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Abstract The pathogenesis of autoimmune diseases (ADs) is characterized by a complex interaction between genetic,

immune defects, environmental and hormonal factors. The concept of ‘‘mosaic of autoimmunity’’ deals with the multi-

factorial origin and diversity of expression of ADs in humans. Genetic leads to a predisposition in developing an auto-

immune syndrome, but the presence of an external or endogenous environmental factor, recently called ‘‘exposome,’’ is

essential in triggering the immune response. Infections as well as the expositions to different other external environmental

agents have been identified as potential trigger for ADs. A new syndrome, namely the autoimmune/inflammatory syndrome

induced by adjuvants, has recently been defined alluding to the key role of adjuvant in inducing an immune-mediated

condition. Aluminum and silicone, respectively found in vaccines and breast implants, are the most commonly known

adjuvants charged with development of autoimmune conditions. Similarly to playing chess, unraveling the pathogenesis of

autoimmune diseases with every new discovery is adding a move to the game aiming at checkmating ADs.
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Autoimmune diseases (ADs) are chronic conditions initi-

ated by the loss of immunological tolerance to self-anti-

gens. In the pathogenesis of ADs, a complex interaction

between genetic, immune defects, environmental and

hormonal factors has been hypothesized [1]. The so-called

mosaic of autoimmunity [2] encompasses a multi-factorial

origin and diversity of expression of ADs in humans. The

mechanisms underlying such conditions are not still clari-

fied. This special issue of Immunological research is

focused on the rising aspects on pathogenesis, diagnosis

and treatment of autoimmune diseases. Selected papers

from the 8th International congress on Autoimmunity that

was held in Granada in May 2012 have outlined the

importance of unravelling the different facades of auto-

immunity. Genetic leads to a predisposition in developing

an autoimmune or an autoinflammatory syndrome, but the

presence of an external or endogenous environmental fac-

tor, recently called ‘‘exposome’’ [3], is essential in trig-

gering the immune response. Perricone et al. [4] have

stressed that a specific genetic background seems to be

required for the development of an autoimmune response.

Indeed, already a number of gene polymorphisms have

been associated with the onset of ADs [4]. Nonetheless,
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since the production of autoantibodies is genetically

determined and their presence seems to determine the

clinical presentation of ADs, the authors raised the question

whether genetic predisposes to the development of the

autoantibody rather than to overt disease. For instance,

concerning the genetic predisposition to rheumatoid

arthritis (RA), there are a number of evidences dealing with

the association between HLA shared epitope, smoke, the

production of anti-citrullinated protein/peptide antibodies

and the disease susceptibility and severity [5]. Genes may

favor also the onset of disease comorbidities, such as car-

diovascular (CV) involvement. A recent study has under-

lined the connection between RA and an increased risk of

CVD, which is driven by both traditional risk factors

(hypercholesterolemia, diabetes mellitus, abnormal body

mass index, abdominal obesity and smoking) and non-tra-

ditional risk factors (familial autoimmunity, more than

10 years of duration of the disease, age at onset, patients

who worked at household duties, use of systemic steroids

and low educational level) [6]. Thus, it is clear that envi-

ronmental factors are driving the autoimmune process, of

which smoke habits is one of the most known risk factor

[6]. Cigarette smoke leads to a release of intracellular

antigens via tissue hypoxia or toxin-mediated cellular

necrosis, and its products can enhance autoreactive B cell

or peripheral T-lymphocytes proliferation. Bieber et al. [7]

have reported that the subsequent production of free radi-

cals interacting with DNA may cause genetic mutations

and elicit a gene activation that leads to ADs, suggesting

the overlap between RA and chronic obstructive pulmon-

ary disease. Parallel to smoke, infections are known to play

a major role. For this reason, Bogdanos et al. [8] have

included in the field of ‘‘exposome’’ the new concept of the

‘‘infectome’’ meant as the study of all infectious factors

which contribute to the development of an autoimmune

disease. The pathogenic association between infectious

agents and the development of ADs is well known and

carefully reviewed in the literature [8, 9]. Specifically, the

infectious agent can trigger an autoimmune response

through different mechanisms including molecular mim-

icry, epitope spreading, bystander activation and poly-

clonal activation [10, 11]. On the other hand, investigations

of the immunomodulatory effects operated by parasitic

infections have documented a protective effect of some

parasitic infections against autoimmune inflammation. This

beneficial effect is believed to involve the shift toward a

Th2 predominant immunological phenotype [12]. In this

view, Fisher et al. [13] reported a significantly higher

seroprevalence of anti-Toxoplasma gondii IgG antibody in

European patients with RA compared to European patients

with SLE, suggesting a plausible role of Toxoplasma

gondii infection in the pathogenesis of RA. This possibility

opens a new chapter dealing with prevention or treatment

of patients with RA by eradicating T. gondii infection. In

the context of parasite infections, the role of eosinophils in

ADs is still unclear. Indirect data derive from an emerging

disease eosinophilic esophagitis (EoE), in which a major

pathogenic role is played by an altered immune response,

non-IgE mediated, that winks to autoimmunity [14]. In

another study, Dolcino et al. [15] found that anti-rotavirus

antibodies may predict the onset of celiac disease sug-

gesting a pathogenic role for this virus [15]. It is clear that

again the genetic background is necessary (but not suffi-

cient) for the development of overt disease, probably

involving mechanism of protection from infection as

recently demonstrated in Ashkenazi individuals [16].

A new star within the external environmental agents in

triggering ADs is the adjuvant. An entirely new syndrome,

namely the autoimmune/inflammatory syndrome induced by

adjuvants (ASIA) [17–20], has been defined. This syndrome

includes several medical conditions (vaccination-induced

autoimmunity [21], silicone implants–induced autoimmu-

nity [22], Gulf War Syndrome (GWS) [23], macrophagic

myofasciitis (MMF) with chronic fatigue syndrome [24] and

the sick building syndrome [25]) which share as common

denominator the presence of an adjuvant that chronically

stimulates the immune system [26]. Adjuvants have been

used for decades to improve the immune response to vac-

cines, and among this large group, aluminum and silicone

are the most commonly described. Nonetheless, as supported

by increasing reports [27, 28], although rarely vaccines are

able to trigger the development of ADs in genetically sus-

ceptible humans, this could be ascribed to the presence of

containing adjuvants [29–31]. The time relationship between

the vaccine delivery and overt disease can last from few

weeks to even years. Interestingly, Cerpa-Cruz et al. [32]

confirmed the link between vaccinations and increased risk

of autoimmune responses suggestive for ASIA. In this study,

43 out of 120 patients experienced the new onset of a non-

specific inflammatory response (fever, myalgia, arthralgia)

or signs or symptoms of an immune-mediated condition

following vaccination.

In the last century, aluminum became available for

human use not only as vaccine adjuvant but also as a

common additive in various processed foods, cosmetics or

pharmaceutical products. A now abundant literature shows

that exposure of humans and animals to aluminum from

various sources can have deleterious consequences on

nervous system, especially in adults [33]. This fact was

extensively addressed by Shaw and Tomljenovic [33] who

described the association between aluminum exposure and

amyotrophic lateral sclerosis, Alzheimer’s disease or aut-

ism spectrum disorders [34]. In Alzheimer’s disease, in

addition to amyloid b accumulation, high levels of alumi-

num in the brain of patients have been found. Moreover, a

correlation between the number of vaccines delivery
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containing aluminum and the changes in autism rates as

well as the detection of higher than normal aluminum

levels in the hair, blood and/or urine of autistic children has

been described [35]. We should underline that the mech-

anism by which aluminum is able to induce neurological

disorders is probably dual. Indeed, aluminum can both

directly damage the blood–brain barrier thus increasing its

permeability [36], or indirectly stimulate the release of pro-

inflammatory cytokines from microglia [37], or up-regulate

chemo-attractants responsible for the recruitment of

immunocompetent cells to the brain [38]. Luján et al. [39]

went further and reported the potential of aluminum to

trigger neurological disorders in an animal model [39]. In

this study, a newly recognized entity similar to the ASIA

syndrome in humans following immunization has been

described in sheep. This study points the evidence that

neurological immune-mediated damage caused by alumi-

num can be observed in in vivo models of disease.

Indeed, Gherardi et al. [40] described a severe meningo-

encephalitis probably due to the direct transport of aluminum

by macrophages to the central nervous system. In a recent

paper, authors from the same group were able to identify a

CCL2-dependent pathway of penetration of alum into the

brain [40]. Such transfer of aluminum to draining lymph

nodes, spleen and brain operated by monocyte-lineage cells

has been described in patients with MMF [41]. It is inter-

esting to know that an analogue evidence of translocation

operated by macrophages has been found also for silicon.

Since this substance was considered an inert material and

thus unable to induce immune reactions [42], silicon was

incorporated into a myriad of medical products. Such mol-

ecule is most commonly used as component of breast

implants and once injected it is able to stimulate a local

macrophage activation which results in cytokines and reac-

tive oxygen species production. The process of oxidation

leads to macrophage apoptosis resulting in the release of

silicon containing particles that can be taken up once again

by other macrophages that amplify the inflammatory process

[43]. This condition carries to the silica formation or, alter-

natively, to the silicon translocation to the regional lymph

nodes [44]. The property of silicon to trigger the immune

response and induce autoimmunity has been already descri-

bed [45, 46]. Cohen Tervaert et al. [47] reported on a series of

32 patients with silicone breast implants who developed

immune-mediated conditions. If half of the patients were

diagnosed with a well-defined systemic autoimmune disease,

all patients suffered from a constellation of sign and symp-

toms and fulfilled the proposed criteria for ASIA.

Diagnosing autoimmunity has been a medical challenge

for decades. One of the mainstay of such diagnostic process

is autoantibodies testing. Indeed, the search and quantifi-

cation of autoantibodies are critical in classifying several

autoimmune diseases and are helpful in performing

differential diagnosis. In this special issue one particular

eye has been given not only to the different diagnostic

techniques but also to the potential biomarkers for auto-

immune diseases. Despite autoimmune diseases have

conventionally been considered as distinct disorders and,

consequently, separately treated, the concept of autoim-

mune comorbidity has been introduced. Indeed, multiple

autoimmune syndromes and overlap syndromes can coexist

in the same patient. The importance of multiple autoanti-

bodies testing to diagnose such comorbidities has been

outlined by Tozzoli et al. [48]. The authors stressed that

autoimmune patients at higher risk for the development of

polyautoimmunity (i.e. a second autoimmune disease) are

candidates for extended serological testing as well as

careful clinical evaluation. The cost-effective ratio of such

behavior should be evaluated. In this view, it would be

important to: (1) unravel the most commonly overlapping

antibodies and most specific; (2) support the development

of automated and standardized multiplex immunoassays

carefully selecting specific kits for most likely overlapping

syndromes. The assays should always careful give the

quantification of the searched autoantibody [49]. Indeed,

this is a clinically useful practice, not only in the diagnostic

stage, but also during follow-up of patients with autoim-

mune diseases. It is general opinion that the highest is the

titer of the antibody, more likely the patient will be affected

with the respective autoimmune disease. However, there

are several cases in which the level of the antibody is not

crucial in predicting disease relapses. This is the case of

anti-citrullinated protein/peptide antibodies (anti-CCP) that

in several studies are reported unmodified after anti-TNF

therapy in patients with RA despite disease activity ame-

lioration [50, 51]. It is possible that the test used to assess

anti-CCP can influence these results. For instance, Szek-

anecz et al. [52] have found that the CCP3.1 test shows

better performances when compared with CCP2 and MCV

in patients with seronegative RA. This evidence may in

some cases even change the classification of a patient

(according with the new criteria), and it cannot be excluded

that when applied to monitoring of disease status and

response to therapy, this test may show superior sensitivity.

Thus, it is clear that the laboratory autoimmunologist

should be put in the position to have precise instruments

supporting the clinical data to better address the disease

status of the patients. In this view, the assessment of the

bishops within the autoantibodies, the anti-nuclear anti-

bodies (ANA) is crucial. Indeed, till nowadays standardi-

zation of ANA measurement is lacking and automated

methods are not fully reliable. Thus, Zafrir et al. [53]

evaluated an automated chemiluminescent immunoassay

kit for ANA, the LIAISON� (DiaSorin, Italy). They found

that the specificity for ANA screening was 97 % in a

cohort of patients with different ADs, suggesting that the
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kit is specific and sensitive for the evaluation of ANA in

patients with primary biliary cirrhosis, scleroderma and

Sjögren’s syndrome. The possibility to finally have stan-

dardized measures is just out the door and waiting to be

confirmed in larger populations.

Moreover, there are cases in which the role of antibodies

has been for too long underestimated. As such the anti-

phosphatidylserine/prothrombin antibodies have not been

lucky in the field of autoimmunity, despite the fact that

they represent two-thirds of lupus anticoagulant (LA) pro-

thrombotic activity and that they can be quite easily

detected by ELISA. In this special issue, Pregnolato et al.

[54] found a high prevalence of anti-phosphatidylserine/

prothrombin antibodies in LA-positive subjects (81–87 %)

and, more relevantly, a strong correlation with thrombotic

manifestations. If further validated, it could be suggested to

include these antibodies within the major criteria for

classification of antiphospholipid syndrome (APS) and to

evaluated the cost-effectiveness of such measure.

Besides autoantibodies, a major pathogenic and diag-

nostic role in autoimmunity is still played by complement.

Ballanti et al. [55] have extensively reviewed the functions

and implications of this complex system. We should remind

that complement is included in the assessment of disease

activity in systemic lupus erythematosus (SLE). Ballanti

et al. [50] have addressed on recent data suggesting that

complement levels may be crucial also in other conditions,

such as psoriatic and rheumatoid arthritis in the monitoring

of anti-TNF therapy [56].

Rising expectation are awaited from the study of the

‘‘abzymes,’’ those antibodies executing catalytic activity,

in particular those with deoxyribonuclease (DNase) activ-

ity. Their pathogenic and diagnostic role in ADs is still

unclear, but a new chapter in autoimmunity has been

opened [57]. A number of molecules are instead gaining

interest for their potential as disease biomarkers. For

instance, pentraxin 3 (PTX3) has been recognized as a

marker of early joint inflammation in patients with juvenile

idiopathic arthritis (JIA). Padeh et al. [58] characterized

this acute phase protein in synovial fluid (SF) of patients

with JIA and found that PTX3 levels were related to

arthritis exacerbation and in vitro stimulation of cells from

a synovial cell line. It is very interesting to learn that PTX3

may play a major role in early stages of inflammation,

possibly suggesting a potential role for this molecule in

disease prediction thus prevention. PTX3 is a cardiovas-

cular biomarker, once more stressing the close relationship

between mechanisms underlying arthritides and the auto-

immune/inflammatory condition atherosclerosis [59].

Coming to an end, the recent acquisitions of science lead

to great progresses also in the treatment of ADs. First, we are

observing the usage of old drugs in new diseases or for other

purposes than initially meant. For instance, Khattri and

Zandman-Goddard [60] have revised the role of statins in

ADs underlying not only the beneficial effects on CV

involvement, but also in ameliorating disease activity due to

their immunoregulatory properties. Katzav et al. [61] have

suggested the potential to treat patients with experimental

autoimmune neuritis with clodronate. The longer steps have

been jumped with the upcoming of biologics. Indeed,

monoclonal antibodies anti-interleukin (IL) 6 seems prom-

ising in the treatment of Sjögren’s syndrome [62], refractory

pemphigus foliaceus and Behçet’s disease [63]. At the same

extent, rituximab, successfully used RA and in some lym-

phomas, has been proven beneficial in refractory idiopathic

inflammatory myopathies and antisynthetase syndrome [64].

In the usage of these drug, careful attention should be given

to the other side of the coin, represented by the possible

occurrence of autoimmune complications with rise of auto-

antibodies and pro-inflammatory molecules as Lora et al.

[65] have reported. In the future, the best bet could be on

staminal cells and mesenchymal stromal cells [66]. In the

intriguing and mysterious field of chronic fatigue syndrome/

myalgic encephalomyelitis, a new hope is represented by

immunostimulation [67] aimed at eradicating the pathogenic

agents triggering the abnormal immune response observed in

these conditions. Since we have abovementioned the

importance of autoantibodies in the development of ADs, it is

known the importance of their clearance as a possible ther-

apeutic strategy. This was recently addressed by Hershko

et al. [68] who analyzed a new tool, Lupusorb, as an effective

modality for eliminating anti-VRT-101 antibodies. We have

also to learn how to treat and for how long. This is the case of

APS, in which discontinuation of anticoagulation or anti-

aggregation treatment is still a matter of debate. Coloma

Bazar et al. [69] showed that treatment can be stopped in

patients with primary APS when antiphospholipid antibodies

became persistently negative.

The cycle is closing, indeed, as hitherto addressed, the

genes which are the key for disease onset are also the novel

ground for pharmacogenetic and pharmacogenomics,

depicting new panoramas in the treatment of ADs [70]. We

are entering in the era of personalized medicine in which

the identification of individual pathogenic mechanism may

allow tailored diagnostic pathways and treatments.

All these papers light the idea that unraveling the soul of

autoimmune diseases is like playing chess, and with every

discovery, we are adding new moves to the game. The

pathogenesis, disease and treatment are the rook, bishop

and knight pointing at checkmating ADs.
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