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1  |  INTRODUC TION

IgG4- related sialadenitis (IgG4- RS), a kind of IgG4- related disease 
(IgG4- RD), is mainly characterized by the painless enlargement of 
one or more salivary glands. The submandibular gland is the organ 
that is most commonly affected, whereas the parotid gland, sublin-
gual gland, and other minor salivary glands are less often affected. 
The affected sites are usually, but not always, bilateral, and the 

course of disease usually lasts longer than 3 months.1 IgG4- RS may 
often be confused with Sjogren's syndrome (SS) and sometimes with 
other rare conditions, such as Kimura disease and Castleman's dis-
ease.2– 4 Glucocorticoids (GCs) and biological agents are effective 
treatments, but relapses may occur.5

According to research reports, the interaction between innate 
immunity and acquired immunity seems to be involved in controlling 
the abnormal pathogenesis of IgG4- RD.6,7 Therefore, elucidating the 
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Abstract
Background: NLRP3 (NOD- , LRR-  and pyrin domain- containing protein 3)- induced py-
roptosis is involved in the development of a variety of autoimmune diseases, but its 
role in IgG4- related sialadenitis (IgG4- RS) is unclear.
Methods: Salivary gland tissues from 19 patients with IgG4- RS were designated the 
experimental group, and peritumoral tissues from 20 patients with benign salivary 
gland tumours were designated the control group. The cell morphology and fibro-
sis in the IgG4- RS samples were observed by haematoxylin- eosin (H&E) and Masson 
trichrome (MT) staining. Immunohistochemical (IHC) staining was used to determine 
pyroptosis- related proteins (NLRP3, ASC (apoptosis- associated speck- like protein 
containing a CARD), Caspase- 1, GSDMD (gasdermin family members, including diges-
tive dermatin D), interleukin 1β (IL- 1β), and interleukin 18 (IL- 18)) expression levels.
Results: Increased lymphoid follicle proliferation, germinal centre plasma cell infiltra-
tion, and irregular fibrosis were observed in the experimental group compared with 
the control group. The NLRP3, ASC, Caspase- 1, GSDMD, IL- 1β, and IL- 18 levels were 
significantly higher in the experimental group than in the control group (p < 0.0001).
Conclusion: This study suggested that pyroptosis- related proteins might be involved in 
IgG4- RS pathogenesis. However, the specific cellular pathway involved and whether 
multiple cell death pathways contribute to the occurrence of IgG4- RS still need to be 
further studied.

K E Y W O R D S
IgG4- related diseases, IgG4- related sialadenitis, inflammasomes, pyroptosis

www.wileyonlinelibrary.com/journal/jop
https://orcid.org/0000-0002-5367-0206
mailto:﻿
http://creativecommons.org/licenses/by-nc-nd/4.0/
mailto:gump0904@aliyun.com


    |  389PU et al.

innate immune response related to IgG4- RD is helpful to explore treat-
ment options for this immune disease. In autoimmune diseases, the 
formation of inflammasomes plays an important role in the response 
to pathogen- associated molecular patterns (PAMPs) or damage- 
associated molecular patterns (DAMPs), and the assembly of inflam-
masomes, such as the NLRP3 (NOD- , LRR-  and pyrin domain- containing 
protein 3) inflammasome, results in multiprotein complexes. Assembly 
of the NLRP3 inflammasome can result in the activation of Caspase- 1 
and promote the maturation and release of the inflammatory cytokines 
interleukin 1β (IL- 1β) and interleukin 18 (IL- 18), which in turn leads to 
pyroptosis. The typical characteristics of pyroptosis are the rupture of 
the plasma membrane and the release of pro- inflammatory substances 
from cells.8 Several studies have shown that NLRP3 inflammasome- 
induced pyroptosis is closely related to a variety of autoimmune dis-
eases, such as SS, systemic lupus erythematosus, and rheumatoid 
arthritis.9– 11 However, research on IgG4- RS is limited to the involve-
ment of pro- inflammatory cytokines, mainly the IL- 1 family members 
IL- 1β and IL- 18.12,13 Therefore, the purpose of this study was to explore 
the expression of pyroptosis- related proteins in IgG4- RS.

2  |  MATERIAL S AND METHODS

This study was approved by the Institutional Review Board of the 
First Affiliated Hospital of Xinjiang Medical University before the 
study began (K202012- 14).

2.1  |  Patients and samples

This study examined 39 formalin- fixed paraffin- embedded tis-
sue blocks retrieved from the Oncological Department of Oral 
& Maxillofacial Surgery and the Department of Pathology at the 
First Affiliated Hospital of Xinjiang Medical University from 2015 
to 2020, and these tissues were divided into the experimental and 
control groups. The experimental samples clearly included tumour 
tissues (including submandibular glands (n = 17) and parotid glands 
(n = 2)). Among these samples, five specimens were obtained by 
needle puncture biopsy, and the rest were obtained by surgical re-
section. Paratumoral tissues of benign tumours of salivary glands 
were included in the control group (n = 20). The inclusion criteria in-
cluded the following: (i) all patients met the comprehensive diagnos-
tic criteria for IgG4- RD14,15 and (ii) the patient's data were relatively 
complete. The exclusion criteria included the following: (i) patients 
with symptoms similar to those of IgG4- RS but not diagnosed with 
IgG4- RS; (ii) patients with other infectious diseases, rheumatism, 
and malignant tumours; and (iii) patients who had used immuno-
suppressants. According to the comprehensive diagnostic criteria 
for IgG4- RD,14,15 7 (36.84%), 2 (10.53%), and 10 (52.63%) of these 
19 patients were diagnosed with definite, probable, and possible 
IgG4- RD, respectively. There were 10 males and 9 females, with an 
average age of 60.00 ± 9.93 years. The duration of symptoms before 
diagnosis was 12 (range 1– 120) months.

Submandibular gland swelling was the main symptom (78.95%), 
followed by parotid gland swelling (10.53%), cough (5.26%), and 
chest tightness (5.26%). All the patients had two or more organs 
affected, and the median number of affected organs was 3 (range 
2– 6); the affected organs included the submandibular gland (100%), 
lacrimal gland (68.42%), lymph nodes (63.16%), sinuses (36.84%), 
and some other organs, such as the liver, gallbladder, and lung. 
Fifteen patients (78.95%) were treated with glucocorticoids (GCs). 
The median follow- up time was 22 (range 4– 58) months, and the 
cumulative recurrence rate was 40%. The main manifestations were 
re- enlargement of lacrimal glands and salivary glands or involve-
ment of other organs. Four other patients did not take GCs for per-
sonal reasons, three patients failed to follow up, and one patient 
died (Table 1).

2.2  |  Haematoxylin and eosin (H&E) staining

H&E staining of IgG4- RS tissues was carried out to evaluate mor-
phological changes.

2.3  |  Masson trichrome (MT) staining

MT staining was performed to examine fibrotic IgG4- RS tissues. 
Connective and fibrotic tissues were selectively stained blue, nuclei 
were stained with Weigert's iron haematoxylin and appeared dark 
brown to black, and the cytoplasm was stained red.

TA B L E  1  Baseline features of 19 patients with IgG4- related 
sialadenitis (IgG4- RS)

Sex, n (%)

Male 10 (52.63)

Female 9 (47.37)

Age at diagnosis, mean ± SD, years 60.00 ± 9.93

Comprehensive diagnostic criteria, n (%)

Definite 7 (36.84)

Probable 2 (10.53)

Possible 10 (52.63)

Disease duration, median (IQR), months 12 (2– 24)

Follow- up time, median (IQR), months 22 (6– 40)

No. of organs involved, mean ± SD 3.74 ± 1.48

Main organ involvement, n (%)

Submandibular gland 19 (100)

Lacrimal gland 13 (68.42)

Lymph nodes 12 (63.16)

Sinuses 7 (36.83)

Parotid 4 (21.05)

Treated with glucocorticoids, n (%) 15 (78.95)

Not receiving treatment, n (%) 4 (21.05)

Abbreviation: IQR, interquartile range.
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2.4  |  Immunohistochemical (IHC) staining analysis

IHC staining was performed on all the specimens to analyse the 
expression levels of NLRP3, Caspase- 1, ASC (apoptosis- associated 
speck- like protein containing a CARD), GSDMD (gasdermin family 
members, including digestive dermatin D), IL- 1β, and IL- 18. The anti-
bodies used included anti- IL- 1β (1:200 dilution, catalogue #ab2105; 
Abcam), anti- NLRP3 (1:200 dilution, catalogue #ab214185; Abcam), 
anti- ASC (1:200 dilution catalogue #10500- 1- AP; Proteintech), 
anti- Caspase- 1 (1:100 dilution, catalogue #ab62698; Abcam), anti- 
GSDMD (1:50 dilution, catalogue #DF12275; Affinity Biosciences), 
and anti- IL- 18 (1:200 dilution, catalogue #ab68435; Abcam). 
Primary antibodies against NLRP3, ASC, Caspase- 1, GSDMD, IL- 
1β, and IL- 18 were incubated at 4°C overnight. The sections were 
rinsed three times with phosphate- buffered saline (PBS) and al-
lowed to react with a secondary antibody (Zsbio) for 30 min at 
room temperature. Colorimetric detection was completed with 
3,3′- diaminobenzidine (Zsbio), and the slides were counterstained 
with haematoxylin. Negative controls were used for each staining 
group, and PBS was used in place of a primary antibody to establish 
the negative control.

Images of five different high- power fields (400×) were cap-
tured from areas positive for the immunoreactive lymphocytes, 
and the images were evaluated by two pathologists who had no 
knowledge of the clinicopathological outcomes. Cells stained 
brown suggested positivity, and cells not stained brown sug-
gested negative staining. All the images were analysed using 
Image- Pro Plus software (V.6.0, Media Cybernetics, LP). The posi-
tive results were assessed by semiquantitative scoring. The immu-
nohistochemical analysis of pyroptosis- related protein expression 
in the cytoplasm of salivary glands affected by IgG4- RS was per-
formed using an immunoreactive score (IRS),16 and the ratio of 
the number of positive cells to the total number of cells counted 
was used to quantify the staining.17 The intensity of expression 
was scored as follows: 1, weak; 2, moderate; and 3, strong. The 
criteria for grading the percentage scores were as follows: 0, 0% 
of cells were positive; 1, 1%– 10% of cells were positive; 2, 11%– 
30% of cells were positive; 3, 31%– 50% of cells were positive; 
4, 51%– 80% of cells were positive; and 5, >80% of cells were 
positive. The IRS was obtained by multiplying the percentage and 
intensity subscores.

2.5  |  Statistical analysis

All the statistical tests were performed using SPSS 26 and GraphPad 
8.0 software. The data that conformed to a normal distribution are 
expressed as the mean ± standard deviation, and the data that did 
not conform to a normal distribution are expressed as the median 
(interquartile range). Count data are expressed as a percentage. For 
IHC, the Mann– Whitney test was performed to compare different 
groups. Differences were considered statistically significant when 
p < 0.05.

3  |  RESULTS

HE staining showed that there were different degrees of inflam-
matory cell infiltration, and lymphoid tissue hyperplasia, mainly 
follicular hyperplasia, different degrees of follicular enlargement, 
scattered plasma cell infiltration, and fibrous tissue proliferation 
were observed in the germinal centres in the experimental group. 
However, there was no lymphoid follicle formation in the control 
group. MT staining mainly showed storiform fibrosis with extensive 
ectopic germinal centre formation in the experimental group, while 
the control group exhibited fibrosis only around the ducts and con-
nective tissue. Compared with that in the normal tissue, the content 
of collagen fibres in the experimental group tissues increased abnor-
mally, and the staining became deeper.

IHC staining showed that pyroptosis- related proteins (NLRP3, 
ASC, Caspase- 1, IL- 18, IL- 1β, and GSDMD) were mainly distrib-
uted in the cytoplasm of salivary gland epithelial cells, cytoplasm 
of inflammatory cells, and ducts in the IgG4- RS samples. NLRP3, 
ASC, Caspase- 1, IL- 18, IL- 1β, and GSDMD staining was positive 
(Figure 1A– F). Except for part of the catheter area, no brown parti-
cles were observed in the control group (Figure 1A– F). In this study, 
a negative control group was used for each staining, but no posi-
tive staining was observed in the negative control group (data not 
shown), which confirms the accuracy of the IHC staining results. The 
difference between the IgG4- RS group and the control group was 
significant (Figure 2A- F, p < 0.0001).

The relationships between the presence of factors and the high 
expression of pyroptosis- related proteins (NLRP3, ASC, Caspase- 1, 
GSDMD, IL- 1β, and IL- 18) were analysed. All of the results revealed 
a significant p- value (p < 0.05), except for the relationship between 
GSDMD and IL- 1β (p > 0.05) (Table 2).

4  |  DISCUSSION

IgG4- RS, known as Küttner's tumour, is a chronic fibro- inflammatory 
salivary gland disease. It mostly occurs in middle- aged and elderly 
men. In a study by Wang et al, the age of onset of IgG4- RD was 55.2 
± 13.9 years old, and the male:female ratio was 1.56:1, similar to 
the results in this report.18 IgG4- RD is a fibro- inflammatory disease 
that can affect almost any organ and is often accompanied by eo-
sinophilia and elevated serum immunoglobulin E (IgE) and immuno-
globulin G4 (IgG4) levels.19 The pathological features of IgG4- RD are 
typical fibrotic histological changes.19 In this study, the pathological 
manifestation of storiform fibrosis could be seen in more than half of 
the patients, while the normal tissue exhibited fibrosis only around 
the duct and connective tissue, and there was no obvious fibrosis 
in fine needle aspirations, which was consistent with the study by 
Kamisawa et al.20 and might be related to the volume and location 
of puncture tissue. However, pyroptosis was morphologically indis-
tinguishable from other forms of cell injury, further validating the 
presence of pyroptosis in IgG4- RD. We examined the key molecules 
involved in pyroptosis.
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F I G U R E  1  Immunohistochemical (IHC) 
staining of pyroptosis- related proteins 
in IgG4- related sialadenitis (IgG4- RS) 
tissues and control tissues (400×). IHC 
staining of IgG4- RS tissues: (A) NLRP3 
(NOD- , LRR-  and pyrin domain- containing 
protein); (B) ASC (apoptosis- associated 
speck- like protein containing a CARD); (C) 
Caspase- 1; (D) GSDMD (gasdermin family 
members, including digestive dermatin 
D; (E) interleukin 1β (IL- 1β); (F) interleukin 
18 (IL- 18). IHC staining of the control 
tissues: (a) NLRP3; (b) ASC; (c) Caspase- 1; 
(d) GSDMD; (e) IL- 1β; (f) IL- 18. Scale bars, 
100 μm

(A) (a)

(B) (b)

(C) (c)

(D) (d)

(E) (e)

(F) (f)
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As a systemic autoimmune inflammatory disease, the aetiology 
and molecular mechanism underlying IgG4- RD include many fac-
tors, such as heredity, infection, and autoimmune reaction. Among 
these factors, the role of inflammation- related immune molecules 
has been widely studied.21 Pyroptosis is an important immune re-
sponse of the body, and moderate pyroptosis clears pathogenic 
microbes, stimulates the adaptive immune response, and enhances 
host survival, while excessive pyroptosis leads to the occurrence 
of body diseases.22 Currently, we found that pyroptosis is widely 
involved in the occurrence and development of tumours, infec-
tious diseases, metabolic diseases, neurological diseases, and so 
on. Pyroptosis mainly mediates the activation of Caspase family 
members (mainly Caspase- 1/3/8/4/5/11) through inflammasomes, 
thereby activating a variety of gasdermin family members, including 
digestive dermatin D (GSDMD), which causes cell perforation and 
subsequently cell death.23

It has been confirmed in other autoimmune diseases that high 
levels of NLRP3 inflammatory corpuscles can be seen in the pe-
ripheral blood of patients with rheumatoid arthritis.11 Moreover, 
in a mouse model of lupus, a P2X7 receptor blocker blocked the 

NLRP3- ASC- Caspase- 1 signalling pathway and reduced the oc-
currence of pyroptosis in mice with lupus.10 NLRP3 inflammasome 
activation and pyroptosis are observed in salivary gland- infiltrating 
macrophages from patients with Sjogren's syndrome (SS). Hong 
et al.9 pointed out that type I interferon (IFN) could increase the 
NLRP3, ASC, Caspase- 1, GSDMD, IL- 1β, and IL- 18 levels in the sal-
ivary glands of patients with primary Sjogren syndrome (SS) and 
consequently induce pyroptosis. Regardless of the immunohisto-
chemical assessment method used in our study, the results showed 
that the expression of NLRP3, Caspase- 1, ASC, GSDMD, and other 
molecules closely related to pyroptosis was significantly higher in 
the experimental group than in the control group, and these mol-
ecules were mainly expressed in the salivary gland epithelial cyto-
plasm, inflammatory cell cytoplasm, and ducts, which indicates that 
NLRP3, Caspase- 1, ASC, and GSDMD are likely to participate in 
the pathogenesis of IgG4- RS by inducing pyroptotic cell death. It is 
common knowledge that the pathway by which GSDMD is involved 
in pyroptosis can be divided into classical pathways and nonclassi-
cal pathways.8 In the classical pathway, cells recognize PAMPs and 
DAMPs to activate inflammasomes and then activate Caspase- 1.24 

F I G U R E  2  Expression of pyroptosis- 
related proteins in IgG4- related 
sialadenitis (IgG4- RS) tissues and control 
tissues. (A– F) The NLRP3 (NOD- , LRR-  
and pyrin domain- containing protein), ASC 
(apoptosis- associated speck- like protein 
containing a CARD), Caspase- 1, GSDMD 
(gasdermin family members, including 
digestive dermatin D), interleukin 1β (IL- 
1β), and interleukin 18 (IL- 18) levels were 
significantly higher in the experimental 
group than in the control group 
(p < 0.0001)

NLRP3 ASC Caspase- 1 GSDMD IL- 1β IL- 18

NLRP3 1

ASC 0.731** 1

Caspase- 1 0.641** 0.635** 1

GSDMD 0.618** 0.640** 0.827** 1

IL- 1β 0.725** 0.644** 0.602** 0.452 1

IL- 18 0.760** 0.644** 0.626** 0.549* 0.714** 1

**The correlation was significant at the 0.01 level (double tail). *The correlation was significant at 
the 0.05 level (double tail).

TA B L E  2  The correlations among the 
pyroptosis- related protein levels in IgG4- 
related sialadenitis (IgG4- RS) tissues
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In the nonclassical pathway, Caspase- 4/5/11 directly recognizes 
cytoplasmic lipopolysaccharides through caspase activation and 
recruitment domains (CARD).22 However, the terminal links of the 
above two pathways need to induce the activation of pro- IL- 1β and 
pro- IL- 18, resulting in pyroptosis.22 Previous study by Mattoo con-
firmed that IL- 1β may be an important cause of chronic inflammation 
and significant fibrosis in IgG4- RD,25 and Komori et al confirmed 
that IL- 18 is related to the pathogenesis of atypical inflammation in 
IgG4- RD, stimulating T helper type 1 (Th1) cells to produce T helper 
type 2 (Th2) cytokines and enhancing the immune reaction of Th2 
cytokines in the pathogenesis of IgG4- RD.25 Similar to these results, 
we found that IL- 1β and IL- 18 were highly expressed in IgG4- RS tis-
sues. To further investigate the role of pyroptosis- related protein 
components, we also evaluated the expression of ASC, Caspase- 1, 
GSDMD, IL- 1β, and IL- 18. We found an expression pattern similar 
to that of NLRP3 and confirmed that there was a positive correla-
tion between NLRP3, ASC, Caspase- 1, GSDMD, IL- 1β, and IL- 18. Our 
results were similar to those of Xue et al.,26 who indicated that the 
NLRP3 protein was closely related to inflammasome components. 
Therefore, by observing the expression of pyroptosis- related pro-
teins in IgG4- RS, we hypothesized that pyroptosis might be involved 
in the development of IgG4- RS.

However, there are some limitations in this study: (1) the clinical 
sample size in this study was limited, so the correlation between each 
indicator of pyroptosis and clinical variables was not determined; (2) 
this study only preliminarily explored the overall relationship between 
pyroptosis- related proteins and IgG4- RS in clinical samples, but it is 
still unknown what specific cellular pathway is involved and whether 
multiple pyroptotic pathways are jointly involved in the development 
of IgG4- RS. Therefore, by designing more targeted in vitro and animal 
experiments to monitor dynamic changes in the gene expression of key 
molecules related to pyroptosis, our future research will determine the 
potential pyroptosis- related pathways and will determine patterns of 
up-  and downstream specific molecular regulation.

5  |  CONCLUSION

In conclusion, the expression of NLRP3, Caspase- 1, and other 
pyroptosis- related proteins was successfully detected in IgG4- RS, 
which suggested that pyroptosis- related proteins might be involved 
in IgG4- RS pathogenesis.
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