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Objective: Although extensive research has been carried out on CD4+T cells infiltrating the 
labial glands in patients with primary Sjögren’s Syndrome (pSS), it is still unclear how 
CD4+T cells remain in the labial gland tissue and develop into tissue resident cells. The aim 
of this study was to investigate the molecular mechanism by which CD4+T reside in labial 
glandular tissue of pSS patients.
Methods: Lymphocyte infiltration in labial salivary glands (LSG) of pSS patients was 
detected by H&E staining. Expression of sphingosine-1-phosphate receptor 1 (S1PR1) in 
LSG was examined by Immunohistochemistry. Immunofluorescence analyses were utilized 
to detect the co-expression of CD4, CD69 and S1PR1 in T cells of LSG of pSS patients. 
Expression of gene S1pr1 in peripheral blood CD4+T cells of healthy controls and pSS 
patients was detected by quantitative real-time PCR (QPCR). QPCR was used to examine the 
expression of gene S1pr1, Klf2, and Cd69 in the CD4+T cells that were co-cultured in vitro 
with cytokines TNF-α, TGF-β, and IL-33.
Results: S1PR1 was expressed in the infiltrating monocytes in LSG of pSS patients, and 
S1PR1 was weakly or even not expressed in cytoplasm of CD4+CD69+TRM cells of LSG in 
patients with pSS. Expression of gene S1pr1 in peripheral blood CD4+T cells of pSS patients 
was about three-fifths of that of healthy controls (P < 0.05). Expression of genes S1pr1 (P < 
0.001) and Klf-2 (P < 0.001) was significantly decreased, and the expression of gene Cd69 (P 
< 0.05) was significantly increased in peripheral blood CD4+T cells of pSS patients co- 
cultured in vitro with cytokines TNF-α, TGF-β, and IL-33.
Conclusion: Our study suggests that the decrease of S1pr1 gene expression may provide 
a molecular basis for promoting the tissue retention and development of CD4+CD69+TRM 

cells.
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Introduction
Primary Sjogren’s syndrome (pSS) is a common systemic autoimmune disease 
without other connective tissue diseases, characterized by dysfunction of exocrine 
glands, especially salivary and lacrimal glands.1,2 Clinically, the hallmark of the 
disease is mucosal surface dry symptoms that include xerostomia and xerophthal-
mia as a result of lymphocytic infiltration of the lacrimal and salivary glands and 
even also arise lung, liver, kidney, nervous system, and other important visceral 
lesions. About 5% of patients with pSS will develop into non-Hodgkin malignant 
lymphoma, an additional severe complication.3–5 Epidemiological data from 
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a meta-analysis showed that ratio of female to male 
patients with pSS was 9:1, and peak of onset was around 
50 years old.6,7 But recently it has been shown that the 
ratio of female to male patients with pSS was 20:1.8 The 
20:1 female-to-male ratio was considerably different from 
what has been commonly described in many previous 
studies.8

It has been reported that the monocytes infiltrated by 
exocrine glands are mainly CD4+T cells, but other cells are 
also involved including CD8+T cells, dendritic cells, and 
plasma cells.9 Evidence suggests that the infiltrate compo-
sition differs according to lesion severity. T cells, 
CD4+T cells, and B lymphocytes were significantly differ-
ent among minor salivary gland (MSG) tissues with mild, 
intermediate, or severe inflammatory lesions. T cell, 
CD4+T cell, and T/B cell ratio were negative with lesion 
severity, whereas B cell was positively correlated with 
infiltration grade and biopsy focus score.10 CD4+T cells 
play a significant role in the pathogenesis of pSS. 
CD4+T cells are activated by antigens presented by MHC 
class II (MHCII) molecules. Activated T cells promote the 
further development of the disease by producing pro- 
inflammatory cytokines and inducing the activation of 
B cells to produce autoantibodies. In inflammatory gland 
tissue, there are many subsets of CD4+T cells, including 
T-helper 1 (Th1), T-helper 17 (Th17), T follicular helper 
cells (Tfh), and regulatory T cells (Treg).11 Recent evi-
dence suggests that a large proportion of T cells in the 
infiltrating monocytes of salivary glands are tissue resident 
memory T cells (TRM cells).3 TRM cells are an essential 
part of local anti-infection immunity in the body, and TRM 

cells have memory function in mucosal tissues and perma-
nently exist in tissues.12 When it accumulates, overacti-
vates, or abnormally activates, pro-inflammatory 
mediators are produced and alert surrounding tissues to 
upregulate defense mechanisms.13 At present, CD8+TRM 

cells are the most reported TRM cells, but previous studies 
have reported that CD4+ memory T cells reside in 
lungs,13–15 reproductive organs,16 salivary glands,17,18 

and skin.19–21 All TRM cells express the membrane protein 
CD69 including CD4+TRM, which is against the tissue exit 
mediated by the sphingosine-1-phosphate receptor 1 
(S1PR1) and prevents TRM cells from entering 
circulation.22,23

S1PR1, a G-protein-coupled receptor, interacts with 
sphingosine-1-phosphate (S1P), a bioactive sphingosine- 
mediator, to regulate thymus and peripheral lymphocyte 
migration.24 The specificity and efficiency of S1P and 

S1PR1 binding to control lymphocyte migration are deter-
mined by the concentration of S1P and the expression 
level of S1PR1. S1P maintains a low concentration in 
thymus and lymphatic organs, and a high concentration 
in blood which can inhibit the expression of S1PR1 in 
circulating T cells. When the T cells enter non-inflamed 
lymphoid tissues, S1PR1 can reappear. However, in 
inflammatory lymphoid tissue, CD69 is expressed on the 
surface of lymphocytes and leads to the internalization and 
degradation of S1PR, thus delaying the egress. After sev-
eral rounds of division, newly generated effector T cells 
upregulate S1PR1 and lose the expression of CCR7, then 
enter circulation.25 In a word, S1PR1 was required for 
lymphocytes to exit the inflamed tissue and that CD69 
lowered its levels, thus inhibiting lymphocyte egress. In 
the process of delayed exit, under the microenvironment of 
inflammatory tissue, including cytokines, the transcription 
profile of lymphocyte changes, such as the decreased 
expression of klf-2 and s1pr1, it will form tissue resident 
memory T cells and permanently reside in the tissue, 
further mediating tissue inflammation.26

The critical role of S1PR1 signaling in lymphocyte 
trafficking is well recognized, and some related studies 
have reported the contribution of S1PR1 signaling in auto-
immunity and cancer. It has been reported that S1P-S1PR1 
signaling is primarily considered as a catalyst of inflam-
mation and induces osteoclastogenesis.27 Myeloid cell- 
specific S1PR1 overexpression mice demonstrated that 
myeloid cell S1P1 directly contributed to severity of 
neuroinflammation.28 Sphingosine 1-phosphate receptor 1 
(S1PR1) is an integral component of tumor progression 
and maintains an activated state of STAT3.29 In the color-
ectal cancer liver metastasis mouse models, the level of 
IL-6 and the associated myeloid-derived suppressor cells 
stimulated by the S1PR1–STAT3 were correlated with the 
number of liver metastatic nodes. A mutual activation loop 
between S1PR1 and STAT3 can enhance colorectal cancer 
cell proliferation, migration, and invasion in vitro and 
in vivo.30 Therefore, targeted drugs targeting S1PR1 
have very important therapeutic prospects. Fingolimod 
(FTY720) is an approved drug for multiple sclerosis 
based on large clinical trials.31 And Fingolimod acts as 
a functional antagonist for S1PR1,29 because it reduces 
hyperalgesia in models of peripheral inflammatory and 
neuropathic pain.32 In addition, a new class of small mole-
cules, sphingosine-1-phosphate (S1P) receptor modulators, 
has recently shown efficacy in inflammatory bowel disease 
(IBD). These modulators downregulate S1P receptors 
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expressed in lymphocytes and are capable of preventing 
lymphocyte trafficking to the site of inflammation, making 
them likely candidates for the treatment of chronic inflam-
matory disorders, including IBD, multiple sclerosis, and 
rheumatoid arthritis, which are currently under clinical 
investigation.33

In autoimmune diseases, recent studies have shown 
that inhibiting the expression of S1PR1/3 can regulate 
the function of synovial fibroblasts, thus inhibiting inflam-
mation in rheumatoid arthritis.34 It was also reported that 
the expression of S1PR1 increased with the grade of 
lymphocytic infiltration in the labial gland of patients 
with pSS, and the signal of S1P and S1PR1 was related 
to apoptosis.35

In our previous study, we found that CD8+TRM cells 
mediated submandibular gland tissue damage in pSS 
mice.3 Therefore, this study focuses on exploring the 
molecular mechanism of S1PR1 in CD4+TRM in labial 
gland of patients with pSS.

Materials and Methods
Patients
The peripheral blood and labial gland organization of pSS 
patients and the peripheral blood of healthy controls were 
obtained from the first affiliated hospital of University of 
Science and Technology of China (USTC). The diagnostic 
criteria of all included patients with pSS was according to 
the report of 2002 revised American–European criteria. 
A total of 48 patients (47 females/1 male, mean age: 
52.27±1.64) diagnosed with pSS who did not have other 
connective tissue diseases and 43 age-matched healthy 
controls (all females, mean age: 53.26 ± 1.57) were 
included in the study. The study was approved by the 
Ethics Committee of the first affiliated hospital of USTC, 
and informed consent was obtained from all patients and 
healthy people. And our research was conducted in accor-
dance with the Declaration of Helsinki. The detailed clin-
ical characteristics of the patients with pSS are indicated in 
Table 1.

Histological and Immunohistochemistry 
Analyses
Human labial glandular tissues were fixed with 4% paraf-
ormaldehyde (Servicebio, G1101), embedded in paraffin. 
The labial glandular tissue was cut into 4 micron slices, 
deplasticized to water, stained with hematoxylin and eosin 
(H&E) (Servicebio, G1003), dehydrated and sealed, 

examined under microscope (Nikon DS-U3), and analyzed 
by image acquisition.

For immunohistochemistry analysis, the tissue sections 
were placed in a repair box filled with citric acid (PH6.0) 
(Servicebio, G1202) antigen retrieval buffer for antigen 
retrieval. The sections were placed in 3% hydrogen per-
oxide (Pharmaceutical Group Chemical Reagent Co., LTD, 
10011208) and incubated at room temperature in darkness 
for 25 min. Three percent BSA (Servicebio, G5001) was 
added to the circle to evenly cover the tissue, and the 
tissues were sealed for 30 min at room temperature. The 
primary antibody S1PR1 (Abcam, ab11424) prepared with 
PBS (PH7.4) in 1:100 dilution was added to the sections, 
and the sections were placed flat in a wet box and incu-
bated overnight at 4°C. After the sections were washed 
and dried, the tissues were covered goat anti-rabbit labeled 
by HRP at 1:200 dilution and incubated at room tempera-
ture for 50 min. DAB color developing solution 
(Servicebio, G1211) newly prepared was added in the 
circle after the sections were washed and slightly dried. 
Rinsing the sections with tap water to stop the reaction, the 
sections were then counterstained with hematoxylin stain 
solution (Servicebio, G1004). Sections were visualized 
using a microscope (Nikon E100).

Immunofluorescence
Incubated slides with the first primary antibody CD69 
(Thermo, PA5-102562) were prepared with PBS (PH7.4) 
in 1:1000 dilution overnight at 4°C and placed in a wet 
box containing a little water. The following are steps: 1) 
Cover objective tissue with secondary antibody goat anti- 
rabbit labeled by HRP (Servicebio, GB23301) at 1:500 
dilution; 2) incubate at room temperature for 50 min in 
dark condition; 3) Wash slides three times with PBS (pH 
7.4) in a Rocker device, 5 min each; 4) Incubate slides 
with CY3-TSA solution (Servicebio, G1223) at 1:2000 
dilution with TBST appropriately for 10 min in dark con-
dition; 5) Immerse the slides in EDTA antigen retrieval 
buffer (pH 8.0) (servicebio, G1206) to remove the primary 
antibodies and secondary antibodies combined with tis-
sue; 6) Incubate slides with primary antibody S1PR1 
(Abcam, ab11424) and CD4 (Thermo, 14-2444-82) at 
1:100 dilution overnight at 4°C and placed in a wet box 
containing a little water. 7) Cover objective tissue with 
FITC goat anti-rabbit fluorescent (Servicebio, GB22303) 
and CY5 goat anti-mouse fluorescent (GB27301, 
GB27301), and incubate at room temperature for 50 
min in dark condition at 1:100 dilution; 8) Incubate with 
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DAPI solution (Servicebio, G1012) at room temperature 
for 10 min and kept in dark place; 9) Eliminate obvious 
liquid, incubate slides with spontaneous fluorescence 
quenching reagent (Servicebio, G1221) for 5 min, and 
then wash slides under flowing water for 10 min. Finally, 
the slides were visualized using a slice scanner 
(Pannoramic MIDI:3Dhistech).

Cell Isolation
The blood collected with heparin sodium or EDTA sam-
pling vessel was mixed with an equal volume of 1×PBS. 
And peripheral blood mononuclear cells (PBMCs) were 
isolated by the separation solution of human peripheral 
blood mononuclear cells (TBD LDS1075).

The following are steps: 1) Determine cell number by 
Countess® Cell Counting Chamber Slides (Invitrogen, 
C10228); 2) Centrifuge cell suspension at 300×g for 10 
min; 3) Aspirate supernatant completely; 4) Resuspend 
cell pellet in 80 µL of buffer per 107 total cells.; 5) Add 
20 µL of CD4 MicroBeads (Miltenyi Biotec, 130-045- 
101) per 107 total cells; 6) Mix well and incubate for 15 
min in 4°C the refrigerator. Finally, CD4+T cells were 
obtained by magnetic bead sorting on LS column 
(Miltenyi Biotec, 130-042-401).

In vitro Coculture
As previous studies,26 CD4+T cells were collected and 
added to 24-well flat-bottomed plates at a density of 106 

cells per well in 400 µL complete RPMI medium in the 
presence of various combinations of cytokines, IL-33 
(100ng/mL RD 3625-IL-010), TNF-α (125ng/mL RD 210- 
TA-005), and TGF-β (10ng/mL RD 240-B-002). At 48 
h of culture, cells were stained for Quantitative Real-time 
PCR.

Quantitative Real-Time PCR
Total RNA from CD4+T cells were extracted by using 
RNeasy Mini Kit (Qiagen 74104). HiScript II Q RT 
SuperMix for qPCR (Vazyme R223-01) was used for 
reverse transcription. Gene expression was assessed with 
QuantStudioTM 5 system, and amplification was detected 
with QuantiNovaTM SYBR Green PCR Kit (Qiagen 
208054) º Data analysis was the cycling threshold values 
of the target gene minus the control gene encoding 
GAPDH, with results calculated using the 2−∆∆CT method. 
Primers used to amplify specific gene fragments as fol-
lows: GAPDH: TGCACCACCAACTGCTTAGC (for-
ward) and GGCATGGA CTGTGGTCATGAG (reverse); 
CD69: GAGCTGGACTTCAGCCCAAA (forward) and 
CCA CTTCCATGGGTGACCAG (reverse); S1PR1: 
GAAAACCAAGAAATTCCACCGA (forward) and 
TTTCAGCATTGTGATATAGCGC (reverse); KLF-2: 
AGACCT ACACCAA GAGTTC GC (forward) and 
GATCGGAGCGCGAGAAGG (reverse); TGF-β: CGA 
CTCGCCAGAGT GGTTAT (forward) and 
TAGTGAACCCGTTGATGTCCA (reverse); IL-33: 
GCTTTGCCTTT GGTATATCAGG (forward) and 
CTGATTCATTTGAGGGGTGTTG (reverse); TNF-α: 
TGG CGTGGAGCTGAGAGATAACC (forward) and 
CGATGCGGCTGATGGTGTGG (reverse).

Table 1 Demographic and Clinical Characteristics of Primary 
Sjögren’s Syndrome

Characteristics Value

Age, years, mean±SEM 52.27±1.64

Gender females, n(%) 47 (97.9%)

Disease duration(years), med (min-max) 2.8 (0–17)

Organ involvement

Lymphadenopathy, n (%) 4 (8.3)

Glandular, n (%) 4 (8.3)
Articular, n (%) 1 (2.1)

Cutaneous, n (%) 7 (14.6)

Pulmonary, n (%) 31 (64.6)
Renal, n (%) 1 (2.1)

Muscular, n (%) 1 (2.1)

Laboratory data

HGB(g/L) 115.7±2.56
PLT(ˣ109/L) 163.4±10.92

Lymphocytes(%) 28.8±1.38

CRP(mg/L) 3.9±0.43
ESR(MM/h) 29.31±3.32

RF(IU/mL) 15.53±2.61

IgA(g/L) 3.7±0.77
IgG(g/L) 16.87±0.93

IgM(g/L) 1.35±0.12

ANA, n (%) 48(100)
Anti-SSB, n (%) 20 (41.7)

Anti-SSA60, n (%) 33 (68.8)

Anti-SSA52, n (%) 38 (79.2)
ESSDAI, med (min-max, IQR) 3(0–11,3)

Note: Data are presented as number (%) or mean±SEM or median (minimum– 
maximum). 
Abbreviations: HGB, hemoglobin; CRP, C-reactive protein; ESR, erythrocyte 
sedimentation rate; RF, rheumatoid factor; ANA, Anti-nuclear antibody; SSA, 
Sjögren’s Syndrome A; SSB, Sjögren’s Syndrome B; ESSDAI, EULAR Sjögren’s 
Syndrome Disease Activity Index; IQR, interquartile range.
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Statistical Analyses
Statistical analyses were performed using Student’s two- 
tailed unpaired t-tests, Dunnett’s multiple comparison test, 
and Spearman test for correlation analysis in GraphPad 
Prism version 6. Results are expressed as mean ± SEM 
and correlation coefficient. And p value less than 0.05 was 
considered statistically significant.

Results
The Expression of S1PR1 in CD4+CD69+ 

TRM Cells of the Labial Salivary Glands of 
Patients with pSS
Different degrees of lymphocytic infiltration of labial sali-
vary glands (LSGs) in patients with pSS were stained with 
hematoxylin and eosin. We found that little lymphocyte 
infiltrated in the stroma of the LSG1, LSG2 have a large 
number of lymphocyte infiltration and formed obvious 
lymphocyte infiltration foci (Figure 1A). And according 
to the Chisholm and Mason classification,36 LSG1 with 
slight infiltration was rated as grad1, LSG2 displayed more 
than one focus per 4 mm3 was assessed as a grade 4. 
Immunohistochemical results showed that with the 
increase in lymphocyte infiltration, the expression of 
S1PR1 also showed an increased trend (Figure 1B). Co- 
expression of CD4, CD69, and S1PR1 was detected in 
immunofluorescence of LSG2 with a large number of 
lymphocytes infiltrating and forming an infiltrating foci 
(Figure 1C), indicating that strong CD69 fluorescence in 
CD4+T cells, S1PR1 has weak fluorescence or even no 
expression in the cytoplasm. Therefore, our results indi-
cated that S1PR1 was weakly or even not expressed in 
cytoplasm of CD4+CD69+TRM cells of the labial salivary 
glands of patients with pSS.

The Decreased Expression of Gene S1pr1 
in CD4+T Cells of Patients with pSS
The peripheral blood CD4+T cells of healthy controls and 
pSS patients were selected by magnetic beads. The mRNA 
relative expression of S1pr1, Klf-2, and Cd69 were 
detected by qPCR. As shown in Figure 2A, the mRNA 
relative expression of S1pr1 in peripheral blood 
CD4+T cells of pSS patients was significantly lower than 
that of healthy controls. There was no significant differ-
ence in the gene expression of Klf-2 (Figure 2B) and Cd69 
(Figure 2C) between healthy controls and pSS patients. In 
our study, the expression of S1pr1 in pSS-CD4+T cells was 

lower than that in Health-CD4+T cells, indicating that 
more lymphocytes in the blood of pSS patients may 
migrate to lymphatic organs or non-lymphoid tissue struc-
tures than that in healthy control.

Correlation Between S1pr1 Expression 
and Clinical Characteristics of Patients 
with pSS
Spearman correlation analysis showed that the relative 
expression of gene S1pr1 was positively correlated with 
the absolute percentage of basophil (r=0.3504, p=0.0391) 
(Figure 3D) and negatively correlated with C-reactive 
protein (CRP, r=−0.03535, p=0.0436) (Figure 3F). 
However, the data indicated that (Figure 3A–C, E and 
G–J) the expression of S1pr1 was not correlated with 
white blood cells (WBC), hemoglobin (HGB), ESR, IgG, 
IgM, IgA, lymphocyte percentage, and ESSDAI. 
Therefore, the correlation between the relative expression 
of S1pr1 and the serological characteristics of pSS was not 
high.

However, according to the number of lymphocytic foci 
of LSG of patients with pSS, IgG, HGB, anti-SSB, lym-
phocyte percentage (Figure 3K–O), the patients with pSS 
were divided into different subgroups to compare the 
relative expression of S1pr1 mRNA in peripheral blood 
CD4+T cells and the results indicated that the expression 
of gene S1pr1 in peripheral blood CD4+T cells of pSS 
patients with lymphopenia and low hemoglobin was sig-
nificantly lower than that of normal subgroup, and there 
was no significant difference in other subgroups. 
Lymphopenia is a marker of pSS disease activity.4 

Therefore, the decreased expression of gene S1pr1 may 
affect cellular anemia and peripheral blood lymphopenia 
and participate in the development of pSS disease.

Downregulation of S1pr1/Klf-2 and 
Upregulation of Cd69 Expression in 
CD4+T Cells by Cytokines
We investigated whether these cytokines could induce the 
downregulation of S1pr1/Klf-2 in CD4+T cells to obtain 
CD4+CD69+ TRM cell phenotypes by co-culture with per-
ipheral blood CD4+T cells from patients with pSS and 
healthy people selected by magnetic beads for 48 h in -
vitro.26,37 The results showed that TGF-β, IL-33, and 
TNF-α downregulated the expression of S1pr1 and Klf-2 
and upregulated the expression of Cd69 in peripheral 
blood CD4+T cells of patients with pSS (Figure 4A–C) 
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Figure 1 S1PR1 expression in CD4+CD69+ TRM cells. (A) Lymphocyte infiltration was detected by H&E staining of the labial salivary glands(LSG) of patients with pSS. (B) 
Expression of S1PR1 was detected by immunohistochemistry in labial salivary glands (LSG) of patients with pSS. (C) Immunofluorescence was performed to detect the 
expression of CD4, CD69 and S1PR1 in LSG samples with lymphocyte infiltration foci. Bar=20μm. DAPI was used to stain the nuclei and glowed blue. CD4 was pink light, 
CD69 was red light, and S1PR1 was green light. The yellow arrows point to positive fluorescence results and the white arrows point to negative fluorescence results in the 
DAPI, CD4, CD69 and S1PR1 image. In the in Merge image, the yellow arrows represent only S1PR1 expression in CD4+T cells and no surface expression of CD69, the 
white arrows point to the CD4+CD69+T cells without the expression of S1PR1.
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and healthy controls (Figure 4D–F) after coculture with 
cytokines in vitro. However, pSS patients had a higher 
gene expression of IL-33 (Figure 4H) and Tnf-α 
(Figure 4I), and lower S1pr1 gene expression than healthy 
controls, although the expression of gene Tgf-β was 
a significant decrease (Figure 4G).

Discussion
In rheumatoid arthritis, it has been reported that S1PR1 had 
pro-inflammatory effect in synovium and anti-inflammatory 
effect by inhibiting its expression.34 It was reported in the 
literature that S1P1 was expressed in the cytoplasm of 
inflammatory mononuclear cells, vascular endothelial cells, 
and salivary gland epithelial cells in LSG biopsy specimens. 
The expression of S1PR1 gradually increased with the 
increase in labial gland pathological grade, because the 
signal of S1PR1 and S1P was related to the apoptosis of 
epithelial cells in salivary gland.35 We also found that with 
the increase in lymphocyte infiltration, the expression of 
S1PR1 in pSS labial gland also showed an increasing 
trend. Result revealed that S1PR1 may participate in the 
development of inflammation in salivary glands of pSS.

In addition, S1PR1 was weakly or even not expressed 
in cytoplasm of CD4+CD69+TRM cells of the labial sali-
vary glands of patients with pSS, because the expression 
of S1PR1 in CD4+T cells in salivary glands of patients 
with pSS was inhibited and degraded by CD69, resulting 
in the decrease in expression and delayed output of 
CD4+T cells. However, after several cycles of division, 
the expression of S1PR1 in newly generated T cells will 
increase to promote its output, but it will decrease in 
peripheral blood, so that cells can sense other signals to 
migrate from peripheral blood to other tissues. Our study 

also showed that the expression of S1pr1 in CD4+T cells in 
peripheral blood is significantly lower than that in healthy 
people. These results suggest that the migration of 
CD4+T cells is stronger in pSS patients.

The decrease in S1pr1 gene expression had no correla-
tion with the percentage of peripheral blood lymphocytes 
in patients with pSS. However, when the pSS patients 
were grouped according to the percentage of peripheral 
blood lymphocytes, the results showed that compared with 
the normal lymphocyte percentage group, the expression 
of S1pr1 gene in pSS-CD4+T cells with lymphopenia was 
significantly reduced. This is similar to the significant 
reduction of S1pr1 gene expression in pSS-CD4+T cells. 
This suggests that decreased expression of S1pr1 gene 
may play a role in the reduction of lymphocytes in pSS 
blood. This is supported by literature that the decrease in 
the number of CD4+T cells in the blood of patients with 
pSS is associated with idiopathic CD4+T lymphopenia.38 

CD4+T cell lymphopenia is a biological predictor of the 
development of non-Hodgkin’s malignant lymphoma.39 

Studies have also shown that the decrease in the number 
of CD4+T cells in the blood is related to the increase in the 
number of lymphocytes in target tissues, such as the 
CD4+T cells in the minor salivary glands (MSGs).4 This 
supports the hypothesis that the reduction of 
CD4+T lymphocytes in the blood is due to the migration 
of CD4+T cells to inflammatory tissues.11 This hypothesis 
is consistent with our finding that the expression of the 
S1pr1 gene in pSS-CD4+T cells is reduced, and the 
CD4+T lymphocytes in the blood tend to migrate to 
inflammatory tissue.

Skon et al showed that downregulation of Klf-2 and 
S1pr1 expression played an important role in the tissue 

Figure 2 Gene S1pr1 is downregulated in pSS-CD4+T cells. The relative expression levels of gene S1pr1 (A), Klf-2 (B) and Cd69 (C) in peripheral blood CD4+T cells of 
healthy group (n=35) and pSS patients (n=35) were detected by Quantitative RT-PCR. Data represent the mean with SEM; ***P<0.001 by student-T test. 
Abbreviation: NS, not significant.
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Figure 3 Correlation with clinical characteristics of patients with pSS. (A–J).Correlation analysis of relative expression level of gene S1pr1 and clinical indicators of pSS. (K). 
The expression of gene S1pr1 in peripheral blood CD4+T cells of patients with pSS in different pathological groups divided according to the number of lymphocytic foci. 
pSS=0 represented lymphocyte infiltration, but there is no formation of lymphocyte infiltration focus; pSS≥1 indicates at least one lymphocytic infiltrate of patients with pSS. 
(L–O).According to the clinical indicators of pSS, patients with pSS in the cohort were divided into groups to compare the relative expression of gene S1pr1 in peripheral 
blood CD4+T cells. Spearman test for correlation analysis. *P<0.05, by Student’s 2-tailed unpaired t-tests. 
Abbreviation: NS, not significant.
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residence and development of CD8+TRM cells, in which 
the cytokines TGF-β, IL-33 and TNF-α together lead to 
significant downregulation of Klf-2.26 These cytokine 
combinations have been shown to promote putative tissue- 
resident precursor cells to acquire tissue resident cell phe-
notypic characteristics, such as up-regulation of CD103 
expression. CD103 is an integrin that allows tissue- 
resident cells to persist in non-lymphoid organs.40,41 

Therefore, the cytokine microenvironment may cultivate 
the development of tissue resident cells by guiding the 
transcriptional profile of tissue resident precursor cells.37 

In our study, peripheral blood CD4+T cells of pSS patients 

were co-cultured with cytokines TGF-β, IL-33 and TNF-α 
in vitro due to the small labial gland tissue and difficulty in 
obtaining it. The results showed that TGF-β, IL-33 and 
TNF-α induced downregulation of Klf-2 and S1pr1 expres-
sion and upregulation of Cd69 expression in peripheral 
blood CD4+T cells of pSS patients and healthy people 
after coculture with cytokines in vitro. However, the 
expression of IL-33 and Tnf-α genes is higher, and the 
expression of S1pr1 gene is lower in pSS patients. This 
seems to be similar to the molecular mechanism of acti-
vated T cell and cytokine in vitro culture to obtain tissue- 
resident phenotype. Therefore, it can be concluded that the 

Figure 4 Cytokines induce downregulation of Klf2/S1pr1 in CD4+T cells and upregulate the expression of Cd69. Magnetic bead sorting (A–C) the CD4+T cells of peripheral 
blood of patients with pSS (n=13) and (D–F) healthy people (n=8), and cytokines TGF-β, IL-33 and TNF-α were co-cultured in vitro for 48 hours. The relative expression of 
genes Klf-2, S1pr1, Cd69 were detected by QPCR experiment. Magnetic beads were used to sort CD4+T cells from the peripheral blood of healthy people (n=35) and pSS 
patients (n=38) through QPCR to detect relative expression of genes Tgf-β (G) (P=0.0002), Tnf-α (H) (P=0.0057), IL-33 (I) (P=0.0175). Bars show the mean ± SEM in (A–I). 
*P<0.05, **P<0.01, ***P<0.001, ****P<0.0001 by Dunnett’s multiple comparisons test or Student’s 2-tailed unpaired t-tests. 
Abbreviation: NS, not significant.
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cytokines TGF-β, IL-33, and TNF-α can cause the down-
regulation of Klf-2 and S1pr1 expression and the upregu-
lation of Cd69 expression in CD4+T cells at the gene level, 
and CD4+T cells have the tendency of tissue retention and 
development at the gene level. According to existing 
research reports, TGF-β, IL-33, and TNF-α cytokines are 
expressed in the salivary glands of pSS patients, and they 
play an important role in the development of pSS.42–51 

Studies have reported that IL-33 levels were significantly 
increased in the serum of patients with pSS, and IL-33 was 
detected in the acinar cells of the salivary glands of 
patients with pSS and some cells infiltrating the connective 
tissue.42 IL-33 was released by endothelial cells and acti-
vated mast cells after cell injury in the acute phase of pSS, 
participates in the polarization of T cells to T-helper 2 
(Th2) cells and induces some adaptive immune Th2 cyto-
kines, which play a pro-inflammatory effect.43,44 IL-33 
together with IL-23 and IL-12 induce the secretion of 
interferon gamma (IFN-γ). IFN-γ is a typical T-helper 1 
(Th1) cytokine. IFN-γ and TNF-α are mainly secreted by 
infiltrating Th1 cells and CD8+T cells in the LSG of pSS 
patients, and are involved in gland damage and secretory 
dysfunction.22,42 In addition, overexpression of TNF-α not 
only cause inflammation but also cause acinar cell 
atrophy.45 According to a previous report, TNF-α induced 
an increase in the expression of Ro/SSA and La/SSB on 
the surface of human keratinocytes, which may cause 
apoptosis and impaired secretion of SGs in Sjogren’s syn-
drome (SS).52 The expression level of TGF-β in the serum, 
salivary glands and saliva of pSS patients was increased,47 

and it cooperated with IL-6 to mediate the differentiation 
of helper Th17 cells to activate the pro-inflammatory 
response.48 However, TGF-β has a dose-dependent pleio-
tropic effect in the process of immune regulation. The pro- 
inflammatory or anti-inflammatory effect of TGF-β in the 
pathogenesis of pSS still needs further research. 
Nevertheless, in vitro experiments have shown that the 
fibrosis of pSS minor salivary glands is mediated by 
TGF-β signaling, and inflammation at the lymphocyte 
infiltration site stimulates TGF-β1-mediated epithelial- 
mesenchymal transition, which causes fibrosis near lym-
phocyte aggregation.49–51 There is a molecular basis for 
the hypothesis that CD4+CD69+TRM progener cells in 
labial gland tissues of pSS patients develop into 
CD4+CD69+TRM cells through down-regulation of Klf-2 
and S1pr1 expression and up-regulation of Cd69 expres-
sion in labial gland tissues caused by the interaction of 
cytokines TGF-β, IL-33 and TNF-α. The temporal and 

spatial relationship between the residence and develop-
ment of CD4+CD69+TRM cells in the tissues and the 
expression of TGF-β, TNF-α and IL-33 in the labial glands 
of pSS patients still needs further research.

In conclusion, our study suggests that the expression of 
S1PR1 in CD4+CD69+TRM cells in labial glands of pSS 
patients was weak, and the decrease of S1pr1 gene expres-
sion may provide a molecular basis for promoting the 
tissue retention and development of CD4 +CD69+TRM 

cells.
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