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Abstract

Purpose To determine the levels of Th17-

associated cytokines, particularly interleukin

(IL)-17 and IL-22 in tears of patients with dry

eye syndrome.

Methods Tear samples were collected from

20 healthy volunteers, 20 dry eye (DE)

patients with non-Sjögren’s syndrome

(NSSDE) and 20 DE patients with Sjögren’s

syndrome (SSDE). Symptom questionnaire

was self-administered and multiple dry eye

disease (DED)-related clinical tests were

performed. The levels of IL-17 and IL-22 in

tears were measured by enzyme-linked

immunosorbent assay.

Results The levels of IL-17 and IL-22 were

significantly increased in tears of DE patients

compared with those of controls and also

higher in SSDE patients compared with

those of NSSDE patients (Po0.05). Moreover,

the levels of IL-17 and IL-22 were positively

correlated with questionnaire score and

keratopathy score but negatively correlated

with tear film break-up time and Schirmer I

test in both NSSDE and SSDE patients

(Po0.05).

Conclusions The levels of IL-17 and IL-22 in

tears were significantly increased in DE

patients, which were associated with the

disease severity. Therefore, Th17 cell-

associated cytokines, particularly IL-17 and

IL-22, may have important roles in the

immunopathogenesis of the DED.
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Introduction

Dry eye disease (DED) is a complex and

multifactorial disease with decreased tear

secretion or increased tear evaporation.1

Although the pathogenesis of DED is not fully

understood, more evidence indicates that this

disease is potentially associated with immune

and inflammatory processes, which consequently

affect the ocular surface.2,3 Tear-deficient DE can

be mainly categorized as Sjögren’s syndrome

DE (SSDE) and non-Sjögren’s syndrome DE

(NSSDE). All types of DED result in damage

of the ocular surface epithelia and are

consequently associated with ocular surface

inflammation.4 Therefore, it is essential to

understand the cause of DED so as to provide

better therapeutic options.

The ongoing activation of pathogenic

immune cells, primarily the CD4þ T cells, has a

significant role in the pathogenesis of DED.5,6

Th17 cells, the newly discovered subset of

CD4þ T cells,7,8 were recently found to

participate in most ocular inflammatory

diseases, such as uveitis,9,10 scleritis,10 and

herpes virus-induced corneal inflammation.10

However, such effective T-cell response in DED

has not been identified yet. Both IL-17 and

IL-22 are the effective cytokines of Th17 cells,

the levels of which, in tears, may represent the

immune response of Th17 cells during the

pathogenesis of DED.11–13

In this study, we evaluated the levels of IL-17

and IL-22 in tears of patients with Sjögren’s or

non-Sjögren’s syndrome DED. In addition, the

correlation between disease severity and IL-17 as

well as IL-22 levels in patients was also analyzed.

Materials and methods

Patient information

This study was approved by local Ethics

Committee of Wuxi No. 2, People’s Hospital and

the Nanjing Medical University. All donors

provided consent before tear donation. In all, 60
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subjects were recruited from Wuxi No. 2, People’s Hospital,

between 2011 and 2012 including 20 healthy donors, 20

patients with NSSDE and 20 patients with SSDE. DE

patients had typical signs and symptoms as defined by the

International DE workshop report.14 Normal subjects

without any ocular problems and systemic diseases

voluntarily participated as controls. Exclusion criteria

included any previous or present ocular disease other than

DED, surgery, contact lens wearing, under systemic

therapies within 3 months and topical therapies other than

artificial tears for the previous 3 months.

Clinical examination

Clinical evaluations were performed following the

sequence shown in Table 1, which included symptom

questionnaire, tear film break-up time (TBUT) test,

corneal fluorescein staining, and Schirmer I test.

Meibomian gland dysfunction (MGD) is also one of the

leading causes of DE syndrome; however, the presence of

MGD was not assessed in this study.

Symptom questionnaire

DE-related symptoms were evaluated with the help of

the questionnaire. The questionnaire included eight most

frequent symptoms of DE used in multi-center clinical

trials of DED in China. Each symptom was scored from

0 to 9, to yield a total score of 72 regarding eyestrain,

dryness, sandy/gritty feeling, burning/stinging, sense of

eye pressure, pain, sensitivity to light, and eye congestion.

TBUT test

Fluorescein strips (Jing Ming Inc., Tianjing, China)

previously wetted with 0.9% sodium chloride were

gently applied to the inferior fornix. Following

instillation of fluorescein and a period of blinking, the

TBUT was measured, particularly, the appearance of the

first randomly distributed dry spot occurring in the

interval between the last blink and the occurrence of

break up.

Corneal fluorescein staining

Corneal integrity was evaluated with fluorescein strips

(Jing Min, Inc.). The intensity of corneal fluorescein

staining was recorded in each quadrant on the cornea

(temporal, nasal, superior, and inferior) using a

standardized 4-point scale (0¼none, 1¼mild,

2¼moderate, and 3¼ severe). Total fluorescein scores

were calculated as the sum of scores.15

Schirmer I test

The Schirmer I test was performed by placing one sterile

strip (Schirmer Tear Test Strips, 5� 35 mm; Jing Ming

Inc.) in the lateral canthus of the inferior lid margin of

both eyes without topical anesthesia. Participants were

asked to close their eyes during the test and the length of

wetting was measured in millimeters after 5 min.16

Measurement of IL-17 and IL-22 levels in tears

A previously reported protocol was followed for

sampling tears. Minimally stimulated tear samples

Table 1 Clinical characteristics of the subjects enrolled in
the study

Parameters Controls (n¼ 20) NSS (n¼ 20) SS (n¼ 20)

Age (years) 54.2±7.3 50.5±4.6 52.5±8.1

Sex (M/F) 14/6 5/15 9/11

Questionnaire score 2.70±2.58 26.55±11.67* 16.40±6.23*#

TBUT (s) 15.15±2.05 3.125±1.24* 2.90±1.50*

Corneal staining (grade) 0.25±0.23 5.23±2.14* 5.93±2.76*

Schirmer I test (mm) 20.65±6.08 4.60±1.75* 2.03±0.73*#

Abbreviations: F, female; M, male.

All parameters are given as mean±SD. The statistical analysis (P-value)

between study groups and controls is shown. *P o0.05, patients vs
controls; #P o0.05, SS vs NSS.
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Figure 1 The levels of Th17-associated cytokines including IL-17 (a) and IL-22 (b) in the tears of controls and patients with or without
Sjögren’s syndrome. *Po0.05.
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were collected non-traumatically from the external

canthus of open eyes between 0800 and 0900 hours

by the same doctor avoiding additional tear reflex as

much as possible. Glass capillary micropipettes (5ml) were

used to collect 10ml tears from each eye of individual

subject (o1ml/min). Each sample was then transferred

into a sterile microtube and stored at � 80 1C until further

examination. The concentrations of cytokines in the tears

were measured using commercially available enzyme-

linked immunosorbent assay (ELISA) kit (R&D Systems,

Minneapolis, MN, USA) according to the manufacturer’s

instructions. The assay was performed in triplicates to

ensure data reproducibility.

Statistical analysis

Data was shown as mean±SD. Unpaired Student’s t-test

and w2-test were used to compare the ELISA results

between the groups. Spearman correlation analysis was

used to assess the relationship between cytokine levels

and clinical parameters. A P-value of o0.05 was
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Figure 2 The correlation between IL-17 level in tears of DE patients with or without Sjögren’s syndrome and clinical parameters
including questionnaire score, TBUT, keratopathy score, and Schirmer I test.
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considered to be statistically significant. Analysis of data

was performed using SPSS 15.0 (Chicago, IL, USA).

Results

Characteristics of study population

Patient information, questionnaire score and clinical

parameters, including TBUT, corneal staining, and

Schirmer I test with the controls, NSSDE and SSDE

groups were shown in Table 1. There were no significant

differences observed in demographic features (including

age and sex ratio) among the study groups (P40.05), but

the questionnaire score and clinical parameters among

DE patients were higher than those of controls (Po0.05).

In addition, between the NSSDE and SSDE patient group,

the values of questionnaire score and Schirmer I test were

significantly different.

IL-17 and IL-22 levels in tears

The tear levels of Th17-associated cytokines, particularly

IL-17 and IL-22, in different groups are shown in Figure 1.
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Figure 3 The correlation between IL-22 level in tears of DE patients with or without Sjögren’s syndrome and clinical parameters
including questionnaire score, TBUT, keratopathy score, and Schirmer I test.
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The levels of the two cytokines were significantly

increased in the DE patient groups, when compared with

those of the controls (Po0.05). Furthermore, IL-17 and

IL-22 levels in tears of SSDE patients were significantly

higher than those of the NSSDE patients (Po0.05).

Correlation between cytokine levels and clinical

parameters

The correlation between IL-17 level in tears and clinical

parameters in the DE patients with NSS or SS is

presented in Figure 2. IL-17 level was positively

correlated with questionnaire score and keratopathy

score, but negatively correlated with TBUT and Schirmer

I test in both NSSDE and SSDE patients (Po0.05). The

correlation between IL-22 level and clinical parameters

was similar to the results of IL-17 (Po0.05) (Figure 3).

Discussion

In recent years, the incidence of DEs is increasing rapidly

and this disease largely influences the quality of life in

patients. Data indicated that about 33.7% elderly Chinese

people are suffering from the DED.17 Although the

pathogenesis of DED is not well understood, abundant

evidence from animal studies and clinical evaluations

has suggested that inflammation significantly contributes

to DED.18 Previous studies showed that inflammatory

cytokines including IL-1, IL-6, IL-8, and TNF-a, are

important mediators in both human and animal DEDs.19–22

Recent reports indicated that pro-inflammatory cytokines

were significantly increased in the conjunctiva tissue and

tears of NSSDE and SSDE patients.21,22

Th17 cells are the newly recognized CD4þ T-cell subset,

which mainly produces cytokines, including IL-17A,

IL-17F, and IL-22, and is involved in a wide range of

autoimmune diseases.11–13 The level of IL-17 was found

to be correlated with both activity and severity of various

autoimmune diseases. Studies conducted on experimental

mice model of DE have found that the level of IL-17 was

significantly increased on the ocular surface and in tears.

IL-22 has been shown to be pathogenically associated with

several autoimmune diseases, including rheumatoid

arthritis and non-autoimmune diseases such as

respiratory-distress syndrome. However, little is known

about the IL-17 and IL-22 levels in tears of DE patients.

In this study, we were the first to investigate the levels

of IL-17 and IL-22 in tears of DE patients with or without

Sjögren’s syndrome. To avoid reflex tearing which might

affect the results, minimally stimulated tear samples

(o1ml/min) were collected non-traumatically from the

external canthus of open eyes between 0800 and 0900

hours by the same doctor. Furthermore, the correlation of

cytokine levels with clinical parameters was also

analyzed. Our results showed that the levels of IL-17 and

IL-22 in tears were significantly increased in DE patients

compared with those of controls and also higher in SSDE

patients compared with those of NSSDE patients

(Po0.05). Increased levels of Th17-associated cytokines

might have resulted from the stimulation of ocular

surface epithelium during DED pathogenesis.

Moreover, IL-17 and IL-22 levels were positively

correlated with questionnaire score and keratopathy

score but negatively correlated with TBUT and Schirmer

I test in both the NSSDE and SSDE patients (Po0.05).

These findings demonstrated that Th17 cells may have a

key role in modulating the levels of IL-17 and IL-22 in

DED pathogenesis.

In summary, our study found that ocular surface

change in DED was associated with the increased levels

of IL-17 and IL-22 in tears of DE patients. Additionally,

IL-17 and IL-22 levels were correlated with clinical

parameters measuring tear production and ocular

surface integrity. These findings indicated that Th17 cells

might be involved in the pathogenesis of DED. On the

basis of these findings, our study significantly

contributed to identification of novel therapeutic

approaches in the treatment of DED.

Summary

What was known before

K DED is a complex, multifactorial disease which is
accompanied by decreased tear secretion or increased
tear evaporation.All forms of DE result in damage to the
ocular surface epithelia and consequently associated with
ocular surface inflammation. Therefore, it is essential to
understand the causes of DED to provide better
therapeutic options.

What this study adds

K Tears from DE patients contained significantly increased
concentrations of IL-17 and IL-22 that showed correlation
to severity of this disease. Therefore, Th17 cell-associated
cytokines including IL-17 and IL-22 may have an
important role in the immunopathogenesis of the DED.
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