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Abstract

Cancer is a complex disease that causes the alterations in the levels of gene, RNA, protein and metabolite. With the
development of genomics, transcriptomics, proteomics and metabolomic techniques, the characterisation of key
mutations and molecular pathways responsible for tumour progression has led to the identification of a large
number of potential targets. The increasing understanding of molecular carcinogenesis has begun to change
paradigms in oncology from traditional single-factor strategy to multi-parameter systematic strategy. The
therapeutic model of cancer has changed from adopting the general radiotherapy and chemotherapy to
personalised strategy. The development of predictive, preventive and personalised medicine (PPPM) will allow
prediction of response with substantially increased accuracy, stratification of particular patient groups and eventual
personalisation of medicine. The PPPM will change the approach to tumour diseases from a systematic and
comprehensive point of view in the future. Patients will be treated according to the specific molecular profiles that
are found in the individual tumour tissue and preferentially with targeted substances, if available.
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Introduction
Cancer is a complex disease that is caused by the inter-
play of multiple internal factors and extrinsic factors
[1,2]. DNA binding and induction of mutations in
cancer-susceptibility genes are considerable mechanisms
of tumour initiation. It is also reported that over 80% of
cancer deaths in Western industrial countries can be
attributed to extrinsic factors such as tobacco, alcohol,
diet, infections and occupational exposures [1].
Alterations in multiple genes expression in cancer lead

to dysregulation of the normal cellular programme for
cell division, differentiation, apoptosis and proliferation.
This results in an imbalance of cell replication and cell
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death, which favours growth of a tumour cell population
[3,4]. Clinically, cancer appears to be many different dis-
eases with different phenotypic characteristics. As cancer
progresses, the genetic drift in the cell population pro-
duces cell heterogeneity with characteristics including
cell antigenicity, invasiveness, metastatic potential, rate
of cell proliferation, differentiation state and response to
chemotherapeutic agents [5,6].
In the past 10 years, a number of radiotherapy and

chemotherapy strategies available to treat cancer have
increased [7]. Much of medical practice is based on
standards of care. These interventions are based on
knowledge and experience from the different levels of
evidence generated by epidemiological and clinical stud-
ies or evidence-based medicine [8,9]. However, large ran-
domised studies are designed to determine approach for
the average populations, but not for specific individuals,
which results in the therapeutic model ‘the same thera-
peutic strategy for the same type of disease’. In addition,
basic scientists and clinicians have raised a lot of funda-
mental questions regarding identification of the causes
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of cancer, preventive measurement taken, the common
characters in tumour susceptible group, predictive meas-
urement used, the basic mechanisms of malignant trans-
formation of cells, possibility of the use of the gene
expression patterns of cancer cells to identify targets for
cancer diagnosis or therapy, the suitability of the use of
the common single parameter treatment measurement
for all tumour patients, and the necessary or appropriate
type of clinical trials for personalised therapeutic modal-
ity. Based on these questions, we propose the use of the
multi-parameter systematic strategy to predict, prevent
and personalise the treatment of a cancer. The multi-
parameter systematic strategy for predictive, preventive
and personalised medicine (PPPM) in cancer was ini-
tially conceived by the Zhan and Desiderio [10]; this
concept was addressed by XZ as a keynote speaker and
panellist at the first EPMA-World Congress 2011 and
was collected into the post-meeting report of the first
EPMA-World Congress 2011 (or called “EPMA White
Paper”) [11].

Pathophysiological basis of multi-parameter systematic
strategies for PPPM in cancer
From a clinical point of view, cancer is a large group of
diseases that vary in their age of onset, rate of cell prolif-
eration, state of cellular differentiation, invasiveness,
metastatic potential, diagnostic detectability, response to
treatment and prognosis [12-14]. From a molecular bio-
logical point of view, cancer is a kind of gene disease
and results in a series of molecular changes, which is
correlated with signal transduction system, cell cycle,
differentiation and apoptosis [15,16].
Not only one intracellular signal pathway is involved in

the molecular mechanisms of a cancer [17]. For example,
several research groups have demonstrated that phosphoi-
nositide 3-kinase (PI3K/Akt), mitogen-activated protein
kinase (MAPK) and signal transducer, and activator of
transcription 3 (STAT3) pathways were activated in
obesity-associated colon cancer. Mammalian target of
rapamycin (mTOR), a down-stream of both PI3K/Akt and
MAPK, is highly activated [18]. Activated mTOR in turn
inhibits the PI3K/Akt pathway and further activates the
STAT3 pathway [19]. Elucidation of multiple signal path-
ways has therapeutic implications. The activity of PI3K/
Akt may increase significantly if mTOR is inhibited be-
cause of the feedback inhibition of mTOR on PI3K activity
[20]. Thus, it is highly important to simultaneously inhibit
both mTOR and PI3K in the treatment of obesity-
associated cancer. Thus, a number of small molecules
which both inhibit PI3K and mTOR have been developed
[21]. They include BEZ-235, SF1126 and XL765, which
are more effective than single inhibitors of PI3K or mTOR
in cancer therapy. SF1126 and XL765 has been used for
phase I clinical trials, and BEZ-235 has been used in phase
II clinical trials in the treatment of several cancers [22-26].
Thereby, traditional investigation focusing on single-
molecule biomarker or target in tissue or plasma for can-
cer prediction and prevention is an unrealistic assumption.
Not one single-parameter can resolve an entire problem,
or sometimes, one parameter is unable to resolve a prob-
lem at all. Multiple inhibitors could provide a novel ap-
proach to inactivate signal pathways and are likely to have
a better therapeutic effect than any one single-inhibitor.
Tumour heterogeneity is another important character of

malignant tumour [10,27-30]. Heterogeneity is observed
in very part of the tumour, not only in the same tumour
among different patients, but also in all tumour progres-
sion stages of the same individual patients [31]. The gen-
etic instability of tumour cell is an important factor of
tumour progression and heterogeneity, and results in som-
atic mutation which appears as an increasing phenotypic
variability of the tumour cell group [32,33]. However, most
treatment schemes were designed according to the doc-
tor’s experience. The therapeutic model ‘the same thera-
peutic strategy for the same type of disease’ commonly
existed so its curative effect cannot achieve the expected
purpose. Heterogeneity was often ignored in tumour treat-
ment. Tumour cell genetic instability often appears many
cell subsets with different biology characteristics [34,35].
These cells subsets have different sensitivity to various
therapeutic agents [36]. Some tumour gene expression
resulted in the treatment resistance. Moreover, the treat-
ment factor itself (such as radiotherapy and chemotherapy)
is also a mutagen that promotes formation of new cell sub-
sets in tumour progression especially when the treatment is
not suitable. Obviously, tumour heterogeneity has greatly
trapped the tumour treatment. On the other hand, the indi-
vidual differences between tumour patients, such as the
function of liver and kidney, age, physical condition and
personal lifestyle factors, are also another important factor
which impacts on the tumour treatment [37].
Tumour heterogeneity and individual difference are

actually derived from individualised (or personalised)
variations. No two completely same individuals exist in
the world. Variations are involved in each aspect of
healthcare (Figure 1). Human healthcare includes three
main stages: prediction/prevention, early stage diagno-
sis/early-stage therapy and late-stage diagnosis/late stage
therapy. The assessment of preventive response will
measure the efficacy of preventive intervention. The as-
sessment of therapeutic response, namely, prognostic
assessment, will measure the efficacy of therapeutic
intervention. Towards the goal of human health, the
prediction/prevention is the most important stage
among the three stages because it will keep one in the
status of no disease. Early stage diagnosis/therapy is the
better strategy to halt the development of cancer when
preventive intervention failed. Currently, most molecular
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Figure 1 Personalised (or individualised) variations are involved
in each aspect of healthcare.
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medical studies focus on the discovery of biomarker to-
wards the goal of prediction/prevention and early stage
diagnosis/therapy. Late stage diagnosis/therapy is com-
monly called clinical diagnosis and treatment of a
cancer. However, even though during the late stage diag-
nosis/therapy, variations are still involved in this stage;
for example, radiotherapy and chemotherapy will vary
among individuals.
In summary, cancer is a complex disease and can be

initiated by various factors [1,2]. Tumour progression is
accompanied by multitude of changes in metabolisms
and cell signal pathways [17]. Tumour heterogeneity and
individual differences, or called individualised variations,
also hamper cancer healthcare. It is difficult for one to
use traditional single-factor strategy to perform PPPM
practice in cancer healthcare. Thereby, these factors de-
termine the necessity of the multi-parameter systematic
strategy for PPPM in cancer.

Novel strategies and technologies for multi-parameter
systematic strategies for PPPM in cancer
Chemotherapy and radiotherapy are the main thera-
peutic schemes for cancer in clinic [38,39]. The major
obstacles of cancer chemotherapy are the development
of drug resistance and the severe side effects [40]. Due
to the modest tumour specificity of many anticancer
drugs, normal tissues are also damaged. This prevents
the application of sufficient high doses to eradicate less
sensitive tumour cell populations. Thereby, tumours de-
velop drug resistance that leads to treatment failure and
fatal consequences for patients. Cancer radiotherapy also
appears to develop radiation resistance and severe side
effects [41] in patients. The efficacy of chemotherapy
and radiotherapy of cancer extensively varies among
individuals. Moreover, the prediction/prevention and
early stage diagnosis/therapy in the molecular levels of
cancer remain important and difficult issues. In addition,
individualised variations are involved in each stages of
cancer healthcare, which leads to the complexity of
PPPM in cancer. Novel strategies and technologies such
as ‘omics’ and systems biological techniques would be of
great benefit for PPPM in cancer.

Genomics
Recent genomics technical breakthroughs have facilitated
sequencing of the whole genome, genome-wide methyla-
tion analysis and transcriptome arrays in individual
patients [42,43]. High-throughput sequencing now allows
one to sequence more numbers of study patients and will
facilitate for a therapeutic decision [42-44]. Previous high-
throughput studies on gene expression profiling and epi-
genetic alterations in tumour cells have generated large
amounts of data. The complexity of these data may result
from the heterogeneity of cell material that will provide an
averaging of results among tumour cells, stroma, endothe-
lium and blood cells, and lead to longstanding genomic
instability [45,46]. In turn, DNA studies, while more de-
finitive in the presence of clonal tumour cells, have been
hampered by the inability to readily detect unknown
lesions; polymerase chain reaction amplification technolo-
gies can usually only arrest known suspects but fail to
identify culprits among the general population of genes
that have not been incriminated by previous evidence. An-
other weakness is the lack of a proper reference to the
same individual’s normal tissues. Yet truly predictive or in-
formative studies have proven significantly more difficult
than originally anticipated.

Transcriptomics
Transcriptomics has been used to describe the global
mRNA expression of a particular tissue, yielding infor-
mation about the transcriptional differences between
two or more states [28,47,48]. Understanding the tran-
scriptomics is essential for interpreting the functional
elements of the genome and revealing the molecular
constituents of cells and tissues and also for understand-
ing cancer development.
Microarray allows analysis and quantification of the

entire transcriptome profile of an organism [49].
Hybridisation-based approaches typically involve incu-
bating fluorescently labelled cDNA with custom-made
microarrays or commercial high-density oligonucleo-
tide microarrays. Specialised microarrays have also
been designed; for example, arrays with probes span-
ning exon junctions can be used to detect and quantify
distinct spliced isoforms [50]. Genomic tiling microar-
rays have been constructed and allowed the mapping
of transcribed regions to a very high resolution, from
several base pairs to approximately 100 bp [51,52].
Hybridisation-based approaches are high throughput and
relatively inexpensive. A vast literature has accumulated
on the use of microarray profiling in cancer diagnosis and
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classification. For example, DNA microarray gene expres-
sion profiling can detect lymph node metastases for pri-
mary head and neck squamous cell carcinomas [53].
Combining transcriptional and metabolic data from the
same breast carcinoma sample contributes to a more
refined subclassification of breast cancers as well as
reveals relations between metabolic and transcriptional
levels [54]. Thus, microarray technology is a powerful re-
source for transcriptomes development in cancer.
However, these methods have several limitations,

which include reliance upon existing knowledge about
genome sequence, high background levels owing to
cross-hybridisation [55,56] and a limited dynamic range
of detection owing to both background and saturation of
signals. Moreover, comparing expression levels across
different experiments is often difficult and can require
complicated normalisation methods.

Proteomics
Proteomics mainly applies to the identification, character-
isation and quantitation of the protein in a defined system
(organelle, cell, tissue, biofluid or whole organisms)
[57-59]. Due to its ability to detect a large number of pro-
teins in a short period of time, proteomics has been con-
sidered as a powerful tool for the study of human tumour
[60]. The commonly used quantitative proteomic method-
ologies are (1) gel-based, two-dimensional polyacrylamide
gel electrophoresis [28,57,61,62] and two-dimensional dif-
ference in-gel electrophoresis [63,64] and (2) ‘gel-free’
isotope-tagging/labelling technologies, including isotope-
coded affinity tagging [65,66], stable isotope labelling with
amino acids in cell culture [67], proteolytic 18O labelling
[68,69] and stable isotope-tagged amine-reactive reagents
(iTRAQ) [70-73] and more recently, “label-free” mass
spectrometry (MS)-based proteomics [74,75]. In general,
gel-free methods can address many of the shortcomings of
gel-based approaches, which is tedious and inefficient in
resolving proteins that are lowly abundant, insoluble or
large (>200 kDa) [57]. Gel-free methods have rapidly been
incorporated in proteomic laboratories, since they are able
to overcome many of the limitations of gel-based
approaches [57,76]. These main technological tools are
typically followed by identification of interest spots using
MS analysis which allows highly sensitive and high-
throughput identification of proteins/peptides and post-
translational modifications. Briefly, a large variation of MS
technologies is currently available, which evolved from
electrospray ionisation (ESI) and matrix-assisted laser de-
sorption/ionisation (MALDI) to a new generation of mass
analysers, such as hybrid quadrupole time-of-flight (TOF)
and tandem time-of-flight (TOF/TOF) instruments
[77,78]. While newer and higher capacity MS technolo-
gies, such as LTQ-FT-MS and orbitrap type of analysers,
are being developed [79,80], the most commonly used MS
technologies include MALDI-TOF, SELDI-TOF and ESI-
MS/MS.
By using these technologies, a lot of biomarkers and

drug targets in cancer have been discovered. For example,
Zhan et al. have identified proteins, including pituitary
hormones, cellular signals, enzymes, cellular-defence pro-
teins, cell structure proteins and transport proteins in
human pituitary adenoma using 2-DE with MALDI-TOF
and liquid chromatography-electrospray ionisation-quad-
rupole ion trap (LC-ESI-Q-IT) [28,57,81,82]. The phos-
phorylation sites at Ser-77 and Ser-176 of human growth
hormone were also found in the normal (control) pituitary
and in adenomas [83]. Secretagogin was found to be a po-
tential biomarker for human nonfunctional pituitary aden-
oma [57,82]. GSTP1, HSPB1 and CKB were found to be
novel potential biomarkers for early detection of lung
squamous cell carcinoma by using iTRAQ-tagging com-
bined with two-dimensional liquid chromatography tan-
dem MS analysis, while GSTP1 down-regulation is
involved in human bronchial epithelial carcinogenesis
[84]. The protein profiles in response to epidermal growth
factor (EGF) treatment in ovarian cancer cells were ana-
lysed using iTRAQ labelling and mass spectrometry [85].
One of the differentially regulated proteins, lysosomal-
associated membrane protein-1, in different stages of
epithelial ovarian cancers was found to be a promising
biomarker in understanding the progression of EGF-
stimulated ovarian cancers and to be useful in the predic-
tion of treatment responses involving tyrosine kinase
inhibitors or EGF receptor monoclonal antibodies [85].
It is also evident that current proteomic technologies

are biased towards high-abundant proteins. A current
challenge is, thus, the study of low-abundant proteins [57].
Because many proteins do perform their biological activity
as a partner of protein groups, another area receiving
increasing attention is the protein-protein interaction ana-
lysis and cell signal pathway. The identification of protein-
protein interactions is important to understand the
mechanisms of signal transduction and establishing intra-
cellular signalling networks [86,87].

Metabolomics
Metabolomics is useful to predict the effect of metabolic
pathways on anticancer drugs in tumours and patients
[88]. By means of metabolomic techniques, global sets of
low-molecular weight metabolites are measured as indi-
cators of physiological or pathological states. Large-scale
data obtained by metabolomic methods may contribute
to construct molecular interaction and gene regulatory
networks that are able to predict drug effects [89,90].
The development of drug resistance and severe side
effects leads to treatment failure and fatal consequences
for patients. Novel strategies to broaden the narrow
therapeutic range by separating the effective dose and
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toxic dose would be of great benefit for the improve-
ment of cancer chemotherapy.
The potential of ‘omics’ technologies for the prethera-

peutic screening of markers may help to identify the
best-tolerated and most effective treatment strategy at
optimal dose scheduling according to individual ‘omics’
fingerprints of each cancer and each patient.

Systems biology
The human genome project has catalysed two major
paradigm changes of systems biology and PPPM [91-93],
which dominate the twenty-first century biology and
medicine [94]. Life is a very complicated and systematic
phenomenon, which is not inherent in DNA, RNA, pro-
teins, carbohydrates or lipids but is a consequence of
their actions and interactions [95]. Only analysis of one
factor among them would not really reveal the essential-
ity of life and disease, which results in the difficulty in
fighting against disease. Thus, elucidation of their
actions and interactions must be necessary, which cata-
lyses the coming out of systems biology. Systems biology
is a comprehensive analysis of all the components of a
biological system at a given conditions, which needs an
interdisciplinary team of investigators who are also cap-
able of developing high-throughput technologies and
computational tools. The rapid development of ‘omics’
technologies, bioinformatics and computation biology
accelerates the development of systems biology, which,
in turn, revolutionises the traditional biology [95]. How-
ever, many technical challenges remain for systems biol-
ogy, including (a) data quality and standardisation of
‘omics’-based large-scale data, (b) the immaturity of net-
work biology, (c) the requirement of high-sensitivity
tools for detection and quantification of the concentra-
tions, fluxes and interactions of various types of mole-
cules at a given space and time, (d) the necessity of
miniaturised and automated microfluidics/nanotechnol-
ogy platforms that are capable of multi-parameter ana-
lyses of cell sorting and single cell gene and protein
profiling, (e) the need of imaging technologies that
enable the dynamic, spatial and multi-parameter mea-
surements within single cells, and (f ) even challenges
regarding fair credit and data ownership [95]. Systems
biology will be much improved with resolving those
challenges, which offers the great promise for the revo-
lution in the medicine practice [96]. Under the concept
of systems biology, the integration of ‘omics’ data, spe-
cific genetic traits and multi-parameter diagnostics
techniques will improve and form novel assessing proce-
dures of health and disease status, evolute the predictive
and preventive medicine and restrict personalised
medicine.
The rapid development and application of systems

biology in disease is reforming basic medical research
and clinical practice. In the future, medical researchers,
clinicians and patients will be equipped with a deluge of
personal information such as whole genome sequences,
transcriptomic and proteomic profiling of diseased tis-
sues, interactome network and periodic multi-analyte
blood testing of biomarker panels for disease and well-
ness [96]. This information will enable accurate predic-
tion and early diagnosis for a disease and personalised
treatment of a patient. Of course, ones are still at the dawn
of PPPM, the full implementation of which requires inte-
gration of basic and clinical researches through advanced
systems thinking and the employment of high-throughput
technologies in genomics, proteomics, nanofluidics,
single-cell analysis and computation strategies.
In summary, the development of ‘omics’ and systems

biology strategies and techniques catalysed one to con-
sider healthcare in a multi-parameter systematic angle.
The ‘omics’ produces high-throughput data at the gen-
ome (DNA), transcriptome (mRNA), proteome (protein)
and metabolomics (metabolite) levels. Systems biology
can systematically integrate those ‘omics’ data to form a
panel change of genes, proteins, metabolites and clinical
features to predict, prevent and personalise the treat-
ment of cancer (Figure 2). However, the question also
arises as to which particular cytostatic agent and which
combination of substances is most suited for an individ-
ual tumour. The concept of individualised therapy itself
traces back to the 1950s [97]. The statistical probability
of therapeutic success is well known for larger groups of
patients from clinical therapy trials. However, it is not
possible to predict how an individual tumour will re-
spond to chemotherapy. Although clinic-pathological
prognostic factors such as tumour size, lymph node and
far distance metastases are valuable for the determin-
ation of prognosis of larger cohorts, those are less help-
ful for the development of personalised therapy options.
With the current progress in molecular biology, the
practice of PPPM in the clinic needs a lot of work to do.
Here, an example is taken regarding the use of prote-

omic and transcriptomic variations for PPPM in human
nonfunctional pituitary adenoma. Proteomics and tran-
scriptomics studies were performed in human pituitary
adenoma [28,57,82]. A total of 56 differentially expressed
proteins and 284 differentially expressed genes were
identified in human nonfunctional pituitary adenomas
compared to control pituitaries (Figure 3) [28,57,82].
Only nine genes were found with significant consistent
changes at the mRNA and protein levels (Figure 3). A
phenomenon was observed that at the gene level, a gene
would not have a significant change, but at the protein
level, its corresponding protein has a significant change.
Also, at the gene level, a gene would have a significant
change, but at the protein level, its corresponding pro-
tein had an indistinctive change. It indicates that the
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phenotype of a gene or protein was regulated in the
complex genome and proteome system. The assumption
based on the traditional single gene and protein as a bio-
marker for a cancer healthcare is no reality. Actually, it
is very difficult for one to say that any single cancer-
specific gene and protein is found. But it would be
confident for one to say that a panel of genes/proteins
was discovered to be related to human pituitary aden-
oma. It is very dangerous for those researchers who as-
sume that the research failed without the discovery of
single specific gene and protein. The reality is that there are
a huge number of scientific publications regarding a single
gene and protein, and each publication emphasises that its
studied gene and protein are such important and specific
to a disease. However, in regard to how much of those so-
called specific gene and protein products contributed to
the resolution of a disease in the disease system could be a
doubt. Thus, from the angle of systems biology, four signifi-
cant signalling pathway network variations that were
56 Proteins: 
22 up-regulated
34 down-regulated

284 genes: 
115 up-regulated
169 down-regulated

Proteomics* Transcriptomics9 genes 
with significant

consistent change at 
the mRNA and 
protein levels

Comparative proteomics vs. Comparative transcriptomics 

Figure 3 Analysis of comparative proteomics vs. comparative
transcriptomics in human nonfunctional pituitary adenomas.
*Comparative proteomics found 251 differential gel-spots, 93
differential gel-spots were excised for MS characterisation, and 56
proteins were identified.
associated with nonfunctional pituitary adenomas were dis-
covered including mitochondrial dysfunction, oxidative
stress, cell-cycle dysregulation and the MAPK-signalling
abnormality [10,17]. Therefore, we propose that the use of
a panel of genes/proteins as the biomarker would be more
reliable and significant for prediction, prevention and per-
sonalised treatment of cancer. Based on the concept of
multi-parameter systematic strategy, first, one should con-
sider the human pituitary adenoma as a whole body disease
then the targeted organs for proteomic variation analyses
should include not only pituitary tissues, but also body fluid
(cerebrospinal fluid and plasma). Figure 4 shows the contri-
butions of pituitary tissue proteomic variations and of
body-fluid proteomic/peptidomic variations to pituitary ad-
enoma. Second, no single technique is perfect to measure
the omic variation; one should consider the use of mul-
tiple techniques to measure the proteomic variations and
protein/peptide pattern variations. Figure 5 shows the use
of gel and non-gel methods to measure the pituitary ad-
enoma proteomic variations and the use of systems
biology techniques to denote the protein variation in
the network system. Figure 6 clearly shows the techni-
ques of body fluid protein/peptide pattern recognition
including the SELDI-TOF-MS-based protein pattern
recognition, the MALDI-TOF-MS peptide pattern rec-
ognition and tryptic-peptide pattern recognition; also,
protein/antibody microarray would be another useful
technique for multi-parameter systematic strategy of
PPPM in cancer.

Prospective thoughts regarding multi-parameter
systematic strategies for PPPM in cancer
Recent technological advances, combined with the devel-
opment of bioinformatics and systems biology tools, allow
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us to better address biological questions combining omic
approaches (i.e. genomics, transcriptomics, proteomics
and metabolomics). The rapid developments in omic tech-
nologies allow for a systematic investigation of genes, pro-
teins and metabolites occurring in a tumour. The search
for individual genomic, transcriptomic, proteomic and
metabolomic variations in tumour diseases will help ones
to better characterise the disease in each patient. The
researchers have done a lot of omic data collection in
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Figure 5 Techniques that are used to measure proteomic variations.
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Figure 6 Techniques that are used to measure body fluid protein/peptide pattern variation.
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of blood growth hormone and prolactin has been useful to
predict and diagnose acromegaly and prolatinoma, re-
spectively. However, a large number of acromegaly and
prolactinoma patients are still detected at an advanced
stage. For the nonfunctional pituitary adenomas, no blood
hormone levels are elevated, almost all nonfunctional pitu-
itary adenomas are diagnosed at a late stage, and no mo-
lecular indices measure the therapy response and
prognosis. Multiple-parameter biomarkers from serum or
cerebrospinal fluid (CSF) will resolve these problems in
prediction, prevention and personalised treatment and as-
sessment of a nonfunctional pituitary adenoma. Several
promising multi-parameter strategies from serum or CSF
proteomes and peptidomes might meet those require-
ments and include protein/peptide pattern diagnostics,
protein microarrays and an antibody microarray as
described previously.
Authors agree how important to study the structure

and functions of a single protein/gene. However, perso-
nalised variations are involved in each aspect of health-
care as shown in Figure 1. For prediction, early stage
diagnosis, and personalised treatment of a cancer, ones
are encouraged to consider it through a multi-parameter,
systemic angle of PPPM.
Besides technical support such as the further develop-

ment of a large amount of basic, clinical, bioinformatics
and instrumental methods, the PPPM needs a lot of
work to do (Figure 7): (a) a reliable biobank including
standard sample collection method, standard cell separ-
ation method, authentic and detailed patient data; (b)
government support such as policies and financial sup-
port; (c) education support which helps people know
what is PPPM and accept it; (d) industrial support which
transforms the research results to products and (e) in-
surance support including policies and benefit. There-
fore, to realise PPPM is a systematic engineering and
needs multiple pertinent supports. In addition, this com-
prehensive proposal needs to be supported by not only
different individual research programmes but also inter-
national efforts such as the EPMA [11].
Recent findings have begun to improve analysis condi-

tions in all of these areas, promising that the definition
of new biomarkers will become much more precise. For
RNA and protein characterisation, the choice of the
proper phenotype to be analysed has begun to improve
the feasibility of target identification in relevant cell
populations. Enrichment technologies derived from
other areas of stem cell research have allowed to highly
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enrich the small portion of true tumour-initiating cells
capable of self-renewing growth and forming metastases
from those cells that form the bulk of the tumour but
never metastasise.
Two predictive markers (ER and HER2) for breast can-

cer are taken here for example. To date, these two mar-
kers have been established to predict efficacy of either
endocrine or HER2-targeted therapy in breast cancer.
The treatment of HER2-positive breast cancer is cur-
rently most advanced in terms of personalised breast
cancer therapy. Besides the monoclonal antibody trastu-
zumab, further HER2-targeted drugs, namely tyrosine
kinase inhibitors (TKIs) and other monoclonal anti-
bodies, have been developed to overcome treatment re-
sistance against trastuzumab. Lapatinib, a TKI against
HER2 and HER1, disrupts the HER2 signalling pathway
via inhibition of the intracellular tyrosine kinase activity.
Lapatinib is active after trastuzumab failure and can en-
hance the efficacy of trastuzumab alone [98]. Further
HER2-targeted agents such as pertuzumab or T-DM1
also have the same efficacy on breast cancer therapy.
Personalised treatment, however, does not mean to

target all resistance mechanisms in all patients, but ra-
ther the identification of the right target agent or com-
bination of agents for each individual patient. Thus, the
comprehensive biomarker programmes to elucidate the
specific mechanisms of resistance in individual patient
are needed. Afterwards, an ever-growing list of new tar-
geted agents, according to comprehensive biomarker,
will be greatly effective for cancer therapy. The art of
PPPM will be to select the right treatment for the right
patient at the right time as opposed to the ‘one size fits
all’ concept. In this respect, the integration of multiple
omic results and procedures seems necessary. Therefore,
an emerging challenge is the integration of the huge
amount of data generated and the standardisation of the
procedures and methods used. Functional data integra-
tion will lead to answers to unsolved questions and,
hopefully, will be applicable to clinical practice and man-
agement of patients.
To establish PPPM for clinical practice, the efficient

and fast bioinformatics and systems biology pro-
grammes are required to filter the relevant data useful
for clinicians to guide their treatment decisions. Future
cancer patients will receive a comprehensive genomic
and proteomic analysis of their tumours that will allow
oncologists to tailor therapies aimed at specific mo-
lecular lesions for maximum clinical benefit with min-
imal treatment-related toxicity. Not all of these
findings will be useful for every patient; but step by step,
knowledge of individual molecular lesions will lead to the
development of surgical, radiological and medical
approaches to provide an oncology patient with persona-
lised medicine.
Conclusions
The development of molecular biology and systems biol-
ogy technologies to analyse DNA, RNA, protein and me-
tabolite provides potential contributions to healthcare
practice at both levels of local and holistic therapies of a
tumour patient. These approaches have the potential to
fulfill the promise of delivering the right dose for the
right indication to the right patient at the right time.
Importantly, PPPM offers the opportunity to increase
therapeutic efficacy by targeting the genomic variations
or proteomic variations driving tumour behaviour while,
at the same time, decreasing inadvertent toxicity due to
altered drug metabolism encoded by the patients’ genetic
background. Besides molecular biology technologies de-
velopment, the practice of PPPM also needs all aspects
of support including education, government, reliable
biobanks, industry and insurance. The traditional single-
factor strategy should be shifted to the multi-parameter
systematic strategy for PPPM in cancer.

Abbreviations
CSF: Cerebrospinal fluid; EPMA: European Association for Predictive
Preventive and Personalised Medicine; ESI: Electrospray ionisation;
iTRAQ: Isobaric tags for relative and absolute quantification; LC: Liquid
chromatography; MALDI: Matrix-assisted laser desorption/ionisation;
MAPK: Mitogen-activated protein kinase; MS: Mass spectrometry;
MS/MS: Tandem mass spectrometry; mTOR: Mammalian target of rapamycin;
PI3K/Akt: Phosphoinositide 3-kinase; PPPM: Predictive, preventive and
personalised medicine; Q-IT: Quadrupole ion trap; TOF: time-of-flight;
STAT3: Signal transducer and activator of transcription 3; TOF/TOF: Tandem
time-of-flight.

Competing interests
The authors declare that they have no competing interests.

Authors’ contributions
RH participated in the collection of references, constructed Figure 2 and
drafted the most parts of the initial manuscript and participated in its partial
revision. XW participated in the collection of references and drafted the
section of systems biology. XZ conceived of the concept and idea of this
article, participated in the collection of references, formed the thought line
and outline of this article and constructed Figures 1, 3, 4, 5, 6 and 7 and
their corresponding text descriptions. He also drafted the section that an
example is taken regarding the use of proteomic and transcriptomic
variations for PPPM in human nonfunctional pituitary adenomas as well as
coordinated, guided, led and corresponded the writing and heavily revised
the entire manuscript, and trained RH and XW regarding the concepts of
PPPM and the multi-parameter systematic strategies for PPPM in cancer. All
authors read and approved the final manuscript.

Authors’ information
XZ is a professor of disease proteomics and structural biology at the State
Local Joint Engineering Laboratory for Anticancer Drugs, Hunan Engineering
Laboratory for Structural Biology and Drug Design, and Key Laboratory of
Cancer Proteomics of Chinese Ministry of Health, Xiangya Hospital, Central
South University, China. Before he returned to China in 2012, he had
continuously worked in the United States of America for 11 years, where he
achieved the rank of Associate Professor of Neurology at the University of
Tennessee Health Science Center, USA. He is also a National Representative
of EPMA in China, associate editor of BMC Genomics and BMC Medical
Genomics, and Member of the Editorial Board of EPMA-Journal and
Genomics Discovery. His main research interests are focused on disease
proteomics and structural biology, biomarker and PPPM molecular targets.
RH graduated from China Pharmaceutical University and achieved the Ph.D.
degree in pharmacology in 2011; currently, she is working in Xiangya



Hu et al. The EPMA Journal 2013, 4:2 Page 10 of 12
http://www.epmajournal.com/content/4/1/2
Hospital, Central South University, China, whose research interest is in cancer
proteomics, structural biology and personalised medicine. XW is a graduate
student of pathology and pathophysiology at the Xiangya Hospital, Central
South University, who is supervised by Professor Xianquan Zhan and focuses
on the studies of cancer proteomics, biomarker and structural biology.

Acknowledgements
The authors acknowledge the financial supports from the National Natural
Science Foundation of China (grant no. 81272798 to XZ), and the Xiangya
Hospital Funds for Talent Introduction (to XZ). The scientific contributions of
Professor Dominic M. Desiderio at the University of Tennessee Health
Science Center are acknowledged.

Author details
1Key Laboratory of Cancer Proteomics of Chinese Ministry of Health, Xiangya
Hospital, Central South University, 87 Xiangya Road, Changsha, Hunan
410008, People’s Republic of China. 2Hunan Engineering Laboratory for
Structural Biology and Drug Design, Xiangya Hospital, Central South
University, 87 Xiangya Road, Changsha, Hunan 410008, People’s Republic of
China. 3State Local Joint Engineering Laboratory for Anticancer Drugs,
Xiangya Hospital, Central South University, 87 Xiangya Road, Changsha,
Hunan 410008, People’s Republic of China.

Received: 19 December 2012 Accepted: 9 January 2013
Published: 22 January 2013

References
1. Doll R, Peto R: The causes of cancer: quantitative estimates of avoidable

risks of cancer in the United States today. J Natl Cancer Inst 1981,
66:1191–1308.

2. Pollack IF: Multidisciplinary management of childhood brain tumors: a
review of outcomes, recent advances, and challenges. Neurosurg Pediatr
2011, 8:135–148.

3. Maximo V, Lima J, Prazeres H, Soares P, Sobrinho-Simoes M: The biology
and the genetics of Hurthle cell tumors of the thyroid. Endocr Relat
Cancer 2012, 19:R131–R147.

4. Friedl P, Alexander S: Cancer invasion and the microenvironment:
plasticity and reciprocity. Cell 2011, 147:992–1009.

5. Kang M, Buckley YM, Lowe AJ: Testing the role of genetic factors across
multiple independent invasions of the shrub Scotch broom (Cytisus
scoparius). Mol Ecol 2007, 16:4662–4673.

6. Jobling MA: The impact of recent events on human genetic diversity.
Philos Trans R Soc Lond B Biol Sci 2012, 367:793–799.

7. Chen AY, Chen PM, Chen YJ: DNA topoisomerase I drugs and
radiotherapy for lung cancer. J Thorac Dis 2012, 4:390–397.

8. McGeer PL, McGeer EG: NSAIDs and Alzheimer disease: epidemiological,
animal model and clinical studies. Neurobiol Aging 2007, 28:639–647.

9. Low YL, Wedren S, Liu J: High-throughput genomic technology in
research and clinical management of breast cancer. Evolving landscape
of genetic epidemiological studies. Breast Cancer Res 2006, 8:209.

10. Zhan X, Desiderio DM: The use of variations in proteomes to predict,
prevent, and personalize treatment for clinically nonfunctional pituitary
adenomas. EPMA J 2010, 1:439–459.

11. Golubnitschaja O, Costigliola V, EPMA: General report & recommendations
in predictive, preventive and personalised medicine 2012: white paper
of the European Association for Predictive, Preventive and Personalised
Medicine. EPMA J 2012, 3:14.

12. Dawson MA, Kouzarides T: Cancer epigenetics: from mechanism to
therapy. Cell 2012, 150:12–27.

13. Chaffer CL, Weinberg RA: A perspective on cancer cell metastasis. Science
2011, 331:1559–1564.

14. Valastyan S, Weinberg RA: Tumor metastasis: molecular insights and
evolving paradigms. Cell 2011, 147:275–292.

15. Gonzalez-Angulo AM, Iwamoto T, Liu S, Chen H, Do KA, Hortobagyi GN,
Mills GB, Meric-Bernstam F, Symmans WF, Pusztai L: Gene expression,
molecular class changes, and pathway analysis after neoadjuvant
systemic therapy for breast cancer. Clin Cancer Res 2012, 18:1109–1119.

16. Nosho K, Baba Y, Tanaka N, Shima K, Hayashi M, Meyerhardt JA, Giovannucci E,
Dranoff G, Fuchs CS, Ogino S: Tumour-infiltrating T-cell subsets, molecular
changes in colorectal cancer, and prognosis: cohort study and literature
review. J Pathol 2010, 222:350–366.
17. Zhan X, Desiderio DM: Signaling pathway networks mined from human
pituitary adenoma proteomics data. BMC Med Genomics 2010, 3:13.

18. Laplante M, Sabatini DM: mTOR signaling in growth control and disease.
Cell 2012, 149:274–293.

19. Chen J: Multiple signal pathways in obesity-associated cancer. Obes Rev
2011, 12:1063–1070.

20. Janku F, Wheler JJ, Westin SN, Moulder SL, Naing A, Tsimberidou AM, Fu S,
Falchook GS, Hong DS, Garrido-Laguna I, Luthra R, Lee JJ, Lu KH, Kurzrock R:
PI3K/AKT/mTOR inhibitors in patients with breast and gynecologic
malignancies harboring PIK3CA mutations. J Clin Oncol 2012, 30:777–782.

21. Aziz SA, Jilaveanu LB, Zito C, Camp RL, Rimm DL, Conrad P, Kluger HM:
Vertical targeting of the phosphatidylinositol-3 kinase pathway as a
strategy for treating melanoma. Clin Cancer Res 2010, 16:6029–6039.

22. Bhende PM, Park SI, Lim MS, Dittmer DP, Damania B: The dual PI3K/mTOR
inhibitor, NVP-BEZ235, is efficacious against follicular lymphoma.
Leukemia 2010, 24:1781–1784.

23. Chapuis N, Tamburini J, Green AS, Vignon C, Bardet V, Neyret A, Pannetier M,
Willems L, Park S, Macone A, Maira SM, Ifrah N, Dreyfus F, Herault O, Lacombe C,
Mayeux P, Bouscary D: Dual inhibition of PI3K and mTORC1/2 signaling by
NVP-BEZ235 as a new therapeutic strategy for acute myeloid leukemia. Clin
Cancer Res 2010, 16:5424–5435.

24. Santiskulvong C, Konecny GE, Fekete M, Chen KY, Karam A, Mulholland D,
Eng C, Wu H, Song M, Dorigo O: Dual targeting of phosphoinositide
3-kinase and mammalian target of rapamycin using NVP-BEZ235 as a
novel therapeutic approach in human ovarian carcinoma. Clin Cancer Res
2011, 17:2373–2384.

25. Prasad G, Sottero T, Yang X, Mueller S, James CD, Weiss WA, Polley MY,
Ozawa T, Berger MS, Aftab DT, Prados MD, Haas-Kogan DA: Inhibition of
PI3K/mTOR pathways in glioblastoma and implications for combination
therapy with temozolomide. Neuro Oncol 2011, 13:384–392.

26. Garlich JR, De P, Dey N, Su JD, Peng X, Miller A, Murali R, Lu Y, Mills GB,
Kundra V, Shu HK, Peng Q, Durden DL: A vascular targeted pan
phosphoinositide 3-kinase inhibitor prodrug, SF1126, with antitumor
and antiangiogenic activity. Cancer Res 2008, 68:206–215.

27. Longo DL: Tumor heterogeneity and personalized medicine. N Engl J Med
2012, 366:956–957.

28. Moreno CS, Evans CO, Zhan X, Okor M, Desiderio DM, Oyesiku NM: Novel
molecular signaling and classification of human clinically nonfunctional
pituitary adenomas identified by gene expression profiling and
proteomic analyses. Cancer Res 2005, 65:10214–10222.

29. Samuel N, Hudson TJ: Translating genomics to the clinic: implications of
cancer heterogeneity. Clin Chem 2013, 59:127–137.

30. Almendro V, Marusyk A, Polyak K: Cellular heterogeneity and molecular
evolution in cancer. Annu Rev Pathol 2012, doi:10.1146/annurev-pathol-
020712-163923.

31. Julien S, Merino-Trigo A, Lacroix L, Pocard M, Goéré D, Mariani P, Landron S,
Bigot L, Nemati F, Dartigues P, Weiswald LB, Lantuas D, Morgand L, Pham E,
Gonin P, Dangles-Marie V, Job B, Dessen P, Bruno A, Pierré A, De Thé H,
Soliman H, Nunes M, Lardier G, Calvet L, Demers B, Prévost G, Vrignaud P,
Roman-Roman S, Duchamp O, Berthet C: Characterization of a large panel
of patient-derived tumor xenografts representing the clinical
heterogeneity of human colorectal cancer. Clin Cancer Res 2012,
18:5314–5328.

32. Marusyk A, Almendro V, Polyak K: Intra-tumour heterogeneity: a looking
glass for cancer? Nat Rev Cancer 2012, 12:323–334.

33. Damia G, D’Incalci M: Genetic instability influences drug response in
cancer cells. Curr Drug Targets 2010, 11:1317–1324.

34. Hile SE, Shabashev S, Eckert KA: Tumor-specific microsatellite instability:
do distinct mechanisms underlie the MSI-L and EMAST phenotypes?
Mutat Res 2012, doi:10.1016/j.mrfmmm.2012.11.003.

35. Corcos D: Unbalanced replication as a major source of genetic instability
in cancer cells. Am J Blood Res 2012, 2:160–169.

36. Pietras A: Cancer stem cells in tumor heterogeneity. Adv Cancer Res 2011,
112:255–281.

37. George O, Koob GF: Individual differences in prefrontal cortex function
and the transition from drug use to drug dependence. Neurosci Biobehav
Rev 2010, 35:232–247.

38. Gridelli C, Maione P, Colantuoni G, Rossi A: Chemotherapy of non-small
cell lung cancer in elderly patients. Curr Med Chem 2002, 9:1487–1495.

39. Cosset JM, Mauch PM: The role of radiotherapy for early stage Hodgkin’s
disease: limitations and perspectives. Ann Oncol 1998, 9:S57–S62.

http://dx.doi.org/10.1146/annurev-pathol-020712-163923
http://dx.doi.org/10.1146/annurev-pathol-020712-163923
http://dx.doi.org/10.1016/j.mrfmmm.2012.11.003


Hu et al. The EPMA Journal 2013, 4:2 Page 11 of 12
http://www.epmajournal.com/content/4/1/2
40. Abraham I, El Sayed K, Chen ZS, Guo H: Current status on marine products
with reversal effect on cancer multidrug resistance. Mar Drugs 2012,
10:2312–2321.

41. Moncharmont C, Levy A, Gilormini M, Bertrand G, Chargari C, Alphonse G,
Ardail D, Rodriguez-Lafrasse C, Magné N: Targeting a cornerstone of
radiation resistance: cancer stem cell. Cancer Lett 2012, 322:139–147.

42. Parkinson H, Sarkans U, Kolesnikov N, Abeygunawardena N, Burdett T, Dylag M,
Emam I, Farne A, Hastings E, Holloway E, Kurbatova N, Lukk M, Malone J, Mani R,
Pilicheva E, Rustici G, Sharma A, Williams E, Adamusiak T, Brandizi M, Sklyar N,
Brazma A: ArrayExpress update - an archive of microarray and high-
throughput sequencing-based functional genomics experiments.
Nucleic Acids Res 2011, 39:D1002–D1004.

43. Chambers EV, Kindt AS, Semple CA: Opening sequence: computational
genomics in the era of high-throughput sequencing. Genome Biol
2011, 12:310.

44. Wakefield MJ: Genomics - from Neanderthals to high-throughput
sequencing. Genome Biol 2006, 7:326.

45. Ekmektzoglou KA, Samelis G, Karagiannis S, Zografos G, Xanthos T:
Genomic instability in ulcerative colitis: a prerequisite for cancer in the
inflammatory colon? Acta Gastroenterol Belg 2012, 75:293–299.

46. Giaretti W, Pentenero M, Gandolfo S, Castagnola P: Chromosomal
instability, aneuploidy and routine high-resolution DNA content analysis
in oral cancer risk evaluation. Future Oncol 2012, 8:1257–1271.

47. Sanchez-Pla A, Reverter F, Ruiz de Villa MC, Comabella M: Transcriptomics:
mRNA and alternative splicing. J Neuroimmunol 2012, 248:23–31.

48. Evans CO, Moreno CS, Zhan X, McCabe MT, Vertino PM, Desiderio DM,
Oyesiku NM: Molecular pathogenesis of human prolactinomas identified
by gene expression profiling, RT-qPCR, and proteomic analyses. Pituitary
2008, 11:231–245.

49. Lim LP, Lau NC, Garrett-Engele P, Grimson A, Schelter JM, Castle J, Bartel DP,
Linsley PS, Johnson JM: Microarray analysis shows that some microRNAs
downregulate large numbers of target mRNAs. Nature 2005, 433:769–773.

50. Clark TA, Sugnet CW, Ares M Jr: Genomewide analysis of mRNA
processing in yeast using splicing-specific microarrays. Science 2002,
296:907–910.

51. David L, Huber W, Granovskaia M, Toedling J, Palm CJ, Bofkin L, Jones T,
Davis RW, Steinmetz LM: A high-resolution map of transcription in the
yeast genome. Proc Natl Acad Sci U S A 2006, 103:5320–5325.

52. Bertone P, Stolc V, Royce TE, Rozowsky JS, Urban AE, Zhu X, Rinn JL,
Tongprasit W, Samanta M, Weissman S, Gerstein M, Snyder M: Global
identification of human transcribed sequences with genome tiling
arrays. Science 2004, 306:2242–2246.

53. Roepman P, Wessels LF, Kettelarij N, Kemmeren P, Miles AJ, Lijnzaad P,
Tilanus MG, Koole R, Hordijk GJ, van der Vliet PC, Reinders MJ, Slootweg PJ,
Holstege FC: An expression profile for diagnosis of lymph node
metastases from primary head and neck squamous cell carcinomas.
Nat Genet 2005, 37:182–186.

54. Borgan E, Sitter B, Lingjærde OC, Johnsen H, Lundgren S, Bathen TF, Sørlie T,
Børresen-Dale AL, Gribbestad IS: Merging transcriptomics and metabolomics -
advances in breast cancer profiling. BMC Cancer 2010, 10:628.

55. Okoniewski MJ, Miller CJ: Hybridization interactions between probesets in
short oligo microarrays lead to spurious correlations. BMC Bioinforma
2006, 7:276.

56. Royce TE, Rozowsky JS, Gerstein MB: Toward a universal microarray:
prediction of gene expression through nearest-neighbor probe
sequence identification. Nucleic Acids Res 2007, 35:e99.

57. Zhan X, Desiderio DM: Comparative proteomics analysis of human
pituitary adenomas: current status and future perspective. Mass Spectrom
Rev 2005, 24:783–813.

58. Sabidó E, Selevsek N, Aebersold R: Mass spectrometry-based proteomics
for systems biology. Curr Opin Biotechnol 2012, 23:591–597.

59. Bensimon A, Heck AJ, Aebersold R: Mass spectrometry-based proteomics
and network biology. Annu Rev Biochem 2012, 81:379–405.

60. Aebersold R, Mann M: Mass spectrometry-based proteomics. Nature 2003,
422:198–207.

61. Zhan X, Desiderio DM: Heterogeneity analysis of the human pituitary
proteome. Clin Chem 2003, 49:1740–1751.

62. Desiderio DM, Zhan X: A study of the human pituitary proteome: the
characterization of differentially expressed proteins in an adenoma
compared to a control. Cell Mol Biology 2003, 49:689–712.
63. Liu J, Zhan X, Li M, Li G, Zhang P, Xiao Z, Shao M, Peng F, Hu R, Chen Z:
Mitochondrial proteomics of nasopharyngeal carcinoma metastasis.
BMC Med Genomics 2012, 5:62.

64. Zhou G, Li H, DeCamp D, Chen S, Shu H, Gong Y, Flaig M, Gillespie JW, Hu N,
Taylor PR, Emmert-Buck MR, Liotta LA, Petricoin EF 3rd, Zhao Y: 2D differential
in-gel electrophoresis for the identification of esophageal scans cell cancer-
specific protein markers. Mol Cell Proteomics 2002, 1:117–124.

65. Shiio Y, Aebersold R: Quantitative proteome analysis using isotope-coded
affinity tags and mass spectrometry. Nat Protoc 2006, 1:139–145.

66. Schrimpf SP, Meskenaite V, Brunner E, Rutishauser D, Walther P, Eng J, Aebersold
R, Sonderegger P: Proteomic analysis of synaptosomes using isotope-coded
affinity tags and mass spectrometry. Proteomics 2005, 5:2531–2541.

67. Munday DC, Surtees R, Emmott E, Dove BK, Digard P, Barr JN, Whitehouse A,
Matthews D, Hiscox JA: Using SILAC and quantitative proteomics to
investigate the interactions between viral and host proteomes.
Proteomics 2012, 12:666–672.

68. Rao KC, Palamalai V, Dunlevy JR, Miyagi M: Peptidyl-Lys metalloendopeptidase-
catalyzed 18O labeling for comparative proteomics: application to cytokine/
lipolysaccharide-treated human retinal pigment epithelium cell line.
Mol Cell Proteomics 2005, 4:1550–1557.

69. Miyagi M, Rao KC: Proteolytic 18O-labeling strategies for quantitative
proteomics. Mass Spectrom Rev 2007, 26:121–136.

70. Chaerkady R, Pandey A: Applications of proteomics to lab diagnosis.
Annu Rev Pathol 2008, 3:485–498.

71. Chen X, Sun L, Yu Y, Xue Y, Yang P: Amino acid-coded tagging approaches in
quantitative proteomics. Expert Rev Proteomics 2007, 4:25–37.

72. Lee JY, Pajarillo EA, Kim MJ, Chae JP, Kang DK: Proteomic and
transcriptional analysis of Lactobacillus johnsonii PF01 during bile salt
exposure by iTRAQ shotgun proteomics and quantitative RT-PCR.
J Proteome Res 2013, 12:432–443.

73. Jankova L, Chan C, Fung CL, Song X, Kwun SY, Cowley MJ, Kaplan W, Dent OF,
Bokey EL, Chapuis PH, Baker MS, Robertson GR, Clarke SJ, Molloy MP: Proteomic
comparison of colorectal tumours and non-neoplastic mucosa from paired
patient samples using iTRAQ mass spectrometry. Mol Biosyst 2011,
7:2997–3005.

74. Zhang B, VerBerkmoes NC, Langston MA, Uberbacher E, Hettich RL,
Samatova NF: Detecting differential and correlated protein expression in
label-free shotgun proteomics. J Proteome Res 2006, 5:2909–2918.

75. Gao BB, Stuart L, Feener EP: Label-free quantitative analysis of one-dimensional
PAGE LC/MS/MS proteome: application on angiotensin II-stimulated smooth
muscle cells secretome. Mol Cell Proteomics 2008, 7:2399–2409.

76. Rabilloud T: Two-dimensional gel electrophoresis in proteomics: old, old
fashioned, but it still climbs up the mountains. Proteomics 2002, 2:3–10.

77. Cravatt BF, Simon GM, Yates JR III: The biological impact of mass-spectrometry-
based proteomics. Nature 2007, 450:991–1000.

78. Domon B, Aebersold R: Mass spectrometry and protein analysis. Science
2006, 312:212–217.

79. Scigelova M, Makarov A: Orbitrap mass analyzer - overview and
applications in proteomics. Proteomics 2006, 6(Suppl 2):16–21.

80. Schmidt A, Gehlenborg N, Bodenmiller B, Mueller LN, Campbell D, Mueller M,
Aebersold R, Domon B: An integrated, directed mass spectrometric approach
for in-depth characterization of complex peptide mixtures. Mol Cell Proteomics
2008, 7:2138–2150.

81. Zhan X, Desiderio DM: A reference map of a human pituitary adenoma
proteome. Proteomics 2003, 3:699–713.

82. Zhan X, Evans CO, Oyesiku NM, Desiderio DM: Proteomics and
transcriptomics analyses of secretagogin down-regulation in human
non-functional pituitary adenomas. Pituitary 2003, 6:189–202.

83. Zhan X, Giorgianni F, Desiderio DM: Proteomics analysis of growth
hormone isoforms in the human pituitary. Proteomics 2005, 5:1228–1241.

84. Zeng GQ, Zhang PF, Deng X, Yu FL, Li C, Xu Y, Yi H, Li MY, Hu R, Zuo JH, Li
XH, Wan XX, Qu JQ, He QY, Li JH, Ye X, Chen Y, Li JY, Xiao ZQ:
Identification of candidate biomarkers for early detection of human lung
squamous cell cancer by quantitative proteomics. Mol Cell Proteomics
2012, 11:M111 013946.

85. Marzinke MA, Choi CH, Chen L, Shih IM, Chan DW, Zhang H: Proteomic
analysis of temporally stimulated ovarian cancer cells for biomarker
discovery. Mol Cell Proteomics 2012, doi:10.1074/mcp.M112.019521.

86. Franceschini A, Szklarczyk D, Frankild S, Kuhn M, Simonovic M, Roth A, Lin J,
Minguez P, Bork P, von Mering C, Jensen LJ: STRING v9.1: protein-protein

http://dx.doi.org/10.1074/mcp.M112.019521


Hu et al. The EPMA Journal 2013, 4:2 Page 12 of 12
http://www.epmajournal.com/content/4/1/2
interaction networks, with increased coverage and integration.
Nucleic Acids Res 2012, doi:10.1093/nar/gks1094.

87. De Las RJ, Prieto C: Protein interactions: mapping interactome networks
to support drug target discovery and selection. Methods Mol Biol 2012,
910:279–296.

88. Schmidt C: Metabolomics takes its place as latest up-and-coming “omic”
science. J Natl Cancer Inst 2004, 96:732–734.

89. Vadigepalli R, Chakravarthula P, Zak DE, Schwaber JS, Gonye GE: PAINT: a
promoter analysis and interaction network generation tool for gene
regulatory network identification. OMICS 2003, 7:235–252.

90. Pommier Y, Sordet O, Antony S, Hayward RL, Kohn KW: Apoptosis defects
and chemotherapy resistance: molecular interaction maps and networks.
Oncogene 2004, 23:2934–2949.

91. Chen R, Snyder M: Promise of personalized ‘omics’ to precision medicine.
Wiley Interdiscip Rev Syst Biol Med 2013, 5:73–82. doi:10.1002/wsbm.1198.

92. Ginsburg GS, Kuderer NM: Comparative effectiveness research, genomics-
enabled personalized medicine, and rapid learning health care: a
common bond. J Clin Oncol 2012, 30:4233–4242.

93. Qattan M, Demonacos C, Krstic-Demonacos M: Roadmap to personalized
medicine. Croat Med J 2012, 53:294–297.

94. Hood L: Systems biology: integrating technology, biology, and
computation. Mech Ageing Dev 2003, 124:9–16.

95. Aderem A: Systems biology: its practice and challenges. Cell 2005,
121:511–513.

96. Hood L, Tian Q: Systems approaches to biology and disease enable
translational systems medicine. Genomics Proteomics Bioinformatics 2012,
10:181–185.

97. Cortazar P, Johnson BE: Review of the efficacy of individualized
chemotherapy selected by invitro drug sensitivity testing for patients
with cancer. J Clin Oncol 1999, 17:1625–1631.

98. Blackwell KL, Burstein HJ, Storniolo AM, Rugo H, Sledge G, Koehler M, Ellis C,
Casey M, Vukelja S, Bischoff J, Baselga J, O’Shaughnessy J: Randomized
study of lapatinib alone or in combination with trastuzumab in women
with ErbB2-positive, trastuzumab-refractory metastatic breast cancer.
J Clin Oncol 2010, 28:1124–1130.

doi:10.1186/1878-5085-4-2
Cite this article as: Hu et al.: Multi-parameter systematic strategies for
predictive, preventive and personalised medicine in cancer. The EPMA
Journal 2013 4:2.
Submit your next manuscript to BioMed Central
and take full advantage of: 

• Convenient online submission

• Thorough peer review

• No space constraints or color figure charges

• Immediate publication on acceptance

• Inclusion in PubMed, CAS, Scopus and Google Scholar

• Research which is freely available for redistribution

Submit your manuscript at 
www.biomedcentral.com/submit

http://dx.doi.org/10.1093/nar/gks1094
http://dx.doi.org/10.1002/wsbm.1198

	Abstract
	Review
	Introduction
	Pathophysiological basis of multi-parameter systematic strategies for PPPM in cancer
	Novel strategies and technologies for multi-parameter systematic strategies for PPPM in cancer
	Genomics
	Transcriptomics
	Proteomics
	Metabolomics
	Systems biology

	Prospective thoughts regarding multi-parameter systematic strategies for PPPM in cancer

	Conclusions
	Competing interests
	Authors’ contributions
	Authors’ information 
	Acknowledgements
	Author details
	References

