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Abstract

Purpose—T helper 17 cells (Th17) are one of the main pathogenic effectors in autoimmune 

uveitis, and IL-17A is the signature cytokine of Th17 cells. This study aims to assess serum 

IL-17A levels in patients with autoimmune uveitis and evaluate associations between IL-17A 

levels and disease characteristics.

Methods—Serum IL-17A levels from 87 autoimmune uveitis patients and 60 healthy controls 

were assessed using an enzyme-linked immunosorbent assay. Among this cohort, 9 patients were 

followed longitudinally for IL-17A levels during active and inactive stages of their disease.

Results—Median serum IL-17A levels were higher among uveitis patients compared to controls 

(p<0.0001). Moreover, IL-17A levels were elevated among uveitis patients with active disease 

compared to those with inactive disease (p = 0.0202). Among the 9 patients followed 

longitudinally, IL-17A levels were elevated during active disease compared to the inactive stage (p 
= 0.0078).

Conclusions—Serum IL-17A levels are elevated in uveitis patients, particularly in active uveitis.
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Th17 cells are a subset of CD4+ T cells implicated in the pathogenesis of several 

autoimmune and autoinflammatory diseases.1 Th17 is characterized by the production of 

IL17A-F, IL-22, and other cytokines.2 IL-17 is the hallmark signature cytokine of Th17 

cells. It activates neutrophils and is produced by both adaptive and innate immune cells.3,4 

Evidence suggests that IL-17A is one of the most well-defined proinflammatory cytokines, 

while IL-17F and IL-22 are less defined but also play a role in the pathogenesis of 

autoimmune diseases.5 IL-17A, the first identified Th17 cytokine, has been shown to play a 

critical role in the pathogenesis of many autoimmune diseases, including rheumatoid 
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arthritis, ankylosing spondylitis, inflammatory bowel disease, systemic lupus erythematosus, 

and psoriasis.1,6–10 All of these autoimmune diseases can be associated with uveitis, some 

more commonly than others.

Recent reports show that IL-17 producing Th17 cells play an important role in uveitis. 

Increased IL-17A transcript was detected in retinas of mice with experimental autoimmune 

uveoretinitis (EAU), suggesting that Th17 cells are involved in ocular pathology.11 IL-17A 

and IL-17F have also been shown to substantially promote ARPE-19 cells to release 

inflammatory mediators and disrupt the retinal pigment epithelium (RPE) monolayer’s 

barrier function.12 In humans, IL-17 expression was elevated in peripheral mononuclear cell 

(PBMC) of uveitis patients.11 IL-17 was also increased in PBMC of patients with Behçet’s 

disease (BD), Vogt-Koyanagi-Harada (VKH) disease, and aqueous humor of patients with 

birdshot chorioretinopathy (BCR), all which were associated with active intraocular 

inflammation.13–16 In this study, we aimed to investigate serum IL-17A cytokine levels in 

patients with uveitis and examine associations between cytokine levels and disease 

characteristics in a larger cohort compared to previous studies. We observed that levels were 

significantly elevated in uveitis patients compared to healthy donors. We further showed that 

patients with active disease also had increased IL-17A levels as compared to inactive 

patients. Our results indicate that increased IL-17A levels may be associated with uveitis 

disease activity.

MATERIAL AND METHODS

This was a case-control study that recruited 87 patients and 60 healthy donors. Sera were 

obtained from uveitis patients, and healthy subjects. The study complied with the tenets of 

the Declaration of Helsinki. All patients were seen under an institutional review board (IRB) 

approved clinical research protocol at the National Institutes of Health (NIH) and provided 

informed consent.

Sera was centrifuged at 1400 rpm for 15 min after 30 min of clotting and was stored at 

−80 °C. Sera were tested by ELISA for IL-17A. IL-17A ELISA kits were purchased from 

R&D Systems (Minneapolis, MN) and performed based on kit protocols.

Medical records of these patients were reviewed for demographic information, anatomical 

and etiologic classification of uveitis, inflammatory activity based on the Standardization of 

Uveitis Nomenclature (SUN) working group criteria, and immunomodulatory therapy.17 For 

the purposes of subgroup analyses, trace cells (+0.5) in the anterior chamber (AC) with no 

vitreous haze were categorized as “slightly active,” whereas ≥+1 cells in the AC or ≥+0.5 or 

more vitreous haze was considered “active” disease. Immunomodulatory therapy for uveitis 

treatment included various systemic agents, such as systemic corticosteroids, methotrexate, 

mycophenolate mofetil, cyclosporine, azathioprine, and infliximab. Clinical variables 

included disease activity (active, slightly active, or inactive), anatomical location (anterior 

uveitis, intermediate uveitis, or posterior or pan uveitis), and systemic treatment (no 

systemic treatment, one immunomodulatory drug, or ≥2 immunomodulatory drugs). Ocular 

sarcoidosis was diagnosed in patients with positive biopsy results. However, in cases where 

a biopsy was unavailable, the diagnosis of presumed ocular sarcoidosis was made based on 
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the presence of granulomatous uveitis and laboratory and radiographic evidence of 

sarcoidosis.18,19 Behçet’s disease was diagnosed based on the criteria established by the 

International Study Group for Behçet’s Disease and the Behçet’s Disease Research 

Committee of Japan.20–22

All data were analyzed using SAS E-Guide Version 4.3 for Windows along with SAS 

version 9.3 (SAS Institute, Cary, NC) and GraphPad Prism 5 (GraphPad Software, La Jolla, 

CA). Data are expressed as medians with confidence intervals. Nonparametric methods were 

used since the IL-17A levels did not follow a parametric distribution. For univariate 

analyses, a Kruskal-Wallis test was used to compare the levels of IL-17A among clinically 

relevant variables, such as demographics, anatomical location of uveitis, etiologic diagnoses, 

activity of uveitis, and immunosuppressive treatment. A repeat analysis was performed using 

the log of IL-17A levels and excluding 2 outliers (participants 4 and 36) to obtain a normal 

distribution, which did not change the results. A Wilcoxon matched-pairs test was used to 

compare the means between visits during inactive and active disease stage within the same 

patient. A two-tailed p value less than 0.05 was deemed statistically significant.

RESULTS

Patient characteristics are summarized in Table 1. Eighty-seven uveitis patients (52 females 

and 35 males) with an average age of 41.5 years (SD: 16.7, median: 42, range: 7–75 years) 

and 60 healthy individuals (40 females and 20 males) with an average age of 47.6 years (SD: 

13.4, median: 49, range: 25–72 years) were included in our study. The most common 

diagnosis among uveitis patients was sarcoidosis followed by idiopathic uveitis, Behçet’s 

disease (BD), birdshot chorioretinopathy (BCR), and VKH. Of the 87 uveitis patients, 17 

had anterior uveitis, 18 had intermediate uveitis, and 52 had posterior or pan uveitis. At the 

time of sample collection, 68 patients were inactive (78.2%), 19 were active, and 55 patients 

were on immunosuppressive treatment (63.2%).

Serum IL-17A levels in uveitis patients (27.26 pg/mL; 95% CI: 22.07–35.05) were 

statistically significantly higher compared to controls (9.17 pg/mL; 95% CI: 7.51–10.84) 

(p<0.0001) (Figure 1A). In addition, uveitis patients with active disease (36.35 pg/mL; 95% 

CI: 27.26–51.93) had statistically significantly increased IL-17A levels compared to patients 

with inactive disease (24.67 pg/mL; 95% CI: 16.88–31.16) (p = 0.0202). Both inactive and 

active patients had higher levels of IL-17A compared to healthy individuals (p<0.0001) 

(Figure 1B). Slightly active patients (+0.5 cells in the AC only) also had lower levels of 

IL-17A (18.18 pg/mL; 95% CI: 6.49–45.44) compared to active patients (+1 or more cells in 

the AC or any vitreous haze) (36.35 pg/mL; 95% CI: 27.26–51.93) (p = 0.0420) (Figure 1C).

Uveitis patients off of immunosuppressive therapy (35.05 pg/mL; 95% CI: 25.97–53.23) had 

slightly higher IL-17A levels compared to those patients receiving therapy (24.67 pg/mL; 

95% CI: 18.18–31.16); however, this difference was not statistically significant (p = 0.1357). 

While we observed no statistically significant difference between treated and untreated 

patients, inactive patients on treatment (18.82 pg/mL; 95% CI: 15.58–29.86) had 

significantly lower levels of IL-17A compared to active patients off treatment (40.89 pg/mL; 

95% CI: 25.97–167.48) (p = 0.0106).
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With respect to anatomical locations of uveitis, there was no difference between patients 

with anterior (anterior uveitis) and posterior segment involvement (intermediate, posterior, 

or pan uveitis) (p = 0.7603). With regards to etiology of uveitis, we did not observe any 

significant associations; additionally, the numbers in each group were too small to make any 

valid comparisons. Because univariate analysis revealed “activity” as the only significant 

factor, we did not attempt a multivariate analysis.

Nine patients followed longitudinally for serum IL-17 levels showed a significant difference 

between inactive (15.58 pg/mL; 95 CI: 9.09–36.35) and active (27.26 pg/mL; 95 CI: 16.88–

41.54) stages of their disease (p = 0.0078) (Figure 2).

DISCUSSION

In this study, we examined IL-17A levels and their possible role in the pathogenesis of 

uveitis. The results showed that serum IL-17A levels were significantly elevated in uveitis 

patients compared to healthy donors as well as in patients with active uveitis compared to 

those with inactive disease. The role of IL-17A has been reported in several autoimmune 

diseases and uveitis subtypes but, despite mounting evidence in animal models, IL-17 serum 

levels were not assessed in a large cohort of patients with various forms of uveitis. 

Consistent with our results, several studies reported elevated levels of IL-17A in small 

cohorts of isolated uveitic syndromes as well as in uveitis associated with systemic 

autoimmune diseases, such as Behçet’s disease and Vogt-Koyanagi-Harada syndrome.14,15 

Increased IL-17 expression has been reported both in peripheral blood and at the tissue level 

in granulomatous and nongranulomatous uveitis.23 Birdshot chorioretinopathy, a disease 

considered to be limited to the eye, is found to be associated with elevated intraocular levels 

of IL-17A during the active stage of the disease. Interestingly, serum levels of IL-17 were 

hardly detectable in their cohort.16 In our cohort of uveitis patients, with and without 

associated systemic autoimmune disease, serum IL-17 levels were significantly elevated 

compared to controls.

Our results also indicate that serum IL-17 may be an indicator of active disease in uveitis 

patients. The only clinical factor that was significantly associated with IL-17 levels was 

indeed the disease activity. IL-17 level has been associated with disease activity in systemic 

Behçet’s disease as well as various arthritis syndromes.24–27 While most of these studies in 

rheumatologic disorders have shown elevated IL-17 levels in the patients compared to 

controls, association with disease activity has not been as consistent.9,28 Animal studies also 

showed a positive correlation between Th17 cells and the severity of uveitis in experimental 

models of uveitis; however, no such associations with disease activity have been 

demonstrated in human uveitis.11

Treatment was not independently associated with IL-17A levels. Although patients receiving 

systemic immunomodulatory treatment tended to have lower levels of IL-17A compared to 

those not receiving any systemic immunomodulatory treatment (24.67 vs. 35.05 pg/mL), this 

difference was not significant and is likely attributable to disease quiescence induced by 

therapy. Since treatment and quiescence are likely to be correlated factors, it is difficult to 

distinguish the impact from each of these factors. However, because of limited number of 
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patients not receiving treatment, we could not draw any conclusions regarding treatment 

effect. A previous study reported higher levels of IL-17 in patients with active BD uveitis not 

receiving treatment compared to inactive patients on infliximab, an anti-TNF alpha 

treatment that inhibits Th17 differentiation.29 Similarly, cyclosporine also inhibits 

intraocular inflammation and IL-17 production in Behçet’s disease patients.30 Therefore, it 

is possible that treatment itself may be directly associated with lower IL-17 levels, although 

it is difficult to separate this effect from the effect of quiescence induced by 

immunomodulatory treatment.

Interestingly, phase II and III trials using secukinumab, a fully human monoclonal antibody 

for targeted interleukin-17A blockade, has shown conflicting results in uveitis patients. 

While phase II showed favorable results, phase III results did not meet the primary outcome. 

Given the challenges of clinical trials in uveitis, these negative data do not refute a 

significant role of IL-17 in uveitis. It is important to point out the small sample size in two 

trials that enrolled active and inactive noninfectious uveitis without Behçet’s disease due to 

early termination (INSURE and ENDURE). Furthermore, the lack of significant difference 

between active and control groups may be due to the therapeutic effect of a high amount of 

concomitant immunosuppressive medication in all treatment groups in the secukinumab trial 

for Behçet’s disease-associated uveitis (SHIELD). Even though the primary outcome was 

not met, in the SHIELD trial, secukinumab was associated with a significant reduction in 

immunosuppressive medication and a trend for lower rate of recurrences. The authors do 

mention that further research is needed to determine the appropriate dosing and to identify a 

subset of patients who may benefit from secukinumab. Interestingly, phase II trials used 

intravenous administration while all phase III trials used subcutaneous administration of the 

monoclonal antibody.31,32

In humans, uveitic entities where IL-17 is proposed to play a role have been mostly posterior 

or pan uveitis syndromes, such as Behçet’s disease, VKH, BCR, and sympathetic 

ophthalmia.14–16,23 Therefore, we evaluated the relation between anatomical location and 

IL-17 levels; however, we found no significant association. This could be due to small 

numbers in each of these categories. However, higher levels of IL-17A have also been 

reported in ocular surface disease where levels correlated corneal disease severity, 

suggesting a broader role for IL-17 in the ocular environment.33

Our study is limited by a one-time assessment of an inflammatory cytokine as well as small 

numbers in different etiologic diagnosis categories and various treatments. However, this is 

one of the largest case-control studies focusing on serum IL-17A levels among uveitis 

patients that demonstrates elevated serum IL-17A levels in human uveitis and indicates a 

correlation with disease activity. Additionally, our results are supported by the consistent 

findings in the subgroup of patients followed longitudinally throughout active and inactive 

stages of their disease.

In summary, our results suggest that IL-17 may serve as a useful biomarker for disease 

activity and highlight the role of IL-17A in uveitis. Long-term longitudinal studies are 

needed to confirm whether IL-17 and other Th17 cytokines can reliably be used as 

biomarkers of disease activity or prognosis, which can have significant impact on clinical 
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decision making. Our study may provide information that promotes understanding of the 

prognosis, activity of the disease, and pathogenesis.
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FIGURE 1. 
Serum IL-17A levels. (A) Median IL-17A levels were significantly increased among uveitis 

patients (27.26 pg/mL; 95% CI: 22.07–35.05) compared to controls (9.17 pg/mL; 95% CI: 

7.51–10.84) (p<0.0001). (B) Median IL-17A was higher in patients with active disease 

(36.35 pg/mL; 95% CI: 27.26–51.93) compared to patients with inactive disease (24.27 

pg/mL; 95% CI: 16.88–31.16) (p = 0.0202). Both inactive and active patients had higher 

levels of IL-17A compared to controls (p<0.0001). (C) When distinguishing between 

patients with minimal to no disease activity, both inactive (24.67 pg/mL; 95% CI: 18.18–

33.76) and slightly active patients (18.18 pg/mL; 95% CI: 6.49–45.44) had decreased 

IL-17A levels compared to highly active patients (36.35 pg/mL; 95% CI: 27.26–51.93) (p = 

0.0323, p = 0.0420). Kruskal-Wallis tests were used to compare groups. * and **** indicate 

the statistically significant p value <0.05 and 0.0001, respectively.
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FIGURE 2. 
Median serum IL-17A levels were significantly higher during the active phase (27.26 

pg/mL; 95 CI: 16.88–41.54) compared to the inactive phase (15.58 pg/mL; 95 CI: 9.09–

36.35) of the disease among the 9 patients followed longitudinally (**p = 0.0078). A 

Wilcoxon matched-pairs test was used to compare the means between visits.
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TABLE 1

Demographic and disease characteristics of study subjects.

Uveitis patients (N = 87) Healthy controls (N = 60)

Mean age (Standard Deviation) 41.5 (16.7) 47.6 (13.4)

Gender (F/M) 52:35 (1.49) 40:20 (2.00)

Race/Ethnicity 50.6% Caucasian 53.3% Caucasian

37.9% AA 36.7% AA

11.5% Other 10% Other

Anatomical location of Uveitis 17 Anterior Uveitis N/A

18 Intermediate Uveitis

52 Posterior or Pan Uveitis

Eliologic Diagnoses Sarcoidosis (n = 29) N/A

Behcet’s Disease (n = 17)

Idiopathic (n = 17)

VKH (n = 5)

BCR (n = 5)

Other (n = 14)

Immunosuppressive therapy 63.2% (n = 55) N/A

Active uveitis 21.8%, (n = 19) N/A

Median serum IL-7A levels 27.26 pg/ml (95% CI: 22.07–35.05) 9.17 pg/ml (95% CI: 7.51–10.84)
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