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Abstract
In vertebrates, the innate and adaptive immune systems have evolved seamlessly to protect the
host by rapidly responding to danger signals, eliminating pathogens and creating immunological
memory as well as immunological tolerance to self. The innate immune system harnesses
receptors that recognize conserved pathogen patterns and alongside the more specific recognition
systems and memory of adaptive immunity, their interplay is evidenced by respective roles during
generation and regulation of immune responses. The hallmark of adaptive immunity which
requires engagement of innate immunity is an ability to discriminate between self and non-self
(and eventually between pathogen and symbiont) as well as peripheral control mechanisms
maintaining immunological health and appropriate responses. Loss of control mechanisms and/or
regulation of either the adaptive or the innate immune system lead to autoimmunity and
autoinflammation respectively. Although autoimmune pathways have been largely studied to date
in the context of development of non-infectious intraocular inflammation, the recruitment and
activation of innate immunity is required for full expression of the varied phenotypes of non-
infectious uveitis. Since autoimmunity and autoinflammation implicate different molecular
pathways, even though some convergence occurs, increasing our understanding of their respective
roles in the development of uveitis will highlight treatment targets and influence our
understanding of immune mechanisms operative in other retinal diseases. Herein, we extrapolate
from the basic mechanisms of activation and control of innate and adaptive immunity to how
autoinflammatory and autoimmune pathways contribute to disease development in non-infectious
uveitis patients.
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1. Introduction
“Nothing in biology makes sense except in the light of evolution”. This citation of
Theodosius Dobzhansky is germane to immunity, inflammation and the pathogenesis and
therapeutic targets in ocular inflammatory diseases. In this context, our immune system has
developed alongside the diversity of life forms and biological organisms. Maintaining organ
and tissue function is dependent upon co-existing with a large genomic array of microbial
commensals, whilst concomitantly retaining the capability of responding to pathogenic
microbes (Lee and Mazmanian, 2010). For example, early life colonisation by bacteria
generates host-microbe relationships that do not result in disease – immune tolerance. The
corollary is that the majority of host-bacterial interaction is symbiotic and actively
contribute to overall homeostasis (figure 1) (Casadevall and Pirofski, 2000). Both innate and
adaptive immune mechanisms govern such capability. However, a risk of the adaptive
immunity is an abnormal response against self protein, a potential requisite to the
development of autoimmunity. With respect to the fact that adaptive and innate immunity
rely on, at least initially, different molecular mechanisms, their associated diseases,
respectively autoimmunity and autoinflammation, arguably also remain distinct. Whereas
with reference to ocular disease, the pathways leading to autoimmunity have been most
studied where although it remains largely conjecture as to a potential autoantigen (see
section 5), the prominence of the recruitment and activation of innate immunity is
increasingly recognized and moreover is arguably requisite for full expression of phenotypes
of non-infectious uveitis we observe, and certainly experimentally. To back up such
experimental findings clinically, a common occurrence during relapses of uveitis (although
not exclusive), is the presence of non-ocular infection, even if not manifest clinically. In this
review, we highlight the basic principles of adaptive and innate immunity and how immune
mechanisms (autoimmunity versus autoinflammation) contribute to disease development in
non infectious uveitis patients.

2. Definition of non infectious uveitis
Currently we define uveitic disorders purely on their clinical phenotype. This classification
is undergoing further refinement involving consensus opinion, which is undoubtedly
appropriate for clinical outcome studies and clinical trials, but does not fully acknowledge
either commonality or diversity of immunopathogenesis (Jabs et al., 2005). Arguably and
pre-emptively, we classify clinically intraocular inflammation as either infectious, where
there is an obvious infectious aetiology, for example bacterial endophthalmitis,
toxoplasmosis or herpetic retinopathies (Caspi, 2010; Dick et al., 2008), or non-infectious,
where the aetiology is presumed to be autoimmune in nature. With respect to autoimmunity,
an autoantigen has to be implicated generating accordingly antigen-specific T cell response
or pathogenic autoantibodies or both. Whilst this has been implicated for intraocular
inflammation, retinal specific T cell responses are also present in non-uveitic controls and
we as yet do not know if such responses are pathogenic (Hirose S et al., 1988; Nussenblatt et
al., 1980; Opremcak et al., 1991; Takeuchi et al., 2010; Yamamoto et al., 1993). Enticingly
and in support is recent data showing in humanized mouse models detection of MHC Class
II restricted S-Ag-specific CD4+ T cells, similar to tetramer-positive cells in peripheral
blood of a uveitis patient (Mattapallil et al., 2011). In order to activate an autoimmune
response the autoantigen has to most commonly be recognised in the context of a restricted
MHC class II antigens and specific TCR+ T cells. Genetic studies have highlighted this link,
as illuminated by their HLA-DR associations, supporting the evidence that many of the
uveitic disorders are likely to have an autoimmune component (Martin et al., 2003).
Moreover, expression of disease is also governed by the multitude of immune related
polymorphisms, most frequently in the inflammatory cytokine genes (Wallace and
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Niemczyk, 2011), and exemplified by the recent genome-wide association studies on
Behcet’s disease (Mizuki N et al., 2010; Remmers et al., 2010).

Autoinflammation is a term coined to describe disorders that arise from a dysregulation of
innate immunity. For example, the understanding of the genetic and immunological basis of
human periodic fever syndromes, in particular cryopyrin-associated periodic syndromes
(CAPS), has led to important new insights into the pathogenesis of monogenic and complex
interleukin-1beta-associated autoinflammatory diseases (Masters et al., 2009). This review
will show evidence of such mechanisms operative during intraocular inflammation, as well
as the relationship between potential infectious drive (activation of innate immunity) and
development of autoimmunity. We will in particular develop the notion that it is likely that
both autoimmune and autoinflammatory mechanisms participate and converge during the
development of non-infectious uveitis.

The general tenet of immune mechanisms during inflammatory disease (autoimmune and
autoinflammatory) has arisen from principles of immune privilege (Billingham et al., 1953)
and Matzinger’s danger theory (Matzinger, 1994). The concepts go beyond the ability to
maintain tolerance to self via both central thymic and peripheral tolerance mechanisms and
now include evidence of how the two arms of the immune system, innate and adaptive
immunity, respond together to signals that may cause harm for example, infection and
surgical wounds, whilst preserving the ability to not respond to self-antigen. This requires
cross-talk between both innate and adaptive immunity and also brings into play tissue
responses that control overactive immune responses (Matzinger and Kamala, 2011).
Therefore, again with respect to the eye, maintaining tolerant responses to innate signals, as
well as autoimmune T cell responses, is paramount.

3. Innate and adaptive immunity
3.1. Innate immunity

An innate immune system provides an immediate host immune response to infectious agents
and relies on the expression of germline-encoded receptors for their detection. Those
receptors recognize microbial-specific molecular patterns (pathogen associated molecular
patterns, PAMPs), generally motifs shared by large groups of microorganisms. This clearly
makes sense in an evolutionary perspective, since those molecular structures are essential for
the survival of microbes and are thus less likely subject to conformational changes or
mutations (Medzhitov and Janeway, 1997). Besides, this strategy has not only been adopted
in the animal kingdom, but in plants as well (Ronald and Beutler, 2010).

Different families of PAMPs receptors have been described (table 1 and figure 2). The Toll-
like receptors (TLR) and C-type lectins (CTL) are expressed on plasma membranes and
endosomes while RNA and DNA sensors are present in the cytoplasm. TLR comprise
different members which are activated by bacterial cell wall components or nucleic acids
from bacteria or viruses and are expressed on innate immune cells, but also on T and B
lymphocytes and on endothelial cells and keratinocytes for example (Kawai and Akira,
2010). CTL bind mannose, fucose and glucan and are mainly expressed by dendritic cells
and macrophages. Receptor ligation leads to pathogen internalization and is an important
way to deliver antigen for presentation (Geijtenbeek and Gringhuis, 2009). In addition to
TLR, viral nucleic acids can also be detected by cytoplasmic sensors of the retinoic acid-
inducible gene-I (RIG-1) like receptor (RLR) family. Once activated by their ligands, TLRs
activate the NF-kB and MAPK pathways which drive the liberation of proinflammatory
cytokines. Transcription of members of the interferon regulatory factor (IRF) and
subsequent production of type I interferon are also central features of this series of receptors.
Intracellular detection of microbial motifs is not only restricted to TLR or RIG but is also a
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function of another group of PAMPs receptors, the NOD-like receptors (RLR). Based on
phylogenetic analysis, NLR can be further classified into 3 subfamilies: NODs, NLRPs and
IPAF. Upon activation, NOD1 and NOD2 oligomerise and, as other PAMPs receptors,
activate the NF-kB and MAPK pathways. However, the upstream signals induced by other
NLR differ from other PAMPs receptors. Hence, activation of some NLR induces the
formation of large scaffolds of proteins, called inflammasomes, which will activate
caspase-1 and promote the extracellular release of interleukin-1 (IL-1) and interleukin-18
(IL-18) (Schroder and Tschopp, 2010), ascribed as a canonical feature in the pathology of
autoinflammatory diseases (see below).

3.2 Adaptive immunity
An explosion of life-forms diversification and speciation occurred during the Cambrian
period, around 550 million years ago. At this time a new way to sense and eliminate
pathogen was created, which basically offers the opportunity to distinguish self from non-
self. It relies on the expression of an almost unlimited number of specific receptors on
lymphocyte clones. In jaw vertebrates, T lymphocytes recognize processed peptide
fragments presented by specialized antigen presenting cell through the expression of T cell
receptors (TCR) while B lymphocytes receptors (BCR) detect intact molecules. TCR and
BCR can recognize an almost unlimited set of antigens, and are generated by mixing and
matching variable (V), diversity (D) and joining (J) gene segments in a process called VDJ
recombination (Cooper and Alder, 2006). This highly complex process renders possible the
generation of an almost unlimited number of antigen receptors with a limited set of genes
and is largely dependent on the expression of the lymphocyte specific recombination
activating genes RAG1 and RAG2. Interestingly, RAG genes expression in jaw vertebrates
is likely to be the result of the landing of a transposable element (genomic element that have
the ability to move from one chromosomal location to another) into their genome (Market
and Papavasilliou, 2003). In this context, it is important to note that jawless vertebrates use
RAG-independent gene recombination mechanisms to generate variable lymphocyte
receptors on lymphocyte like cells (Guo al., 2009). Such example of convergent evolution
clearly suggests that, at least in vertebrates, adaptive immunity provides an added value to
the organisms. Interestingly, it has been recently proposed that the benefit of the adaptive
immune system is mainly to offer the possibility to distinguish between commensal
microbes and pathogens rather than providing a better defense against invasive
microorganisms (Hedrick, 2009). Hence, adaptive immunity would permit an ability to
tolerate microbial residents which could result, for example, in access to new dietary
components and a unique evolutionary advantage (Weaver and Hatton, 2009). However, the
generation of this randomly generated vast repertoire of TCR and BCR implicate that cells
with self-antigen recognising receptors are also produced with the potential risk of self-
recognition and organ damage. This danger is normally prevented by a step of selection
during lymphopoiesis where autoreactive lymphocytes are deleted. This process, called
central tolerance, is nevertheless imperfect, and autoreactive lymphocytes are present in
healthy subjects and maintained quiescent by peripheral tolerance mechanisms. A notion
therefore is that any perturbation of central and peripheral tolerance mechanisms leads to
autoreactive lymphocytes activation and autoimmunity. In a more general setting,
autoimmunity can be defined as an abnormal activation of the adaptive immune system, and
thus differentiates pathogenesis of disease from those caused by autoinflammation.

3.3 Contribution of innate immunity pathways to adaptive immunity
A breakthrough in our understanding of the biology of the immune system was made when
Charles Janeway proposed that one of the functions of the innate immune system was
actually to give information about the source of the antigen (Janeway, 1989). The thesis
predicted the existence of PAMPs receptors and postulated that activation of those receptors
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would help antigen presenting cells to distinguish between infectious and non infectious
antigens. This hypothesis is now widely accepted and the role of PAMPs receptors in
shaping the adaptive immune response has been further demonstrated (Palm and Medzitov,
2009). In this context, it has been shown, for example, that different TLRs, by differentially
regulating IL-12 family members can direct adaptive immunity towards a Th1, Th2 or a
Th17 response (Goriely et al., 2008). Hence, TLR activation not only provides information
on the infectious nature of the antigen, but also, since different TLR are activated by
different families of microbes, identifies with some precision the nature of that infection.
This additional level of information is also found with other PAMPs receptors members like
Dectin-1, which stimulate Th17 differentiation, and with cytosolic PAMPs receptors, which
might even help the cell to discriminate between pathogen and symbionts (Palm and
Medzhitov, 2009). Moreover, crosstalk between TLR and NLR has been described and offer
further possibility to identify the origin of the antigen (Fritz et al., 2007).

Interestingly, Janeway’s hypothesis has been extended to a more general danger model by
Matzinger (Matzinger, 1994). In this danger theory, the signal that informs the cell on the
nature of the antigen is not restricted to PAMPs but broadened to molecules produce during
tissue injury and cell death. In reference to PAMPs, the term damage-associated molecular
pattern (DAMPs) was introduced to define this new family of endogenous danger signals,
but alarmins is also often used. Accordingly, a series of endogenous molecules (e.g.
monosodium urate crystals, high mobility group box 1 protein or nucleotide) have been
found to have adjuvant or proinflammatory properties (Kono and Rock, 2008). Remarkably,
it has been demonstrated that some DAMPS are recognised by PAMPs receptors.
Interestingly, in parallel, recent data have elegantly demonstrated that non hematopoietic
cells also play an important role in sensing danger signals and shaping the adaptive immune
response. Fritz et al. (2007) have for example demonstrated that non hematopoietic cells are
key in triggering the Nod1-mediated Th2 responses. Finally we have a picture forming on
how the innate immune system, by translating the context of antigen uptake and
presentation, will eventually drive adaptive immune response and its consequent behaviour
and function. This has most recently been described in the context of PAMPs receptors
signalling and differentiation of Th1/Th17 cell and their development (Krausgruber et al.,
2011).

4. Autoinflammation and uveitis
4.1 Autoinflammation and experimental uveitis

A variety of circumstantial observations suggests that the innate immune system is very
important in the development of uveitis. These observations include: 1) Most eye tissues
(cornea, uvea and retina) expresses TLRs (Chang et al., 2006). NOD1 and NOD2 are also
strongly expressed (Rosenzweig et al., 2008; Rosenzweig et al., 2009). Accordingly, a
variety of synthetic TLR agonists will induce cytokine synthesis and uveitis when injected
locally in a mouse eye (Rosenzweig, Allensworth, Rosenbaum, manuscript in preparation).
The prototypic activator of TLR in the eye is endotoxin and this initiator of inflammation is
discussed more fully below. 2) Most models of autoimmunity in general and uveitis in
particular require an adjuvant and most adjuvants act by activating a TLR or NLR; 3) The
uveal tract includes cells such as macrophages and dendritic cells, which are known to
participate in innate immunity (McMenamin et al., 1994); 4) An autosomal dominant form
of uveitis, Blau syndrome, is caused by mutations in an NLR family member, namely NOD2
(Miceli-Richard et al., 2001). The NOD2 protein recognizes muramyl dipeptide, a
component of bacterial cell walls. 5) Polymorphisms or copy number of TLR genes or other
genes involved in microbial recognition affect susceptibility to autoimmunity. For example,
CARD9 is critical in the signaling initiated by Dectin-1 activation. Rare mutations in
CARD9 cause chronic fungal infection (Glocker et al., 2009). Polymorphisms of CARD9
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affect susceptibility to ankylosing spondylitis and Crohn’s disease, two systemic diseases
associated with uveitis (Pointon et al., 2011; Zhernakova et al., 2008). 6) Bacteria have been
implicated in the causation of a number of the systemic diseases associated with uveitis
including inflammatory bowel disease, sarcoidosis, Behcet’s disease, and psoriatic arthritis.
(Friswell et al., 2010; Huerta et al., 2007; Noah, 1990; Song et al., 2005; Strober, 2010;
Yanagihori et al., 2006). 7) A footpad or tail injection of killed mycobacteria in Lewis or
Sprague Dawley rats stimulates the innate immune system and induces both uveitis and
arthritis (Petty et al., 1989).

A.C. Woods was one of the first to suspect that the innate immune system contributed to
uveitis, although his work was prior to the conceptualization of innate immunity. Woods
injected rabbits intravenously with supernatant from Gram negative bacterial cultures and
noted that eyes became red (Woods, 1916). Endotoxin or lipopolysaccharide is the major
component of the outer cell wall of Gram negative bacteria. In fact, the LPS is responsible
for the staining that identifies the microbe as Gram negative. Thirty years ago, Rosenbaum
and colleagues described an acute anterior uveitis in rats subsequent to the injection of
endotoxin in a footpad (endotoxin induced uveitis, EIU) (Rosenbaum et al., 1980). Forrester
and colleagues contemporaneously described uveitis in rats that received LPS locally in the
eye (Forrester et al., 1980). The route of injection was not critical as the LPS could also be
given subcutaneously, intravenously, or intraperitoneally. The source of the LPS was not
critical and could be from a pathogenic or non-pathogenic isolate. Most strains of rats were
susceptible. The dose of LPS needed to induce uveitis did not produce histological
abnormalities in other organs. The inflammation was transient with the infiltrate peaking
about 24 hours after the LPS application and usually disappearing by 72 hours. If the LPS
was injected daily, the rat became tolerant and the cellular infiltrate did not persist. The
posterior portion of the eye is also affected by LPS with changes such as increased adhesion
molecule expression in retinal vessels, but the cellular infiltrate is not as marked (Koizumi et
al., 2003).

Although TLR4 had not been described when EIU was first reported, much is now known
about TLR4. A unique aspect of TLR4 is that it can signal through either of two adaptor
molecules, MyD88 or TRIF (O’Neill, 2008). In some cells, both adaptor molecules
participate in signalling while some cells such as neutrophils signal preferentially through a
single adaptor molecule (Tamissia et al., 2007). Data indicate that the eye can synthesize
cytokines like IL-6 dependent on the MyD88 pathway as well as cytokines such as
RANTES or MCP-1 which are dependent on the TRIF pathway (Kezic et al., 2011).
However, studies with either MyD88 or TRIF knockout mice indicate that the MyD88
pathway is the one critical for the cellular infiltrate. Rosenbaum’s lab has conducted studies
with chimeric mice using bone marrow from mice that lack a functional TLR4 (Kezic et al.,
2011). Surprisingly mice with bone marrow cells that lack a functional TLR4 still respond to
LPS, although the majority of the dendritic cells and macrophages in the uveal tract of these
mice should be unable to respond to LPS. This observation suggests that non bone marrow-
derived cells such as vascular endothelial cells or pigmented epithelial cells are the ocular
cells most responsible for EIU.

The uveal tract of mice and rabbits is also very sensitive to LPS, but a systemic injection
induces much less of a cellular infiltrate (Rosenbaum et al., 1980). EIU is currently
frequently studied in mice as this species has become the preferred one for studies on the
immune system. In order to induce a marked cellular infiltrate, nanogram quantities of LPS
are injected directly into the eye, usually intravitreally. While most inflammation occurs
within the first 4 to 48 hours after a systemic injection, a later wave of inflammation about 5
to 7 days after the injection has also been described (Kozhich et al., 2000). Our own studies
on the effects of intraperitoneally injected LPS in mice suggest that the failure of this route
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to induce a cellular response is due to the LPS causing a transient desensitization of the
leukocytes such that they are unable to extravasate (Rosenbaum et al., 2011). A similar
phenomenon has been described when LPS is injected locally in tissues other than the eye
(Khan et al., 2005)

The relevance of EIU to uveitis in patients remains speculative. Using human explant
cultures, we have demonstrated that 10 pg/ml of LPS will induce a measurable synthesis of
interleukin-8 by the human iris (figure 3). The retina is also very sensitive to LPS in vitro,
but not quite as sensitive as the iris as shown in the figure. Although endotoxemia occurs
during gram negative sepsis, iritis is not a recognized concomitant of septicemia. On the
other hand, Gram-negative bacterial infections by specific strains of Salmonella, Yersinia,
Campylobacter, or Shigella are known to trigger the HLA B27-associated disease, reactive
arthritis (formerly Reiter’s syndrome). Data enticingly generates a notion that both
ankylosing spondylitis and inflammatory bowel disease, two systemic illnesses that are
associated with anterior uveitis, might be due to endogenous bowel flora (Friswell et al,
2010; Strober, 2010; Taurog et al., 1994). Although the sensitivity of the rodent uveal tract
to endotoxin and the above observations might be coincidence, the likelihood is that the
observations are related and we just lack the insight to link these findings.

Although bacterial infections are not always evident as triggers for uveitis, many argue that
endogenous substances can also trigger innate immunity through activation of TLRs
(Erridge, 2010). For example, hyaluronic acid, certain heat shock proteins, tenascin C,
microcrystalline, and S100A8/A9 might activate TLR4. Since these molecules are not
derived from pathogens, they cannot be labeled PAMPs and as mentioned before are known
either as DAMPs (danger associated molecular patterns) or alarmins. Those who doubt the
existence of endogenous TLRs argue that it is unlikely that a receptor could recognize such a
vast array of different substances and that the most likely explanation is that LPS binds to
these substances and might be potentiated by this binding. One publication indicates that
S100A8/A9 can induce uveitis in rats and our own unpublished observations are similar in
mice (Chi et al., 2007). While much remains to be learned about the mechanism by which an
endogenous TLR ligand activates the receptor, it does seem likely that a microbial product is
not essential for the activation of the innate immune system. Although corroborative
evidence would be further achieved via interrogation of PAMPs and DAMPs induced uveitis
model in RAG −/− mice, the evidence remains and emphasizes that activation of the innate
immune system may induce uveitis mediated via PAMPs receptors and subsequent
inflammasome activation (autoinflammation), even in the absence of infective agents.

4.2 Uveitis in patients with autoinflammatory syndromes
4.2.1. Introduction—Autoinflammatory syndromes are driven by the innate immune
system, comprise a wide spectrum of conditions, and represent both hereditary and
multifactorial disorders (table 2). Clinical findings are nonspecific. Common systemic
findings are fever, abdominal pain, arthritis, cutaneous lesions, hearing loss and CNS
involvement. Main ocular findings of autoinflammatory syndromes are listed in table 3. The
majority of the rare disorders described are monogenic. However, the more common
inflammatory systemic diseases that may exhibit ocular inflammation include Crohn’s
disease and ulcerative colitis representing polygenic autoinflammatory diseases. In addition
Behçet’s syndrome, ankylosing spondylitis and psoriatic arthritis represent mixed pattern
diseases involving both MHC association and restriction implicating antigen specificity and
T cell driven as well as requiring autoinflammatory components.

4.2.2 Blau syndrome—Blau syndrome is an autosomal dominantly inherited syndrome,
characterized by an early-onset granulomatous arthritis, recurrent uveitis, cranial
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neuropathies, exanthema and camptodactyly (Kurokawa, 2003)(table 3). Early-onset
sarcoidosis (EOS) is another auto-inflammatory condition similar to Blau syndrome
regarding clinical and pathologic features and response to treatment and may indeed
represent a spectrum with respect to polymorphic changes in the innate pattern recognition
receptors, including the NOD2 gene. The main difference that currently clinically
differentiates between the two conditions is the absence of family history of the disease in
EOS. The typical age at onset is less than 4 years. Although the disease is classically
characterised by the triad of dermatitis, arthritis and uveitis, a recent Spanish study observed
uveitis in only 50% cases. Interestingly, even in the complete forms, the triad is usually not
present at the onset of the disease. In children with ocular involvement, recurrent bilateral
uveitis is a frequent feature. Panuveitis seems to be more common than anterior uveitis.
Conjunctivitis, cataract, secondary glaucoma, multifocal choroidal granuloma, corneal
opacities and retinal detachment are other associated findings (Arostegui et al., 2007; Jabs et
al., 1985; Kurokawa et al., 2003; Latkany et al., 2002). When present, ocular involvement is
the most refractory to conventional treatments and the main cause of morbidity.

4.2.3 Cryopyrin-associated periodic syndrome—The cryopyrin-associated periodic
syndrome (CAPS) is a rare hereditary auto-inflammatory syndrome including three
phenotypes: familial cold auto-inflammatory syndrome (FCAS), Muckle-Wells syndrome
(MWS), and neonatal onset multisystem inflammatory disease / chronic infantile neurologic
cutaneous and articular syndrome (NOMID/CINCA). These cryopyrinopathies are no more
considered as distinct conditions but different severities of the same disease and CAPS
patients often show an overlap of the 3 syndromes. FCAS is the mildest phenotype and
ocular involvement is usually absent. Muckle-Wells syndrome (MWS) is the intermediate
phenotype, characterized by renal amyloidosis, sensorineural hearing loss, and
conjunctivitis. In MWS anterior uveitis may occasionally be seen, but posterior segment
involvement is very rare (Shakeel and Gouws, 2007).

CINCA syndrome is the most severe phenotype of cryopyrin-associated periodic syndrome
comprising arthritis, chronic urticaria and meningitis (figure 4). The disease starts at 6 weeks
with a rash, followed by fever, meningitis, joint disorders, vision and hearing loss and
mental retardation. The course of the disease is more chronic than recurrent. Dolfus et al.
(2000) have reported on a series of 31 children with a mean age of 4.5 years at the onset of
ocular disease. Optic disc abnormalities have been identified in 83% of cases, representing
the major clinical finding with papillitis (42%), papilledema (23%) and optic atrophy (29%).
Therefore, fundus examination remains the key feature in the identification of ocular
involvement. Optic disc drusen has to be considered as a differential diagnosis and B-scan is
the best investigation to perform in atypical cases. Monitoring of the visual field is proposed
for children with papilledema. The other clinical findings involving the posterior segment
are vitritis (13%), vasculitis (10%), macular edema (13%), focal chorioretinitis (3%). Mild
to moderate anterior uveitis is observed in 52% of cases but chronic conjunctivitis (48%),
corneal involvement with band keratopathy (26%), stromal infiltrates (23%), corneal
neovascularization (10%), cataract (16%) and dry eye (13%) are other potential ocular
findings (Terrada et al, 2011). Sight-threatening complications have been noted in 26% of
cases.

The level of IL-1-beta production is increased in NOMID/CINCA, encouraging the use of
biological agents. The long-term efficacy and safety of anakinra, an IL-1 inhibitor has been
recently reported, corroborating the earlier case report finding response of uveitis following
switching to anakinra therapy (Neven et al., 2010, Teoh et al., 2007). In this study, 10
children (3 male, 7 female) were treated with anakinra with a follow-up ranging from 26 to
42 months. Severe papilledema was present in 7 cases. Visual impairment due to partial
optic atrophy was noted in 2 patients. Recurrent episcleritis was reported in one patient.
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Interestingly, papilledema normalized in 3 patients and dramatically improved in the 4
others. Persistence of headaches was associated with persistence of papilledema. CNS
involvement was controlled with higher doses of anakinra with a subsequent improvement
of papilledema. The efficacy of anakinra on resolution of papilledema is demonstrated in Fig
5.

4.2.4 Treatment strategies—Before the era of biologic agents, different anti-
inflammatory drugs, immunosuppressants such as methotrexate, cyclosporine, azathioprine
and cyclophosphamide have been used for the treatment of auto-inflammatory conditions.
However, results were usually disappointing. The introduction of TNF alpha blockers was a
major progress in conditions such as Crohn’s disease and Behçet’s disease. Therefore, it was
important to develop new targeted strategies. The interleukin-1 receptor antagonist
(anakinra) showed a significant efficacy in patients with CAPS. The most common side
effects are injection site reactions and upper respiratory infections. The main limitation for
the use of anakinra was its short half-life imposing a daily use. Because of the complexity of
its receptor system, the inhibition of IL-1 was very difficult to achieve. This spurred the
development of cytokine trap technology resulting in rilonacept (interleukin 1-trap),
currently approved for the treatment of CAPS. With a longer half-life than anakinra, weekly
subcutaneous injections became possible. Canakinumab is an IL-1 beta fully human,
monoclonal antibody, which is specific for IL-1beta and not other members of the IL-1
family. The longer half-life allows an injection every 8 weeks in patients with CAPS. Most
patients did not report any injection site reactions. New strategies including Caspase-1
inhibitors which act upstream of the IL-1 beta cascade show promising results in vitro and in
experimental models (Yu and Leslie, 2011).

4.2.5 Crohn’s disease and Behçet’s disease—As potential canonical auto-
inflammatory conditions, two major groups of diseases must be considered. Gastrointestinal
involvement is very common in Crohn’s disease (CD) but may also be observed in Behçet’s
disease (BD). Non-granulomatous uveitis is a classical clinical feature, more frequently
anterior in CD and posterior or pan in BD. NOD2/CARD15 seems to be the major
susceptibility gene for CD. About 20 to 40% of all patients, depending on the genetic
background, carry variants of this gene in contrast to 10-15% in the healthy population. On
the basis of certain clinical similarities, its episodic nature and the importance of granulocyte
activation in its pathogenesis, BD incorporates autoinflammatory mechanisms in the
pathogenesis and expression of disease and justifiably represents a condition on the
spectrum of autoinflammatory disorders (Gul A, 2005). Both conditions are very efficiently
controlled by anti-TNF-alpha agents (Lee and Dick, 2010; Silva et al., 2010). The role of
microbial pathogens is also implicated in the pathogenesis of both conditions, even though
strong evidence is lacking in BD, but remains to support the prominence of innate immune
activation in the immunopathogenesis. The importance of responses to intestinal bacteria in
CD is emphasized by the association with the NOD2 gene, which encodes an intracellular
sensor of peptidoglycan, a component of bacterial cell walls and its significance elaborated
in the previous section. Previously considered as an autoimmune disease, the designation of
CD as an autoinflammatory disorder in particular, is increasingly supported by data that
corroborates the altered or dysregulated host response to intestinal microbiata in
development of clinical disease.
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5. Interplay between innate and adaptive immunity in the development of
non infectious uveitis
5.1 Evidence supporting the role of autoreactive lymphocytes activation in non infectious
uveitis

Supporting an autoimmune aetiology for non infectious uveitis, various groups have
demonstrated that T lymphocytes from patients with uveitis proliferate in response to retinal
antigens, although and perhaps not surprisingly retinal specific autoreactive lymphocytes are
also found in the circulation of unaffected individuals (Hirose et al., 1988; Nussenblatt et al.,
1980; Opremcak et al., 1991; Yamamoto et al., 1993). Those seminal data have been
confirmed by more recent studies which support the notion that central tolerance does not
prevent retinal autoreactive T lymphocytes being present in healthy subjects and thus must
evoke peripheral tolerance mechanisms to prevent disease, as well as an ability to generate
disease (Caspi, 2011; Takeuchi et al., 2010). The classical view is that in uveitis patients
with potential genetic predilection, environmental factors trigger the activation of retinal
specific autoreactive lymphocytes which as a result, penetrate the blood retinal barrier and
promote intraocular inflammation. In experimental animals, such autoreactive lymphocytes
(to a variety of retinal antigens) can be readily activated by standard immunization
protocols.

5.2. Role of innate immunity in autoreactive lymphocytes activation during experimental
autoimmune uveitis (EAU)

Uveitis can be induced in susceptible animals by immunization with different ocular
antigens. Historically, antigens were first prepared from uveal extracts until the group of
Wacker discovered that retinal antigens were highly pathogenic. Those works led to the
identification of the two main retinal antigens S-antigen (S-Ag) and IRBP
(interphotoreceptor retinoid-binding protein) and have been further refined (Caspi, 2011;
Wacker and Lipton, 1965; Wacker, 1991). The immunization protocol is well standardized
and consists in subcutaneous injection of the antigen emulsified in complete Freund
adjuvant (CFA), supplemented with mycobacterial antigens (Caspi, 2010). Moreover, an
additional intraperitoneal injection of pertussis toxin is also frequently performed
simultaneously. Those technical aspects are often hidden in the material and methods section
but are nevertheless required, in certain models, for full disease development and hence
further emphasises the need to mobilize both innate and acquired immunity to generate
autoimmunity, and in particular a drive through PAMPs, that implicates concomitant
infection.

Adjuvants are classically used to boost immune responses and their effects rely on two main
properties. Firstly, adjuvants act as depots that optimize antigen concentration and delivery.
Secondly, adjuvants stimulate the innate immune system. This effect is an indispensable step
for the full activation of adaptive immunity and definitively gives an autoinflammatory
component to EAU. However, it is still unknown which PAMPs receptors mediates the
activation of innate immunity during EAU induction. Strikingly, it has been demonstrated
that mice deficient in TLR2, TLR4 or TLR9 as well as double knock-out TLR2+4, TLR2+9,
and TLR4+9 were fully susceptible to EAU (Fang et al., 2010; Su et al., 2005). However,
activation of those receptors enhances EAU score. This suggests that those TLR play a
redundant role in the adjuvant effect during EAU. Interestingly, MyD88- and IL-1R-
deficient mice are resistant to EAU induction (Su et al., 2005). Since inflammasome
activation leads to IL-1 production, one might postulate that NLR could also play a role in
the adjuvant effect during EAU.
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Altogether those data emphasize the importance of innate immunity in the induction of an
adaptive autoimmune response during EAU. The induced retinal-specific autoreactive
lymphocytes have been well characterized and are of the Th1 and Th17 subtypes.
Interestingly, autoimmune uveitis can also be induced by a direct intraperitoneal adoptive
transfer of those autoreactive lymphocytes in naïve animals, without the need of further
adjuvants. This suggests that autoimmunity can alone induce experimental autoimmune
uveitis, although the role of innate immunity in the adoptive transfer model of EAU remains
to be determined. A formal demonstration of this point would require adoptive transfer
experiments into PAMPs and DAMPs receptors (tissue specific) knock-out mice.
Nevertheless, those experimental data provide evidence that non infectious uveitis can be
induced in susceptible animals by autoimmunity mechanisms (adoptive transfer model of
EAU), autoinflammatory mechanisms (EIU) and a combination of both (classical EAU).

5.3 Role of antigenic mimicry in the activation of autoreactive lymphocytes in non
infectious uveitis

In EAU autoreactive lymphocytes are activated in the periphery by immunization with
retinal antigens, whereas the activation of the autoimmune response in human patients is
obviously different. One attractive hypothesis to explain this pathological activation is
related to antigenic mimicry, a phenomenon based on the natural cross-reactivity of T cell
receptors. In this scenario T cells activated outside the eye can penetrate the blood-retina-
barrier and cause intraocular inflammation due to stimulation of the T cell receptor with
mimicry peptides from retinal autoantigens. The group of Wildner has described peptides
from environmental antigens, which could cross react with retinal S-Ag peptide (PDSAg)
due to amino acid sequence homologies (Wildner and Diedrichs-Mohring, 2003; Wildner
and Diedrichs-Moehring, 2005). These peptides are from rotavirus (Rota) and from bovine
milk casein (Cas). Both antigens normally enter the organism via the gastrointestinal tract,
where they are first seen by the immune system. In these cases it is proposed that the
autoimmune response against ocular antigen is induced in the gut by a viral infection or by
an accidental adverse immune response to a harmless nutritional antigen like milk casein.
The immune response to the pathogen rotavirus is desired, whereas nutritional proteins
should normally be tolerated (oral tolerance). In the Lewis rat model of EAU the
uveitogenicity of peptides Cas and Rota by subcutaneous immunization with peptides in
complete Freund’s adjuvant has been demonstrated. The disease was indistinguishable from
EAU induced with S-Ag peptide PDSAg with respect to clinical and histological findings
(Wildner and Diedrichs-Mohring, 2003).

Cross-reactivity of the pathogenic peptides Rota and Cas with ocular autoantigen PDSAg
could be demonstrated with peptide-specific T cell lines. Rota-specific rat cell lines strongly
proliferate in response to peptide PDSAg, while PDSAg-specific T cell lines respond to
Rota with decreased proliferation. Cas-specific T cell lines crossreact with PDSAg, in
contrast to PDSAg-specific lines, which barely recognize the peptide Cas. These
observations point to a better presentation of the autoantigen peptide PDSAg on MHC class
II or to a higher T cell receptor avidity compared to the environmental epitopes Rota and
Cas, indicating that retinal peptide PDSAg might be a dominant epitope (Wildner and
Diedrichs-Mohring, 2003; Wildner and Diedrichs-Möhring, 2004).

For casein protein it has been demonstrated that the natural, gastrointestinal process of
antigen introduction is sufficient for induction of uveitis in rats. In this case cholera toxin
was used as an adjuvant to promote Th1 polarisation. This adjuvant also enabled uveitis
induction by feeding the animals with just 0.5 ml bovine milk (figure 6). Finally, patients
with autoimmune uveitis have enhanced antibody and T cell responses to Rota and Cas
compared to healthy donors, which might be a hint that rotavirus infections or accidental
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immune defense against milk proteins could play a role for inducing or perpetuating uveitis
in patients (Wildner and Diedrichs-Mohring, 2003; Wildner and Diedrichs-Möhring, 2004).

5.4 Do we need infection to induce autoimmune uveitis?
Antigen mimicry can elegantly explain why retinal autoreactive T cells can potentially be
activated by environmental factors. However, as mentioned in section 3.3, stimulation of
retinal specific auto- or cross-reactive lymphocytes requires also the presence of danger
signals. In this regards infectious triggers have the potential to provide both, a cross-reactive
antigen and also the danger signals through activation of PAMP’s and DAMPs. In this
context, one important example to discuss is the potential chronic infection or latency with
Mycobacterium tuberculosis.

A third of the world’s population has been exposed to M. tuberculosis and although
tuberculosis remains a very significant health issue, the majority remain unaffected although
persist as mantoux test positive (Dye et al., 1999; Flynn and Chan, 2001; Gupta V et al.,
2007; Maartens and Wilkinson, 2007). Whether this means activity or latency or just
immunological memory has yet to be clarified. Nevertheless, there remains complementarity
with the animal models we have discussed and the need for mycobacterial adjuvants to
induce disease (see above). Although tuberculosis is an archetypal pulmonary disease, M.
tuberculosis can also infect the eye and initiate intraocular inflammation as a variety of
phenotypes (Abu El-Asrar et al., 2010; Cutrufello et al., 2010; Gupta, A., et al., 2010).
However, even when ocular tuberculosis is suspected, it is often very difficult to detect M.
tuberculosis within the eye, either by culture or by PCR. The question therefore remains as
to whether under such circumstances this clinical scenario ascribes an infective drive to
generate autoimmunity. Data supporting this hypothesis have been described in some
patients treated with Bacille Calmette Guérin (BCG) vaccines. BCG is an attenuated strain
of Mycobacterium bovis, and its use as vaccine was discontinued in several countries due to
its highly variable efficacy (Fine, 1995), while sometimes vaccination was burdened with
severe side effects (Colditz et al., 1994; Hegde and Dean, 2005; Liberek et al., 2006;
Rodrigues et al., 1993; Wilson et al., 1995). However, BCG is still widely and successfully
used as local treatment for bladder carcinomas. Several cases of uveitis as side effects of
BCG instillation are reported in the literature (Uppal et al., 2010). The group of Wildner
described a patient who presented with bilateral granulomatous iritis 2 weeks after she
developed cystitis from BCG-instillation to treat her bladder carcinoma. Her uveitis was
easily controlled within a few weeks by local corticosteroids (Garip et al., 2009). Six weeks
later PBMCs were tested for in vitro proliferation and cytokine secretion in response to
tuberculin and retinal autoantigens. Strong proliferation and secretion of Th1-type cytokines
(IL-2, IFN-γ, TNF-α) as well as IL-6, IL-8 and MIP-1α (CCL3) were detected in cultures
stimulated with tuberculin, while the only retinal autoantigens tested that induced
proliferation were IRBP and a peptide from retinal S-Ag. However, Th1 and inflammatory
cytokines and chemokines were secreted after stimulation with both, S-Ag and IRBP and a
set of their peptides as well as CRALBP (cellular retinal-binding protein), a recently
described potential uveitogenic autoantigen (Deeg et al., 2007). Screening protein databases
for sequence homologies of proteins from BCG and the recognized autoantigens and their
peptides revealed numerous potential mimotopes (Garip et al., 2009). Based on those data, it
has been speculated that BCG can induce T cell responses, which are crossreactive with
epitopes from retinal autoantigens S-Ag, IRBP and CRALBP and thus direct the immune
response to the eye, where these peripherally activated T cells find their mimicry antigens.
Altogether, those data and our knowledge about the role of CFA as danger signals might
thus support the hypothesis that the chronic systemic, subclinical, infection with M.
tuberculosis would not only provide cross-reactive antigens, but also essential danger
signals, required for the activation of retinal specific autoreactive lymphocytes. It is thus
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likely that in certain genetically predisposed patients with latent tuberculosis the uveitis is
actually non infectious and merely driven by consequential autoimmune mechanisms
(Doycheva et al., 2010).

5.5 Regulation of the adaptive immune system by innate immunity: Tissue responses
regulating inflammation

Much of our concepts of putative autoimmune uveitis are derived from studies of animal
models, including EAU (Caspi, 2011; Forrester et al., 2008, Forrester et al., 2010). As
mentioned earlier, EAU is mediated by both generation of antigen specific Th1 (IFN gamma
+) and Th17 (IL-17+) CD4+ T cells (Kerr et al., 2008). Two observations should be noted:
firstly, although there are spontaneous models of non-infectious intraocular inflammation
(Devoss J et al., 2006; Lambe et al., 2007), most disease models require concomitant
activation of innate immunity within their immunization protocols that include, for example,
CFA and secondly; we observe that in murine EAU, myeloid derived cells (part of the innate
immune system) predominate throughout the course of disease (Kerr et al., 2008).
Additionally, the retina is endowed with myeloid-derived cells, microglia (Xu et al., 2007).
Microglia are bone marrow derived cells that actively turnover (Kezic et al., 2008; Xu et al.,
2007) and are under tonic suppressive control by the tissue, by cognate interaction with for
example neuronal expression of CD200 and myeloid CD200R (Banerjee and Dick, 2004;
Carter and Dick, 2004; Copland et al., 2007; Dick et al., 2001), sensing danger and
maintaining tissue homeostasis.

How do resident or infiltrating myeloid-derived cells respond to the tissue infiltration of
activated T cells that drive autoimmune responses in the retina? There is a paradox.
Although during the course of rodent EAU we can suppress the tissue damage by regulating
macrophage responses (Broderick et al., 2005; Copland et al., 2007; Copland et al., 2010) or
via inhibiting TNF (Dick et al., 1996; Calder et al., 2005), T cells remain in the tissue and
proliferate (Dick et al., 1998). If the autoimmune response remains incompletely regulated
as it can be observed in the murine model, inflammation continues whereupon an altered
phenotype of clinical disease persists for months with continued recruitment of myeloid-
derived cells that result in angiogenesis (Xu et al, Am. J. Pathol., In press).

Macrophages are currently defined according to their activation status as M1 and M2
(Gordon and Martinez, 2010; Gordon and Taylor, 2005). M1 macrophages are classical
activated macrophages and in context of non-infectious uveitis, are presumed to be
promoted in a TNF-dependent manner, by the IFN gamma release from the Th1 CD4+ T
cell infiltrate during EAU. The cells are orchestrators of tissue damage mediated by the
further release of pro-inflammatory cytokines (IL-1b, IL-6, TNF alpha), reactive oxygen
species (ROS) and nitric oxide (Robertson et al., 2002; Liversidge et al., 2002). More
recently however, we have observed that the infiltration of myeloid cells is indeed
suppressive to T cell activation and proliferation, in a sense regulating the autoimmune
response (Raveney et al., 2009; Raveney et al., 2010). Myeloid derived suppressor cells
limit T cell activation and proliferation, and during EAU we observe that infiltrating
myeloid cells also confer such phenotype. We are able to isolate such retinal infiltrating cells
and they demonstrate a phenotype of CD11b+Gr1+Ly6C+CD31+ and actively suppress T
cell proliferation via both a nitric oxide, as previously shown in the rat (Liversidge et al.,
2002), and prostaglandin mediated pathways to generate cells and implement regulatory
function (Raveney et al., 2010).

Other retinal cell types are likely to play an equally important role in sensing and eliciting a
response to danger and regulating the activation of autoreactive cells. Jiang et al. (2009)
have for example described that TLR regulates the stimulatory effects of retinal astrocytes
on retinal antigen specific T cells. TLR have also been described on retinal pigment

Willermain et al. Page 13

Prog Retin Eye Res. Author manuscript; available in PMC 2013 March 1.

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript



epithelial (RPE) cells and it is suggested that their activation in those cells plays an
important role in the regulation of innate but also adaptive immune response in the retina
(Kumar et al, 2004). Similarly, Relvas et al. (2009) have shown that nucleotides stimulate
cytokine production by RPE cells through P2Y receptors activation extending the concept
towards endogenous danger signals.

6. Conclusion
Non-infectious uveitis is frequently referred as autoimmune. However, experimentally, non-
infectious uveitis requires concomitant and initial activation of innate immunity prior to
generation of specific T cell responses. Therefore, clinically, one notion is that even in
autoimmune models there is a requisite for both innate immunity (autoinflammation) as well
as autoimmunity (antigen-specific T cell mediated) to generate full clinical expression of
disease. Genetic and immunological data strongly support such a notion, and in man,
autoimmune and autoinflammatory mechanisms participate independently as well as
interdependently toward the development of many of the non infectious uveitic conditions.
For example, based on our knowledge on the immunobiology and genetics of Blau’s
syndrome, one may postulate that autoinflammation plays a more pivotal role than
autoimmunity in expression of uveitis associated with sarcoidosis, spondyloarthropathies
(SPA) or inflammatory bowel disease (IBD). Since autoimmunity and autoinflammation
evoke different molecular pathways, a better understanding of their respective roles in the
development of uveitis will highlight treatment targets and bring greater understanding of
immunity and inflammation that may be translated to other retinal diseases involving
immune mediated mechanisms.
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Figure 1. Host-microbe interactions
Infection can be defined as the acquisition of a microbe by a host (Casadevall and Pirofski,
2000). Most frequently, microbial colonization occurs without ill effect and indeed then
contributes to benefit for the host.
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Figure 2. PAMPs receptors and their signaling pathways
The cell detects the presence of microbes via PAMPs receptors. Toll-like receptors (TLR)
and C-type lectins (not depicted) are expressed on plasma membranes and endosomes while
RNA and DNA sensors (not depicted) are present in the cytoplasm. TLR stimulation
activates NF-kB and MAPK pathways driving proinflammatory cytokines cascades.
Transcription of members of the interferon regulatory factor (IRF) is also central features of
this series of receptors. IRF have DNA binding domains and in part activates the
transcription of type I interferons as well as other interferon induced genes. Intracellular
pathogens are also detected by NOD-like receptors. Upon activation, NOD1 and NOD2
oligomerise and activate the NF-kB and MAPK pathways. Activation of NLRP induces the
formation of large scaffolds of proteins, called inflammasomes, which will activate
caspase-1 and promote the maturation (and secretion) of interleukin-1beta (IL-1b) and
IL-18.
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Figure 3. Human iris and retina synthesize IL-8 in response to LPS
Human iris or retina explants (cultured from a 6 mm punch biopsy) were stimulated with the
indicated concentrations of LPS (purified from E. Coli 0111:B4 and purchased from Sigma
Chemicals). IL-8 production in the supernatant was quantified by ELISA at 24 h post
stimulation. Data are represented as mean + s.e.m. of 2 different eyes performed in
triplicates. Experiment has been repeated 3 individual times.
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Figure 4. Chronic urticaria in a child with CINCA syndrome
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Figure 5. Swollen optic disc in a child with CINCA syndrome
a. Before treatment with anti-IL1 inhibitors
b. After treatment with anti-IL1 inhibitors
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Figure 6. Induction of uveitis by oral immunization
Lewis rats were fed once with 1 mg of either protein (S-Ag: retinal S-Antigen; Casein:
bovine aS1 and aS2 casein) or peptide (PDSAg: aa 342-354 from S-Ag; Cas: aa 73-84 from
bovine aS2 casein; Rota: aa 501-602 from rotavirus outer capsid protein vp4), or 0,5ml fat-
reduced bovine milk, all mixed with 10 mg Cholera toxin (CTX), feeding CTX alone was
used as a control. Uveitis was determined by histology of rat eyes. N = number of eyes.
Purified casein contains less than 20% aS2 casein (180 mg aS2 casein in 1 mg casein), and
0,5 ml bovine milk contains about 1,4 mg aS2 casein.
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Table 1

Pathogen associated molecular patterns receptors

PAMPs receptors

Family Cellular location

Toll like receptors (TLRs) Plasma membranes and
 endosomes

C-type lectins (CTLs) Plasma membrane

Retinoic acid-inducible gene
 (RIG-I)-like helicase (RLHs)

Cytoplasmic

NOD-like receptors (NLRs) Cytoplasmic
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Table 2

Autoinflammatory syndromes.

Auto inflammatory syndrome Associated gene

Blau syndrome nucleotide oligomerization domain 2
(NOD2)

CAPS (Cryopyrin-associated periodic syndrome)
Familial Cold Urticaria Muckle-Wells syndrome
Chronic Infantile Neurologic Cutaneous and Articular
syndrome (CINCA) / NOMID

Cold-Induced Autoinflammatory Syndrome
1 (CIAS1) gene ( also known as the NLRP3,
NALP3 or PYPAF1 gene)

TNF receptor associated periodic syndrome (TRAPS) TNFα receptor 1 (TNFRSF1A)

Mevalonate kinase deficiency Mevalonate kinase

Periodic fever, aphthous stomatitis, pharyngitis and
adenitis (PFAPA syndrome)

Unknown

Familial Mediterranean fever MEFV (Mediterranean fever)

Pyogenic sterile arthritis, pyoderma gangrenosum,
acne (PAPA)

CD2 binding protein 1 (CD2BP1)

Deficiency of the interleukin-1-receptor
antagonist (DIRA)

IL-1 receptor antagonist

Prog Retin Eye Res. Author manuscript; available in PMC 2013 March 1.



N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

N
IH

-PA Author M
anuscript

Willermain et al. Page 30

Table 3

Common ocular findings in patients with autoinflammatory syndromes.

Blau syndrome Anterior and posterior uveitis
Multifocal choroiditis
Cataract
Band keratopathy
Corneal stromal opacities
Glaucoma
Macular edema
Optic disc swelling
Anterior ischemic optic neuropathy

Muckle-Wells syndrome Conjunctivitis

CINCA/NOMID syndrome Papillitis, papilledema, optic atrophy
Anterior uveitis
Chronic conjunctivitis
Band keratopathy
Stromal keratitis
Retinal vasculitis
Macular edema
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