1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Nat Rev Rheumatol. Author manuscript; available in PMC 2019 June 27.

-, HHS Public Access
«

Published in final edited form as:
Nat Rev Rheumatol. 2018 December ; 14(12): 704-713. doi:10.1038/s41584-018-0097-2.

The Microbiome and HLA B27-associated acute anterior uveitis

James T. Rosenbaum2 and Mark Asquith3

1Departments of Ophthalmology, Medicine, and Cell Biology, Oregon Health & Science University,
Portland, Oregon, USA

?Legacy Devers Eye Institute, Portland, Oregon, USA

SDepartment of Medicine, Oregon Health & Science University, Portland, Oregon, USA

Abstract

Acute anterior uveitis (AAU) and related spondyloarthropathies (SpAs) such as ankylosing
spondylitis, reactive arthritis and psoriatic arthritis have joined the expanding family of
inflammatory disease associated with the biology of the intestinal microbiome. This review
discusses why AAU and related SpAs have been incorporated into this paradigm shift for
understanding disease pathogenesis. We focus in particular on the major risk gene HLA-B27 and
how it may be associated with the loss of intestinal tolerance and ocular immune privilege that
may accompany AAU. We discuss how perturbed microbiota composition, intestinal immunity
and/or barrier function may contribute to the development of inflammatory responses that
ultimately target either self or microbial antigen in the eye. These inflammatory processes may be
augmented by translocation of intestinally-derived innate immune stimuli, such as microbe
associated molecular patterns (MAMPS). Moreover, gut-derived host immune cells or damage-
associated molecular patterns (DAMPS) may contribute to the ocular inflammatory cascade.
Finally we discuss the novel therapeutic avenues offered by the microbiota for future clinical
management of AAU and spondyloarthropathies.

Introduction

If you like puzzles, the pathogenesis of HLA B27-associated uveitis should intrigue you.
The clues are abundant. There are multiple genetic factors, none of which is as influential as
HLA B27 itself. There are associated diseases: ankylosing spondylitis, reactive arthritis,
inflammatory bowel disease, and psoriatic arthritis. There are known environmental triggers
for B27-related disease such as Gram-negative dysenteries. The puzzle was first described in
1973 when a group from London noted that half of those developing acute anterior uveitis
were B27 positive 1. And yet more than four decades after the discovery of this potent
immuno-genetic effect, the puzzle remains unsolved. Could the solution be buried
somewhere within the microbiome?
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Uveitis

Because uveitis is unusual as a primary symptom in most practices of rheumatology, we
begin with some background on uveitis and its relationship to rheumatic diseases. Then we
discuss the evidence that gut disease is linked to spondyloarthropathy which in turn is linked
to uveitis. Next we review the evidence that HLA molecules in general and HLA B27 in
particular shape the microbiome. Finally we offer 4 mechanisms that could account for the
link between the microbiome and gut inflammation and conclude with some of the
implications that this association has for research and therapy.

References included in this review have been chosen from searches of the National Library
of Medicine (www.pubmed.gov). Abstracts have been excluded.

Uveitis is the term to describe inflammation of the iris, ciliary body, or choroid and adjacent
ocular structures. It is the fourth leading cause of acquired blindness 24, It has a point
prevalence of about one person per thousand °, but because it affects many patients for
decades, it is comparable to diabetes or macular degeneration in terms of years of visual loss
4. Uveitis can be subdivided based on the portion of the uveal tract which is predominantly
inflamed. Anterior uveitis is much more common than intermediate, posterior or panuveitis
and accounts for 85% of all instances of uveitis °. In one referral series describing patients
with anterior uveitis, nearly 3 out of 4 had an acute or sudden onset as opposed to an
insidious onset 8. Sudden onset anterior uveitis is the phenotype of uveitis typically
associated with HLA B27 7. HLA B27-associated uveitis is the most common uveitis
diagnosis in many referral centers throughout the world 8 including Europe ¢, North
America &, Australia 19, and parts of southeast Asia 1112, In addition, HLA B27-associated
uveitis frequently goes unrecognized 1314, In addition to HLA B27, other genetic,
environmental, and stochastic factors undoubtedly contribute to the development of AAU.
The fact that 50% of patients with AAU are HLA B27 negative indicates that these factors
are well worth pursuing, but they lie outside the main focus of this review.

Uveitis has a broad differential diagnosis which includes immune-mediated systemic
diseases, immune-mediated syndromes confined to the eye, infections including Lyme
disease and Whipple’s disease, masquerade syndromes such as lymphoma, and reactions to
medications®. Although rheumatologists generally receive very little training to evaluate
uveitis, many forms of arthritis can be associated with uveitis. In addition to the infections
mentioned above, uveitis in combination with arthritis could be any form of
spondyloarthritis, juvenile idiopathic arthritis, Behget’s disease, relapsing polychondritis,
Sweet’s syndrome, sarcoidosis, lupus, several forms of vasculitis such as Kawasaki’s
disease, reactions to medications such as check point inhibitors or TNF inhibitors, and
several forms of autoinflammatory disease such as Blau syndrome or NOMID. The
frequency of uveitis varies with different forms of spondyloarthritis (see Figure 1). Uveitis
will affect up to 50% of patients with ankylosing spondylitis in a lifetime 6. Uveitis is the
most common clinically important co-morbidity recognized among patients with ankylosing
spondylitis 17. The likelihood of uveitis in association with psoriatic arthritis is more in the
range of 7 to 19% 1819, And the likelihood is lower still in association with either Crohn’s
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disease or ulcerative colitis 29. The range of tissues affected in spondyloarthritis is illustrated
in Figure 2.

The mechanisms that account for a link between arthritis and uveitis are unknown, although
uveitis and arthritis do co-exist in several animal models which include adjuvant arthritis 21,
aggrecan-induced arthritis in BALB/C mice 22, and the SKG mouse model of arthritis which
is dependent on a mutation in ZAP-70 and then challenge with fungal cell wall 23. The
animal model which is arguably most popular for use in studying HLA B27-associated
disease, the HLA B27 transgenic rat, develops spondylitis, peripheral arthritis, colitis, and
dermatitis, but not uveitis 24,

Spondyloarthropathy and Bowel Inflammation

The spondyloarthropathies including ankylosing spondylitis, reactive arthritis, enthesitis
related arthritis in children, psoriatic arthritis, and arthritis associated with inflammatory
bowel disease are clearly linked to bowel inflammation, which is often asymptomatic in a
disease such as ankylosing spondylitis. Mielants, De Vos, Elewaut, Veys and colleagues
firmly established this relationship by histology obtained during routine colonoscopy of
patients with spondyloarthritis and no overt bowel symptoms 2526, Increased bowel
permeability has been demonstrated in patients with ankylosing spondylitis 27. A variety of
enteric infections including Salmonella, Yersinia, Shigella, and Campylobacter are known to
trigger reactive arthritis 2829, The efficacy of sulfasalazine for the peripheral joint disease
associated with spondyloarthritis might derive from its effects on the microbiota of the gut
and on bowel permeability 30:31,

A long list of diseases has been linked to the microbiome. Among these diseases, it is now
widely believed that both Crohn’s disease and ulcerative colitis 32-35 are caused by changes
in the microbiome. Changes in the gut microbiome have been demonstrated as well in
ankylosing spondylitis 36-38, psoriatic arthritis 3%, and juvenile onset enthesitis related
arthritis 4942, Studies on the fecal microbiome comparing bacteria from patients with
disease to bacteria in fecal samples from healthy controls have many limitations. The fecal
sample might not reflect the bacterial ecosystem at a critical site such as the intestinal
mucosa of the cecum. The fecal sample is certain to be affected by variables such as age,
medications, gender, diet, disease duration, and geographic location. Finding differences in
the microbiome does not elucidate a mechanism for disease causation and the changes might
result from the disease rather than play a causal role. Despite these limitations, comparing
the fecal microbiome between patients with or without disease is usually among the first
studies to implicate the microbiome in pathogenesis of a specific disease.

HLA molecules and the gut microbiome

The term microbiome was coined by Joshua Lederberg to describe the microbial population
that co-exists with another organism such as a human body 43. The Human Microbiome
Project was funded in 2007 by the National Institutes of Health to characterize the bacteria
that are the main constituents of the microbiome #4. In Europe a similar project called Meta
Hit was similarly begun 4°. Bacterial cells outnumber mammalian cells within our body.
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Bacterial transcripts outnumber human transcripts in the body by a ratio greater than 100 to
146, As noted above, many factors affect the microbiome including diet, use of antibiotics,
and geographic location. The microbiome has now been implicated in the pathogenesis of a
vast array of immune-mediated diseases 47 as well as diseases not typically considered to be
immune-mediated such as autism #8 and depression 4°. In addition, the microbiome
metabolizes many medications that range from acetaminophen to cancer therapeutics 0.

HLA (human leukocyte antigen) molecules affect susceptibility to more than 100 diseases
51, Although HLA molecules regulate the immune response, in the majority of diseases, the
mechanism by which HLA molecules predispose to disease is not known. The association
between HLA B27 and spondyloarthritis is among the strongest. Major histocompatibility
complex (MHC) genes like HLA are the most polymorphic genes known 52, A teleologic
argument is that the immune response is primarily a defense against infections and the
polymorphism minimizes the likelihood that one specific infection could eradicate a species.
A corollary to this proposition is that HLA molecules should affect the bacterial composition
of the gut.

To test this hypothesis, we and our colleagues studied HLA B27 transgenic rats 53. The rats
express multiple copies of HLA B27 along with the invariant MHC light chain, beta ,
microglobulin. The spondyloarthropathy that affects these rats was described by Taurog and
colleagues more than two decades ago 3. On the Fischer background, the rats develop
diarrhea around two to four months of age. Subsequently many of the animals will develop
psoriasiform rashes, peripheral arthritis, and spondylitis. The microbiome plays a major role
in this disease because if the rats are raised in a germ free environment, the bowel and joint
disease is greatly reduced 4. Some bacteria such as Lactobacillus Rhamnosus GG can be
introduced such that the remission is maintained, while other bacteria cause the disease to
recur 2°. The gut microbiome is clearly affected by HLA B27 in these rodents. Interestingly,
one of the earliest immunological changes in these animals is an upregulation of
antimicrobial peptides such as Reglll-y and S100A8 (calprotectin) in the colon of these
animals 56. These changes may precede the development of dysbiosis in these animals and
we therefore propose changes to the intestinal microbiome may be a primary event in SpA
pathogenesis rather than merely an epiphenomenon. Interestingly, calprotectin in the serum
has been reported to be a biomarker for posterior uveitis °7, juvenile idiopathic arthritis with
uveitis °8, and Behcet’s disease 9.

Mounting evidence indicates the MHC can modify the microbiota. Indeed, the MHC
molecules that predispose to celiac disease alter the gut microbiome as demonstrated in a
study on infants 0. The MHC molecule that predisposes to rheumatoid arthritis, HLA
DR*0401 alters the microbiome in transgenic mice in comparison to those that are
transgenic for DR*0402 61, Transgenic expression of human MHC class I molecules can
protect mice from the development of diabetes 62 and the fecal microbiome of these animals
protects NOD mice from developing hyperglycemia. These studies complement those that
more broadly show that MHC haplotype modifies the composition of the microbiota 3°.
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How could the microbiome contribute to uveitis?

A number of mechanisms have been proposed for how HLA-B27 may contribute to the loss
of ocular tolerance and the manifestation of uveitis (Figure 3). Many may also be relevant
for the loss of intestinal tolerance that accompanies several forms of SpA. These
mechanisms are not mutually exclusive. Many have been discussed in a recent review %3 and
summarized in Figure 3A. These B27-dependent mechanisms may impact the gut and/or the
eye itself, where loss of tolerance could contribute to uveitogenesis.

Several models can be proposed where the intestinal microbiome is a key component of
AAU pathogenesis. First, the microbiome could induce a non-specific loss of gut tolerance
that ultimately leads to inflammatory responses to ocular self-antigen (included in Figure
3B). A few general examples of broad mechanisms that may promote loss of tolerance
include that gut bacteria regulate the number of FoxP3 + cells in peripheral blood 84, the
number of T cells which produce interleukin (IL)-10 65, and the number of Th17 cells 6.
Klebsiella cultured from the microbiome of a patient with Crohn’s disease can induce helper
T cells 87. A reduction in regulatory T cells that are either FoxP3 positive or which
synthesize IL-10 could predispose to immune-mediated inflammation. Similarly, an increase
in Th17 T cells could easily predispose to immune-mediated disease. The microbiome also
affects multiple populations of non-conventional lymphoid cells which reside in the gut
including NK cells and other innate lymphoid cells, intraepithelial lymphocytes, gamma
delta T cells and mucosal associated invariant T cells (MAIT cells) 3. Several of these cells
types have been implicated in spondyloarthritis 6869 and some have been implicated in
models of uveitis 7071, Our own group has used the EAU (experimental autoimmune uveitis)
model to show that the disease can be markedly ameliorated by reducing gut bacteria with
broad spectrum oral antibiotics 72. The antibiotic treatment results in an increase in Fox P3+
T cells in the cervical lymph node, mesenteric lymph node, spleen and retina at selected time
points. Similarly, there is a transient increase in TH17 T cells in the cervical lymph node.
Since this is a model of posterior and not anterior uveitis, extrapolations to acute anterior
uveitis should be made cautiously.

Second, a bacterial antigen could mimic an autoantigen (included in Figure 3B). Rheumatic
fever 73 and Guillain Barre syndrome 74 are thought to be immune-mediated diseases
triggered by bacterial or viral mimicry. Endogenous peptides presented by the shared epitope
that predisposes to rheumatoid arthritis have marked homology to amino acids in bacteria
which include Prevotella 7>. A single T cell receptor has some plasticity, i.e. an ability to
recognize diverse peptides, some of which could cross-react with self-peptides 6. Although
mimicry between HLA B27 and a bacterial antigen has been reported 77:78, these reports are
more than 20 years old and have not progressed to explain the tissue distribution of B27-
related disease. Caspi and colleagues have described a model of posterior uveitis mediated
by transgenic T cells that recognize the retinal antigen, IRBP (inter-photoreceptor binding
protein). In this model, her studies indicate that a bacterial antigen from the intestine
activates these T cells presumably through antigenic mimicry 7. This paradigm, however,
might not apply to HLA B27-associated anterior uveitis for which autoantibodies and
autoreactive T cells (common markers of autoimmunity) are not generally considered to be
markers of disease.
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Third, a change in gut bacteria could alter intestinal permeability (see Figure 3C). This
would allow bacterial products to disseminate. If these products lodge in the synovium or the
uvea, they could trigger either an innate and/or adaptive immune response. Observations that
support this hypothesis include: intestinal permeability is increased in ankylosing spondylitis
80 and bacterial products have been detected in synovial fluid from the joint in ankylosing
spondylitis 81 and the other B27-related arthritis, reactive arthritis 2982, A small prior study
from Tunisia published in 2008 has also previously reported bacterial products in synovium
from patients with reactive arthritis 8. This study did not include ankylosing spondylitis
patients nor did it use technology as precise as the current state of the art. Bacterial
translocation to the blood has been documented in Crohn’s disease 84 and the subset of
patients who demonstrate this translocation are more likely to have flares of disease activity
84 Gonococcal arthritis is an example of the synovium acting as a targeted site for bacterial
dissemination €. Increased bacterial cell wall has been detected by immunostaining in the
joints of patients with rheumatoid arthritis 86. Bacterial translocation to the joint is consistent
with our own unpublished observations in the HLA B27 positive transgenic rat. It is
important to note, however, that translocation of bacterial products has been noted in healthy
individuals such as marathon runners 87 or as a potential result from brushing one’s teeth 88

Interestingly, an intriguing recent study by Atarashi and colleagues demonstrated that oral
bacteria isolated from IBD patients potentiate inflammatory responses if they colonize the
intestine 87. Moreover, colonization of the liver by the intestinal pathobiont Enterococcus
gallinarum may contribute to the pathogenesis of systemic lupus erythematosus &°. This
serves to reinforce the idea that should bacteria find themselves outside their normal habitat
(examples include the eye or the joint) they may be relevant suspects in the search for
etiological agents in uveitis. As mentioned, administration of microbial products such as
LPS or p-glucan may potentiate uveitic inflammation. Tolerance or tachyphylaxis to these
microbe associated molecular patterns might develop in the intestine. Indeed, given the
formidable barriers that act to contain bacteria within the gut, and avoid translocation, such
as the recently described gut-vascular barrier 90, it may indeed be microbial products rather
than live or dead bacteria that reach distal sites such as the eye or the joint.

It is likely, however, that bacterial translocation is necessary but not sufficient to create
arthritis. Jabri’s laboratory studied a mouse model with features that predispose to celiac
disease including the appropriate human HLA molecules and a diet that included gluten 92,
The animals do not develop features of autoimmune disease. However, if the animals are
infected with a reovirus that by itself induces no symptoms in the mouse, autoantibodies to
transglutaminase become detectable. This paradigm suggests that a “second hit” such as a
viral infection might be necessary for bacteria to induce arthritis after translocation to a
joint.

In contrast to the joint, we are not aware of any direct evidence that bacterial products are
translocated to the anterior uveal tract during non-infectious, acute anterior uveitis. However,
the adage that absence of evidence does not equate to evidence of absence may be
particularly applicable. The eye is not biopsied except in rare instances during acute
inflammation and the amount of fluid available for study from an anterior chamber is
limited. This makes it challenging to study or detect bacterial products in the eye of these
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patients. We have demonstrated that even a footpad injection of bacterial endotoxin induces
an acute anterior uveitis in rats 92. The rodent eye expresses a variety of TLR receptors and
will become inflamed after direct injection of bacterial products 93. TLR2 receptors are
down-regulated on leukocytes from patients with acute anterior uveitis, but these cells
produce more interleukin 1 beta than controls in response to TLR2 activation %4. In patients
with Crohn’s disease (as noted above) such translocation of bacterial products to blood has
been demonstrated; thus, it seems highly plausible that some bacterial product(s) could also
disseminate to the anterior uveal tract. In addition, host derived inflammatory products such
as damage-associated molecular patterns (DAMPSs) could also be hypothesized to be
translocated from the damaged intestine to the eye where they could also contribute to the
local inflammatory cascade (Figure 3C).

If translocation is a critical component in the pathogenesis of uveitis, it is appropriate to ask
why uveitis is not more common in bowel disease such as Crohn’s disease in comparison to
ankylosing spondylitis? Although the answer to this question is not known, we offer two
hypotheses. First, as discussed above, the marked increase in permeability in IBD could lead
to a tachyphylaxis such that bacterial products were constantly exposed to the immune
system and thus induced less inflammation. Second, HLA B27 is the major known genetic
factor that predisposes to AAU. As HLA B27 is not associated with IBD, it makes sense that
AAU is less common in IBD.

Finally, a fourth mechanism to explain the role of the gut microbiome in anterior uveitis is
translocation of lymphocytes or perhaps other inflammatory cells from the gut to the eye
(see Figures 3B and 3C). Using the EAU model and lymphocytes that express the pigment,
kaede, which can be photoactivated, we and our colleagues have been able to demonstrate
that there is indeed migration of lymphocytes from the bowel to the eye %°. Moreover,
elegant recent studies have demonstrated that circulating lymphocytes with presumed
intestinal origin (that are commensal reactive and express gut homing chemokine receptors)
are a part of the normal circulating T cell pool, even in healthy individuals .

Clinical and Future Implications

Assuming that the microbiome does contribute to HLA B27-related uveitis and arthritis, its
contribution is likely to be considerable if one can extrapolate from the effect of the germ-
free state in the B27+ rats. This can lead one to envisage several future treatment modalities
based upon the microbiome (see Figure 4). Such a goal might be simplified if a single
bacterium is eventually implicated as the cause of HLA B27-related inflammation just as
Helicobacter pylori is the culprit in peptic acid disease. But assuming that no single
organism is the cause of B27-related inflammation, are the observations likely to be
clinically applicable?

One option is fecal transplantation. This approach has had dramatic success to treat
recalcitrant Clostridia difficile infection 97 and success as well in the treatment of ulcerative
colitis 9899, Obstacles to fecal transplantation include the aesthetics, the safety (since the
approach could readily transmit viruses like cytomegalovirus 190 or conceivably prions), and
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the likely transient nature of the effect such that the transplant would presumably need to be
repeated frequently.

An alternative approach could be to target microbial metabolites which are altered in HLA-
B27 + rats and SpA patients or their downstream signaling pathways32:83, For instance, we
have reported that short chain fatty acids (SCFASs) are reduced in the intestine from these rats
101 and we have shown that oral supplementation with the SCFA propionate, reduces the
inflammation in both the cecum and the colon in the B27 + rats. This is accompanied by a
reduction of critical inflammatory cytokines in intestinal tissue including IL-1 beta, IL-17
and interferon gamma 191, More recently we have also demonstrated that SCFAs can
attenuate disease in an inducible model of experimental autoimmune uveitis 9.

Medications which reduce intestinal permeability could also be effective in preventing the
dissemination of bacterial products. As noted above, sulfasalazine’s efficacy might relate in
part to this effect 30. Mongersen, which antagonizes downstream effects of transforming
growth factor beta, has also been proposed to ameliorate inflammatory bowel disease while
reducing the permeability in the gut wall 102,

Most antibiotics are not likely to have sustained benefit to treat or prevent acute anterior
uveitis since resistance should rapidly develop. Probiotics are a popular option, but little is
objectively known about how successfully probiotics evade the effect of low gastric pH and
successfully colonize the intestine. Diet can profoundly affect the microbiome and offers
what is arguably the best hope to prevent attacks of acute anterior uveitis. The challenge is
the complexity of diet which makes it very difficult to identify the components that need to
be added or subtracted for sustained benefit.

Perinatal exposure to bacteria can have lifelong effects. For example, in mice, animals born
by Caesarian section have immune system differences that persist into adulthood when
compared to animals born trans-vaginally 193, In this regard, it is intriguing that patients
with ankylosing spondylitis are reportedly less likely to be breast fed compared to controls
104 1 the genetic approach can identify individuals at high risk for developing
spondyloarthritis, it is possible that neonatal exposure to protective bacteria could have
sustained benefit in the prevention of disease.

In addition to genetic approaches (e.g. HLA-B27 genotyping) that can be used to help
establish disease risk, it is also tempting to speculate that the composition of the microbiota
itself could prove clinically useful even if it cannot be successfully targeted therapeutically.
To this end, if dysbiosis is a significant component of AAU pathogenesis it might be used to
predict disease risk, time of onset, progression or treatment response.

Conclusions:

Just a decade ago, the intestinal microbiome could be considered a black box. Most of the
organisms that constitute the intestinal microbiome are anaerobic and extremely difficult to
culture. As the cost of DNA sequencing has fallen dramatically, it has become feasible to
begin to characterize the bacteria with which we have a symbiotic relationship. But this
advance is recent such that the microbiome remains in its infancy, or at best adolescence. We
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believe, however, that the microbiome will ultimately become an essential target in the
treatment and prevention of immune-mediated diseases including uveitis.

The puzzle as to why HLA B27 predisposes to disease has resisted solution for more than
four decades. The observation that HLA B27 predisposed to a disease came as a surprise.
Ankylosing spondylitis was not the main target of the initial HLA and disease study; it was
included as a control group for the main object of the study, rheumatoid arthritis. An even
greater surprise, arguably, is the possibility that fecal bacteria cause ocular inflammation.
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BOX 1

Why might the eye/joint be prone to inflammation but not other sites?

Higher B27 expression than other tissue sites?

Unique mechanical stressors/connective tissue (e.g. entheses, lens/ciliary body)?

More prone to dysregulation of homeostatic pathways (ER stress, autophagy, Treg, etc..)?

More susceptible to deposition of MAMP/microbes?

More permissive to infection due to immune privileged location?

Tissue tropism of infectious agents?

Mucosal-like addressins make them more susceptible to infiltration by gut-derived immune cells?

Increased expression of vascular adhesion molecules that promote infiltration of inflammatory immune cells
(these may or may not be gut derived).

NOTE these properties may be acting in concert with other factors (e.g. viral infection or other stress of target
tissue)
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Key points

Inflammation of the iris (iritis) and ciliary body (cyclitis) of the front portion
(anterior) of the eye represents 85% of all uveitis cases.

Sudden onset or acute anterior uveitis (AAU) is strongly associated with
HLA-B27 and a member of the wider SpA family. SpAs have been associated
with an altered/dysbiotic intestinal microbiota.

Molecular mimicry of HLA-B27 restricted microbial antigens with self
antigen expressed in ocular, synovial or other inflamed tissues in SpA is one
proposed contributory pathogenic mechanism.

Intestinal inflammation and/or diminished barrier function have also been
proposed to contribute to extra-intestinal disease sequelae by dissemination of
microbes, microbial products or host immune cells to affected tissues.

HLA-B27 may contribute to loss of tolerance in affected tissue(s) through a
number of mechanisms such as HLA-B27 homodimer formation or disruption
of cellular homeostatic pathways through HLA-B27 misfolding/aggregation.

Therapeutic strategies that target the microbiota include pre-,pro- or anti-
biotics, microbial metabolites, dietary modification or fecal microbiota
transplantation (FMT).
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Uveitis associated
with

Figure 1. Uveitis in association with Spondyloarthritis.
Uveitis here encompasses both B27+ve and B27-ve associated eye inflammation; AS,

ankylosing spondylitis; PsA, psoriatic arthritis; ReA, reactive arthritis; SpA-1BD;
Spondyloarthropathy-associated IBD. Uveitis associated with AS or ReA almost always fits
with AAU 7, while the uveitis associated with PsA 19 or IBD 20 has a greater likelihood to be
chronic or posterior to the lens of the eye.
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Figure 2. Disease manifestations of the SpA disease family.

Top row (A-E): A) Sacroiliitis B) Spinal syndesmophytes C) Dactylitis D) Enthesitis E)
Psoriasis; Middle row (F-1): F) Enteropathy G,H) Anterior Uveitis with iritis or iridocyclitis
1) Prostate inflammation; Bottom row (J-L): J) Aortic root disease and conductive disorder
K) Sarcopenia, L) Osteoporosis.
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Figure 3. B27-and gut-associated mechanisms that may contribute to AAU pathogenesis.
a) HLA B27-associated mechanisms. Figure shows HLA B27-associated changes that may

accompany HLA B27 expression either at the cellular (left side) or tissue (right side) level
that may predispose HLA-B27 +ve individuals to a loss of gut and/or ocular tolerance.

b) Self-Ag dependent model of uveitis. Dysbiosis leads to gut inflammation. Reduction of
intestinal Treg that may normally contribute to ocular homeostasis or dissemination of
intestinal microbessMAMPs/DAMPs (arising from tissue damage and increased
permeability) that act as adjuvants in the eye may result. Loss of ocular immune privilege
leads to activation of uveitic self-reactive T cells in ocular draining LN. Loss of gut
tolerance may also drive activation of T cells reactive to microbial antigens with mimicry to
self in gut draining LN. These T cells subsequently target self-Ag in the eye.

c) Self-Ag independent model of uveitis. Dysbiosis and/or intestinal inflammation leads to
the expansion of intestinal effector immune cells, e.g. conventional and non-conventional
effector T cells (Teff), polymorphonuclear cells (PMN), innate lymphoid cells (ILC) and
antigen presenting cells (APC). This developing inflammatory environment may be
exacerbated by the loss of intestinal tolerance and expansion of microbially-reactive T cells
which drive an inflammatory feedback loop. Diminished barrier function may promote
dissemination of microbial products from gut to eye. Activation/Expansion of inflammatory
immune cells in the intestine may promote their recirculation and potential migration to the
eye. Antigen presentation of microbial antigens in the eye may further drive inflammation.
Note by no means are the two models proposed mutually exclusive.

Abbreviations: Ag, antigen; DAMP, damage-associated molecular pattern; LN; lymph node;
MAMP, microbe-associated molecular pattern; Treg. regulatory T cell.
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Figure 4. Strategies for therapeutic targeting of the intestinal microbiota.
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FECAL
MICROBIOTA
TRANSPLANT

MICROBIAL
METABOLITES

Selective depletion of harmful bacteria (purple) or recolonization with benign bacteria
(green or brown) derived from probiotics or fecal microbiota transplant (FMT). Prebiotics
may promote the growth of beneficial bacteria. Anti-inflammatory microbial metabolites
(e.g. Short Chain Fatty Acids) might also be used to treat B27-associated gut inflammation.
Diet is another method to modify the microbiota, and like FMT is likely to contain both
probiotics and prebiotics. Finally targeting of intestinal permeability may be another way of
attenuating HLA B27-associated inflammatory sequelae.
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