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Does autoimmunity to S-antigen play a role in
Fuchs' heterochromic cyclitis?

E La Hey, L Broersma, R van der Gaag, G S Baarsma, A Rothova, A Kijlstra

Abstract
Autoimmunity directed against retinal or

choroidal antigens has been suggested to play a
role in the chorioretinal lesions observed in
patients with Fuchs' heterochromic cycitis.
This hypothesis was addressed and patients
with Fuchs' heterochromic cyclitis were tested
for cellular immunity (migration inhibitory
factor assay) against human retinal S-antigen.
A significantly higher percentage of patients
with Fuchs' heterochromic cyclitis had a posi-
tive cellular autoimmune response to S-antigen
than healthy controls and other patients with
anterior uveitis. This finding is remarkable
since Fuchs' heterochromic cyclitis is gener-
ally classified as an anterior uveitis and patients
with Fuchs' heterochromic cyclitis without
chorioretinal lesions also had a positive test. In
view ofthese results and a sensitisation against
a corneal antigen reported earlier in Fuchs'
heterochromic cyclitis, it is suggested that a

chronic low grade grade anterior uveitis or

chorioretinitis of unknown origin may cause

the release of potent autoantigens in these
patients.
(Br3 Ophthalmol 1993; 77: 436-439)

toxoplasmosis-like chorioretinal lesions in nine
(10-2%) out of 88 patients with Fuchs' hetero-
chromic cyclitis.' No association between Fuchs'
heterochromic cyclitis and ocular toxoplasmosis
could be proved by extensive laboratory tests
for toxoplasmosis. Furthermore, non-specific
chorioretinal scars were present in patients with
Fuchs' heterochromic cyclitis along with nega-
tive laboratory results for Toxoplasma gondii.
Arffa and Schlaegel3 also observed non-specific
scars in patients with Fuchs' heterochromic
cyclitis. Moreover, these authors described two
patients who had fundus lesions characteristic of
toxoplasmosis, but negative titres for Toxoplasma
in undiluted serum. They suggested that these
scars were of non-Toxoplasma origin and could
result from autoimmunity against retinal or

choroidal antigens.3 We have addressed this
hypothesis and looked for a possible role of
retinal S-antigen in the pathogenesis of Fuchs'
heterochromic cyclitis by means of a test for
cellular immunity (migration inhibitory factor
(MIF) assay) to human S-antigen.
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Many studies have been published to elucidate
the aetiology of Fuchs' heterochromic cyclitis
but it remains unknown. Although it is consid-
ered as a separate nosological entity, associations
between Fuchs' heterochromic cyclitis and other
diseases have frequently been described. 1-13 Most
ofthese studies reported on the assumed associa-
tion between Fuchs' heterochromic cyclitis and
ocular toxoplasmosis.'`7 In 7x5% to 60% of the
patients with Fuchs' heterochromic cyclitis the
presence of chorioretinal scars which were clini-
cally consistent with ocular toxoplasmosis was

reported. In a recent study we found

PATIENT AND CONTROL POPULATION
Fresh blood was obtained from 13 patients with
Fuchs' heterochromic cyclitis (group A) seen at
the university eye clinics in Amsterdam or

Rotterdam. The diagnosis was based on the
presence of all of the following criteria, estab-
lished from data in the literature'"2": (1) the
absence of acute symptoms like severe redness,
pain, or photophobia; (2) the presence of charac-
teristic small white stellate keratic precipitates;
(3) minimal cells and flare in the anterior
chamber; (4) diffuse iris stromal atrophy, with or

without patchy loss of the iris pigment epi-
thelium; (5) the absence of synechiae; (6) the

Table 1 Clinical data ofpatients and controls

Disease
Age (years) activity Therapy

Male! Activel
Group Diagnosis Number female Mean Range low-grade Topical* Systemict

A Fuchs' heterochromic cyclitis 13 6/7 39 22-71 0/13 3
B Active Toxoplasma uveitis 39 19/20 31 12-77 39/0 - -
C Anterior uveitis 19 9/10 49 23-77 19/0 10 -

D Pan and posterior uveitis 31 15/16 37 11-72 31/0 11 5
E Healthy controls 26 14/12 37 28-63 - - -

*Steroid eye drops.
tPrednisone (20-40 mg/day) or prednisone (5-10 mg/day) and cyclosporin A (5-10 mg/kg/day).
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Table 2 Uveitis entities included in groups C andD and
their results ofimmune testing

Positive
response to

Group Uveitis entity Number S-antigen

C Anterior uveitis 19 2
Undetermined 12 1
HLA-B27 associated 4* 1
Sarcoidosis 1
Syphilis 1 -
Herpes zoster uveitis 1 -

D Pan and posterior uveitis 31 12
Undetermined 12 5t
Sarcoidosis 4 1
Pars planitis 3 1
Idiopathic retinal

vasculitis 2 1
Behqet's disease 2 1
Birdshot

retinochoroidopathy 1 1
Vogt-Koyanagi-Harada's

disease 2
Acute retinal necrosis 2 1
Acute multifocal placoid

pigment epitheliopathy 1
Presumed ocular

histoplasmosis 1 1
Lyme borreliosis 1

*One patient also had ankylosing spondylitis.
iOne patient with diabetes mellitus developed retinal detachment
and severe panuveitis after cataract extraction with intraocular
lens implantation.

presence of cells and opacities in the anterior
vitreous. Heterochromia, cataract, and glaucoma
could be present, but were not essential criteria
for the diagnosis.

Results were compared with other types of
uveitis (groups B, C, and D) and healthy controls
(groups E). Blood samples were obtained from
patients with active uveitis: some of them pre-
sented for the first time and blood samples were
obtained as part of their examinationfor uveitis.
Details on mean age, age range, male to female
ratio, clinical activity of the disease, and therapy
at the time oftesting ofall groups are presented in
Table 1.
Group B consisted of 39 patients with active

ocular toxoplasmosis. This diagnosis was based
on an active unilateral focal necrotising retino-
choroiditis, often in satellite formation, with
associated vitreous inflammation and the appear-
ance of typical scars with hyperpigmentation
after clearing ofthe vitreous.22 Group C consisted
of 19 consecutive patients with anterior uveitis of
various aetiologies. Group D comprised 31 con-
secutive patients with pan or posterior uveitis of
various aetiologies (including pars planitis n=3),
that were not of Toxoplasma origin (Table 2). At
the same time 26 similar blood samples were
obtained from sex and age-matched healthy
laboratory staff without a history of ocular
pathology to serve as controls (Group E).
For all groups blood samples were collected

from consecutive patients during a specific
(limited) time period and no selection was made.
To establish the correct diagnosis a retrospective
review of clinical records of these uveitis
patients, seen at the university eye clinics of
Amsterdam and Rotterdam, was performed.

HUMAN S-ANTIGEN
Human S-antigen was isolated from retinas of
human cadaver eyes from which the corneas had
been removed for transplantation. These retinas

were stored at -20°C until use. The isolation of
human S-antigen was performed as described by
Doekes et al.2" A 50% ammonium sulphate pre-
cipitation of retinal extract was followed by
DEAE (DE-52, Whatman Corporation, Kent)
anion exchange chromatography and gel filtra-
tion.23

MIGRATION INHIBITORY FACTOR (MIF) ASSAY
Cellular immune reactivity against human
S-antigen was tested in a two step migration
inhibition assay, as described in detail earlier.23
In the first step of this assay mononuclear cells
were incubated with the test antigen. Sub-
sequently the cell free supernatant was tested in a
second step for the presence of MIF activity
using the human monocytoid U937 cell line as
indicator cells.
For the first step, mononuclear cells were

isolated from heparinised blood obtained from
the patients using density gradient centrifugation
on Ficoll-Paque (Pharmacia, Uppsala, Sweden).
Cells from one or more controls were always
tested on the same day as the patient cells. The
cells were washed twice and adjusted to 2 5 x 101
cells per ml culture medium (RPMI 1640 supple-
mented with 25 mM HEPES, 100 U/ml peni-
cillin, 0-1 mg/ml streptomycin (Gibco Ltd,
Paisley, Scotland) and 10% heat inactivated
pooled human serum from non-transfused
healthy male donors (Central Laboratory of the
Blood Transfusion Service, Amsterdam, The
Netherlands). One ml aliquots were dispensed
into 10 ml culture tubes. One tube served as
medium control for spontaneous MIF produc-
tion, concanavalin-A (Con-A, 25 ug/ml) was
added to a second tube to test the general
mitogenic responsiveness of the cells, and puri-
fied human S-antigen (5 ug/ml) was added to a
third tube. The tubes were incubated for 20
hours in a humidified incubator at 37°C and 5%
CO2. Cell free supernatants were harvested by
centrifugation (10 minutes, 1200 g) and assayed
directly for the presence of MIF or stored at
-20°C until use.
For the second step of the assay, a human

monocytoid cell (U937) line was used. U937 cells
were harvested from permanent in vitro cultures,
washed and adjusted to 5 x 108 cells per ml in
culture medium. Seaplaque agarose (FMC Cor-
poration, Rockland, ME, USA) was dissolved in
phosphate buffered saline (20 mg/ml) at 100°C
for 20 minutes and subsequently diluted 1:10
with warm (37°C) culture medium. Equal
volumes of the agarose solution were mixed with
the U937 cell suspension and kept at 37°C. One
,ul droplets were pipetted with a 50 ,u Hamilton
syringe into the centre ofwells ofa flat bottom 96
well microtitre tray (Nunc, Roskilde, Denmark).
The droplets were allowed to set for 30 minutes
at 4°C and subsequently 100 ,u of cell free
supernatant, obtained in the first step, was added
to each well. Each supernatant was tested in
fivefold. The trays were incubated for 20 hours
in a humidified incubator at 37°C and 5% CO2 to
allow migration of the U937 cells out of the
agarose droplets. The areas of monocyte migra-
tion were measured and the migration indices
(MI) were calculated as follows:
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mean migration area in test supernatant
MI=

mean migration area in control supernatant
in which the control supernatant came from the
tube containing cells in culture medium alone.
A mean MI of 0-95 (SD 0 07) was calculated

from the values obtained from the healthy con-
trols incubated with S-antigen. SubsequentlyMI
values equal to or smaller than 0-8 were taken as
positive reactions.

Statistical analysis was performed with the X2
test and Fisher's exact test.

Results
The results are presented in Figure 1. Six (46%)
of the 13 patients with Fuchs' heterochromic
cycitis had a positive cellular immune response
to human S-antigen. This was significantly
higher (p<0-001) than the healthy controls, who
all had negative responses. Only three (8%) ofthe
39 patients with active Toxoplasma uveitis and.
two (11%) ofthe 19 patients with anterior uveitis
had a positive cellular immune response to retinal
S-antigen. In these two groups results were not
statistically significant when compared with
healthy controls. Twelve (39%) of the 31 pan/
posterior uveitis patients had a cellular immune
response to S-antigen, which was significantly
higher when compared with healthy controls
(p<0-001). Table 2 presents results of the
various uveitis entities included in groups C and
D. Numbers were too small to detect increased
responsiveness associated with a distinct uveitis
entity.
To determine the specificity of the cellular

immune response to S-antigen in the patients
with Fuchs' heterochromic cyclitis, blood
samples of these 13 patients were also tested for
their cellular immune response to the 54 kD
corneal antigen, as described by van der Gaag
et al.24 Seven of the 13 patients had a positive
cellular immune response to this (bovine) 54 kD
antigen: three ofthese seven patients also showed
a sensitisation to S-antigen.

Discussion
Fuchs' heterochromic cyclitis is generally classi-
fied as a chronic low grade anterior uveitis. The
high percentage of patients with Fuchs' hetero-
chromic cyclitis having a positive cellular auto-
immune response to retinal S-antigen, compared
with other anterior uveitis patients and healthy
controls, is therefore remarkable. It supports the
hypothesis of Arffa and Schlaegel3 that auto-
immune reactions against retinal (S-)antigen(s)
may play a role in the pathogenesis of Fuchs'
heterochromic cyclitis. Of the 13 patients we
tested, two had retinal scars: one with a toxo-
plasmosis-like scar had a negative response and
one patient with a non-specific retinal scar had a
positive cellular immune response to S-antigen.
These numbers were too small to conclude that
there was a possible association between retinal
autoimmunity and chorioretinal scars in Fuchs'
heterochromic cyclitis.

Nussenblatt et aP' reported a higher incidence
(40%) of cellular immune reactivity against
S-antigen in patients with ocular toxoplasmosis
than in our series. Such a discrepancy may be due
to the fact that they used a different cellular
immune assay; the lymphocyte transformation
test (LTT). We used the MIF assay because it
correlates better with type IV allergic reactions
(that is, delayed type hypersensitivity (DTH)
response) than the LTT and may thus be more
appropriate to study presumed autoimmune
reactivity.26
As reported earlier,23272' a significantly higher

percentage of the patients with (pan and) pos-
terior uveitis had a positive cellular immune
response to S-antigen compared with healthy
controls. These results, however, are in disagree-
ment with more recent studies in which no
significant differences were found, and normal
individuals also had circulating antibodies233032
and T cells2"3' sensitised to retinal (S)-antigen(s).
Some discrepancy may be attributed to a differ-
ent procedure used to purify and obtain the
S-antigen: different epitopes may have been
present in the various antigen preparations.
Moreover, high doses of S-antigen and extended
incubation time have been shown to induce in
vitro proliferative responses to S-antigen in T
lymphocytes of uveitis patients, but also in a
large proportion of healthy donors.3' Results of
immune response testing may also vary accord-
ing to the duration and activity of the disease.2'
Patients (groups B, C, and D) in the current
study all had active disease at the time of testing,
except for the patients with Fuchs' hetero-
chromic cyclitis (group A) who had a low grade
chronic uveitis. Whether the results may.be
affected by treatment is insufficiently known.
Cyclosporin A (at doses 3-12 mg/kg/day) had
little or no effect on the lymphocyte responses to
antigens such as keyhole limpet haemocyanin
(KLH) or tetanus toxoid.33 Treatment with high
doses of steroids (100 and 400 mg) was reported
partially to inhibit lymphocyte responses to
various mitogens and antigens.-' Except for the
Toxoplasma uveitis patients, who received no
therapy at the time of testing, most of the other
uveitis patients in our study received either no
therapy or were treated with topical steroids.
Only five patients had systemic treatment: two
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received systemic steroids (20-40 mg/day) and
three were treated with prednisone (5-10 mg/
day) and cyclosporin A (5-10 mg/kg/day): three
of these five patients had a positive response to
S-antigen. We therefore assume that treatment
only had a limited effect on the lymphocyte
responses of the uveitis patients in this study.

Recently the presence of messenger RNA
(mRNA) of S-antigen was demonstrated in irides
obtained from uveitis patients and not in control
irides.3" These findings indicate a possible role for
S-antigen in anterior segment inflammation and
could account for the fact that some patients with
Fuchs' heterochromic cyclitis without chorio-
retinal scars had a positive cellular immune
response to S-antigen. This does not explain the
low percentage of patients with anterior uveitis
who had a positive autoimmune response to
S-antigen. Fuchs' heterochromic cyclitis, how-
ever, is a chronic anterior uveitis and one can

imagine that there is a (more) continuous release
of S-antigen than in other forms of anterior
uveitis.

Earlier, it was reported that almost 70% of all
patients with Fuchs' heterochromic cyclitis had a

cellular immune response against a major corneal
antigen (54 kD).'4 Recently, an increased level of
soluble interleukin-2, a marker of (T) lympho-
cytic activation, was measured in the peripheral
blood of patients with Fuchs' heterochromic
cyclitis.2 As in the current study, these peri-
pheral blood findings point to a systemic lympho-
cytic activation, which is remarkable since it is
generally believed that no systemic involvement
occurs in Fuchs' heterochromic cycitis. One
could hypothesise that a primary low grade
chronic anterior uveitis causes the leakage of the
54 kD antigen in Fuchs' heterochromic cycitis,
resulting in the presence of specifically sensitised
lymphocytes. Similar to the leakage of corneal
antigen, a chronic low grade iritis or chorio-
retinitis of unknown origin may also cause the
release of S-antigen, resulting in the observed
sensitisation. S-antigen is probably one ofseveral
antigens to which sensitisation occurs, and it is
therefore likely that the observed autoimmune
responses in patients with Fuchs' heterochromic
cycitis may be regarded as epiphenomena.
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