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Sjögren’s syndrome
W. Chen, W. Chen, N. Xia, R. Yan
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Chongqing Medical University, Chongqing, China.

Abstract
Objective

Primary Sjögren’s syndrome (pSS) is an inflammatory systemic autoimmune disease, while the role and mechanisms 
of pyroptosis in pSS remain largely undefined.

Methods
Pyroptosis-related genes and gene expression data were obtained from the Molecular Signatures Database and 

NCBI GEO databases. Differentially expressed genes (DEGs) and pyroptosis-related hub genes were identified by 
R software. Functional enrichment analyses were conducted using the “ClusterProfiler” R package and WebGestalt7. 
CIBERSORTx was used to calculate the correlations between immune cells and pyroptosis. Subsequently, histological 

staining was performed on salivary gland samples from non-pSS and pSS patients to identify the expression of 
pyroptosis-related genes. Immunofluorescence double staining was conducted to validate the correlation between 

immune cells and pyroptosis.

Results
A total of 1494 DEGs were identified between eight pSS samples and 10 healthy volunteer samples. Five pyroptosis-

related hub genes (AIM2, CASP1, CASP3, IL6, TNF) were recognised. DEGs were mostly enriched in immunity-related 
terms and several immune cells were associated with the hub genes in pSS. Among them, delta gamma T cell was 
significantly positively correlated with CASP3. Finally, the protein levels of these hub genes were validated to be 
elevated in the labial minor salivary gland biopsies of pSS patients compared to those of healthy volunteers using 
immunohistochemical staining. Immunofluorescence double staining further showed that IL-6, AIM2, CASP1and 

CASP3 were related to delta gamma T cells, and TNF was related to dendritic cells.

Conclusion
This study uncovered a significant interaction between pyroptosis and the immune microenvironment in pSS patients. 

Besides, we identified five pyroptosis-related hub genes that might play a role in the pathogenesis of pSS. 
These findings could offer valuable insights for the development of novel treatment strategies for pSS.
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Introduction
Primary Sjögren’s syndrome (pSS) is 
a systemic autoimmune disease that 
mainly involves secretory gland, lead-
ing to dryness of the main mucosal 
surfaces (1). The prevalence of pSS is 
estimated to be 0.3/1000-1/1000, and 
30–40% of pSS patients present with 
systemic complications such as palpable 
purpura, cryoglobulinaemia-associated 
glomerulonephritis and peripheral neu-
ropathy (2), leading to a heavy burden 
on healthcare and society. 
The pathogenesis of pSS stemmed from 
the interaction between the activated 
immune system and epithelial cells (3). 
Patients with extra-glandular manifesta-
tions exhibited increased expression of 
genes associated with both innate (in-
cluding apoptosis, TLR, and interferon 
signalling) and adaptive (T and B cell 
activation) immune reactions, which are 
crucial in the progression of pSS (4). Re-
cent research underscored that Sjögren’s 
syndrome (SS) patients showed a higher 
ratio of Tfr to Tfh cells compared to 
healthy individuals, indicating an im-
balance between pro-inflammatory and 
immunoregulatory pathways (3). Al-
though the abnormal activation of both 
innate and adaptive immune pathways 
is well-established in pSS pathogenesis, 
the function of abnormally activated im-
munity in pSS is still unclear (5).
Pyroptosis is a newly recognised type of 
programmed cell death, and is character-
ised by membrane pore formation, cell 
swelling and rupture, and the outflow 
of IL-1b, IL-18, and cytoplasmic con-
tents (6). Recent studies on pyroptosis 
and autoimmune diseases have garnered 
increasing attention (7). Researches in-
dicated that SS patients had an increased 
expression of NLRP3 inflammasome-
related elements in peripheral blood 
mononuclear cells (PBMC), or in mac-
rophages infiltrating in salivary glands 
(8, 9). Furthermore, in the ductal epithe-
lial cells of SS patients, excessive dam-
aged cytoplasmic DNA due to DNase1 
deficiency could activate AIM2 inflam-
masome, leading to increased pyrop-
tosis (10). Moreover, caspase-1 is ob-
served to be elevated due to type I IFN 
in pSS, implying its potential role in SS 
pathogenesis (11). However, there are 
few studies on pyroptosis-related genes 

in pSS, and the role and mechanisms of 
pyroptosis in pSS has yet to be further 
explored. 
To investigate the role and specific 
mechanism of pyroptosis in the patho-
genesis of pSS, we would compre-
hensively analyse the gene expression 
profiles of pSS patients and healthy 
volunteers using bioinformatic meth-
ods. Specifically, we first identified py-
roptosis-related differentially expressed 
genes (DEGs) using R software. Then, 
enrichment analysis was conducted 
through Gene Ontology (GO) terms and 
the Kyoto Encyclopedia of Genes and 
Genomes (KEGG) pathways to uncover 
underlying mechanisms. Furthermore, 
we explored the immune infiltration and 
discovered the relationship between py-
roptosis and the immune microenviron-
ment in pSS using CIBERSORTx and 
ssGSEA. Finally, we compared the im-
munohistochemical staining for the pro-
teins of the five hub genes of salivary 
gland specimens between pSS patients 
and healthy volunteers to further vali-
date our findings. Immunofluorescence 
double staining was performed to con-
firm the association between immune 
cells and pyroptosis. The exploration of 
the pyroptosis in the salivary glands of 
pSS patients could offer fresh perspec-
tives for establishing novel treatment 
strategies.

Materials and methods
Data acquirement
We retrieved the gene expression data 
of GSE127952 from GEO databases 
on September 10, 2023. GSE127952 
(Microarray, platform GPL20995) en-
compassed gene expression profiles of 
minor salivary glands from eight female 
patients with pSS and six healthy volun-
teers. The dataset provided a standard-
ised matrix file, facilitating the extrac-
tion and analysis of the microarray data. 
For our investigation into pyroptosis, we 
sourced a list of pyroptosis-related genes 
from the Molecular Signatures Database 
(MSigDB, version 7.5.1).

Identification of 
pyroptosis-related hub genes
In the GSE127952 dataset, we quantified 
the pyroptosis signature score through 
single-sample Gene Set Enrichment 
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Analysis (ssGSEA). The comparison 
of pyroptosis signature scores between 
healthy volunteers and pSS patients was 
conducted using the Wilcoxon test via 
the “ggpubr” R package. 
For the identification of differentially 
expressed genes (DEGs), we used the 
“limma” R package with inclusion cri-
teria of p<0.05 and |logFC|>1 (12). 
Subsequently, we determined pyrop-
tosis-related hub genes by overlapping 
DEGs and pyroptosis-related genes. 
This overlap was visually represented 
using a Venn diagram through the Jvenn 
website. 
Visualisation of expression discrepan-
cies was achieved with a volcano plot 
and heatmap, using the “ggplot2” and 
“pheatmap” R packages, respectively. 
To better understand data variance and 
distinct sample groupings, a principal 
component analysis (PCA) was plotted 
using the “FactoMineR” and “plyr” R 
packages.

Functional enrichment analysis 
of DEGs
To elucidate the biological functions 
and pathways of DEGs, we performed 
Gene Ontology (GO) enrichment and 
Kyoto Encyclopedia of Genes and Ge-
nomes (KEGG) pathway analyses us-
ing the “ClusterProfiler” R package 
(13-15). Then we conducted a more in-
depth pathway analysis using Gene Set 
Enrichment Analysis (GSEA). GSEA is 
a computational method to detect sta-
tistical significance, and the reference 
gene sets selected the KEGG gene set 
(c2.cp.kegg.v7.4.symbols.gmt) from the 
Molecular Signatures Database (MSig-
DB) (16). Our approach entailed 1,000 
permutations for the random sampling 
algorithm. Pathways were deemed sta-
tistically significant with p<0.05.

Functional annotation of 
pyroptosis-related hub genes
To further explore the function of the 
pyroptosis-related hub genes, we per-
formed GO and KEGG pathway en-
richment analyses using WebGestalt7. 
We set a threshold of FDR <0.05.

Investigation of immune cell infiltration
To further investigate the immune cell 
infiltration and associations in pSS, we 

processed and uploaded our dataset 
to CIBERSORTx (http://cibersortx.
stanford.edu). CIBERSORTx was a 
computational tool that estimate the 
relative proportions of specific im-
mune cell types within a mixed cell 
population using gene expression data. 
We used CIBERSORTx to estimate the 
fraction of 22 immune cell types in the 
salivary glands from GSE127952. 
For visualisation, heatmaps were gen-
erated using the “ComplexHeatmap” 
2.17.0 package in R to show the pro-
portions of the 22 immune cells in pSS 
patients and healthy volunteers, as well 
as the correlation of these immune cells 
with each other in pSS (17). We utilised 
the Spearman correlation to discern re-
lationships between different immune 
cells, using the “psych” R package for 
this analysis. Lastly, to assess differ-
ences in immune cell representation 
between healthy volunteers and pSS 
patients, we employed the Wilcoxon 
test using the “ggpubr” package in R.

Relationship between pyroptosis 
and immune microenvironment in pSS
We analysed the expression patterns 
of pyroptosis-associated hub genes 
in both healthy volunteers and pSS 
patients, employing the “ggpubr” 
package for the Wilcoxon test. In the 
GSE127952 dataset, we derived pyrop-
tosis pathway signature scores through 
single-sample Gene Set Enrichment 
Analysis (ssGSEA). With the signature 
score of pyroptosis, the correlations be-
tween the immune cells and pyroptosis 
were calculated using Spearman’s rank 
correlation and visualised using the 
“ggplot2” R package (18). 

Patients and labial minor 
salivary gland biopsy
The patients were diagnosed with pSS 
according to the 2016 American Col-
lege of Rheumatology (ACR)/European 
League Against Rheumatism (EULAR) 
classification criteria for pSS (19) and 
without any treatment. The healthy vol-
unteers in this study were individuals 
who reported subjective symptoms of 
oral dryness but did not meet any of the 
objective criteria necessary for a diag-
nosis of pSS.
Labial minor salivary gland biopsies for 

immunohistochemistry were obtained 
from six untreated pSS patients and six 
healthy controls. Biopsies for Immu-
nofluorescence were obtained from 12 
untreated pSS patients. All participants 
provided written informed consent be-
fore clinical information gathering and 
biopsy procedures. The study received 
approval from the Ethics Commit-
tee of the Second Affiliated Hospital 
of Chongqing Medical University and 
performed according to the Declaration 
of Helsinki.

Immunohistochemistry
Fresh biopsy samples were fixed over-
night in 4% neutral formaldehyde and 
subsequently embedded in paraffin. 
The slides were dewaxed and cooled 
to room temperature. Then slides were 
washed in PBS to repair the antigen. 
Endogenous peroxidase was blocked 
using 3% hydrogen peroxide. Serum 
closure was applied using 3% BSA for 
30 minutes before incubation with pri-
mary antibodies at 4°C overnight. Af-
ter a PBS wash, slides were incubated 
with secondary antibodies for 50 min-
utes at room temperature. Coloration 
was achieved using DAB, and the sec-
tions were counterstained with haema-
toxylin. 
Finally, slides were dehydrated and 
mounted for observation under a light 
microscope. Slides were digitised and 
analysed using Aipathwell (Service-
bio), an AI-based digital pathology im-
age analysis software. It automatically 
locates and outlines areas of interest in 
tissue samples, determines positivity, 
computes cell quantities and areas, and 
generates reports based on algorithmic 
analysis. The positive cells density, a 
measure of the number of positive cells 
divided by the total area of the tissue 
being examined, was computed and uti-
lised for comparison (20).

Immunofluorescence
Paraffin sections were prepared as de-
scribed above and the tyramide signal 
amplification (TSA) was used for the 
immunofluorescence. The primary 
antibodies were mixed and incubated 
under the same conditions. The sec-
ondary antibodies were conjugated 
with different fluorochromes and both 
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sections were incubated in the dark for 
60 min. After washing with PBS, the 
slides were mounted with or without 
4’6-diamidino-2-phenylindole (DAPI). 
Aipathwell (Servicebio) was used to 
scan the slides and quantify the posi-
tive cells density.

Statistical analysis
Quantitative results were presented as 
means ± standard error (SE). Statistical 
analyses were performed using Graph-
Pad Prism software. Depending on 
distribution and experimental design, 
Student’s t-test was used. Statistical 
significance was set at p<0.05.

Results
Identification of pyroptosis-related
hub genes in pSS
Increasing evidence has shown that 
pyroptosis could play a role in autoim-
mune diseases; thereby, to explore the 
effect of pyroptosis in pSS, we com-

pared the relative levels of pyroptosis 
pathway and identified pyroptosis-
related hub genes between pSS and 
healthy volunteers. Firstly, we quanti-
fied the relative levels of pyroptosis us-
ing the ssGSEA algorithm with the pub-
licly available database GSE127952. 
The results indicated higher pyropto-
sis activity in pSS patients compared 
to healthy volunteers (t-test, p<0.05) 
(Fig. 1A), suggesting a potential role 
of pyroptosis in pSS. Then, to obtain 
pyroptosis-related hub genes, we calcu-
lated 1494 DEGs between pSS patients 
and healthy volunteers and identified 
five genes that overlapped between the 
DEGs and 33 pyroptosis-related genes. 
The volcano plot showed the signifi-
cant DEGs in pSS patients (p <0.05) 
(Fig. 1B), and the Venn diagram illus-
trated the overlap between these DEGs 
and pyroptosis-related genes (Fig. 1C), 
leading to the identification of five 
pyroptosis-related hub genes (AIM2, 

CASP1, CASP3, IL6, TNF). Addition-
ally, we investigated the expression lev-
els of these five hub genes, revealing a 
clear distinction between pSS patients 
and healthy volunteers in a heatmap 
(Fig. 1D). Moreover, Principal com-
ponent analysis (PCA) highlighted the 
hub gene expression differences among 
groups in GSE127952, emphasising the 
role of hub genes (Fig. 1E). Collective-
ly, these findings emphasised the poten-
tial involvement of pyroptosis in pSS.

Functional enrichment analysis 
of DEGs
To delve into the functionality of the 
identified 1494 DEGs, we performed 
GO and KEGG pathway enrichment 
analysis using the R package cluster-
Profiler. The results showed that the top 
10 enriched BP terms included positive 
regulation of cytokine production, acti-
vation of immune response, cytokine-
mediated signalling pathway, immune 

Fig. 1. Identification of pyroptosis-related hub genes in pSS. A: Boxplot showed relative levels of pyroptosis in pSS and HV. *p < 0.05. B: Volcano plot 
the significant DEGs between pSS and controls. C: Venn diagram showed the number of DEGs for the dataset and pyroptosis-related genes, and the num-
ber of genes that overlapped between them. D: The heat map showed five pyroptosis-related hub genes (AIM2, CASP1, CASP3, IL6, TNF) in the dataset.                
E: Principal component analysis (PCA) visualised the distribution of two groups.
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response-regulating signalling pathway, 
and immune response-activating signal-
ling pathway (Fig. 2A). For molecular 
function (MF), the findings showed the 
top 10 enriched terms consisted of actin 
binding, cytokine receptor binding, cy-

tokine activity, immune receptor activ-
ity, and cytokine receptor activity (Fig. 
2B). In terms of cellular component 
(CC), the DEGs were mainly enriched 
in the plasma membrane, actin cy-
toskeleton, cell-substrate junction, focal 

adhesion, and endocytic vesicle (Fig. 
2C). For KEGG pathway analysis, the 
top 10 significantly enriched pathways 
of DEGs were shown which included 
cytokine-cytokine receptor interaction, 
chemokine signalling pathway, T cell 

Fig. 2. Functional enrichment analysis of DEGs between pSS and healthy volunteers. 
A-B-C: Top 10 BPs, CCs and MFs in GO enrichment analysis. D: The KEGG pathway analyses of DEGs. E-F: Gene set enrichment analysis (GSEA) of top 
1-5 and top 6-10 KEGG pathway enrichment for the ranked differential expressed genes.
BP: biological process; CC: cellular component; MF: molecular function.
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receptor signalling pathway, B cell re-
ceptor signalling pathway and intestinal 
immune network for IgA production 
(Fig. 2D). Above results showed that 
prominent BP, MF, CC, and KEGG 
pathways associated with immunity, in-
dicating that the function of DEGs was 
of relativity with immunity.
To validate these findings, we performed 
GSEA using the ranked differentially 
expressed genes for KEGG pathways. 
Consistently, the results highlighted 
the immunity-related terms, such as 
cytokine and cytokine receptor, auto-
immune thyroid disease, intestinal im-
mune network for IgA production, and 
systemic lupus erythematosus (p<0.1) 
(Fig. 2E). Together, these findings con-
sistently underscored the strong connec-
tion between the identified DEGs and 
immune processes, substantiating the 
pivotal role of immunity in pSS.

Functional annotation of 
pyroptosis-related hub genes
Since the DEGs exhibited an involve-
ment with immunity, we wondered 
whether the pyroptosis-related hub 
genes were associated with immunity. 
we proceeded to perform the GO and 
KEGG pathway enrichment analy-
sis for the five hub genes through the 
online tool WebGestalt. The analysis 
demonstrated significant enrichment 
of hub genes in biological processes 
(BP) including positive regulation of 
cysteine-type endopeptidase activity, 
positive regulation of endopeptidase 
activity, positive regulation of pepti-
dase activity, regulation of cysteine-
type endopeptidase activity, positive 
regulation of protein secretion, re-
sponse to tumour necrosis factor, and 
cytokine-mediated signalling pathway 
(Fig. 3A). Molecular function (MF) 

analysis indicated their roles in tumour 
necrosis factor receptor superfamily 
binding, cytokine receptor binding and 
activities involved in apoptotic process 
like cysteine-type endopeptidase ac-
tivity and peptidase activator activity 
(Fig. 3B). Notably, the hub genes were 
found to be enriched in the peptidase 
inhibitor complex, phagocytic cup, 
death-inducing signalling complex, 
and inflammasome complex in cellu-
lar components (CC) (Fig. 3C). KEGG 
pathway analysis highlighted pathways 
like cytosolic DNA-sensing pathway, 
IL-17 signalling pathway, C-type lectin 
receptor signalling pathway, TNF sig-
nalling pathway, and NOD-like recep-
tor signalling pathway (Fig. 3D), fur-
ther supporting their immune-related 
functions. Altogether, the pyroptosis-
related hub genes exhibited an involve-
ment in immune processes.

Fig. 3. Functional annotation of pyroptosis-related hub genes using the WebGestalt database. A: Biological process, B: molecular function, C: cellular 
component, D: KEGG pathways for the five hub genes.
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Investigation of 
immune cell infiltration
Considering that immunity played a 
central role in the development of pSS, 
we assessed the changes of 22 immune 
cells infiltration levels in pSS using 
CIBERSORTx. The heatmap depicted 
the proportion of 22 immune cells in 
pSS and healthy volunteers, presenting 
that activated dendritic cells, T follicular 
helper cells, delta gamma T cells, mem-
ory B cells, and M1 macrophages were 
dominated in pSS patients compared 
with healthy volunteers (Fig. 4A). Ac-
cording to the relative levels of immune 
cell infiltration, we then calculated the 
correlation of 22 immune cells with each 
other in pSS. The results showed that 
activated dendritic cells was positively 

correlated with resting memory CD4 T 
cells, while it was negatively correlated 
with activated memory CD4 T cells; 
delta gamma T cells was positively cor-
related with resting mast cells, and neg-
atively correlated with activated mast 
cells and T follicular helper cells; mem-
ory B cells have a positive correlation 
with Tregs, and a negative correlation 
with monocytes (Fig. 4B). Additionally, 
we compared the signature scores of 22 
immune cells using ssGSEA in patients 
with pSS versus healthy volunteers. The 
findings revealed that T follicular helper 
cells and delta gamma T cells were sig-
nificantly higher in pSS, while resting 
NK cells were significantly lower in 
pSS (Wilcoxon-test, p<0.05) (Fig. 4C). 
Collectively, these results underscored 

the role of various immune cells in pSS, 
particularly T follicular helper cells and 
delta gamma T cells.

Relationship between pyroptosis 
and immune infiltration in pSS
Considering immune cells’ potential 
role in pSS, we next explored the inter-
play between the hub genes and immune 
cells. Boxplot analysis indicated that the 
hub genes were upregulated in patients 
with pSS compared to healthy volun-
teers (Fig. 5A, Wilcoxon-test, p<0.05). 
Then we assessed the correlation values 
between the pyroptosis pathway and im-
mune cells in pSS using the “ggpubr” R 
package. The scatter plot depicted that 
the pyroptosis was associated with im-
mune cell infiltration like gamma delta 

Fig. 4. Characterisation of immune infiltration in pSS. A: The heatmap depicted the proportion of 22 immune cells in pSS and healthy volunteers. 
B: Spearman correlation of 22 immune cells with each other in pSS. (C) Comparison of 24 immune cell infiltration for pSS versus healthy volunteers.
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Fig. 5. Relationship between pyroptosis and immune infiltration in pSS. 
A: Boxplot showed expressions of the hub genes in patients with pSS compared to healthy volunteers. 
B: Scatter plot depicted the correlation between immune cells and the pyroptosis pathway in pSS.         
C: Heatmap showed correlations between hub genes and immune cell.
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T cells (p<0.05) (Fig. 5B). Moreover, a 
heatmap illustrated correlations between 
hub genes and immune cells (p<0.05) 
(Fig. 5C). The finding suggested that 
CASP1 was related to delta gamma T 
cells and Tregs; CASP3 was related to 
delta gamma T cells; TNF was related to 
activated dendritic cells and Tregs; IL-6 
and AIM2 were both related to delta 
gamma T cells, Tregs, and memory B 
cells. Overall, these findings suggested 
a correlation between pyroptosis and the 
immune microenvironment in pSS.

Validation of pyroptosis-related 
hub genes and the immune 
micro-environment by immuno-
histochemical staining and double 
labelling immunofluorescence
Since these five pyroptosis-related hub 

genes demonstrated a potential role in 
the development of pSS and a relation-
ship with immune cells, we sought to 
further verify its expression levels of 
these genes in pSS and the correlation 
with immune cells. And thus, we col-
lected labial minor salivary gland biop-
sy samples from six untreated pSS pa-
tients and six healthy controls and per-
formed immunohistochemical staining 
to investigate their protein levels. Con-
sistent with the previous results, we 
found that all the five hub genes pre-
sented a significant increased expres-
sion level in the labial minor salivary 
gland of pSS patients compared with 
healthy volunteers (Fig. 6A-B), further 
highlighting their role in pSS. Then we 
conducted double labelling immuno-
fluorescence in salivary gland biopsy 

samples from 12 pSS patients. Samples 
were sorted into two groups according 
to the expression levels of genes. The 
findings presented that the group with 
high expression levels of IL-6, AIM2, 
CASP1, and CASP3 exhibited elevated 
levels of delta gamma T cells, while 
the group with high expression levels 
of TNF-α showed increased levels of 
dendritic cells (Fig. 6C-G).

Discussion
pSS is an inflammatory systemic au-
toimmune disease primarily affecting 
secretory glands, while the role and 
mechanisms of pyroptosis in pSS re-
main largely undefined. The findings in 
this study provide unique insights into 
the role and mechanisms of pyropto-
sis in the pathogenesis of pSS. In our 

Fig. 6. Validation of pyroptosis-related hub genes and the immune microenvironment by immunohistochemical staining and double labelling immunofluo-
rescence. Validation of pyroptosis-related hub genes by immunohistochemical staining. 
A: Immunohistochemical staining for proteins of the hub genes in labial minor salivary gland specimens. Scale bar=50μm. 
B: Boxplots showed the positive cells density of five hub genes in pSS and healthy volunteers. Double labelling immunofluorescence and its cells density 
comparation between two groups for (C) IL-6 and delta gamma T cells, (D) AIM2 and delta gamma T cells, (E) CASP1 and delta gamma T cells, (F) CASP3 
and delta gamma T cells, and (G) TNF and dendritic cells. Scale bar = 50μm.
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study, we identified 1494 DEGs be-
tween pSS patients and healthy volun-
teers from the GSE127952 datasets and 
obtained five pyroptosis-related hub 
genes by intersecting these DEGs and 
33 pyroptosis-related genes. According 
to GO and KEGG pathway enrichment 
analyses, we found that immune-related 
signalling pathways were significantly 
enriched, including activation of the 
immune response, immune response-
regulating signalling pathway, and im-
mune response-activating signalling 
pathway. By investigating immune mi-
croenvironment in pSS, we found that 
various immune cells participating in 
pSS. Among them, delta gamma T cells 
were significantly positively correlated 
with CASP3.
By comparing the relative levels of py-
roptosis of pSS and healthy volunteers 
from GSE127952 datasets, we found 
that pSS patients showed a higher level 
of pyroptosis. Currently, some research-
es indicated that pyroptosis may play a 
role in the pathogenesis or progression 
of SS through Caspase-1-Mediated Ca-
nonical Pathway and Caspase-4/5/11-
Mediated Noncanonical Pathway (21, 
22). However, the study of pyroptosis 
in pSS was still limited. The pathway 
of pyroptosis in other autoimmune dis-
eases still needs to be verified in SS, 
such as the caspase-3-dependent and 
the caspase-free pathways.
The absence of melanoma 2 (AIM2) 
was one of the canonical inflammas-
omes that enable the induction of py-
roptosis (23). AIM2 belonging to the 
PYHIN (pyrin and HIN domain-con-
taining) protein family, was composed 
of a C-terminal HIN-200 domain and 
an N-terminal pyrin domain (PYD) 
(24). The AIM2 inflammasome func-
tioned as a sensor for cytoplasmic DNA 
and was established to detect and re-
spond to DNA originating from diverse 
sources (25). Recent study found that 
the ductal epithelial cells in SS patients 
display significant activation of the 
AIM2 (10), and another study showed 
that the mRNA expressions of CASP1 
and AIM2 in minor salivary gland sam-
ples were markedly elevated in SS pa-
tients in contrast to sicca controls (11). 
These findings were consisted with our 
result. But the research on AIM2 in lac-

rimal gland epithelial cells was limited, 
more in vivo and in vitro experiments 
were still needed in the future.
Interleukin-6 (IL-6) was a proinflamma-
tory cytokine, which took part in B-cell 
proliferation and differentiation (26). 
The production of IL-6 could be regu-
lated directly or indirectly by CASP-1 
activation (27). Tumour necrosis factor 
(TNF) was a cytokine predominantly 
produced by activated leukocytes and 
was able to induce cell death. TNF was 
one of the first step signalling for ac-
tivation of the NLRP3 inflammasome 
in pyroptosis (28). Researchers found 
that the expressions of TNF and IL-6 
were elevated in both salivary glands 
and serum (29-31). Our results were 
consistent with these researches show-
ing that IL-6 and TNF were involved in 
the pathogenesis of pSS. More details 
about the relationship between these 
cytokines and the pyroptosis in pSS 
were needed.
Caspase-1 is first recognised as a pro-
tease for converting the inactive precur-
sors of interleukin-1β (IL-1β) and IL-
18 into their active cytokine forms (32). 
The study found that individuals with 
pSS had higher levels of active cas-
pase-1 in their saliva and salivary gland 
cells, including both leukocytes and 
gland epithelial cells, when compared 
to controls (11). In our finding, both 
bioinformatic and immunohistochemi-
cal results presented that patients with 
pSS exhibited an increase in caspase-1 
activity which supported the previous 
study. 
Caspase-3 is commonly identified as 
an executioner caspase in apoptosis 
and is known to cleave gasdermin-E 
(GSDME), releasing the gasdermin N-
terminal fragment that can trigger py-
roptosis (33). A study had found that 
activated caspase-3 were expressed in 
ductal and acinar cells in pSS salivary 
glands showing the importance of cas-
pase-3 in the salivary dysfunction of 
pSS (34). Unfortunately, there was no 
study reporting that the caspase-3-me-
diated emerging pathway participating 
in pSS. In our results, we also discov-
ered an increased expression of CASP3 
in the salivary gland samples of pSS pa-
tients indicating that the caspase-3-me-
diated emerging pathway might play a 

role in the pathogenesis or progression 
of pSS. To ascertain the precise mecha-
nisms, further experimental investiga-
tions were necessary.
An increasing number of studies re-
vealed that pyroptosis can link the in-
nate and adaptive immunity (35). Dur-
ing pyroptosis, the maturation and re-
lease of interleukin-1β (IL-1β) gave the 
signal to macrophages to be activated 
and recruited by upregulating selec-
tive adhesion molecules on circulating 
cells (36). As for CD4+ T cells, T cell-
intrinsic signalling downstream of IL-1 
and IL-18 played a critical role not only 
in the initial activation but also in sus-
taining the immune response (37). By 
stimulate the production of IL-6, IL-1 
could indirectly promote B cell prolif-
eration, differentiation, and antibody 
production (36). These studies tied 
well with our results wherein the vari-
ous immune cells like T helper cells, 
memory B cells, and M1 Macrophage 
took part in the process of pyroptosis of 
pSS. However, no generalisation can be 
made on the exact relationship between 
pyroptosis and those immune cells in 
pSS, more evidence was still waiting to 
be discovered.
Notably, there were a few limitations in 
this study. Firstly, the sample size of our 
data was relatively small, which might 
limit the statistical power and general-
isability of our findings. Future studies 
with larger sample sizes are needed to 
validate and further elucidate our find-
ings. Furthermore, while our results had 
been validated by histological staining, 
further lab studies were still warranted 
to expand our findings to clinical util-
ity. Moreover, the inherent cellular het-
erogeneity within salivary gland tissues 
poses an additional challenge; our gene 
expression analyses were conducted 
on mixed cell populations, providing a 
composite rather than individual cellu-
lar contributions to the overall expres-
sion profile. Thereby, the specific cel-
lular origins of the dysregulated path-
ways in pSS remained to be precisely 
defined.

Conclusion
By performing a comprehensive analy-
sis of gene expression profiles between 
pSS patients and healthy controls, we 
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revealed the involvement of pyroptosis 
in pSS and identified five pyroptosis-
related hub genes as a potential link be-
tween pyroptosis and the immune mi-
croenvironment in pSS. These findings 
could pave a way for further research 
and clinical treatment of pSS.
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