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Abstract
Background: Fuchs heterochromic cyclitis (FHC) is a chronic
inflammatory eye disease, usually presenting as unilateral
anterior uveitis. Up to date no disease susceptibility genes
have been described for FHC. Methods: The allele frequency
of HLA DRB1 and DQBI, polymorphisms of the tumour necro-
sis factor (TNF) o« promoter region (-376,-308, -238), the pro-
moter (-318), first exon (+49) and (AT)n repeat polymor-
phism of the cytotoxic T cell antigen 4 (CTLA4) gene were
analysed in 44 FHC patients and 139 healthy controls. Re-
sults: The CTLA4 -318 C/T genotype was increased in FHC
patients [odds ratio (OR) 3.0, 95% confidence interval (Cl)
1.4-6.5], as well as long CTLA4 (AT)n microsatellite alleles
with more than 16 AT repeats (OR 2.6, 95% Cl 1.3-5.3). A
trend towards the -308 G/A TNF-a genotype was found in
the patient cohort, whereas no difference in HLA class Il al-
lele distribution was observed. Conclusion: CTLA4 but not
TNF-a or HLA class Il DRBT and DQBT may represent a candi-
date gene for disease susceptibility in FHC.
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Introduction
Fuchs heterochromic cyclitis (FHC) is a chronic in-

flammatory eye disease, which usually presents as unilat-
eral anterior uveitis of young adults [1]. It was first de-

scribed as an affection of the lighter-coloured eye of het-
erochromic patients. However, the heterochromia can
show a wide variation and may even be absent, especially
in brown irides [2]. Following an insidious onset, FHC
eventually leads to cataract formation and secondary
glaucoma. Typically, FHC is not associated with systemic
involvement. The aetiology of FHC is still unknown, and
several theories have been suggested including an immu-
nological disorder, supported by the detection of in-
creased levels of oligoclonal immunoglobulin G within
the aqueous humour of FHC patients [3, 4]. Furthermore,
the aqueous humour contains an increased number of
CD8+ T cells, but fewer CD4+ T cells and macrophages,
as compared to patients suffering from idiopathic ante-
rior uveitis [5]. Also y-interferon and interleukin 10 were
elevated in aqueous humour of FHC patients. These find-
ings were suggested as explanation for the characteristic
lack of response to topical steroids in the treatment of
FHC [5, 6]. It has been shown that the CD8+ T cells in-
filtrating the anterior chamber in FHC use a restricted T
cell receptor repertoire, implicating an antigen-driven T
cell expansion [7]. Infectious agents such as Toxoplasma
gondii or auto-antigens have been discussed as a possible
cause or trigger of FHC [1, 8]. Interesting recent reports
provide strong evidence that this antigen might indeed
be rubella virus [9, 10].
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Table 1. TNF-« and CTLA4 gene polymorphisms in FHC patients

FHC (n = 44) Controls (n=139) p. OR Power
n % n %
Age, years
Median 43 35
Range 12-71 28-63
Sex
Male 25 57 81 58
Female 19 43 58 42
TNF-a promoter -308 G = A
G/G 33 75 119 86 -
G/A 11 25 17 12 ns. 24(1.0-56)  0.50
A/A 3 2 -
CTLA4 promoter -318C = T
C/C 28 64 117 84 0.021  0.33(0.15-0.70) 0.51
C/T 16 36 22 16 0.021 3.0 (1.4-6.5) 0.51
T/T -
CTLA+49A —> G
A/A 18 41 46 33 -
A/G 18 41 66 48 -
G/G 8 18 27 19 -
CTLA4-318C—>T/+49A —> G
-318*T/+49*A 15 34 12 13 0.036 3.4(1.4-8.1) 0.60

n.s. = Not significant; p. = corrected p value; OR = odds ratio; 95% confidence intervals are given in paren-

theses.

Although various auto-immune and infectious diseas-
es, including several forms of uveitis, have been strongly
linked to HLA antigens, this does not seem to be the case
in FHC [11], for which only an association with HLA class
II polymorphisms has been suggested [12].

In the present exploratory study we therefore investi-
gated the allele frequency of the HLA class II genes DRBI
and DQBI. Additionally, polymorphisms of the tumour
necrosis factor (TNF) a and cytotoxic T cell antigen
(CTLA) 4 genes were analysed, since both of these genes
have been shown to play an important role in auto-im-
mune as well as infectious diseases, and therefore repre-
sent candidate genes for disease susceptibility in FHC.

Material and Methods

Patients and Controls

Forty-four unrelated patients with FHC were investigated fol-
lowing informed consent. The patients were recruited at the De-
partment of Ophthalmology, University Hospital Erlangen, Ger-
many, and were of Caucasian origin, from the area of south Ger-
many, except for 2 patients from south-east Europe. The allele and
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genotype frequency of the FHC patients was compared to that of
139 healthy controls, who were all of Caucasian origin, from the
area of south Germany. Age and gender distribution is shown in
table 1.

Genotyping

DNA was extracted from peripheral blood samples using the
QIAmp DNA blood kit (Qiagen). HLA DRBI and DQBI genotyp-
ing was performed using the ELPHA low-resolution, PCR single-
strand oligonucleotide typingkit (Biotest AG). This typing scheme
allowed the resolution of DRBI*01-*16. For HLA DQBI *02,
*0301-*0303, *04, *0501-*0503 and *0601-*0609 were detected.
Sequence-based typing for polymorphisms in the genes for TNF-
a(-376 G > A,-308G — A,-238G = A),CTLA4 (-318C — T,
+49 A — G) and the (AT)n microsatellite alleles in the 3" untrans-
lated region of the CTLA4 gene was performed as described ear-
lier [13].

Statistical Analysis

The Yates-corrected x? test for 2 X 2 tables and odds ratios
(OR) were calculated with 95% confidence intervals (CI) using
SPPS 11.0 (SPSS Inc., Chicago, Ill., USA). p values were subjected
to correction according to the Bonferroni inequality method (p.)
by multiplication with the number of observed alleles or geno-
types. A p. value of 0.05 was considered significant. Power calcu-
lations were undertaken for relevant results according to Schles-
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selman [14], based on study size, exposure rate among controls
and the relative risk seen in this study, using the method provided
by Dupont and Plummer [15]. Similarly, study size calculations
were carried out for unmatched case-control studies with equal
size for a power of 0.90 and a two-sided level of significance of
p = 0.05, using the relative risk and the exposure rate among con-
trols obtained in this study.

Results and Discussion

For the HLA class II alleles, only a slight decrease in
DRBI*14 in the patient cohort was found with 2% in FHC
patients versus 11% in healthy controls (p = not signifi-
cant, power 0.44). The required study size population to
reach a power of 0.9 would be 197 patients in future stud-
ies. No further differences in HLA class IT allele frequen-
cies were noted in contrast to a previous report [12]. This
discrepancy might be due to study size. Additionally, on
comparing reports of HLA associations with earlier stud-
ies, differences in typing techniques have to be taken into
account, since modern genotyping allows more reliable
definition of HLA class II antigens than serological typ-
ing used until the mid-1990s.

In the TNF- o promoter region, a trend towards an in-
creased frequency of the -308 G/A genotype was found
in the patient cohort (p. = not significant, power 0.50,
table 1). In order to reach a power of 0.9 at least 207 pa-
tients were required based on the relative risk and expo-
sure rate among controls. The -308 G/A genotype corre-
sponds to a high cytokine expressor phenotype [16] and
was suggested to influence disease susceptibility in HLA-
B27-associated uveitis, albeit at a lesser degree than the
-238 G/A genotype [17]. However, in our study no further
differences were noted for the -376 G = A or -238 G —
A promoter polymorphisms (data not shown), suggesting
that TNF-a does not play a major role as disease suscep-
tibility gene in FHC.

Next we analysed polymorphism in the CTLA4 gene.
CTLA4, also known as CD152, is a homologue of CD28,
and both molecules and their common ligands B7-1
(CD80) and B7-2 (CD86) constitute the B7-CD28/CTLA4
co-stimulatory pathway of T cell activation. Whereas
CD28 playsa critical role in T cell activation, CTLA4 con-
stitutes one of the most important inhibitory mecha-
nisms within the immune system [18]. The main pathway
utilised by CTLA4 is competition with CD28 for ligands
and inhibitory signalling [19]. On analysis of the CTLA4
promoter we found an increase in the -318 C/T genotype
frequency in the FHC cohort compared to controls (OR
3.0, 95% CI 1.4-6.5), whereas no differences for the +49
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A — G polymorphism in exon 1 were seen (table 1). On
analysis of the (AT)n microsatellite, 23 different alleles
were detected, ranging from 7 to 33 repeats. (AT)7 and
(AT)16 were observed most frequently with 42 and 23%
of all individuals, respectively. This finding is in accor-
dance with previous observations [20]. No differences in
the distribution of single (AT)n alleles between the pa-
tient and control cohort were observed (data not shown).
For further analysis, alleles with up to 16 AT repeats, rep-
resenting the most frequently observed alleles in both co-
horts, were defined as short (S) and alleles with more
than 16 repeats as long (L). In the FHC cohort an increase
in L alleles was observed (OR 2.6, 95% CI 1.3-5.3), and
reciprocally a reduction in the S/S genotype compared to
healthy controls (OR 0.38, 95% CI 0.19-0.77, table 2).
There was also a trend towards an increased frequency of
the S/L genotype in the FHC group, which became more
obvious when it was analysed in conjunction with the
-318 C/T genotype (OR 4.3,95% CI 1.7-11.0, table 2). The
earlier suggested linkage of long CTLA4 microsatellite al-
leles with the +49*G allele [21] was not observed in our
study cohort, where the long microsatellite alleles were
found similarly often in the absence or presence of the
+49*G allele (data not shown). For both, -318 C = T and
+49 G = A CTLA4 polymorphisms, functional implica-
tions have been demonstrated in vitro, with respect to
expression levels of CTLA4 and subsequent T cell reactiv-
ity [22-24]. The -318*T as well as the +49*A allele were
associated with increased CTLA4 expression [24, 25] and
were considered alleles protective against auto-immune
disease [26]. In the present study, individuals carrying
both the -318*T and +49*A alleles protective against
auto-immune disease were overrepresented within the
FHC cohort (OR 3.4, 95% CI 1.4-8.1, table 1), whereby all
but 1 patient with the -318*T allele also carried the +49*A
allele, in contrast to controls who showed this association
in only 12 out of 22 cases. However, since overall 36 of the
44 patients carried the +49*A allele, this might be due to
incidental co-distribution, either in cis or trans position,
or might represent a true linkage disequilibrium.

It has been suggested that the common functional
variants of the CTLA4 gene may have been subject to evo-
lutionary selection in host resistance to infection, with
auto-immune disease susceptibility alleles providing in-
creased cellular immunity compared to auto-immune re-
sistance alleles [26]. It is therefore tempting to speculate
that the cellular immune response and clearing of rubel-
la virus, the suspected trigger of FHC [9, 10], may be im-
paired in these patients. A prolonged persistence of ru-
bella virus has been described for certain FHC patients,
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Table 2. CTLA4 (AT)n microsatellite polymorphism in FHC patients

FHC (n = 44) Controls (n =139) p. OR Power
n % n %
(AT)n microsatellite
Allele
S (short,n <16) 38 86 127 91 -
L (long, n >16) 29 66 59 42 0.022 2.6 (1.3-5.3) 0.50
Genotype
S/S 15 34 80 58 0.033 0.38 (0.19-0.77) 0.50
S/L 23 52 47 34 n.s. 2.1(1.1-4.3) 0.50
L/L 6 14 12 9 -
-318 C—T (AT)n microsatellite
C/C S/S 13 30 75 54 0.048 0.36 (0.17-0.74) 0.50
c/C S/L 12 27 37 27 -
C/C L/L 3 7 5 4 -
C/T S/S 2 5 5 4 -
C/T S/L 11 25 10 7 0.018 4.3(1.7-11.0) 0.50
C/T L/L 3 7 7 5 -

n.s. = Not significant; 95% CI are given in parentheses.

albeit without correlation with CTLA4 genotypes [9]. Un-
fortunately no data on rubella virus infection were avail-
able on patients in our cohort in order to further assess
this possible connection, which will be an important ob-
jective for future studies.

Whether the potential role of CTLA4 as disease sus-
ceptibility gene in FHC can simply be attributed to al-
tered gene function becomes arguable when the (AT)n
repeats are taken into account. An influence of the (AT)n
microsatellite alleles on CTLA4 expression levels has also
been demonstrated in vitro, whereby long (AT)n micro-
satellite alleles resulted in impaired mRNA stability and
reduced expression of CTLA4 in vitro. Altough this effect
of the (AT)n repeats on CTLA4 expression was less obvi-
ous in vivo [27], it would counteract the suggested influ-
ence of the —318*T and +49*A alleles. This points to the
current difficulty in translating CTLA4 polymorphisms
to altered gene function, partly being due to the complex-
ity of CTLA4 expression [18]. However, it is interesting to
note that similar genetic associations for CTLA4, an in-
crease in -318*T and longer (AT)n microsatellite alleles
were observed with Wegener’s granulomatosis [28, 29],
an auto-immune disease characterised by necrotising
granulomatous lesions and small-vessel vasculitis. Here-
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by CTLA4 expression in unmanipulated peripheral T
helper cells was increased, but impaired following stimu-
lation [30]. Whether a similar effect can be observed in
FHC patients will be subject to further studies.

In summary, the data of this initial exploratory study
suggest that CTLA4 but not TNF-a or HLA class II DRBI
and DQBI represents an interesting candidate gene for
disease susceptibility in FHC. However, these data will
have to be reproduced in a larger patient cohort, prefer-
ably a multi-centre study, in order to meet the recommen-
dations on genetic association studies also for rare dis-
eases such as FHC [31].
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