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SUMMARY

Intermediate uveitis (IU) and Fuchs’ heterochromic cyclitis (FHC) are two chronic ocular inflammatory
disorders. They differ considerably in ocular morbidity, which is higher in IU. T cell lines were derived
from the vitreous humour (VH) and peripheral blood (PB) of 10 patients with IU and four patients with
FHC. There was a predominance of CD8þ in all the lines. However, there was a significantly higher
percentage of CD4þ T cells in the T cell lines derived from VH of IU (32·06 8·6%) compared with FHC
patients (19·26 8·9%) (P¼ 0·04). The VH-derived T cell lines (VDTC) produced significantly higher
levels of IL-2, interferon-gamma (IFN-g) and IL-10, but not IL-4, compared with PB-derived T cell
lines (PBDTC) in both entities. There was significantly higher IL-2 production by VDTC from IU when
compared with FHC patients (18106 220 pg/ml versus 5186 94 pg/ml; P¼ 0·009), which could
account for the more aggressive clinical features of this condition. In contrast IL-10 production was
significantly higher by the VDTC from FHC compared with IU patients. The high IL-10 production by T
cells infiltrating VH of FHC patients could down-regulate the inflammatory responses, thereby
contributing to the benign clinical course seen in these patients. The accumulation of T cells with
differing cytokine profiles in the VH suggests an important role for these cytokines in the pathogenesis
of these chronic uveitides.
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INTRODUCTION

Intermediate uveitis (IU) and Fuchs’ heterochromic iridocyclitis
(FHC) are two chronic uveitic entities. IU refers to intra-ocular
inflammation involving predominantly the vitreous humour (VH)
and the peripheral retina. FHC, as the name implies, involves
inflammation of the iris and ciliary body. Most patients with IU
present with blurred vision and/or floaters as a result of vitritis, i.e.
cellular infiltration of the VH and retinal oedema. In contrast, FHC
may initially go unnoticed by the patient, who may present to the
ophthalmologist several years later with the complications of
chronic inflammation such as cataract or glaucoma.

The VH is infiltrated by inflammatory cells, particularly T
cells, in both IU and FHC [1,2]. There are significant differences in
the clinical course between FHC and IU in that retinal oedema,
particularly in the macula area which is a major cause of visual loss
in uveitis, occurs frequently in IU [3–5] but is rare in FHC,
occurring only after cataract surgery [6,7]. FHC is therefore a
benign chronic uveitis in contrast to IU, which is a disease with a

higher ocular morbidity. An additional intriguing difference is the
vitritis, which responds well to steroids in IU whereas these have
no effect in FHC.

It has been widely accepted that T cells play a predominant role
in uveitis [8–10]. We have demonstrated that the predominant
cellular phenotypes in the aqueous humour (AH) of 10 patients with
FHC was CD8þ T cells with few B cells present [11]. In contrast,
the predominant phenotype in the AH of patients with IAU, a more
aggressive anterior uveitis, was CD4þ T cells.

The classification of T helper cells into Th1 and Th2 based on
their cytokine production patterns is well established [12–16].
More recently, cells other than CD4þ T cells, including CD8þ T
cells, monocytes, natural killer (NK) cells, B cells, eosinophils,
mast cells, basophils and other cells, have been shown to be
capable of producing Th1-associated (type 1) and Th2-associated
(type 2) cytokines [17]. Type 1 cytokines include IL-2, interferon-
gamma (IFN-g), IL-12 and tumour necrosis factor-alpha (TNF-a),
while type 2 include IL-4, IL-5, IL-10, and IL-13. In humans,
however, it has been shown that IL-10 is produced by both Th1 and
Th2-type cells [18]. In general, type 1 cytokines favour the
development of cell-mediated immunity, whereas type 2 cytokines
favour a humoral immune response.
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Some of the T cells infiltrating the VH in both FHC and IU are
activated and are likely to be, at least in part, responsible for the
pathological findings in the ocular structures. The importance of
the VH in the pathology of IU is demonstrated by the fact that
vitrectomy performed for complications of IU has been advocated
as potentially having an anti-inflammatory effect in patients who
failed to respond to periocular corticosteroids or cryotherapy [19].

Since T cells mediate their effects via cytokines it is highly
relevant to determine which cytokines these cells produce. The
number of cells obtained from VH samples is usually very small,
making characterization of cellular phenotypes and cytokine pro-
file difficult to undertake. This problem has been largely overcome
by establishing mitogen-driven T cell lines. In this study the T cell
population from the VH of patients with FHC and IU was isolated
and expanded with phytohaemagglutinin (PHA), a T cell mitogen.
Cytokine analysis of the VH and the potential production of
cytokines by these T cell lines after non-specific stimulation has
highlighted the differences in the immunopathological process
between these two disease entities. In addition, the cytokine
profiles of the fresh VH were determined.

PATIENTS AND METHODS

Patients
Four FHC (age 35–45 years, mean age 38 years) and 10 idiopathic
IU patients (age 31–68 years, mean age 48 years), including two
patients with pars planitis, a subtype of IU, were identified for the
study. The indication for vitrectomy in the FHC patients was
troublesome floaters due to the VH debris and in the IU patients
ranged from VH biopsy to exclude masquerade syndromes to
vitrectomy to control the inflammatory process. None of the IU
patients was on disease-modifying drugs at the time of sampling,
even though four of them had been treated with systemic steroids
previously. None of the FHC patients was ever treated with steroids.

VH samples
Undiluted VH (ranged from 200ml to 1000ml) was collected
during vitrectomy and was immediately spun at 48C at 400g for
10 min. The supernatants were aliquoted and kept at¹708C for
subsequent ELISA. The cell pellets were washed twice with
complete human medium comprising RPMI 1640 Dutch modifi-
cation (buffered for 5% CO2 and not requiring the addition of
HEPES) supplemented with 10% heat-inactivated ABþ human
serum, gentamycin (50mg/ml), 200mM L-glutamine, 1 mM sodium
pyruvate and 1% non-essential amino acids (all Sigma Chemical
Co., Poole, UK).

The cell pellet was then transferred to a 24-well plate (Corning
Costar, High Wycombe, UK) containing 1 ml of complete human
medium containing 20 U/ml of recombinant IL-2 (Biotest Folex).
Phytohaemagglutinin (PHA-P; Sigma) was added at 1mg/ml and
the cells were incubated in humidified 5% CO2 in air at 378C. An
additional 1 ml of human medium containing IL-2 was added after
3 days. After a week irradiated (30 Gy) autologous feeders were
added (1:1 ratio) with PHA and the human medium and IL-2 was
replaced every 3 days. This cycle was repeated for all the lines until
2×105 cells were obtained. Almost all the samples required four to
five restimulations to expand to this number.

PB lymphocytes
Fresh heparinized blood (20 ml) was obtained from the patients
simultaneously with the VH samples and the lymphocytes were

isolated by density centrifugation using Ficoll–Hypaque [20]
(Pharmacia, Aylesbury, UK) and cultured with PHA and IL-2 as
for the VH at 2×105 per ml. The remaining fresh PB mononuclear
cells (PBMC) were frozen in liquid nitrogen for later use as auto-
logous feeder cells. The PB lymphocytes that were kept in culture
in each cycle were approx. 2×105/ml in 25 ml, making a total of
5 million cells. As the numbers increased with each cycle, the excess
cells were removed and frozen in liquid nitrogen. The cell concen-
tration at the end of preparation of the T cell lines was maintained at
2×105/ml. The PB lymphocytes were expanded in a similar number
of restimulations as the VH lymphocytes. This was to ensure that
the PB-derived T cell lines (PBDTC) underwent the same number
of cycles and treatment as the VH-derived T cell lines (VDTC).

Measurement of IL-2, IL-4, IL-10 and IFN-g by ELISA
To determine the ability of the cells to produce cytokines, the cells
from VH and PB were stimulated without the addition of IL-2 in
two separate wells at 2×105 in 2 ml and incubated in humidified
5% CO2 in air at 378C for 72 h. Another well containing an equal
number of feeder cells alone with similar addition of PHA as a
negative control was set up to rule out the possibility of cytokine
production by these cells. The supernatants were harvested at 24,
48 and 72 h after stimulation with PHA and subsequently kept at
¹708C until analysed by ELISA.

The following cytokines were quantified in the fresh VH
supernatant and the cell culture supernatant using commercially
prepared sandwich ELISAs (Quantikine, R&D Systems, Oxford,
UK) where the samples were assayed in duplicate. The minimal
detection levels as determined by the manufacturer for the cyto-
kines were as follows: IL-2> 7·0 pg/ml; IL-4>0·090 pg/ml (Hyper-
sensitive Quantikine); IL-10> 1·5 pg/ml and IFN-g $ 3·0 pg/ml.

Phenotypic analysis
After 72 h of restimulating T cells with PHA, the dead autologous
feeder cells were removed by centrifuging with Ficoll–Hypaque
and the viable cells eluted and subsequently washed with RPMI.
The viable cells were then washed twice in PBS containing 0·2%
sodium azide (Sigma) and 0·2% bovine serum albumin (BSA;
Sigma) and the cell pellets resuspended in 30ml FACS buffer
containing the appropriate directly conjugated antibodies (Becton
Dickinson, Oxford, UK). The cells were phenotyped using the
following surface markers: CD3þ, CD4þ and CD8þ. The percen-
tages of CD4þ and CD8þ T cells in the lines were determined by
the percentages of CD4 and CD8 staining of the CD3þ cells. Flow
cytometry was carried out using the FACScan flow cytometer
(Becton Dickinson) equipped with a 15-mW argon laser and filter
settings for FITC (530 nm), PE (585 nm), and PerCP emitting in
the deep red (> 650 nm) were used. Only live cells were gated for
cell size by forward scatter and granularity by side scatter, and
significant numbers of dead cells were not seen.

Statistical analysis
The differences between the two patient groups were analysed
using the non-parametric Mann–WhitneyU-test. P <0·05 was
considered significant.

RESULTS

Cytokine level in fresh VH supernatants
IL-10 was detected in two out of four FHC patients with a mean
level of 8·96 15·9 pg/ml (mean6 s.d.) and in five out of 10 IU
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patients (22·36 48·0 pg/ml). There was no significant difference
in the IL-10 levels between FHC and IU patients. IL-2, IL-4 and
IFN-g were not detected in the VH supernatants in either patient
group.

T cell line phenotypes
There was a predominance of CD8þ T cells in all the lines.
Interestingly the percentage of CD8þ T cells was significantly
higher in the cultures derived from VH of FHC (77·86 9·2)
patients compared with those derived from VH of IU
(64·66 8·3) patients (P¼ 0·04). In contrast, there was a signifi-
cantly higher percentage of CD4þ T cells in the VH derived from
IU (32·06 8·6) compared with FHC (19·26 8·9) (P¼ 0·04).

Cytokines in culture supernatants in T cell lines from VH and PB
following non-specific stimulation with PHA
All the T cell lines derived from the VH of both groups of patients
produced significantly higher levels of IL-2, IL-10 and IFN-g

compared with PBDTC. In contrast, there was no selective increase
in IL-4 production by VDTC compared with PBDTC, where IL-4
was detected at relatively low levels (<40 pg/ml) in all the lines.

The IL-2 level was significantly higher in the VDTC from IU
when compared with FHC patients at 48 h (18106 220 pg/ml
versus 518·16 94·2 pg/ml; P¼ 0·009) (Table 1). The level of
IL-10 was higher in the VDTC compared with PBDTC at 48 h
(P¼ 0·03) and 72 h (P¼ 0·04) in FHC and at 72 h in IU
(P¼ 0·04). The level of IL-10 was highest at 48 h after stimu-
lation in both FHC and IU, being significantly higher in the VH
lines in FHC (237·26 80·9 pg/ml) compared with IU lines
(60·96 36·1 pg/ml) (P¼ 0·03).

DISCUSSION

In this study we have quantified the cytokines present in the
fresh VH reflecting thein vivo environment and theex vivocyto-
kine production by T cell lines derived from the VH and the PB of
patients with FHC and IU. The comparison between these two
situations is important, asin vivo the T cells are influenced by
multiple factors affecting their effector functions and analysis of
the in vivo sample is a snapshot of only one time point.

In the fresh VH supernatants, IL-10, an immunoregulatory
cytokine mainly produced by monocytes and T cells and known to
inhibit the expression of inflammatory and haematopoietic cyto-
kines as well as its own expression [21,22], was detected in only
half the number of patients in each group. In addition no IL-2, IL-4
or IFN-g were detected. The failure to detect these cytokines may
be due to the fact that VH was taken at one time point from patients
whose eyes were stable clinically.

The predominant T cell phenotype after prolonged culture with
multiple passages of expansion with PHA of all the lines was
predominantly CD3þCD8þ. However, the percentage of CD4þ

was significantly higher in the VDTC from IU than those from
FHC patients. The PB-derived T lymphocytes, which contain more
CD4þ T cells at the initial phase, however, were found to have
higher percentages of CD8þ T cells after longer periods of culture.
This suggests either that the culture conditions were preferential
for CD8þ T cells over CD4þ T cells, or that the CD8þ T cells were
more responsive to PHA compared with CD4þ T cells.

An interesting finding is the selective high production by
VDTC compared with the PBDTC of all the cytokines except
IL-4 in both patient groups. The profoundly higher level of
cytokine production by a similar number of cells from the VH
compared with PB suggests a larger proportion of cytokine-
producing cells localized in the VH. The low level of IL-4
production by both the VH-derived and PBDTC suggests little
role if any for this cytokine in the pathogenesis of ocular inflam-
mation in either FHC or IU.

Interestingly, in this study the VDTC were capable of pro-
ducing significantly increased levels of type 1 cytokines IFN-g and
IL-2, which were not detected in any of the fresh VH supernatants.
This could be due to the presence within the VH of inhibitory
factors such as transforming growth factor-beta (TGF-b) [23,24],
alpha-melanocyte-stimulating hormone (a-MSH) [25] and neuro-
peptides [26], which are immunosuppressive in nature. In the
absence of these factors,ex vivo, the ability to produce these
cytokines was revealed. Circumstantial evidence for the presence
of inhibitory factors in the vitreous is our finding of poor initial
stimulation of the T cells when the cell pellets were not thoroughly
washed with medium before being put into culture.

As the production of IL-2 is an important determinant of the
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Table 1. Level of cytokine secretion by T cell lines from vitreous humour (VH) and peripheral blood (PB) of patients with Fuchs’ heterochromic cyclitis
(FHC) and intermediate uveitis (IU)

Cytokine IL-2 IL-4 IL-10 IFN-g
level,
pg/ml VH PB VH PB VH PB VH PB

FHC
24 13586 793** 293·86 100·5 19·056 19·9 12·926 14·79 107·46 98·4 43·66 25·5 †13676 332** 278·86 87·7
48 518·16 188·5* 114·56 77·5 13·046 14·59 19·26 21·9 †237·26 80·9* 26·66 26·7 9476 458* 4416 265
72 194·06 156·9* 37·96 28·4 11·866 13·2 12·336 14·0 65·486 12·36* 25·16 12·76 605·86 141·3* 171·36 65
IU
24 18746 318* 9196 744 21·266 12·95 17·066 14·02 55·76 13·4 17·886 16·24 9126 303 6176 772
48 ††18106 622** 4536 341 21·766 14·92 14·416 9·37 60·96 36·1 34·46 52·4 9516 405 6046 671
72 13076 825* 194·96 175·4 16·796 10·69 19·96 12·69 606 29·4* 11·186 9·37 8496 378* 3456 291

Non-parametric Mann–Whitney test was used to compare the level of cytokine secretion by T cell lines (i) between the VH and PB in each patient group
(*) and (ii) in the VH between the two patient groups (†).

*P<0·05; **P< 0·01.
†P<0·05; ††P< 0·01.



magnitude of the T cell-dependent response [27], the higher
production of IL-2 by VDTC from IU patients may be consistent
with the more aggressive clinical course of IU patients compared
with FHC patients. As IL-2 is produced by activated T cells, it may
suggest that the T cells isolated from IU patients are initially more
activated compared with T cells isolated from FHC patients.
However, due to low numbers of cells, we were unable to
phenotype the cells prior to culture. After being in tissue culture
for several weeks, expression of T cell activation markers such as
CD25 in these lines was likely to be very high and would not
therefore reflect the true initial state of activation of these T cells.
Previous flow cytometric studies in which intraocular T cells from
AH and VH have been examined for expression of activation
markers have reported increased levels of T cell activation [11,28].

We suggest that activated T cells play a predominant role in the
pathogenesis of IU based on these data. This is a significant
finding, as the inflammation in IU responds well to steroids,
which are known to block the expression and action of most
cytokines. Moreover, cyclosporin A, which prevents transcription
of IL-2 and other cytokines at the cellular level [29], is usually
effective in controlling the inflammation in IU [30–32].

The source of IL-2 could be from either CD4þ or CD8þ T cells.
However, using intracellular staining it was reported that CD4þ T
cells are the major producers of IL-2 compared with CD8þ T cells
[33]. The percentage of CD4þ T cells was significantly higher in
the T cell lines derived from the VH of IU patients.

IL-10 is known to be an important down-regulator of macro-
phage functions and suppresses production of proinflammatory
cytokines by activated monocytes and macrophages [34,35]. The
significantly higher level of IL-10 in the T cell culture supernatant
from VH in FHC patients compared with culture supernatants of IU
patients may reflect similarin vivo behaviour of these cells. IL-10
has also been shown to contribute to ocular immune privilege [36].
Interestingly, it has been detected at a significantly lower level in
the AH of uveitis patients compared with those with no intraocular
inflammation (Muhayaet al. unpublished data). Further evidence
for a down-regulatory role for IL-10 is suggested by a recent study
in which it was detected at a significantly higher level in the AH of
FHC compared with idiopathic anterior uveitis (IAU), another form
of anterior uveitis with a more aggressive clinical picture [11].

The important role of IL-10 in FHC, as suggested by these
results, may explain the steroid non-responsiveness of uveitis in
FHC. Steroids have been shown to increase IL-10 protein and
mRNA expression in the serum in multiple sclerosis patients with
acute relapse by Gayoet al. (unpublished data). In addition,ex vivo
steroids were shown to increase IL-10 secretion, increase intra-
cellular IL-10 mean fluorescent intensity and the percentage of
IL-10-expressing cells. These data suggest that the beneficial
effect of steroids in the control of disease activity may be due
to their capacity to increase the spontaneous expression of IL-10.
Hence in FHC, as IL-10 is already produced at a relatively high
level, the further immunosuppressive effects of steroid are not
apparent.

In conclusion, the T cells infiltrating the VH in FHC and IU
patients and their effector cytokines are important in the pathogen-
esis of intraocular inflammation. IL-10, a down-regulatory cyto-
kine, was produced in higher quantity by the T cells derived from
VH patients with FHC, a benign form of uveitis. Its therapeutic
benefits have been shown in several clinical situations such as
rheumatoid arthritis [37], Crohn’s disease [38] and inflammatory
bowel disease [39,40]. Hence the information obtained from this

study is important in planning future therapeutic strategies for
intraocular inflammation. It may be possible in the near future to
use slow release devices already available for intraocular use [41]
to allow chronic administration of IL-10 into the eye, thus avoiding
the well known side-effects of steroids that are the mainstay of
treatment for intraocular inflammation.
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