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Abstract 

Objective The cross-sectional study was designed to evaluate the association of ocular surface inflammation 
with systemic conditions in patients with systemic lupus erythematosus (SLE).

Methods The study enrolled 30 SLE patients and 30 controls. Ocular symptoms were evaluated using the Ocular 
Surface Disease Index (OSDI) questionnaire. Tear samples from all participants were collected for tear multi-cytokine 
and chemokine concentration analysis. All participants were assessed for dry eye disease (DED), including Schirmer I 
test, tear break-up time (TBUT), corneal fluorescein staining (CFS), meibomian gland secretion (MGS), lid-parallel con-
junctival folds (LIPCOF), corneal clarity, and symblepharon. Besides, all participants were also examined for conjunc-
tival impression cytology to measure the density of conjunctival goblet cells (CGCs). The peripheral blood indicators 
from SLE patients were also collected to measure the SLE-associated autoantibody specificities and systemic inflam-
matory indicators. Pearson and Spearman’s analysis were uesd to examine the correlation between tear cytokines, 
CGCs, DED-related indicators, and systemic conditions.

Results The two groups were matched for age and gender in this study. 36.67% of eyes (11 in 30) of SLE patients 
and 13.33% of eyes (4 in 30) of controls were diagnosed with DED. OSDI scores, abnormal TBUT percentages, CFS 
percentages, and DED grading were all higher in SLE patients than in control group, while density of CGCs was lower. 
There were no significant differences in Schirmer I test, MGS, LIPCOF, corneal clarity, and symblepharon between SLE 
patients and controls. The levels of tear chemokine (C-X-C motif ) ligand 11 (CXCL11) and cytokine interleukin-7 (IL-7) 
in patients with SLE were significantly higher than those in control group. Moreover, among SLE patients, the severity 
of DED and the level of tear chemokine CXCL11 were significantly positively correlated with SLE-associated autoanti-
body specificities.

Conclusion Dry eye and tear cytokines and chemokines-mediated ocular surface inflammation persist in SLE 
patients and are associated with systemic conditions. Therefore, it is necessary for patients with SLE to combine sys-
temic and ocular assessments.
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Key points 

SLE patients have higher OSDI scores, abnormal TBUT percentages, CFS percentages, DED grading, and lower density 
of CGCs compared to controls. SLE patients have higher levels of tear chemokine CXCL11 and cytokine IL-7 compared 
to controls.

Among SLE patients, the severity of DED and the level of tear chemokine CXCL11 are significantly positively correlated 
with SLE-associated autoantibody specificities.

Keywords Dry eye disease, Systemic lupus erythematosus, Ocular surface inflammation, Autoantibody

Introduction
Systemic lupus erythematosus (SLE), a complex autoim-
mune multisystem disease, has significant clinical het-
erogeneity and considerable potential for morbidity and 
mortality [1–3]. It is characterized by aberrant immune 
system activity, leading to an expansion of SLE-asso-
ciated autoantibody specificities and elevated levels of 
serum cytokines and chemokines [4–6]. SLE manifests in 
various ways, including lupus nephritis, arthritis, hema-
tological disease, pulmonary hypertension, and skin ery-
thema [7]. Additionally, SLE may initially present with 
ocular manifestations [8]. Reports indicate that ocular 
involvement occurs in 31% of SLE patients and may be 
associated with systemic disease activity [9]. Autoanti-
body formation, immune complex deposition, and com-
plement fixation in SLE patients lead to inflammation 
and damage to ocular structures, such as the eyelid, con-
junctiva, cornea, uvea, retina, even optic nerve [9, 10]. 
Dry eye disease (DED) is the most common manifesta-
tion of ocular surface inflammation in SLE patients, with 
36–85% reporting dry eye symptoms [10–12].

DED, as a multifactorial ocular surface disease, is char-
acterized by a loss of tear film homeostasis and multiple 
ocular symptoms. Underlying causes include ocular sur-
face damage and inflammation, tear film hyperosmo-
larity and instability, and neurosensory abnormalities 
[13]. Recent studies have found that tear inflammatory 
cytokines and conjunctival goblet cells (CGCs) are closely 
related to the pathogenesis of DED. Elevated levels of 
tear pro-inflammatory cytokines and chemokines are 
observed in DED, such as chemokine (C-X-C motif ) 
ligand 8 (CXCL8), interleukin (IL)-1β, IL-6, IL-10, tumor 
necrosis factor-α (TNF-α), and interferon-γ (IFN-γ) 
[14–16]. The loss of CGCs has been linked to the sever-
ity of dry eye [17–21]. Some studies have shown that the 
levels of pro-inflammatory cytokines and chemokines in 
tears, including CXCL8, IL-6, IL-17, IL-21, and TNF-α, 
are increased in patients with SLE-related DED [22, 23]. 
However, few studies focus on the correlation between 
ocular surface inflammation and systemic conditions in 
SLE patients. Moreover, our study found that many SLE 
patients have ocular surface pathological changes before 
the diagnosis of dry eye. Therefore, we believe that the 

ocular surface damage and the severity of DED may be 
underestimated in SLE patients. Identifying the cor-
relation between ocular surface pathological changes, 
DED-related indicators, and systemic conditions in SLE 
patients, as well as determining if these are distinct from 
normal controls, could allow for more sensitive identifi-
cation of dry eye conditions, improve long-term quality 
of life, and reduce vision loss.

The study aims to collect data on tear cytokines, CGCs, 
DED-related indicators, and SLE-related systemic indi-
cators in SLE patients and compare them with healthy 
controls. By exploring the association between tear 
cytokines, CGCs, DED-related indicators, and SLE-
related blood indexes through correlation analysis, we 
aim to better understand the mechanisms involved. This 
could contribute to the early diagnosis and treatment of 
SLE-related DED, ultimately reducing the pain and bur-
den of living with the disease.

Methods
Research population
The study recruited patients sequentially, aged 
18–80  years with SLE (excluding secondary Sjogren’s 
syndrome) who were admitted to the Rheumatology 
Department of Xiangya Second Hospital, Central South 
University from February 2021 to August 2022. The diag-
nostic criteria for SLE are based on the 2019 EULAR/
ACR Classification Criteria [24, 25]. Details were shown 
in Supplementary Table  1. The control group included 
normal volunteers matched for gender and age. Exclu-
sion criteria for all participants was a history of eye drops 
therapy in the past month, ocular trauma, ocular sur-
gery, other ocular diseases, other autoimmune rheumatic 
diseases. All participants volunteered for the study and 
signed an informed consent form. This study has been 
approved by the Clinical Research Ethics Committee of 
the Second Xiangya Hospital of Central South University 
(Ethics No.: LYF2021028).

Assessment for ocular surface disorders
Ocular Surface Disease Index (OSDI)
OSDI is a widely used questionnaire to evaluate the fre-
quency of ocular symptoms and impact among DED 
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patients [26]. It consists of 12 items divided into 3 parts: 
ocular symptoms, daily activity restrictions, and the 
influence of environmental factors on the eyes [27–29]. 
Higher OSDI scores indicate more severe ocular symp-
toms. The calculation and grade of OSDI are described 
previously [30]. OSDI score ranges from 0 to 100, with a 
score ≥ 13 considered DED.

Schirmer I test
The test is performed without anesthesia. In the middle 
and outer 1/3 of the conjunctival sac in the lower eye-
lids, tear secretion test papers are placed for five min-
utes. Record the wetted length as reflex tear secretion. A 
secretion length of < 10  mm/5  min is considered abnor-
mal [29, 31].

Tear break‑up time (TBUT)
Conjunctival sac of the lower eyelid is dropped with 
sodium fluorescein. Under cobalt blue light, the time 
when the first spot appeared on the cornea is recorded. 
TBUT < 10 s indicates abnormal tear stability [31].

Corneal fluorescein staining (CFS)
Cornea is stained with sodium fluorescein, and observed 
under the cobalt blue light of a slit lamp. OXFORD scale 
(range from 0 to 4) is used to grade: 0, normal; 1, 2, 3, and 
4, abnormal [32].

Meibomian gland secretion (MGS)
The eyelids are gently squeezed with the thumb. The 
secretions of the meibomian gland are observed under 
slit lamp. The secretions are scored as follows: 0, clear 
and transparent liquid (normal); 1, cloudy liquid (abnor-
mal); 2, cloudy granular secretions (abnormal); 3, tooth-
paste (abnormal) [33].

Lid‑parallel conjunctival folds (LIPCOF)
LIPCOF is evaluated on the bulbar conjunctiva above the 
lower eyelid in an area perpendicular to the temporal and 
nasal margins. The number of folds is counted and classi-
fied: 0 = no conjunctival folds, 1 = 1 permanent and clear 
parallel fold, 2 = 2 permanent and clear parallel folds, and 
3 = more than 2 permanent and clear parallel folds). 0 is 
considered normal, and 1, 2, and 3 are considered abnor-
mal [34].

Corneal clarity and symblepharon
The slit lamp is used to observe corneal clarity and sym-
blepharon presence. Corneal clarity is scored using a 
scale of 0–4 (0 = completely clear, 1 = slightly hazy, iris 
and pupils easily visible, 2 = slightly opaque, iris and 
pupils still detectable, 3 = opaque, pupils hardly detect-
able, and 4 = completely opaque with no view of the 

pupils). 0 is considered normal, and 1, 2, 3, and 4 are con-
sidered abnormal [35, 36].

Symblepharon is scored using a scale of 0–3 (0 = no 
symblepharon, 1 = symblepharon formation involving 
only the conjunctival surface, 2 = symblepharon forma-
tion on < 50% of the corneal surface, 3 = symblepharon 
formation on > 50% of the corneal surface. 0 is considered 
normal, and 1, 2, and 3 are considered abnormal [37].

Diagnosis, severity, and classification for DED
DED can be diagnosed in patients with signs 
(TBUT < 10  s, or CFS ≥ Level 1) and symptoms (OSDI 
score ≥ 13) according to DEWS II [29]. Given the separa-
tion of symptoms and signs of DED, patients with mild 
or no symptomscan can also be diagnosed if they exhibit 
severe tear function impairment or ocular surface dam-
age. For sub-classification: Schirmer I test < 10 mm/5 min 
and TBUT < 10  s indicates mixed dry eye (MDE), 
Schirmer I test < 10  mm/5  min and TBUT ≥ 10  s indi-
cates aqueous deficient dry eye (ADDE), Schirmer I 
test ≥ 10 mm/5 min and TBUT < 10 s indicates evapora-
tive dry eye (EDE) [38]. DED severity is assessed accord-
ing to DEWS I [31, 39], and divided into four levels 
(Supplementary Table 2).

Tear sample collection and cytokines concentration 
analysis
Using a sterile pipette tip, add 10 μL saline to the lower 
conjunctival sac, without topical anesthetics or any other 
eye drops. The Disposable Micro-Capillary Fluid Col-
lector (Seinda, China) was placed in the middle 1/3 of 
lower eyelid margin, allowing tears to enter the collector 
through siphon action. Each tube collected 2.2 μL of tears 
per collection, and each eye of each patient was sampled 
three times with an interval of 10 s. 100 μL sterile Eppen-
dorf tubes were used to store tears and stored at -80  °C 
until detection.

For cytokine detection, tears from the right eyes of all 
patients were selected and processed according to the 
instructions for the Milliplex Map Human High Sensitiv-
ity T Cell Panel-Immunology Multiplex Assay (Millipore, 
Billerica, MA, USA). Briefly, dilute each tear sample 2 μL 
with saline to 25 μL, and add the diluted tear into the cor-
responding sample well. The positive control group was 
given the standard of the concentration gradient, and 
the negative control group was given the same amount 
of solvent. After incubation and washing with beads and 
antibodies in all test wells, the fluorescence intensity of 
cytokines was measured using the liquid chip detector 
MAGPIX (Luminex, USA) and the software xPONENT® 
(Luminex, USA). The tear cytokine concentrations were 
calculated by fitting the standard curve generated from 
the standard samples.
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Conjunctival impression cytology and CGCs density 
assessment
After administering surface anesthesia to the patient’s 
eyes using Oxybuprocaine Hydrochloride eye drops, a 
semi-circular sterile cellulose acetate membrane with a 
diameter of 10 mm (Advantec, Tokyo, Japan) was used to 
collect cast-off cells of the supramporal conjunctiva.

For periodic acid-Schiff (PAS), the Glycogen Stain Kit 
(G1360, Solarbio) was used. Samples were fixed by 95% 
ethanol, washed with water, and treated with periodic 
acid. Schiff reagent was then added. Ethanol was used for 
gradient dehydration of the samples, followed by making 
the cellulose acetate membrane transparent with xylene, 
then sealing by neutral resin.

The microscopic imaging system Invitrogen™ EVOS™ 
M7000 (Thermo Scientific, U.S.) were used to observe 
samples. At 20 × magnification, 5 fields of view were 
randomly captured for each sample. Image-Pro Plus 
6.0 (Media Cybernetics, U.S.) were used to processe 
all images, and the density of CGCs (CGC/mm2) was 
calculated.

All the above tests were carried out on the right eye of 
the participants, and all tests were carried out in the fol-
lowing order: information collection and OSDI question-
naire filling, tear collection, Schimer I test, TBUT, CFS, 
MGS, LIPCOF, corneal clarity, symblepharon, and finally 
conjunctival impression cytology.

Typical blood indicators of SLE patients
Collect peripheral blood indicatiors related to disease 
activity for all patients at the time of admission. These 
indicators include SLE-related autoantibodies, such as 
anti-histone antibody (AHA), anti-ribonucleoproteins 
antibody (anti-RNP), anti-Smith antibody (anti-Sm), 
anti-dsDNA antibody (anti-dsDNA), anti-Ro-52 antibody 
(anti-Ro-52), anti-Sjogren’s syndrome A antibody (anti-
SSA), anti-Sjogren’s syndrome B antibody (anti-SSB), and 
anti-nucleosome antibody (ANuA). Additionally, sys-
temic inflammatory indicators, including complement 
C4, erythrocyte sedimentation rate (ESR), and lympho-
cytes and their subsets were collected [40, 41].

Statistics
Samples with incomplete data were excluded. Independ-
ent samples t-test was used to compare continuous vari-
ables. Categorical variables were tested using chi-square 
test. Wilcoxon rank sum test was used for rank variables. 
Correlations between ocular surface disorders and sys-
temic conditions among SLE patients were evaluated by 
Pearson and Spearman’s correlation analyses. P < 0.05 was 
considered statistically significant.

Results
Characteristics of study participants
The study enrolled a total of 60 participants, including 30 
patients with SLE (30 eyes; 2 males and 28 females) with 
an average age of 38.90 ± 14.07 years (range 20–63), and 
30 normal volunteers (30 eyes; 7 males and 23 females) 
with an average age of 36.43 ± 17.08 years (range 22–67). 
There was no significant difference in age and gender 
between the two groups (Table  1). All participants did 
not receive any therapeutic treatment, including systemic 
or topical medications, during the testing period.

Evaluation of ocular surface disorders in study participants
Among SLE patients, 33.33% reported ocular symptoms 
with an average OSDI score of 12.99 ± 13.71. Most were 
classified as OSDI level 1 (16.67%) and level 3 (13.33%), 
with 3.33% at level 2. For ocular signs, 33.33% had 
reduced tear secretion measured by the Schirmer I test 
(12.47 ± 9.85  mm/5  min), 83.33% had shortened TBUT 
(5.97 ± 3.07  s), 16.67% had CFS, 33.33% had abnormal 
MGS, 10% had abnormal LIPCOF, and no one had sym-
blepharon or corneal opacity. Among these patients, 
36.67% had DED, with 18.18% classified as ADDE, 72.73% 
as EDE, and 9.09% as MDE. For DED severity, 54.55% 
were in grade II, 27.27% in grade III, and 18.18% in grade 
I.

Among controls, 16.67% reported ocular symptoms 
with an average OSDI score of 6.05 ± 5.82, all at OSDI 
level 1. Additionally, 30% had reduced tear secretion 
(14.63 ± 10.86  mm/5  min), 60% had shortened TBUT 
(7.37 ± 3.85  s), 36.67% had abnormal MGS, 16.67% had 
abnormal LIPCOF, no one had CFS, symblepharon or 
corneal opacity. Among controls, 13.33% had DED, with 
50% classified as ADDE and 50% as MDE. For DED 
severity, all were in grade II.

The OSDI score, percentage of abnormal TBUT and 
CFS were significantly higher in SLE patients than in con-
trol group (Table  1, P = 0.02; P = 0.04; P = 0.02). Higher 
prevalence and severity of dry eye were also shwon in 
SLE patients (Table 1, P = 0.04; P = 0.01). Lower density of 
CGCs was in SLE patients compared to controls (Table 1 
and Fig. 1, 98.24 ± 48.12 and 154.62 ± 81.83, P = 0.03). No 
significant differences were shown in other ocular surface 
disorders between the two groups.

Levels of tear cytokines among study participants
The levels of tear cytokine IL-7 and chemokine CXCL11 
in SLE patients were higher than in control group 
(Table  2, 729.24 ± 612.96 and 414.63 ± 185.86, P = 0.01; 
5595.47 ± 5492.18 and 1489.94 ± 2040.85, P = 0.01). No 
significant differences were shwon in tear chemokine 
(C–C motif ) ligand 3 (CCL3), CCL4, CCL20, CXCL8, 
chemokine (C-X3-C motif ) ligand 1 (CX3CL1), 
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granulocyte–macrophage colony-stimulating factor 
(GM-CSF), IL-1β, IL-2, IL-4, IL-5, IL-6, IL-10, IL-12, 
IL-13, IL-17, IL-21, IL-23, IFN-γ, and TNF-α between the 
two groups (Table 2).

Typical peripheral blood indicators among SLE patients
For SLE-associated autoantibodies (Table 3), the highest 
percentage of positive patients was for anti-RNP anti-
bodies (70%), followed by anti-SSA (66.67%). Nearly half 
of the SLE patients were positive for ANuA, AHA, anti-
dsDNA, anti-Ro-52, and anti-Sm antibodies (63.33%, 
63.33%, 60%, 60%, and 46.67%, respectively). 20% of the 
patients were positive for anti-SSB antibodies.

As shown in Table  4, complement C4 was decreased 
in 56.67% of SLE patients, and 73.33% had an abnormal 
ESR. The counts and percentages of lymphocytes and 
their subsets were generally within the normal range.

Correlation analysis
DED is often associated with elevated tear cytokines 
[42]. In SLE patients (Table 5), CFS levels were positively 
correlated with tear chemokine CXCL11 concentration 
(r = 0.68, P = 0.001). MGS was positively correlated with 
tear cytokine IL-6 concentration (r = 0.54, P = 0.002). 
LIPCOF was positively correlated with tear chemokine 
CXCL8 and CCL4 concentration (r = 0.55, P = 0.002; 
r = 0.41, P = 0.023). There were no significant correlations 
between OSDI, Schirmer I, TBUT, CGCs, DED severity, 
and tear cytokines or chemokines among SLE patients.

In addition, DED was also associated with systemic 
conditions in SLE patients. As shown in Table  6, OSDI 
score was positively correlated with the systemic indica-
tor C4 (r = 0.42, P = 0.023). There was a significant posi-
tive correlation between CFS level and anti-SSB antibody 
(r = 0.58, P = 0.001). CGCs were negatively correlated 
with B cell count (r = -0.51, P = 0.013). There was a sig-
nificant positive correlation between severity of DED 
and anti-SSB antibody, C4 (r = 0.49, P = 0.006; r = 0.39, 
P = 0.035).

Furthermore, a correlation was found between tear 
cytokines and systemic factors in SLE patients. There was 
a significant positive correlation between tear chemokine 
CXCL11 and anti-dsDNA antibody (r = 0.42, P = 0.022; 
Fig.  2A). Tear chemokine CCL4 was correlated posi-
tively with AHA (r = 0.41, P = 0.026; Fig.  2B).  CD8+ T 
cells were correlated positively with tear chemokine 
CX3CL1, cytokines IL-1β, IL-2, IL-10, IL-17A, IFN-γ, 
and TNF-α in SLE patients (r = 0.77, r = 0.82, r = 0.81, 
r = 0.85, r = 0.84, r = 0.74, r = 0.79, all P < 0.01; Fig. 2C). No 
significant correlations were observed between other tear 
cytokine or chemokine and systemic indicators among 
SLE patients.

Table 1 The clinical information and ocular surface disorders of 
the study participants

OSDI Ocular Surface Disease Index, TBUT Tear film break-up time, CFS corneal 
fluorescein staining, MGS meibomian gland secretion, LIPCOF Lid-parallel 
conjunctival folds, DED dry eye disease, CGCs Conjunctival goblet cells, SLE 
Systemic lupus erythematosus, n number, mm millimeter, min minute, s second

P value means autoimmune rheumatic patients compared to control group, * 
and bold mean P < 0.05

Characteristics SLE, n = 30 Control, n = 30 P Value

Age (years) 38.90 ± 14.07 36.43 ± 17.08 0.54

Gender-Female, n (%) 28 (93.33) 23 (76.67) 0.15

OSDI score 12.99 ± 13.71 6.05 ± 5.82 0.02*
OSDI level, n (%) 0.14

 0 (0–12) 20 (66.67) 25 (83.33)

 1 (13–22) 5 (16.67) 5 (16.67)

 2 (23–32) 1 (3.33) 0

 3 (≥ 33) 4 (13.33) 0

Schirmer I test (mm/5 min) 12.47 ± 9.85 14.63 ± 10.86 0.42

Schirmer I test level, n (%) 0.78

 Abnormal (< 10 mm/5 min) 10 (33.33) 9 (30.00)

 Normal (≥ 10 mm/5 min) 20 (66.67) 21 (70.00)

TBUT (s) 5.97 ± 3.07 7.37 ± 3.85 0.13

TBUT level, n (%) 0.04*
 Abnormal (< 10 s) 25 (83.33) 18 (60.00)

 Normal (≥ 10 s) 5 (16.67) 12 (40.00)

CFS, n (%) 0.02*
 Abnormal (≥ Grade 1) 5 (16.67) 0

 Normal (Grade 0) 25 (83.33) 30 (100.00)

MGS, n (%) 0.78

 Abnormal (≥ Grade 1) 10 (33.33) 11 (36.67)

 Normal (Grade 0) 20 (66.67) 19 (63.33)

LIPCOF, n (%) 0.45

 Abnormal (≥ Grade 1) 3 (10.00) 5 (16.67)

 Normal (Grade 0) 27 (90.00) 25 (83.33)

Symblepharon presence, 
n (%)

1

 Abnormal 0 0

 Normal 30 (100) 30 (100)

Corneal clarity, n (%) 1

 Abnormal 0 0

 Normal 30 (100) 30 (100)

DED, n (%) 11 (36.67) 4 (13.33) 0.04*
Severity of DED, n (%) 0.01*
 Grade I 2 (18.18) 4 (100)

 Grade II 6 (54.55) 0

 Grade III 3 (27.27) 0

 Grade IV 0 0

Classification of DED, n (%) 0.02*
 Aqueous deficiency dry eye 2 (18.18) 2 (50.00)

 Evaporative dry eye 8 (72.73) 0

 Mixed dry eye 1 (9.09) 2 (50.00)

CGCs (CGC/mm2) 98.24 ± 48.12 154.62 ± 81.83 0.03*
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Discussion
Our study reported that more severe ocular surface 
damage was shown in SLE patients compared to nor-
mal controls, including significantly higher OSDI score, 

percentage of abnormal TBUT and CFS, prevalence and 
severity of DED, and lower density of CGCs. Addition-
ally, levels of tear chemokine CXCL11 and cytokine IL-7 
were elevated in SLE patients compared to normal pop-
ulation. Moreover, in SLE patients, severity of DED was 
significantly positively correlated with specific SLE-asso-
ciated autoantibody anti-SSB, and elevated level of tear 
chemokine CXCL11 was positively correlated with anti-
dsDNA antibody. 

Dry eye is the most common ophthalmic manifestation 
for SLE [10]. Our study shown that 36.67% of SLE patients 
exhibited DED. A meta-analysis similarly reported dry 
eye in approximately one third of SLE patients [43]. The 
pathogenesis of SLE-related dry eye remains incom-
pletely understood. Recent studies suggest a link between 
dry eye pathogenesis and tear cytokines [15, 44]. Concur-
rently, SLE pathogenesis involves cytokine dysregulation 
[45]. IL-7, crucial for immune homeostasis, supports 
naive T cell survival, T and B cell development, and mem-
ory T cell maintenance. In DED, IL-7 plays a key role in 
inflammation. Studies have detected increased tear IL-7 
concentrations in DED patients [46]. In a C57BL/6 mice 
model of chronic dry eye disease, IL-7 gene and protein 
levels were elevated in drainage lymph nodes and con-
junctiva. Topical IL-7 blockade provided sustained relief 
for DED [47]. IL-7 dysregulation also disrupts lymphoid 
development and contributes to autoimmune diseases 
pathophysiology [48–50]. IL-7 promotes Th17 and Th1 
proliferation and induces cytokine secretion (IFN-γ and 
IL-17) in SLE [51]. Additionally, IL-7 overexpression has 
been observed in Sjögren’s syndrome (SS) patients and 
in joints or serum of rheumatoid arthritis patients, cor-
relating with disease severity [52–56]. Currently, there is 
limited research on tear IL-7 and SLE. Our study found 
significantly higher tear IL-7 levels in SLE patients com-
pared to controls.

Fig. 1 Representative images of conjunctival impression cytology in SLE patientsand control group (× 200, PAS staining). The dark purple cells 
indicated by the white arrow represent goblet cells. Scale bar = 50 μm

Table 2 Levels of tear cytokines among the study participants

CCL3 chemokine (C–C motif ) ligand 3, CCL4 chemokine (C–C motif ) ligand 4, 
CCL20 chemokine (C–C motif ) ligand 20, CXCL8 chemokine (C-X-C motif ) ligand 
8, CXCL11 chemokine (C-X-C motif ) ligand 11, CX3CL1 chemokine (C-X3-C motif ) 
ligand 1, GM-CSF granulocyte–macrophage colony-stimulating factor, IFN-γ 
interferon-gamma, IL interleukin, TNF-α Tumour Necrosis Factor alpha, SLE 
Systemic lupus erythematosus, pg picogram, mL milliliter, n number

P value means autoimmune rheumatic patients compared to control group, * 
and bold mean P < 0.05

Cytokines (pg/mL) SLE, n = 30 Control, n = 14 P Value

CCL3 30.36 ± 110.91 33.38 ± 124.89 0.94

CCL4 88.76 ± 103.91 215.19 ± 523.71 0.37

CCL20 613.10 ± 555.44 1045.12 ± 1235.91 0.12

CXCL8 830.20 ± 901.42 1569.12 ± 3016.83 0.38

CXCL11 5595.47 ± 5492.18 1489.94 ± 2040.85 0.001*
CX3CL1 2478.14 ± 3515.21 1373.59 ± 846.58 0.26

GM-CSF 23.73 ± 48.50 1.58 ± 10.17 0.45

IFN-γ 149.16 ± 358.94 42.17 ± 42.32 0.28

IL-1β 11.50 ± 19.52 8.88 ± 8.10 0.63

IL-2 11.70 ± 41.36 2.83 ± 3.43 0.43

IL-4 386.08 ± 947.84 152.11 ± 180.99 0.37

IL-5 23.31 ± 54.73 11.32 ± 6.44 0.42

IL-6 89.28 ± 94.80 160.79 ± 214.90 0.25

IL-7 729.24 ± 612.96 414.63 ± 185.86 0.01*
IL-10 67.29 ± 146.77 42.32 ± 32.91 0.54

IL-12 29.55 ± 67.12 13.52 ± 8.75 0.38

IL-13 92.65 ± 129.96 50.90 ± 48.46 0.25

IL-17 75.84 ± 169.35 33.71 ± 23.79 0.36

IL-21 24.03 ± 79.45 2.05 ± 2.38 0.14

IL-23 1159.65 ± 2726.29 485.96 ± 380.65 0.35

TNF-α 25.91 ± 44.88 13.99 ± 10.15 0.34
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CXCL11, which was elevated in SLE group compared 
to controls in our study, belongs to Th1 chemokine fam-
ily and regulates immune cell migration, differentia-
tion, and activation, such as differentiating naive T cells 

to Th1 cells, and recruiting natural killer (NK) cells and 
macrophages [57]. Studies have implicated CXCL11 in 
the pathogenesis of autoimmune diseases and cancer, 
including Graves disease (GD), autoimmune thyroiditis 
(AT), and colorectal cancer [58–60]. Currently, research 
on CXCL11 and dry eye is limited. However, both animal 
models and patients with DED have shown significantly 
increased tear levels of CXCL11, which correlate with 
disease severity [61, 62]. In our study, we measured tear 

Table 3 Autoantibodies of SLE patients

Anti-dsDNA anti-double stranded, DNA antibody, Anti-Sm anti-Smith antibody, 
Anti-SSA anti-Sjogren’s syndrome A antibody, Anti-SSB anti-Sjogren’s syndrome 
B antibody, Anti-Ro-52 anti Ro-52 antibody, Anti-RNP anti-ribonucleoproteins 
antibody, ANuA anti-nucleosome antibody, AHA anti-histone antibody, SLE 
Systemic lupus erythematosus, n number

Autoantibodies SLE, n = 30

Anti-dsDNA (n, %)
 - 12 (40.00)

 + 5 (16.67)

 +  + 9 (30.00)

 +  + + 4 (13.33)

Anti-Sm (n, %)
 - 16 (53.33)

 + 3 (10.00)

 +  + 5 (16.67)

 +  + + 6 (20.00)

Anti-SSA (n, %)
 - 10 (33.33)

 + 1 (3.33)

 +  + 3 (10.00)

 +  + + 16 (53.33)

Anti-SSB (n, %)
 - 24 (80.00)

 + 2 (6.67)

 +  + 0

 +  + + 4 (13.33)

Anti-Ro-52 (n, %)
 - 12 (40.00)

 + 2 (6.67)

 +  + 1 (3.33)

 +  + + 15 (50.00)

Anti-RNP (n, %)
 - 9 (30.00)

 + 5 (16.67)

 +  + 4 (13.33)

 +  + + 12 (40.00)

ANuA (n, %)
 - 11 (36.67)

 + 5 (16.67)

 +  + 8 (26.67)

 +  + + 6 (20.00)

AHA (n, %)
 - 11 (36.67)

 + 6 (20.00)

 +  + 10 (33.33)

 +  + + 3 (10.00)

Table 4 Systemic inflammatory indicators of SLE patients

C4 Complement C4, ESR erythrocyte sedimentation rate, SLE Systemic lupus 
erythematosus, L litre, g gram, mm millimeter, h hour, μL microlitre, n number

Peripheral blood index SLE, n = 30

C4 (g/L)
 < 0.7 17 (56.67)

 0.7–1.4 13 (43.33)

 > 1.4 0

ESR (mm/h)
 0–20 8 (26.67)

 > 20 22 (73.33)

T cells percentage (%) 74.51 ± 8.69

T cells count (/μL) 1075.09 ± 598.21

CD4+ T cells percentage (%) 31.30 ± 8.30

CD4+ T cells count (/μL) 449.30 ± 249.61

CD8+ T cells percentage (%) 40.94 ± 11.98

CD8+ T cells count (/μL) 594.17 ± 415.56

B cells percentage (%) 15.02 ± 8.89

B cells count (/μL) 215.22 ± 155.10

NK cells percentage (%) 7.14 ± 5.95

NK cells count (/μL) 100.65 ± 98.67

Table 5 Association between ocular surface disorders and tear 
cytokines among SLE patients

OSDI Ocular Surface Disease Index, TBUT Tear film break-up time, CFS Corneal 
fluorescein staining, MGS Meibomian gland secretion, LIPCOF Lid-parallel 
conjunctival folds, CGCs Conjunctival goblet cells, DED Dry eye disease, CXCL11 
chemokine (C-X-C motif ) ligand 11, IL interleukin, CXCL8 chemokine (C-X-C 
motif ) ligand 8, CCL4 chemokine (C–C motif ) ligand 4, SLE Systemic lupus 
erythematosus
* and bold mean P < 0.05, ** and bold mean P < 0.01

CCL4 CXCL8 CXCL11 IL-6 IL-7

OSDI -0.13 -0.14 -0.26 -0.05 -0.13

Schirmer I 0.07 -0.19 0.25 -0.03 0.26

TBUT -0.23 -0.16 -0.11 -0.29 -0.13

CFS -0.03 0.02 0.68** 0.27 0.21

MGS 0.26 0.33 -0.29 0.54** 0.04

LIPCOF 0.41* 0.55** -0.18 -0.05 -0.03

CGCs -0.15 -0.33 0.13 -0.03 -0.06

Severity of DED -0.05 -0.03 0.16 0.15 0.01
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cytokines and found that elevated level of CXCL11 were 
shown in patients with SLE compared to normal group, 
positively correlating with corneal fluorescein staining. 
Tear chemokine CXCL11 may thus serve as a potential 
pathogenic factor in SLE-related dry eye and could indi-
cate the extent of ocular surface damage associated with 
this condition.

We futher found that tear chemokine CXCL11 and 
CCL4 was associated with SLE-associated autoantibod-
ies. The immune pathogenesis of SLE includes produc-
tion of autoantibodies, B lymphocyte abnormalities, 
T lymphocyte abnormalities and complement system 
abnormalities [63]. Anti-dsDNA antibodies, as the clas-
sical autoantibody specificity of SLE, fluctuate with 
disease activity or flare development [64, 65]. In SLE, 
anti-dsDNA antibodies contribute to multiple end-organ 
injuries, especially lupus nephritis [66]. Moreover, they 
also can promote thrombosis by directly activating plate-
lets and futher increase the cardiovascular risk [67, 68]. 
Studies have shown that precautionary change of therapy 
is effective in preventing flares when anti-dsDNA lev-
els are increased by > 50% [69]. In addition, AHA have 

also been reported to be positively correlated with SLE 
disease activity [70, 71]. Our study showed that tear 
chemokine CXCL11 was moderately positively correlated 
with anti-dsDNA and CCL4 was positively correlated 
with AHA among SLE patients. Tear chemokine CXCL11 
and CCL4 may be a potential indicator of SLE disease 
activity.

Additionally, CGCs loss or death has been observed in 
ocular surface inflammatory diseases such as DED, SS, 
ocular cicatritic pyeloid (OCP), Stevens Johnson syn-
drome (SJS), and blepharitis [21, 72]. CGCs play role 
in innate immune system, secreting defensins, soluble 
mucins (MUC), and trefoil factors that form a barrier in 
the tear film. This barrier prevents invasion by external 
microorganisms, limits exposure to commensal bacteria, 
and thereby prevents chronic inflammatory responses 
[21]. Studies have shown that tear protein of SS patients 
were significantly reduced compared to controls [73]. 
Of course, some different views have indicated that SS 
subjects displayed a significant increase in both soluble 
MUC1 and MUC16 concentrations due to the stimu-
lation of inflammatory mediators [74, 75]. Our study 

Table 6 Association between ocular surface disorders and typical peripheral blood indicators among SLE patients

OSDI Ocular Surface Disease Index, TBUT Tear film break-up time, CFS Corneal fluorescein staining, MGS Meibomian gland secretion, LIPCOF Lid-parallel conjunctival 
folds, CGCs Conjunctival goblet cells, DED Dry eye disease, Anti-SSB anti-Sjogren’s syndrome B antibody, Anti-dsDNA anti-double stranded DNA antibody, ANuA anti-
nucleosome antibody, AHA anti-histone antibody, C4 Complement C4, SLE Systemic lupus erythematosus
* and bold mean P < 0.05, ** and bold mean P < 0.01

Anti-SSB Anti-dsDNA ANuA AHA C4 B cell
count

OSDI 0.01 -0.27 -0.36 -0.33 0.42* -0.41

Schirmer I 0.13 -0.05 -0.10 -0.12 0.12 0.06

TBUT -0.08 0.14 -0.10 0.08 0.03 -0.18

CFS 0.58** 0.10 0.12 -0.07 0.17 0.14

MGS -0.12 -0.24 -0.31 -0.11 -0.11 0.01

LIPCOF 0.17 -0.15 -0.09 0.16 0.17 -0.25

CGCs 0.05 0.36 -0.01 0.21 -0.06 -0.51*
Severity of DED 0.49** -0.19 -0.13 -0.32 0.39* -0.19

Fig. 2 Correlation analysis between the tear chemokine CXCL11 and anti-dsDNA antibody A, the level of tear chemokine CCL4 and AHA antibody 
B, the CD8.+ T cell count and tear cytokines IFN-γ, IL-1β, IL-2, IL-10, IL-17A, TNF-α, and chemokine CX3CL1 in SLE patients C 
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also demonstrated a loss of CGCs, which was signifi-
cantly negatively correlated with B cell count among SLE 
patients.

During the study, we observed ocular surface injury 
and inflammation in some SLE patients who did not 
meet current diagnostic criteria for dry eye. However, 
our study found that tear cytokines and CGCs were more 
highly correlated with the ocular surface. Therefore, we 
suggest that tear cytokines and CGCs could serve as 
potential adjunctive tests to better understand ocular 
surface injury in SLE-related dry eye.

In addition, as research has shown, dry eye is associated 
with ocular surface inflammation. The level of cytokine 
in tears in dry eye patients is higher than that in nor-
mal eyes. In patients with rheumatic immune diseases, 
including SLE, aberrant immune system activity leads to 
an expansion of autoantibody specificities and elevated 
levels of serum cytokines and chemokines, further ocu-
lar surface inflammation or dry eye. Many studies have 
also shown that disease activity in such patients is posi-
tively correlated with the severity of dry eye or ocular 
inflammation [76–79]. Systemic treatment with drugs 
such as glucocorticoid or immunosuppressant to con-
trol rheumatoid immune diseases can also control ocu-
lar inflammation or dry eye to a certain extent. Studies 
have confirmed that, in patients with systemic autoim-
mune diseases, systemic therapy, such as methotrexate, 
cyclosporine A, chloroquine, and prednisone, alleviates 
symptoms and signs of dry eye and decreases levels of 
tear cytokines [80–82]. However, due to the presence of 
the blood-ocular barrier, the drugs that eventually reach 
the eye surface are still relatively limited, so eye drops are 
still the first-line drugs for dry eye patients in the guide-
lines. Our study also calls for a combination of systemic 
and topical treatments.

In conclusion, among SLE patients, dry eye and tear 
cytokine-mediated ocular surface inflammation persist 
and are associated with systemic conditions. Thus, it is 
essential for SLE patients to undergo combined systemic 
and ocular assessments.
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