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Abstract
Objectives The purpose of this study was to investigate the expression of T-cell immunoglobulin and ITIM domain (TIGIT) 
in peripheral circulation of primary Sjögren’s syndrome (pSS) and its role in the development of pSS.
Methods The expression of TIGIT on T cells, B cells, natural killer (NK) cells, and CD14 + monocytes was detected by 
flow cytometry in pSS and healthy control (HC). The correlations between expression of TIGIT and clinical features and 
laboratory parameters of pSS were analyzed. Meanwhile, we analyzed the change in expression of TIGIT before and after 
treatment, and its role in the prognosis of pSS treatment was evaluated.
Results The expression of TIGIT on CD3 + , CD4 + , and CD8 + T cells increased and decreased on CD14 + monocytes in 
pSS compared to HC; however, there was no significance of B lymphocytes and NK cells. The correlation analysis between 
the expression of TIGIT on T lymphocytes and CD14 + monocytes and clinical features of pSS showed that the decrease in 
TIGIT expression on CD14 + monocytes was more closely related to pSS. The expression of TIGIT + CD14 + monocytes 
negatively correlated with the disease activity of pSS. The expression of TIGIT + CD14 + monocytes of pSS with arthralgia, 
fatigue, decayed tooth, xerostomia, interstitial lung disease, anti-Ro52 positive, and high IgG decreased compared to that in 
negative patients. Furthermore, it was significantly lower in active patients than in nonactive patients. After treatment, the 
expression of TIGIT + CD14 + monocytes tended to increase.
Conclusion Our study suggested that decreased TIGIT expression on CD14 + monocytes was associated with the clinical manifestations, 
disease activity, and prognosis of pSS patients. TIGIT + CD14 + monocytes may present as a potential target and a biomarker of the prog-
nosis for immunomodulatory therapy in pSS.

Key Points
• The expression of TIGIT+CD14+ monocytes significantly decreased in pSS patients compared to HC.
• There was a negative correlation between TIGIT+CD14+ monocytes and the disease activity of pSS.
• TIGIT+CD14+ monocyte expression was associated with the clinical manifestations, autoantibodies, IgG, and prognosis of pSS patients.
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Introduction

Primary Sjögren’s syndrome (pSS) is a chronic and idi-
opathic inflammatory autoimmune disease characterized 
by hyperactivation of lymphocytes and progressive dam-
age to exocrine glands [1]. The histological characteris-
tic of pSS is lymphocytic infiltration of the salivary and 
lacrimal glands. Moreover, activated T cells participate 
in the pathogenesis of pSS by producing proinflamma-
tory cytokines and inducing the activation of B cells [2]. 
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pSS is also a systemic disease. In addition to the impaired 
functions of exocrine glands, other organs may also be 
involved, with clinical manifestations such as purpura, 
arthritis, ILD, autoimmune hepatitis, renal tubular aci-
dosis, and nervous system and blood system impairment. 
Some patients have the abovementioned systemic injuries, 
while others have systemic symptoms such as fatigue, 
fever, and weight loss.

To date, the pathogenesis of pSS is unclear. However, 
studies have shown that T-cell hyperactivation may play 
a key role in the pathogenesis of pSS [3]. The balance 
between stimulation and inhibition is indispensable for 
T-cell activation, and costimulation and coinhibition 
signals are the key regulators of this balance [4]. T-cell 
immunoglobulin and ITIM domain (TIGIT) plays an 
important role in immune regulation and is a newly 
discovered coinhibitory receptor and a transmembrane 
glycoprotein. This transmembrane glycoprotein consists 
of three domains, which are an extracellular Ig variable 
domain, a type I transmembrane domain, and a cytoplasmic 
tail that includes one immune-receptor tyrosine-based 
inhibitory motif (ITIM) and one immunoglobulin tyrosine 
tail (ITT)-like phosphorylation motif. The cytoplasmic tail 
of TIGIT initiates an inhibitory signal cascade reaction; 
thus, the expression and signal conduction of TCR are 
decreased [5]. The ligand of TIGIT is CD155, which was 
previously identified as a poliovirus receptor (PVR) and 
later as an immunoglobulin molecule and participates in 
cell adhesion, proliferation, invasion, and migration [6].

TIGIT is an immune checkpoint coinhibitor that is 
mainly expressed on T cells and NK cells. It can promote 
the secretion of IL-10, mediate the inhibitory signal on 
dendritic cells (DC) and macrophages through CD155, and 
make them immune-tolerant. As a negative costimulatory 
molecule, TIGIT exerts its immunosuppressive function 
by competitively binding its ligands with CD226 [7]. 
Recently, research data have indicated that TIGIT is 
involved in the pathogenesis of multiple autoimmune 
diseases [8–13].

However, the relationship between abnormal expression 
of TIGIT in peripheral circulation and clinical features of 
pSS is not completely clear. In this study, we focused on 
TIGIT expression in the peripheral blood of pSS patients 
and analyzed its correlation with clinical manifestations and 
laboratory parameters of pSS. It was found that the decrease 
in TIGIT expression on monocytes was closely related to 
the clinical features of pSS. Therefore, we investigated 
the relationship between TIGIT expression on monocytes 
and the clinical manifestations, autoantibodies, disease 
activities, and prognosis of pSS and established a foundation 
for exploring the potential role of TIGIT expression on 
monocytes in the pathogenesis of pSS in the future.

Materials and methods

Patients and healthy controls

From April 2022 to October 2022, 45 pSS patients (these 
patients were diagnosed as pSS for the first time and 
without therapy) were recruited from the Department 
of Rheumatology and Immunology, The First Affiliated 
Hospital of Soochow University, and all patients met the 
classification criteria of primary Sjögren’s syndrome of 
ACR/European League Against Rheumatism (EULAR) 
in 2016 [1]. We excluded any patients with a history 
of head and neck radiotherapy, chronic hepatitis C 
(HCV), human immunodeficiency virus infection (HIV), 
sarcoidosis, amyloidosis, graft-versus-host disease 
(GVHD), IgG4-related diseases, and other rheumatic 
diseases. In addition, 25 individuals (age- and sex-
matched) without chronic and inflammatory disease 
were all recruited from the physical examination center 
as healthy controls (HCs). The selection criteria of 
HCs were as follows: no previous autoimmune disease 
history, no tumor history and related family history, 
no symptoms of dry mouth and eyes, and no chronic 
liver virus infection. We collected and recorded the 
clinical data of all pSS patients, including clinical 
manifestations and laboratory parameters, and evaluated 
disease activity scores, such as ESSDAI and ESSPRI 
[14, 15]. All participants provided informed consent, and 
this study was approved by the Ethics Committee of the 
First Affiliated Hospital of Soochow University in 2020 
(Ethical No. 2020105).

Flow cytometric analysis

To characterize lymphocytes and monocytes with different 
TIGIT phenotypes, 50 µl of whole blood samples from the 
heparinized fresh venous blood of pSS patients and HCs 
was incubated with anti-CD3-FITC (Biolegend, USA), 
anti-CD14-FITC (Biolegend, USA), anti-CD56-FITC 
(Biolegend, USA), anti-CD4 PE/Cy5 (Biolegend, USA), 
anti-CD8 PE/Cy5 (Biolegend, USA), anti-CD19-PE/Cy5 
(Biolegend, USA), and anti-TIGIT-PE/Cyanine7 (Biolegend, 
USA) at 4 ℃ in the dark for 30  min according to the 
manufacturer’s instructions. Then, 200 µl/test of erythrolysin 
(1 ×) was added to the samples with anti-human monoclonal 
antibodies, and all samples were shaken with an oscillator 
and placed in a thermostat incubator at 37 ℃ to fully lyse 
erythrocytes. Then, 2 ml/test sheath fluid was added to 
all samples for washing and centrifugation, and the waste 
liquid was carefully poured off. Next, 500 µl/test of sheath 
fluid was added to resuspend leukocytes to obtain leukocyte 
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suspension for flow cytometry. All samples were processed 
by flow cytometry (FC500, Beckman Coulter, USA), and the 
results were analyzed by FlowJo 7.6 software.

The isotype antibodies that we used in our study were 
as follows: Mouse IgG2a FITC (Biolegend, USA), Mouse 
IgG1κ (Biolegend, USA), Mouse IgG1 FITC (Biolegend, 
USA), Mouse IgG1 PE/Cy5 (Biolegend, USA), Mouse 
IgG2a PE/Cy5 (Biolegend, USA), and Mouse IgG2b PE/
Cy5 (Biolegend, USA).

Statistical analysis

FlowJo 7.6 software was used to process and analyze the 
data of flow cytometry, and GraphPad Prism (version 
8.0.2) software was used for statistical analysis and graphic 
presentations. The Shapiro–Wilk test was used to test the 
normality of the data (n < 50). Normal distribution data 
are represented by mean ± standard deviation, and skewed 
distribution data are represented by median (minimum 
number, maximum number). T-test was used for the data 
with normal distribution. The Mann–Whitney U-test was 
used for the data without normal distribution. The Pearson 
correlation coefficient analysis was used for the data 
with normal distribution, and the Spearman correlation 
coefficient analysis was used for the data without normal 
distribution. The statistical significance was determined as 
P < 0.05 (*P < 0.05, **P < 0.01, ***P < 0.001).

Results

Clinical characteristics and laboratory parameters 
of included participants

A total of 45 pSS patients and 25 HC were recruited. 
Meanwhile, no significant differences were found in age or 
sex between pSS patients and HC (P > 0.05). The clinical 
and laboratory characteristics of the enrolled participants 
are presented in Table 1.

The expression of TIGIT increased on T cells 
but decreased on CD14 + monocytes in pSS patients

To investigate the expression profile of TIGIT in pSS 
patients and HC, we used flow cytometry to detect TIGIT 
expression on CD3 + T lymphocytes, CD4 + T lymphocytes, 
CD8 + T lymphocytes, CD19 + B lymphocytes, NK cells, 
and monocytes. Representative FACS plots are shown in 
Fig. 1A. The results showed that a significantly increased 
expression of CD3 + TIGIT + T cells was observed in pSS 
patients compared to HC (27.40% (5.26%, 74.20%) vs. 
20.33% (3.98%, 79.80%), P = 0.025) (Fig. 1B). A mark-
edly increased expression of CD4 + TIGIT + T cells was 

Table 1  Clinical characteristics and laboratory parameters of 
included participants

ILD, interstitial lung disease; ESR, erythrocyte sedimentation 
rate; RF, rheumatoid factor; CRP, C-reactive protein; WBC, white 
blood cell; RBC, red blood cell; Hb, hemoglobin; Plt, platelet; NC, 
neutrophil cell; IgG, immunoglobulin G; IgA, immunoglobulin A; 
IgM, immunoglobulin M; C3, complement 3; C4, complement 4; 
NA, not applicable; ESSDAI, European League Against Rheumatism 
Sjögren’s Syndrome Disease Activity Index; ESSPRI, European 
League Against Rheumatism Sjögren’s Syndrome Patient Reported 
Index

pSS HCs

Number 45 25
Age (years) 47 ± 12.78 46 ± 9.82
Female, n (%) 43 (96%) 23 (92%)
Male, n (%) 2 (4%) 2 (8%)
Disease duration (months) 38 (1, 26) NA
Major clinical features

  Xerostomia, n (%) 40 (89%) NA
  Xerophthalmia, n (%) 29 (64%) NA
  Decayed tooth, n (%) 12 (27%) NA
  Glandular swelling, n (%) 5 (11%) NA
  Raynaud’s phenomenon, n (%) 3 (7%) NA
  Fatigue, n (%) 31 (69%) NA
  Weight loss, n (%) 2 (4%) NA
  Arthralgia, n (%) 16 (36%) NA
  Cutaneous manifestations, n (%) 4 (9%) NA
  Primary biliary cirrhosis, n (%) 6 (13%) NA
  Renal involvement, n (%) 5 (11%) NA
  Interstitial lung disease, n (%) 14 (31%) NA
  Fever, n (%) 2 (4%) NA
  Muscle involvement, n (%) 1 (2%) NA

Major laboratory features
  ESR (mm/h) 13 (2, 70) NA
  CRP (mg/L) 1.78 (0.2, 22.79) NA
  RF (IU/ml) 28 (2.6, 777) NA
  WBC (× 109/L) 4.96 (2.69, 11.78) NA
  Lymphocyte (×  109/L) 1.52 ± 0.54 NA
  NC (×  109/L) 1.49 (0.44, 2.97) NA
  RBC (×  1012/L) 4.26 ± 0.40 NA
  Hb (g/L) 125.7 ± 11.48 NA
  Plt (×  109/L) 206.9 ± 60.39 NA
  Serum globulin (g/L) 30.4 (21.8, 49.5) NA
  IgG (g/L) 16.4 (9.27, 31.8) NA
  IgA (g/L) 2.79 (1.35, 10.6) NA
  IgM (g/L) 1.21 (0.52, 7.35) NA
  C3 (g/L) 0.89 (0.62, 1.52) NA
  C4 (g/L) 0.2 (0.07, 0.44) NA
  Anti-Ro52 ( +), n (%) 36 (80%) NA
  Anti-Ro60 ( +), n (%) 35 (78%) NA
  Anti-SSB ( +), n (%) 24 (53%) NA
  Anti-His ( +), n (%) 1 (2%) NA
  Anti-centromere ( +), n (%) 6 (13%) NA
  ESSDAI 5 (1, 18) NA
  ESSPRI 3.82 ± 1.14 NA
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found in pSS patients compared to HC (32.75% (11.63%, 
84.10%) vs. 23.55% (7.88%, 81.10%), P = 0.026) (Fig. 1C). 
We also found that the expression of CD8 + TIGIT + T cells 
was higher in pSS patients than in HC (30.45% (9.86%, 
83.80%) vs. 23.46% (2.10%, 78.60%), P = 0.02) (Fig. 1D). 
Interestingly, the TIGIT expression on CD14 + monocytes 
decreased notably in pSS patients compared to HC (56.90% 
(14.05%, 88.60%) vs. 70.30% (51.99%, 79.00%), P = 0.0015) 
(Fig. 1G). However, there was no significant difference in 
TIGIT expression on CD19 + B lymphocytes and NK cells 
between pSS patients and HC (3.31% (0.64%, 83.30%) vs. 
3.00% (1.20%, 72.60%), P = 0.9927 and 19.32% (6.05%, 

51.16%) vs. 21.75% (4.21%, 60.90%), P = 0.4072) (Fig. 1E, 
F). The gating strategies for Fig. 1 are shown in supplemen-
tary Fig. 1.

Correlation between the TIGIT expression on T cells 
and CD14 + monocytes and disease activity in pSS 
patients

According to the above results, we found that the expression 
of TIGIT on T lymphocytes and CD14 + monocytes was 
statistically significant between pSS patients and HC. Thus, 
we analyzed the correlations of TIGIT expression on T 

Fig. 1  The expression of TIGIT on T lymphocytes, B lymphocytes, 
NK cells, and monocytes in the peripheral blood of pSS patients and 
healthy control. A Representative FACS plots. B–D TIGIT expres-
sion on CD3 + (B), CD4 + (C), and CD8 + (D) T lymphocytes in 
pSS patients and HC. E TIGIT expression on B lymphocytes in pSS 

patients and HC. F TIGIT expression on NK cells in pSS patients and 
HC. G TIGIT expression on CD14 + monocytes in pSS patients and 
HC (all of the above used Mann–Whitney U-test statistics. *P < 0.05, 
**P < 0.01)



301Clinical Rheumatology (2024) 43:297–306 

1 3

lymphocytes and CD14 + monocytes with disease activity 
in pSS. In this study, the clinical indicators related to the 
disease activity of pSS mainly included ESSPRI, serum 
globulin, ESR, IgG, and C4. The specific correlation 
coefficient and statistical significance are shown in 
Table 2. The expression of TIGIT on CD14 + monocytes 
in pSS patients was negatively correlated with ESSPRI 
(r =  − 0.5013, P = 0.0008), serum globulin (r =  − 0.5213, 
P = 0.0006), ESR (r =  − 0.5272, P = 0.0011), and IgG 
(r =  − 0.4867, P = 0.0023). However, it was positively 
correlated with C4 (r = 0.518, P = 0.0014). The above results 
indicated that TIGIT expression on CD14 + monocytes was 
negatively correlated with the disease activity and severity 
of pSS.

Significance of TIGIT expression 
on CD14 + monocytes in the clinical features of pSS 
patients

According to the above results, we found that the expression 
of TIGIT + CD14 + monocytes was closely related to the dis-
ease activity of pSS. And then, we analyzed the difference in 
TIGIT expression on CD14 + monocytes between different 
clinical features in pSS patients. We compared the difference 
in TIGIT expression on CD14 + monocytes between pSS 
patients with and without arthralgia, fatigue, decayed tooth, 
xerostomia, xerophthalmia, and ILD. Moreover, it was found 
that the expression of TIGIT on CD14 + monocytes with 
arthralgia and fatigue decreased significantly in pSS patients 
(45.36% ± 6.37% vs. 59.93% ± 3.43%, P = 0.0330 and 
48.79% ± 3.52% vs. 68.86% ± 5.55%, P = 0.0043; Table 3). 
Similarly, the expression of TIGIT on CD14 + monocytes 
with decayed tooth, xerostomia, and ILD was obviously 
lower in pSS patients than that without decayed tooth, 
xerostomia, and ILD in pSS patients (43.93% ± 6.10% 
vs. 62.90% ± 3.24%, P = 0.0054; 48.91% ± 3.32% vs. 
70.40% ± 10.75%, P = 0.0318, and 43.60% ± 5.98% vs. 
61.94% ± 3.40%, P = 0.0078; Table 3). However, compared 
with pSS without xerophthalmia, the expression of TIGIT 
on CD14 + monocytes with xerophthalmia only slightly 

decreased in pSS patients, and there was no statistical sig-
nificance (52.81% ± 4.24% vs. 56.39% ± 5.27%, P = 0.6078; 
Table 3). Our findings demonstrated that the decrease in 
TIGIT expression on CD14 + monocytes was closely related 
to the clinical features of pSS.

The expression of TIGIT on CD14 + monocytes 
decreased in positive anti‑SSA/Ro52 and high IgG 
in pSS patients

Next, we analyzed the difference in the expression 
of TIGIT + CD14 + monocytes in pSS patients with 
autoantibodies positive and high IgG and patients with 
autoantibodies negative and normal IgG. The expres-
sion of TIGIT + CD14 + monocytes was significantly 
lower in anti-SSA/Ro52 positive pSS patients than in 
anti-SSA/Ro52 negative patients (50.11% ± 3.57% vs. 
71.60% ± 6.35%, P = 0.0099; Table 3). Similarly, it also 
remarkably decreased in pSS patients with high IgG com-
pared with patients with normal IgG (43.25% ± 4.44% 
vs. 62.30% ± 3.83%, P = 0.003; Table 3). In contrast, the 
expression of TIGIT + CD14 + monocytes only slightly 
decreased in anti-SSA/Ro60 positive or anti-La/SSB 
positive patients compared with anti-SSA/Ro60-negative 

Table 2  Correlations of TIGIT-
expressing on T cells and 
CD14 + monocytes with disease 
activity in pSS

* P < 0.05, **P < 0.01, and ***P < 0.001

TIGIT + CD3 + T 
cell %

TIGIT + CD4 + T 
cell %

TIGIT + CD8 + T 
cell %

TIGIT + CD14 + mono-
cytes %

ESSPRI  − 0.3033*  − 0.2182  − 0.4427**  − 0.5013***
Serum globulin  − 0.1765  − 0.2559  − 0.1806  − 0.5213***
ESR  − 0.0958  − 0.1124  − 0.0702  − 0.5272**
IgG  − 0.2379  − 0.2996  − 0.1704  − 0.4867**
C3 0.1676 0.0728 0.1382  − 0.1083
C4 0.1545 0.0934 0.1658 0.518**

Table 3  The expression of TIGIT + CD14 + monocytes in different 
clinical features, autoantibodies, and IgG in pSS patients

With Without t P

Arthralgia 45.36% ± 6.37% 59.93% ± 3.43% 2.208 0.0330
Fatigue 48.79% ± 3.52% 68.86% ± 5.55% 3.026 0.0043
Decayed tooth 43.93% ± 6.10% 62.90% ± 3.24% 2.958 0.0054
Xerostomia 48.91% ± 3.32% 70.40% ± 10.75% 2.229 0.0318
Xerophthalmia 52.81% ± 4.24% 56.39% ± 5.27% 0.517 0.6078
ILD 43.60% ± 5.98% 61.94% ± 3.40% 2.821 0.0078
Anti-Ro52 + 50.11% ± 3.57% 71.60% ± 6.35% 2.631 0.0099
Anti-Ro60 + 53.20% ± 3.79% 57.17% ± 7.62% 0.471 0.5636
Anti-SSB + 51.54% ± 4.61% 57.27% ± 4.92% 0.842 0.4060
High IgG 43.25% ± 4.44% 62.30% ± 3.83% 3.155 0.0030
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(53.20% ± 3.79% vs. 57.17% ± 7.62%, P = 0.5636; Table 3) 
or anti-La/SSB-negative patients (51.54% ± 4.61% vs. 
57.27% ± 4.92%, P = 0.4046; Table 3), and there was no 
statistical significance.

The expression of TIGIT + CD14 + monocytes 
was negatively correlated with disease activity 
in pSS patients

Furthermore, we divided pSS patients into an active group 
(ESSDAI ≥ 5) and nonactive group (ESSDAI < 5) accord-
ing to the ESSDAI score [15]. We found that the expres-
sion of TIGIT + CD14 + monocytes was negatively corre-
lated with disease activity in pSS patients (r =  − 0.4122, 
P = 0.0082; Fig. 2A). In addition, compared with the non-
active pSS patients, we further observed that the expres-
sion of TIGIT on CD14 + monocytes of active pSS patients 
decreased significantly, and the difference was statisti-
cally significant (47.81% ± 20.06% vs. 64.47% ± 16.84%, 
P = 0.0089; Fig. 2B). These results further demonstrated 
that the TIGIT expression on CD14 + monocytes was 
negatively correlated with the disease activity and disease 
severity of pSS.

Afterwards, 7 pSS patients who received treatment 
were followed up for at least 2 months. The therapies in 7 
pSS patients were as follows: hydroxychloroquine (HCQ) 
0.2 g/d and prednisone 5 mg/d were used in three patients, 
HCQ 0.2 g/d in two patients, TGP (Total Glucosides of 
Paeonia) 1.2 g/d in one patient, and methylprednisolone 
12 mg/d and hydroxychloroquine 0.2 g/d in another patient. 
Subsequently, we evaluated the difference in TIGIT 

expression on CD14 + monocytes in pSS patients before 
and after treatment. TIGIT expression on CD14 + monocytes 
increased in 6 pSS patients but decreased in 1 pSS 
patient; however, there was no statistical significance 
(42.43% ± 6.02% vs. 52.04% ± 5.17%, P = 0.25; Fig. 2C).

The ROC curve of TIGIT + CD14 + monocytes 
to predict the occurrence of pSS

Based on the above results, we speculated that the expres-
sion of TIGIT + CD14 + monocytes was closely related to 
the occurrence and development of pSS disease and neg-
atively related to disease activity. Therefore, we draw the 
ROC curve of TIGIT + CD14 + monocytes to predict the 
occurrence of pSS, and the results showed that AUC (Area 
Under the Curve) = 0.735 and P = 0.0018 (Fig. 3), which fur-
ther indicated that TIGIT + CD14 + monocytes had a certain 
diagnostic value for pSS.

Discussion

pSS is a systemic chronic autoimmune disease that 
damages exocrine glands, especially the salivary 
glands and lacrimal glands. Its main histological feature is 
lymphocyte infiltration in glandular tissue, which leads to its 
dysfunction and destruction. In addition to xerostomia and 
xerophthalmia, the disease usually shows symptoms such 
as fatigue and pain, systemic injuries such as arthralgia, 
ILD, nervous system involvement, renal tubular acidosis, 
and even an increased risk of lymphoma [16]. The potential 

Fig. 2  Correlation of TIGIT expression on CD14 + monocytes with 
disease activity in pSS patients. A The expression of TIGIT on 
CD14 + monocytes in pSS patients was negatively correlated with 
ESSDAI (Spearman correlation coefficient test). B The expression 
of TIGIT on CD14 + monocytes was significantly lower in active 

pSS than non-active patients (P = 0.0089) (t-test, *P < 0.05.). C After 
treatment, TIGIT expression on CD14 + monocytes increased in 6 
pSS patients and decreased in 1 patient, and the difference was not 
statistically significant (P = 0.25) (t-test)
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pathophysiological mechanism of pSS is still ambiguous, 
which makes its treatment difficult. Compared with other 
autoimmune diseases, such as systemic lupus erythematosus 
(SLE) and rheumatoid arthritis (RA), which have made 
remarkable progress in treatment in recent years, mainly 
including biotherapy and the introduction of new treatment 
strategies, pSS lacks an appropriate treatment scheme. 
Therefore, it is urgent to find new therapeutic targets for pSS.

Increasing evidence shows that TIGIT plays an important 
role in the pathogenesis of autoimmune diseases [17–21]. 
Nevertheless, the expression and mechanism of TIGIT 
in pSS patients are still unknown, and little research has 
been done on it. To date, only one study has described 
TIGIT on T lymphocytes in pSS patients [3]. This study 
showed that the expression of TIGIT + T cells in pSS 
patients was significantly higher than that in HC, which 
was consistent with our results, although our research 
found that TIGIT + CD14 + monocytes were more closely 
related to the clinical features of pSS. Similar studies have 
been reported in SLE and RA. Luo et al. found that TIGIT 
expression on T lymphocytes increased significantly in 
the peripheral circulation of SLE and RA patients and was 
correlated with disease activities [22, 23]. In addition, this 
team also found that the expression of TIGIT on NK cells in 
SLE patients was significantly lower than that in HC and was 
negatively correlated with the disease activity and severity 
of pSS; therefore, TIGIT was a potential negative regulator 
of NK cells in SLE patients [13]. Another study showed 

that the expression of TIGIT was negatively correlated 
with the IFN-γ secretion ability of NK cells in patients with 
autoimmune diseases and cancer, which indicated that the 
low expression of TIGIT in vivo contributed to the increased 
secretion of inflammatory factors [24].

TIGIT exhibits immunosuppressive functions on immune 
cells via multiple mechanisms to regulate immunity and 
maintain immune tolerance [25]. Another study showed 
that TIGIT knockdown in mice enhanced IFN-γ levels 
and suppressed IL-10 production [26]. Further elucidation 
of the expression of TIGIT in the peripheral circulation 
in pSS patients and its correlation with clinical features 
will contribute to finding new therapeutic targets for the 
disease. In our study, we showed that TIGIT expression on 
CD14 + monocytes decreased significantly in pSS patients 
compared with HC. In addition, our research revealed 
that the expression of TIGIT on CD14 + monocytes was 
negatively correlated with disease activity and the severity 
of pSS. Similar research has also been reported in RA. 
The expression of TIGIT + CD4 + T cells in synovial fluid 
of active RA patients was lower than that of inactive RA, 
and TIGIT + CD4 + T cells were negatively correlated with 
RA disease activity. In the RA mouse model study, it was 
found that TIGIT overexpression significantly reduced 
the severity of the disease, and early regulation of TIGIT 
could effectively alleviate the severity of the disease, which 
suggested the potential therapeutic role of TIGIT in RA 
patients [27]. Likewise, our research indicated that the 
TIGIT + CD14 + monocytes may be used as a new potential 
therapeutic target for the treatment of pSS, and regulating the 
expression of TIGIT + CD14 + monocytes may contribute to 
the treatment of pSS.

Based on the above data, we focused on analyzing the 
differences between TIGIT expression on monocytes and 
the clinical manifestations in pSS patients. As is known 
to all, the common clinical manifestations of pSS mainly 
include xerostomia, xerophthalmia, and decayed tooth 
caused by lesions of the salivary gland and lacrimal gland, 
as well as arthralgia, fatigue, and ILD, which involve the 
whole body [28]. Therefore, we compared the difference 
in TIGIT expression on CD14 + monocytes in pSS patients 
with or without the above clinical symptoms. The expression 
of TIGIT on CD14 + monocytes with these symptoms 
decreased significantly in pSS patients (statistically 
significant in patients with arthralgia, fatigue, decayed 
tooth, xerostomia, and ILD but not statistically significant 
in pSS patients with xerophthalmia), which indicated that 
the lower expression of TIGIT on CD14 + monocytes was, 
the more serious the clinical manifestations of pSS patients 
were. This phenomenon in which the expression of TIGIT 
is associated with the severity of autoimmune diseases was 
also described in SLE. It has been reported that increasing 

Fig. 3  The receiver operating characteristic (ROC) curve of 
TIGIT + CD14 + monocytes to predict the disease activity of pSS 
(AUC = 0.735, P = 0.0018)
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TIGIT expression can suppress the function and activation of 
CD4 + T cells, which is conducive to alleviating the severity 
of SLE [29]. This result indirectly suggested that we could 
ameliorate the clinical symptoms of pSS by regulating the 
expression of TIGIT + CD14 + monocytes.

The other characteristic of Sjögren’s syndrome is 
the production of autoantibodies such as anti-SSA/
Ro52, anti-SSA/Ro60, anti-SSB/La, and IgG in serum 
[30]. B lymphocytes are considered major players in SS 
pathogenesis and its main complication (such as lymphoma). 
Therefore, we investigated whether the production of 
autoantibodies and IgG was related to the expression of 
TIGIT + CD14 + monocytes. It was found that the expression 
of TIGIT + monocytes in pSS patients with anti-SSA/Ro52-
positive and high IgG was significantly lower than that in 
pSS patients with anti-SSA/Ro52-negative and normal IgG 
(P < 0.01) (Fig. 4A, B). TIGIT is a coinhibitor molecule that 
can transmit negative signals to immune cells and inhibit the 
activation of immune cells and the secretion of cytokines. 
The decrease in TIGIT expression led to the weakening of its 
immunosuppressive function [31]. Therefore, the decrease 
of TIGIT + CD14 + monocytes weakened the inhibition 
of the biological function of monocytes and enhanced the 
activation of monocytes. We speculated that the decrease in 
TIGIT expression enhanced the antigen-presenting function 
of monocytes and indirectly induced the activation of B cells 
to secrete proinflammatory factors to promote humoral 
hyperimmunity and the production of autoantibodies. 
Yoshimoto et al. had the same viewpoint on the production 
of autoantibodies and IgG in the study of the correlation 
between BR3 expression on monocytes and clinical features 
of pSS [32]. However, this study is a single-center, small-
sample observational study; in our study, we only observed 
a certain correlation between TIGIT + monocytes and 
pSS, and there are still some problems to be solved, such 
as how the decrease of TIGIT on monocytes can affect the 
activation of lymphocytes to produce autoantibodies, how 
it can influence the disease of pSS, and what is the specific 
pathogenic mechanism of it in pSS? Therefore, our next 
study will be carried out in-depth from these aspects.

It was reported that TIGIT combined with CD155 on 
dendritic cells (DCs) could induce immunosuppressive 
DCs and indirectly inhibit the function of T cells by 
abating the phosphorylation level of the signal molecule 
ERK and then triggering the increased production of 
IL-10 while reducing the secretion of IL-12 and the 
expression of CD86 [33]. Hence, we presumed that the 
biological function of monocytes was enhanced via the 
decrease in TIGIT + monocytes. This was consistent with 
some previous studies, that is, blocking TIGIT could 
enhance the proinflammatory T-cell response and lead 
to the progression of autoimmune diseases [21, 34]. In 
addition, we followed up with 7 pSS patients who had 

been treated for 2 months. We analyzed the changes of 
the expression of TIGIT + CD14 + monocytes, ESSDAI, 
and ESSPRI between before and after treatment. After 
treatment, ESSDAI and ESSPRI decreased (P = 0.042, 
Supplementary Fig. 2), and by contraries, the expression 
of TIGIT + CD14 + monocytes increased overall, although 
there was no significant difference. Therefore, the decrease 
of TIGIT + CD14 + monocytes reflected the prognosis 
of pSS to a certain extent. This may be due to the small 
number of pSS patients and the short duration of follow-up 
in this study, so it is necessary to expand the sample and 
long follow-up for further study.

However, there are still some limitations in the present 
research that are worth mentioning. First, the number 
of patients enrolled in this study was small. Second, our 
research is a cross-sectional and observational study, and we 
only observed that the decrease of expression of TIGIT on 
CD14 + monocytes was correlated with the clinical features 
and disease activities of pSS, but further longitudinal 
studies and in-depth elucidation of the regulatory 
mechanism of TIGIT expression on monocytes will be 
needed. Third, we only analyzed the expression of TIGIT 
on CD14 + monocytes in our study, which lacked of TIGIT 
expression in different subpopulation of monocytes. In our 
further study, we will label different subsets of monocytes 
with anti-CD14 and anti-CD16 antibodies to evaluate TIGIT 
expression in each subtype of monocytes. Finally, this study 
was lack of histological research on the salivary glands 
and lacrimal glands. Next, we reserved the lower lip gland 
tissue of pSS patients for a histopathological study to further 
investigate the role of TIGIT in the pathogenesis of pSS.

Conclusion

In summary, our study found that the expression of 
TIGIT + CD14 + monocytes in pSS patients decreased 
compared to HC. Moreover, the expression of 
TIGIT + CD14 + monocytes was related to disease 
activity, severity, and production of autoantibodies and 
IgG, indicating that TIGIT + CD14 + monocytes may be 
a biomarker of pSS disease activity. Thus, this study also 
provided a new idea for us to find new potential therapeutic 
targets and biomarkers of pSS.
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