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Abstract
Almost 25 years ago, the concept of the ‘mosaic of autoimmunity’ was introduced to the scientific community, and
since then this concept has continuously evolved, with new pebbles being added regularly. We are now looking at
an era in which the players of autoimmunity have changed names and roles. In this issue of BMC Medicine, several
aspects of autoimmunity have been addressed, suggesting that we are now at the forefront of autoimmunity
science. Within the environmental factors generating autoimmunity are now included unsuspected molecules such
as vitamin D and aluminum. Some adjuvants such as aluminum are recognized as causal factors in the
development of the autoimmune response. An entirely new syndrome, the autoimmune/inflammatory syndrome
induced by adjuvants (ASIA), has been recently described. This is the new wind blowing within the branches of
autoimmunity, adding knowledge to physicians for helping patients with autoimmune disease.
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Introduction
Almost 25 years ago the concept of the ‘mosaic of autoimmunity’ [1] was introduced to the scientific community.
Since then, it has continuously evolved, with new tiles
being added regularly [2], and we are now looking at an
era in which the players of autoimmunity have changed
names and roles. In this issue of BMC Medicine, several
aspects of autoimmunity have been addressed suggesting
that we are now at the forefront of autoimmunity science.
One of the mainstays of the mosaic concept is that autoimmune diseases (ADs) occur in genetically predisposed
individuals [3]. This concept has now been expanded by
recent evidence of ‘familial autoimmunity’: not only is
there familial aggregation for individual ADs [4,5], but
there is also a familial aggregation of diverse autoimmune
diseases. This was brought to light by evidence from a systematic review and meta-analysis performed by CárdenasRoldán et al. [6]. Physicians should be aware that familial
autoimmunity is a common finding, especially for some
specific disorders, such as autoimmune thyroid disease and
systemic lupus erythematosus (SLE), suggesting a stronger
shared genetic influence in their development.
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Strengthening the theory of a genetic basis is the evidence that ADs occur more often in young people [7].
However, although ADs were thought to be rare in older
people, the validity of this assumption has been challenged,
and a tendency towards more severe autoimmunity in
older people has been noted [8]. A possible explanation for
this paradox comes from another characteristic of the
disease mosaic, namely, the presence of an abnormal immune response. Vadasz et al. [9] suggested that expansion
of many protective regulatory mechanisms and especially
of peripheral CD4+CD25highFoxP3+ T-regulatory cells, is
very characteristic in elderly people. It is possible that
during aging, an imbalance between thymic and peripheral
regulatory T-cell output occurs, with the ratio favoring
the peripheral component, which possibly allows a proinflammatory response and increases the susceptibility to
autoimmunity. Furthermore, in addition to this disruption
of adaptive immunity, it has been shown that disruption
of the autoimmune response also occurs in the innate
immune system [10]. Pollard et al. [11] suggested that differences in autoimmune responses are mainly mediated by
the dichotomy in Toll-like receptor (TLR) signaling that
distinguishes interferon regulatory factor 7-mediated type I
interferon production from nuclear factor-kappa B (NFκB)driven pro-inflammatory cytokine expression. Indeed, TLRs
play a crucial role in the activation of both innate and adaptive immunity [12]. By recruiting various protein kinases
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via several adaptor molecules, such as MyD88, TLRs lead
to the activation of NFκB [12]. By contrast, self-reactive
antibodies against self-reactive or cross-reactive DNA coengage antigen receptors and TLRs, leading to a continuous
activation of these auto-reactive B cells and the development of autoimmune disease [12].
Nonetheless, environmental factors are still central to
autoimmunity [13]. Indeed, it is possible that the discrepancies in the immune system may lead to infections
(which are indeed more frequent in elderly people) thus
triggering ADs [14]. Thus, on the one hand, a huge number of microorganisms have been identified as associated
with the onset of an overt immune-mediated disease, and
on the other hand, patients with ADs are at a major risk
for infections [15].
Ramagopalan et al. [16] analyzed hospital admissions
and death certificates across England, and found that
the risk of tuberculosis (TB) is significantly increased in
patients with immune-mediated diseases, highlighting the
need for TB screening control and treatment policies in
these patients. It would be interesting to confirm whether
TB is a consequence of the immune system imbalance of
the disease per se, or a result of the background therapy,
or if it represents another causative factor of ADs [17].
It has been shown that a link exists between the mycobacterium, ADs, and, surprisingly, another component of
the puzzle, namely, vitamin D [18]. Vitamin D plays a key
role as an immunomodulator in autoimmunity [19,20].
This role of vitamin D seems to be so important that ADs
show seasonality (due to different levels of UV exposure),
and even the month of birth may influence the risk of
onset of an AD, as shown by Disanto et al. [21]. Moreover,
Tincani et al. [22], in their review, emphasized that patients affected with Sjögren's syndrome (SS) who have low
levels of vitamin D are at a higher risk of developing
severe complications such as lymphoma and peripheral
neuropathy [23,24]. The need to provide vitamin D supplementation for patients with autoimmune diseases, including SS, is clear. Moreover, the cost–benefit ratio of
providing vitamin D as a preventative medicine to the
general population should be evaluated, together with the
routine monitoring of gestational vitamin D levels [20].
Finally, because (no-longer-just-a-)vitamin D has several
physiological properties involved with the innate immune
defense against TB, the role of this vitamin in the treatment of TB should be evaluated, especially when associated with autoimmunity [18].
Thus, it is evident that every day, people are exposed
to several triggering factors for ADs. People can be exposed to such elements through diet (for example, vitamin
D), and other sources. For instance, another defendant,
aluminum (alum), is used as an adjuvant in vaccines, and
its association with autoimmunity has recently been
highlighted [25]. Alum can be viewed as a nanomaterial,
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that is, a nanocrystalline compound spontaneously forming
micron/submicron-sized agglomerates.
Alum has a number of mechanisms by which it works
as an adjuvant (Table 1). Moreover, it can be detected
within monocyte-lineage cells long after immunization in
presumably susceptible individuals who develop systemic/
neurologic symptoms. Khan et al. [26] showed that in
mice, intramuscular injection of alum-containing vaccines
was associated with appearance of aluminum deposits in
distant organs such as the spleen and brain, where they
were still detected 1 year after injection. The chemokine
CCL-2 seems to be implicated in systemic diffusion of
aluminum particles captured by monocyte-lineage cells,
and in the subsequent neurodelivery of these particles.
These various lines of evidence reinforce the idea that
alum is neurotoxic, and that continuously escalating
doses of this poorly biodegradable adjuvant in the population may become insidiously unsafe, especially in cases
of over-immunization or immature/altered blood–brain
barrier or high constitutive CCL-2 production.
It is possible that this is part of the explanation for the
real new wave in autoimmunity, that of autoimmune/
inflammatory syndrome induced by adjuvants (ASIA)
[27]. This syndrome comprises four conditions, namely
siliconosis, Gulf War syndrome, macrophagic myofasciitis
syndrome, and post-vaccination phenomena, which have
in common a history of previous exposure to an adjuvant
and a group of similar clinical features. Consequently, the
importance of discovering a pathogenic role for alum
must be emphasized. This compound has been considered
a safe adjuvant for 90 years. However, it is now known to
be an inducer of dendritic cells and complement activation, which is capable of increasing the levels of chemokine secretion at the injection site and of enhancing the
secretion of key T-helper (Th)1 and Th17-cell polarizing
cytokines such as interleukin-12 [28]. All these effects lead
to development of an autoimmune response. Because
many of the symptoms of ASIA could be neurologically
dependent, the possibility that alum might traffic to the
brain raises questions about its relevance to autoimmune
disease. Indeed, the central nervous system (CNS) is still
attracting most of the interest of autoimmune scientists,
especially with regard to SLE, the disease considered the
forerunner of ADs [29].
Neuropsychiatric (NP)SLE is triggered by multiple mechanisms, including several autoantibodies. One of the
leading pathogenic autoantibodies in NPSLE is antiribosomal P protein. Carmona-Fernandes et al. [30] found
that the specificity, sensitivity, positive predictive value,
and negative predictive value of anti-Rib-P for SLE diagnosis were 99.4%, 14.2%, 90%, and 76.4%, respectively.
Although, anti-Rib-P was not clearly associated with any
clinical condition, including NPSLE, in that study, nonetheless, the effects of these autoantibodies on the CNS
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Table 1 Specific mechanisms relating to the adjuvant properties of aluminum compounds [28]
Mechanism

Characteristics

Depot effect

Alum-induced consolidation of the desired antigen at the injection site results in slow
release of the antigen to antigen-presenting cells for an extended period of time

Activation of DCs by lipid sorting

Aluminum salts induce activation of DCs and complement components, and increase
the level of chemokine secretion in the injection site. Aluminum-based salts firmly
bind to and alter the structure of lipids in the plasma membrane of DCs

NLRP3 inflammasome-independent DC activation

Membrane proximal events unrelated to the NLRP3 inflammasome are sufficient to
mediate DC activation in response to alum

Augmentation of adjuvant properties of alum by uric acid

Increase in uric acid mediates upregulation of MHC class II in monocytes via an IL-4
dependent mechanism

Host cell DNA

The host cell DNA can enhance the adjuvant properties of alum

Alum-dependent increase in IgE levels

Promotes allergy

Amyloid plaque formation

Alum promotes the formation of amyloid plaques by catalyzingpolymerization of βamyloid

Increased Tau protein

Alum may increase the levels of Tau protein

Abbreviations: DC, dendritic cell; IL, interleukin; MHC, major histocompatibility complex; NLRP3, nucleotide-binding oligomerization domain-like receptor family,
pyrin domain-containing 3.

have been addressed in several other studies. One of the
most interesting investigations showed that intracerebroventricular injection of an anti-DNA antibody carrying the
16/6 idiotype, which induces the production of anti-Rib-P
antibodies, provoked deficiencies in olfactory capabilities
and depression in mice [31,32]. Likewise, the 16/16 antibody bound to similar areas in the olfactory machinery as
those to which anti-P ribosomal antibodies bind. Kivity
et al. [33] identified another weapon at the armory of the
16/6 idiotype-expressing antibodies, showing that these
antibodies can induce brain inflammation and cognitive
impairment in mice. These reports on the effect of this
idiotype of the human anti-DNA antibody shed further
light on the diverse mosaic pathophysiology of neuropsychiatric lupus, and indicate that there is a possibility of
molecularly targeting the disease [34]. This potential for
treatment of SLE was addressed by Gono and coworkers
[35], who highlighted the possibility that the differences in
the cross-reactivity of each autoantibody with the nervous
system might explain the diverse clinical features in
NPSLE, and that the identification of autoantibody targets
could lead to the development of novel therapies; for instance, by protecting specific neuronal cells.
One of the autoimmune conditions more clearly associated with CNS involvement is anti-phospholipid syndrome (APS). Katzav et al. [36] have shown that this AD,
besides being characterized by the presence of autoantibodies, can be triggered experimentally by coagulopathy.
Indeed, this group found that both heterozygous and
homozygous Factor V Leiden (FVL) transgenic mice that
were immunized with β2-glycoprotein I had significantly
higher and longer-lasting immune responses. Furthermore, because these responses were dependent on the
FVL mutation allele load, the research suggests that

genetically mediated coagulopathies increase the risk of
developing coagulation-targeted autoimmune responses.
Moreover, raised levels of circulating anti-phospholipid
antibodies seem to lead inevitably to neurodegeneration.
The thrombophilic network is also involved in another
autoimmune disorder, celiac disease. Lerner et al. [37]
showed that in addition to the well-known thrombogenic
factors, the presence of anti-phospholipid antibodies,
namely anti-phosphatidylserine/prothrombin and antiprothrombin, might play a pathogenic role by increasing
the risk of intestinal injury, endothelial dysfunction, platelet abnormality, and enhanced apoptosis. Studies are urgently awaited to address the potential of treating patients
with ADs by targeting these antibodies.
A further component in the mosaic of autoimmunity is
the question of what stays in the renal pyramids. Renal
involvement represents a major issue in autoimmune
connective tissue diseases (CTDs). The main question is
whether renal damage is caused by the underlying disease
or by interventions, particularly by drug reactions as
described by Kronbichler and Mayer [38]. Consequently,
physicians should always take kidney function into account
when treating CTDs [39]. Nonetheless, recent evidence
suggests that the real hub for presenting T cells is in the
lung [40]. Indeed, T-cell blasts do not enter the CNS
efficiently, and they gain this capacity only after residing
transiently within the lung tissues. In these tissues, the T
cells are stimulated, after which they proliferate strongly,
acquire migratory properties by rearranging specific genes
and producing targeting chemokines, and can then enter
the circulation and induce CNS disease. There are several
implications for such phenomena. For instance, the role of
smoke as a risk factor in ADs becomes even more important when we consider the exposure of disease-inducing
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immune cells to tobacco smoke drawn into the lungs. Second, the development of drugs based on the concept of
arresting T cells at a hub (that is, in the lung), is a potential
therapy and should be encouraged [41].
Phosphodiesterase-targeted therapies 4 are also a promising tool for treating patients with a variety of autoimmune diseases. Intriguingly, these inhibitors have been
used to treat both diseases of the CNS (such as Parkinson’s
disease) and of the lung (such as chronic obstructive pulmonary disease), suggesting a common soil between the
lung and the CNS.
Finally, the revolutionary roads traced by biologic therapies continue to provide benefits for patients with ADs.
Rosman et al. [42], in their review of the advantages and
drawbacks of biologic therapies for autoimmune disease,
focused on the importance of having a range of drugs
available to treat patients with severe or resistant disease. The important issue here is having a range of different targets, allow personalization of therapy not only
for the individual, but also on the basis of the pathogenic
mechanisms underlying each specific disorder.
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Conclusion
In conclusion, a new wind is blowing within the branches
of autoimmunity, from the unexplored continent of ASIA
syndrome [27], which is reaching the arduous banks
of personalized medicine and bringing new hope to the
leaves of autoimmunity.

21.

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

22.

Financial disclosure
The authors have no other relevant affiliations or financial involvement with
any organization or entity with a financial interest or financial conflict with
the subject matter or materials discussed in the manuscript apart from those
disclosed.
Author details
1
The Zabludowicz Center for Autoimmune Diseases, Sheba Medical Center,
Tel Hashomer 52621, Israel. 2Reumatologia, Dipartimento di Medicina Interna
e Specialità Mediche, Sapienza Università di Roma, Rome, Italy. 3Incumbent
of the Laura Schwarz-Kip Chair for Research of Autoimmune Diseases,
Tel-Aviv University, Tel Aviv, Israel.
Received: 28 March 2013 Accepted: 2 April 2013
Published: 4 April 2013

19.

20.

23.
24.

25.
26.

27.
28.

References
1. Shoenfeld Y, Isenberg DA: The mosaic of autoimmunity. Immunol Today
1989, 10:123–6.
2. Amital H, Eric Gershwin M, Shoenfeld Y: Reshaping the mosaic of
autoimmunity. Semin Arthritis Rheum 2006, 35:341–3.
3. Perricone R, Perricone C, Shoenfeld Y: Autoimmunity: when the immune
system becomes the self-ish giant. Autoimmun Rev 2011, 10:575–6.
4. Perricone C, Ceccarelli F, Valesini G: An overview on the genetic of
rheumatoid arthritis: a never-ending story. Autoimmun Rev 2011, 10:599–608.
5. Anaya JM: Common mechanisms of autoimmune diseases (the
autoimmune tautology). Autoimmun Rev 2012, 11:781–4.
6. Cardenas-Roldan J, Rojas-Villarraga A, Anaya JM: How do autoimmune
diseases cluster in families? A systematic review and meta-analysis.
BMC Med 2013, 11:73.

29.

30.

31.
32.
33.

Anaya JM, Rojas-Villarraga A, García-Carrasco M: The autoimmune
tautology: from polyautoimmunity and familial autoimmunity to the
autoimmune genes. Autoimmune Dis 2012, 2012:297193.
Quintero OL, Rojas-Villarraga A, Mantilla RD, Anaya JM: Autoimmune
diseases in the intensive care unit. An update. Autoimmun Rev 2013,
12:380–95.
Vadasz Z, Haj T, Kessel A, Toubi E: Age-related autoimmunity. BMC Med
2013, 11:94.
Chimenti MS, Ballanti E, Perricone C, Cipriani P, Giacomelli R, Perricone R:
Immunomodulation in psoriatic arthritis: Focus on cellular and molecular
pathways. Autoimmun Rev 2013, 12:599–606.
Pollard KM, Kono DH: Requirements for innate immune pathways in
environmentally induced autoimmunity. BMC Med 2013, 11:100.
Toubi E, Shoenfeld Y: Toll-like receptors and their role in the
development of autoimmune diseases. Autoimmunity 2004, 37:183–8.
de Carvalho JF, Pereira RM, Shoenfeld Y: The mosaic of autoimmunity: the
role of environmental factors. Front Biosci (Elite Ed) 2009, 1:501–9.
Torres-Aguilar H, Blank M, Jara LJ, Shoenfeld Y: Tolerogenic dendritic cells
in autoimmune diseases: crucial players in induction and prevention of
autoimmunity. Autoimmun Rev 2010, 10:8–17.
Grossman C, Dovrish Z, Shoenfeld Y, Amital H: Do infections facilitate the
emergence of systemic sclerosis? Autoimmun Rev 2011, 10:244–7.
Ramagopalan SV, Goldacre R, Skingsley A, Conlon C, Goldacre M:
Associations between selected immune-mediated diseases and
tuberculosis: record-linkage studies. BMC Med 2013, 11:97.
Ribeiro FM, Szyper-Kravitz M, Klumb EM, Lannes G, Ribeiro FR, Albuquerque
EM, Shoenfeld Y: Can lupus flares be associated with tuberculosis
infection? Clin Rev Allergy Immunol 2010, 38:163–8.
Shapira Y, Agmon-Levin N, Shoenfeld Y: Mycobacterium tuberculosis,
autoimmunity, and vitamin D. Clin Rev Allergy Immunol 2010, 38:169–77.
Agmon-Levin N, Theodor E, Segal RM, Shoenfeld Y: Vitamin D in systemic
and organ-specific autoimmune diseases. Clin Rev Allergy Immunol 2012,
14. doi:10.1007/s12016-012-8342-y.
Perricone C, Agmon-Levin N, Colafrancesco S, Shoenfeld Y: Vitamins and
systemic lupus erythematosus: to D or not to D. Exper Rev Clin Immunol
2013, 9: doi:10.1586/eci.13.23.
Disanto G, Chaplin G, Morahan JM, Giovannoni G, Hyppönen E, Ebers GC,
Ramagopalan SV: Month of birth, vitamin D and risk of immune
mediated disease: a case control study. BMC Med 2012, 10:69.
Tincani A, Andreoli L, Cavazzana I, Doria A, Favero M, Fenini MG, Franceschini F,
Lojacono A, Nascimbeni G, Santoro A, Semeraro F, Toniati P, Shoenfeld Y:
Novel aspects of Sjogren's syndrome in 2012. BMC Med 2013, 11:93.
Peri Y, Agmon-Levin N, Theodor E, Shoenfeld Y: Sjögren's syndrome, the
old and the new. Best Pract Res Clin Rheumatol 2012, 26:105–17.
Agmon-Levin N, Kivity S, Tzioufas AG, López Hoyos M, Rozman B, Efes I,
Shapira Y, Shamis A, Amital H, Youinou P, Shoenfeld Y: Low levels of
vitamin-D are associated with neuropathy and lymphoma among
patients with Sjögren's syndrome. J Autoimmun 2012, 39:234–9.
McMahon MI, Ackland GJ: Aluminium: Simple metal no more. Nat Mater
2010, 9:607–8.
Khan Z, Combadière C, Authier FJ, Itier V, Lux F, Exley C, Mahrouf-Yorgov M,
Decrouy X, Moretto P, Tillement O, Gherardi RK, Cadusseau J: Slow
CCL2-dependent translocation of biopersistent particles from muscle to
brain. BMC Med 2013, 11:99.
Shoenfeld Y, Agmon-Levin N: 'ASIA' - autoimmune/inflammatory
syndrome induced by adjuvants. J Autoimmun 2011, 36:4–8.
Fierens K, Kool M: The mechanism of adjuvanticity of aluminium-containing
formulas. Curr Pharm Des 2012, 18:2305–13.
Conti F, Alessandri C, Perricone C, Scrivo R, Rezai S, Ceccarelli F, Spinelli FR,
Ortona E, Marianetti M, Mina C, Valesini G: Neurocognitive dysfunction in
systemic lupus erythematosus: association with antiphospholipid
antibodies, disease activity and chronic damage. PLoS One 2012, 7:e33824.
Carmona-Fernandes D, Santos MJ, Canhão H, Fonseca JE: Anti-ribosomal P
protein IgG autoantibodies in patients with systemic lupus erythematosus:
diagnostic performance and clinical profile. BMC Med 2013, 11:98.
Blank M, Shoenfeld Y: The story of the 16/6 idiotype and systemic lupus
erythematosus. Isr Med Assoc J 2008, 10:37–9.
Perricone C, Shoenfeld N, Agmon-Levin N, de Carolis C, Perricone R, Shoenfeld Y:
Smell and autoimmunity: a comprehensive review. Clin Rev Allergy Immunol 2012.
Kivity S, Katzav A, Arango MT, Landau-Rabi M, Zafrir Y, Agmon-Levin N,
Blank M, Anaya JM, Mozes E, Chapman J, Shoenfeld Y: 16/6-idiotype

Perricone et al. BMC Medicine 2013, 11:101
http://www.biomedcentral.com/1741-7015/11/101

34.

35.

36.

37.

38.
39.
40.

41.
42.

Page 5 of 5

expressing antibodies induce brain inflammation and cognitive
impairment in mice: the mosaic of central nervous system involvement
in lupus. BMC Med 2013, 11:90.
Blank M, Nur I, Toub O, Maor A, Shoenfeld Y: Toward molecular targeting
with specific intravenous immunoglobulin preparation. Clin Rev Allergy
Immunol 2005, 29:213–7.
Gono T, Kawaguchi Y, Yamanaka H: Discoveries in the pathophysiology of
neuropsychiatric lupus erythematosus: consequences for therapy.
BMC Medicine 2013, 11:91.
Katzav A, Grigoriadis NC, Ebert T, Touloumi O, Blank M, Pick CG, Shoenfeld
Y, Chapman J: Coagulopathy triggered autoimmunity: experimental
antiphospholipid syndrome in factor V Leiden mice. BMC Med 2013,
11:91.
Lerner A, Agmon-Levine N, Shapira Y, Gilburd B, Reuter S, Lavi I, Shoenfeld
Y: The thrombophilic network of autoantibodies in celiac disease.
BMC Med 2013, 11:89.
Kronbichler A, Mayer G: Renal involvement in autoimmune connective
tissue diseases. BMC Med 2013, 11:95.
Borchers AT, Leibushor N, Naguwa SM, Cheema GS, Shoenfeld Y, Gershwin
ME: Lupus nephritis: a critical review. Autoimmun Rev 2012, 12:174–94.
Odoardi F, Sie C, Streyl K, Ulaganathan VK, Schläger C, Lodygin D,
Heckelsmiller K, Nietfeld W, Ellwart J, Klinkert WE, Lottaz C, Nosov M,
Brinkmann V, Spang R, Lehrach H, Vingron M, Wekerle H, Flügel-Koch C,
Flügel A: T cells become licensed in the lung to enter the central
nervous system. Nature 2012, 488:675–9.
Steinman L: Weighing in on autoimmune disease: 'Hub-and-spoke' T cell
traffic in autoimmunity. Nat Med 2013, 19:139–41.
Rosman Z, Shoenfeld Y, Zandman-Goddard G: Biologic therapy for
autoimmune diseases: an update. BMC Med 2013, 11:88.

doi:10.1186/1741-7015-11-101
Cite this article as: Perricone et al.: Novel pebbles in the mosaic of
autoimmunity. BMC Medicine 2013 11:101.

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

