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Abstract
Background: To investigate the effect of etanercept on Th17, and to compare its effect with those of cyclosporine A (CsA) and triamcinolon acetonide (TA) in 
experimental autoimmune uveitis (EAU) model. 

Materials and methods: Thirty five guinea pigs were assigned to five groups of seven animals in each. The single eyes of all animals in the groups except the control 
group were administered intravitreally 1mg/ml conconavalin A to induce the EAU. The animals in the control group were not also given any treatment. On the 14th 
day, after confirmation of uveitis, the eyes in sham group, etanercept and TA groups were received single dose intravitreally 0.1ml saline, 2 mg/0.1 ml etanercept and 
4 mg/0.1 ml TA, respectively. The animals in the CsA group were administred intravitreally 100 μg/0.1 ml CsA weekly. At the end of 6th week following the drug 
administrations, the globes were excised. The immunostaining intensities and diffusenesses of Th17 were evaluated immunohistobiochemically.

Results: Th17 immunostaining intensity was higher in sham group than those in the control and treatments groups (p<0.001). There was no statistically significant 
difference among immunostaining intensities in treatment groups (p>0.05). The immunostaining diffuseness of Th17 in the sham group was higher compared that of 
the control group (p<0.01). When compared with each treatment groups, immunostaining diffuseness was found to be raised in the sham group (p<0.05). There was 
no significant difference between the treatment groups (p>0.05). 

Conclusion: Intravitreal etanercept, CsA and TA equally decreased Th17 immunostaining intensity.

Introduction
Uveitis, the inflammatory disease of the iris, ciliary body, and 

choroidea can cause to permanent ocular damage and visual loss. Its 
exact etiopathogenesis is not known. However, it is well known that 
pro-inflammatory cytokines including interleukin (IL)-1, IL-6, and 
tumor necrosis factor-alpha (TNF-α) play in important role in uveitis 
[1-3].

Currently, there is no effective treatment for the disease. 
Corticosteroids and some immunosuppressive drugs have been 
commonly used in the treatment of uveitis. However, the systemical 
and ocular side effects arising from long-term and high-dose 
administration of especially corticosteroids limit the use of them [1-4]. 
Thus, researchers have been searched new drugs with fewer side effects 
and greater efficacy to be use in the treatment of uveitis. As the TNF-α 
is one of the pro-inflammatory cytokines which play in key role in the 
pathogenesis of various uveitis types, currently, the investigation of the 
usage of anti-TNF agents for this purpose is very popular. 

Etanercept is a soluble fusion protein composed of the extracellular 
ligand-binding portion of human TNF receptor p75 and the Fc 
portion of human IgG1. It inhibits the action of both TNFα and TNFβ. 
Etanercept has been used in the treatment of some autoimmune 
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diseases such as rhomaid artritis, adult Still’s disease, ankylosing 
spondylitis [5-7]. Recent studies have been shown that systemically 
etanercept is efficious in the treatment in both the patients with chronic 
uveitis and experimental autoimmune uveitis (EAU) [8-10]. In a recent 
experimental study, it was also demonstrated that intravitreal etanercept 
was effective for the treatment of EAU [11]. Because of the adverse 
effects of systemic TNF-α inhibition, intravitreal administration of the 
drug may be more adequate to avoid these side effects.

In animal models on immune-mediated diseases, it has been 
demostrated that the number of T-helper type 17 cell (Th17) increased 
in active uveitis and scleritis while it reduced after treatment. IL-17 is 
produced by Th17 cells and increased in EAU and upregulated TNF-α. 
Th17 cells and IL-17 play a critical role in the pathogenesis of the 
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intraocular inflammation and uveitis in humans. Anti-mouse IL-17-
blocking antibodies and anti-TNF-α antibodies have been suppressed 
intraocular inflammation in experimental uveitis models [12-21]. 

In this study, we aimed to investigate the effect of etanercept on 
Th17, and to compare its effect with those of cyclosporine A (CsA) and 
triamcinolon acetonide (TA) in EAU.

Materials and methods
Animals and study ethics

The study included 35 male albino guinea pigs, of mean weight 400 
g. Throughout the study, the experiments were kept in the experimental 
research center at Fırat University. The animals were housed in wire-
bottomed cages at room temperature on a 12-hour light-dark cycle. All 
animals were fed with standard guinea pig chow, but were given only 
water 12 hours before surgery. This study was carried out on one eye of 
each experiment, with approval from the institutional ethics committee 
of Fırat University. All procedures were performed with strict adherence 
to the guidelines for animal care and experimentation prepared by the 
Association for Research in Vision and Ophthalmology and Guidelines 
for the Housing of Rats in Scientific Institutions.

Groups

The animals were randomly allocated to five groups, with seven 
guinea pigs in each group:

Group 1 (control group) included the animals which were not 
operated on and did not receive any treatment. 

Group 2 (sham group) included the animals in which induction of 
EAU was performed and which received single dose intravitreally 0.1ml 
saline. 

Group 3 (etanercept group) included the experiments in which 
induction of EAU was performed and which received intravitreally 
single dose 2 mg/0.1 ml etanercept (Enbrel, Wyeth Pharmaceuticals, 
Philadelphia, PA, USA).

Group 4 (cyclosporine A group) included the experiments in which 
induction of EAU was performed and which received intravitreally 100 
μg/0.1 ml cyclosporin A (Sandimmun 50 mg/ml ampoule, Novartis 
Pharma AG, Basel, Switzerland) weekly.

Group 5 (triamcinolon acetonide) included the experiments in which 
induction of EAU was performed and which received intravitreally 
single dose 4 mg/0.1 ml triamcinolone acetonide (Kenacort A 40 mg/
ml ampoule, Bristol Myers Squibb Co., Princeton, NJ, USA).

At the end of 6th week following the drug administrations, the 
globes were enucleated after induction of analgesia and anesthesia.

Induction of experimental autoimmune uveitis

The animals in the groups other than the control group were 
injected intravitreally with concanavalin A (Sigma Chemical Co, St 
Louis, MO) 1 mg/mL in the right eye only. Drug administration was 
started when uveitis-like inflammation developed 2 weeks later. Topical 
antibiotic drops were instilled to eyes.

Anesthetic technique

The animals were injected with a combination of intramuscular 
ketamine hydrochloride 50 mg/kg (Ketalar®, Eczacıbaşı, Turkey) and 

xylazine hydrochloride 5 mg/kg (Rompun®, Bayer, Turkey) to induce 
anesthesia and analgesia.

Surgical technique

After induction of anesthesia and analgesia, 1 mg/0.1 mL 
concanavalin A was injected using a 30-gauge needle into the right eye 
only, except in the animals in the control group. At the end of the second 
week, slit-lamp biomicroscopy revealed flare in the anterior chamber, 
moderate cell numbers, fibrin behind the lens, and moderate cataract. 
After development of uveitis was confirmed clinically, the sham and 
treatment groups were given intravitreally injections at the end of the 
second week. At the end of 6th week, the eyes of the experiments were 
enucleated. The globes were sent to the pathology laboratory for the 
evaluation of the immunostaining intensities and diffusenesses of Th17.

Histopathologic methods

The enucleated eyes were immediately stored in special fixation 
solution (4% paraformaldehyde) for 24 hours at 4°C. They were then 
transferred into 70% alcohol and stored at 4°C until embedding in 
paraffin. The slides with ring-shaped and 5 μm thickness including 
retina, choroid and sclera were prepared for immunohistochemical 
staining. After the slides were paraffinized and rehydrated, they were 
quenched in 0.3% hydrogen peroxide for 5 min to prevent the activity 
of endogenous peroxidases. The slides were washed with distilled 
water and immersed in 10 mM sodium citrate buffer for 5 min (pH 
6.0) and heated for 15 min in a microwave oven (650 milliwatts). 
Then, the sections were incubated in tris buffer solution (TBS) for 
5 min with primer antibody (IL-17, Santa Cruz Biotechnology, Santa 
Cruz, CA). Applying in a humid environment at 28 ° C was allowed to 
stand for 30 minutes and they were washed with TBS. The secondary 
antibody marked with biotin was applied for 15 minutes and washed 
again with TBS. After incubating for 10 minutes with streptavidin 
peroxidase conjugate, it was washed again with TBS. AEC chromogen 
Zealand Mayers for 15 minutes as opposed floor paint was used to hold 
sections with hematoxylin. Preparations finally closed with special 
sealing material were randomly evaluated with using ×400 objective 
of a standard light microscope (BX50 photomicroscope; Olympus 
Corporation, Tokyo, Japan). Digital photographs were taken with the 
camera of the same microscope in the X400 and X1000 magnification. 

 

Figure 1. The immunostaining intensity of Th17 in the study groups.
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The edema, congestion, polymorph nuclear (PMN) and mononuclear 
cell infiltration (MNC) in the tissues were evaluated. The intensity and 
diffuseness of immunohistochemical staining of Th17 cells using IL-17 
antibody were also evaluated. 

For immunostaining intensity of Th17 cells, Four-point scale was used: 

• Grade 0: no staining 

• Grade 1: mild staining 

• Grade 2: moderate staining 

• Grade 3: strong staining 

Immunostaining diffuseness of Th17 cells was evaluated using the 
percentage of positive staining cells:

• Grade 0: for negative 

• Grade 1: for 1-33% positive

• Grade 2: for 34-66% positive 

• Grade 3: for 67-100% positive

Histopathologic confirmation of EAU

Histopathologic examination revealed heavy infiltration of 
inflammatory cells, edema, and fibrosis in the retina and ciliary body, as 
well as proliferation in the ciliary epithelium after intravitreal injection 
of concanavalin A. These signs were interpreted as evidence of induction 
of uveitis (sham group). None of these histopathologic changes were 
observed in the control group. Histopathologic examination revealed 
mild inflammatory cellular infiltration including lymphocytes and 
rarely eosinophils, edema and fibrosis in the iris and ciliary body in the 
treatment groups.

Statistical analyses

The means (± standard deviations) of the data obtained were 
calculated. The statistical analysis was carried out using the Statistical 
Package for Social Sciences version 13 (SPSS Inc, Chicago, IL). Analysis 
of variance was carried out for multiple comparisons using the 
Kruskal–Wallis test, and the Mann–Whitney U test was used for dual 
comparisons between groups. A P value 0,0.05 was accepted as being 
statistically significant.

Results
The edema in the sham group was found to be increased compared 

to the control group (p<0.01). The edema in etanercept and TA groups 
were not significantly different from that in the sham group (p>0.05). 
It was found that the edema in CsA group was lower when compared 
with the sham group (p<0.05) and was the nearest value to that in the 
control group.

It was observed that the tissue congestion in the retina and choroid 
was different in the study groups (p<0.01). The congestion in the sham 
group was higher compared with the control group (p<0.01). The 
congestion in the treatment groups was not different than that in the 
sham group (p>0.05). Additionally, it was found that the congestion in 
the treatments groups was not different than each other (p>0.05).

The mean MNC infiltration in the sham group were higher than 
the control group (p<0.01). MNC infiltration in the treatment groups 
diminished compared to the sham group (p<0.01). The difference in 
MNC among the treatment groups was not statistically significant 
(p>0.05).

The mean PMN infiltration in the sham group were higher than 
the control group (p<0.01). PMN infiltration in the etanercept and 
TA groups was not different compared to the that in the sham group 
(p>0.05). PMN infiltration in the CsA group was higher than that in 
the sham group (p<0.05).

The immunostaining intensity of Th17

Th17 immunostaining intensity was higher in sham group than 
those in the control and treatments groups (p<0.001). It was observed 
that the immunostaining intensity in the sham group was higher than 
those of the treatment groups (p<0.01). There was no significantly 
difference among the paired comparisons of the immunostaining 
intensities in the treatment groups (p>0.05). It was observed that Th17 
immunostaining intensity in the etanercept and CsA groups was closer 
to the that in the control group, while the immunostaining intensity in 
the triamcinolone group was higher than that in the control (p<0.01).

 

Figure 2. The microphotographs demonstrating the immunostaining intensity and 
diffuseness of Th17 in the sham (A), etanercept (B), cyclosporine (C) and triamcinolone 
(D) groups.

 

Figure 3. The immunostaining diffuseness of Th17 in the study groups.
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When the drug group compared with Th17 concentration was 
elevated in sham group There was no statistical significantly difference 
among immunostaining intensities in treatment groups (p>0.05).

The immunostaining diffuseness of Th17

The immunostaining diffuseness of Th17 in the sham group was 
higher compared that of the control group (p<0.01). When compared 
with each treatment groups, immunostaining diffuseness was found 
to be raised in the sham group (p<0.05). There was no significant 
difference between the treatment groups (p>0.05). In the CsA and 
etanercept groups it was close to the control group (p>0.05), whileas 
the immunostaining diffuseness of Th17 in the TA group was found to 
be higher than that in the control group (p <0.01).

Discussion
Experimental autoimmune uveitis has been developed by 

injecting concanavalin a, retinal S antigen, rhodopsin, recoverin, and 
interphotoreceptorbinding protein (IRBP) in various experimental 
studies [22-24]. In the present study, we preferred concanavalin a for 
the induction of the uveitis because of its easy availability. Concanavalin 
a is a non-specific inflammatory agent of the lectin group. It has the 
mitogenic effect on T cells and some B cells [23,24]. It causes a long-
lasting inflammatory response including the periods of aggravation 
and alleviation. Inflammatory response to concanavalin a is clinically 
characterized with cells in anterior chamber and vitreous, formation of 
posterior synechia, and complicated cataract. These characteristics are 
very similar to those of human uveitis [23,24]. 

In our study, the histopathologic examination for the sham group 
revealed heavy inflammatory cell infiltration, edema, congestion in the 
retina and ciliary body, proliferation in the ciliary epithelium after the 
intravitreal injection of concanavalin a. These signs were considered as 
evidence of the induction of uveitis. In this study, we histopathologically 
noted that inflammatory cell infiltration in uveal tissue was lower in all 
treatment groups compared to the sham group. 

Although many cytokines contributed to uveitis, minority of them 
play significant roles. Recent studies have shown that a new T helper 
subset that produces IL-17 (Th17) is also involved in the development of 
EAU [25,26]. TNF is a local paracrine and autocrine regulator cytokine 
for inflammatory cells. TNF-α stimulates mononuclear phagocytes as 
well as other cell types that produce IL-1, IL-6 and chemokines, and 
induces the migration of PMN leukocytes [24,26,27]. The animal 
models has been demonstrated that the number of T-helper type 17 
cell (Th17) increased in active uveitis and scleritis while it reduced after 
treatment. IL-17 is produced by Th17 cells and elevated in EAU and 
upregulated TNF-α. Thus, TNF-α, Th17 cells and IL-17 play a critical 
role in the development of the intraocular inflammation in uveitis in 
humans. Additionally, anti-mouse IL-17-blocking antibodies and anti-
TNF-α antibodies have been suppressed intraocular inflammation in 
experimental uveitis models [12-21]. 

Interleukin 17 is a pro-inflammatory cytokine composed of 
glycosylated homodimers weighted 20-30 kDa. It binds to a type I cell 

surface receptor called IL-17R.  IL-17A, B, C, D, E and F subtypes of IL17 
have been described. IL-17 induces the production of TNF-α, IL-1β, IL-
6, IL-8 [28-33]. IL-17 acts as a potent mediator in delayed-type reactions 
by increasing chemokine production in various tissues. In promoting 
inflammation, IL-17 has been demonstrated to act synergistically with 
TNF and IL-1. This can result in various autoimmune disorders with 
chronic inflammation [28-30]. It was known in EAU that IL-17 elevated 
and increased the synthesis of TNF-α in retinal cells and that IL-17 
synthesis was suppressed by the synthesis of IL-27 and IFN-γ [13].

Recent studies demonstrated that blood levels of IL-23, IL-17 and 
IFN-γ simultaneously increased in intraocular inflammation in Behcet’s 
disease [34]. Luger et al reported that the presence of Th17 cells and a 
dominant role of Th1 cells and in inflammation in the EAU [26, 35]. 
In our study, we demonstrated that the immunostaining intensity and 
diffuseness of Th17 cell were raised in the sham group. This shows that 
Th17 plays in role in inflammatory processes in uveitis.

Etanercept is a soluble fusion protein produced by recombinant 
DNA of the extracellular ligand-binding portion of human TNF receptor 
p75 and the Fc portion of human IgG1. This agent inhibits the action 
of both TNF-α and TNF-β, important pro-inflammatory cytokines [5-
11]. Etanercept is a large molecule with a molecular weight of 150 kDa. 
It binds to TNF-α and decreases its effect in disorders involving excess 
inflammation in humans and animals, including autoimmune diseases 
such as ankylosing spondylitis, juvenile rheumatoid arthritis, psoriasis, 
psoriatic arthritis, rheumatoid arthritis, and potentially, in various 
disorders mediated by excess TNF-α such as uveitis [5-11,36].

It has been demonstrated that Th17 level and Th1/Th2 ratio 
significantly decreased following the treatment in the patients with 
rheumatoid arthritis and also IL-17 level reduced in patients with 
psoriasis with etanercept [37, 38]. In another study in psoriatic patients, 
etanercept suppressed the proliferation of Th17 [39]. In a rat EAU 
model, it was showed that TNF-α antagonists decreased the severity of 
uveitis [40]. In our study, etanercept also reduced the infiltration of Th17 
and this result is compatible with that of former study. In a recent study, 
Busch et al investigated the effect of systemic or local TNF-α inhibition 
with etanercept on EAU. They found that after systemic treatment with 
etanercept in the afferent phase, EAU disease scores, IRBP-specific cell 
proliferation, and production of Th1, Th2, and Th17 cytokines were 
reduced. EAU also improved after intravitreal etanercept treatment in 
the afferent phase [11].

Cyclosporine A is a T cell-specific immunosuppressant, which 
inhibits the production of IL-2. CsA binds to intracellular cyclophilin 
and this complex inhibits calcineurin which plays a critical role in IL-2 
gene transcription [41]. CsA has been shown to be effective in the 
treatment of immune-mediated ocular diseases [42-46]. It prevented 
disease process in the retinal S-Ag induced EAU model [46].

After it has been shown that CsA prevented the development of 
EAU, it has been commonly used especially in the treatment of uveitis 
threatening vision in humans. CsA affects the early phase of the immune 
response via the blockade of the synthesis and release of IL-1 from by 
macrophages and IL-2 from by Th cells.  Nussenblatt et al. reported that 

Control Sham Etanercept Cyclosporine A Triamcinolone
Th17
 intensity

0.00 ± 0.00*** 2.14 ± 0.37 0.57 ± 0.78** 0.29 ± 0.48** 1.00 ± 0.57**

Th17 diffuseness 0.0 ± 0.00** 2.14 ± 0.69 0.43 ± 0.53** 0.29 ± 0.48** 1.14 ± 0.69*

Compared to the sham group: *p<0.05; **p<0.01; ***p<0.001

Table 1. The levels of immunostaining intensity and diffuseness in the study groups.
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CsA provided significantly regression the acute phase of ocular attacks 
involving the posterior pole and significantly decreased the recurrences 
in the Behçet patients with severe ocular involvement and poor response 
to the treatment with cytotoxic agents and systemically corticosteroids 
[44, 45]. Additionally, it was demonstrated that CsA decreased the Th17 
and IL-17 levels in both Behçet patients [44]. It has also decreased the 
elevated levels of IL-17 mRNA in patients with psoriasis [47]. In our 
study, Th17 infiltration in the group treated with the CsA group was less 
than that of the sham group. It is possible that CsA suppresses Th17 by 
inhibiting T cell proliferation and cytokine synthesis. In recent studies, 
it was considered that CsA and metil prednisolone suppresses IL-17 
level via the inhibition of NF-κB receptor pathway and then through 
IL-15 in the patients with rheumatoid arthritis [48]. Additionally, it was 
reported that CsA and dexamethasone to prevent Th1 and Th17 cell 
proliferation and consequently also decreased the synthesis of IL-17 
and IFN-γ in Vogt-Koyanagi-Harada disease [49,50]. 

Glucocorticoids inhibit Th cells and antigen-presenting cells and 
the expression of cytokines such as IFN-γ, TNF-α and IL-2. They also 
reduce Th1 cytokines, and also increase the Th2 cytokines including 
IL-4, IL-10, IL-13 and eventually suppresses the inflammation. Thus, 
they have been widely used uveitis and other ocular inflammatory 
disease [51,52]. Glucocorticoids has been shown to antagonize pro-
inflammatory effects of IL-17 [53,54]. In our study, TA significantly 
decreased infiltration of Th17. This is also compatible with previous 
reports.

As a result, Th17 is involved in the pathogenesis of uveitis. 
Etanercept, CsA and TA suppress Th17 proliferation and ocular 
inflammation in uveitis. Further studies on uveitis the treatment in 
animals and humans are needed to understand the exact effects of 
etanercept in the suppression of the inflammation.
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