools 
around histone proteins to generate a somewhat stable nucleosome core particle 
involving clusters of weak contacts with hydrogen bonds and salts [17, 146, 578, 
718, 796, 798, 799, 842]. The challenge to understand the regulatory factors in the 
assembly and integrity of genomic stability and DNA-histone proteins (octamers) 
within the parameters of nucleus in health and diseases has been noted in such stud-
ies. An overall analyses of data suggest that the bioenergetics (ATP utilization) and 
metabolic activities of nucleosome remodeling activities, de-association and re-
association of DNA, repair enzymes and histone proteins follow the regulatory or 
control switches (positive and negative patterns) that are described for body’s con-
tinually adapting to the environmental challenges via differential energy consuming 
activities of tumoricidal (Yin) and tumorigenic (Yang) events and influenced by 
oxidative stress or aging process. The fundamental processes of gene regulation and 
chromatin modifications involve cellular machinery for transcription and chroma-
tin-associated histone proteins and integration of environmental inputs to mediate 
homeostatic responses through numerous intermediary metabolites and chromatin 
proteins that might be considered inherited transgenerational and tissue susceptibil-
ity toward injury or diseases of aging. The requirements for energy consumption 
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and involvement of mitochondrial oxidative phosphorylation are fundamental to 
rapid movements of synthesized proteins (nucleosome sliding) and exchanges of 
sequences and interactions between specific DNA-binding proteins and regulatory 
factors during transcriptional events and assembly and maintenance of chromatin 
dynamics and the regulation of nuclei processes (e.g., replication of genome, tran-
scription of genes, sensing and DNA repair, induction of genetic diversity or recom-
bination processes) in all eukaryotic organisms [98–100, 139, 299, 300, 318, 472, 
586, 627, 677, 681, 694, 762, 778]. These reports also suggest that the protective 
features that allow chromatin to remain inaccessible to the cellular environments 
require special DNA methylation and distinct patterns of histone modifications. 
Furthermore, accessibility of nucleaosomal genetic components and unfolding of 
highly ordered chromatin fiber by specific energy-dependent enzymatic and remod-
eling processes of nucleosome factors enable modulation of chromatin architecture 
for relocation of histone proteins and nucleosomal DNA during early ‘sliding’ 
events [98–100, 694, 778, 796–799, 827–829].

In brief, the energy-requirements for nucleosome remodeling serve to facilitate 
chromatin accessibility and unfolding, gene repression, chromatin assembly and 
maintenance of highly ordered structure of chromatin.

15.4  Inflammation-Hypothalamus-Adrenal Axis: 
Interdependent Acute Phase Response (APR)  
and Systemic Response

Within the spectrum of systemic reactions to internal or external stimuli, there are 
two major interdependent physiological responses associated with acute inflamma-
tion. The first involves alterations in the temperature set-point in the hypothalamus 
and the generation of the febrile response. The second involves alterations in the 
regulation of liver metabolism and genomic activities. Three major pro-inflamma-
tory cytokines (e.g., IL-1, TNF and IL-6) that are expressed at the site of tissue 
injury or perhaps the induction of sepsis during combination cancer chemotherapy 
with radiation (cytokine storm, first response in Yin ?) involve the regulation of the 
febrile responses, possibly as protective mechanisms [5, 217–226, 528, 582, 601, 
605, 657, 699, 701, 716, 741, 746, 747, 800–803, 822]. While the mechanisms of 
febrile responses are not fully understood, expression of pro-inflammatory cyto-
kines of fever seems to follow through induction of anti-inflammatory mediators 
(e.g., PGE2, or IL-8 and IL-10) in tissue injury, sepsis or major brain trauma, as well 
as toxicity-(sepsis) induced by cancer chemotherapy and radiation (Yang?) often 
with life-threatening outcomes. The release of IL-1 and IL-6 perhaps act on adrenal-
pituitary axis for signaling the production of adrenocorticotropic hormone (ACTH) 
to subsequently induce generation of corticosteroids and to offset (inhibit and termi-
nate) the pro-inflammatory cytokine gene expression [5, 217–226, 528, 601, 605, 
657, 699, 701, 716, 747, 800, 801]. The release of cytokines from activated macro-
phages proceeds by a complex sequences of events, involving signal transduction, 
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nuclear-factor activation and transcription of various cytokine genes. The mecha-
nisms of regulation of IL-1 and TNF synthesis are not well understood, partly due 
to the difficulty to work with isolated macrophage phenotype populations and lack 
of suitable macrophage cell-lines. However, detailed understanding on the mecha-
nisms of initiation of acute phase reaction/response (APR) and progression to full 
blown systemic diseases requires better analyses and integration of data on multi-
level communications between stimuli-induced inter-, intra-organ signaling path-
ways. For example, release of stored TNF and Ca+2 from activated mast cells 
(independent from degranulation or IgE-mediation) seem to accompany altered 
energy requirements, changes of NADH/NAD+ ratios and acquired immune 
response profiles (e.g., NKs, Treg, MΦs, mucus secreting goblet cells and eosino-
phils) under a wide range of inflammatory conditions [e.g., familial Mediterranean 
fever-FMF), neurodegenerative and autoimmune diseases or site-specific cancers] 
[5, 238, 285, 351, 356, 369, 382, 391, 393, 461, 464, 471, 487, 521, 539, 540, 609, 
615, 619, 628–630, 648, 699–701, 800–802].

As demonstrated below, the second wave of pro-inflammatory cytokine genera-
tion that is mediated through the action of IL-1 and TNF on stromal cells is better 
understood than the initiating wave of gene activation and expression of cytokines. 
The most detailed examination of sequences of expression of mediators is reported 
for the production of IL-6 by fibroblast cells. Analyses of relevant data suggest the 
two regions of the IL-6 gene appear to be important for the regulation of transcrip-
tion as outlined below [9, 23, 50, 51, 210, 220, 367, 729, 746, 775, 776, 779]:

 (a) One region comprises the serum-response element (SRE) and the binding site 
for the lymphocyte nuclear factor NF-IL-6;

 (b) Second region is a binding site for an NF-B-like nuclear protein;

Co-operation between the two regions seems sufficient to upregulate transcrip-
tion of the IL-6 gene. The IL-6 gene promoter also contains binding sites for other 
nuclear proteins, including the glucocorticosteroid receptor and AP-1 transcription. 
Furthermore, the likely stimulation of immune cells to express IL-6 occurs through 
at least three different signal-transduction pathways, including calcium mobiliza-
tion, cAMP and diacylglycerol-activated protein kinases. Thus the initiation and 
progression of the APR involve a coordinated series of events, including cytokine 
release, endothelial-cell activation, leukocyte chemotaxis and alterations of the tem-
perature set-point. Simultaneously, the adrenal-pituitary axis is activated to provide 
the necessary metabolic signals to the responding organs.

15.5  Inflammation- Hepatic Axis in Acute Phase  
Response (APR)

The liver is the principal target of systemic inflammatory mediators. It is also the 
organ responsible for determining the level of essential metabolites that are supplied 
to the organism during critical stages of stress. Moreover, the liver provides the 
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necessary components for immediate defense at the site of tissue damage, as well as 
confining tissue destruction, clearing harmful agents and aiding tissue repair. Liver 
cells respond to several factors that are induced during the acute phase response via 
their cell-surface receptors. The liver response is characterized by prominent 
changes in the activities of most metabolic pathways, and in the co-ordinate stimu-
lation of the acute phase plasma proteins (APPs) and potential involvement of 
energy requiring pathways in Wnt/b-catenin and Tbx3, IGFBP1-Bak activities and 
surface proteins (e.g., CD14/CD16) [7, 75, 77, 78, 80, 83, 85, 91, 92, 98, 105, 106, 
112, 119, 120, 261, 262, 265, 266, 282, 409, 418, 425–432, 529, 732, 821].

15.6  Mitochondria and Immune Dysfunction: Activation 
of Oncogenes

Cancer is an induced disease of the Twentieth century, facilitated by medical establishment 
for corporate profit.

Definitions of the core ‘genetic blueprint’ for cancer cells growth and related 
 epigenetics topics that are measured by OMICS platforms and specific detections 
technologies do not necessarily predict the cancer phenotypes or how to overcome 
growth of cancer cells [5, 10, 414, 419, 572, 573, 804, 805]. In general, cancer adap-
tive activities are likely the results of loss of balance between differential (mito-
chondrial-dependent) activities of high energy demand (tumoricidal or Yin) and low 
energy demand (tumorigenic or Yang) of effective immunity occurring through 
multiple pathways including mTOR/AKT/PI3K, Myc and Ras oncogenes altering 
activities of immune and non-immune cell components [5, 10–15, 572, 579, 585, 
627, 628, 658, 750, 754]. Cancer cells induce alternative and adaptive metabolic 
pathways that bypass the limitations of mitochondrial oxidative phosphorylation for 
energy consumption and nutrition under hypoxic condition as part of their ability to 
escape immunity and resist stress. One of the important energy sources (ATP) for 
adaptation of cancer cell growth is the glucose-lactate metabolic pathways. To what 
extent altered mitochondrial function and ATP free energy source affect other cel-
lular activities such as maturation and differentiation of cells or degeneration and 
regeneration (wear and tear) activities of tissues in aging and immune disorders are 
important topics that are not understood. The metabolic events and pro-growth sig-
nals seem to occur simultaneous and facilitate activation of oncogenes (wounds that 
do not heal) as loss of balance in tumoricidal vs tumorigenic (Yin-Yang) properties 
of immune surveillant that favor growth promoting pathways.

The reported mechanisms of activation of hypoxia-induced Warburg effect and 
increased aerobic glycolysis for energy requirements of growth of cancer cells seem 
controversial [412, 481, 559–566, 568, 570–576, 579–585]. The overall analyses of 
data suggest that in order to achieve their lawless growth and escape immune sur-
veillance, the activated oncogenes with their increased evolving somatic mutations 
would impose the following major interdependent changes in metabolism and func-
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tion of target (local) and distal tissues that destroy the body (Figs. 6.3 and 6.7) [5, 
10–15, 196, 301, 419, 562, 579, 580, 585, 626–628, 644, 750–754, 784–787, 790, 
793, 804, 805]:

 (a) Altered immune cells polarity favoring growth promotion pathways. Expression 
of growth promoting cytokines, proteins and lipids leads to biological rear-
rangements at various cellular levels (e.g., ER and Golgi apparatus) and/or 
regulation of Ca2+ flux that facilitate growth enhancement signals;

 (b) Depending on the composition of site-specific tissues, changes in immune cells 
polarity include induction of M1 to M2 (TAMs) phenotypes, DC1 (immature, 
tumoricidal) to DC2 (mature, TAM), or MCs (granulated) to ‘leaky’ MCs 
(degranulated, TAMCs);

 (c) Overall growth promotion of tissues under hypoxic condition induces activation 
of low energy dependent pathways such as AMP-kinase and increased activities 
of PI3K-ser-thr kinase (AKT)-mTOR pathways for growth promotion (anabolic 
events). Warburg effect and activation of aerobic glycolysis is the preferred 
pathway for utilization of free energy (ATP) perhaps due to oxidative stress-
induced impaired mitochondrial oxidative phosphorylation.

 (d) Induction of neovacularization and exaggerated expression of growth promot-
ing mediators such as PGE2, IL-8, IL-10, low level histamine (non-IgE-depen-
dent), PKC, VEGF or HIFs;

 (e) Oncogenes-induced oxidative stress leads to decreased signals for apoptotic 
mediators or reduced expression of pro-inflammatory mediators (tumoricidal, 
Yin);

Simply explained, the biological events that are inherent and normal for tissue 
metabolism during growth and development (Yin-Yang) are hijacked by increased 
activities of cancer oncogenes in favor of their enhanced lawless growth require-
ments. The reported data on immune cells dysregulation such as altered activities of 
TLRs, or PI3K/mTOR- induced growth of viral or bacterial genes are very likely 
similar and comparable to growth of cancer oncogenes in altering energy dynamics 
for induction of tolerance or immune suppression [5, 450–452, 455, 614, 637, 638, 
709, 719, 747, 770].

Therefore, cancer oncogenes are viewed by the immune system as oxidative 
stress that cause induction of accumulated delayed type hypersensitivity in target 
tissue and demand continued signals for termination or repair [5, 10]. Aging process 
and frequent exposures to intrinsic and extrinsic unwanted/harmful elements drift 
the sharpness of immunity and provide opportunities for pathogens or oncogenes to 
take advantage of pleiotropic properties of immunity (positive and negative control 
switches in metabolic, apoptosis/wound healing, hormonal, neuronal and vascula-
ture) that promote oncogenesis.
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16  Bird’s Eye View of Intrinsic (Innate) and Induced 
(Adaptive) Response Profiles in Initiation of ‘Mild’, 
‘Moderate’ and ‘Severe’ Immune Disorders 
and Tumorigenesis: Differential Bioenergetics 
Requirement in Yin and Yang Events

As emphasized throughout this book, acute inflammation is a well orchestrated pre-
cise biological network or ‘a molecular village of signals’ and demands exact 
molecular participations from immune and non-immune systems, at the ‘precise 
moments of need’ for guarding, protecting and maintaining individual’s health, 
after birth and throughout life (Figs 6.1 and 6.9). Serious disturbance in any of the 

Fig. 6.9 Schematic representation of a working model hypothesis explaining parallel functional-
ity of mitochondria and immune surveillance, or Yin (tumoricidal, growth-arrest) and Yang (tumor-
igenic, growth-promote) at different stages of life. It depicts that during orderly fetal growth there 
is limited need for high energy demands of a fully functional mitochondria or the requirements of 
an effective immune surveillance (balance in Yin-Yang) within the confined and protective envi-
ronment of placenta. The scheme depicts that fully functional mitochondria along with highly 
regulated balance in Yin (tumoricidal, high energy demands from oxidative phosphorylation) and 
Yang (tumorigenic, low energy demands from glycolysis) of effective immunity are developed 
after birth and throughout adulthood for maintenance of health. The scheme also demonstrates 
comparable features of orderly fetus growth with that of disorderly (lawless) cancerous cells 
growth and impaired function of mitochondria. The role of oxidative stress-induced mitochondrial 
damage and induction of neurodegenerative and autoimmune diseases or cancer are depicted to 
lead to differential damages in immune-responsive and immune-privileged tissues. See text 
(Adopted from Khatami (Ref. [10]). All rights reserved)
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many molecular organizations imposed by biological terrorists (oxidative stress or 
aging process) could shift such highly regulated communications between and 
among organ systems toward initiation and progression of a wide range of immune 
disorders.

Integration and analyses of data on tissue/organ development or information on 
age-induced increased neurodegenerative or autoimmune diseases or carcinogene-
sis suggest that age-associated immune-biological senescence and accumulation of 
oxidative stress induced by accumulation of pathogenic structural and genomic 
components or radiation and pathogen-specific vaccines and adjuvants (e.g., alumi-
num, mercury, L-histidine) would lead to alterations of mitochondrial energy-
demands. The major altered activities of host tissues often involve cross-reactivity 
between pathogen-, or allergen-specific antibodies and modifications of a number 
of host surface molecules (e.g., TLRs, glycosylation of lipids or proteins, activities 
of membrane lipid-protein-enzymes, ion transports) along with conditions such as 
hypoxia, altered metabolism of branched amino acids (e.g., valine, leucine/isoleu 
and alanine) or aromatic amino acids (e.g., tyrosine, phenylalanine) in mitochondria 
and energy-dependent pathways of mTOR/PI3K/AKT [5, 10, 338, 483, 504, 557–
563, 583, 584, 586, 747, 758, 759]. The oxidative stress-induced altered activities of 
tissues, are likely the foundations for initiation of minor or major changes in signal 
transduction and energy-dependent miscommunications between surface proteins 
and receptor molecules that contribute to tardiness of response profiles in immune 
and non-immune cells.

There are major knowledge gaps in understanding how altering crosstalk among 
these pathways lead to altered integrities or errors in host activities that influence 
active or passive transport of nutrients/solutes or ions (e.g., glucose transporters, 
Na+/K+ ATPase activities, Na+/H+ exchanges, Ca channels) or altered host and 
pathogen-allergen-induced biosynthesis of antibodies. Other important unknowns 
in disease processes relate to the extent of influence of external/extrinsic stimuli- 
(e.g., allergen, microbiota or environmental hazards) induced altered quality or 
nature of expression or co-expression of pattern recognition molecules and their 
influence on internal/intrinsic stimuli (e.g., accumulated senescence cells, cancer-
ous or other defective cells or proteins, complex B lymphocytes, oxidized complex 
lipids or carbohydrates) that alter immune response profiles (e.g., histamine, oxi-
dants or expression of respective receptor molecules). Time course kinetics for rec-
ognition or tolerance (ignoring) of external or internal foreign entities are likely 
different in genesis and outcomes of diseases. Furthermore, how aging processes 
skew the response qualities or interactions between constituent receptor molecules 
(e.g., insulin receptors, glucose active or passive transport) or induced receptor 
molecular expression are additional important knowledge gaps in understanding the 
aging process and host-pathogen interactions.
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17  Is Cancer a Severe Late Hypersensitivity Reaction 
(Immune Tsunami) That Destroys Host Tissue 
for Immortal Life? The Precious Truth!!

It is by the goodness of God that in our country we have those three unspeakably precious 
things: freedom of speech, freedom of conscience and the prudence never to practice either 
of them. Mark Twain

As discussed above (Sect. 7.1), nearly all full blown diseases seem to be the result 
of three major interdependent biological problems; (a) complications in vasculature 
and lymphatic channels; (b) tissue necrosis and atrophy; or (c) lawless tissue growth. 
The shared or special features of pathobiology of these complications contribute to 
a wide range of  ‘mild’, ‘moderate’ (intermediate) or ‘severe’ allergic conditions or 
immune disorders (inflammatory diseases) and multistep carcinogenesis. For exam-
ple, analyses of a large body of data on acute inflammatory diseases (e.g., sepsis or 
major trauma), or chronic illnesses such as neurodegenerative and autoimmune dis-
eases and multistep carcinogenesis seem to support our suggestion [5, 10] that cir-
culating low level histamine plays important roles in sustaining oxidative stress and 
alterations of vasculature function and the induction of vascular hyperpermeabily, 
neovascularization or angiogenesis [5, 10–15, 228, 237, 345–367, 516–528, 530–
543, 552, 628, 629, 645, 668, 669].

Being the tree of life, the major function of vascular tissue for maintenance of 
health throughout life falls into the following energy-requiring categories:

 1. Delivery of nutrients and oxygen to tissues/organs and removal of gases and 
waste products from the tissues from the early fetus growth, after birth and 
throughout life;

 2. Gatekeeper of immune cell trafficking; involved in proliferation differentiation 
and infiltration of inflammatory cells into stimulated (infected or injured) tar-
geted tissues, facilitating both apoptosis (Yin) and wound healing (Yang) 
processes;

 3. Maintenance of precise crosstalk between the immune-hormonal-neuronal-met-
abolic pathways in organs/tissues;

Altered activities of vasculature are known features of nearly all disease pro-
cesses including acute inflammatory diseases (e.g., anaphylactic shock, sepsis, 
meningitis, pneumonia), chronic illnesses such as hypertension, neurodegenerative 
and autoimmune diseases, lupus, diabetes, cardiovascular or stroke complications 
as well as multistep carcinogenesis.

In the original series of experiments, we reported that histamine is a potent vaso-
active factor (messenger) and the primary mediator that is released from CALTs, 
followed by release of prostaglandin (PGF-1α, or prostacyclin) as secondary media-
tor release accompanied by vascular hyperpermeability [362]. Other data sugget 
that histamine release could stimulate gastrointestinal, respiratory, neuronal and 
skin causing vasodilatation, contractions of cardiac muscle or lung airways (bron-
chioles) (see above).

17  Is Cancer a Severe Late Hypersensitivity Reaction (Immune Tsunami) That…



326

We recently described [5, 10] that the cancer growth and angiogenesis are late 
phase accumulation of exaggerated immune response disorders that create an 
‘immune tsunami’ causing destruction of tissues that manifeste as site-specific pri-
mary cancers (e.g., lung, stomach, colon, breast, prostate, ovarian, pancreas) fol-
lowed by cellular/molecular advances to metastasis to secondary sites according to 
the theory of “seed and soil” that was originally described by Paget in 1889 [41, 42] 
(Table 6.1). We proposed that the growth of cancerous cells is initiated from devel-
opmental phases of ‘mild’ to ‘moderate’ immune disorders such as asthma, emphy-
sema, gastritis, pancreatitis and would advance to severe immune dysfunction that 
facilitate growth promotion. The development of cancers were hypothesized as the 
‘severe’ degrees of accumulated immune response mismatches as the result of loss 
of tumoricidal (Yin) vs tumorigenesis (Yang) of acute inflammation (immune sur-
veillance) or the loss of effective immunity [5, 10].

17.1  Cancer-Induced Oxidative Stress: Dysfunction 
of Genomic, Immune Response and Metabolism in Tissue

The natural control switches (positive or negative signals) that we originally defined 
as dual properties of Yin (tumoricidal) and Yang (tumorigenic) of acute inflamma-
tion seem to have wider applications in physiological behaviors of the organ sys-
tems and maintenance of health. However, age-induced tardiness of immunity and 
cumulative presence of cancerous cells, biological and environmental hazards could 
drastically disrupt the normal biological behaviors of tissues including genomic 
stability, physiology and immune response profiles. Tardiness of immunity would 
allow cancerous cells to escape being detected and destroyed (see above). 
Compromised immunity provides opportunity for cancer oncogenes to slowly or 
aggressively take over the machinery of host for its enhanced growth 
requirements.

As noted above, altered acid-base balance (altered proton-ATP) perhaps is 
accompanied by minor or major damages to oxidative metabolism of mitochondria 
and bioenergetics in tissues resulting in hypoxic conditions. The induction of 
hypoxia is associated with growth promotion pathways in target tissue and vascula-
ture. The growth promotion events would eventually lead to altered or loss of func-
tional integrity of extra-, and intra-cellular activities (e.g., membrane ion/nutrient 
transport, lysosomal exocytosis-ER, autophagy, mitochondria, nuclear reactions) 
resulting in cell growth, preneoplasia, precancer, tumorigenesis, cancer and angio-
genesis (Fig. 6.9). The overall sequences of events in the induction of epithelial-
mesenchymal transition in immune-responsive tissues and loss of tissue architectural 
integrity and function and bioenergetic requirements involved in disease processes 
and carcinogenesis are outlined below [5, 10–15, 21, 72, 196, 251, 258, 340, 423, 
444, 445, 455, 483, 557–563, 587–594, 611–614, 636, 640, 667–680, 686–688, 
707, 711, 738, 749, 750, 761, 766, 786-790, 797, 805–838]:
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 (a) In the tumor stroma, oxidative stress mimics the effects of tissue hypoxia that 
are present under aerobic condition, resulting in an excess production of reac-
tive oxygen species (ROS). The oxidative stress-induced proinflammatory 
mediators (e.g., ROS, other oxidants) signal for expression of anti-inflamma-
tory mediators in the environment of cancer cells causing an unequal (one way) 
inhibition of apoptotic factors (e.g., TNF-α, ILs, neurotoxins) that benefit 
 cancer cells in being neutralized. Relevant data demonstrate that the production 
of ROS significantly contributes to altered genomic stability and anuploidity, as 
well as changes in centromere. Similarly, oxidative stress and accumulated 
presence of ROS in cancer environment is accompanied by alterations in mito-
chondrial oxidative phosphorylation and changes in ATP/ADP/AMP ratios and 
the induction of hypoxia;

 (b) The epithelial-mesenchymal transition (EMT) processes are activated by a 
number of growth factors during sustained inflammatory processes that make 
tissue susceptible to tumor progression and metastasis. Expression of growth 
factors and receptor molecules (e.g., EGF-EGFR) are known contributors in the 
progression of cholangiocarcinoma (CCA) and the induction of EMT as key 
events in CCA progression. The EMT processes of cell transformation that 
often occur in immune-responsive tissues play crucial roles in the loss of cell 
contact control mechanisms and dysregulated cell growth promotion. Loss of 
epithelial cell features leads to adaptation of new characteristics of tissue that 
are typical of mesenchymal cells; lack of cell-cell adhesion properties;

 (c) Data on epithelial-derived tumors (e.g., cholangiocarcinoma-CCA) further 
demonstrated that gene expression profile closely resemble features of mesen-
chymal cells, including increased expression of EMT-derived transcription fac-
tors (Snail), correlated with metastasis and inversely related to the level of 
E-cadherin adhesion molecules. The influence of TNF-α in enhancing migra-
tion and induction of Snail, while it reduces E-cadherin expression in cell line 
models of CCA (in vitro) support the role of impaired inflammatory responses 
in the induction of cancer;

 (d) The bone marrow-derived mesenchymal stem cells (BMDMSCs) influence 
resolution of acute and chronic inflammation, in tissues such as the skin wounds 
by stimulation of collagen synthesis, deposition and induction of granulation 
process for improving MCs recovery or repair [826]. Although detailed mecha-
nisms of stem cells function, after tissue injury (e.g., skin-metal implants) are 
not understood, it is possible that BMDMSCs being pleiotropic in nature, facili-
tate other immune cells (e.g., MCs, DCs) to improve function during remodel-
ing of architectural integrity of target tissues;

 (e) The mutagenic changes in tissues are referred to as retrotransposition or de 
novoretrotransposition events that would lead to heavy genomic methylation 
and inactivation of affected genes for transcription. It appears that the inactiva-
tion of genomic components (e.g., L1 retrotransposons) facilitate genomic 
instability by integrating into DNA and altering transduction. These are major 
contributors of insertion of misdirected expression of a number of functional 
proteins in the genesis of chronic diseases such as neuronal  behaviors, as well 
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as altered growth pathways. Other data show that circulating abnormal micro 
RNAs [miR-21, miR-34, miR-126, miR-195, let-7a, miR-146a, and miR-155] 
are considered as ‘inflamma-miRs’ and modulate the NF-kB growth signaling 
network in aging, chronic inflammation and breast cancer [5, 251, 258, 718, 
796, 826–829]). Whether these features of micro RNAs in persistent inflamma-
tion, cancer and aging are related to the heavy somatic mutations and manipula-
tion of epigenetic methylation are among biological gaps that remain to be 
better understood;

 (f) Aging process and the growth of cancerous cells often accompanied with accu-
mulation of evolving and deleterious mutations in genomic components and 
abnormal expression or co-expression of pro-, or post-inflammatory mediators 
resulting the loss of maintenance of cell integrity, dysregulation of cell growth- 
death patterns and initiation of multistep chronic diseases or cancer.

17.2  Tumor Lysis Syndrome and Tissue Metabolism

In recent years tumor lysis syndrome (TLS) and treatment of patients with hemato-
logic tumors (non-Hodgkin’s lymphoma, B-cell lymphoma, Burkitt lymphoma, 
myeloid leukemia, lymphoblastic leukemia) has been the focus of several studies 
[7, 138, 228, 287, 465, 466]. The development of fatal TLS was established primar-
ily in blood-born malignancies. However, TLS has also become a major concern in 
patients with solid tumors (e.g., hepatocellular carcinoma, lung squamous cell car-
cinoma, non-small cell lung cancer, metastatic lung adenocarcinoma, metastatic 
colon carcinoma, endometrial cancer, metastatic melanoma and androgen- 
dependent prostate cancer, germ cell tumors, gastric, breast or renal cancers) who 
received chemotherapies–‘targeted’ therapy, ‘precision’ or ‘personalized’ medicine 
with or without radiation [5, 466].

Among severe metabolic abnormalities, associated with TLS, which often result 
in life-threatening arrhythmia and/or multiple organ failure (MOF) are Ca+2 defi-
ciencies and related tissue dysfunction as clinical symptoms are [465, 466]:

 (a) Increased uric acid (UA) or hyperuremia and creatinine levels by 25%
 (b) Increase potassium (hyperkalemia) level by 25%
 (c) Increased phosphate, hyperphasphatemia (due to decline in calcium level) by 

25%
 (d) Reduced calcium level (hypocalcemia) by 25% and induction of fatal cardiac 

dysfunction (arrhythmia);

Tumor lysis syndrome (an induced cytokine storm in an already immune-compro-
mised body) becomes serious and life-threatening perhaps by patient’s health status. 
It is likely that, conditions such as kidney failure and abnormal filtration rate, hyper-, 
or hypotension, or diabetes-related complications and use of other drugs would 
intensify the effects of TLS.
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18  Bioenergetics of Host-Immune Dynamics: Contribution 
of Mitochondria and Oxidative Metabolism

Whenever you find yourself on the side of the majority, it is time to pause and reflect. Mark 
Twain

Our recent hypotheses on the differential bioenergetics requirements of Yin-
Yang of acute inflammation in health and diseases are extended in this section [5, 
10]. Comparison on shared energy consumption of orderly fetal growth will be 
made with conditions of wound healing processes and the features of lawless growth 
of cancer cells. It will be shown that the high energy requirements of Yin events 
(utilizing oxidative phosphorylation from mitochondria) seem to be absent (not nec-
essary and harmful) during fetal orderly growth and similarly impaired during law-
less growth in carcinogenesis. In this context, mitochondrial function, and the 
pyruvate shuttle transporters and biosynthesis of structural proteins and metabolism 
of essential amino-acids (e.g., alanine, valine leucine, isoleucine) will be compared 
during fetal growth, normal adult biology (balance in Yin-Yang) and age-associated 
cancer growth. These new concepts and hypotheses for future studies include pre-
sentation of a working model on bioenergetics of cell function at distinct periods of 
life from fetus to post-birth, adulthood and aging process and carcinogenesis as 
detailed below [5, 10].

18.1  Differential and Parallel Bioenergetics Requirements 
of Mitochondria and Immune-Surveillance from Fetus 
Growth, and throughout Life: Features of ‘Mild’, 
‘Moderate’ and ‘Severe’ Immunological Disorders 
and Cancer

Fetus growth is an orderly and almost one-way process of developing vasculogen-
esis and organogenesis. Growth of fetus utilizes low ATP energy from glycolytic 
pathways and under limited oxygen tension of placenta (hypoxic conditions) and in 
the absence of functional mitochondria for high energy production [5, 10, 677,  
832–835]. Such growth features are somewhat comparable to the lawless growth of 
cancer cells as we recently proposed [5, 10]. Aging process and persistent unre-
solved inflammation was suggested to impair important functions of mitochondria 
for production of high energy oxidative phosphorylation to fight cancer cell growth. 
It was hypothesized that the impaired mitochondrial functions in aging parallel the 
tardiness of immune responses or the balance between high energy demands that are 
required during Yin (tumoricidal) and low energy consuming Yang (tumorigenic) 
processes [5, 10–15]. It was argued that the impaired mitochondrial function 
(mitophagy) would allow enhanced lawless growth of cancerous cells through 
increased cytosolic glycolysis and glucose utilization for production of low/
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inefficient energy, under the hypoxic conditions or the Warburg effect. The roles that 
circulating low level histamine (sustained oxidative stress) play in the loss of bal-
ance between Yin-Yang events and induction of mitochondrial dysfunction (mitoph-
agy) could lead to the initiation of different degrees of immune disorders that are 
manifested as ‘mild’, ‘moderate’ or ‘severe’ age-associated diseases or multistep 
carcinogenesis [5, 10].

Analyses of data on bioenergetics-related reports suggest that after birth drastic 
and simultaneous changes occur for adjusting the growth of newborn to the atmo-
spheric pressure and high energy demands that are required for completion of devel-
opment of organ systems (e.g., lung airways, cardiac muscle, brain, liver, eye, 
neuronal, lymphatic and vasculature) that are independent from maternal-placenta. 
Perhaps the most pronounced physiological changes in the newborn are the comple-
tion of mitochondrial development and function for supply of high energy demands 
(generation and hydrolysis of ATP via oxidative phosphorylation) from glucose oxi-
dation and pyruvate-shuttle to the mitochondria. These biological events require 
biosynthesis of pyruvate carrier proteins/transporters and related enzymes for TCA 
cycle intermediates for oxidative phosphorylation, as well as metabolism of 
branched chain amino acids for biosynthesis of structural proteins [5, 10].

An stimuli-induced activation of immune cells, in a healthy individual, initially 
engage in rapid generation of energy (ATP hydrolysis) by utilizing the oxidative 
phosphorylation of mitochondria that otherwise is needed (reserved) for biosynthe-
sis of tricarboxylic acid (TCA) cycle intermediates, biosynthesis of lipids and 
related enzymes and homeostasis of mitochondrial energy power for cells. Providing 
rapid energy (ATP hydrolysis) from oxidative metabolism, enables immune cells 
(e.g., M1, tumoricidal phenotype of MΦs) to express pro-inflammatory mediators 
and toxins and generate needed toxicity for killing/destroying pathogens or foreign 
elements (Fig. 6.1 Yin processes). However, Yang (wound healing) responses are 
involved in resolution of inflammation and simultaneously use activated immune 
cell phenotypes (e.g., M2 or TAMs phenotype) to produce growth promoting medi-
ators by shifting the energy requirements toward aerobic glycolysis (Warburg 
effect). Therefore, unlike Yin events, the wound healing responses and the expres-
sion of HIF1 (VEGF) in the neighborhood of hypoxic neovasculature, to repair the 
tissue and return it to resting status, occur under the low energy and low oxygen 
requirements. The energy shifts from high ATP production in mitochondria to low 
energy consumption of aerobic glycolysis (Warburg effect) seem enable the cell to 
restore the Yin-induced rises in tricarboxylic acid (TCA) cycle intermediates 
(e.g., succinate, fumarate) in the mitochondria of activated immune cells. However, 
 sustained oxidative stress or unresolved inflammation may increase utilization of 
aerobic glycolysis (Warburg effect) for energy consumption as the results of over-
use (exhaustion) of oxidative phosphorylation pathways that cause dysfunction of 
mitochondria. The validity of this hypothesis seems supported by findings that 
angiogenesis and hypoxic conditions are primary features in tumor microenviron-
ment and other inflammatory diseases.

In brief, the growth of cancer cells is the results of severe, aggressive, cumulative 
and progressive immune disorders (immune tsunami) that initiates slowly as mild 
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(sub-clinical) alterations of immune responses in vulnerable/susceptible tissues. 
The altered immune responses differentially cause damages in the immune-respon-
sive tissues (e.g., epithelial, endothelial, mucus-secreting cells or lymphocytes) or 
immune-privileged tissues (e.g., BBB, retina, CNS, reproductive organs) in multi-
step diseases.

18.2  Bases for Repeated Failed Cancer Therapeutics:  
Ignoring Nature of Compensating Biological Events!

The major problems with the repeatedly failed claimed ‘targeted’ therapies, ‘preci-
sion’ or ‘personalized’ medicine for solid tumors are the existence of numerous 
compensating and competing events that contribute to molecular chaos in the cancer 
environments (details in Chap. 5). Agents such as growth or kinase inhibitors and 
monoclonal antibodies or inhibitors or analogues of rapamycin (sirolimus) [e.g., 
everolimus or RAD001 (Afinitor®), AP23573 (CCI-779) and ester metabolite (tem-
sirolimus), alone or in combination with other drugs (e.g., carboplatin, bevaci-
zumab), that are used in Phase I, II or III clinical trials for treating and controlling 
growth and metastasis of solid tumors (e.g., breast, renal cell carcinoma, NSCLC, 
astrocytoma, mesothelioma, cervical and uterine cancers) produced little, if any 
success [5, 9, 14, 15, 26, 80, 152, 709, 782, 807–815, 839]. A major factor in lack 
of success in the claimed cancer therapies is that the mutated genes that are the 
bases of treatment (somatic mutations) possess features of heterogeneity and insta-
bility and capable of evolving to other mutations even during the therapy and not 
responsive to specific inhibition. In 2012, The Cancer Genome Atlas Network 
(TCGA) identified over 30,000 somatic mutations in breast cancer, and over 190,000 
exons from over 18,000 genes in lung squamous cell carcinoma (lung SqCC) [816, 
817]. In late phase of cancer growth and metastasis, the number of evolving muta-
tions in solid tumors range from 10,000 to over 100,000 mutations and the chances 
of success at best are 0.001 to 0.03, under the ‘conditions’ that the somatic muta-
tions do not further mutate. The interdependent factors are ignored when the thera-
pies of solid tumors are decided and make such tremendously expensive trials 
worthless (details in Chap. 5) [5, 10, 14, 102, 128, 129, 136, 151–154, 161, 198, 
203, 226, 265, 285, 331, 462, 463, 510, 514, 573, 574, 594]. These illogical and 
chaotic approaches are scientifically insane. The out-of-focus, reductionist, fuzzy 
and chaotic approaches to solid tumor therapy that repeatedly failed patients sup-
port our concerns that a century of cancer research and treatment are ‘scientific/
medical ponzi schemes’ and remind us of the US Congressional debates on ‘build-
ing too many expensive bridges to nowhere’ or finding too many broken pieces of 
too many needles in a haystack and attempting to put them back [5, 13–15, 161, 
162].

Recent attempts in cancer immunotherapies, while intellectually more logical 
compared with ‘targeted’ therapies that identify endless somatic mutations (growth 
factors) for drug development and clinical trials; they have the same basic flaws. For 
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example, immunotherapeutic approaches use antibodies or inhibitors of checkpoint 
proteins on T cells for specific cancers or potentiate the apoptotic activities of pro-
gram death (PD) factors of dendritic or other immune cells or targeting a particular 
inflammatory mediator or pathway [5, 6, 10, 150, 265, 507, 510, 708, 839]. 
Outcomes are measured whether inhibiting check point proteins or increasing death 
factors in specific innate immune cells would correct/prevent cancer growth. 
However, there are no serious attempts to understand that abnormal checkpoints on 
T cells are among hundreds or thousands of other molecular lawlessness that are 
present in the chaotic cancer molecular environment. Furthermore, in such expen-
sive studies, little attention have been paid to measure how the inhibition of a check-
point affects the ratios of apoptosis (tumoricidal) vs wound healing (tumorigenic) or 
the status of oxido-redox whose loss of balance initiate and progress to carcinogen-
esis [5, 10–15, 161 (Khatami, personal communications, NCI/NIH 2012–2014)].

19  Fundamental Questions for Future Considerations: 
Influence of Inflammatory Responses in Induction 
of Chronic Diseases or Cancer

The following are highlights of selected proposed biological gaps on early responses 
of tissues toward multistep cell growth with emphasis on histamine-related meta-
bolic pathways and therapy in age-associate illnesses or tumorigenesis that deserve 
further studies. The overall observations and concepts on the influence of MCs in 
multistep tumorigenesis and angiogenesis described for conjunctival-associated 
lymphoid tissues (CALTs) may be extended to other cells/tissues with similar or 
different cell composition (details in Chaps. 2 and 4) [5, 10–15, 161, 162, 228, 236, 
238, 288, 345, 351–354, 368, 391, 393, 471, 508, 516–528, 530–540, 541, 552, 
628–635, 645, 648, 701, 801]:

 (a) Older adults are immune compromised to varying degrees. In this context the role 
of mitochondrial function in supplying the energy for maintenance of balance 
between Yin (tumoricidal) and Yang (tumorigenic) of immune surveillance is fun-
damental. Age-associated immune compromises in susceptible tissues increase 
allergic conditions (e.g., asthma, emphysema, skin or ocular allergies) or other 
inflammatory conditions (e.g., colitis, gastritis, hepatitis) and carcinogenesis.

 (b) The design of clinical trials, for assessment of disease risks and health status of 
public, is proposed to include determination of the baseline circulating hista-
mine or histaminases as useful markers for the status of oxidative stress and 
acid–base levels in individuals over time. Developing cytokine chips that moni-
tor early alterations of immune profiles may prove to be very effective for pre-
venting chronic diseases.

 (c) Among metabolic pathways whose levels are known to alter mitochondrial bio-
energetics in favor of lawless cancer growth are metabolism of branched 
chained amino acids and biosynthesis of proteins in functional mitochondria 
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(perhaps after birth). Whether enhanced growth of cancer cells and associated 
loss of cell contact inhibition correlates with defective/loss of metabolism of 
branched chained amino acids (e.g., leucine, isoleucine or valine) and the dys-
function of mitochondria (mitophagy) awaits systematic studies. Furthermore, 
we proposed that the differences in energy demands during tumoricidal (Yin, 
high energy requiring) and tumorigenic (Yang, low energy from glycolysis) 
processes include asymmetry in bioelectricity of reaction processes and differ-
ential properties of pH gradients and respective ionic channels (e.g., H+/Na+ or 
Cl−/H+ exchangers), active transport systems or pumps (e.g., Na+/K+ ATPase, 
Ca+2 ATPase) or water channel (aquaporins) [5, 10]. Detailed understanding of 
the bioenergetics of mitochondria in maintaining the effective immunity should 
be among top research priorities for future studies.

 (d) Whether stimuli-induced expression of histamine receptor molecules alter 
(induction of histamine decoy receptors or expression of mutated receptors) 
during developmental phases of immune dysfunction and multistep tumorigen-
esis. Our initial observations using histamine at the intermediate phase of ocular 
challenges (down regulation phenomena and observed MCs exhaustion with 
minimal clinical responses) demonstrated a strong type 1 reaction. The data 
suggested that histamine receptor molecules were intact, during down-regula-
tion phenomenon (induction of exhausted or ‘leaky MCs). Further experiments, 
using a MC degranulating agent (compound 48/80) also produced minimal 
clinical reaction, confirming that repeated challenge with antigen depleted MC 
degranulation capacity;

 (e) The status of MCs granulation or degranulation in relation to B/plasma cells 
activation and challenge with antigen and onset of diseases are subjects of con-
troversies. We reported that repeated antigen challenge in the chronic stages of 
ocular reactions that led to tumorigenesis was associated with altered ratios of 
IgG isotypes (IgG1/IgG2) in local/host tissue. Potential biosynthesis of imma-
ture MCs (defective granulation or unscheduled) or inappropriate/defective or 
insufficient synthesis of IgE-receptor molecules or surface proteins during 
response profiles are among interdependent biological gaps that require further 
investigations.

 (f) The environmental effects of fetus growth and adaptation of host innate or 
adaptive immunity are the topic of intensive studies. We demonstrated that 
repeated ocular reactions could sensitize MCs in local or distal tissues including 
the ocular tissue MCs in new born guinea pigs of repeatedly sensitized ocular 
tissues of parents. Our data are suggestive of the first evidence that repeated 
stimulation of MCs influence the fetus immune dynamics altering the gene 
expression profiles and/or IgE paternal/maternal transfer of allergic responses 
and genomic predisposition in fetus;

 (g) Immune-responsive or immune-privileged tissues and/or insulin-dependent or 
insulin-independent tissues for glucose transport may be differentially influ-
enced by histamine or other inflammatory mediators. Several recent studies 
suggest that diabetes increases the risk of cancer in certain tissues. In addition 
to the increased level of cytokines such as IL-6, glucose toxicities may differen-
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tially influence the oxidative stress in tissues that are insulin-dependent (e.g., 
muscle, adipocytes or liver) or insulin-independent (e.g., vasculature, retina, 
CNS) for glucose transport and utilization.

 (h) Metabolism of adenosine release and receptor. Adenosine and proton (H+) gra-
dient in tissues may act synergistically to regulate, for example, the cerebral 
blood flow. Adenosine production is enhanced under various experimental con-
ditions due to an imbalance between oxygen supply and oxygen need. Direct 
application of adenosine dilates the pial vessels, but changes in cerebral vascu-
lar resistance are not observed when adenosine is infused intra-arterially;

 (i) Detailed understanding of the differential bioenergetics that are required in Yin-
Yang processes for maintenance of health, or under oxidative stress, from fetal 
growth, organogenesis, after birth or in adulthood and aging processes involv-
ing intracellular behaviors of components such as mitochondrial function, ribo-
somal recycling pathways and nuclear activities;

 (j) Influence of mitochondrial impaired function and shift to increased glycolytic 
pathways and adaption of cancer cells that would change mitochondrial-depen-
dent activities of cMyc, Alt/PTEN or p53 and other pathways that contribute to 
apoptosis or pro-inflammatory (Yin) events that are high energy-consuming and 
voltage-dependent pathways for induction of apoptosis are important biological 
gaps. When redox-sensitive mitochondrial transition pore (MTP) opens to the 
cytoplasm, reaction is followed by depolarization, electron flux in the electron 
transport chain (ETC) and production of electron donors (NADH and FADH2) 
and increased level of reactive oxygen species (ROS).

20  Concluding Remarks and Future Perspectives

It takes a molecular village to maintain the effective immunity for protecting and 
promoting health. It is anticipated that systematic approaches to basic and clinical 
studies of chronic diseases require comprehending the details of interdependent 
communications of the amazing and secretive success of effective immunity in 
maintenance of health and how minor or major changes in such well orchestrated 
biological crosstalk or aging process influence initiation of disease processes.

The early events in the disruption of the balance between Yin and Yang properties 
of acute inflammation remain as a black box when it comes to understanding the 
cancer biology. The ‘normal’ health status in adulthood could be established by 
routine blood tests or other genetic diagnostic tools to determine the oxidative stress 
levels of individuals during aging process. Attempts in design of effective therapeu-
tics for chronic immune disorders or site-specific cancers as proposed throughout 
this book should be based on understanding the fundamental question of how the 
effective immunity become negatively influenced under molecular attacks by 
unwanted foreign elements in specific target tissues toward disease initiation.

Future directions for understanding of the biological events that occur during the 
early immune disruptors-(antigen)-induced alterations in the immune response pro-
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files of host require systematic identification of special or shared features of immu-
nity at site-specific tissues/organs for more effective decisions on prevention or 
treatment of diseases. Minor or major heterogeneities in intrinsic biology and 
genetic makeup of individuals often lead to heterogeneities in response profiles 
toward different biological insults (immune disruptors). These confounding factors 
present unique challenges and opportunities to overcome in future. However, the 
outcomes are expected to be rewarding as the truth in science has always advanced 
us to extraordinary achievements in many biomedical fields. Solving cancer prob-
lem is not an exception if the business of cancer did not cloud the facts and scientific 
logics.
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