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Abstract
Objective: The aim of this study was to assess serum levels of soluble immune checkpoint 
proteins (sICPs) in patients with systemic lupus erythematosus (SLE) and Sjögren’s syndrome 
(SS) and to explore their association with disease activity. 

Materials and Methods: This preliminary cross-sectional study included 27 patients with 
SLE, 23 patients with SS, and 23 healthy controls. Serum concentrations of sCD25 (soluble 
interleukin-2 receptor alpha [IL-2Rα; CD25]), 4-1BB (tumor necrosis factor receptor super-
family member 9 [TNFRSF9; CD137]), B7.2 (CD86; cluster of differentiation 86), transforming 
growth factor beta 1 (TGF-β1), cytotoxic T-lymphocyte-associated protein 4 (CTLA-4), pro-
grammed cell death protein 1 (PD-1), programmed death-ligand 1 (PD-L1), T-cell immuno-
globulin and mucin-domain containing-3 (TIM-3), lymphocyte activation gene 3 (LAG-3), and 
Galectin-9 (Gal-9) were measured using a multiplex bead-based flow cytometric assay. Dis-
ease activity was evaluated using standard indices (Systemic Lupus Erythematosus Disease 
Activity Index [SLEDAI] for SLE; EULAR Sjögren’s Syndrome Disease Activity Index [ESSDAI] 
for SS). Group differences were analyzed, and correlations between sICP levels and clinical 
indices were assessed. 
Results: Compared with healthy controls, SLE patients had significantly elevated levels of 
soluble TIM-3 (sTIM-3) (p<0.0001), sLAG-3 (p<0.0001), and Gal-9 (p<0.001). A strong pos-
itive correlation was observed between sGal-9 and sTIM-3 levels (r=0.79, p<0.0001), and a 
moderate correlation was observed between sGal-9 and sLAG-3 levels (r=0.55, p=0.002). 
In SS, sICP levels did not differ significantly from controls; however, sPD-1 correlated with 
sPD-L1 (r=0.56, p=0.004), and sGal-9 with sTIM-3 (r=0.54, p=0.007). ESSDAI scores in SS cor-
related with sCD25 (r=0.65, p=0.0007), sTIM-3 (r=0.49, p=0.01), and sGal-9 (r=0.41, p=0.04).

Conclusion: Our findings suggest the potential use of sICPs as biomarkers in SLE and SS. 
However, larger studies are needed to validate the diagnostic and prognostic roles of these 
soluble checkpoints. 

Keywords: Systemic lupus erythematosus, Sjögren's syndrome, soluble immune checkpoint 
proteins, flow cytometry
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Introduction
Immune checkpoint proteins (ICPs) regulate mechanisms 
that are critical for maintaining immune tolerance. The 
first ICP was discovered in the early 1990s, and over the 
past two decades, extensive research has underscored 
the importance of ICPs in regulating immune responses 
and preventing autoimmunity (1). To date, several ICPs 
have been characterized, including programmed cell 
death protein-1 (PD-1), cytotoxic T-lymphocyte-associ-
ated protein 4 (CTLA-4), B- and T-cell lymphocyte at-
tenuator (BTLA), T-cell immunoglobulin and mucin-do-
main-containing protein 3 (TIM-3), T-cell immunoglobu-
lin and immunoreceptor tyrosine-based inhibitory motif 
(ITIM) domain (TIGIT), V-domain Ig suppressor of T-cell 
activation (VISTA), lymphocyte activation gene 3 (LAG-
3), and CD200 (2). The role of ICPs is critical not only for 
maintaining self-tolerance but also for preventing auto-
immune diseases (3).

Systemic lupus erythematosus (SLE) and Sjögren's syn-
drome (SS) are chronic autoimmune diseases with com-
plex and often overlapping features. Systemic lupus er-
ythematosus is a multisystem disorder with a relapsing 
and remitting course that primarily affects women of 
childbearing age, with a striking female predominance 
of 9:1 (4). Systemic lupus erythematosus is particular-
ly characterized by the presence of antibodies against 
nuclear and cytoplasmic antigens, as well as other auto-
antibodies such as anti-Scl-70, anti-La, anti-Ro, anti-car-
diolipin, and antiphospholipid antibodies (5), suggesting 
an association between SLE and other autoimmune dis-
eases. Similarly, SS is a systemic autoimmune disease of 
unclear etiology that primarily targets the salivary and 
lacrimal glands, leading to xerostomia and xerophthal-
mia (6). Sjögren's syndrome is a systemic disease with 
multisystem involvement and diverse clinical manifes-
tations, commonly associated with fatigue, mood disor-
ders, and reduced physical performance that markedly 
impair quality of life (7). It is classified as primary or 
secondary when occurring alone or in association with 
other autoimmune diseases, and its health-related qual-
ity-of-life burden is comparable to that of SLE and rheu-
matoid arthritis (RA) (8). Autoimmune diseases often re-
quire long-term or even lifelong medication, and some 
can be life-threatening and severely impair the quality 
of life (9). 

A key feature of autoimmune diseases is the produc-
tion of autoantibodies, which serve as important sero-

logic markers for most of these diseases. However, they 
have limited sensitivity and specificity, requiring a more 
comprehensive diagnostic approach that incorporates 
clinical and demographic factors alongside laboratory 
findings (10). Recent research has highlighted the role 
of ICPs in regulating immune tolerance, and therapies 
targeting ICPs have shown promising results in the treat-
ment of autoimmune diseases (3). Taken together, ICP 
expression could help to unravel disease mechanisms 
and identify new therapeutic targets. In the context of 
the association between soluble ICPs (sICPs) and auto-
immune pathogenesis, this study aimed to assess the 
levels of 10 sICPs in serum samples from patients with 
SLE and SS compared with healthy controls, and to eval-
uate correlations among sICP levels to assess their po-
tential as biomarkers.

Materials and Methods
Sample Collection 
Inclusion criteria for patients were age ≥18 years and 
a diagnosis of either SLE (n=27) or SS (n=23) for this 
cross-sectional study. All participants were patients of the 
Rheumatology Department of Yeditepe University Hospi-
tal. A control group consisting of age-matched individu-
als without any evidence of autoimmune disease (n=23, 
mean age=53.9 ± 9.8; 20 [87.0%] female and 3 [13.0%] 
male) was also included. Ethical approval was granted by 
the Yeditepe University Clinical Research Ethics Commit-
tee with approval number 1631 dated July 7, 2022, and 
informed consent was obtained from all participants. 

Disease activity was assessed using the SLE Disease 
Activity Index (SLEDAI) for SLE patients and the EULAR 
Sjögren's Syndrome Disease Activity Index (ESSDAI) for 
SS patients (11,12). Participants’ age, gender, systemic 
involvement, and autoantibody profiles were recorded. 
The analysis of patients' serum autoantibodies was con-
ducted in the HLA typing laboratory at Yeditepe Univer-
sity Hospital for clinical evaluation.

For the evaluation of serum soluble ICP levels, 5 mL 
of whole blood samples were drawn from subjects into 
serum tubes containing clot activator (BD Vacutainer® 
Serum Separation [SST™] tubes; Becton, Dickinson and 
Company, Franklin Lakes, NJ, USA; Catalog No: 367986), 
and the tubes were centrifuged at 400 × g for 20 min-
utes. Serum samples were aliquoted and stored at -80°C 
in an ultrafreezer for further analysis.
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Measurement of Serum Soluble Immune 
Checkpoint Proteins
Serum concentrations of soluble ICPs— sCD25 (solu-
ble interleukin-2 receptor alpha [IL-2Rα; CD25]), 4-1BB 
(tumor necrosis factor receptor superfamily member 9 
[TNFRSF9; CD137]), B7.2 (CD86; cluster of differentia-
tion 86), transforming growth factor beta 1 (TGF-β1; free 
active form), cytotoxic T-lymphocyte-associated protein 
4 (CTLA-4), programmed death-ligand 1 (PD-L1), pro-
grammed cell death protein 1 (PD-1), T-cell immuno-
globulin and mucin-domain-containing protein 3 (TIM-
3), lymphocyte activation gene 3 (LAG-3), and Galectin-9 
(Gal-9)— were quantified using the LEGENDplex™ HU 
Immune Checkpoint Panel 1 (10-plex) (BioLegend , San 
Diego, CA, USA; Catalog No: 740962). Laboratory anal-
yses were conducted at the HLA Typing Laboratory of 
Yeditepe University Hospital. 

For this purpose, aliquoted serum samples stored at 
-80°C were thawed immediately, diluted, and the assay 
was performed according to the manufacturer’s instruc-
tions. Samples were acquired using a Beckman Coulter 
DxFLEX flow cytometry system (Beckman Coulter, Brea, 
CA, USA). Data were analyzed using the LEGENDplex 
Data Analysis Software Suite (BioLegend, San Diego, CA, 
USA). Performance data and patient positivity for the re-
spective analytes are presented in Table 1.

Statistical Analysis
All statistical analyses were performed using Graph-
Pad Prism software version 8 (GraphPad Software, San 
Diego, CA, USA). The Shapiro-Wilk test was used to as-
sess the normality of the data. Comparisons between 
groups were performed using one-way analysis of vari-
ance (ANOVA) for parametric data or the Kruskal-Wallis 
test for non-parametric data. Correlations between sICPs 
were assessed using Pearson’s correlation for normally 
distributed data and Spearman’s rank correlation for 
non-normally distributed data. P values <0.05 were con-
sidered statistically significant.

Results
Patients’ Demographic Characteristics 
A total of 27 patients with SLE were enrolled in this 
study, of whom 26 (96.2%) were female, and 1 (3.7%) 
was male. The mean age of the subjects was 43.1 ± 
10.9 years, and their mean SLEDAI score was 3.7 ± 3.9. 
Among all SLE patients, 5 (18.5%) had hematologic 
involvement, 4 (14.8%) had neurologic involvement, 3 
(11.1%) had nephrologic involvement, and 1 (3.7%) had 
both hematologic and nephrologic involvement, while 
14 (52.8%) patients had no systemic involvement. 

Table 1. Performance characteristics of the assay and distribution of analyte positivity across study groups, presented as number  
(percentage).

Target IC50 R2 LOD LOQ SLE, n (%) SS, n (%) Control, n (%)

sCD25 4894.466 0.987949 1.220703 1.220703 27 (100.00) 23 (100.00) 23 (100.00)

4-1BB 3921.525 0.991143 1.418207 293.046 2 (7.40) 6 (26.09) 4 (17.39)

B7.2 2213.927 0.997842 0.488281 0.488281 27 (100.00) 23 (100.00) 23 (100.00)

TGF-ββ1 2541.1 0.971964 0.488281 26.32961 4 (14.81) 5 (21.74) 6 (26.09)

CTLA-4 562.9534 0.95292 0.907904 74.37019 3 (11.11) 2 (8.70) 5 (21.74)

PD-L1 5520.906 0.982907 0.244141 18.0188 21 (77.77) 15 (65.22) 12 (52.17)

PD-1 826.0993 0.991235 0.244141 18.47389 9 (33.33) 7 (30.43) 3 (13.04)

TIM-3 12970.71 0.986893 1.220703 2.893706 27 (100.00) 23 (100.00) 23 (100.00)

LAG-3 21523.53 0.997092 4.882813 4.882813 22 (81.48) 12 (52.17) 5 (21.74)

Galectin-9 7689.858 0.994707 4.882813 294.0241 27 (100.00) 23 (100.00) 23 (100.00)

IC₅₀: Half maximal inhibitory concentration, R²: Coefficient of determination, LOD: Limit of detection, LOQ: Limit of quantification,  
SLE: Systemic lupus erythematosus, SS: Sjögren’s syndrome.
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Three (11.1%) patients were anti-nuclear antibody (ANA) 
positive, and 15 (55.6%) were ANA negative, while ANA 
test results were not available for 9 (33.3%) patients. 
Eight (29.6%) patients were anti-double-stranded DNA 
(anti-dsDNA) positive, whereas 17 (62.7%) were anti-dsD-
NA negative; results were not available for 2 (7.4%) pa-
tients. 

Among SLE patients, treatment information was un-
available for 1 (3.7%) patient. One (3.7%) patient was 
given a combination of prednisolone and methotrexate, 
while another was treated with methylprednisolone and 
mycophenolate mofetil. Two (7.4%) patients were ad-
ministered mycophenolate mofetil monotherapy, and 
8 (29.6%) patients received hydroxychloroquine alone. 
The remaining patients were treated with hydroxychlo-
roquine in combination with other agents, including aza-
thioprine, methylprednisolone, mycophenolate mofetil, 
hydrocortisone, colchicine, and methotrexate.

Among patients with SS, 22 (95.7%) were female, and 
1 (4.3%) was male. The mean age of the subjects was 
58.1 ± 14.9 years, while their mean ESSDAI score was 
2.2 ± 2.3. When autoantibody status was evaluated, 
14 (60.9%) patients were ANA-positive, 4 (17.4%) pa-
tients were ANA-negative, and results were unavailable 
for 5 (21.7%) patients. Regarding anti-SSA/Ro and an-
ti-SSB/La antibodies, 3 (13%) patients were positive, 16 
(69.6%) were negative, and results were not available for 
4 (17.4%) patients. 

Of the 23 patients with SS included in this study, 1 
(4.3%) was under observation without medication, and 
1 (4.3%) received a combination of prednisolone and 
methotrexate. The remaining 21 (91.3%) patients were 
administered hydroxychloroquine. Four (17.4%) patients 
received prednisolone in addition to hydroxychloroquine; 
2 (8.7%) received sulfasalazine; and colchicine, metho-
trexate, and azathioprine were administered to 2 (8.7%), 
1 (4.3%), and 1 (4.3%) patient, respectively.

Figure 1. Statistical comparisons of soluble ICP levels among SLE, SS, and healthy controls. (A) sCD25, (B) 4-1BB, (C) B7.2, (D) TGF-β1, 
(E) CTLA-4, (F) PD-1, (G) PD-L1, (H) TIM-3, (I) LAG-3, (J) Galectin-9. Comparisons were performed using the Kruskal-Wallis test followed by 
Dunn’s multiple comparisons test.

*p=0.0485 (TIM3, SLE vs. SS), * p =0.0273 (LAG-3, SLE vs. SS) ** p =0.0018, **** p <0.0001.
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When sICP levels were evaluated, significant increas-
es in TIM-3 (p<0.0001), LAG-3 (p<0.0001), and Gal-9 
(p=0.018) were observed in SLE patients compared 
with the control group. No significant differences were 
detected in sCD25, 4-1BB, B7.2, TGF-β1, CTLA-4, PD-1, 
or PD-L1 levels (p>0.05). In addition to the comparison 
with the control group, TIM-3 and LAG-3 levels were sig-
nificantly higher in the SLE group than in the SS group 
(p=0.0273) (Figure 1). 

Investigations of correlations between sICP levels re-
vealed that, in SLE patients, Gal-9 and TIM-3 showed 
a strong positive correlation (r=0.79, p<0.0001), and a 
moderate positive correlation was observed between 
Gal-9 and LAG-3 (r=0.55, p=0.002). Similarly, in SS pa-
tients, Gal-9 and TIM-3 levels showed a moderate pos-
itive correlation (r=0.54, p=0.007), in addition to sPD-1 
and sPD-L1 (r=0.56, p=0.004) (Figure 2).

Next, the correlations between serum sICP levels and 
SLEDAI scores in SLE patients and ESSDAI scores in SS 
patients were evaluated. No correlations were observed 
between sICP levels and SLEDAI scores (Figure 3). How-
ever, when ESSDAI scores and sICP levels were ana-
lyzed, a strong positive correlation with sCD25 (r=0.65, 

p=0.0007) and weak but statistically significant posi-
tive correlations with TIM-3 (r=0.49, p=0.01) and Gal-9 
(r=0.41, p=0.04) were observed. In addition, the relation-
ship between the ESSDAI score and B7.2 levels was close 
to statistical significance (r=0.38, p=0.06) (Figure 4). 

CTLA-4 and free active TGF-β1 were not included in the 
evaluation of correlations with disease activity scores 
because their concentrations were accurately measured 
in only 3 (11%) patients with SLE and in only 2 (8%) and 
4 (17%) patients with SS, respectively.

Discussion
Relevant ligand-receptor pairs were evaluated when in-
vestigating correlations between sICPs. Programmed 
cell death protein 1 (PD-1) plays a critical role in regu-
lating immune responses and maintaining self-tolerance 
by modulating T-cell activity. One of its ligands, PD-L1, is 
a transmembrane protein that acts as a key co-inhibitory 
molecule in the immune system. By binding to PD-1, PD-
L1 suppresses the proliferation of PD-1-positive cells, re-
duces their cytokine production, and induces their apop-
tosis, effectively dampening the immune response (13). 

Figure 2. Correlation between sICP levels in patients with SLE and SS. (A) No correlation between PD-1 and PD-L1 levels was observed in 
SLE patients. (B) No correlation between Galectin-9 and PD-1 levels was observed in SLE patients. (C) A strong positive correlation between 
Galectin-9 and TIM-3 levels was observed in SLE patients. (D) A moderate positive correlation between Galectin-9 and LAG-3 levels was 
observed in SLE patients. (E) A moderate positive correlation between PD-1 and PD-L1 levels was observed in SS patients. (F) No correlation 
between Galectin-9 and PD-1 levels was observed in SS patients. (G) A moderate positive correlation between Galectin-9 and TIM-3 levels was 
observed in SS patients. (H) No correlation between Galectin-9 and LAG-3 levels was observed in SS patients.
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Figure 3. Correlations between serum sICP levels and SLEDAI scores in patients with SLE.

Figure 4. Correlations between serum sICP levels and ESSDAI scores in patients with SS.

Gal-9, a member of the galectin family with a tandem 
repeat structure, serves as a ligand for TIM-3, which is 
expressed on exhausted T cells (14). In addition to in-
teracting with Gal-9, TIM-3 has been reported to bind 
PD-1 (15). Although no interaction between Gal-9 and 
LAG-3 has been reported, their co-expression has been 
described under certain conditions (16).

Autoimmune diseases result from a breakdown of im-
mune tolerance and are multifactorial, with both ge-
netic and environmental factors playing critical roles 
in their development (17). Although autoimmunity has 
a genetic component, incomplete concordance rates in 
monozygotic twins suggest that other factors contribute 
to disease onset (18). Environmental influences, such as 
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lifestyle, infections, and diet, are supported by variations 
in the incidence of autoimmune diseases across differ-
ent ethnic groups and geographic regions. Although 
autoimmune diseases rarely cause mortality, they have 
a significant impact on quality of life (19). Their classi-
fication remains challenging, highlighting the complex-
ity of these conditions (20). Furthermore, the frequent 
coexistence of autoimmune diseases suggests shared 
pathogenic mechanisms, as individuals with one autoim-
mune disease often have an increased risk of developing 
another (17). To date, more than 100 autoimmune dis-
eases have been identified, and several other conditions 
exhibit autoimmune-related features. It has been report-
ed that autoimmune diseases affect approximately 5.6% 
to 9.4% of the global population, with their incidence 
and prevalence increasing significantly over the past 30 
years, particularly among younger individuals (21). Be-
cause of their widespread impact, autoimmune diseases 
have been identified by the World Health Organization 
(WHO) as the third greatest threat to human health (22).

Systemic lupus erythematosus is a complex autoimmune 
disease that affects multiple organ systems and is char-
acterized by the presence of autoantibodies against nu-
clear antigens, the accumulation of immune complexes, 
and chronic inflammation in key organs, including the 
skin, joints, and kidneys. The disease course is unpre-
dictable, and persistent inflammation carries the risk of 
progressive organ damage, which may lead to serious 
health complications and an increased risk of prema-
ture mortality in severe cases (23). Systemic lupus ery-
thematosus is estimated to affect more than 3.4 million 
people worldwide. However, determining its true global 
incidence and prevalence remains challenging due to 
variations in case definitions used in epidemiological 
studies and the lack of comprehensive data from many 
regions. The disease predominantly affects women, with 
a ratio of approximately 9:1 (female:male). Although the 
disease can occur at any age, it most commonly develops 
in women of childbearing age, typically between 15 and 
44 years. Childhood-onset SLE, defined as disease onset 
before the age of 18, has been reported to be associated 
with a more severe disease course (23). 

Sjögren's syndrome is a systemic disease characterized 
by multiple manifestations resulting in exocrine gland 
dysfunction or damage. The diagnosis of SS involves 
several steps, including assessment of oral and ocular 
dryness, detection of anti-SSA/Ro and anti-SSB/La anti-
bodies, and performing a gland biopsy (24). 

According to a meta-analysis, the incidence of SS has 
been estimated at 6.92 cases per 100,000 person-years, 
with a prevalence of 60.82 cases per 100,000 individu-
als (approximately 1 in 1644 people) (25). The disease 
is most commonly diagnosed around the ages of 40–67 
years and has shown a significantly higher prevalence in 
women over the past 15 years (26). 

The most prominent and common clinical symptom is 
dryness of the eyes and mouth, caused by impaired func-
tion of the salivary and lacrimal glands. In addition to 
dryness, patients with SS frequently suffer from chron-
ic and debilitating symptoms, including persistent pain, 
dental caries, vaginal dryness, and joint pain (arthralgia), 
all of which contribute to a significant reduction in qual-
ity of life (27). 

Immune checkpoint proteins are ligand-receptor pairs 
that regulate immune responses by either enhancing 
or suppressing immune activity (28). These molecules 
are primarily expressed on cells of both the adaptive 
immune system, particularly T cells, and the innate im-
mune system. They play a critical role in maintaining 
self-tolerance and controlling the duration and intensity 
of immune responses in various tissues, thereby helping 
to prevent excessive tissue damage. By modulating ef-
fector cell activity, immune checkpoints ensure that im-
mune responses remain balanced (28). 

Stimulatory immune checkpoints include molecules 
such as CD137, CD137L, OX40, OX40L, CD28, CD80, B7.2, 
inducible T cell costimulator (ICOS), B7-related protein 1 
(B7RP1), CD27 and CD70 (29). These molecules promote 
T cell activation and proliferation. In contrast, inhibitory 
checkpoints play a role in dampening immune respons-
es to prevent overactivation and autoimmunity (30). Key 
inhibitory molecules include PD-1 and its ligands PD-L1 
and PD-L2, as well as cytotoxic T-lymphocyte-associat-
ed protein 4 (CTLA4), CD80, B7.2, TIM-3, Gal-9, LAG-3, 
B and T lymphocyte attenuator (BTLA), herpesvirus en-
try mediator (HVEM), TIGIT, B7-H3, and B7-H4(31). To-
gether, these stimulatory and inhibitory pathways play 
an essential role in fine-tuning immune responses (32). 
The roles of ICPs, both in membrane-bound and soluble 
forms, are now well documented in cancer (2,33–35). 
However, their involvement in autoimmune diseases re-
mains less well understood.

TIM-3 is a member of the TIM family of immunoregulato-
ry proteins (36). Its soluble form, which can be released 
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from the cell surface through cleavage by membrane-as-
sociated proteases, suggests that TIM-3 also functions 
as a cell-free ligand (37). Through interaction with its 
ligand Galectin-9, TIM-3 plays an important role in the 
onset and progression of chronic autoimmune diseases 
and has therefore been proposed as a potential target 
for novel therapeutic strategies, including in SLE. Song 
et al. (38) demonstrated that increased TIM-3 expression 
on peripheral T-lymphocyte subsets in SLE patients is as-
sociated with higher disease activity. Similarly, Zhao et 
al. (39) reported that, in its soluble form, plasma TIM-3 
levels positively correlate with anti-dsDNA positivity and 
SLEDAI scores, suggesting that soluble TIM-3 (sTIM-3) 
may serve as a biomarker of disease activity in SLE. In 
line with these studies, TIM-3 levels were significantly 
higher in SLE patients compared with both the control 
and SS groups in our study. 

In addition to TIM-3, the significant increase in its ligand 
Gal-9 compared with the control group, as well as the 
strong positive correlation between sTIM-3 and Gal-9 in 
SLE patients, further supports activation of this pathway 
in SLE (40-42). On the other hand, no relationship was 
observed between SLEDAI scores and TIM-3 levels in our 
study. This finding might be attributed to the fact that 
the patients included in our study were not newly diag-
nosed and had already been receiving treatment, which 
may have reduced disease activity scores, as reported in 
previous studies (43,44). Besides its interaction with TIM-
3, Gal-9 has also been shown to bind PD-1 (12), although 
no correlation between these two ICPs was observed in 
SLE patients in our study. Interestingly, serum LAG-3 lev-
els were also significantly higher in SLE patients. LAG-3 
has recently been recognized as a promising target for 
inhibitory drug development. Experimental studies have 
shown that the absence of LAG-3 does not induce auto-
immune responses in vivo and that modulation of LAG-
3-expressing T cells may reduce autoimmune symptoms 
(45). Therefore, LAG-3 has been proposed as a potential 
therapeutic target in SLE (45,46) and our findings further 
support this hypothesis. Moreover, a positive correlation 
between Gal-9 and LAG-3 levels was observed, which is 
consistent with previous reports (41).

Compared with SLE, relatively few studies have investi-
gated the role of ICPs in SS. In its membrane-bound form, 
the role of PD-1 in SS remains controversial. Kobayashi et 
al. (47) reported increased PD-1 expression on infiltrating 
lymphocytes in the salivary glands of SS patients, where-
as Zhai et al. (48) identified PD-1-expressing CD8+CXCR5+ 

cells in patients with primary SS, particularly in those with 
lung involvement. However, immunotherapies targeting 
the PD-1/PD-L1 axis have been reported to induce SS 
(49-51). Similar to PD-1, increased PD-L1 and CTLA-4 
expression in the salivary glands of SS patients has also 
been reported (52). In our study, although serum levels of 
sPD-1 and sPD-L1 did not differ significantly between the 
SS and control groups, a moderate positive correlation 
between these two ICPs was observed which may sup-
port their involvement in SS. In contrast, a recent study 
suggested that TIM-3 expression is downregulated in T 
cells of SS patients (53). As a ligand of TIM-3, Gal-9 has 
been proposed as a biomarker for several autoimmune 
diseases, including SS (54). In our study, Gal-9 levels did 
not differ significantly between SS patients and controls, 
although a moderate positive correlation between Gal-9 
and sTIM-3 was observed. In a study by van den Hoogen 
et al. (55), Gal-9 levels were reported to be elevated in pri-
mary Sjögren’s disease compared with non-Sjögren sicca 
and showed a positive correlation with ESSDAI scores. 
The ESSDAI was introduced by EULAR to standardize the 
assessment of disease activity in SS and is widely used 
in both clinical trials and routine practice (56). In our 
study, a strong correlation between ESSDAI scores and 
serum sCD25 levels was detected. This finding is consis-
tent with previous studies suggesting the involvement of 
sCD25 in autoimmune diseases, including primary SS (57, 
58). In addition, weak but statistically significant positive 
correlations were observed between ESSDAI scores and 
both Gal-9 and sTIM-3. Nevertheless, the absence of sig-
nificant increases in sICP levels between SS patients and 
healthy controls in our study highlights the need for stud-
ies including larger patient cohorts. 

Overall, the significant increase in TIM-3, LAG-3, and Gal-
9 levels in the SLE group is consistent with previous re-
ports. However, no significant correlations were observed 
between these markers and disease activity parameters. 
In contrast, although no significant differences in sICP 
levels were detected between the SS group and healthy 
controls, sCD25, TIM-3, and Gal-9 plasma levels showed 
positive correlations with disease activity scores. Con-
sidering the relatively low mean disease activity in our 
cohort and the fact that the participants were receiving 
treatment at the time of sampling, these correlations 
should be interpreted cautiously and require further 
validation in treatment-naïve patients and larger study 
populations.
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Conclusion
The results of our study are consistent with previous re-
ports and suggest that sICPs may serve as potential bio-
markers in SLE and SS. Among the 10 sICPs evaluated, 
TIM-3, Gal-9 and LAG-3 levels were significantly higher 
in SLE patients, and Gal-9 levels showed positive correla-
tions with TIM-3 and LAG-3. However, no association was 
observed between SLEDAI scores and sICP levels. In SS 
patients, sICP levels were not significantly altered com-
pared with those of controls and SLE patients, although 

PD-1/PD-L1 and TIM-3/Gal-9 levels showed a positive 
correlation. In addition, ESSDAI scores were positively 
correlated with TIM-3 and Gal-9 levels. 

Our findings indicate that even in treated SLE patients, 
sICP levels remain significantly higher than those ob-
served in healthy controls. Further studies including 
treatment-naïve patients and individuals with higher 
disease activity are needed to confirm the potential of 
sICPs as biomarkers for SLE and SS and to clarify their 
relationship with disease severity.
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