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Characterization of phenotype and cytokine profiles of T cell lines derived from
vitreous humour in ocular inflammation in man
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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 CD® all the lines. However, there was a significantly higher
percentage of CD%T cells in the T cell lines derived from VH of IU (320 8-6%) compared with FHC
patients (19-2= 8-9%) ¢ =0-04). The VH-derived T cell lines (VDTC) produced significantly higher
levels of IL-2, interferon-gamma (IFN) 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 (1810220 pg/ml versus 518+ 94 pg/ml; P=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 higher ocular morbidity. An additional intriguing difference is the
Intermediate uveitis (IU) and Fuchs’ heterochromic iridocyclitis vitritis, Wh'Ch responds well to steroids in IU whereas these have
no effect in FHC.

(FHC) are two chronic uveitic entities. IU refers to intra-ocular It has been widely accepted that T cells play a predominant role
inflammation involving predominantly the vitr humour (VH) . o A
ammato olving predominantly the vitreous humour (VH) in uveitis [8—10]. We have demonstrated that the predominant

and the peripheral retina. FHC, as the name implies, involves . - .
inflammation of the iris and ciliary body. Most patients with [U cellular phenotypes in the aqueous humour (AH) of 10 patients with

present with blurred vision and/or floaters as a result of vitritis, i.e.:;HC WZS C.Dg :— Cﬁ lis Vt\"th f.eV\;hB (f:s ?re?_e ntt [11']£h|rl]ACLcJ) ntrast,
cellular infiltration of the VH and retinal oedema. In contrast, FHC € predominant phenotype in the ofpatients wi »amore

may initially go unnoticed by the patient, who may present to theBd9ressive anterior uveitis, was CDZ cells.

ophthalmologist several years later with the complications of _The cla§5|f|cat|on O.fT helper cell_s into Thi anc_i Th2 based on
. . their cytokine production patterns is well established [12-16].
chronic inflammation such as cataract or glaucoma.

The VH is infiltrated by inflammatory cells, particularly T More recently, cells other than CDAT cells, including CD8 T

cells, in both U and FHC [1,2]. There are significant differences incellst, mclllnoct))/tes, ETthmdk'”(;: (NK)”CGIIrs], B cl;alls, eohsmopr;us,b
the clinical course between FHC and IU in that retinal oedema,rnas bfe Sf adsop IST?Q 0 er tced St, avle egr_lrhsz own (')t 3
particularly in the macula area which is a major cause of visual losg 2PaC€ Of producing Thl-associates (type 1) and Th2-associate
in uveitis, occurs frequently in IU [3-5] but is rare in FHC type 2) cytokines [17]. Type 1cytok|nes_|nclude IL-2, interferon-
occurring only after cataract surgery [6,7]. FHC is therefore a92 " ma (IFNy), IL-12 and tumour necrosis factor-alpha (TN
while type 2 include IL-4, IL-5, IL-10, and IL-13. In humans,

benign chronic uveitis in contrast to IU, which is a disease with a - .
g however, it has been shown that IL-10 is produced by both Th1 and

Correspondence: Professor Susan Lightman, Department of Clinical N2-type cells [18]. In general, type 1 cytokines favour the
Ophthalmology, Institute of Ophthalmology, University College London, development of cell-mediated immunity, whereas type 2 cytokines
Bath Street, London EC1V 9EL, UK. favour a humoral immune response.
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Some of the T cells infiltrating the VH in both FHC and IU are isolated by density centrifugation using Ficoll-Hypaque [20]
activated and are likely to be, at least in part, responsible for th€Pharmacia, Aylesbury, UK) and cultured with PHA and IL-2 as
pathological findings in the ocular structures. The importance offor the VH at 2x 10° per ml. The remaining fresh PB mononuclear
the VH in the pathology of IU is demonstrated by the fact thatcells (PBMC) were frozen in liquid nitrogen for later use as auto-
vitrectomy performed for complications of IU has been advocatedogous feeder cells. The PB lymphocytes that were kept in culture
as potentially having an anti-inflammatory effect in patients whoin each cycle were approx>2L0°/ml in 25ml, making a total of
failed to respond to periocular corticosteroids or cryotherapy [19].5 million cells. As the numbers increased with each cycle, the excess

Since T cells mediate their effects via cytokines it is highly cells were removed and frozen in liquid nitrogen. The cell concen-
relevant to determine which cytokines these cells produce. Thération at the end of preparation of the T cell lines was maintained at
number of cells obtained from VH samples is usually very small,2x 10°/ml. The PB lymphocytes were expanded in a similar number
making characterization of cellular phenotypes and cytokine proof restimulations as the VH lymphocytes. This was to ensure that
file difficult to undertake. This problem has been largely overcomethe PB-derived T cell lines (PBDTC) underwent the same number
by establishing mitogen-driven T cell lines. In this study the T cell of cycles and treatment as the VH-derived T cell lines (VDTC).
population from the VH of patients with FHC and IU was isolated
and expanded with phytohaemagglutinin (PHA), a T cell mitogen.Measurement of IL-2, IL-4, IL-10 and IFM-by ELISA
Cytokine analysis of the VH and the potential production of To determine the ability of the cells to produce cytokines, the cells
cytokines by these T cell lines after non-specific stimulation hasfrom VH and PB were stimulated without the addition of IL-2 in
highlighted the differences in the immunopathological processwo separate wells at>210° in 2ml and incubated in humidified
between these two disease entities. In addition, the cytokin®@% CG; in air at 37C for 72 h. Another well containing an equal
profiles of the fresh VH were determined. 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,

PATIENTS AND METHODS 48 and 72 h after stimulation with PHA and subsequently kept at
Patients —70°C until analysed by ELISA.
Four FHC (age 35-45 years, mean age 38years) and 10 idiopathic The following cytokines were quantified in the fresh VH
IU patients (age 31-68years, mean age 48years), including twsupernatant and the cell culture supernatant using commercially
patients with pars planitis, a subtype of IU, were identified for theprepared sandwich ELISAs (Quantikine, R&D Systems, Oxford,
study. The indication for vitrectomy in the FHC patients was UK) where the samples were assayed in duplicate. The minimal
troublesome floaters due to the VH debris and in the IU patientsletection levels as determined by the manufacturer for the cyto-
ranged from VH biopsy to exclude masquerade syndromes t&ines were as follows: IL-2 7-0 pg/ml; IL-4>0-090 pg/ml (Hyper-
vitrectomy to control the inflammatory process. None of the IU sensitive Quantikine); IL-16 1-5 pg/ml and IFNy = 3-0 pg/ml.
patients was on disease-modifying drugs at the time of sampling,
even though four of them had been treated with systemic steroidBhenotypic analysis
previously. None of the FHC patients was ever treated with steroidsAfter 72 h of restimulating T cells with PHA, the dead autologous

feeder cells were removed by centrifuging with Ficoll-Hypaque

VH samples and the viable cells eluted and subsequently washed with RPMI.
Undiluted VH (ranged from 200l to 1000ul) was collected The viable cells were then washed twice in PBS containing 0-2%
during vitrectomy and was immediately spun a€4at 40Qy for sodium azide (Sigma) and 0-2% bovine serum albumin (BSA;
10 min. The supernatants were aliquoted and kept &rC for Sigma) and the cell pellets resuspended inulBGACS buffer
subsequent ELISA. The cell pellets were washed twice withcontaining the appropriate directly conjugated antibodies (Becton
complete human medium comprising RPMI 1640 Dutch modifi- Dickinson, Oxford, UK). The cells were phenotyped using the
cation (buffered for 5% C@and not requiring the addition of following surface markers: CD3 CD4" and CD8". The percen-
HEPES) supplemented with 10% heat-inactivated "Auman  tages of CD# and CD8 T cells in the lines were determined by
serum, gentamycin (5@/ml), 200um L-glutamine, 1 nu sodium  the percentages of CD4 and CDS8 staining of the €B&lls. Flow
pyruvate and 1% non-essential amino acids (all Sigma Chemicatytometry was carried out using the FACScan flow cytometer
Co., Poole, UK). (Becton Dickinson) equipped with a 15-mW argon laser and filter

The cell pellet was then transferred to a 24-well plate (Corningsettings for FITC (530 nm), PE (585nm), and PerCP emitting in
Costar, High Wycombe, UK) containing 1 ml of complete human the deep red>650 nm) were used. Only live cells were gated for
medium containing 20 U/ml of recombinant IL-2 (Biotest Folex). cell size by forward scatter and granularity by side scatter, and
Phytohaemagglutinin (PHA-P; Sigma) was added ag/inl and  significant numbers of dead cells were not seen.
the cells were incubated in humidified 5% &id air at 37C. An
additional 1 ml of human medium containing IL-2 was added afterStatistical analysis
3days. After a week irradiated (30 Gy) autologous feeders werdhe differences between the two patient groups were analysed
added (1:1 ratio) with PHA and the human medium and IL-2 wasusing the non-parametric Mann—Whitnéjtest. P <0-05 was
replaced every 3 days. This cycle was repeated for all the lines untdonsidered significant.
2x 10° cells were obtained. Almost all the samples required four to
five restimulations to expand to this number. RESULTS
PB lymphocytes Cytokine level in fresh VH supernatants
Fresh heparinized blood (20 ml) was obtained from the patientsL-10 was detected in two out of four FHC patients with a mean
simultaneously with the VH samples and the lymphocytes werdevel of 8-9+ 15-9 pg/ml (meart s.d.) and in five out of 101U
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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 (1U)

Cytokine IL-2 IL-4 IL-10 IFN-y

level,

pg/mi VH PB VH PB VH PB VH PB
FHC

24 1358+ 793** 293-8+100-5 19-05-19-9 12-92-14-79 107-4-98-4 43-6+ 255 11367 332** 278-8+87-7
48 518-1+ 188-5* 114-5-77-5 13-04- 14-59 19-2-21.9 1t237-2-80-9* 26-6+26-7 947+ 458* 441+ 265
72 194.0+ 156-9* 37-9-28-4 11-86-13-2 12-33-14-0 65-48- 12-36* 25-1+12-76  605-8& 141-3* 171-3-65
U

24 1874+ 318* 919+ 744 21-26-12.95 17-06-14-02 55-7 13-4 17-88-16-24 912+ 303 617+ 772
48 11810+ 622** 453+ 341 21-76-14.92  14-41%*9-37 60-9+ 36-1 34-4-52.4 951+ 405 604+ 671
72 1307+ 825* 194.9+ 1754 16-7910-69 19-9-12-69 60+ 29-4* 11-18-9-37 849+ 378* 345+ 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.
TP<0-05; TP<0-01.

patients (22-3 48-0pg/ml). There was no significant difference

In the fresh VH supernatants, IL-10, an immunoregulatory

in the IL-10 levels between FHC and IU patients. IL-2, IL-4 and cytokine mainly produced by monocytes and T cells and known to
IFN-y were not detected in the VH supernatants in either patientnhibit the expression of inflammatory and haematopoietic cyto-

group.

T cell line phenotypes

There was a predominance of CD8 cells in all the lines.
Interestingly the percentage of CD8T cells was significantly
higher in the cultures derived from VH of FHC (778-2)
patients compared with those derived from VH of IU
(64-6=x 8-3) patientsR=0-04). In contrast, there was a signifi-
cantly higher percentage of CD4 cells in the VH derived from
IU (32:0% 8-6) compared with FHC (19:28-9) P =0-04).

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-y 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 CD3CD8'. However, the percentage of CH4
was significantly higher in the VDTC from IU than those from
FHC patients. The PB-derived T lymphocytes, which contain more
CD4*" T cells at the initial phase, however, were found to have

Cytokines in culture supernatants in T cell lines from VH and PBhigher percentages of CD8I cells after longer periods of culture.

following non-specific stimulation with PHA

This suggests either that the culture conditions were preferential

All the T cell lines derived from the VH of both groups of patients for CD8" T cells over CD4 T cells, or that the CD8T cells were

produced significantly higher levels of IL-2, IL-10 and IFN-

more responsive to PHA compared with CDZ cells.

compared with PBDTC. In contrast, there was no selective increase An interesting finding is the selective high production by

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 U
when compared with FHC patients at 48h (181220 pg/ml
versus518:1+ 94.2 pg/ml; P=0-009) (Table 1). The level of

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

IL-10 was higher in the VDTC compared with PBDTC at 48 h production by both the VH-derived and PBDTC suggests little

(P=0-03) and 72h R=0-04) in FHC and at 72h in IU

(P=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 (237-2-80-9pg/ml) compared with IU lines
(60-9+ 36-1 pg/ml) P=0-03).

DISCUSSION

role if any for this cytokine in the pathogenesis of ocular inflam-
mation in either FHC or 1U.

Interestingly, in this study the VDTC were capable of pro-
ducing significantly increased levels of type 1 cytokines H-BiRd
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 (T§H23,24],
alpha-melanocyte-stimulating hormone-KISH) [25] and neuro-

In this study we have quantified the cytokines present in thepeptides [26], which are immunosuppressive in nature. In the

fresh VH reflecting then vivo environment and thex vivocyto-

absence of these factorex vivg the ability to produce these

kine production by T cell lines derived from the VH and the PB of cytokines was revealed. Circumstantial evidence for the presence
patients with FHC and IU. The comparison between these tw®f inhibitory factors in the vitreous is our finding of poor initial
situations is important, amvivo the T cells are influenced by stimulation of the T cells when the cell pellets were not thoroughly
multiple factors affecting their effector functions and analysis of washed with medium before being put into culture.

thein vivo sample is a snapshot of only one time point. As the production of IL-2 is an important determinant of the
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magnitude of the T cell-dependent response [27], the highestudy is important in planning future therapeutic strategies for
production of IL-2 by VDTC from IU patients may be consistent intraocular inflammation. It may be possible in the near future to
with the more aggressive clinical course of IU patients comparedise slow release devices already available for intraocular use [41]
with FHC patients. As IL-2 is produced by activated T cells, it may to allow chronic administration of IL-10 into the eye, thus avoiding
suggest that the T cells isolated from IU patients are initially morethe well known side-effects of steroids that are the mainstay of
activated compared with T cells isolated from FHC patients.treatment for intraocular inflammation.
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 REFERENCES
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