
Tissue Antigens ISSN 0001-2815

REVIEW ARTICLE

Immunogenetics of ocular inflammatory disease
R. D. Levinson

Ocular Inflammatory Disease Center, Jules Stein Eye Institute, David Geffen School of Medicine, University of California, Los Angeles, Los Angeles,

CA, USA

Key words

HLA; immunogenetics; uveitis

Correspondence

Ralph D. Levinson, MD

Ocular Inflammatory Disease Center

Jules Stein Eye Institute

David Geffen School of Medicine

University of California, Los Angeles

Los Angeles, CA, 90095, USA

Tel: 310 794 7770

Fax: 310 825 6919

e-mail: levinson@jsei.ucla.edu

Received 24 November 2006; accepted

24 November 2006

doi: 10.1111/j.1399-0039.2006.00743.x

Abstract

Ocular inflammatory disease comprises of a diverse group of clinical entities that

may result from autoimmune processes, infections, or both. While many individual

ocular inflammatory diseases are quite rare, ocular inflammation is one of the more

common causes of visual disability, including blindness, in the developed world.

Better understanding of ocular inflammatory disease is an important step in

designingmore sophisticated therapies thatmay help prevent loss of visual function

for these patients.

Introduction

Ocular inflammatory disease is comprised of a diverse group

of clinical entities that may result from autoimmune

processes, infections, or both. These are not common; the

incidence of uveitis in a community-based population of

731,898 patients in the Kaiser Permanente health care

system was 52.4/100,000 person-years and the prevalence

was 115.3/100,000 (1). While many individual ocular in-

flammatory diseases are quite rare, ocular inflammation

is one of the more common causes of visual disability,

including blindness, in the developed world. It has been

estimated that 5%–20% of blindness in the United States

is due to the complications of ocular inflammation. Better

understanding of ocular inflammatory disease is an im-

portant step in designing more sophisticated therapies that

may help prevent loss of visual function for these patients;

this review discusses what we have tried to learn by ex-

ploring the immunogenetics of these diseases.

Ocular inflammation – terminology

Before proceeding, it is important to be clear on the

terminology used. The termmost commonly used is �uveitis�,

but uveitis is a subset of ocular inflammation, and in

addition, there are subsets of uveitis. The uvea is the

pigmented, vascularmiddle coat inside the eye, consisting of

the iris, cilliary body, and choroid. Any one of these

structures can be involved, and the terms used are iritis,

cyclitis, and choroiditis, respectively.Many uveitis special-

ists believe that it is difficult if not impossible to discrim-

inate which tissue is primarily involved (for example the

ciliary body or the iris) and consider it is more appropri-

ate to classify patients as having anterior, intermediate,

posterior, or panuveitis depending on the anatomic distri-

bution of the primary site of inflammation (the anterior

chamber, vitreous cavity and anterior retina, posterior

retina or choroid, or multiple sites concurrently, respec-

tively) (2). In addition, ocular inflammatory disease is not

limited to uveitis. Any tissue of the eye can be involved in

inflammatory processes, resulting in terms such as con-

junctivitis (inflammation of the superficial epithelial tissue,

the conjunctiva), episcleritis (inflammation of the vascu-

lar connective tissue deep to the conjunctiva), keratitis

(inflammation of the cornea), scleritis (inflammation of the

sclera, the collagenous white wall of the eye), vitritis

(inflammation of the gel that fills the posterior portion of
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the eye), retinitis (inflammation of the retina), retinal

vasculitis, and optic neuritis (inflammation of the optic

nerve). Each has different implications regarding likely

etiologies, treatment, and prognosis, some of which will be

indicated when relevant to the discussion of the immuno-

genetics of disease.

The role of immunogenetics in ocular
inflammation

Genetic studies in medicine are often pursued in order to

develop diagnostic tests or to allow the identification of

individuals at risk for disease. In fact, human leukocyte

antigen (HLA) testing can play an important role in the

diagnosis of ocular inflammatory disease. However, the

predictive positivity of genetic testing in such rare diseases

that are likely to be polygenic (and are also likely to have

environmental contributions to disease pathogenesis) is

too low to be useful in any practical way for screening

populations at risk.

Immunogenetic studies have been used to better under-

stand the pathogenesis and nosology of ocular inflammatory

disease, as well as the interactions of nature and nurture

in ocular inflammation. There are large gaps in our under-

standing of the pathophysiology of ocular inflammation, in

part because it is very difficult to obtain tissue to study.While

we can often observe the results of intraocular inflammation

by clinical examination and adjunctive clinical testing, the

risks to the eye of obtaining intraocular tissue for research

purposes are considered toogreat topursue and is rarely done

in the United States. Intraocular specimens are sometimes

available for research purposes, but these are often from eyes

that have received treatment, and may be obtained late in

the course of the disease, limiting the ability to perform

systematic studies. Animal models have been helpful (3), but

they involve artificial experimental protocols such as

sensitizing a susceptible animal with retinal antigens and

adjuvant somay not be directly applicable to human disease.

In addition, some aspects of the immune response differ

between animals commonly used in the laboratory and

humans. For example, we are interested in the role of natural

killer (NK) cells and killer immunoglobulin-like receptor

(KIR) genes in the pathogenesis of uveitis. This is a very

rapidly evolving system, and KIR genes are not found in

rodents, soourusual animalmodels cannotbe used toanswer

questions about these receptors (4). Our preliminary results

(manuscript in preparation) indicate that there may be

a predominance of activating KIR genes in uveitis patients

compared with controls. Based on these results, we will also

be looking at the expressionof these genes in peripheral blood

lymphocytes. We do not know yet whether our techniques

will be sensitive enough to find such changes; after all, very

few cells are involved, and the activated cells are presumably

in the intraocular fluids or relevant tissues of the immune

system rather than in transit most of the time. This does

illustrate, however, the importance of immunogenetics in

uveitis for suggesting pathophysiologic mechanisms and

avenues for further research in ocular inflammation.

Most of the literature on the immunogenetics of uveitis

consists of studies with relatively small numbers of subjects,

looking for associations of disease with specific genes.More

sophisticated genome scans and population and family

studies are difficult mostly because these diseases are so rare

and involvement of multiple family members is very rare for

most of these diseases. The most common uveitis in clinical

practice is anterior uveitis, comprising as much as 90% of

patients with uveitis in community-based practice, but that

suggests a prevalence of only about 1:1000 in the population

(5). It has been possible to do a study looking at families

with siblings with acute anterior uveitis (6). Most other

forms of uveitis only rarely involve multiple family

members. One of the most interesting diseases from the

point of view of HLA associations is birdshot chorioretin-

opathy. Birdshot choroidopathy is a bilateral, chronic

posterior uveitis characterized by hypopigmented choroidal

infiltrates consisting primarily of CD8 lymphocytes and

retinal vasculitis (7). Birdshot choroidopathy is a rare

disease (we have estimated that there are about 0.14 cases

per 100,000 people; 95% confidence interval 0.0035–0.76

cases per 100,000 people) (DC Gritz, unpublished data,

Francis I. Proctor Foundation for Research in Ophthal-

mology, University of California, San Francisco, CA, and

Kaiser Permanente Medical Group, Northern California

Region; presented at �Birdshot Retinochoroidopathy: An

International Workshop�, UCLA Conference Center, Lake

Arrowhead, 15–17 October 2002). Of about 130 patients

with birdshot chorioretinopathy seen in two referral

practices (Hopital Cochin, Paris, France, and UCLA, Los

Angeles, CA,USA), we have three families with two siblings

with the disease. One difficulty is that the disease is

diagnosed at an average age of over 50 years; therefore,

we cannot say uninvolved family members will not develop

the disease over time (8). Clearly doing family studies would

be very difficult.

The most common and the strongest genetic associations

with ocular inflammatory disease have been with HLA

genes on the major histocompatibility complex (MHC) of

chromosome 6. Other genes in the MHC that have been

suspected of playing a role in conferring risk for uveitis

include nonclassical HLA genes and non-HLA genes.

HLA associations

Associations between HLA serotypes with uveitis were

among the first such HLA associations with human disease

described. In the more than three decades since the

association of the HLA-B27 serotype and acute anterior

uveitis was first made, both class I and class II HLA genes
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have been implicated in conferring risk for uveitis (Table 1).

They have been among the strongest HLA class I [birdshot

chorioretinopathy with HLA-A29, with a relative risk

estimated to be 50–220 (8)] and class II [tubulointerstitial

nephritis and uveitis [TINU] syndrome with HLA-

DRB1*0102, estimated to be 167 (9)] associations with

any human disease.

HLA, uveitis, and systemic disease

Some forms of uveitis with either class I or class II HLA

associations have systemic manifestations of inflammation,

while others do not. The HLA-B27 gene is very strongly

associated with ankylosing spondylitis less so with reactive

arthritis. The HLA-B27 gene is found in half to two thirds

of patients with acute anterior uveitis, with a relative risk

estimated at about 10, a much lower relative risk than for

ankylosing spondylitis. There is a lifetime incidence of acute

anterior uveitis of about 1% in HLA-B27–positive individ-

uals (10). Acute anterior uveitis is a distinct clinical entity

that is characterized clinically by the sudden onset of

anterior uveitis (iritis or iridocyclitis), most commonly in

one eye at a time (though recurrent episodes can be in either

eye and bilateral disease can occur), with each episode

lasting an average of 4–6 weeks. The reasons for these

characteristic features are not known. Patients with HLA-

B27–associated uveitis do have a high prevalence of HLA-

B27 arthritides (11–13).

Another systemic inflammatory disease in which uveitis

may be seen is Behcet�s disease. Behcet�s disease is a multi-

system inflammatory disease that is associated with the

HLA-B*51 andHLA-B*52 alleles. This is a somewhat weak

association, with a relative risk of about 5 (14, 15).

Patients with TINU syndrome most commonly have

bilateral anterior uveitis of sudden onset, with half or more

of patients developing chronic or recurrent anterior uveitis,

with evidence of systemic inflammation, primarily the

kidneys (acute interstitial nephritis, which is most com-

monly self-limited). Other organs may be involved,

although not usually with clinically appearant disease, with

granulomata having been demonstrated in the liver and

bone marrow in some patients (16). The TINU syndrome is

strongly associated with HLA-DRB1*0102 and DQA1*01,

and in particular with the HLA-DQA*01/DQB1*05/

DRB1*01 haplotype (9). It is not known whether any

HLA gene confers risk for acute interstitial nephritis

without uveitis. Currently, studies are planned to see

whether patients with the typical bilateral anterior uveitis

of acute onset seen in TINU syndrome share the sameHLA

associations as patients with TINU syndrome.

Chronic bilateral anterior uveitis associated with juvenile

rheumatoid arthritis is associated with HLA-DR5, HLA-

DP2.1, and HLA-DPW8 as well as with the lack of HLA-

DR1 (17). In Greek children, HLA-DPB1*0202 was

associated with disease (18). The class II association of

HLA-DR15 with multiple sclerosis overlaps with the

association of a form of chronic bilateral intermediate

uveitis, pars planitis (19–21). Individuals with pars planitis

can later developmultiple sclerosis, and familymembers can

have one or the other disease or both. Vogt-Koyanagi-

Harada (VKH) disease, a bilateral panuveitis of acute onset

that often results in chronic bilateral anterior uveitis, does

have systemic findings, with meningismus during the early

stage of the disease and later vitiligo andhearing difficulty in

some patients. However, many patients have few systemic

findings. The HLA associations are primarily with HLA-

DR1 and DR4 (22).

Table 1 Human leukocyte antigen (HLA) associations with uveitisa

Disease/syndrome HLA Uveitisb

Acute anterior uveitis B27 Anterior, unilateral, sudden onset

Behcet�s disease B51, B52 Anterior, acute, posterior acute, or chronic

Birdshot chorioretinopathy A29 Chronic bilateral posterior uveitis

Idiopathic intermediate uveitis/pars planitis DR15 Chronic/recurrent, bilateral intermediate uveitis

Juvenile rheumatoid (or chronic) arthritis DPB1*0202 Chronic bilateral anterior uveitis

Tubulointerstitial nephritis and uveitis DRB1*0102, DQA*01 Chronic/recurrent bilateral anterior uveitis or

sudden onset

Vogt-Koyanagi-Harada syndrome DR1, DR4 (DRB1*0405 in Asians) Bilateral panuveitis of acute onset followed

by chronic anterior uveitis

a Uveitis syndromes and diseases discussed in the text.
b Most common manifestations.

Table 2 Non–human leukocyte antigen immunogenetic associations

Disease/syndrome Suspected genes/loci

Acute anterior uveitis MIC; D95137 (9p21p24), 1q23-1-q31,

TNF-857T; TNFSRF1A-201T, TNFSRF

1A-1135T;CCL2/MCP-2518G

Behcet�s disease MIC, interleukin-1, tumor necrosis

factor promoter region, Factor V Leiden

Birdshot Myelin oligodendrocyte glycoprotein

Blau syndrome CARD/NOD

Intermediate uveitis Cytokine gene polymorphisms
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Conversely, some forms of uveitis with strong HLA

associations appear to be limited to ocular manifestations

without systemic disease. Birdshot chorioretinopathy has

no clear systemic manifestations, although based on

anecdotal observations, a study is now being conducted to

explore the possibility of autoimmune diseases being more

common in close relatives of patients with birdshot

chorioretinopathy. I have suspected that my patients had

an unusually high likelihood of having autoimmune thyroid

disease but have not been able to demonstrate this

conclusively. We found that a large number of patients

with birdshot chorioretinopathy in an ongoing longitudinal

clinical study had a history of allergies (23), but there was no

age-matched local control group to ascertain whether this

was truly significant. Similarly, another group suspected

a high prevalence of cardiovascular disease in patients with

birdshot chorioretinopathy (24), which is intriguing as

retinal vasculitis is seen in birdshot chorioretinopathy, and

there is much interest in the role of inflammation in

atherosclerotic cardiovascular disease. Again, there was

no age-matched local control group, making these obser-

vations difficult to assess.

HLA genotype and disease phenotype

Researchers have also asked whether HLA associations

correlate with ocular disease phenotype. This is not the case,

at least for most entities. Class I associations confer risk for

anterior uveitis (HLA-B27–associated acute anterior uve-

itis), chronic posterior uveitis (HLA-A29 and birdshot

chorioretinopathy), and either posterior or anterior, acute

or chronic uveitis (patients with Behcet�s disease can have an
acute iris, but unlike HLA-B27–associated ocular inflam-

mation, individuals with Behcet�s disease can also have

a blinding, progressive, chronic posterior uveitis.). Class II

associations similarly can be associated with panuveitis

(HLA-DRB1*01 and 04 with VKH disease), intermediate

uveitis (HLA-DR15 and pars planitis), or anterior uveitis

(HLA-DR and DQ and TINU syndrome, HLA-

DPB1*0202 in juvenile rheumatoid arthritis). There is

evidence, on the other hand, that the disease phenotype

may differ between HLA-B27–positive and HLA-B27–

negative patients with acute anterior uveitis, with worse

ocular manifestations and greater prevalence of systemic

disease in HLA-B27–positive patients (25).

On the other hand, sympathetic ophthalmia is clinically and

pathologically very similar to VKH disease, although the

former is believed to be due to antigens released from

immunologically privileged sites after surgery or injury and

the latterhasnoknown incitingevent.Bothareassociatedwith

HLA-DR1*0405 in Asians and other HLA-DR4 subtypes in

Caucasians (22, 26, 27), implying that diseases with similar

phenotypes but differing precipitating events can have the

sameHLA genotypes that confer risks for developing disease.

HLA associations in different populations and
HLA subtypes

Different populations can have different HLA associations

with the same forms of uveitis depending on the prevalence

of the relevant genes in the population. A related question

is whether specific HLA subtypes confer higher risk for

disease than others. Different HLA-DR associations have

been reported for different populations with VKH disease.

In Asian patients, the HLA-DRB1*0405 allele is very

strongly associated with disease (29–32), but this is not true

for mestizo patients (22, 32, 33). Mestizo patients in fact

have quite weak associations with HLA-DR1 and DR4.

There have been putative autoantigens described for VKH

disease. In silico studies that predict binding of antigens

using computer algorithms appeared to correlate with risk,

and asmay be expected, this was similar for bothHLA-DR1

and DR4, which share some critical motifs, as has also been

described for rheumatoid arthritis (34). These results did

vary with the algorithm used, however (34). In VKH

disease, there are both HLA-DR and DQ associations (28–

31); these are tightly linked, making it difficult to know

which is primary in conferring risk. There has been

speculation that specific HLA-DQ alleles may confer risk

and HLA-DR alleles influence phenotype. This is based in

part on the differences between HLA-DR associations in

Asian and mestizo patients and the impression of clinicians

that Asians may have less severe and chronic disease, but

this is not established.

TheHLA-B*5101 subtypewas found in 56 of 57 Japanese

patients with Behcet�s disease (35) and 33 of 36 Iranian

patients (36), but 18 Japanese control subjects who were

HLA-B*51 positive had theB*0501 allele, and in the Iranian

population, no particular subtype was believed to pre-

dominate compared with controls. In Greek patients with

Behcet�s disease, HLA-B*5101 was found, but so was

HLA-B*5108 (37). In Israeli patients, both HLA-B*51 and

52 alleles were found, with no individual subtype being

increased compared with controls.

Similarly,while some reports suggested thatHLA-29.1was

less common than HLA-A29.2 in patients with birdshot

chorioretinopathy, when examining patients genotype with

DNA-based techniques, neither HLA-A*2901 nor A*2902

predominated (38). Ingeneral, it does not seem that particular

subtypes are critical and that similar disease phenotypes may

have somewhat different subtype associations (and even

different HLA-DR genes in the case of VKH disease).

Conversely, it does appear that HLA-B*2705 may confer

increased risk inHLA-B27–associated inflammatory disease.

Nonclassical HLA genes, class III MHC genes,
and non-MHC genes

It is not clear howHLAgenes or their products play a role in

the pathogenesis of ocular inflammatory disease. There is
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some evidence for a direct role of HLA molecules in the

pathogenesis of disease, but indeed, such associations could

be due to linkage disequilibrium with other genes in the

MHC. Animals transgenic for HLA-B27 do not get

inflammatory disease until they are taken from germ-free

facilities, and it is believed that gut colonization with

bacteria plays a role, a favored theory being through

�molecular mimicry�. This is consistent with the evidence

that mucosal bacteria may play a role in human diseases,

albeit often with �subclinical�mucosal inflammation (that is

the patient often does not have gastrointestinal or urinary

symptoms). Nonetheless, just as with systemic HLA-B27

disease, the role of antigen presentation and �molecular

mimicry� remains unproven. A mouse transgenic for HLA-

A*29 did develop spontaneous uveitis that did have features

similar to human disease (birdshot chorioretinopathy),

which is very rare in animal models. Even in HLA-B27

transgenic animals that develop spondylosis, skin lesions, or

arthritis, uveitis is uncommon, and when present, often

mild. It did not appear that surface expression of the HLA-

A29 molecule was necessary in the HLA-A*29 transgenic

animal for disease to develop, implying that antigen

presentation by the HLA-A29 molecule was not a critical

step in disease pathogenesis. Unfortunately, the group

involved has been unable to pursue this murine model. New

HLA-A*29 transgenic mice are being developed from the

same HLA-A*29 construct, with tissue-specific promoters.

Although the HLA-A*29 transgenic mice should not have

had any other human genomic material, it does remain

possible that the HLA-A29 gene or its product interact with

other genes on theMHC (or are in linkage equilibrium with

them), resulting in the strong association with disease. A

recent study from the laboratory that did prepare the HLA-

A*29 constructs used for the transgenic mice explored the

MHC in patients with birdshot chorioretinopathy to look

for evidence of genetic risk in addition to the HLA-A*29

allele (39). In fact, the study did find such evidence. The

study is particularly interested in the gene for myelin

oligodendrocyte glycoprotein (MOG). However, myelin

is not normally found in the retina, and the choroidal

infiltrates (the birdshot lesions) are unlikely to be correlated

with areas of myelin (the distribution of lesions appears to

have more to do with choroidal blood vessels). It is, of

course, possible that MOG is expressed in ocular blood

vessels or other tissues, perhaps being used for functions

other than myelin formation, but this is speculative.

Clearly, specific HLA genotypes are not necessary or

sufficient for any form of uveitis. Investigators have

searched for additional genes thatmay confer risk (Table 2).

Nonclassical HLA associations with acute anterior uveitis

include possible associations with the MHC class 1-like

molecules (MIC) genes. As the products of these genes

interact with gamma delta T cells, which are important in

gut mucosal immunity, and mucosal inflammation and

infections have been implicated in the pathogenesis of acute

anterior uveitis, this has generated some excitement. It has

not been clear, however, whether these associations are due

to linkage disequilibrium with HLA-B27 gene. There is

evidence of interactions between T lymphocytes and cells

expressing NK antigens, perhaps throughMICA on the cell

surface (40). The immunogenetics of MICA and MICB in

Behcet�s disease has also been explored. While evidence of

both positive and negative associations have been described,

these again may have been due to linkage disequilibrium

with HLA-B51 (41). In addition, many of these studies have

involved a very small number of patients.While a consistent

picture has not emerged, the tantalizing suggestion that

there may be subgroups with particular disease phenotypes

with specificMICalleles remains an interesting observation,

and several groups continue to examine this issue.

Class III MHC genes, in particular genes for tumor

necrosis factor (TNF), may be important in the pathogen-

esis of uveitis. As these genes are part of the MHC, it is

possible that some of the weaker HLA associations, for

example HLA-B51 and Behcet�s disease, could be in part

due to linkage disequilibrium with such genes. Studies of

non-MHC genetic associations have either concentrated on

targeted examinations of gene polymorphisms in selected

genes such as genes for cytokines or on genomic scans, as has

been done for HLA-B27–associated uveitis. Early animal

studies implied that TNF either does not play a role in the

pathogenesis of uveitis or in fact if it does, inhibition may

make uveitis worse (42, 43). Animal models were clearly

misleading in this case as there is little question currently

whether TNF plays a role in human uveitis as the TNF

inhibitor infliximab (Remicade) can be very effective for

many forms of noninfectious uveitis (44). This again is one

of the reasons to pursue immunogenetic studies in humans

rather than relying on animal studies alone. One goal would

ultimately be to try to understand whether genetic poly-

morphisms in the critical genes (including the promoter and

other regulatory regions) would predict therapeutic

response. There have been suggestions of allelic variations

of the TNF gene, including in the promoter region, in

Behcet�s disease (45). Other investigators could not find

associations with TNF gene polymorphism in Behcet�s
disease (46), but this was in Korean patients, and the

genetics may vary for different populations. A very

interesting recent article reported an increase in a single-

nucleotide polymorphism (SNP) (TNF-857T) in acute

anterior uveitis, as this has been associated with Crohn�s
disease (which can have an associated anterior uveitis) and

rheumatoid arthritis (which rarely if ever has an associated

anterior uveitis, unless there is also a scleritis) (47). There

was also a trend toward increased complications in HLA-

B27–positive subjects whowere carriers of the TNFSRF1A-

201TorTNFSRF1A-1135T alleles, although clinical details

are not given in the article (47). An odds ratio of 2.1 was
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found for the CCL2/MCP-2518G in HLA-B27–positive

patients with acute anterior uveitis compared with HLA-

B27–positive control subjects (48). In perhaps the most

ambitious genome-wide search for uveitis, linkage was

found at marker D9S157 on chromosome 9p21-p24

(Logarithm of the odds (LOD) score 3.72) (6). This was

not described as an association with ankylosing spondylitis

but with iritis alone. Linkage with another region on

chromosome 1q23-1q31 was suggested (LOD score 2.05).

Linkage with HLA-B was also found, which was expected,

of course, due to the strong association with HLA-B27.

Genetic associations have been pursued for other

chemical mediators of the inflammatory response. Cytokine

gene polymorphisms may confer risk for idiopathic

intermediate uveitis (49). Single nucleotide polymorphisms

in the interleukin-1 gene cluster on chromosome 2 have been

found in individuals with Behcet�s disease (50, 51). Gender-

specific difference in chemokine genes has been suggested

(52). These data are difficult to interpret, as there was no

SNP associated with disease, although the gender differ-

ences in specific SNPswere found.Cytotoxic T lymphocyte–

associated antigen-4 polymorphisms may contribute to the

development of erythema nodosum and ocular inflamma-

tion in Behcet�s disease (51). The authors give few clinical

details about the ocular involvement. A small study

suggested that Factor V Leiden polymorphisms may be

a risk factor for Behcet�s disease, which is intriguing as the

most severe manifestations include retinal vascular occlu-

sive disease (53).

The CARD/NOD gene family had attracted attention

because it was found to be associated with a rare form of

pediatric uveitis, Blau syndrome, which shares some clinical

features in common with granulomatous inflammatory

processes including sarcoidosis (54, 55). Additional studies

failed to show any association with sarcoidosis or Behcet�s
disease (56), so despite enthusiasm for this new genetic

association, it may be limited to Blau syndrome (57).

Conclusion

Studies of the immunogenetics of uveitis have revealed that

there are not only HLA associations with many forms of

ocular inflammation, but also that they are among the

strongest associations of HLA genes with any human

disease. Immunogenetic studies hold promise for revealing

additional pathologic mechanisms, monitoring or predict-

ing the response to treatment, and are currently used in the

diagnosis of uveitis.

References

1. Gritz DC, Wong IG. Incidence and prevalence of uveitis in

NorthernCalifornia; theNorthernCalifornia Epidemiology of

Uveitis Study. Ophthalmology 2004: 111: 491–500.

2. Jabs DA,Nussenblatt RB, Rosenbaum JT. Standardization of

uveitis nomenclature for reporting clinical data. Results of the

First International Workshop. Am J Ophthalmol 2005: 140:

509–16.

3. Agarwal RK, Caspi RR. Rodent models of experimental

autoimmune uveitis. Methods Mol Med 2004: 102: 395–419.

4. Bashirova AA, Martin MP, McVicar DW, Carrington M.

The killer immunoglobulin-like receptor gene cluster: tuning

the genome for defense. Annu Rev Genomics Hum Genet

2006: 22: 277–300.

5. McCannel CA, Holland GN, Helm CJ et al. Causes of uveitis

in the general practice of ophthalmology. UCLA

Community-Based Uveitis Study Group. Am J Ophthalmol

1996: 121: 35–46.

6. Martin TM, Zhang G, Luo J et al. A locus on chromosome 9p

predisposes to a specific disease manifestation, acute anterior

uveitis, in ankylosing spondylitis, a genetically complex,

multisystem, inflammatory disease. Arthritis Rheum 2005: 52:

269–74.

7. Gaudio PA, Kaye DB, Crawford JB. Histopathology of

birdshot retinochoroidopathy. Br J Ophthalmol 2002: 86:

1439–41.

8. Shah KH, Levinson RD, Yu F et al. Birdshot

chorioretinopathy. Surv Ophthalmol 2005: 50: 519–41.

9. Levinson RD, ParkMS, Rikkers SM et al. Strong associations

between specific HLA-DQ and HLA-DR alleles and the

tubulointerstitial nephritis and uveitis syndrome. Invest

Ophthalmol Vis Sci 2003: 44: 653–7.

10. Linssen A, Rothova A, Valkenburg HA et al. The lifetime

cumulative incidence of acute anterior uveitis in a normal

population and its relation to ankylosing spondylitis and

histocompatibility antigen HLA-B27. Invest Ophthalmol Vis

Sci 1991: 32: 2568–78.

11. Monnet D, BrebanM,Hudry C et al. Ophthalmic findings and

frequency of extraocular manifestations in patients with

HLA-B27 uveitis: a study of 175 cases. Ophthalmology 2004:

111: 802–9.

12. Sampaio-Barros PD, Conde RA, Bonfiglioli R et al.

Characterization and outcome of uveitis in 350 patients with

spondyloarthropathies. Rheumatol Int 2006: 26: 1143–6.

13. Smith JR.HLA-B27-associated uveitis.OphthalmolClinNorth

Am 2002: 15: 297–307.

14. Al Mutawa SA, Hegab SM. Behcet�s disease. Clin Exp Med

2004: 4: 103–31.

15. Zierhut M, Mizuki N, Ohno S et al. Immunology and

functional genomics of Behcet�s disease.CellMolLife Sci 2003:

60: 1903–22.

16. Mandeville JT, Levinson RD, Holland GN. The

tubulointerstitial nephritis and uveitis syndrome. Surv

Ophthalmol 2001: 46: 195–208.

17. Giannini EH, Malagon CN, Van Kerckhove C et al.

Longitudinal analysis of HLA associated risks for

iridocyclitis in juvenile rheumatoid arthritis. J Rheumatol

1991: 18: 1394–7.

18. Pratsidou-Gertsi P, Kanakoudi-Tsakalidou F, Spyropoulou

M et al. Nationwide collaborative study of HLA class II

associations with distinct types of juvenile chronic arthritis

(JCA) in Greece. Eur J Immunogenet 1999: 26: 299–310.

110
ª 2007 The Author

Journal compilation 69 (105–112) ª 2007 Blackwell Munksgaard

Immunogenetics of ocular inflammatory disease R. D. Levinson



19. Tang WM, Pulido JS, Eckels DD et al. The association of

HLA-DR15 and intermediate uveitis. Am J Ophthalmol 1997:

123: 70–5.

20. Raja SC, JabsDA,Dunn JP et al. Pars planitis: clinical features

and class II HLA associations. Ophthalmology 1999: 106:

594–9.

21. Oruc S, Duffy BF, Mohanakumar T, Kaplan HJ. The

association of HLA class II with pars planitis. Am J

Ophthalmol 2001: 131: 657–9.

22. Levinson RD, See RF, Rajalingam R et al. HLA-DRB1

and -DQB1 alleles in mestizo patients with

Vogt-Koyanagi-Harada�s disease in Southern California.

Hum Immunol 2004: 65: 1477–82.

23. Monnet D, Brezin AP, Holland GN et al. Longitudinal cohort

study of patients with birdshot chorioretinopathy. I. Baseline

clinical characteristics. Am J Ophthalmol 2006: 141: 135–42.

24. Rothova A, Berendschot TT, Probst K et al. Birdshot

chorioretinopathy; long-term manifestations and visual

prognosis. Ophthalmology 2004: 111: 954–9.

25. Rothova A, van Veenedaal WG, Linssen A et al. Clinical

features of acute anterior uveitis. Am J Ophthalmol 1987: 103:

137–45.

26. Kilmartin DJ, Wilson D, Liversidge J et al. Immunogenetics

and clinical phenotype of sympathetic ophthalmia in British

and Irish patients. Br J Ophthalmol 2001: 85: 281–6.

27. Shindo Y, Ohno S, Usui M et al. Immunogenetic study of

sympathetic ophthalmia. Tissue Antigens 1997: 49: 111–5.

28. Islam SM, Numaga J, Matsuki K et al. Influence of

HLA-DRB1 gene variation on the clinical course of

Vogt-Koyanagi-Harada disease. Invest Ophthalmol Vis Sci

1994: 35: 752–6.

29. ShindoY,Ohno S,YamamotoT et al. Complete association of

the HLA-DRB1*04 and -DQB1*04 alleles with Vogt-

Koyanagi-Harada�s disease. Hum Immunol 1994: 39: 169–76.

30. Shindo Y, Inoko H, Yamamoto T, Ohno S. HLA-DRB1

typing of Vogt-Koyanagi-Harada�s disease by PCR-RFLP

and the strong association with DRB1*0405 andDRB1*0410.

Br J Ophthalmol 1994: 78: 223–6.

31. Desarnaulds AB, Borruat FX, Herbort CP, Spertini F.

Multiple evanescent white dot syndrome: a genetic

predisposition? Klin Monatsbl Augenheilkd 1996: 208: 301–2.

32. Alaez C, del Pilar MM, Arellanes L et al. Strong association

of HLA class II sequences in Mexicans with Vogt-

Koyanagi-Harada�s disease. Hum Immunol 1999: 60: 875–82.

33. Arellanes-Garcia L, Bautista N, Mora P et al. HLA-DR is

strongly associated with Vogt-Koyanagi-Harada disease in

Mexican mestizo patients. Ocul Immunol Inflamm 1998: 6:

93–100.

34. Prasad PS, Levinson RD. In silico prediction of binding of

putative antigenic peptides to HLA-DRB1 alleles in Vogt-

Koyanagi-Harada disease. Clin Immunol 2005: 116: 143–8.

35. Mizuki N, Ota M, Katsuyama Y et al. HLA-B*51 allele

analysis by the PCR-SBT method and a strong association of

HLA-B*5101 with Japanese patients with Behcet�s disease.
Tissue Antigens 2001: 58: 181–4.

36. Mizuki N, OtaM, KatsuyamaY et al. HLA class I genotyping

including HLA-B*51 allele typing in the Iranian patients with

Behcet�s disease. Tissue Antigens 2001: 57: 457–62.

37. Mizuki N, Ota M, Katsuyama Y et al. Sequencing-based

typing of HLA-B*51 alleles and the significant association of

HLA-B*5101 and -B*5108 with Behcet�s disease in Greek

patients. Tissue Antigens 2002: 59: 118–21.

38. LevinsonRD,RajalingamR, ParkMS et al. Human leukocyte

antigen A29 subtypes associated with birdshot

retinochoroidopathy. Am J Ophthalmol 2004: 138: 631–4.

39. Donvito B,Monnet D, Tabary T et al. Different HLA class IA

region complotypes for HLA-A29.2 and -A29.1 antigens,

identical in birdshot retinochoroidopathy patients or healthy

individuals. Invest Ophthalmol Vis Sci 2005: 46: 3227–32.

40. Deng L, Mariuzza RA. Structural basis for recognition of

MHC and MHC-like ligands by natural killer cell receptors.

Semin Immunol 2006: 18: 159–66.

41. Hughes EH, Collins RW, Kondeatis E et al. Associations of

major histocompatibility complex class I chain-related

molecule polymorphisms with Behcet�s disease in Caucasian

patients. Tissue Antigens 2005: 66: 195–9.

42. KasnerL,ChanCC,WhitcupSM,Gery I.Theparadoxical effect

of tumor necrosis factor alpha (TNF-alpha) in endotoxin-

induced uveitis. Invest Ophthalmol Vis Sci 1993: 34: 2911–7.

43. Xu H, Rizzo LV, Silver PB, Caspi RR. Uveitogenicity is

associated with a Th1-like lymphokine profile:

cytokine-dependent modulation of early and committed

effector T cells in experimental autoimmune uveitis. Cell

Immunol 1997: 178: 69–78.

44. Galor A, Perez VL, Hammel JP, Lowder CY. Differential

effectiveness of etanercept and infliximab in the treatment of

ocular inflammation.Ophthalmology 2006 (e-pub. ahead of print).

45. Ahmad T, Wallace GR, James T et al. Mapping the HLA

association in Behcet�s disease: a role for tumor necrosis factor

polymorphisms? Arthritis Rheum 2003: 48: 807–13.

46. Lee EB, Kim JY, Lee YJ et al. TNF and TNF receptor

polymorphisms in Korean Behcet�s disease patients. Hum

Immunol 2003: 64: 614–20.

47. KuoNW, Lympany PA,Menezo V et al. TNF-857T, a genetic

risk marker for acute anterior uveitis. Invest Ophthalmol Vis

Sci 2005: 46: 1565–71.

48. Wegscheider BJ, WegerM, RennerW et al. Role of the CCL2/

MCP-1-2518A>G gene polymorphism in HLA-B27

associated uveitis. Mol Vis 2005: 11: 896–900.

49. Stanford MR, Vaughan RW, Kondeatis E et al. Are cytokine

gene polymorphisms associated with outcome in patients with

idiopathic intermediate uveitis in the United Kingdom? Br J

Ophthalmol 2005: 89: 1013–6.

50. Karasneh J, Hajeer AH, Barrett J et al. Association of specific

interleukin 1 gene cluster polymorphisms with increased

susceptibility for Behcet�s disease. Rheumatology (Oxford)

2003: 42: 860–4.

51. Sallakci N, Bacanli A, Coskun M et al. CTLA-4 gene 49A/G

polymorphism in Turkish patients with Behcet�s disease. Clin
Exp Dermatol 2005: 30: 546–50.

52. Chen Y, Vaughan RW, Kondeatis E et al. Chemokine gene

polymorphisms associate with gender in patients with uveitis.

Tissue Antigens 2004: 63: 41–5.

53. Batioglu F, Atmaca LS, Karabulut HG, Beyza SD. Factor V

Leiden and prothrombin gene G20210A mutations in ocular

Behcet disease. Acta Ophthalmol Scand 2003: 81: 283–5.

ª 2007 The Author
Journal compilation 69 (105–112) ª 2007 Blackwell Munksgaard 111

R. D. Levinson Immunogenetics of ocular inflammatory disease



54. Kurokawa T, Kikuchi T, Ohta K et al. Ocular manifestations

in Blau syndrome associated with a CARD15/Nod2mutation.

Ophthalmology 2003: 110: 2040–4.

55. Rose CD, Doyle TM, McIlvain-Simpson G et al. Blau

syndrome mutation of CARD15/NOD2 in sporadic early

onset granulomatous arthritis. J Rheumatol 2005: 32: 373–5.

56. Ahmad T, Zhang L, Gogus F et al. CARD15

polymorphisms in Behcet�s disease. Scand J Rheumatol

2005: 34: 233–7.

57. Martin TM, Doyle TM, Smith JR et al. Uveitis in patients

with sarcoidosis is not associated with mutations in NOD2

(CARD15). Am J Ophthalmol 2003: 136: 933–5.

112
ª 2007 The Author

Journal compilation 69 (105–112) ª 2007 Blackwell Munksgaard

Immunogenetics of ocular inflammatory disease R. D. Levinson


