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Abstract. Persistent and progressive liver injury causes 
liver fibrosis due to the inability of the liver to regenerate. 
Interleukin (IL)‑22 serves an important role in liver fibrosis. 
However, the underlying mechanism by which IL‑22 exerts its 
effects on liver fibrosis has not been fully elucidated. The aim 
of the present study was to investigate the underlying mecha‑
nism by which IL‑22 affects the development of liver fibrosis. 
Following activation of the hepatic stellate cells (HSCs) using 
transforming growth factor β (TGF‑β), HSC proliferation was 
measured using the Cell Counting Kit‑8 assay. The indicators 
of oxidative stress were detected using specific kits. In addition, 
the mRNA and protein expression levels of fibrosis‑associated 
genes were determined using reverse transcription‑quanti‑
tative polymerase chain reaction and western blot analysis, 
respectively. Subsequently, the protein expression levels of the 
NOD‑like receptor protein 3 (NLRP3), caspase-1 and IL‑1β 
were examined using western blotting. Following addition of 
Nigericin, a NLRP3 activator, the levels of oxidative stress and 
fibrosis were measured. IL‑22 increased the viability of HSCs, 
which were activated by TGF‑β. The malondialdehyde content 
was significantly decreased, whereas superoxide dismutase 
and glutathione levels were increased following IL‑22 treat‑
ment. Moreover, IL‑22 markedly downregulated the expression 
levels of fibrosis‑associated genes, including α‑smooth muscle 
actin, type I collagen and TIMP metallopeptidase inhibitor 1. 
Furthermore, the expression levels of NLRP3, caspase-1 and 
IL‑1β were decreased in the IL‑22‑treated groups. However, 
the NLRP3 activator Nigericin reversed the inhibitory effects 
of IL‑22 on the induction of oxidative stress and fibrosis of 
HSCs induced by TGF‑β. In conclusion, the present study indi‑
cated that IL‑22 alleviated the fibrosis of HSCs by inactivation 

of NLRP3 inflammasome signaling, which may provide 
further insight on the underlying mechanism by which IL‑22 
exerts protective effects on liver fibrosis.

Introduction

Persistent and progressive liver injury results in the inability 
of the liver to regenerate and leads to liver fibrosis (1). Liver 
fibrosis is a wound healing response that is closely associated 
with hepatic stellate cells (HSCs) and Kupffer cells (2). The 
activation and accumulation of a large number of HSCs 
is a pivotal step in the formation and progression of liver 
fibrosis (3). Initiation and perpetuation are two stages that 
constitute the activation of HSCs (4). Persistent activation of 
HSCs can contribute to cellular events, including extracellular 
matrix degradation and cytokine release, which result in the 
production and accumulation of fibrotic extracellular matrix 
components, including α‑smooth muscle actin (α‑SMA) and 
collagen type I α1 (COL1A1) (5). Additionally, HSCs can 
synthesize and secrete TIMP metallopeptidase inhibitor 1 
(TIMP1), which is a powerful inhibitor of enzymes that 
degrade matrix molecules and serves a critical role in 
fibrosis (6). Overall, liver fibrosis has become an obstacle in 
clinical trials or during treatment of patients with chronic 
liver diseases (7). Therefore, there is an urgent need to identify 
novel and effective treatment strategies for this disease.

Interleukin (IL)‑22 was originally identified as an 
IL‑10‑related T cell‑derived inducible factor (8). IL‑22 is an 
actively secreted protein of 146 amino acids, which belongs to 
the IL‑10 family of cytokines (9,10). Despite the differences 
noted in primary sequences among IL‑10 members, they 
share a common gene structure containing six helices (11). 
IL‑22 expression is downregulated in the serum of mice and 
in diabetic nephropathy patients (12). By binding to the IL‑22 
receptor subunit α‑1 (IL‑22RA1) and IL‑10R2, IL‑22 exerts 
protective effects on hepatocytes (13). It has been shown that 
the binding of IL‑22 to IL‑22RA1 can induce senescence of 
HSCs and ameliorate liver fibrosis (14). However, the activa‑
tion of several signaling pathways, such as STAT3, SOCS3, 
p53 and Notch, induced by IL‑22 inhibits the progression of 
liver damage (15).

Oxidative stress serves a crucial role in inducing HSC 
activation and fibrogenic potential (16). Superoxide dismutase 
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(SOD), one of the most important protective enzymes, provides 
the first antioxidant defense system in various organs and 
tissues, including the liver (17). Glutathione (GSH) is a key 
reactive oxygen species scavenger to protect liver cells from 
oxidative stress (18). SOD and GSH serve an important role in 
the antioxidant defense system, while malondialdehyde (MDA) 
is considered to be the main marker of lipid peroxidation in 
tissues (19). Inflammation serves a critical role in the progres‑
sion of liver injury and fibrosis. NOD‑like receptor protein 3 
(NLRP3) is a well‑established inflammasome that consists 
of apoptosis‑associated speck‑like protein and the effector 
molecule pro‑caspase‑1 (20). Recent studies have confirmed 
the role of NLRP3 in a variety of liver diseases, such as alco‑
holic and non‑alcoholic fatty liver diseases and non‑alcoholic 
steatohepatitis (21,22). Inhibition of the NLRP3 inflamma‑
some can alleviate renal injury and fibrosis (23). NLRP3 is 
aberrantly activated in vivo and in vitro following exposure 
to aristolochic acid, and inhibition of NLRP3 ameliorates 
renal fibrosis and renal failure (24). However, whether IL‑22 
ameliorates liver fibrosis by directly inhibiting the activation 
of NLRP3 has not been previously investigated.

In the present study, the role of IL‑22 was investigated 
in transforming growth factor  β (TGF‑β)‑induced HSCs. 
Whether IL‑22 exerted its effects on liver fibrosis via the regu‑
lation of NLRP3 inflammasome signaling was also explored. 
The current study may guide the future exploration of the 
pathogenesis of liver fibrosis.

Materials and methods

Cell culture and treatment. HSCs were purchased from 
the American Type Culture Collection and Nigericin (cat. 
no. N7143) was purchased from Sigma‑Aldrich (Merck KGaA). 
HSCs were cultured in DMEM supplemented with 10% FBS 
(both Gibco; Thermo Fisher Scientific, Inc.), 100  U/ml 
penicillin and 100 mg/ml streptomycin in a PBS buffer (R&D 
Systems, Inc.) at 37˚C in an incubator with 95% air/5% CO2. 
The cells were treated with 5 ng/ml TGF‑β (Sigma‑Aldrich; 
Merck KGaA) at 37˚C for 24 h and subsequently cultured 
in the presence of 250, 500, 750 and 1,000  pg/ml IL‑22 
(Sigma‑Aldrich; Merck KGaA) for 48 h at 37˚C (25,26). Finally, 
the cells were treated with Nigericin (40 µM) for 30 min at 
37˚C to activate NLRP3 for subsequent experiments (27).

Cell Counting Kit‑8 (CCK‑8) assay. The CCK‑8 assay was 
conducted for the determination of cell viability. Briefly, HSCs 
(3x104 cells/well) were inoculated into a 96‑well plate at 37˚C. 
At 48 h after IL‑22 treatment, 10 µl CCK‑8 reagent (Dojindo 
Molecular Technologies, Inc.) was added to each well and 
incubated for 3 h. The absorbance at 450 nm was read using 
a microplate reader (Bio‑Rad Laboratories, Inc.). Three repli‑
cates were conducted for each sample.

Apoptosis assay. Apoptosis was evaluated via f low 
cytometry. HSCs were collected and then re‑suspended 
in 1X binding buffer to a concentration of 1x104 cells/well. 
An Annexin  V‑FITC Staining Cell Apoptosis Detection 
kit (Nanjing KeyGen Biotech Co., Ltd.) was employed to 
determine apoptosis in accordance with the manufacturer's 
protocol. Briefly, cells were stained with Annexin V‑FITC and 

PI, and incubated in the dark for 15 min at 37˚C. Cell apoptosis 
of each sample was assessed by flow cytometry (BD Accuri™ 
C6; BD Biosciences). Apoptosis was analyzed using FlowJo 
software (version 7.6.3; FlowJo LLC).

Detection of oxidative stress. The contents of MDA and GSH, 
as well as the activity of SOD, were respectively detected using 
the MDA assay kit (cat. no. A003‑4‑1), GSH assay kit (cat. 
no. A006‑2‑1) and SOD assay kit (cat. no. A001‑3‑2; all from 
Nanjing Jiancheng Bioengineering Institute) in accordance 
with the manufacturer's instructions.

Reverse transcription‑quantitative polymerase chain reaction 
(RT‑qPCR). Total RNA was isolated from cells using TRIzol® 
reagent (Sigma‑Aldrich; Merck KGaA). cDNA was synthe‑
sized using a Sensiscript RT kit (Qiagen GmbH) following 
manufacturer's recommendations. According to the manufac‑
turer's recommendations, PCR assays were conducted using 
SYBR-Green® Realtime PCR Master Mix and Premix Ex Taq 
(Takara Bio., Inc.) on ViiA™ 7 Real‑Time PCR System 
(Applied Biosystems; Thermo Fisher Scientific, Inc.). The 
following thermocycling conditions were used: 5 min at 95˚C, 
followed by 35 cycles at 95˚C for 15 sec, 40 sec at 55˚C and 
72˚C for 1 min. Relative quantification of gene expression was 
performed using the 2−ΔΔCq method (28). The relative gene 
expression levels were normalized to those of GAPDH. Three 
independent experiments were conducted for each target gene. 
The sequences of the gene‑specific primers used in the present 
study were as follows: α‑SMA forward, 5'‑TCCAGAGTC 
CAGCACAATACCAG‑3' and reverse, 5'‑AATGACCCAGAT 
TATGTTTGAGACC‑3'; COL1A1 forward, 5'‑TCAGGGGCG 
AAGGCAACAGT‑3' and reverse, 5'‑TTGGGATGGAGG 
GAGTTTACACGA‑3'; TIMP1 forward, 5'‑ACCACCTTA 
TACCAGCGTTATGA‑3' and reverse, 5'‑GGTGTAGACGAA 
CCGGATGTC‑3'; GAPDH forward, 5'‑CTCACCGGATGC 
ACCAATGTT‑3' and reverse, 5'‑CGCGTTGCTCACAAT 
GTTCAT‑3'.

Western blot analysis. HSCs were lysed in radioimmu‑
noprecipitation (RIPA) lysis buffer (Beyotime Institute of 
Biotechnology) and the concentrations of the proteins were 
measured using a BCA protein assay (Shanghai Yeasen 
Biotechnology Co., Ltd.). Proteins (40 µg/lane) were sepa‑
rated via 10% SDS‑PAGE and were transferred to PVDF 
membranes, which were then blocked with 5%  skimmed 
milk for 1  h at room temperature. Subsequently, the 
membranes were incubated at 4˚C overnight with primary 
antibodies (all 1:1,000) against NLRP3 (cat. no.  15101S), 
IL‑1β (cat. no. 12703S), caspase‑1 (cat. no. 3866T), α‑SMA 
(cat. no.  19245T), COL1A1 (cat. no.  72026T), TIMP1 
(cat. no. 8946S) and GAPDH (cat. no. 5174T; all from Cell 
Signaling Technology, Inc.). The membranes were washed 
three times with TBS‑0.2%  Tween  20 before incubation 
with goat anti‑rabbit HRP‑conjugated secondary antibody 
(1:3,000; cat. no. 7074S; Cell Signaling Technology, Inc.) for 
1 h at room temperature. The expression levels of the targeted 
proteins were determined using a Bio‑Rad ChemiDoc MP 
imaging system (Bio‑Rad Laboratories, Inc.). The bands 
were detected using an enhanced chemiluminescence reagent 
(EMD Millipore). The grayscale values of the membranes 
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were semi‑quantified using ImageJ software (version 1.52r; 
National Institutes of Health). GAPDH was used as an internal 
control.

Statistical analysis. Data were analyzed using GraphPad Prism 
version 6.0 (GraphPad Software, Inc.). Data were expressed as 
the mean ± SD. All experiments were performed three times. 
Comparisons between two groups were conducted by unpaired 
Student's t‑test, while comparisons among multiple groups 

were performed by one‑way ANOVA followed by Turkey's 
post‑hoc test. P<0.05 was considered to indicate a statistically 
significant difference.

Results

IL‑22 attenuates HSC viability and oxidative stress 
activated by TGF‑β. Following incubation of HSCs with 
TGF‑β, their viability was significantly increased, while 

Figure 1. IL‑22 attenuates viability and oxidative stress of HSCs activated by TGF‑β. (A) Cell viability of HSCs was detected using the Cell Counting 
Kit‑8 assay. (B and C) Flow cytometry analysis was used to detect the apoptotic rate of HSCs. The relative levels of (D) MDA, (E) SOD and (F) GSH in 
TGF‑β‑induced HSCs were detected using the corresponding commercial kits. ***P<0.001 vs. control. #P<0.05, ##P<0.01 and ###P<0.001 vs. TGF‑β. IL‑22, 
interleukin‑22; HSCs, hepatic stellate cells; TGF‑β, transforming growth factor β; MDA, malondialdehyde; SOD, superoxide dismutase; GSH, glutathione.
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concomitant IL‑22 treatment led to significant decreases 
in HSC viability in a dose‑dependent manner (Fig.  1A). 
As shown in Fig. 1B and C, TGF‑β treatment significantly 
inhibited the apoptosis of HSCs compared with the 
untreated group. By contrast, IL‑22 significantly increased 
TGF‑β‑induced apoptosis in a dose‑dependent manner 
(Fig.  1B  and  C). Subsequently, factors associated with 
oxidative stress were measured using commercially available 
kits. As shown in Fig.  1D, TGF‑β stimulation caused a 
significant increase in the relative content of MDA, whereas 
increasing concentrations of IL‑22 led to a gradual decrease 
in MDA levels. Conversely, the levels of SOD and GSH were 
significantly inhibited following TGF‑β treatment, whereas 
IL‑22 restored their levels in a dose‑dependent manner 
(Fig. 1E and F). Overall, these findings revealed that IL‑22 
inhibited viability and oxidative stress in HSCs induced by 
TGF‑β.

IL‑22 alleviates fibrosis of HSCs activated by TGF‑β. 
Subsequently, the ability of IL‑22 to inhibit HSC fibrosis 
activated by TGF‑β was assessed. To confirm this hypothesis, 
RT‑qPCR and western blot analyses were conducted to assess 
the expression levels of fibrosis‑associated genes. TGF‑β 
activation in HSCs significantly enhanced the mRNA and 
protein expression levels of α‑SMA, COL1A1 and TIMP1 
compared with the levels in untreated HSCs (Fig. 2A‑D). In 
addition, IL‑22 treatment of HSCs activated by TGF‑β caused 
a downregulation in the expression levels of the aforemen‑
tioned fibrosis‑associated factors (Fig. 2A‑D). Therefore, the 
results indicated that IL‑22 suppressed HSC fibrosis activated 
by TGF‑β.

IL‑22 inhibits NLRP3 inflammasome signaling in TGF‑β‑induced 
HSCs. Subsequently, the expression levels of key proteins involved 
in the NLRP3 inflammasome signaling pathway were detected by 

Figure 2. IL‑22 inhibits HSC fibrosis activated by TGF‑β. The mRNA expression levels of (A) α‑SMA, (B) COL1A1 and (C) TIMP1 in TGF‑β‑induced HSCs 
were detected by reverse transcription‑quantitative polymerase chain reaction. (D) Protein expression levels of α‑SMA, COL1A1 and TIMP1 were measured 
via western blot analysis. ***P<0.001 vs. control. #P<0.05, ##P<0.01 and ###P<0.001 vs. TGF‑β. IL‑22, interleukin‑22; HSCs, hepatic stellate cells; TGF‑β, 
transforming growth factor β; α‑SMA, α‑smooth muscle actin; COL1A1, collagen type I α1; TIMP1, TIMP metallopeptidase inhibitor 1. 

Figure 3. IL‑22 inhibits NLRP3 inflammasome signaling in TGF‑β‑induced HSCs. Protein expression levels of NLRP3, caspase-1 and IL‑1β in TGF‑β‑induced 
HSCs were measured by western blot analysis. ***P<0.001 vs. control. ###P<0.001 vs. TGF‑β. IL, interleukin; NLRP3, NOD‑like receptor protein 3; TGF‑β, 
transforming growth factor β; HSCs, hepatic stellate cells. 
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western blot analysis in TGF‑β‑induced HSCs in order to confirm 
whether IL‑22 could alleviate inflammation of TGF‑β‑induced 
HSCs. It was observed that TGF‑β caused a significant increase 
in the expression levels of NLRP3, caspase-1 and IL‑1β, and 
this effect was reversed by IL‑22 (Fig. 3). Therefore, the results 

suggested that IL‑22 inhibited inflammation of TGF‑β‑induced 
HSCs. Treatment of the cells with 500, 750 and 1,000 ng/ml IL‑22 
resulted in a significant decrease of the expression levels of the 
inflammatory factors. Therefore, IL‑22 was used at a concentra‑
tion of 750 ng/ml in subsequent experiments.

Figure 4. Nigericin reverses the inhibitory effects of IL‑22 on NLRP3 inflammasome signaling in HSCs stimulated by TGF‑β. Protein expression levels of 
NLRP3, caspase 1 and IL‑1β in TGF‑β‑induced HSCs treated with Nigericin were determined using western blot analysis. ***P<0.001 vs. control. ##P<0.01 and 
###P<0.001 vs. TGF‑β (5 mg/ml) + IL‑22 (750 pg/mL). IL, interleukin; NLRP3, NOD‑like receptor protein 3; HSCs, hepatic stellate cells; TGF‑β, transforming 
growth factor β.

Figure 5. Nigericin reverses the inhibitory effects of IL‑22 on oxidative stress in HSCs stimulated by TGF‑β. (A) Cell viability of TGF‑β‑induced HSCs 
treated with Nigericin was detected using the Cell Counting Kit‑8 assay. (B and C) Apoptosis was analyzed using flow cytometry analysis. The relative levels 
of (D) MDA, (E) SOD and (F) GSH in TGF‑β‑induced HSCs treated with Nigericin were evaluated using the corresponding commercial kits. **P<0.01 and 
***P<0.001 vs. control. ##P<0.01 and ###P<0.001 vs. TGF‑β (5 ng/ml) + IL‑22 (750 pg/ml). IL‑22, interleukin‑22; HSCs, hepatic stellate cells; TGF‑β, trans‑
forming growth factor β; MDA, malondialdehyde; SOD, superoxide dismutase; GSH, glutathione. 

https://www.spandidos-publications.com/10.3892/etm.2021.10522


XING et al:  ROLE OF IL-22 IN LIVER FIBROSIS6

Nigericin reverses the inhibitory effects of IL‑22 on oxidative 
stress and fibrosis in HSCs stimulated by TGF‑β. To further 
investigate the exact mechanism by which IL‑22 exerts its 
cytoprotective effects, the NLRP3 activator Nigericin was 
used to treat HSCs. TGF‑β significantly upregulated the 
protein expression levels of NLRP3, caspase-1 and IL‑1β, 
and this effect was reversed by co‑treatment with TGF‑β and 
IL‑22 (Fig. 4). However, the addition of Nigericin in HSCs 
co‑treated with TGF‑β and IL‑22 significantly increased the 
expression levels of NLRP3, caspase-1 and IL‑1β compared 
with HSCs treated with TGF‑β and IL‑22 (Fig. 4). Similarly, 
CCK‑8 and flow cytometry assays indicated that Nigericin 
treatment reversed the inhibition of IL‑22 on cell viability 
and apoptosis of TGF‑β‑induced HSCs (Fig. 5A‑C). In addi‑
tion, the levels of the oxidative stress indices measured in the 
present study were significantly reversed following Nigericin 
treatment in TGF‑β‑ and IL‑22‑induced HSCs compared with 
TGF‑β and IL‑22 treatment (Fig. 5D‑F). Moreover, the results 
from the RT‑qPCR and western blot analyses suggested that 
the IL‑22‑induced decreases in the mRNA and protein expres‑
sion levels of α‑SMA, COL1A and TIMP1 in TGF‑β‑induced 
HSCs were significantly reversed by Nigericin (Fig. 6A‑D). 
The present results indicated that Nigericin reversed the 
inhibitory effects of IL‑22 on the induction of oxidative stress 
and fibrosis in HSCs stimulated by TGF‑β.

Discussion

HSCs are a type of non‑parenchymal cells that are impor‑
tant members in the occurrence and development of liver 
fibrosis and cirrhosis (29). The exposure of HSCs to TGF‑β 
transforms their still state into an activated cell form, where 
HSCs transdifferentiate into proliferative myofibroblasts 
with pro‑fibrogenic transcriptional and secretory proper‑
ties that are vital for the development of liver fibrosis and 
collagen deposition (30,31). Therefore, the present study used 
HSCs activated by TGF‑β for the simulation of liver fibrosis 
in vitro.

IL‑22 is a factor that protects liver tissues from 
the development of various chronic diseases, such as 
nonalcoholic steatohepatitis, liver fibrosis and hepatocellular 
carcinoma (15,32). IL‑22 can promote liver repair and tissue 
regeneration by stimulating the proliferation and survival of 
hepatocytes (33). A previous study has suggested that IL‑22 
exerts inhibitory effects on liver fibrosis and that the attenuation 
of HSC activation and inhibition of inflammatory factors 
by IL‑22 can restrict liver fibrogenesis (34). Overexpression 
of IL‑22 protects mice from liver injury and liver apoptosis 
and necrosis stimulated by various factors (35). In the present 
study, IL‑22 inhibited the proliferation of HSCs and the 
development of liver fibrosis in vitro, which was consistent 

Figure 6. Nigericin restores the inhibitory effects of IL‑22 on fibrosis of HSCs stimulated by TGF‑β. The mRNA expression levels of (A) α‑SMA, (B) COL1A1 
and (C) TIMP1 in TGF‑β‑induced HSCs treated with Nigericin were determined using reverse transcription‑quantitative polymerase chain reaction. 
(D) Protein expression levels of α‑SMA, COL1A1 and TIMP1 in TGF‑β‑induced HSCs treated with Nigericin were examined using western blot analysis. 
***P<0.001 vs. control. #P<0.05, ##P<0.01 and ###P<0.001 vs. TGF‑β (5 ng/ml) + IL‑22 (750 pg/ml). IL‑22, interleukin‑22; HSCs, hepatic stellate cells; TGF‑β, 
transforming growth factor β; α‑SMA, α‑smooth muscle actin; COL1A1, collagen type I α1; TIMP1, TIMP metallopeptidase inhibitor 1. 
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with the aforementioned studies. Immune response and 
inflammation in the liver are contributors of hepatocyte injury 
and activation of HSCs (29). The induction of oxidative stress 
and inflammation activated by TGF‑β in HSCs was attenuated 
by IL‑22 in the present study.

NLRP3 is an intracellular multi‑protein complex, and its 
activation, which occurs by various types of stimuli, such as 
endogenous danger signals and environmental irritants, can 
lead to host defense against microbial infections, activation of 
caspase-1 and further induction of maturation and secretion of 
IL‑1β and IL‑18. This process initiates inflammation (36,37). 
Inhibition or inactivation of the NLRP3 inflammasome is 
suggested to enhance lipid metabolism and decrease the 
levels of inflammation, pyroptosis and the infiltration of 
immune cells into plaques, thereby alleviating inflamma‑
tory responses (38‑40). An increased number of studies have 
reported that the inflammasome and its downstream effectors 
can trigger liver fibrosis (41‑43). The activation of the NLRP3 
inflammasome leads to liver inflammation, hepatocyte pyrop‑
tosis and liver tissue fibrosis in mice, while pharmacological 
inhibition of NLRP3 decreases hepatocyte injury and liver 
inflammation (42,44). Moreover, activation of the NLRP3 
signaling pathway triggers the activation of HSCs, which is 
of great importance for the initiation and development of liver 
fibrosis  (45,46). A previous study focused on the potential 
drug therapies of liver fibrosis and revealed that the suppres‑
sion of NLRP3 by oridonin could effectively alleviate this 
process  (47). The selective inhibitor of NLRP3, MCC950, 
can markedly inhibit liver injury in mice induced by bile 
duct ligation (41). In the present study, the NLRP3 activator 
Nigericin was used to confirm the specific role of NLRP3 in 
liver fibrosis. The addition of Nigericin markedly reversed the 
inhibitory effect of IL‑22 on liver fibrosis of TGF‑β‑induced 
HSCs, which indirectly demonstrated that inhibition of the 
NLRP3 inflammasome may be an effective and potential 
therapeutic strategy used in the treatment of liver injury and 
fibrosis.

In conclusion, the current data indicated that IL‑22 may 
serve an important role in inhibiting liver fibrosis by inactiva‑
tion of NLRP3 inflammasome signaling, which may provide 
further insight on the underlying mechanism by which 
IL‑22 exerts protective effects on liver fibrosis. However, 
in vivo experiments were not performed and the effects of 
IL‑22‑knockdown on NLRP3 inflammasome signaling were 
not investigated in the present study. Therefore, further experi‑
ments should be performed in future studies to confirm the 
present conclusions.
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