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Abstract 

Purpose: To investigate the T helper cell cytokine profiles involved in two well 
defined clinical uveitis entities caused by an infectious mechanism. 
Methods: Cytokines (interleukin [IL]-2, IL-4, IL-6, IL-10 and interferon [IFN]-
y) were measured in ocular fluid samples obtained from patients with herpes 
simplex- or varicella-zoster-virus induced acute retinal necrosis (ARN; n=17) 
and toxoplasma chorioretinitis (n=27) using enzyme-linked immunosorbent 
assay techniques. The data were compared with 51 control samples taken during 
cataract surgery (n=10), vitrectomy in diabetic retinopathy (n=10), eye bank 
eyes (n=10) and with samples from patients with 'autoimmune' uveitis (n=21). 
Results: Interleukin-6 could be detected in 44 of 51 control samples and 43 of 
44 eyes of patients with uveitis. The highest levels in the control samples were 
detected in 9 of 10 vitreous samples from patients with diabetic retinopathy 
(mean, 648 pg/ml). In 8 of 10 samples taken from patients during cataract 
surgery and in 7 of 10 of eye bank eyes the amount of IL-6 was significantly 
lower (mean, 10 pg/ml and 136 pg/ml, respectively). Interleukin-6 levels in 
patients with ARN (mean, 1436 pg/ml) were significantly higher than in those 
with toxoplasma chorioretinitis (mean, 272 pg/ml). Interleukin-2 was detected 
in one of the samples from patients with toxoplasma chorioretinitis (1105 
pg/ml) and in three of the controls suffering from Fuchs' heterochromic anterior 
uveitis (mean 752 pg/ml). No IL-4 (< 2 pg/ml) was detected in either patient or 
control samples. Interferon-y could be detected in 7 of 17 ARN patients (range, 
277-3483 pg/ml), in 13 of 27 samples from patients with toxoplasma 
chorioretinitis (range, 12-250 pg/ml), and in 1 of 21 of the samples from control 
subjects with uveitis (31 pg/ml),but was absent in nonuveitic controls. 
Interleukin-10 was detected in 10 of 17 ARN patients (range, 29-3927 pg/ml), 
in 13 of 27 samples from patients with toxoplasma chorioretinitis (range. 4-67 
pg/ml), and only present in 3 of 51 controls (6 pg/ml, 16 pg/ml and 20 pg/ml). 
Conclusions: Various immunoregulatory cytokines (IL-6, IL-10 and IFN-y) 
were detected in ocular fluid samples from patients with uveitis. A separate role 
for either a T-helper type 1 or T-helper type 2 response in the pathogenesis of 
clinical uveitis could not be proven. 
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Introduction 

Uveitis is an important cause of visual impairment and blindness. It can be 
caused by infectious organisms, such as viruses, bacteria, or parasites, or as a 
result of putative autoimmune diseases as, for example, in sarcoidosis and 
Behcet's syndrome.1 Although immunologic factors are considered to play an 
important role in the pathogenesis of uveitis, the precise mechanisms are not yet 
fully understood. 

The cellular immune response has been extensively investigated in both 
clinical and experimental models of uveitis. Flow cytometric analysis of 
lymphocytes obtained from the intraocular fluid of patients with uveitis has 
shown that T lymphocytes predominate in ocular fluids during uveitis. ' 
Immunohistochemical staining of enucleated eyes of patients with Behcet's 
disease, intermediate uveitis, and sarcoidosis has revealed that CD4+ T-helper 
(Th) lymphocytes are present in the retina and choroid in active inflammatory 
lesions, whereas B cells were only scarcely observed. 

T-helper lymphocytes are currently divided into two subsets: Thl and 
Th2 types, a division that is based on the pattern of cytokines secreted by these 
cells.5-6 Thl type cells secrete interferon-y (IFN-y) and interleukin (IL)-2, and 
mediate delayed type hypersensitivity responses. Th2 type cells secrete IL-4, 
IL-5, IL-6, and IL-10 and are involved in humoral responses including 
immediate type hypersensitivity. Both subsets produce cytokines capable of 
cross-regulating each other's function, that is, the Thl type cytokine IFN-y can 
inhibit the proliferation of Th2 type cells but not Thl type cells, whereas IL-4, a 
Th2 type cytokine, inhibits activation of Thl type cells. 

Th 1 type cells are considered to be instrumental in the immune response 
against intracellular living pathogens because of their ability to activate 
macrophages. The Thl type response may be vigorous and can lead to 
extensive tissue destruction. Th2 type cells can decrease this response by 
deactivating macrophages after releasing IL-10. 

Experimental animal models have revealed a major role of Thl type cells 
in the pathogenesis of experimental autoimmune uveitis. However, the role of 
Thl type or Th2 type cell responses in clinical uveitis has not yet been reported 
and was therefore the subject of the study reported here . 

Ocular fluid samples taken from patients with uveitis were analyzed for 
immunoregulatory cytokines using a sensitive enzyme-linked immuno sorbent 
assay technique. Although various immunoregulatory cytokines could be 
detected, the data did not support a conclusion that clinical uveitis is either Thl 
or Th2 driven. 
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Methods 

Patients 
This study followed the tenets of the Declaration of Helsinki. After informed 
consent had been obtained, aqueous humour samples (100-200 uL) from uveitis 
patients were collected by paracentesis for diagnostic purposes, and vitreous 
fluid samples (200-1000 uL) were collected during a therapeutic or diagnostic 
vitrectomy. No periocular steroids were routinely given at the time of ocular 
fluid sampling. A venous blood sample was collected at the time of paracentesis 
or vitrectomy and serum was obtained after clotting and stored at -20°C. 

The final diagnosis, laboratory data, and the remaining volume of ocular 
fluid sample were maintained in a database. For the purposes of this study we 
retrospectively selected patients with the diagnosis of acute retinal necrosis 
(ARN; n=17) and toxoplasma chorioretinitis (n=27) from whom at least 60 uL 
of ocular fluid sample was still available at -70°C conditions and unthawed. The 
selected samples were collected between 1992 and 1996. Control samples 
(Fuchs' heterochromic uveitis, n=12; sarcoid uveitis, n=7; Behcet's disease, 
n=2; diabetic retinopathy, n=10; cataract, n=10); and vitreous fluid samples 
from eye bank eyes, n=10) were collected for the same time period and also had 
been stored under the same conditions noted above. Control samples from 
patients with noninfectious uveitis were taken before cataract surgery or during 
vitrectomy for removal of membranes. 

Patients were diagnosed according to standards of the International 
Uveitis Study Group and the Research Committee of the American Uveitis 
Society. Each ophthalmologist who participated in the study was asked to 
indicate whether intraocular inflammation at the time of paracentesis was either 
active or nonactive. Further subgrading was not attempted because of the 
retrospective nature of the study. Samples taken from patients with nonactive 
disease underwent a vitrectomy for retinal detachment or removal of 
membranes. Samples were routinely divided into three portions and subjected to 
routine diagnostic tests. Intraocular DNA for herpes simplex virus type 1 (HSV-
1), varicella-zoster virus (VZV), cytomegalovirus (CMV), Toxoplasma gondii 
and Epstein-Barr virus (EBV) was detected by polymerase chain reaction, and 
intraocular antibody production was tested for HSV, VZV, and T. gondii as 
described previously. 

Cytokine Assay 
The ocular fluid samples were thawed only once immediately before 
performing all cytokine assays. To measure IL-2, IL-4, 1L-6. IL-10, and IFN-y 
we used commercially available cytokine sandwich ELISAs (Central 
Laboratory of the Blood Transfusion Service of the Netherlands Red Cross, 
Amsterdam). Monoclonal cytokine antibody was used for coating, and a 
biotinylated polyclonal sheep anti-human antibody directed to the various 
cytokines was used as a second antibody. 
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Serum samples were diluted 1:3 in a volume of 100 uL and intraocular 
fluid samples were diluted 1:5 in a volume of 50 uL. Samples and standards 
were diluted in the dilution buffer supplied with the kits. Each ELISA contained 
a standard series of dilutions of the respective cytokine. The detection limits 
were assessed from the standard curves and were as follows: IL-2, 100 pg/ml; 
IL-4, 2 pg/ml; IL-6, 2 pg/ml; IL-10, 4 pg/ml; and IFN-y, 9 pg/ml. 

Statistics 
Differences between the groups was evaluated using the Kruskall-Wallis test. 
Differences between two patient groups were estimated by the Mann-Whitney 
U test, and differences within a patient group were calculated by the Fisher's 
exact test. 

Results 

Control samples 
Ocular fluid samples taken from nonuveitic eyes revealed low levels of IL-6 in 
the cataract group (mean, 10 pg/ml), marginal values in eye bank eyes (mean, 
120 pg/ml) and high levels in the vitreous from patients with diabetic 
retinopathy (mean 655 pg/ml). The mean value of all control samples was 301 
pg/ml. 
Interleukin-10 (20 pg/ml) was only detected in 1 of 30 control samples tested. 
This sample was obtained from an eye bank eye; the donor had died from 
intracerebral metastases. None of nonuveitic control samples contained 
detectable IL-2, IL-4, or IFN-y. 

ARN: 
Interleukin-6 could be detected in all ocular fluid samples (mean, 1436 pg/ml; 
n=17) from patients with ARN (Fig. 1). This was significantly increased 
compared to the cataract samples, the eye bank eye control samples, and 
samples from the other uveitis groups but was not different when compared 

ith the samples from the diabetic control subjects (p=0.09). 
To investigate whether the moment of paracentesis or disease activity 

was related to the amount of cytokines detected, the time between the first 
complaint of the patient and the moment of paracentesis as well as the disease 
activity at the moment of paracentesis was determined (Table 1). Mean IL-6 
levels were significantly higher in ocular fluid samples when taken within 4 
weeks after appearance of symptoms (2232 pg/ml versus 540 pg/ml; p=0.01). 
The level of IL-6 did not have a relation to disease activity. 

w 

c 



Chapter 7 

controls (n = 30) Acute Retinal Necrosis (n = 17) 

diabetic retinopathy donor eyes 

Toxoplasma chorioretinitis (n = 27) Behcet/Fuchs/Sarco d uveitis (n = 21) 

4000 

y 

3500 

y 
3000 

y 
2500 

y 

2000 

y 

1500 

y 

1000 

y 

• 
500 

y 

H • • • • ^ o i . 
; 

y 

H r-K. 
10 

Sarcoid Uveitis 
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92 



Immunoregulatory cytokines inpatients with uveitis 

Table I Details of patients with Acute Retinal Necrosis. 

Patient Sample IL-6 IL-10 IFN-y DNA Local Antibody Active Duration 

(pg/ ml) (pg/ ml) (pg/ ml) Production discase 

1 VF 2040 461 1354 VZV VZV:3.9 yes 1 wk 

2 AH 2903 30 3484 - - yes 1 wk 

3 VF 2630 306 1021 VZV VZV:5.4 yes 2 wk 

4 VF 1543 114 277 VZV VZV:23.2 yes 2 wk 

5 AH 3758 3927 1874 VZV VZV: 17.3 yes 3 wk 

6 VF 4490 418 1322 HSV - yes 3 w k 

7 VF 564 <4 82 HSV HSV:4.6 yes 4 wk 

8 VF 123 41 <9 - VZV:7.2 yes 4 wk 

9 AH 300 47 <9 VZV VZV: 10.9 yes 6 wk 

10 VF 172 <4 <9 - - yes 6 wk 

ii VF 491 29 <9 HSV HSV:9.4 yes 2 mon 

12 VF 4 <4 <9 HSV - yes 3 mon 

13 VF 2040 78 <9 - - no 3 wk 

14 VF 2040 <4 <9 - - no 2 mon 

15 VF 824 <4 <9 - HSV/VZV:15 no 3 mon 

16 VF 403 <4 <9 - HSV:7 no 3 mon 

17 VF ss <4 <9 VZV: 18.4 no 2.5 yr 

IL, intcrleukin; IFN, interferon; VZV, varicella-zoster virus; HSV. herpes-simplex virus; VF, vitreous Huid; 
AH. aqueous humor; -, no DNA or Goldmann-Witmer coefficients, meaning no local antibody production. 

IL-10 was found in 10 of 17 samples (mean, 545 pg/ml) and the mean 
was significantly increased compared with noninfectious uveitis and to the other 
controls (p< 0.01). No relation was found between active and nonactive disease, 
but IL-10 levels were significantly higher in samples taken within 4 weeks after 
the appearance of symptoms (p< 0.01). None of the ARN samples contained 
detectable IL-2 or IL-4 

IFN-y was found in 7 of 17 samples (mean, 1046 pg/ml). The mean IFN-y 
level was higher than in control samples (p< 0.01). The mean of IFN-y level 
was higher in samples taken from patients with active disease (p < 0.05) 
compared with samples taken from patients with nonactive ARN. The mean 
level of IFN-y was also increased in samples taken within 4 weeks after the 
appearance of symptoms (p< 0.01) (Figure 2). 
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Toxoplasma Chorioretinitis: 
IL-6 was detected in 26 of 27 samples from patients with ocular toxoplasmosis 
(mean, 272 pg/ml; Tables 2a, 2b) and was significantly elevated compared with 
cataract (p < 0.01) and eye bank (p < 0.05) eyes but was not significantly 
elevated when compared with samples from the diabetic control subjects. 
However, the IL-6 levels in this group were markedly lower than those 
observed in the group of patients with ARN (p< 0.01). 

Table 2a. Active toxoplasmosis 

Patient Sample IL-6 IL-10 IFN-Y DNA Local antibody Active Duration 

(pg/ml) (pg/ml) (pg/ml) production disease 

1 VF 386 33 78 + 6.0 yes Unknown 

2 AH 32 <4 05 - 50.5 ves Unknown 

3 AH 4 <4 <9 - 3.5 yes Unknown 

4 AH 12 21 12 ND 16.8 yes 2 wk 

5 AH 26 <4 <9 - 1.6 yes 2 wk 

6 VF 46 8 15 + 11.1 yes 3 wk 

7 VF 119 67 132 ND <1 yes 4 wk 

8 VF 147 50 167 - 110 ves 4 wk 

9 VF 2040 <4 <9 ND <1 yes 4 wk 

10 VF 130 28 78 + 26.8 yes 2 mon 

11 VF 61 30 109 - 13.4 yes 2 mon 

12 VF 69 <4 <9 - 11.6 yes 2.5 mon 

13 VF 11 <4 <9 + 7.3 yes 4 mon 

14 VF 36 5 64 - 39 yes 5 mon 

15 VF 3576 4 <9 + 81.8 yes 5 mon 

16 VI- 28 <4 18 - 4.4 ves 8 mon 

IL. interleukin; IFN, interferon; VF, vitreous fluid: AH, aqueous humor; +, DNA present in the 
sample; -. no DNA or Goldmann-Wkmer coefficients, meaning no local antibody production; ND, not done. 

Of 27 patients with toxoplasma chorioretinitis, 16 had active disease 
(Table 2a). In these patients, the mean IL-6 was 420 pg/ml, which was 
significantly higher than the mean of 11 patients with nonactive toxoplasma 
chorioretinitis (34 pg/ml; p < 0.05; Fig. 3). All 1 1 patients with nonactive 
toxoplasma chorioretinitis underwent a vitrectomy for removal of epiretinal 
membranes or retinal detachment (Table 2b). The period between sampling and 
start of symptoms had no detectable influence on the IL-6 levels in patients with 
toxoplasma chorioretinitis. 

Interleukin-10 was detected in 13 of 27 patients (mean, 27 pg/ml), and 
IFN-y was found in 13 of 27 patients (mean, 110 pg/ml; Table 2a and 2b). 
Interleukin-10 and IFN-y levels were not significantly different compared with 
those for patients with ARN (p>0.05), but both were higher compared with 
those of the control samples (p < 0.01). The presence of IL-10 and IFN-y in 
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patients with toxoplasma chorioretinitis had no relation to the moment of 
paracentesis or to the activity of the disease (p>0.05). 

Interleukin-2 was detected in only 1 patient with toxoplasma 
chorioretinitis (1105 pg/ml). None of the samples tested had detectable levels of 
IL-4. 

Table 2b Non-active toxoplasmosis 

Palienl Sample IL-6 IL-10 IFN-Y DNA Local antibody Active Duration 

(pg/ml) (pg/ml) (pg/ml) production disease 

! VF 3 <4 <9 ND 27.3 no Unknown 

2 VF 5 <4 <9 - 52.4 no Unknown 

3 VF 33 <4 <9 - 2.3 no Unknown 

4 VF 91 58 123 - 6.7 no 2 mon 

5 VF 11 21 <9 - 47.4 no 3 mon 

6 VF 29 18 28 - 1.2 no 3.5 mon 

7 VF 68 7 <9 ND <1 no 4 mon 

8 VF 78 <4 250 ND <1 no 5 mon 

9 VF 1 1 <4 <9 - 65.4 no 5 mon 

10 VF - <4 <9 ND 6.9 no 3 mon 

1 1 VF 11 <4 <9 + 28 no 9 mon 

IL. interleukin; IFN, interferon; VF, vitreous fluid; AH, aqueous humor; +, DNA present in the 
sample; -. no DNA or Goldmann-Witmer coefficients, meaning no local antibody production.; ND, not done. 

Noninfectious Uveitis: 
Interleukin-2 was detected in only 3 patients with Fuchs' heterochromic uveitis 
(668 pg/ml, 911 pg/ml, 1279 pg/m). None of these 3 patients had active uveitis 
at the moment of sampling. 

IL-6 could be detected in 19/21 samples taken from patients with 
presumed noninfectious uveitis (mean, 131 pg/ml) but was not significantly 
different from the nonuveitic control groups taken as a whole group (Figure 1). 
However, mean IL-6 was significantly higher compared with the mean IL-6 
level of samples taken during cataract surgery (p < 0.01). 
IL-10 was detected (6 pg/ml and 16 pg/ml) in 2 patients with sarcoid uveitis and 
in 1 patient with sarcoid uveitis a low level of IFN-y was observed (31 pg/ml). 
IL-4 was not detected in any of the samples from these patients. 
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Analysis of Serum Samples 
To investigate whether the presence of cytokines in the eye was because of 
overflow resulting from a blood ocular barrier breakdown, we analyzed 59 
available serum samples taken at the time of ocular fluid sampling. Serum and 
intraocular fluid cytokine levels of the individuals with detectable amounts of 
cytokines are summarized in Table 3. No IL-4 or IFN-y was detected in the 
serum samples investigated. Interleukin-10 was detected in only two samples 
from patients with sarcoid uveitis (8 pg/ml and 14 pg/ml) and no detectable IL
IO in their ocular fluids. 

Detectable serum IL-6 was found in 2 of 16 patients with ARN, 5 of 26 
patients with toxoplasma chorioretinitis and in 6 of 20 patients with non
infectious uveitis. In 6 of 13 cases, the IL-6 level in the eye was higher than in 
serum, clearly indicating intraocular production. In 2 patients, the IL-6 cytokine 
levels in serum and ocular fluid were similar, and in 3 patients the IL-6 level in 
serum was markedly higher than that observed in the eye. One was a patient 
with inactive toxoplasmosis who also had a remarkably high IFN-y level in the 
eye; and the other 2 were patients with noninfectious uveitis. 
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Table 3. Detectable IL-6 levels in serum from 
patients with uveitis 

active non-active 
toxoplasmosis toxoplasmosis 

IL-6 in IL-6 in 

serum intraocular 

(pg/ml) fluid 

(pg/ml) 

ARN 9 172 
2 2040 

Toxoplasma 542 78 

5 3576 

25 5 
2 386 

Non-infectious uveitis 4 59 

8 196 

10 12 

13 243 

114 89 

2404 265 

Figure 3 Interleukin-6 levels in 
subjects with active versus nonactive 
toxoplasma chorioretinitis 
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Discussion: 

In this study the immunoregulatory cytokine profile in intraocular inflammation 
was investigated and revealed the frequent presence of IL-6, IL-10 and IFN-y in 
both ARN and toxoplasma chorioretinitis, whereas IL-2 and IL-4 levels 
remained below the detection limit. The fact that Thl type cytokines (IFN-y) 
and Th2 type cytokines (IL-6 and IL-10) were often found together in the same 
ocular fluid sample of the patients, kept us from drawing any conclusions as to 
whether the uveitis entities were exclusively mediated by either of these T cell 
populations. 

To the best of our knowledge, this is the first study investigating the 
immunoregulatory cytokine profile in ocular fluid samples of patients with 
infectious intraocular inflammation. The first study to report the presence of 
immunoregulatory cytokines in ocular fluid samples of patients with uveitis 
identified IL-2 and IFN-y12 In their study the presence of intraocular IL-2 was 
shown in 4 patients with uveitis using immunohistochemistry, staining the IL-2 
intracellularly, which cannot be directly compared with our data. Mondino et 
al.1 ' who did perform an ELISA for IL-2, were only able to detect IL-2 in 3 of 
10 patients with acquired immunodeficiency syndrome and uveitis. As far as we 
know, none of our patients was infected with the human immunodeficiency 
virus, which can, together with a lack of sensitivity, also be responsible for the 
differences seen when results from the study by Mondino et al. are compared 
with those of the present study. Most studies on ocular fluid samples from 
patients have focused on the detection of (pro) inflammatory cytokines such as 
IL-614'15 and IL-8.16 

The absence of IL-4 in the ocular fluid samples indicates that its levels 
are below the detection limit of our assay (2 pg/ml) or that IL-4 has a short half 
life either because of receptor binding or proteolytic degradation. Proteases, 
which have been observed in ocular fluid samples of patients with uveitis, 
may have selectively degraded IL-4. Although deterioration of IL-4 during 
storage also cannot be excluded, this was kept to a minimum by storing samples 
at -70°C and only thawing them immediately before the cytokine assays. One 
previous report has described the presence of low levels (8.3 pg/ml) of IL-4 in 
aqueous humor taken from patients during cataract surgery. A significantly 
increased value of IL-4 (25 pg/ml) was observed in aqueous humor samples 
taken from patients with anterior uveitis prior to their cataract surgery. 

Our study confirms earlier studies that report high levels of IL-6 in 
uveitis compared with samples taken during cataract surgery. Interleukin-6 
is an important mediator of intraocular inflammation, possibly because of its 
active role in amplifying leucocyte recruitment. Interleukin-6 is produced not 
only by Th2 cells but also by several other cells, for example, infiltrating 
monocytes20 and ocular resident cells such as retinal pigment epithelial cells" 
and therefore cannot be taken as an exclusive marker for a Th2 type response. 
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High levels of IL-6 were also observed in ocular fluids obtained from patients 
with diabetic retinopathy, confirming data of previous studies by others.15'23 

Samples from diabetic retinopathy patients were chosen since an inflammatory 
component may play a role in the pathogenesis of ocular changes in this 
disease, whereas an involvement of lymphocytes is unlikely. This was 
supported by the absence of IL-2, IL-4, IL-10 and IFN-y in those samples. 

IL-10 is also produced by several other cells (i.e. monocytes, 
macrophages)" and therefore is not a good in vivo marker for Th2 type activity. 
Furthermore, it has recently been shown that IL-10 can be produced by human 
Thl type cells.6 Previously, Chan et al.23 suggested that the finding of IL-10 in 
the vitreous humor of patients can aid in the diagnosis of primary intraocular 
lymphoma, because this cytokine was not detected in patients with uveitis. 
These authors also reported 1 patient with ARN in whom they detected IL-6 but 
no IL-10. This might have been caused by a relatively late stage in the course of 
the disease at which vitrectomy was performed, as evidenced by the results 
from our study. 

Interferon-y is also not specific for T lymphocytes, because it is also 
produced by natural killer cells.26 The role of natural killer cells in the 
pathogenesis of clinical uveitis has, to the best of our knowledge, not been 
studied. 

In the current study, IFN-y and IL-10 were detected in samples taken 
within 4 weeks after the start of symptoms in patients with ARN but was not 
found in samples taken after 4 weeks, whereas IL-6 was detected even several 
months after the appearance of symptoms. In patients with toxoplasma 
chorioretinitis this phenomenon was not readily observed, and mean levels of 
IL-6, IL-10, and IFN-y were markedly lower compared with the mean levels in 
ARN. These findings correspond to the clinical pictures in these two forms of 
infectious uveitis in which ARN is known to have a very poor prognosis, often 
leading to blindness. 

Experimental studies in animals 27'2X have shown that in experimental 
autoimmune uveitis the T-cells found in the early stage of disease were mainly 
CD4+ T cells secreting Thl type cytokines (IFN-y) and that in the latter stage a 
shift is taking place toward the Th2 type cytokines (IL-10). Experimental 
models of parasitic infection with T. gondii 29 and Tryponosoma cruzi 30 have 
shown that IL-10 is essential in dampening an ongoing immune response and 
thereby controlling the extent of tissue damage. Whether IL-10 plays a similar 
role in clinical uveitis cannot yet be deduced from our study because of the 
relatively small number of patients and the absence of longitudinal samples. 
Further understanding of the immunoregulatory cytokines involved in the 
pathogenesis of uveitis may hopefully lead to novel therapeutic approaches. 
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