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Abstract. The present study aimed to explore latent markers 
for identifying primary Sjogren's syndrome (pSS), as well 
as their expression and molecular mechanism. Hub induc‑
ible T cell co‑stimulator genes were retrieved from the Gene 
Expression Omnibus. A total of 95 patients with pSS and 
68 healthy individuals from Affiliated Hospital of Nantong 
University (Nantong, China) were included in the study. 
The expression of inducible T cell co‑stimulator (ICOS) in 
whole blood and saliva was evaluated using ELISA. Western 
blotting was performed to investigate aquaporin 5 (AQP5) 
protein expression, as well as the inflammatory effects of 
ICOS in patients with pSS compared with healthy individuals. 
Differentially expressed mRNAs were analyzed in whole 
blood (GSE84844) and salivary gland (GSE40611) of patients 
with pSS. In total, 15 hub genes were identified, among which 
ICOS was indicated to serve a role in the most pivotal immunity 
pathways. pSS was markedly associated with inflammatory 
pathways. Results from the present study found that ICOS was 
upregulated in the salivary gland, whole blood and saliva of 
patients with pSS. Salivary weight was negatively correlated 
with the levels of ICOS in the saliva of patients with pSS. The 
expression of AQP5 was markedly lower in patients with pSS. 
The expression of AQP5 was negatively associated with ICOS. 
Compared with that of healthy individuals, the expression of 
ICOS and inflammatory factors was higher and the expression 

of AQP5 was lower in pSS patients as assessed by western 
blotting. These data demonstrated that ICOS may affect AQP5 
expression by promoting inflammation in the salivary glands 
of patients with pSS.

Introduction

Primary Sjögren's syndrome (pSS) is a systemic autoimmune 
disease characterized by the infiltration of periductal lymph 
cells in the lacrimal and salivary gland tissues (1). Abnormal 
activation of T and B cells is vital for the progression of pSS. 
T cell stimulative and differentiative activities require two 
signals. The first signal being T cell receptor recognition of the 
major histocompatibility complex on antigen‑presenting cells 
(APCs) (2); the second signal is a co‑stimulatory signal medi‑
ated by auxiliary biomolecules on APCs (3‑6). Costimulatory 
molecule has importance in treatment of autoimmune disease, 
since manipulating co‑stimulatory signals may offer a way 
to reinforce or halt immune responses. B7/CD28/CTLA4 
pathway has the ability to both positively and negatively 
regulate immune responses. The CD28/CTLA4/B7 pathway 
signaling pathway is the most explored T cell co‑stimulatory 
pathway and is pivotal for T cell stimulation and tolerance (7).

Inducible T cell co‑stimulator (ICOS) is a component of 
the CD28 superfamily, which is predominantly expressed on 
the surface of stimulated T cells (8,9). ICOS supports CD4+ 
T follicular helper (Tfh) cell differentiation and function 
during the germinal center (GC) response (10‑13). As such, 
the absence of ICOS or ICOS ligand in humans and mice 
induces serious abnormalities (14‑18). It is known that ICOS 
is predominantly expressed on both follicular and regulatory 
follicular T helper cells (Tfh and Tfr cells) which regulate 
antagonistically the quantity and quality of humoral immu‑
nity (19,20). The expression of ICOS lead to dysfunction of 
T‑cell in SLE patients (21) Researcher first focused on T cells 
and evaluated the key activation molecules, HLA‑DR, and 
costimulatory molecules such as ICOS on CD3+ T cells (22). 
The ICOS expression in SLE was correlated to the anti‑DNA 
antibodies. Enhanced expression of ICOS‑expressing CD3+ 
T cells may suggest that the systemic lupus erythematosus 
(SLE) patients are at a more severe inflammatory status (22). 
Previous studies have reported increased ICOS protein and 
mRNA expression levels in the peripheral blood of patients 
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with pSS (23,24). The present study found that the expression 
of ICOS was shown to affect saliva weight and aquaporin 5 
(AQP5) expression; however, the specific downstream signal 
transduction constituents involved remain unknown.

Previous studies indicate that ICOS is pivotal for stimu‑
lating the PI3K/Akt/mTOR signaling pathway (25,26), which 
is also found to be associated with inflammatory activa‑
tion (27). Sicca symptoms, including dry eyes and mouth, are 
characteristic features of pSS. AQP5 affects saliva secretion; 
it is distributed in the salivary gland tissues and functions as 
a water channel in the secretory glands (28). The expression 
mechanism of co‑stimulatory molecules and their receptors 
in pSS is still unclear, and further research is needed. It was 
hypothesized that the expression level and equilibrium of 
ICOS, as well as relevant expression of AQP5, may markedly 
affect the sicca symptoms identified in pSS. Thus, the present 
study aimed to explore whether ICOS affected AQP5 expres‑
sion by promoting salivary gland inflammation and to offer a 
prospective candidate for pSS diagnosis.

Materials and methods

Dataset access and information. The Gene Expression 
Omnibus (GEO; https://www.ncbi.nlm.nih.gov/gds) datasets 
GSE40611 and GSE84844 were used. These datasets came 
from the GPL570 (HG‑U133_Plus_2) Affymetrix Human 
Genome U133 Plus 2.0 Array and were analyzed by R pack‑
ages (http://www.R‑project.org/). GSE40611 comprises 17 
healthy salivary gland samples and 18 pSS salivary gland 
samples; GSE84844 contains 30 normal whole blood samples 
and 30 pSS whole blood. The Perl command ‘strawberry‑per
l‑5.32.1.1‑64bit’ (strawberryperl.com/releases.html) was used 
to transform the genetic probe IDs in the matrix files into the 
genetic symbols in the dataset files to acquire a matrix file 
of formal symbols. All datasets were normalized using the 
limma R package (version 4.1.0 for Windows, R Core Team, 
Vienna, Austria http://www.R‑project.org/) (29). The genetic 
expression information was log2 transformed.

Dataset analyses. The Perl (strawberry‑perl‑5.32.1.1‑64bit) 
command is used to convert the genetic probe IDs in the 
matrix document to the genetic symbols of the platform to 
obtain the matrix document containing the official symbols 
(https://strawberryperl.com/releases. html strawberry perl.
com project).

The pSS expression datasets were standardized by impute 
R package and limma R package (R for Windows 4.1.0 Setup 
and https://www.rstudio.com). Differentially expressed genes 
(DEGs) between patients and healthy individuals were iden‑
tified by volcano plot (‑https://www.rstudio.com) using the 
limma R package. All P‑value (false discovery rate) <0.05) 
and |log2 (FC)| >0.75 were considered to indicate a statistically 
significant difference by comparing pSS with healthy controls 
using the limma R package.

Functional enrichment analyses. Gene Ontology (GO) and 
Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses 
were completed based on the GEO database  (30‑32). The 
outcomes of the R analyses were submitted to determine the 
putative underlying roles of the selected genes. False discovery 

rate <0.05 and P<0.05 were considered to indicate a statistically 
significant difference.

Protein‑protein interaction (PPI) network establishment. 
The identified DEGs were uploaded to the Search Tool 
for the Retrieval of Interacting Genes/Proteins (STRING) 
database (https://string‑db.org)  (33). The interaction score 
was set to 0.8. The hub genes were identified and Cytoscape 
(Cytoscape_3_8_2_windows_64bit; https://cytoscape.
org/download.html) was used to plot the network diagram; 
nodal points denoted a gene or protein (34); the number of 
edges between nodal points denoted the molecular interplay.

Patients. A total of 95  patients with pSS and 68 healthy 
individuals admitted to Affiliated Hospital of Nantong 
University between September 2017 and September 2018 who 
met the inclusion criteria (as described below) were selected 
by the random number table method. The patients with pSS 
were diagnosed according to the 2016 American‑European 
Consensus Group SS categorization standards (35). Salivary 
gland biopsy samples were harvested, and the pathological 
status of 95 pSS patients was evaluated to determine the 
pathological findings. Donors bearing inflammatory diseases, 
cancer or contagious diseases were excluded from the study. 
The study was approved by the ethical board of Affiliated 
Hospital of Nantong University (Jiangsu, China; approval 
no. 2017‑K003). All patients were >18 years old and provided 
written informed consent. Features of healthy individuals and 
pSS patients are given in Table I.

Inclusion and exclusion criteria of patients with pSS. The 
inclusion criteria were as follows: Diagnosis of pSS, >18 years 
old, no known cognitive defects and of Chinese nationality. The 
exclusion criteria included: Secondary Sjögren's syndrome, 
physiopsychological problems (psychiatric disorders) that 
may affect the results, pulmonary injury not associated with 
pSS (such as lung infections, asthmatic disease, persistent 
obstructive lung illness, lung tuberculosis, bronchodilation 
and pulmonary carcinoma), interstitial lung disease induced 
by organic matter or pneumoconiosis, long‑term utilization of 
medicines causing lung fibrosis, and persistent cardiac, hepatic 
or renal function disorders.

Disease activity. Disease activity was assessed by the 
European League Against Rheumatism Sjögren's Syndrome 
Disease Activity Index (ESSDAI) (36). The ESSDAI includes 
measures systematic activity and 12 domains. Each domain 
is divided into 3‑4 levels (0, no activity; 1, low activity; 2, 
moderate activity; 3, high activity). According to the ESSDAI, 
low activity, <5; moderate activity, 5‑13; and high activity, 
>13 (37).

Healthy individuals' inclusion criteria. The inclusion criteria 
were as follows: >18 years old, no known cognitive defects, not 
known any disease and of Chinese nationality.

Saliva collection. Patients were not allowed to stimulate the 
salivary flow. Patients were asked to hold the tongue against 
the roof of the mouth (the palate) until there was adequate 
saliva. Salivary samples were pooled and harvested in 
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specimen cups for 300 sec. Between 9:00 and 12:00 a.m., 
salivary sample harvesting was completed to decrease the 
impact of circadian fluctuation. The salivary specimens were 
centrifuged at 4,500 x g for 5 min at 4˚C and the debris and 
cells were discarded (38). After centrifugation, the weight of 
the saliva was measured. Specimens were stored at ‑80˚C until 
subsequent analyses.

Blood collection. Blood from 95 pSS patient and 68 controls 
was collected at 9‑12 a.m. The patients did not have strenuous 
exercise and fasting state. Peripheral blood (5 ml) was collected 
from each patient and controls in the Rheumatic Immunology 
Department. Blood samples were centrifuged at 978 x g for 
1 min at 4˚C. The uppermost transparent liquid is extracted 
and stored at ‑80˚C. All patients and controls signed informed 
consent.

ELlSA. A human ICOS ELISA kit (XG‑K3005; Suzhou 
Bright Scistar Biotechnology Company Ltd.) was utilized to 
quantify the ICOS content in saliva and in blood. A human 
TNF‑α ELISA kit (cat. no. DTA00D; R&D Systems, Inc.) was 
used to measure the levels of TNF‑α, according to the manu‑
facturer's instructions. 100 µl blood and 100 µl saliva from 
95 pSS patients and 68 controls were incubated in 96‑well 
plates at 37˚C for 60 min. Subsequently, the absorbance was 
measured in a microplate reading device at  450  nm. All 
experiments were performed in triplicate.

Immunofluorescence analyses. Salivary gland samples were 
fixed in 4% paraformaldehyde at 4˚C for 180 min, followed 
by incubation at 4˚C for 12 h in 30% sucrose. Next, the speci‑
mens were placed in optimal cutting temperature compound 
and sectioned into 5‑µm slices. The salivary gland samples 
were blocked with 0.1% BSA (cat. no. A8010; Beijing Solarbio 
Science & Technology Co., Ltd.) at 37˚C for 60 min and then 
incubated with antibodies against ICOS (cat. no. ab175401; 
Abcam; 1:100) at 4˚C for 12 h. Subsequently, the sections 

were incubated with goat anti‑rabbit IgG antibody (H+L; 
cat. no. BA‑5000‑1.5; Vector Laboratories, Inc.; 1:1,000) for 
30 min at room temperature. Staining was developed with 
red fluorescent dyes (cat. no. FP1494001KT; PerkinElmer, 
Inc.; 1:3,000) for 10  min at room temperature and DAPI 
(cat. no. C0065; Beijing Solarbio Science & Technology Co., 
Ltd.) for 5 min at room temperature. After all incubation steps, 
the samples were washed with PBS for 5 min. An Olympus 
BX53 fluorescence microscope (Olympus Corporation) was 
used to detect the fluorescence expression of samples. Images 
were analyzed using Cellsens Standard version 1.9 software 
(Olympus Corporation).

Western blot analysis. Salivary gland tissues were lysed 
in RIPA lysis buffer (Beyotime Institute of Biotechnology) 
containing PMSF (Beyotime Institute of Biotechnology). 
Protein concentrations were determined by BCA assay 
(Beyotime Institute of Biotechnology). A total of 5  µg 
protein samples were separated by 10% SDS‑PAGE and 
then transferred to PVDF membranes (Beyotime Institute 
of Biotechnology). The membranes were blocked with 
5% BSA (cat.  no.  SW3015; Beijing Solarbio Science & 
Technology Co., Ltd) for 1  h at room temperature and 
then incubated with the following primary antibodies 
at  4˚C for 12  h: anti‑ICOS (cat.  no.  ab224644; Abcam; 
1:1,000), anti‑AQP5 (cat.  no.  ab191061; Abcam; 1:1,000), 
anti‑phosphorylated (p)‑PI3K (cat. no. ab278545; Abcam; 
1:1,000), anti‑p‑AKT (cat.  no.  ab8933; Abcam; 1;1000), 
anti‑p‑mTOR (cat.  no.  ab109268; Abcam; 1:1,000), PI3K 
(cat. no. ab32089; Abcam, 1:1,000), AKT (cat. no. ab8805; 
Abcam; 1:1,000), mTOR (cat.  no.  ab134903; Abcam; 
1:1,000), anti‑Bcl‑2 (cat. no. ab59348; Abcam; 1:1,000) and 
anti‑TNF‑α (cat. no. ab183218; Abcam; 1:1,000). GAPDH 
(cat. no. ab8245, Abcam, 1:1000) was used as an internal 
control for normalization. Rabbit anti‑mouse or goat 
anti‑rabbit IgG H&L at 37˚C for 60 min (cat. nos. ab6728 
and ab6721, respectively; Abcam, 1:5,000). Proteins were 

Table I. Clinicopathological characteristics of healthy control individuals and patients with pSS.

Clinicopathological characteristic	 Patients with pSS	 Healthy control patients	 P‑value

Cases, n	 95	 68	
Sex, Female	 95 (100%)	 68 (100%)	
Age, yearsa	 48.82±1.33	 47.31±1.425	 0.4472
Disease duration (years)a	 1.54±0.221	 0	NA
ESSDAIc	 4 (0‑7)	 0 (0‑2)	 <0.001
Number of cariesc	 4 (1‑8)	 0	NA
Autoantibody positivity:			 
  Anti‑SSA and/or anti‑SSBb	 95 (100)	 0 (0)	NA
  Rheumatoid factorb			   <0.001
     ≤20	 31 (33%)	 68 (100%)	
     ≥20	 64 (67%)	 0 (0%)	

aMean ± standard error of the mean, analyzed by independent samples t‑test; bnumber (percentage), analyzed by χ2 test; cMedian (interquartile 
range), analyzed by the Mann‑Whitney U test. C3, complement 3; C4, complement 4; ESR, erythrocyte sedimentation rate; ESSDAI, EULAR 
primary Sjögren's syndrome disease activity; ESSPRI, EULAR primary Sjögren's syndrome patient‑reported indexes; NA, not applicable; pSS, 
primary Sjögren's syndrome.
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visualized using an Enhanced ECL Chemiluminescence 
Detection kit (cat. no. E411‑03; Vazyme Biotech Co., Ltd.). 
Densitometric analysis was conducted using Image Lab 
System version 6.1 (Bio‑Rad Laboratories, Inc.). The assays 
were repeated at least times.

Statistical analysis. An independent samples t‑test was 
conducted to determine differences between two groups. χ2 
test was used to assess differences in proportion. SPSS 19.0 
software (IBM Corp.) was used for statistical analysis. All 
experiments were performed in triplicate. Shapiro‑Wilk test 
was utilized to assess the normal distribution of the data. 
Spearman correlation analysis to determine relationships 
between variables. Comparisons were made using one‑way 
ANOVA followed by Tukey's honestly significant difference 
post hoc test. Data are expressed as mean ± SEM. χ2 test was 
used to assess the differences in proportion. Median (inter‑
quartile range), analyzed by the Mann‑Whitney U test. P<0.05 
was considered to indicate a statistically significant difference.

Results

Identification of DEGs in patients with pSS. GSE40611 
genetic expression matrix and corresponding annotated 
files were acquired from GEO database. The dataset, which 
included 17 healthy salivary gland and 18 pSS salivary gland 
was analyzed using the GPL570 Affymetrix Human Genome 
U133 Plus 2.0 Array. A total of 118 DEGs genes were identi‑
fied as consistently differentially expressed in pSS, and these 
are represented using volcano plots (Fig. 1A). Among these, 
13 were downregulated and 105 were upregulated. GSE84844 
genetic expression matrix and corresponding annotated files 
were acquired from GEO database. GSE84844 microarray 
included 30 healthy blood and 30 pSS blood was analyzed 
using the GPL570 Affymetrix Human Genome U133 Plus 2.0 
Array. Similarly, DEGs were identified using volcano plots of 
the Differentially expressed mRNAs were analyzed in whole 
blood (GSE84844) (Fig. 1B). Here, a total of 244 genes were 
identified that were consistently differentially expressed in pSS 
compared with the control group data. Among these, 5 were 
downregulated and 239 were upregulated. The GSE40611 
and GSE84844 data were merged to establish an intersection 
of DEGs and 15 overlapping DEGs were found (Fig. 1C), 
including CXCL10, OAS3, MX1, MS4A1, GZMA, ICOS, 
CENPK, TCL1A, EVI2A, IFI44L, IFIT1, CD69, FAM26F, 
CKS2 and TRAT1. Among these, 0 were downregulated and 
15 were upregulated.

The STRING database was used for PPI network analysis 
of these DEGs, and Cytoscape software was utilized to visu‑
alize the outcomes of the GSE40611 database (Fig. 1D). In 
the PPI analyses, the association between nodal points was 
analyzed to determine the interactions between the proteins 
encoded by DEGs in patients with pSS. According to the PPI 
results, 14 immune‑related genes were found, including CD22, 
CD38, CXCL10, CD163, CXCL13, CD48, CD19, IL2RB, 
CCL21, CXCL9, ICOS, CD69, CCL19, CXCL11. Based on 
the PPI results and 15 overlapping DEGs, co‑expressed genes 
CXCL10, CD69 and ICOS were identified. A previous study 
reported that the expression of ICOS is associated with EULAR 
primary Sjögren's syndrome disease activity (ESSDAI) score 

and gradation of focus scoring, indicating that ICOS may be 
associated with the severity of pSS (23). A modification based 
on focus score (FS) calculation was proposed in 1974 (39) 
and further work established FS ≥1 (i.e., ≥1 focus per 4 mm2) 
for use in classification criteria (40‑44). Therefore, ICOS was 
identified as a core gene for further research.

The 105 upregulated genes were uploaded for GO term 
and KEGG pathway enrichment analyses. In the GO analysis, 
the biological process (BP) term in which ICOS participated 
in were selected (Fig. 1E). The results revealed that ‘leuko‑
cyte cell‑cell adhesion’ (GO:0007159; P=2.20x10‑10) was 
the most significant for BP, followed by ‘T cell activation’ 
(GO:0042110; P=1.19x10‑9), ‘regulation of leukocyte cell‑cell 
adhesion’ (GO:1903037; P=4.75x10‑9), ‘positive regulation 
of cell‑cell adhesion’ (GO:0022409; P=5.03x10‑9), ‘positive 
regulation of leukocyte cell‑cell adhesion’ (GO:1903039; 
P=7.89x10‑9), ‘regulation of cell‑cell adhesion’ (GO:0022407; 
P=2.21x10‑8), ‘positive regulation of T cell activation’ 
(GO:0050870; P=3.05x10‑8), ‘regulation of T cell activation’ 
(GO:0050863; P=3.77x10‑8), ‘positive regulation of cell activa‑
tion’ (GO:0050867; P=7.69x10‑8) and ‘positive regulation of 
lymphocyte activation’ (GO:0051251; P=1.02x10‑7).

In addition, KEGG analysis revealed that ‘cell adhesion 
molecules’ (hsa04514; P=3.25x10‑9), ‘intestinal immune 
network for IgA production’ (hsa04672; P=6.00x10‑9), ‘primary 
immunodeficiency’ (hsa05340; P=0.000280497) and ‘T cell 
receptor signaling pathway’ (hsa04660; P=0.001814358) were 
shown. (Fig. 1F).

Biological annotation of the DEGs in patients with pSS 
identified from the integrated analysis of the microarray 
data was performed using Cytoscape. BP functional enrich‑
ment GO terms (GO:0007159 leukocyte cell‑cell adhesion; 
GO:0042110 T cell activation; GO:1903037 regulation of 
leukocyte cell‑cell adhesion; GO:0022409 positive regulation 
of cell‑cell adhesion; GO:1903039 positive regulation of leuko‑
cyte cell‑cell adhesion; GO:0022407 regulation of cell‑cell 
adhesion; GO:0050870 positive regulation of T cell activation; 
GO:0050863 regulation of T cell activation; GO:0050867 
positive regulation of cell activation; GO:0051251 posi‑
tive regulation of lymphocyte activation), KEGG pathways 
(hsa04514 cell adhesion molecules; hsa04672 intestinal 
immune network for IgA production; hsa05340 primary immu‑
nodeficiency; hsa04660 T cell receptor signaling pathway) 
and DEGs (HLA‑DPB1, IGHG3, CD22, CXCL13, VCAM1, 
CD3D, TRAT1, HLA‑B, HLA‑DRB5, CD74, ITK, FCGR2B, 
CD38, HLA‑DRA, HLA‑DMB, PLEK, PECAM1, THEMIS, 
FYN, CD19, CCL19, SELL, HLA‑DPA1, HLA‑DQA1, CCL21, 
ICOS, ALQX5, RHOH, LAPTM5, RASGRP1, AICDA.) with 
P<0.05 involving ICOS participation were obtained (Fig. 1G).

Features of healthy individuals and patients with pSS. To 
verify the role of ICOS, saliva, salivary gland and whole blood 
were collected from 95 patients with pSS and 68 healthy indi‑
viduals. There was no statistically significant difference in the 
age (P=0.4472). In order to avoid gender differences, all female 
patients were selected as both the pSS patients and the healthy 
individuals. Compared with that of healthy individuals, the 
positive rate of anti‑Sjogren's syndrome A antibody (anti‑SSA) 
and/or anti‑Sjogren's syndrome B antibody (anti‑SSB) was 
higher. The number of caries diagnosed by two dentists and 
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the amount of dental caries in patients with pSS was greater. 
In addition, compared with that of healthy individuals, the 
ESSDAI and rheumatoid factor was higher in pSS patients 
(Table I)

ICOS expression in salivary glands, whole blood and 
saliva of healthy individuals and patients with pSS. 
Immunofluorescence analysis of salivary gland samples 
from patients with pSS revealed that these samples displayed 

Figure 1. Identification of DEGs involved in ICOS expression in patients with pSS. (A) Volcano plots of the Gene Expression Omnibus datasets (A) GSE40611 
(B) GSE84844 were used to identify DEGs. Red dots represent upregulated genes; green dots represent downregulated genes; and black dots represent genes 
with no significant difference according to the. (C) Venn diagram showing the intersection of the DEGs identified in the GSE40611 and GSE84844 datasets. 
(D) Protein‑protein interaction network. (E) GSE40611 data was analyzed by GO enriched functions. The circle shows of GO enrichment data for the 
biological process (BP) involved in ICOS. (F) GSE40611 databases was analyzed by KEGG enriched functions. The circle shows KEGG pathways involved 
in ICOS. (G) BP functional enrichment GO terms, KEGG pathways and DEGs involving ICOS participation were obtained using Cytoscape in GSE40611 
databases. Red represents KEGG pathway; yellow represents DEGs; and green represent GO enriched functions. DEGs, differentially expressed genes; FC, 
fold change; GO, Gene Ontology; ICOS, inducible T cell co‑stimulator; KEGG, Kyoto Encyclopedia of Genes and Genomes; p.adj., adjusted P‑value; pSS, 
primary Sjogren's syndrome.
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a higher expression level of ICOS compared with that of 
controls (Fig. 2A and B). The positive ratio of ICOS in the 
salivary gland tissues of controls and pSS patients was 3.76 
and 14.4%, respectively (P<0.05). Compared with that of 
healthy individuals, the levels of ICOS in peripheral blood 
(P<0.05; Fig. 2C) and salivary samples (P<0.01; Fig. 2D) were 
increased in patients with pSS, as determined by ELISA.

ICOS expression affects the expression of AQP5. Saliva was 
collected from patients with pSS and controls. Salivary weight 
was negatively associated with the expression of ICOS in 
patients with pSS (r=‑0.380; P=0.001; Fig. 3A). The GSE84844 
dataset comprises 30 normal and 30 pSS whole blood samples. 
Compared with those in healthy individuals, the levels of 
AQP5 in salivary gland tissues were lower in patients with 
pSS (P<0.05; Fig. 3B) in GSE84844. According to the data, 
AQP5 was negatively correlated with the expression of ICOS 
in patients with pSS (r=‑0.37; P=0.044 Fig. 3C). The salivary 
gland tissues of 95 patients and 68 healthy individuals were 
harvested and used for western blot analysis. The results 
demonstrated that the expression of AQP5 in patients with 
pSS was significantly lower compared with that in healthy 
individuals (P<0.05; Fig. 3D and E), whereas the expression of 
ICOS in patients with pSS was significantly higher compared 
with that in healthy individuals (P<0.05). Based on these 

results, it was hypothesized that the expression of ICOS may 
affect the expression of AQP5 and thus the secretion of saliva.

Relative protein expression in pSS patients. A previous study 
reported that ICOS signaling can affect the expression of inflam‑
matory cytokine through the PI3K‑Akt‑mTOR pathway. ICOS 
signaling appears to be critical for Ab production, but its role 
in the maintenance phase may involve inflammatory cytokines 
such as TNF‑α (44). To investigate a putative association between 
the PI3K/AKT/mTOR signaling pathway and the expression of 
relative protein in pSS patients the expressions of ICOS, AQP5, 
p‑PI3K, p‑AKT, p‑mTOR, TNF‑α and Bcl‑2 were determined. 
Compared with those of healthy individuals, the levels of TNF‑α 
in serum were elevated in patients with pSS, as determined by 
ELISA (P<0.05; Fig. 4A). Western blotting analysis showed that 
p‑PI3K/PI3k, p‑AKT/AKT, p‑mTOR/mTOR ratios, as well as 
TNF‑α protein expression level were significantly increased, 
whereas the expression of Bcl‑2 and AQP5 were significantly 
decreased in patients with pSS (all P<0.05; Fig. 4B and C).

Discussion

pSS is a systemic autoimmune disease characterized by peri‑
ductal lymphocyte infiltration in the lacrimal and salivary 
glands, resulting in low tear and saliva secretion, dry mouth 

Figure 2. ICOS expression in salivary gland, whole blood and saliva of healthy individuals and patients with pSS. (A) ICOS immunofluorescence expression 
in the salivary gland tissues of patients with pSS and healthy controls, and (B) quantitative analysis of the results showing significantly higher ICOS stating 
in pSS tissues compared with that in controls. (C) Patients with pSS (n=95) had higher levels of ICOS in whole blood compared with those of healthy controls 
(n=68). (D) Patients with pSS (n=95) had higher levels of ICOS in saliva compared with those of controls (n=68). *P<0.05, **P<0.01 vs. controls. ICOS, inducible 
T cell co‑stimulator; pSS, primary Sjogren's syndrome.
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and eyes, early tooth loss (45,46), atypical and/or serious dental 
caries (47‑51), onset of oral moniliasis, atrophic oral mucous 
damage and tongue lobulation (52). Complications, such as 
variations in sense of taste, dysphagia (53,54), inability to eat 
or speak, sensation of burning and persistent fatigue (54), may 
decrease the quality of life of patients. However, the cellular 
and body fluid causal links involved in the etiopathogenesis of 
pSS remain to be elucidated.

It has been demonstrated that ICOS is important in 
T‑cell‑driven multiorgan inflammatory events in autoimmunity 

illnesses (55). A previous study reported that ICOS signaling 
can affect the expression of inflammatory cytokine through 
the PI3K‑Akt‑mTOR pathway. ICOS signaling appears to 
be critical for Ab production, but its role in the maintenance 
phase may involve inflammatory cytokines such as TNF‑a. 
A previous study also reported that the expression of ICOS 
is markedly associated with ESSDAI score and gradation of 
focus scoring, indicating that ICOS may be associated with 
the severity of pSS (23). However, the mechanism by which 
the expression of ICOS affects the secretion of saliva has not 

Figure 3. ICOS expression may affect the expression of AQP5. (A) Correlation between saliva weight and the expression of ICOS in saliva. (B) Compared 
with those of the controls, the levels of AQP5 in salivary gland tissues were lower in pSS patients in the GSE84844 database. (C) The expression of ICOS had 
a negative correlation with the expression of AQP5 in patients with pSS in the GSE84844 dataset. (D and E) Compared with healthy controls, the expression 
of AQP5 was significantly lower and the expression of ICOS was higher in patients with pSS. GAPDH was used as an internal control. *P<0.05 vs. controls. 
AQP5, aquaporin 5; ICOS, inducible T cell co‑stimulator; pSS, primary Sjogren's syndrome.
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been studied to date. The present study compared pSS sali‑
vary tissue expression dataset (GSE40611) and whole blood 
expression dataset (GSE84844) from GEO. In addition, saliva, 
salivary gland tissues and whole blood were collected from 
95 patients with pSS and 68 healthy individuals. The positive 
ratio of ICOS in the salivary gland tissues of controls and pSS 
patients was 3.76 and 14.4%, respectively. Compared with that 
of healthy individuals, the levels of ICOS in peripheral blood 
and salivary samples were increased in patients with pSS, as 
determined by ELISA. As with blood, saliva is a complex 
fluid containing a variety of enzymes, hormones, antibodies, 
antimicrobial constituents, and growth factors (56). Saliva and 
tears drain the main targets of autoimmune response, which 
in the case of pSS are the salivary and lacrimal glands (57). 
Saliva has been used as a prospective biofluid for identifying 
specific markers for pSS with underlying functions and 
clinical impact (58,59). In the present study, in the saliva of 

patients with pSS, a negative correlation was detected between 
the expression of ICOS and the salivary weight.

AQPs are membrane proteins that mediate water move‑
ment across the lipid bilayer in response to an osmotic 
gradient  (60). AQPs have been identified in nearly every 
living organism (61). A previous study revealed that disor‑
dered salivary secretion was partially due to the aberrant 
distributional status of AQP5 in human salivary gland 
epithelial cells (62). AQP5 is affected leading to the reduc‑
tion of salivary secretion by apoptotic biomolecules and 
inflammatory cell factors (62). However, the association of 
cellular factors with pSS remains elusive in terms of immu‑
nopathogenesis. To verify the expression of AQP5, salivary 
gland tissues were collected from normal and pSS patients. 
Compared with those in healthy individuals, the levels of 
AQP5 in salivary gland tissues were lower in patients with 
pSS. The GSE84844 dataset showed AQP5 was negatively 

Figure 4. Relative protein expression in pSS patients. (A) Expression of TNF‑α in the serum of patients with pSS and controls. (B and C) The protein expression 
levels of ICOS, AQP5, PI3K, p‑PI3K, AKT, p‑AKT, mTOR, p‑mTOR, TNF‑α and Bcl‑2 in patients with pSS and the control group were evaluated by western 
blotting. GAPDH served as a positive control. *P<0.05. AQP5, aquaporin 5; ICOS, inducible T cell co‑stimulator; p‑, phosphorylated; pSS, primary Sjogren's 
syndrome.
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correlated with the expression of ICOS in patients with pSS. 
The salivary gland tissues of 95 patients and 68 healthy indi‑
viduals were harvested and used for western blot analysis. 
The results demonstrated that the expression of AQP5 in 
patients with pSS was significantly lower compared with 
that in healthy individuals whereas the expression of ICOS 
in patients with pSS was significantly higher compared with 
that in healthy individuals. The effect of ICOS on AQP5 
expression is unclear.

In the present study, the salivary weight was negatively 
correlated with the expression of ICOS in patients with pSS. 
Compared with that of healthy individuals, the expression 
of ICOS was elevated in patients with pSS in whole blood 
and salivary gland tissue. A previous study revealed that 
ICOS/PI3K signal transduction was pivotal for the produc‑
tion of Tfh cells (25). Similar defects in antibody generation 
are detected in immunized mice lacking ICOS or selectively 
dysregulated ICOS/PI3K signal transduction (44).

A previous study reported that ICOS signaling can 
affect the expression of inflammatory cytokine through the 
PI3K‑Akt‑mTOR pathway  (26). Another study indicated 
that ICOS increased the expression of TNF‑α  (44). The 
high expression of TNF‑α is vital for the development of 
collagen‑induced arthritis (CIA) in human rheumatoid 
arthritis (63,64). Increased circulation of IL‑6 and TNF‑α 
in patients with pSS has also been reported  (65‑70). The 
expression of TNF‑α can caused epithelial cell impairment 
such as salivary gland epithelial cells in pSS (71). A previous 
study revealed that the overexpression of TNF‑α in murine 
models decreases the expression of Bcl‑2 and induces the 
downstream caspase cascade, causing inherent inflammatory 
pathway stimulation (72) In the present study, the expression 
of TNF‑α in the serum of patients with pSS was greater 
compared with that in healthy individuals. Compared with 
healthy individuals, the expression of ICOS, TNF‑α, p‑PI3K, 
p‑AKT and p‑mTOR was increased, whereas the expression 
of Bcl‑2 and AQP5 was reduced in patients with pSS. It was 
hypothesized that ICOS may lead to salivary gland inflamma‑
tory responses and may affect saliva secretion. In summary, 
ICOS may serve a role in salivary gland inflammatory events, 
which may be an underlying causal link for the reduction in 
saliva secretion exhibited by patients with pSS.

However, owing to the rarity of pSS disease and the limited 
research time, the sample size of the present study was small. 
In the future, the sample size should be increased to validate 
the conclusions of the present study. It is a matter for regret 
that no mature cell model or animal model has been found to 
detect the expression of AQP5 by overexpression or knockout 
of ICOS. In the future, once there is a mature cell model or 
animal model, the verification of relevant experiments will be 
performed.
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