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ABSTRACT
Objective. Sjögren’s syndrome (SS) is 
the most common autoimmune disease 
with dry eye (DE) syndrome and some 
systemic lupus erythematosus (SLE) pa-
tients are also with DE syndrome. The 
occurrence of immune-related DE dis-
ease is closely related to T helper (Th) 
17 cells in SS patients, and SLE patients 
have abnormal levels of multiple Th17 
cell-related cytokines in their blood. 
However, the degree of expression of 
these cytokines in blood differs from 
that in tears. We hypothesised that the 
occurrence of DE symptoms in SLE and 
SS patients may be related to Th17 cells.
Methods. In this study, Th17 cell-re-
lated cytokines, including interleukin 
(IL)-1β, IL-2, IL-4, interferon-γ, IL 6, 
IL-8, IL-17F, tumour necrosis factor 
(TNF)-α, IL-21, IL-22, and IL-23 were 
analysed in tear samples of DE, SLE, 
and SS patients. Ocular surface exami-
nations for patients with DE symptoms, 
including tear secretion test (Schirmer 
I Test, SIT) and tests for ocular surface 
disease index (OSDI), tear break-up 
time (BUT), and corneal fluorescein 
stain (CFS), were performed and com-
pared between the following patient 
groups: normal healthy people (con-
trol group, n=30), patients with simple 
DE disease (DE group, n=13), SLE 
patients with DE disease (SLE group, 
n=17), and SS patients with DE disease 
(SS group, n=18).
Results. The expression of Th17 cell-
related cytokines in each tear sample 
was analysed using Luminex assay. 
The SIT and BUT scores of the SLE 
group were lower than those of the 
control (p<0.001) and DE (p<0.05) 
groups. However, SIT, BUT, CFS, and 
OSDI scores were not significantly dif-
ferent between SLE and SS patients. 
TNF-α, IL-6, IL-8, and IL-21 levels in 
tear samples were higher in DE, SLE, 
and SS patients (p<0.05) than in con-

trol individuals. IL-2 and IL-4 levels 
in tear samples of SLE patients were 
higher than DE (p<0.001) but lower 
than the control (p<0.001) group pa-
tients. IL-23 levels in tear samples 
of DE, SLE, and SS patients were all 
lower than those in the control group 
(p<0.001). SIT, BUT, CFS, and OSDI 
results showed that the DE symptoms 
of SLE and SS patients were more se-
vere than those of the DE group.
Conclusion. It is known that cytokine 
expression levels in tears are different 
from those in blood. Abnormal regula-
tion of the Th17 cell pathway may be 
related to the occurrence of DE disease 
in SLE and SS patients, and Th17 cell-
related cytokines, such as IL-8 and IL-
21, may be potential therapeutic tar-
gets for treating SLE or SS DE disease.

Introduction
Dry eye (DE) syndrome is a multi-
factor disease of the eye characterised 
by loss of the steady state of the tear 
membrane. It is associated with eye 
symptoms including itching, burn-
ing, foreign body sensation, tingling, 
eye fatigue, sensitivity to light, inter-
mittent blurred vision, or even worse. 
The current global incidence of DE is 
5.5–33.7%, of which women are more 
affected than men, older people are 
more affected than young people, and 
Asians are more affected than people of 
other ethnicities; the incidence rate of 
DE among the Chinese is 21–30% (1). 
Currently, there are a number of clinical 
tests used to evaluate DE, including tear 
secretion test (Schirmer I Test, SIT), 
cornea fluorescent staining (CFS), test 
for break-up time (BUT), and a DE 
questionnaire –the Ocular Surface Dis-
ease Index (OSDI) (2).
Autoimmune diseases are a common 
cause of DE (3). Some studies have 
found that DE symptoms, signs, and 
eye surface inflammation in patients 
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with combined autoimmune diseases 
tend to be more severe than those in 
patients with simple DE. Furthermore, 
the effectiveness of treatments of such 
autoimmune patients is poor, and the 
prognosis is not ideal (4). Autoim-
mune diseases that cause DE include 
desiccation syndrome, systemic lupus 
erythematosus (SLE), rheumatoid ar-
thritis (RA), systemic sclerosis (SSc), 
spinal arthritis (SpA), and Sjögren’s 
syndrome (SS). SLE is a complex au-
toimmune disease which is not yet fully 
understood in terms of its causes and 
pathogenesis. SLE can affect the whole 
body, including multiple systems and 
organs. People usually focus on SLE-
induced damage to the kidneys, heart, 
lungs, and other important organs, but 
SLE patients can also exhibit a variety 
of eye complications such as corneitis, 
scleritis, and retinal lesions. Some SLE 
patients with DE have a fear of light, 
tingling, and other DE performance is-
sues, the worst of which is visual im-
pairment (5). A study has shown that 
60% of patients with SLE develop DE 
symptoms (6).
SS is a chronic inflammatory autoim-
mune disease that mainly affects the 
exocrine glands, often accompanied by 
dry mouth and eyes. Studies of SS have 
focused on inflammatory factors. It is 
generally believed that the basic patho-
logical changes in SS involve infiltra-
tion of lymphocytes into the exocrine 
glands, resulting in destruction of the 
gland structure and secretion dysfunc-
tion, with tear and salivary glands most 
commonly affected. Anti-SS-related 
antigen A (SSA) antibodies were de-
tected in 65.3% of SLE patients, of 
whom 29.3% developed DE symptoms 
(7). Thus, anti-SSA antibodies are bio-
markers for the diagnosis of SS. It was 
thought that DE symptoms in SLE pa-
tients were mainly caused by secondary 
dryness syndrome, and there was a high 
suspicion of its association with anti-
SSA antibodies in SLE patients. How-
ever, some reports have suggested that 
DE symptoms in SLE patients are not 
related to secondary dryness syndrome, 
but to the SLE disease itself (8, 9). In 
patients with lupus without secondary 
dryness syndrome, the severity of DE 
symptoms was associated with a high 

titre of anti-double stranded (ds) DNA 
antibodies, low level of complement 
C3 but not complement C4, red blood 
cell sedimentation, and antinuclear an-
tibodies (ANA) (10). There were no 
differences in the subjective or objec-
tive scores of DE symptoms between 
patients who tested positive or negative 
for anti-SSA and anti-SSB antibodies 
(11, 12).
Infiltration of the eye surface by T 
cells is a common finding of DE. Th17 
cells are a type of CD4+ Th cell. Under 
normal circumstances, Th17 cells can 
protect the body by secreting IL-17 to 
counter attack by extracellular micro-
organisms. However, overactivation of 
Th17 cells can lead to the occurrence of 
a variety of autoimmune diseases and 
also recurrent episodes of such diseases 
(13, 14). Overall, Th17 cells secrete a 
variety of cytokines, such as interleu-
kin (IL)-17A, IL-17F, tumour necrosis 
factor TNF-α, IL-21, IL-22, and IL-26, 
that participate in the development of 
autoimmune and inflammatory diseases 
(15, 16). 
In vitro studies have found that IL-23 
can activate the JAK2-STAT3 signal-
ling pathway to amplify and maintain 
the survival of Th17 cells (17). IL-
1-ß and TNF-α can enhance the roles 
of transforming growth factor-β and 
IL-6 in the CD4 Th cell differentiation 
phase, thereby promoting the differen-
tiation of Th17 cells (18). IL-2, IL-4, 
and interferon (IFN)-γ are negative reg-
ulators of Th17 cells, which can impair 
their secretory function (19). IL-21 can 
be secreted by Th17 cells, but it is also 
a key regulatory factor for Th17 cell de-
velopment (20). In normal conditions, 
IL-17 and IL-22 both promote neu-
trophil differentiation, migration, and 
induction of antimicrobial peptides by 
stimulating the expression of multiple 
cytokines and chemokines, thus playing 
a powerful role in fighting infections 
by bacteria and fungi (21). However, 
IL-17 is not always conducive to host 
defences. Specifically, IL-17 is also in-
volved in inducing inflammation and 
the development of a variety of autoim-
mune diseases, and elevated levels are 
found in SLE, RA, SS, SpA, psoriasis, 
and inflammatory bowel disease (22). 
IL-17 not only directly destroys corneal 

epithelial cells, but also induces the re-
lease of other inflammatory factors to 
increase inflammation and apoptosis, 
thereby promoting the development of 
DE (23). IL-22 is also involved in the 
pathogenic processes of SLE, SS, RA, 
SpA, and giant cell arteritis (24). 
Several studies on cytokines in tears in 
SS patients have found that the occur-
rence of immune-related DE disease is 
closely related to Th17 cells, and SLE 
patients have abnormal levels of multi-
ple Th17 cell-related cytokines in their 
blood (25-27). However, the degree of 
expression of these cytokines in blood 
differs from that in tears. Thus, we 
speculated that the occurrence of DE 
symptoms in SLE and SS patients is 
related to Th17 cells. Th17 cell-related 
cytokines (IL-1β, IL-2, IL-4, IFN-γ, IL-
6, IL-8, IL-17F, TNF-α, IL-21, IL-22, 
and IL-23) in tear fluid in SLE and SS 
patients were evaluated to explore their 
relationship with DE symptoms and 
provide valuable information for sub-
sequent exploration of their role in the 
pathogenesis of DE and the discovery 
of new therapeutic targets.

Methods
Patients
The protocol used in this study was 
approved by the Institutional Review 
Board of The Sixth Affiliated Hospi-
tal of Guangzhou Medical University, 
China (QPH-IRB-A0143). A total of 78 
volunteers, including control (n=30), 
non-connective tissue disease-related 
simple DE symptoms (n=13), SLE with 
DE symptoms (n=17), and SS with DE 
symptoms (n=18) patients, were includ-
ed during July 2018 to July 2019. The 
major details of patients included in the 
study are provided in Table I. The selec-
tion criteria of control volunteers were 
ophthalmologic confirmation of the ab-
sence of DE (SIT ≥10 and BUT ≥10) 
and rheumatologists and immunologists 
confirmed that none suffered from SLE 
or SS (negative for anti-SSA, anti-SSB, 
and anti-dsDNA antibodies). Criteria 
for the selection of DE patents were 
SIT <10, BUT <10, and rheumatology 
immunology confirmed the absence of 
SLE or SS. Criteria for the selection of 
SLE with DE patients were SIT <10, 
BUT <10, and anti-dsDNA (including 
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anti-Smith positive) antibody positive 
(anti-SSA antibody negative SLE pa-
tients were not included in this study). 
Criteria for the selection of SS with DE 
patients were SIT <10, BUT <10, and 
anti-dsDNA or anti-Smith antibodies 
negative (anti-SSA antibody negative 
SLE patients were not included in this 
study). The flow chart for the participa-
tion grouping in this study is presented 
in Figure 1.

OSDI determination
OSDI is a subjective questionnaire that 
measures the severity of DE disease 
based on the participants’ responses to 
symptomatic questions. It includes 12 
questions about visual function, eye 

symptoms, and environmental triggers 
during the previous week. Scoring was 
as follows: less than 25 points, mild; 
25–45 points, moderate, and greater 
than 45-points, severe (28).

SIT analysis
In the absence of an anaesthetic, tear 
fluid test papers were folded back 5 
mm to the end and placed in the outer 
one-third of the patient’s double lower 
eyelid conjunctiva sac. With the other 
end naturally drooping, the patient was 
asked to gently close their eyes. After 
5 min, the paper was removed and its 
wet length measured. The average of 
the SIT results of two eyes was then 
calculated.

BUT analysis
A drop of 2% fluorescein solution was 
placed into the conjunctiva sac of the 
subject’s eyes. The patient was told to 
blink several times, then look forward 
while preserving the open eye state. 
With continuous observation under a 
microscope, the time from the last time 
the patient began to blink to the first 
black spot of the corneal surface was 
recorded. The average of the BUT re-
sults of the subject’s eyes was then cal-
culated.

CFS analysis
A fluorescein sodium filter paper was 
placed into the lower eyelid of the pa-
tient who was then instructed to blink 
so that the fluorescein was distributed 
over the full eye surface. The cornea 
was observed after about 2 min under 
cobalt light of the slit lamp. The cor-
nea becomes a tender green colour at 
breakage sites, while the intact epithe-
lium is not coloured. The cornea was 
divided into four quadrants and scored 
according to the methods published by 
Bron et al. (29). The total CFS score of 
the subject’s eyes was then calculated.

Tear collection assay
All participants were informed of the 
procedure and tear fluid samples were 
collected with sterile capillary glass 
tubes. The total volume of tear fluid 
was 5 μL from the left and right eyes, 
the tear samples were diluted 1:4 (v/v) 
with a 0.1% bovine serum albumin in 
phosphate-buffered saline solution. All 
samples were stored immediately at 
-80℃ until further analysis.

Cytokine assays
Using fluorescent-coded microbead-
conjugated monoclonal antibodies 
against IL-1β, IL-2, IL-4, IFN-γ, IL 6, 
IL-8, IL-17F, TNF-α, IL-21, IL-22, and 
IL-23, the levels of these cytokines in 
tear samples were determined. Fluo-
rescence coding of the antibodies was 
identified by laser scanning using a 
Luminex200 liquid suspension chip 
system (Luminex, Seattle, WA, USA). 
Cytokine concentrations in each tear 
sample were calculated according to 
fluorescence intensity standard curves 
using Luminex200 IS v. 2.1 software. 

Table I. Characteristics in controls and patients.

Parameter	 C	 DE	 SLE	 SS

n	 30	 13	 17	 18
Age 	 33.7 ± 9.6	 35.2 ± 11.7	 34.1 ± 9.3	 41.6±  12.6
Gender				  
Male	 15 	 (50.0%)	 3 	 (23.1%)	 1 	 (5.9%)	 3 	 (16.7%)
Female	 15 	 (50.0%)	 10 	 (76.9%)	 16 	 (94.1%)	 15 	 (83.3%)
Co-morbidities	 			 
AIDS	 0 	 (0%)	 0 	 (0%)	 0 	 (0%)	 0 	 (0%)
Sarcoidosis	 0 	 (0%)	 0 	 (0%)	 0 	 (0%)	 0 	 (0%)
IgG4-RD	 0 	 (0%)	 0 	 (0%)	 0 	 (0%)	 0 	 (0%)
RA	 0 	 (0%)	 0 	 (0%)	 0 	 (0%)	 3 	 (16.7%)
Allergies	 0 	 (0%)	 0 	 (0%)	 3 	 (17.6%)	 0 	 (0%)
Asthma	 0 	 (0%)	 0 	 (0%)	 0 	 (0%)	 0 	 (0%)
CKD	 0 	 (0%)	 3 	 (23.0%)	 5 	 (29.4%)	 0 	 (0%)
COPD	 0 	 (0%)	 0 	 (0%)	 0 	 (0%)	 0 	 (0%)
DM	 0 	 (0%)	 0 	 (0%)	 1 	 (5.9%)	 0 	 (0%)
Dyslipidaemia	 0 	 (0%)	 5 	 (38.5%)	 3 	 (17.6%)	 1 	 (5.6%)
Hypertension	 0 	 (0%)	 1 	 (7.7%)	 2 	 (11.8%)	 1 	 (5.6%)

Co-morbidity was identified within 3 years before index date.
AIDS: acquired immunodeficiency syndrome; IgG4-RD: IgG4 related disease; RA: rheumatoid arthritis; 
CKD: chronic kidney disease; COPD: chronic obstructive pulmonary disease; DM: diabetes mellitus.

Fig. 1. Flow chart for the participations grouping in this study.
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Statistical analyses
All data were analysed statistically us-
ing SPSS v. 25.0 software (IBM, Aro-
mak, NY, USA). Measurement data 
subject to a normal distribution are 
expressed as means ± standard devia-
tion. Differences between groups were 
determined with a one-way analysis of 
variance. Multiple comparisons used 
the least significant difference test, and 
correlation analyses used the Pearson 
method. Measurement data that were 
not normally distributed are represented 
by median and quarter-position spacing 
[M (Q25, Q75)]. Differences between 
these groups were determined with the 
Kruskal-Wallis test, and the correlation 
analysis was based on the Spearman 
method. Differences with p<0.05 were 
considered statistically significant.

Results
Ophthalmologic analyses
The SIT and BUT results of DE pa-
tients were decreased significantly 
compared with those of healthy control 
individuals (p<0.001). DE patients with 
autoimmune diseases had less tear se-
cretion and shorter tear BUT (p<0.05) 
than simple DE patients. There were no 
significant differences in either the SIT 
or BUT results between the SLE and 
SS patients (Table II). Using the CFS 
score, the healthy control subjects did 
not have abnormal corneal staining, 
while DE patients had abnormal posi-
tive corneal staining, though the overall 
CFS scores were not significantly dif-
ferent between the four groups of sub-
jects in this study. Comparing the OSDI 
questionnaire scores, differences be-
tween the groups of subjects were sta-
tistically significant (p<0.001). Among 
them, the OSDI score of DE patients 
was significantly higher than that of the 
healthy control group (Table II).

Rheumatologic analyses
Anti-ANA, anti-dsDNA, anti-SSA, 
and anti-SSB antibody levels in control 
and DE group participants were not de-
tectable or present at non-meaningful 
levels (Table III). In the SLE and SS 
groups, especially SLE patients, anti-
ANA, anti-dsDNA, anti-SSA, and anti-
SSB antibody levels were significantly 
increased. However, the C3 and C4 

expression levels were only reduced in 
SLE group patients.

Cytokine levels in tear samples 
The concentrations of TNF-α (p<0.05), 
IL-6 (p<0.001), IL-8 (p<0.001), and IL-
21 (p<0.001) were increased significant-
ly in DE, SLE, and SS patients compared 
with those in the control group (Fig. 2). 
IL-8 (p<0.001) and IL-21 (p<0.001) 
were increased more in both the SLE and 
SS groups than in the DE group (Fig. 2). 
The concentrations of IL-2 (p<0.001) 
and IL-4 (p<0.001) were increased in the 
DE group and reduced in the SLE and SS 
groups compared with those in the con-
trol group (Fig. 3). The IL-22 (p<0.001) 
level was reduced only in the SLE group, 
whereas IL-23 (p<0.001) expression 
was reduced in the DE, SLE, and SS 
groups compared with those in the con-
trol group (Fig. 2). The concentration of 
IFN-γ was slightly increased in the DE 
(p<0.05) group but decreased in the SLE 
(p<0.05) and SS (p<0.001) groups (Fig. 
4). The concentrations of IL-1β (p<0.05) 
and IL-17F (p<0.05) were only slightly 
increased in the DE group and were not 
significantly different between the other 
groups (Fig. 4).

Discussion
Although it is known that SLE and SS 
occur more frequently in females than 
in males, the current finding that this 
is also true of DE patients is interest-
ing (Table I). There are many causes of 
DE and the pathological mechanisms 
are complex, but it is generally consid-
ered that inflammation is most related 
to the occurrence of this disorder. The 
ophthalmology analyses results showed 
that SIT, BUT, and OSDI were not only 
increased in DE patients, but also sig-
nificantly increased in both SLE and 
SS patients (Table II). DE with SLE or 
SS co-morbidity seems to enhance DE 
symptoms. The rheumatologic analyses 
results showed that anti-ANA, anti-
dsDNA, anti-SSA, and anti-SSB an-
tibodies are potentially related to the 
symptoms of DE in SLE or SS patients, 
though more evidence is needed to sup-
port this contention (Table III).
In tear glands and on the eye surface, 
infiltration of a large number of lym-
phocytes and excessive production of 
inflammatory cytokines can damage 
the normal nerve stimulation of tear se-
cretion and inhibit the release of neuro-
transmitters, thereby affecting the qual-

Table II. Ophthalmological analysis.

Parameter	 C	 DE	 SLE	 SS

SIT (mm/5min)	 14.85±2.70	 6.77±1.36*	 3.46±1.05*#	 5.03±2.46*#

BUT (s)	 14.02±1.36	 6.09±1.76*	 4.22±1.96*#	 4.45±2.07*#

CFS (score)	 0.00	 0.00	 0.00	 0.00
	 (0.00, 0.00)	 (0.00, 1.00)	 (0.00,2.00)	 (0.00,0.00)

OSDI (score)	 5.00	 20.80*	 25.50*	 24.35*
	 (0.00, 5.00)	 (14.00, 27.70)	 (17.65, 35.90)	 (19.58, 35.20)

SIT, BUT values are average ± standard deviation (χ±s), CFS, OSDI values are median and quarter 
spacing [M (Q25,Q75)].
*p<0.05, compared to the control group; #p<0.05, compared to SDE.

Table III. Rheumatologic analysis.

Parameter	 C	 DE	 SLE	 SS

anti-ANA (AU/ml)		 N.D.		 N.D.	 558.88	±	373.37	 260.93	±	128.43
anti-dsDNA (IU/ml)		 N.D.		 N.D.	 446.76	±	401.18	 47.11	±	35.91
151. anti-SSA (AU/ml)		 N.D.		 N.D.	 209.12	±	110.26	 21	±	94.17
anti-SSB (AU/ml)		 N.D.		 N.D.	 49.01	±	33.79	 19.00	±	7.82
C3 (g/L)	 1.12	±	0.32	 1.25	±	0.26	 0.53	±	0.20*#	 1.10	±	0.21
C4 (g/L)	 0.25	±	0.06	 0.30	±	0.08	 0.10	±	0.05*#	 0.40	±	0.23

N.D.: the value presents no meaningful or no detectable results.
Anti-ANA, anti-dsDNA, anti-SSA, anti-SSB, C3, C4 values are average ± standard deviation (χ±s).
*p<0.05, compared to the control group; #p<0.05, compared to DE.
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ity and quantity of tear secretion (26). 
These cytokines play different and im-
portant roles in complex immune net-
works and affect each other, and some 
have become important targets for the 
treatment of autoimmune diseases. In 
the current study, increases in the lev-
els of some cytokines, such as TNF-α, 
IL-6, IL-8, and IL-21, were potentially 
related to the development of DE symp-
toms in DE patients, and may have been 
involved in the enhancement of these 
symptoms in SLE and SS patients (Fig. 
2). TNF-α, IL-1α, IL-6, IL-8, IL-12, 
and macrophage inhibitory protein-1α 
were also reported previously to be 
related to SS with DE symptoms, and 
their levels might correlate with inflam-
mation around the eyes (26).
There have been many drugs used to re-
duce or block TNF-α-mediated signals 
for the treatment of SS, such as inflixi-
mab and adalimumab (30, 31). Whether 
these drugs can effectively relieve DE 
needs more research. High IL-6 ex-
pression was reported as a downstream 
result of inflammation associated with 
activation of the JAK-STAT pathway, 
and correlated to SS (32). The use of 
tofacitinib, as an anti-inflammatory 
treatment in SS, was also suggested in 
the same report. Enhanced release of 
the proinflammatory cytokines, IL-8 
and TNF-α, will augment inflammatory 
reactions and can cause cell damage 
(33). IL-8 also has a strong chemotactic 
effect on T cells and neutrophils. The 
penetration and activation of T lympho-
cytes can damage lacrimal glands and 
ocular surface tissues through cytotoxic 
and apoptotic mechanisms (34). IL-21 
has been linked to autoimmune dis-
eases, and its levels are increased in the 
peripheral blood and tissues of SLE and 
SS patients (35). In the current work, 
IL-8 and IL-21 levels were enhanced 
more in SLE and SS than DE patients. 
This suggested that IL-8 and IL-21 may 
be related to the development of DE 
symptoms that were exacerbated by 
other co-factors in SLE and SS patients. 
Unfortunately, tolerance and low bio-
availability appear to reduce the value 
of IL-21 as a therapeutic target in some 
clinical trials (36). 
IL-2, IL-4, IL-22, and IL-23 expres-
sion was increased in DE patients but 

Fig. 3. Concentrations of IL-2 (A), IL-4 (B), IL-22 (C) and IL-23 (D) in tear samples from dry normal 
control participations and DE, SLE, SS patients were determined by Luminex assay.
*p<0.05; ***p<0.001 compared with control group; ###p<0.001 compared with DE group.

Fig. 2. Concentrations of TNF-α (A), IL-6 (B), IL-8 (C) and IL-21 (D) in tear samples from dry nor-
mal control participations and DE, SLE, SS patients were determined by Luminex assay.
*p<0.05; ***p<0.001 compared with control group; ###p<0.001 compared with DE group.
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reduced in SLE and SS patients (Fig. 
3). In the 1990s, several studies re-
vealed IL-2 as a major survival factor 
of regulatory T cells in the periphery 
(37). Moreover, low-dose IL-2 admin-
istration was shown to be a promising 
treatment for SLE (38). In the current 
work, IL-2 was highly expressed only 
in DE patients, suggesting that IL-2 
may cause simple DE autoimmune 
symptoms. Th1 and Th17, among vari-
ous subtypes of T helper cells, can trig-
ger the JAK-STAT signalling pathways 
and control the production of several 
Th-17-related cytokines, such as IFN-γ, 
IL-4, IL-17, IL-22, IL-23, and IL-22, 
that mediate downstream inflammation 
(39). Interestingly, IL-4 expression in 
tear samples from each group was simi-
lar to IL-2. IL-22 expression was only 
reduced in SLE patients, while IL-23 
expression was reduced in DE, SLE, 
and SS patients (Fig. 3). The Th-17-re-
lated cytokine, IFN-γ, is known to be 
related to autoimmune problems, and 
its expression differed in tear samples 
of SLE and SS patients (Fig. 4). This 
suggests that IFN-γ directly or indi-

rectly modulates the different mecha-
nisms of DE symptoms in SLE and SS 
patients. 
This study has some limitations. First, 
only the protein in tear fluid samples 
was tested. In addition, because all pa-
tients were recruited before any clinical 
treatment, there was a lack of control of 
parameters before and after treatment. 
Finally, only patients in Guangdong, 
China, who do not represent the entire 
human population, were tested. Nev-
ertheless, there are several important 
conclusions that may be inferred from 
this study; specifically, the up-regula-
tion of IL-8 and IL-21 in tear samples, 
and the downregulation of IL-2 and IL-
4, may aggravate DE symptoms due to 
immune diseases.
In conclusion, an increased IL-6 and 
decreased IL-23 concentration in tears 
may be the main factors causing DE 
symptoms, and these symptoms may 
be less associated with immune dis-
eases. However, whether the above-
mentioned Th17 cell-related cytokines 
can be used as targets for the treatment 
of DE requires further research.
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