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Purpose: The diagnosis and management of liver cirrhosis remain challenging due to its 
diverse clinical manifestations and elusive severity evaluation. Pyroptosis, an identified 
inflammatory form of cell death, has recently been reported to participate in cirrhosis 
development. Nonetheless, the clinical significance of pyroptosis in liver cirrhosis remains 
largely unexplored.
Patients and Methods: One hundred and fifty-one liver cirrhosis patients either alone or in 
combination with various complications and twenty-nine gender- and age-matched healthy 
controls (HCs) were enrolled in this study. Pyroptosis-related indicators gasdermin 
D (GSDMD), IL-1ß and IL-18 were measured by IHC in tissue section and by ELISA in 
serum, respectively, and correlations of their circulating levels with disease severity as well 
as their potential as biomarkers for monitoring cirrhosis progression were evaluated.
Results: Increased levels of the circulating pyroptosis-related indicators GSDMD, IL-1ß and 
IL-18 were observed in liver cirrhosis patients, especially those with an etiology of viral 
infection. In addition, all three indicators were positively correlated with disease severity 
parameters, including Child-Pugh classification, APRI scores and compensated status. 
Furthermore, receiver operating characteristic (ROC) analysis showed that circulating IL- 
1ß exerted potential discriminating power for SBP occurrence in liver cirrhosis, but GSDMD 
possessed differentiating power for SBP in liver cirrhosis with ascites, which yielded area 
under the ROC curve (AUC) of 0.81 and 0.80, respectively.
Conclusion: Liver cirrhosis patients exhibited increased levels of circulating GSDMD, IL- 
1ß and IL-18, all of which were positively correlated with disease severity. More importantly, 
the identified circulating IL-1ß and GSDMD exhibited potentials as novel biomarkers for 
liver cirrhosis patients presenting with SBP.
Keywords: GSDMD, IL-1ß, IL-18, liver cirrhosis, severity, complication

Introduction
Liver cirrhosis represents a type of end-stage liver disease due to long-term damage 
and inflammation characterized by the replacement of the functional liver tissue with 
nonfunctional scar tissue.1 Progression towards cirrhosis is a heterogeneous process 
influenced by many etiological factors, including viral infection, alcohol consump-
tion, autoimmunity, non-alcoholic fatty liver disease (NAFLD) and other rare inher-
ited liver diseases. The natural history of cirrhosis is highly variable or involves 
processes from a compensated stage to a decompensated stage, defined as the 
presence of ascites, bleeding esophageal varices, spontaneous bacterial peritonitis 
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and hepatic encephalopathy.2 Currently, many noninvasive 
tests and imaging techniques have been developed as diag-
nostic and evaluable approaches for cirrhosis. Nonetheless, 
several deficiencies still need to be overcome, including the 
sensitivity and specificity of these methods for severity 
diagnosis and evaluation, which may lead to misdiagnosis, 
inaccurate disease assessment and missing the treatable 
stage.3,4 Therefore, developing new quantifiable biomar-
kers that closely reflect pathogenesis as well as disease 
severity is urgently needed.

Accumulation of fibrous tissue composed of a complex 
assembly of different extracellular matrix (ECM) molecules 
in and around damaged or inflamed tissue is a pathological 
feature that appears during the progressive process from fibro-
sis to cirrhosis.5 A key cellular mediator of liver fibrosis and 
cirrhosis is activation of ECM-producing myofibroblasts dri-
ven by fibrogenic cytokines and growth factors that are 
induced by liver necroinflammation.6 Proinflammatory signals 
activation and accumulation of cytokines, chemokines and 
reactive oxygen species can be emitted by liver-resident cells 
and inflammatory-immune cells, facilitating the necrotic 
demise of hepatocytes.7 In turn, the release of cellular consti-
tuents from necrotic hepatocytes also elicits a highly hepato-
toxic feedforward cycle of inflammation and cell death, 
resulting in further tissue injury and nonfunctional fibrotic 
scarring.8 Therefore, there is a crucial role for the inflamma-
tory-immune response elicited by mediators secreted from 
damaged hepatocyte in fibrosis and even cirrhosis. 
Nonetheless, it is still not entirely clear how inflammatory 
immune responses participate in this process and whether 
key mediators serve as useful indicators for cirrhosis 
progression.

Pyroptosis, an identified inflammatory form of cell death, 
is triggered by certain inflammasomes and leads to caspase-1 
activation and gasdermin D (GSDMD)-mediated formation 
of membrane pores with subsequent cellular lysis, which 
further induces inflammatory responses via activation and 
release of pro-inflammatory IL-1β and IL-18.9 Pyroptosis is 
reportedly involved in multiple human diseases, including 
metabolic and inflammatory diseases, infection, and 
cancer.10,11 Recent studies also demonstrated that pyroptosis 
may participate in liver diseases progression, which is asso-
ciated with liver-resident cell death caused by infection, 
alcohol, drugs, toxins or immune system attacks.12 

Specifically, induction of pyroptosis can boost disease sever-
ity by increasing pro-fibrogenic factor expression and col-
lagen deposition in liver tissues during fibrosis or cirrhosis in 
mouse experiment.13 Mechanistically, the pyroptosis-related 

effectors IL-1β and IL-18 were reported to modulate prolif-
eration and activation of HSCs, inducing fiber protein 
expression in vitro.14,15 Several in vivo studies have demon-
strated that inhibition of pyroptosis by targeting caspase-1 or 
NLRP3 significantly inhibits liver fibrosis or cirrhosis.16,17 

Therefore, pyroptosis may play a pivotal role in liver dis-
eases, especially cirrhosis. However, the relationship 
between pyroptosis-related indicators and disease severity 
in liver cirrhosis patients remains elusive.

In the present study, we examined circulating pyropto-
sis-related indicators (GSDMD, IL-1ß and IL-18) and 
explored their correlation with clinical parameters in 
a well-defined cohort of liver cirrhosis patients either 
alone or in combination with various complications, aim-
ing to explore whether these indicators can be used as 
potential biomarkers during liver cirrhosis progression.

Patients and Methods
Patients
A total of one hundred and fifty-one patients with liver 
cirrhosis were enrolled in the present study between 
March 2019 and December 2020 at the Second Affiliated 
Hospital of Chongqing Medical University. Diagnosis was 
primarily established by histology, appearance on ultra-
sound or radiological imaging and medical history. 
Disease etiologies, such as viral infection, alcohol con-
sumption and autoimmunity, were determined according 
to clinical, serological and histological findings. All liver 
cirrhosis patients with etiology of viral infection belong to 
the chronic phase and have not been previously treated. 
Liver cirrhosis patients with an etiology of alcohol con-
sumption have drunk heavily with one or more alcoholic 
drinks per week (males: alcohol consumption > 40 g/day; 
female: alcohol consumption > 20 g/day) for at least eight 
years. Child-Pugh classification and AST-to-Platelet Ratio 
Index (APRI) score were calculated to determine disease 
severity.18,19 Exclusion criteria included patients with 
chest wall trauma, a history of pituitary or hypothalamic 
disease, tuberculous peritonitis, chronic renal failure, the 
presence of hepatocellular carcinoma or other active 
malignancies or electrolyte disorders. Additionally, 
twenty-nine gender-matched healthy volunteers who did 
not have evidence of liver disease were enrolled as healthy 
controls (HCs). Clinical characteristics were recorded. 
Blood samples of as much as 3 mL were drawn from the 
antecubital vein and inserted into the vacutainer tube at the 
time of diagnosis. The blood is centrifuged for 10 minutes 
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to obtain serum. The obtained serum is stored at −80 °C 
until further processing. Biopsy specimens from diagnosed 
liver cirrhosis patients and five normal liver tissue samples 
form HCs that underwent liver biopsy to exclude liver 
disease were also performed and stored until use. This 
study was approved by the Institutional Ethics 
Committee for human studies at the Second Affiliated 
Hospital of Chongqing Medical University (no. 2019– 
295). All procedures followed the Declaration of 
Helsinki. Patient characteristics are summarized in 
Table 1.

Immunohistochemical (IHC)
The expression of GSDMD, IL-1ß and IL-18 in liver 
specimens was examined by IHC. The sections from the 
formalin fixed, paraffin-embedded tissues were deparaffi-
nized and dehydrated. Then, the sections were boiled for 
10 min in a 0.01 M citrate buffer and incubated with 0.3% 
hydrogen peroxide in methanol for 15 min to block endo-
genous peroxidase. The sections were then incubated with 

the anti-GSDMD (20770-1-AP; Proteintech Group, USA), 
IL-1ß (16806-1-AP; Proteintech Group, USA) and IL-18 
(10663-1-AP; Proteintech Group, USA) overnight at 4 °C, 
following incubation with secondary antibody tagged with 
the peroxidase enzyme (SP-9000, Zhongshan Golden 
Bridge, China) for 30 min at room temperature and were 
visualized with 0.05% 3,3-diamino-benzidine tetrachloride 
till the desired brown reaction product was obtained. The 
sections were finally counter-stained with hematoxylin. 
All the slides were observed under a Nikon E400 Light 
Microscope, and representative photographs were taken.

Enzyme-Linked Immunosorbent Assay
Serum samples were analyzed by commercial human 
GSDMD (MBE1217; Mengbio, China), IL-1ß (MBE0058; 
Mengbio, China) and IL-18 (MBE0066; Mengbio, China) 
enzyme-linked immunosorbent assay (ELISA) kits. All 
serum samples were diluted 10 times in standard buffer 
diluent before testing according to the manufacturer’s proto-
cols. The assay for human GSDMD ELISA kit has a linear 

Table 1 The Clinical Characteristics of Enrolled Individuals

Serum Samples Tissue Specimens

Liver Cirrhosis 
(n=151)

HCs (n=62) Liver Cirrhosis 
(n=12)

HCs (n=5)

Age year (IQR) 53 (18) 54 (16) 50 (16) 53 (14)

Gender
Male n (%) 97 (64.23) 36 (58.06) 7 (58.33) 3 (60)
Fale n (%) 54 (35.76) 26 (41.94) 5 (41.67) 2 (40)

Aetiology
Viral hepatitis NA 7 (58.33) NA

HBV n (%) 87 (73.73)
HCV n (%) 31 (26.27)

Alcohol n (%) 15 (9.93) NA 2 (16.67) NA

Cholestatic/Autoimmune n (%) 18 (11.92) NA 3 (25) NA

Child-Pugh Classification.

A n (%) 60 (39.73) NA 2 (16.66) NA
B n (%) 46 (30.46) NA 5 (41.67) NA

C n (%) 45 (29.81) NA 5 (41.67) NA

Phase
Compensated stage n (%) 48 (31.79) NA 4 (33.33) NA

Decompensated stage n (%) 103 (68.21) NA 8 (66.67) NA

APRI score 2.11 (2.52) 0.29 (0.11) 2.1 (2.84) 0.26 (0.1)

AST (U/L) 63 (89) 24 (6) 52 (68.55) 23 (4.5)

PLT 92 (78) 204 (76) 67 (45) 207 (72)

Abbreviations: IQR, interquartile range; HCs, healthy controls; APRI, AST to Platelet Ratio Index; NA, not applicable.
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range between 0.625 ng/mL and 20 ng/mL and a sensitivity 
of < 0.1 ng/mL. The assay for human IL-1ß ELISA kit has 
a linear range between 1 pg/mL and 80 pg/mL and 
a sensitivity of < 1 pg/mL. The assay for human IL-18 
ELISA kit has a linear range between 1 pg/mL and 120 pg/ 
mL and a sensitivity of < 1 pg/mL. The coefficients of 
variation for these assays were less than 15%. Samples 
were run in duplicate.

Statistical Analysis
Data were analyzed using SPSS 17.0 with Mann–Whitney or 
Kruskal–Wallis test to determine the significance of GSDMD, 
IL-1ß and IL-18 in liver cirrhosis patients with various clinical 
features. Correlation coefficients (r) were calculated using 
Spearman correlation. Receiver operating characteristic 
(ROC) curves were generated to classify patients in different 
groups, as well as for evaluation of predictive power of serum 

GSDMD, IL-1ß and IL-18 levels via calculation of the area 
under the ROC curve (AUC), with sensitivity and specificity 
according to standard formulas. Multiple linear regression 
analysis was performed to determine independent determi-
nants for levels of GSDMD, IL-1ß and IL-18. All data are 
expressed as the median and interquartile range (IQR). A p 
value < 0.05 was considered to be statistically significant.

Results
Levels of GSDMD, IL-1ß and IL-18 in 
Patients with Liver Cirrhosis
Pyroptosis occurrence was verified by detecting and analyzing 
its markers GSDMD, IL-1ß and IL-18 in fresh tissue sections 
from patients with liver cirrhosis. We observed increased 
levels of GSDMD, IL-1ß and IL-18 in cirrhosis tissues com-
pared with normal tissues (Figure 1A–C). To explore whether 

Figure 1 Expression of GSDMD, IL-1ß and IL-18 in patients with liver cirrhosis. (A-C) Representative IHC staining for GSDMD, IL-1ß and IL-18 in liver cirrhosis patients. 
Black scale bars, 100µm. (D) ELISA analysis of serum GSDMD levels in HC and liver cirrhosis patients. (E) ELISA analysis of serum IL-1ß levels in HC and liver cirrhosis 
patients. (F) ELISA analysis of serum IL-18 levels in HC and liver cirrhosis patients. (G) Correlation between serum IL-1ß and GSDMD in liver cirrhosis patients. (H) 
Correlation between serum IL-18 and GSDMD in liver cirrhosis patients. ***p<0.001. 
Abbreviations: HC, health control; IQR, data represents the median.
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serum levels of pyroptosis-related indicators GSDMD, IL-1ß 
and IL-18 are abnormally altered in liver cirrhosis, we 
assessed their levels in liver cirrhosis patients and compared 
them to healthy controls (HCs). Serum levels of GSDMD 
were significantly higher in liver cirrhosis patients [51.91 
(50.34) ng/mL] than in the HC group [2.79 (2.19) ng/mL] 
(Figure 1D). Similarly, serum levels of IL-1ß and IL-18 were 
also prominently higher in liver cirrhosis patients [154.5 
(235.89) pg/mL; 270.3 (425.87) pg/mL], respectively, com-
pared to HC [26.8 (18.69) pg/mL; 59.04 (31.77) pg/mL] 
(Figure 1E and F). Since GSDMD can trigger the formation 
of membrane pores to facilitate IL-1ß and IL-18 release, we 
next determined the relationship between GSDMD and IL-1ß 
or IL-18. Both IL-1ß and IL-18 were positively correlated with 
GSDMD (Figure 1G and H).

Distribution of GSDMD, IL-1ß and IL-18 
in Liver Cirrhosis with Various Etiologies
Liver cirrhosis can arise due to viral infection, autoimmunity, 
alcohol consumption, NAFLD and other rare inherited liver 
diseases. We next examined the distribution of serum 

pyroptosis-related indicators in liver cirrhosis patients of 
three main etiologies, including viral infection, alcohol con-
sumption and autoimmunity. Serum levels of GSDMD were 
significantly higher in all etiological subgroups of liver cirrho-
sis patients [53.2 (55.62) ng/mL; 39.9 (42.32) ng/mL; 54.12 
(46.94) ng/mL] than in the HC group [2.79 (2.19) ng/mL]. 
However, GSDMD showed no statistically significant differ-
ence among the three etiological subgroups (Figure 2A). IL-1ß 
levels were also significantly higher in various etiological 
subgroups [205.3 (246.92) pg/mL, 97.55 (208.63) pg/mL, 
43.72 (11.21) pg/mL] compared to the HC group [26.8 
(18.69) pg/mL]. In particular, higher IL-1ß levels were found 
in the viral infection-derived subgroups compared to the alco-
hol or autoimmunity subgroups (Figure 2B). A similar ten-
dency was also observed in IL-18 analysis, showing that the 
three subgroups of liver cirrhosis patients had higher IL-18 
levels [341.4 (444.9) pg/mL, 151.4 (244.2) pg/mL, 90.29 (25) 
pg/mL] than that of HCs [59.04 (31.77) pg/mL], and the viral 
infection-derived subgroup exhibited higher IL-18 levels than 
alcohol subgroup (Figure 2C), while no significant difference 
was observed between alcohol and autoimmunity subgroups 
(Figure 2C).

Figure 2 Serum levels of GSDMD, IL-1ß and IL-18 in patients with various etiologies. (A) ELISA analysis of serum GSDMD levels in liver cirrhosis patients with three main 
etiologies, including viral infection, alcohol consumption and autoimmunity. (B) ELISA analysis of serum IL-1ß levels in liver cirrhosis patients with three main etiologies, 
including viral infection, alcohol consumption and autoimmunity. (C) ELISA analysis of serum IL-18 levels in liver cirrhosis patients with three main etiologies, including viral 
infection, alcohol consumption and autoimmunity. Data represents the median (IQR). *p<0.05; ***p<0.001.
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Determinants Associated with GSDMD, 
IL-1ß and IL-18 in Liver Cirrhosis Patients
Univariate analysis was performed for the determinants of 
serum levels of GSDMD, IL-1ß and IL-18. Among the 
studied variables, etiologies, Child-Pugh classification and 
compensated status were significantly linked to GSDMD, 
and etiologies, AST, Child-Pugh classification and compen-
sated status were significantly linked to IL-1ß and IL-18 
(Table 2). To determine the independent determinants of 
GSDMD, IL-1ß and IL-18, multiple linear regression ana-
lysis was performed. Child-Pugh classification was indepen-
dently related to serum levels of GSDMD (Table 2). 
Etiologies and Child-Pugh classification were independently 
related to serum levels of IL-1ß or IL-18 (Table 2).

Correlation of Serum GSDMD, IL-1ß and 
IL-18 Levels with Disease Severity in 
Cirrhosis Patients
The Child-Pugh classification represents a widely used 
means of assessing liver cirrhosis severity. We next analyzed 
the relationship between pyroptosis-related indicators and 
Child-Pugh classification in liver cirrhosis. The increased 
levels of all three indexes were nearly proportional to the 
Child-Pugh classification. Liver cirrhosis patients with 
Child-Pugh classification C showed higher serum levels of 
GSDMD and IL-18 than patients with Child-Pugh classifi-
cation A or B (Figure 3A and C). Furthermore, patients with 
Child-Pugh classification A showed the lowest levels of the 
three indexes (Figure 3A–C). All three indexes were also 
positively correlated with Child-Pugh scores (Figure 3D–F). 
In addition, APRI score has also been widely used for 
predicting the severity of hepatic cirrhosis.19 The relation-
ship between pyroptosis-related indicators and APRI score 
was also assessed. All three indexes were positively corre-
lated with APRI scores (Figure 3G–I). Liver cirrhosis devel-
opment is also characterized by a long asymptomatic phase 
(compensated cirrhosis) which then develops into a much 
shorter phase (decompensated cirrhosis). All three indexes 
were prominently higher in the decompensated phase than 
that in the compensated phase (Figure 3J–L).

Serum GSDMD, IL-1ß and IL-18 Levels in 
Liver Cirrhosis Patients Presenting with 
Various Complications
Cirrhosis can lead to portal hypertension and/or hepatic dys-
function, which induces a variety of complications, including 

ascites, bleeding esophageal varices (BEV), spontaneous bac-
terial peritonitis (SBP) and hepatic encephalopathy (HE).20 We 
next monitored and analyzed the pyroptosis-related indicators 
GSDMD, IL-1ß and IL-18 in liver cirrhosis patients with 
diagnosed various complications. For liver cirrhosis patients 
with diagnosed ascites or BEV, serum levels of IL-1ß and IL- 
18, but not GSDMD, were significantly increased (Table 3). 
All the three indexes showed no statistically significant change 
in patients with diagnosed HE (Table 3). In particular, all three 
indexes were prominently increased in patients with diagnosed 
SBP (Table 3). Since SBP only occurs in the setting of ascites, 
the levels of these three indexes in SBP group were compared 
to that in ascites group. Serum levels of GSDMD, but not IL-1ß 
and IL-18 were significantly increased in SBP group (Table 3).

The Clinical Predictive Power of GSDMD, 
IL-1ß and IL-18 in Liver Cirrhosis Patients 
Presenting with Various Complications
A sizable proportion of liver cirrhosis is frequently asymp-
tomatic or unsuspected until various complications 
emerge, leading to misdiagnosis, inaccurate disease assess-
ment and missing the treatable stage.21 We next evaluated 
the predictive power of GSDMD, IL-1ß and IL-18 for liver 
cirrhosis presenting with complications. ROC analysis 
revealed that GSDMD, IL-1ß and IL-18 yielded AUC of 
0.59 (95% CI, 0.42–0.74), 0.71 (95% CI, 0.57–0.84) and 
0.71 (95% CI, 0.56–0.85) for predicting liver cirrhosis 
presenting with ascites (Figure 4A), indicating that all 
three indexes had no better diagnostic efficacy for patients 
with ascites occurrence. In addition, the three indexes 
yielded AUCs of 0.61 (95% CI, 0.47–0.73), 0.65 (95% 
CI, 0.52–0.77) and 0.72 (95% CI, 0.61–0.83) for predict-
ing liver cirrhosis presenting with BEV (Figure 4B), sug-
gesting that the three indexes did not exhibit effective 
differential abilities in liver patients with BEV occurrence. 
No better diagnostic efficacy was also found by using 
these three indexes for distinguishing patients presenting 
with HE occurrence, showing AUCs of 0.65 (95% CI, 
0.48–0.82), 0.60 (95% CI, 0.44–0.76) and 0.56 (95% CI, 
0.38–0.75) (Figure 4C). We further evaluated their predic-
tive power in patients presenting with SBP occurrence. 
GSDMD, IL-1ß and IL-18 yielded AUCs of 0.70 (95% 
CI, 0.60–0.81), 0.81 (95% CI, 0.71–0.89) and 0.79 (95% 
CI, 0.70–0.88), in which IL-1ß had the highest AUC with 
70% sensitivity and 77.1% specificity with a cutoff value 
208.7 pg/mL, suggesting that IL-1ß efficiently distinguishs 
liver cirrhosis patients in SBP occurrence (Figure 4D). 
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Since SBP clinically occurs in the setting of ascites, we 
further analyzed whether these three indexes can distin-
guish SBP from ascites. GSDMD, IL-1ß and IL-18 yielded 
AUCs of 0.80 (95% CI, 0.68–0.92), 0.69 (95% CI, 0.53– 
0.85) and 0.61 (95% CI, 0.45–0.77), in which GSDMD 
had the highest AUC with 73.81% sensitivity and 87.5% 
specificity with a cutoff value 53.55 ng/mL, suggesting 
that GSDMD efficiently differentiates patients with ascites 
in SBP occurrence (Figure 4E).

Discussion
Liver cirrhosis is characterized by the replacement of 
functional liver tissue with nonfunctional scar tissue due 
to long-term damage and inflammation. A sizable propor-
tion of liver cirrhosis patients never come to clinical atten-
tion, leading to misdiagnosis and missing the treatable 
stage. Although several noninvasive serological tests 
have achieved great progress for cirrhosis diagnosis and 
evaluation, none meets the criteria for an ideal surrogate 

Figure 3 Correlation of serum GSDMD, IL-1ß and IL-18 levels with disease severity in cirrhosis patients. (A-C) ELISA analysis of serum levels of GSDMD (A), IL-1ß (B) and 
IL-18 (C) in liver cirrhosis patients with Child-Pugh classification A, B and C. (D-F) Correlation between serum GSDMD (D), IL-1ß (E) and IL-18 (F) with Child-Pugh score 
in liver cirrhosis patients. (G-I) Correlation between serum GSDMD (G), IL-1ß (H) and IL-18 (I) with APRI score in liver cirrhosis. (J-L) Distribution of GSDMD (J), IL-1ß 
(K) and IL-18 (L) in compensated and decompensated cirrhosis. *p<0.05; **p<0.01; ***p<0.001. 
Abbreviation: Ns, no statistical significance.
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fibrosis or cirrhosis marker. Given that a pivotal role of 
pyroptosis has been recently identified in liver cirrhosis, 
we focused on pyroptosis-related indicators and assessed 
their relationship with cirrhosis severity, aiming to deter-
mine whether they represent useful biomarkers for mon-
itoring cirrhosis progression. Herein, liver cirrhosis 
patients rendered increased levels of the pyroptosis- 
related indicators GSDMD, IL-1ß and IL-18, all of 
which were associated with cirrhosis severity, specifically 
IL-1ß, which efficiently predicted liver cirrhosis in patients 
presenting with SBP.

Growing evidence indicates that pyroptosis-mediated 
necroinflammation plays an important role in infection, 
inflammatory diseases and cancer.22,23 The importance of 
pyroptosis in liver cirrhosis has also been confirmed in pre-
vious mouse model studies.13,16 However, the clinical signifi-
cance of pyroptosis, such as its predictive power for liver 
cirrhosis progression, has not been well understood. Here, 
elevated levels of the pyroptosis-related indicators GSDMD, 
IL-1ß and IL-18 were confirmed from a well-defined cohort, 
further supporting the significance of pyroptosis in liver cir-
rhosis. Recently, pyroptosis-mediated necroinflammation has 
also been reported in other fibrosis-associated diseases, includ-
ing cardiovascular fibrosis,24 pulmonary fibrosis,25 and kidney 
fibrosis.26 Consistent with these fibrosis-related studies, 

pyroptosis-mediated necroinflammation may represent 
a common feature for mediating fibrogenesis following tissue 
injury, providing a new intervention target for liver cirrhosis 
therapy.

Cirrhosis can arise due to viral infection, autoimmunity, 
alcohol consumption, NAFLD and other rare inherited liver 
diseases. Our present study demonstrated increased levels of 
pyroptosis-related indicators in liver cirrhosis patients with 
three different etiologies, including viral infection, autoim-
munity, and alcohol consumption. These findings may be 
explained by previous reports that pyroptosis in liver dis-
eases can be activated by multiple stimulants, including 
pathogen-associated molecular patterns (PAMPs) (eg, viral 
DNA/RNA and protein),12,27,28 alcohol-induced ROS29 and 
danger-associated molecular patterns (DAMPs) derived 
from damaged hepatocytes.12 More and more evidences 
showed that hepatitis virus (PAMPs) together with DAMPs 
derived from damaged hepatocytes synergically contributed 
to the exaggeration of inflammation.30 Here, liver cirrhosis 
with an etiology of viral infection exhibited higher levels of 
pyroptosis-related proinflammatory factors IL-1ß and IL-18 
than the other two etiologies, suggesting that hepatitis viral- 
derived PAMPs may exert the strongest stimulatory effect on 
pyroptosis-related inflammation by synergy with undeter-
mined DAMPs derived from damaged hepatocytes during 

Table 3 Serum Levels of GSDMD, IL-1ß and IL-18 in Patients with Liver Cirrhosis with Complications

GSDMD p value IL-1ß p value IL-18 p value

LC (Ascites)
- (n=48) 48.5 (48.47) p=0.32 59.98 (163.58) p =0.0111 99.63 (227.55) p=0.0104

+ (n=16) 44.29 (31.53) 159 (268.26) 294.7 (429.3)

LC (BEV)

- (n=48) 48.5 (48.47) p=0.1299 59.98 (163.58) p =0.0250 99.63 (227.55) p=0.0008
+ (n=29) 38.88 (49.59) 143.4 (218.81) 327.5 (425.57)

LC (SBP)
- (n=48) 48.5 (48.47) p=0.0006 59.98 (163.58) p<0.0001 99.63 (227.55) p<0.0001

+ (n=42) 74.13 (47.45) 282.1 (308.7) 516.9 (526.6)

LC (HE)

- (n=48) 48.5 (48.47) p=0.0658 59.98 (163.58) p=0.2129 99.63 (227.55) p=0.4357

+(n=16) 78.88 (58.78) 80.36 (238.68) 175.2 (460.28)

LC (Ascites vs SBP)

Ascites (n=16) 44.29 (31.53) p=0.0001 159 (268.26) p=0.09 294.7 (429.3) p=0.18
SBP (n=42) 74.13 (47.45) 282.1 (308.7) 516.9 (526.6)

Notes: Data are presented as median (interquartile range). 
Abbreviations: BEV, bleeding esophageal varices; SBP, spontaneous bacterial peritonitis; HE, hepatic encephalopathy.
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liver cirrhosis progress. Together, further studies are 
required to identify and confirm these undetermined 
DAMPs released from damaged hepatocytes during liver 
cirrhosis progress.

As the final stage of chronic liver disease, cirrhosis is 
increasing in importance as a public health problem due to 
its high morbidity and mortality. Score systems such as Child- 
Pugh classification and APRI have been widely used for 
assessing disease severity in liver cirrhosis.3 A positive corre-
lation between pyroptosis-related indicators with these score 
systems was confirmed in the present data, suggesting that 
pyroptosis-induced necroinflammation participates in cirrhosis 
progression. It has been generally accepted that the presence of 
complications represents a crucial symbolic phase for the 
elevation of portal hypertension and/or hepatic dysfunction. 
Here, we demonstrated that the three pyroptosis-related indi-
cators were all significantly increased in complication of SBP. 
Cirrhosis patients with SBP generally have common symp-
toms of fever, abdominal pain or tenderness, and altered 
mental status.30 Laboratory diagnosis primarily depends on 

ascitic fluid analysis, including ascitic fluid culture and poly-
morphonuclear leukocyte (PMN) count. Nonetheless, several 
limitations are still in need of improvement, including diag-
nosis of asymptomatic patients with subtle clinical symptoms 
and lower detection rate of ascitic fluid culture method,31–33 

leading to inaccurate disease assessment and missing the 
treatable stage. Herein, we observed better predictive power 
from circulating IL-1ß with an AUC of 0.81 that generated 
70% sensitivity and 77.1% specificity, suggesting that circu-
lating IL-1ß may represent a potential candidate for predicting 
cirrhosis in patients presenting with SBP. Since SBP only 
occurs in the setting of ascites, we then evaluate whether 
these indexes can distinguish SBP from ascites. We observed 
a better power for GSDMD in differentiating SBP occurrence 
with an AUC of 0.80 that generated 73.81% sensitivity and 
87.5% specificity.

Multiple factors such as gastrointestinal stasis, intest-
inal bacterial overgrowth, delayed intestinal transport, 
altered intestinal permeability and immune dysfunction, 
are involved in the pathogenesis of SBP.34 Among these 

Figure 4 Differentiating power of serum GSDMD, IL-1ß and IL-18 for liver cirrhosis with various complications. (A) ROC curves of serum GSDMD, IL-1ß and IL-18 for 
predicting liver cirrhosis with ascites. (B) ROC curves of serum GSDMD, IL-1ß and IL-18 for predicting liver cirrhosis with EV. (C) ROC curves of serum GSDMD, IL-1ß and 
IL-18 for predicting liver cirrhosis with HE. (D) ROC curves of serum GSDMD, IL-1ß and IL-18 for predicting liver cirrhosis with SBP. (E) ROC curves of serum GSDMD, IL- 
1ß and IL-18 for predicting SBP occurrence in the setting of ascites for liver cirrhosis patient.
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factors, bacterial translocation and infection represent the 
major cause of SBP occurrence.35 It is widely appreciated 
that intestinal bacterial infection can elicit pyroptosis and 
mediate necroinflammation.36 Therefore, we speculate that 
pyroptosis in SBP might be elicited not only by liver- 
resident cells but also by intestinal epithelial cells or 
circulating peripheral inflammatory cells, which requires 
verification by future pathogenic studies.

Conclusion
In conclusion, the present study demonstrated that liver 
cirrhosis patients exhibited increased levels of the pyrop-
tosis-related indicators GSDMD, IL-1ß and IL-18, all of 
which were positively correlated with disease severity. 
More importantly, circulating IL-1ß and GSDMD levels 
exerted valuable differentiating power in liver cirrhosis 
patients presenting with SBP, suggesting that monitoring 
circulating IL-1ß and GSDMD may facilitate decision- 
making regarding prophylaxis and treatment ultimately 
leading to a lower incidence of SBP in liver cirrhosis.

Abbreviations
GSDMD, gasdermin D; SBP, spontaneous bacterial peri-
tonitis; ROC, receiver operating characteristic; AUC, area 
under the ROC curve; ECM, extracellular matrix; APRI, 
AST-to-Platelet Ratio Index; HCs, healthy controls; IQR, 
interquartile range; BEV, bleeding esophageal varices; HE, 
hepatic encephalopathy; PMN, polymorphonuclear 
leukocyte.
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