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This special issue of Autoimmunity Reviews focuses on the 1st
Saint Petersburg congress of Autoimmunity held in Saint Petersburg,
Russia, on 30 June–2 July 2017. The theme of the congress “The
bridge between east and west”, aims to describe how knowledge
and collaboration can cross all previous boundaries in our globalized
scientiﬁc community today. With this in mind, an exciting program
was generated, with novelties in the ﬁelds of pathogenesis, diagnostics and clinical aspects of autoimmunity presented by leading
Autoimmunologists from around the world including Russian experts. The amazing city of Saint Petersburg was the perfect frame
for intense and vibrant discussions, with an inspiring atmosphere
of medical science infused with the magical surroundings of a city
designed to build bridges.
1. Autoimmune diseases - diverse clinical aspects
Rarely does the scientiﬁc community dedicate adequate room for a
principal discussion on the philosophy of medical research, namely
the signiﬁcance of a holistic oriented approach in the research of
human biology and speciﬁcally in deciphering autoimmune diseases
[1]. Poletaev et al. compared the human organism to a tremendous orchestra, combining in harmony the sounds of various instruments to
create a beautiful Symphony. Modern research, he explained, is too
often focused on singular components – a certain gene, a speciﬁc protein, or a single organ [2]. This is akin to attempting to recreate the symphony by analysing solely the role of the violins. When addressing
complicated processes such as the pathophysiology and attenuating factors of autoimmune diseases, no doubt research should be guided by a
holistic view [3].
A ﬁne example of the importance of a holistic approach to disease
research can be found in the case of Alzheimer's disease (AD), where
disease pathogenesis is still largely unclear and appears to regard to
multiple aspects of medical science. Tanay et al. reviewed novel autoimmune aspects of AD, relating to aberrancies in the innate immune system as well as the adaptive immune system. The
pathologic processes mediated by the innate immune system include
complement mediated cell lysis of neuronal cells containing β amyloid (Aβ) oligomers [4], activation of chemokines and overexpression of toll like receptor- 4 [5]. The involvement of the adaptive
immune system is manifested mainly by a changes in balance of various T lymphocyte populations [6]. All these phenomena are negatively correlated with cognitive test results [7]. In light of the
suggested role of the immune system in the pathogenesis of AD, various immunotherapeutic strategies have been examined as possible
treatments. Active immunization with Aβ components has yielded

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

.
.
.
.
.
.
.
.

1176
1177
1178
1179
1180
1181
1181
1181

promising results in several small scale studies, though in some studies severe adverse effects were reported [8]. Passive immunization is
also currently explored in various phase 2 and phase 3 clinical trials.
Finally, Intravenous high doses of IgG (IVIG) was tested. While recent trials failed to demonstrated clinical beneﬁt, an additional
phase III trial is still ongoing [8].
Another important example of the involvement of autoimmune
dysregulation in pathological processes of the central nervous system is the issue of Paraneoplastic Neurological syndromes (PNS).
PNS are a group of immune-mediated syndromes effecting the central and/or peripheral nervous system, the neuromuscular junction
or the muscles themselves [9,10]. Autoantibodies (Aab) may be detected in the serum and cerebrospinal ﬂuids of PNS patients [11].
These Aab may be directed against intra-neuronal antigens, as in
‘classical’ PNS, believed to be T cell mediated and less responsive to
therapy. Aab may also present against antigens on neuronal cell
membranes or receptors, as in ‘non-classical’ PNS, considered to be
antibody-mediated, and responsive to immunotherapy if treated
early [12,13]. Kivity et al. analysed the results of 4010 PNS Aab
tests conducted in Sheba medical Center in Israel between 2002
and 2016. 45 PNS patients were detected, and there was a positive
correlation between antibody titers and the likelihood for cancer diagnosis. The most common cancer diagnoses were small-cell lung
and ovarian malignancies. During the follow-up time, mortality
was 22.8% in the ‘classical’ group, compared to none in the ‘non-classical’ group.
While PNS vividly demonstrates an important link between cancer
and autoimmunity, it is not the only instance where the two are
intertwined. Such is the case of the Epstein Barr virus (EBV), which is
known to be involved in the pathogenesis of SLE as well as the development of several malignancies. A recently published novel theory regarding the role of human papilloma virus (HPV) in the pathogenesis of
lupus [14,15] suggests HPV may provide a similar model. Segal et al.
point to the increased prevalence of HPV infection among lupus patients, and offer this association might be one of causation, referring to
the potentially similar causative relationship between EBV and lupus.
The suggested mechanism is that of molecular mimicry [16], and accordingly the authors address their ﬁndings compiling of a vast similarity between HPV peptides and human proteins associated with lupus.
This similarity may lead to a cross reaction of the immune system, causing it to attack the similar human proteins upon exposure to the virus,
speciﬁcally in the setting of a genetic predisposition for autoimmunity
[17]. This proposed relationship between HPV and SLE may have significant implications on young women exposed to HPV infection as well as
the HPV vaccines.
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Further addressing implications of autoimmunity on the female
patients, updates of the pathophysiology and developing therapies
for obstetric anti phospholipid syndrome (APS) were presented. In
the center of discussion was the emerging understanding of the
role of Antiphospholipid antibodies (aPL), not just as markers of
pregnancy morbidity but rather as active components of the pathological process, demonstrated to directly bind trophoblastic cells
and modify their differentiation, syncytialization, invasiveness. In
addition, by their internalization in trophoblastic cells, aPL can
cause accelerated cell death with the consequent release of cells debris [18]. Conventional treatment, which drastically improved morbidity, is compiled of low molecular weight heparin and low dose
aspirin. However, up to 20% of the patients still have pregnancy failure. For patients with recurrence despite treatment, therapies such
as intravenous immunoglobulins, plasmapheresis, and corticosteroid
treatment may offer additional beneﬁt [19]. Novel experimental
therapies include hydroxychloroquine [20], and statin therapy,
which has recently been shown to improve outcome in patients
with preeclampsia [21].
Naturally, obstetric APS is but one example of a ﬁeld transformed
by novel research. A similarly important example was presented in a
succinct review of new biomarkers for the diagnosis and management of Rheumatoid Arthritis (RA). Unfortunately, a signiﬁcant proportion of RA patients is negative for the well-known, ‘traditional’,
biomarkers - IgG-IgM-IgA rheumatoid factors (RF) and IgG against
citrullinated peptides (ACPA) - making their diagnosis more challenging. However, novel biomarkers are presenting partial possible
solutions. Among those is anti-CarP, an antibody against
carbamylated amino acids, a post-transcriptional modiﬁcation that,
like citrullination, is associated with inﬂammation and smoking.
Anti-CarP Antibodies can be associated with a more erosive RA,
where shown to predict the onset of disease [22,23], and may assist
in differentiating elderly onset RA from polymyalgia rheumatica
[24]. Additional emerging biomarkers may be recognized in a sub
population of antibodies against Peptidylarginine deaminase (PAD),
the enzyme family responsible for citrullination. RA patients positive
for antibodies cross reacting to PAD3 and PAD4 were reported to display a higher radiographic severity [25,26]. These new biomarkers
are promising diagnostic/prognostic tools for a personalized medicine in the RA ﬁeld.
However, while biomarkers are crucially important for diagnosing
the ill, they may be equally important for recognition of the healthy.
Shovman et al. summarized a recent research designed to characterize such a biomarker - the intriguing anti dense ﬁne speckled (DFS)
antibodies [27]. Anti DFS antibodies are part of the anti-nuclear antibodies (ANA) panel used for preliminary screening for systemic autoimmune rheumatic diseases (SARDs). However, several studies
suggest anti DFS antibodies to be more prevalent among ANA positive
healthy individuals (HI) than among patients with SARDs [28].
Shovman and colleagues assessed the prevalence of anti DFS antibodies among 50 SARDs patients and 92 HI. The prevalence of monospeciﬁc anti-DFS70 antibodies was signiﬁcantly higher in the HI group
than in the SARDs patients. This data conﬁrms that mono-speciﬁc
anti-DFS70 antibodies are a strong discriminator between ANA positive HI and SARDs patients. Thus, their incorporation in diagnostic algorithms may prevent unnecessary ﬁnancial costs for health systems,
as well as needless stress for patients, changing the current paradigm
of ANA based diagnosis.
Diagnostic paradigms are shifting in other ﬁelds as well, as was
clear from the presentation of the results from a groundbreaking
multicenter study, concerning the current accepted paradigm for diagnosis of anti-neutrophil cytoplasmic antibodies (ANCA) associated
vasculitis (AAV) [29]. The study was designed to evaluate the relevance of indirect immunoﬂuorescent detection (IIF) of ANCA, which
is the common accepted screening tool for AAV [30]. In this study
IIF was compared to antigen-speciﬁc immunoassays for MPO- and
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PR3-ANCA, based on samples of 251 of vasculitis patients and 924
sample of patients suspected of vasculitis, in which AAV diagnosis
eventually was rejected. The data obtained in the study revealed substantial heterogeneity in ANCA IIF testing [31], and further clearly indicate that for ANCA screening in the context of small vessel
vasculitis, antigen-speciﬁc immunoassays (MPO and PR3) are preferred over ANCA IIF. Low positive results should be conﬁrmed by another antigen-speciﬁc test, while negative results do not exclude a
diagnosis of AAV and, in case of a high pre-test probability, even
may warrant a second opinion test. Based on the results obtained, a
new international consensus, with further details, will be available
in the very near future.
Updating on novel future directions in autoimmune research is
crucial, however similarly important is constant learning of the enormous corpus of well-established data. To this end, Toubi et al. provided a well-rounded review of the roles of B cells in autoimmunity,
addressing their well-known roles, as antibody secreting cells and
antigen presenting cells, as well more recently discovered roles.
With regards to the ‘traditional’ role of B cells in autoimmunity it is
worth mentioning factors such as B lymphocyte stimulating factor
(BLyS) and IL-6, which are responsible for the breakdown of B cell
self-tolerance and already serve as targets of certain novel therapies
[32,33]. However, perhaps most interesting is the identiﬁcation of a
relatively new subset of B cells responsible for maintaining self-tolerance, the B regulatory (Breg) cells [34]. Evidence suggest Breg
cells to play a role in the pathogenesis of SLE, ANCA-related vasculitis, rheumatoid arthritis and multiple sclerosis [35,36]. Characterization of Breg cells is ongoing, with recent ﬁndings including the
expression of CD72 and semaphorin3A (Sema3A), both induced suppressive effects on B cell activity [37,38]. Many of the current efforts
are invested in classiﬁcation of speciﬁc subsets of Breg cells [39,40]
which provide ways to target these cells and harness them as therapeutic tools.
2. The pathophysiology of autoimmune diseases
Autoimmunity is a complex process, shaped by numerous attenuating and instigating factors, well described in concept of the mosaic
of autoimmunity, initially termed by Shoenfeld et al. in 1989 [41].
One such noteworthy factor is vitamin D, which has an intriguing relationship with autoimmunity, as reviewed by Azrielant et al. Vitamin
D deﬁciency is common in the general population, and even more so
among autoimmune patients [42]. There is robust epidemiological evidence regarding this association, as well as molecular evidence
supporting existence of vitamin D receptors on different cells of the
immune system [43]. Possible explanation for the association between vitamin D deﬁciency and autoimmunity were discussed, including steroids usage, common genetic pathway, sunlight
avoidance behavior in SLE patients, and vitamin D as a negative
acute phase reactant. However, none of these explanations could
fully explain the association alone. Interventional studies on this subject also show promising results. The authors concluded that vitamin
D supplementation as safe and beneﬁcial in autoimmune patients,
and therefore is advised for them [44].
Moreover, the question of what are the proper medical interventions for patients with autoimmune diseases extends much further
than the issue of vitamin D, troubling doctors throughout the ﬁeld
of autoimmunity. An important step towards devising a thorough
answer, rests in the development of accurate pre-clinical and clinical
biomarkers in systemic autoimmune rheumatic diseases. One such
prominent example is RA [45], which is currently known to have various markers eluding to the stages of symptomatology, as well as the
interactions of environmental, genetic and immune factors that determine disease progression, manifestations and comorbidities
[46]. Some such markers can be found prior to clinical manifestations
of the disease, enabling early diagnosis and optimal treatment. The
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treatment for RA has been revolutionized in recent years, both
through the introduction of new biological agents, and adaptation
of treat to target (T2T) strategy. Current strategy supports initiating
treatment as early as possible to prevent irreversible joint damage
and risk of comorbidity; however, this may lead to over-treatment,
and in some cases to adverse effects. Adaptation of personalized
medicine (PM), according to the patient's genes and unique environmental risk factors could help solve this issue. PM aims to sub-divide
patients into different categories based on their “molecular make
up”, by using objective biomarkers [47]. The ideal biomarker would
be safe and easy to measure, sensitive and speciﬁc for the disease,
cost efﬁcient, provide more information than routine clinical and
laboratory examinations, and modiﬁable with treatment. The application of biomarkers can help diagnose RA patients in early stages
of the disease, better assess disease activity, and predict response
to treatment. Some of these markers, such as: RF, ACPA, C-reactive
protein, and erythrocyte sedimentation rate (ESR), have already
been incorporated into the revised classiﬁcation criteria of RA. Unfortunately, there are currently no baseline deﬁnitions for biomarkers that can be used in individually tailored treatment
regimns, of both DMARDs or biologic agents, and no predictors for
successful dose reduction or discontinuation of biologic medications
[48,49]. In the near future, researchers expect that new biomarker
panels will become available, and used routinely in RA patients.
While intrinsic biomarkers may enable customization of medical
treatment to some extent, with hopes of improving medical care, an
equally important factor in the pathogenesis of autoimmunity is extrinsic factors, which may attenuate or aggravate diseases, and often
are triggers for relapse or exacerbation. An analysis of such precipitating factors as well as different treatment strategies was reviewed
by prof. Ricard Cervera for Catastrophic antiphospholipid syndrome
(CAPS). CAPS is characterized by small vessel occlusions involving
multiple organ systems, that develops over a very short period of
time. The diagnosis is conﬁrmed by presence of antiphospholipid antibodies (aPL), usually in a high titers [50,51]. The CAPS Registry documents the clinical, laboratory and therapeutic data of all published
cases with CAPS, as well as of many additional patients whose data
has been fully registered. The most recent analysis including 500 patients [52], in which precipitating factors were identiﬁed in 65% of
the episodes: most frequently infections (49%) of the respiratory
tract (33%), urinary tract (19%), and skin (13%). The clinical picture
was characterized by involvement of the kidneys (73%), with variable degree of renal failure, and lungs (60%), in the form of acute respiratory distress syndrome or pulmonary embolism (26%). Up to
56% of patients had central nervous system manifestations due to
stroke or encephalopathy. The heart was affected in half of the episodes, mainly due to myocardial infarction or valvulopathy. Death
occurred in 37% of episodes.
In term of treatment, data for the CAPS Registry showed higher recovery rate was achieved by the combination of anticoagulation plus
glucocorticoids plus plasma exchange; this treatment, and/or IVIG instead of plasma exchange, seems to be responsible for the reduction in
mortality rate in recent years. Cyclophosphamide treatment did not
demonstrate an additional beneﬁt. Glucocorticoids treatment alone
was related to a lower rate of recovery.

3. Systemic sclerosis, vitamin D, lupus and APS
De Carolis and colleagues presented the role of HLA DQ2 DQ8 and vitamin D in recurrent miscarriages. The etiopathogenesis of infertility
(primary infertility and recurrent spontaneous abortion - RSA) includes
genetic and anatomic abnormalities, autoimmune disorders (AD) and
low vitamin D levels [53–55]. Unexplained reproductive failure accounts for 50% of the infertile conditions, and it involves immune-mediated pathways [55]. Vitamin D has immunoregulatory properties, and

its deﬁciency is highly prevalent in patients with AD and was also associated with increased risk of pregnancy complications [55,56].
The HLA class II genes are susceptibility genes for AD [56], with
HLA-DQ2 and/or HLA-DQ8 alleles characterizes celiac disease (CD);
in recent years, signiﬁcant association between CD and reproductive
failure was reported [56]. However, scarce data are available
pertaining to the determinants of genetic susceptibility to primary infertility and recurrent spontaneous abortions (RSA). The researchers
analysed the HLA class II alleles distribution and serum levels of 25hydroxyvitamin D [25(OH)D] in a cohort of 175 women with primary
infertility or RSA and AD, with the exclusion of CD patients. In this
study, infertile women had lower vitamin D levels compared to
women with RSA, suggesting that reduced 25(OH)D levels represent
an evidence of immune dysregulation, and may characterize women
with primary infertility due to “autoimmune mechanisms” of the
pregnancy failure [57]. In addition, women with AD were prevalent
in the group of primary infertility, and autoimmune thyroiditis
(ATD) was the predominant AD condition. These ﬁndings are supported by evidence of the role of thyroid function in the pathogenesis
of many autoimmune disorders including infertility [55]. Similar distribution of HLA class II genes was seen both in infertile and RSA
women, and a higher proportion of HLA-DQ2 positive women
among infertile women with ATD compared to infertile women without ATD. These preliminary data suggest a potential association between reduced serum 25(OH)D and HLA class II susceptibility genes
in autoimmune women with infertility.
This suspected relation between vitamin D levels, genetic susceptibility and infertility may serve as a reminder that autoimmunity is a
medical ﬁeld regarding all clinical specialties. Indeed, while it is probably true that no doctor can give proper medical care without being
familiar with the central dogmas of autoimmunity, the importance
of the ﬁeld is accentuated among pediatricians, which often encounter autoimmunity at its ﬁrst manifestations. Chereshnev et al.
discussed the diagnosis of autoimmune connective tissue diseases
in children. The prevalence of autoimmune connective tissue diseases
in Russia is growing in recent decades [58] and the most common autoimmune disease in children is juvenile idiopathic arthritis (JIA),
which prevalence is estimated to be around 0,4% [59]. Systemic autoimmune involvement in children, is much less common than merely
autoimmune lesion of joints, and the prevalence of systemic lupus erythematosus (SLE) in children is 9.38–10.08 per 100,000 [60]. For the
differential diagnosis of autoimmune diseases, the determination of
autoantibodies is commonly used. Antinuclear antibodies (ANA)
against ribonucleoproteins are the most common antibodies in patients with diffuse connective tissue diseases; the most sensitive
method for their detection is indirect immunoﬂuorescence reaction
for antinuclear factor. ANA was detected in all examined SLE children; however, the diagnosis of JIA may be quite difﬁcult. Although
in adults with rheumatoid arthritis, methods for the detection of antibodies against citrullinated proteins are widely used and have high
sensitivity and speciﬁcity [61], the prevalence of these antibodies in
children with JIA is much lower. The researchers examined more
than 400 children with JIA, and antibodies to citrullinated proteins
were found in 18% of cases, and ANA were detected in 60–75% of
cases, depending on the variant of the disease. However, the antibody
titer in most children rather low, and these antibodies are not speciﬁc
for JIA. Thus, further search of informative laboratory tests for differential diagnostics of autoimmune diseases of connective tissue in
children is needed.
An additional aspect of improving diagnostics for autoimmune diseases is the potential to use speciﬁc diagnostic markers in order to design selective, targeted therapies. The concept is being widely
explored in several disease models, among those SLE. Targeted therapies in SLE would hopefully be associated with improved therapeutic efﬁcacy as well as fewer side effects [62,63]. The recognition of the role of
the innate immune system in the pathogenesis of SLE, and in particular
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the role of macrophages, suggests new therapeutic targets. The researchers examined the effect of GW2580, an oral kinase inhibitor of
CSF-1R signaling, in the lupus prone MRL-lpr/lpr mouse strain, with
daily treatment from 10 to 16 weeks of age [64]. GW2580 treatment
did not modulate circulating immunoglobulin or IgG anti-DNA levels.
Nevertheless, treated mice did not exhibit the increasing levels of proteinuria found in the controls. The treatment was associated with improved glomerular pathology, a protective effect likely mediated
through the effect of the drug on macrophages, and reduced cytokine
levels. Bruton's tyrosine kinase (BTK) is important in key intracellular
signaling pathways in both B cells and macrophages. The researchers
explored the use of a novel BTK inhibitor, BI-BTK-1, in lupus nephritis
animal models, and found that in 129/svJ mice, preventive administration of BI-BTK-1 prevents proteinuria and renal dysfunction in a dose
dependent manner [65]. Treatment also decreases complement deposition and prevents renal histopathological damage. Further studies on
this subject are being held currently.
Further novel research into the pathogenesis of SLE relates to the
association between the microbiome and SLE. Alterations in the
human gut and oral mucosa microbiota have been recognized as an
important environmental factor in autoimmune diseases, and speciﬁcally in SLE patients. Animal model studies have demonstrated distinct bacterial microbiota in SLE prone mice, and their microbiota
changed with disease progression and severity. Other factor that inﬂuence the microbiota diversity are gender, age and genetics [66]. A clinical study investigating the characteristics of the gut microbiota in
lupus patients compared to healthy controls found that in medication
free patients, the composition of gut microbiota was similar in the SLE
group regardless of clinical manifestations or anti-dsDNA antibodies
levels [67]. In term of the microbiota composition, the Firmicutes/
Bacteroidetes ratio (F/B ratio) was signiﬁcantly lower in SLE patients
compared to controls, even during disease remission, and nine genera
of gut microbiota were classiﬁed as SLE-related microorganisms [67,
68]. Subgingival microbiota also plays a role in SLE, and was found to
be different in lupus patients with and without chronic periodontitis,
as well as when compared to non-autoimmune individuals. Lupus patients with chronic periodontitis have a higher subgingival bacterial
load, reduced microbial diversity and higher prevalence of pathogenic
strains of bacteria. Also, the severity of periodontitis is associated with
the severity of SLE disease [69].
These ﬁndings suggest that manipulation of the microbiota may be
beneﬁcial in patients with SLE.
4. Factors in autoimmunity and how to overcome them
Genetic factors play an important role in the mosaic of autoimmunity. Genome-wide association studies (GWAS), as was beautifully
reviewed by Pras el al, are the main method for detecting genes predisposing to autoimmune diseases. To date, hundreds of GWAS studies
have been performed for a wide variety of autoimmune disorders and
these have resulted in the identiﬁcation of hundreds of genes [70]. The
function of these genes is highly variable and includes chemotaxis, lymphocyte activation, innate defense, adaptive immunity regulation, inﬂammatory mediators, autophagy, barrier function, NF-kB activation
or inhibition, antimicrobial peptides and phagocytosis. However,
above all, these studies emphasize the striking role of the HLA system
in the pathogenesis of these disorders [71]. Despite the small fraction
of heritability discovered, the genes identiﬁed until now enhance our
understanding regarding the biological pathways involved in the pathogenesis of these diseases, pathways that may serve as therapeutic targets in the future [72].
Another factor comprising the mosaic of autoimmunity is the human
immune system and its diverse components. In the recent years, it has
been demonstrated that the complement system participate in modulating adaptive immunity and in bridging innate and adaptive responses
[73]. Dysregulation of the complement system has been involved in the
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pathogenesis of several autoimmune diseases, such as systemic lupus
erythematosus, vasculitides, Sjögren's syndrome and antiphospholipid
syndrome [74,75]. Involvement of complement in the pathogenesis of
RA was conﬁrmed in animal models of arthritis; mice deﬁcient for complement proteins are protected against the development of collagen-induced arthritis and administration of the anti-C5 monoclonal antibody
prevents the onset of this arthritis. In the last decade anti-TNF agents
have shown to be effective for the treatment of both RA and psoriatic arthritis and some studies suggest that the interaction between TNFα and
complement system may contribute to the pathogenesis of these diseases [76]. Because of its functions, the complement system is an attractive therapeutic target for a wide range of inﬂammatory and
autoimmune diseases. At present, data from clinical trials suggest that
the modulation of the complement system could constitute a viable
strategy for the treatment of autoimmune conditions in the decades to
come [77].
The novel role of several nutritional components of the human
diet in the development of autoimmune diseases was presented by
Dahan et al. [78]. Dietary habits have a crucial inﬂuence on human
health. Moreover, an individual's lifestyle choices can greatly inﬂuence the progression and manifestation of chronic autoimmune rheumatic diseases. In light of these effects, it makes sense that the search
for additional therapies to attenuate such diseases would include investigations into lifestyle modiﬁcations. When considering the complex web of factors that inﬂuence autoimmunity, it is not surprising
to ﬁnd that several dietary elements are involved in disease progression or prevention. Data suggests that these ingredients substantially
affect both the innate and adaptive branches of the immune system.
Whereas salt seems to promote inﬂammation via several mechanisms, consumption of curcumin, capsaicin, chocolate and resveratrol
might attenuate immune hyperactivity, and consumption of omega-3
fatty acids and coffee seem to have ambivalent effects on immunity.
The human microbiome seems to be emerging as the common denominator underlies the strong inﬂuence of these dietary bioactive
compounds on the immune system. The data presented by Dahan et
al. are sufﬁcient to determine that these factors constitute a novel
and under-explored aspect of autoimmunity that will hopefully inspire further investigation.
Stress is yet another environmental factor considered to inﬂuence
the reactions of both immune and nervous system [79,80]. Korneva et
al. [81] have showed several mechanism by which this interactions
are achieved. For example severe stress causes a decrease in lymphoid
cells reactions to signals such as IL-1, as well as inhibition of natural killer (NK) cells activity [79,82]. Further study is requested in order to allow
better understanding of this factor in the mosaic of autoimmunity.
Adjuvants are also known to play a key role in the complex interaction of environmental factors in the pathogenesis of autoimmune
diseases. Watad et al. [83] have beautifully reviewed the role of adjuvants in inducing autoimmunity and lymphomas. Aluminum is the
main culprit in human vaccines such as human papilloma virus
(HPV) and hepatitis B virus (HBV) vaccines [84]. Supporting data
has been collected from several animal models regarding immunologic responses, resulting autoimmunity, following injection of
those vaccines [85,86]. However, not only aluminum is to blame, as
silicone breast implantations have been recently implicated in the
development of lymphoproliferative disorders. The chronic stimulus
of B cells has been associated as the main mechanism of this process.
To tie up the loose ends it has been reported that higher rates of lymphomas has been observed among patients with autoimmune diseases [87].
Not only lymphoma is highly associated with autoimmune diseases,
as was beautifully presented by Michael Ehrenfeld, who discussed the
issue of RA & malignancy and the impact of TNF inhibitors on lymphomas and skin cancers. An interesting result was obtained from British
registry regarding the rates of incident malignancy in RA patients with
a prior cancer. The cumulative adjusted IRR for recurrence of
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malignancy was found to be 0.55, thus conﬁrming no increased risk of
incident malignancy (excluding melanoma) [88].

5. Regulatory and diagnostic autoantibodies, thyroiditis and
microbiome
In this meeting, a substantial attention was given to the contribution
of serological tests to the diagnosis and classiﬁcation of autoimmune
diseases. In the recent years, the scenario has changed enormously
due to the reported increased incidence in autoimmune disorders, the
tremendous evolution and the increased complexity of immunoassays
and of analytical instruments, and the consolidation of autoimmunology
in clinical laboratories [89]. As a consequence, manual methods have almost disappeared and automation has taken over, providing for higher
analytical throughput in order to meet clinical needs and growing demand for autoantibody testing. Aside from automation in slide preparation of ANA test that has certainly improved assay standardization
compared to the manual method, automated computerized systems
for reading and interpretation of immunoﬂuorescence (IIF) ANA have
been recently developed. These systems show an acceptable correlation
with manual microscope reading, allowing for automated classiﬁcation
of samples (with a high efﬁciency in discriminating between positive
and negative result), automated quantiﬁcation of autoantibodies, significant reduction in assay imprecision, and implementation of a quantitative internal quality control system. These new methods showed
analytical performance superior to the manual IIF method also in detecting ANCA. The elevated sensitivity of the novel automated immunoassay method, indicate that MPO and PR3 ANCA screening could be
executed by using these new analytical technologies [90]. Thus, as in
other ﬁelds of laboratory medicine, the trend towards automation and
networking of laboratories may represent a powerful incentive for standardization and harmonization, useful for accreditation or certiﬁcation
purposes [91]. In recent years, automated immunoassay monoplex platforms have progressively taken the place of manual methods and enzyme immunoassays: the so-called batch analysis is progressively
replaced by random-access methods that provide faster results and reduce workload. In this contest, a prominent role is taking the use of automated analytical platforms based on chemiluminescent (CLIA)
technology which is characterized by immunochemical reactions with
signiﬁcantly shorter execution times than other types of immunoassay.
The key advantages of CLIA analytical methods reside in the wide dynamic range, high signal intensity, absence of interfering emissions
(i.e. high speciﬁcity), rapid acquisition of the analytical signal, high stability of reagents and their conjugates, low consumption of reagents,
random access, reduced incubation time, full compatibility with immunology assay protocols (homogenous or non-homogenous). However,
notwithstanding the great improvement in random access monoplex
testing, the near future is likely to see multiplex assays as the prevalent
technology for antibody detection. Indeed, multiplex proteomic technology is considered to be an optimal solution for the simultaneous detection of different autoantibodies, allowing the autoantibody proﬁling
of autoimmune patients, either for diagnostic or prognostic purposes,
or even for prevention of autoimmune diseases. Some of these immunoassays (planar and non-planar microarrays) may contribute to overcoming some drawbacks of the monoplex immunoassays (time
expenditure, costs, lack of harmonization, volume of reagents and samples, turnaround time, etc.). In addition, the autoantibody proﬁling of
patients with an autoimmune disease provided by these systems may
be useful for following the concentration of speciﬁc autoantibodies,
which may display different trends over time [92]. Finally, with the constant development of more complex tests such as genomic- and proteomic-based assays, clinical interpretation of test results will become
increasingly difﬁcult. Since these processes will require highly qualiﬁed
skills, an important role in this scenario is taken by the laboratory
autoimmunologist, whose task is not only to govern the analytical

phase, but also to help clinicians in correctly choosing the most suitable
test for each clinical situation and provide consultancy support.
Gilburd et al. has brought forth evidence of autoantibodies that can
serve as highly speciﬁc biomarkers in conﬁrmation of IMNM diagnosis
in statin-exposed patients [87]. Antibodies directed against 3-hydroxy-3-methylglutaryl-CoA reductase (HMGCR), an enzyme of the
mevalonate pathway involved in cholesterol synthesis represent a characteristic serological feature of statin-exposed and statin-unexposed patients with immune-mediated necrotizing myopathy (IMNM) [94].
Gilburd et al. evaluated the existence of anti-HMGCR antibodies in statin-exposed patients with suspicion for IMNM and in two control
groups: healthy subjects and patients with different autoimmune rheumatic diseases. Using the Enzyme-Linked Immunosorbent Assay
(ELISA) and Chemiluminescence Immunoassay (CIA) assays they have
found the presence of anti-HMGCR antibodies in samples from statinexposed patients with suspicion for IMNM [93].
Current laboratory techniques used in the autoimmunity ﬁeld, such
as High-technology automated analytical systems, were the focus of a
thorough review given by Alexandrova et al. [95]. These biomarkers
are an important tool for prevention, early diagnosis, assessment of disease activity, progression rate, clinical laboratory subtypes of autoimmune diseases, prediction of the efﬁciency of therapy and the risk of
adverse events during treatment [96], and deciphering the key pathogenetic mechanisms of autoimmune diseases could identify the molecular
and cellular biomarkers that might be used as therapeutic targets hence
improving both patient life span and quality [97,98].
An important attention was also given to autoimmune thyroiditis
(AIT), showing that nowadays, AIT became the most prevalent
autoimmune and most frequent endocrine disorder, especially among
females. Current diagnostic criteria for AIT formulated by Japanese
Thyroidological Association [134]. For diagnosis is enough to have one
clinical (diffuse thyroid enlargement or hypothyroidism – with no
other reasons) and any one of lab criteria [antibodies (AB) to peroxidase
either thyroglobulin, or biopsy, or diffuse non-homogenous thyroid
image]. Although in general AB in AIT may vary in biological effects,
anti-peroxidase AB level correlate to its severity. The mosaic of AIT includes genetic, infectious and adjuvant-like factors [103], but excessive
intake of iodine is of utmost importance. A 25-years prospective followup for persons experienced massive iodine prophylaxis while being in
Chernobyl area showed that prevalence of AIT and levels of anti-thyroid
AB in them is much higher than in local residents of the same age who
never visited Chernobyl. AIT display comorbidity with rheumatologic
diseases and within autoimmune polyendocrine syndromes. Churilov
et al analyzed a 15,000 cases database and found comorbidity of AIT
and juvenile dyspituitarism (aka: Simpson-Page syndrome, obesity
with rose striae) – 26,5% vs 1,5% in general population as well as nonsyndromal connective tissue dysplasia of marfanoid phenotype (with
marfanoid stigmata in 90% of such patients). This comorbid combination tends to progress with age into early complicated metabolic syndrome [10]. The mechanism of this transgression in such individuals is
related to systemic excess of TGF-beta, leptin, prolactin and several
pro-inﬂammatory cytokines with decrease of adiponectin [104].
Big data, as a game changer in research in the ﬁeld of autoimmunity,
disserved a special attention during this meeting. Prof. Amital and his
group summarized their experience in the use of computerized medical
records for research purposes. The resultant accessibility to this information mandates careful adaptions of ethical guidelines regarding the
handling of clinical data. At the same time, it grants a unique opportunity to explore the clinical nature of health and disease in large populations across all of society's strata, socioeconomic levels, ethnicities,
and geographic locations regardless of their vicinity or distance to tertiary care centers. Analysis of large databases allows us to learn the
public's behavior towards medical services and to investigate how medical interventions affect outcomes overtime [106–109]. Moreover, the
interaction between different co-morbidities can be better understood
by large population studies. The huge numbers of patients involved in
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these studies provide a good model of multivariate analysis, a statistical
tool that by following proper population adjustments underlines the
true independent associations between different conditions. Nevertheless, the limitations of these studies should be borne in mind, such as
in-built imprecision of diagnoses, incompleteness of the medical data,
and the fact that these databases were initially planned for clinical and
not investigational use.
Experts in the ﬁeld of microbiome research, reported elegantly the
relevant advancements in this ﬁled, showing the rapid increase of diseases that are linked to changes in the microbiome [110]. Recently, several studies have begun to characterize the changes that occur to the
microbiome in autoimmune diseases [111]. Unraveling the exact mechanisms by which shifts in microbial community composition affect the
pathogenesis of autoimmune diseases may facilitate the identiﬁcation
of populations at risk, and enable the development of new approaches
for patient-tailored early intervention. Some of the known cues
affecting the function of the immune system, such as genetics,
gender, pregnancy and diet, exert their effects, at least in part, by
inﬂuencing microbiota composition and activity. One such example
are helminths, parasitic worms, which have been shown to modify the
immune response in their hosts in order to survive [112–115]. Consequently, several successful trials using helminthes as treatments for
autoimmune patients have been reported. The helminth derivative,
phosphorylcholine (PC), was discovered as an immunomodulatory
compound when presented on a carrier molecule. Blank et al. have recently showed that when a conjugate of Tuftsin and PC, termed TPC, is
administrated to mice with autoimmune disease, it attenuates the disease development in three animal models: SLE in lupus prone mice
(NZBxW/F1) [116]; collagen induced arthritis (CIA) in DBA mice [117]
and in dextransulfate sodium-salt induced colitis [118]. This inhibition
was associated with increased levels of the anti-inﬂammatory cytokine
IL-10, decreased levels of the pro-inﬂammatory cytokines TNF, INF, IL-1,
and IL-17, followed by an expansion in the number of T regulatory cells.
Importantly, we found that TPC treatment altered the gut microbiota
composition of the mice. Using these bacterial biomarkers, all TPC-treated CIA mice were classiﬁed as healthy. Thus, Blank et al. have described
a clear correlation between TPC treatment, healthy gut microbial communities, and prevention of arthritis [111,119]. Such studies that characterize and manipulate the microbiome associated with autoimmune
diseases may have great potential as diagnostic and therapeutic tools,
respectively.
Shemer presented an update about the usage of intravenous immunoglobulins (IVIg) in autoimmune and inﬂammatory conditions. This
therapeutic agent modulates the immune system in multiple mechanism, thus beneﬁcial in a wide range of disorders [120]. In Israel, data
have been accumulated regrading using IVIg in treating many autoimmune diseases such as: systemic lupus erythematosus (SLE), anti-phospholipid syndrome (APS), multiple sclerosis, systemic sclerosis and
more [121,122]. Regarding the adverse events, they are mostly mild
and transient, whereas serious adverse reaction are relatively rare and
may be predicted [123]. The consumption of IVIg worldwide is steadily
growing, as currently it is used mainly for off-labeled indications.
Physical exercise is has a well-known inﬂuence on human health,
and recently it has been found to exert effects on the immune system.
Shapiro has shown that the incidence of Inﬂammatory Bowl Diseases
(IBD) is higher in individuals who fail to conduct regular sport activity.
It seems that there is a connection between skeletal muscles and intestinal microbiota, as has been shown in a study conducted in the Harvard
Medical School [124]. This study showed that physical exercise causes
an increase in production of IL-6 in muscle cells. IL-6 in turn enhances
fat oxidation and glucose utilization by phosphorylation of the enzyme
5′ adenosine monophosphate-activated protein kinase (AMPK). Furthermore, the increase in IL-6 levels is accompanied by increased production of anti-inﬂammatory cytokines [125]. From the microbim
aspect, in IBD, there is a lower prevalence of Faecalibacterium
prausnitzii. Physical exercises cause a greater variety of phyla
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Firmicutes, including an increase in Faecalibacterium prausnitzii. In addition, Exercise increases the levels of butyrate [126]. Interestingly, the
bacteria that produce butyrate are able to activate the AMPK enzyme.
Also, Individuals who trained more often showed a signiﬁcant increase
in diversity [127].
It was the perfect setting in the historical city of Saint Petersburg for
Goloviznin et al. to discussed somatic reincarnation of the human virtual
nature. While before the 20th century the world of immunity was comprise from the ﬁeld of metaphysics, It has shifted dramatically since the
discovery of antibodies immune cells and phagocytosis [128]. Concepts
such as “Self”, “Non-self”, “immune defense”, “immune recognition,”
“immunological memory” are nowadays referred as immunoglobulins,
cytokines, chemokines, integrins etc. Modern understanding can explain several immune processes, for example: “militaristic model of soldiers and weapons” can clarify the antimicrobial and antiviral
immunity. However, the phenomenon of immunological tolerance requires other explanation. We have to remember that modern biomedicine represents only one side of the coin, and allow a more holistic
paradigm in Immunology [129].
The congress ended with a focus on better management of administration of therapeutic agents. Edwards et al. presented strategies for effective drug dose reduction in the treatment of autoimmune conditions.
He noted that today, drugs doses are based on trial and error experiments, in which a small range of doses is usually tested. It's important
to note that these doses do not take into account the variation in patients' response [130]. The strategies presented were aimed in achieving
the ideal serum and tissue concentration of drug and were based upon
randomized controlled trials [131], responsive strategies [132] and
real-world data [133].

Summary
In conclusion, looking through the presented works and data at the
ﬁrst Saint Petersburg annual meeting allowed the participants to obtain
a reliable view of the most recent and upcoming evidence that might affect our practice in autoimmune diseases. After this meeting, clinicians
became more familiar with the key role that diets (curcumin, capsaicin,
chocolate and salt), adjuvants, viral agents and microbiome playing in
promoting/protecting to/from the development of autoimmune diseases. Moreover, participants became more aware of the contribution
of serological tests to the diagnosis and classiﬁcation of autoimmune
diseases. Therefore, we are convinced that this is the real added value
of meetings which are capable of gathering researchers from different
areas to provide a fertile ﬁeld for contamination and future projects.
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