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Abstract: Background: Hepatocarcinogenesis arising from liver cirrhosis is a major contributor to hepatocellular 
carcinoma (HCC), but effective interventions remain limited Objective: This study aimed to elucidate the molecular 
mechanism by which icariin suppresses cirrhosis-to-cancer progression through the ROS/NLRP3/miR-145 axis. Methods: 
Fifty Sprague-Dawley rats were randomly assigned to five groups: control, model, low-dose icariin (ICA-L), high-dose 
icariin (ICA-H), and positive control. In vitro, SMMC-7721 and HepG2 cells were treated with TGF-β1 and various 
concentrations of icariin to assess their effects on hepatocellular carcinoma cell activity. Results: Compared with the model 
group, icariin significantly reduced the liver index, serum AFP levels, Ki-67 positivity, and hepatic ROS levels in rats, 
suppressed NLRP3 expression, upregulated miR-145, and effectively ameliorated liver fibrosis and dysplasia (P<0.05). In 
SMMC-7721 cells, icariin inhibited TGF-β1-induced proliferation, migration and invasion, promoted apoptosis and G0/G1 
phase arrest, while concurrently increasing exosomal miR-145 levels (P<0.05). Further mechanism verification confirmed 
that miR-145 directly targets and inhibits NLRP3 expression. Conclusion: Icariin effectively inhibits cirrhosis-associated 
carcinogenesis by suppressing the ROS-NLRP3 pathway and upregulating miR-145, providing a theoretical basis for the 
prevention and treatment of cirrhosis and hepatocellular carcinoma. 
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INTRODUCTION 
 

Hepatocellular carcinoma (HCC) is a leading causes of 
cancer-related deaths worldwide, and its development 
frequently occurs secondary to liver cirrhosis. Although the 
annual carcinogenesis rate in cirrhotic patients reaches 3-
8%, effective clinical interventions to block this malignant 
transformation are currently lacking, resulting in a poor 
prognosis (Singal et al., 2023). In clinical practice, 
cirrhosis-associated hepatocellular carcinoma is primarily 
monitored using ultrasound imaging and serum alpha-
fetoprotein (AFP) detection. The sensitivity and specificity 
of AFP are somewhat limited, particularly for AFP-
negative hepatocellular carcinoma (ANHC), which is 
prone to being missed (Hwang et al., 2025). Therefore, 
identifying novel intervention targets has become a 
research priority. Icariin is a flavonoid extracted from the 
traditional Chinese medicine Epimedium. In a non-
alcoholic fatty liver disease model, icariin promotes fatty 

acid oxidation by activating the AMPK pathway, inhibits 
lipid synthesis, and thereby reduces hepatocyte steatosis 
(Hai et al., 2023). Previous studies have shown that icariin 
exerts biological effects through miRNA regulation. (Rong 
et al., 2024). found significantly reduced miR-145 level in 
liver cancer (P < 0.001); Moreover, miR-145 level was 
correlate with tumors number (P = 0.040), vascular 
invasion (P = 0.010), Edmondson-Steiner grade (P = 0.011), 
BCLC stage (P = 0.003) (Shen et al., 2023), and survival 
(Lai et al., 2023). Given the regulatory potential of icariin 
on miRNAs and the tumor-suppressive role of miR-145 in 
liver cancer, we hypothesized that icariin may inhibit 
cirrhosis-associated carcinogenesis by upregulating miR-
145 expression. 
  

The ROS-NLRP3 inflammasome pathway is a key 
regulatory of the innate immune response. Reactive oxygen 
species (ROS) derived from mitochondrial dysfunction, 
cytochrome P450 system activation and metabolic activity 
of damaged hepatic stellate cells during liver cell damage 
serve as upstream triggers of this pathway (Carpi et al., *Corresponding author: e-mail: woyongshan353539@126.com 
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2024). Studies have shown that modulation of the ROS-
NLRP3 axis can alleviate hepatocyte apoptosis and 
necrosis (Wang et al., 2023). Zhai et al. (2022) further 
demonstrated that NOX4 promotes Kupffer cell 
inflammation via the ROS-NLRP3 pathway, exacerbating 
liver inflammatory injury. This indicates that abnormal 
activation of the ROS-NLRP3 pathway is a key driving of 
liver injury. Based on this background, we hypothesize that 
icariin inhibits hepatic ROS generation, suppresses NLRP3 
inflammasome activation, upregulates tumor-suppressive 
miR-145, and thereby inhibits cirrhosis-associated 
carcinogenesis. To test this hypothesis, we systematically 
investigated the molecular mechanism by which icariin 
regulates miR-145 to inhibit hepatocellular carcinoma via 
the ROS-NLRP3 pathway, providing new theoretical 
insights for liver cancer treatment. 
 
MATERIALS AND METHODS 
 

Materials 

Main reagents and antibodies 

Icariin (Icariin, ICA, Jiangsu Yongjian Pharmaceutical, 
purity ≥98%); TGF-β1 (PeproTech); carbon tetrachloride 
(CCl4), olive oil and ethanol (Zhengzhou Hengtai 
Chemical Raw Materials LTD); Cell detection kits (BCA, 
CCK-8 and Annexin V-FITC/PI, all purchased from 
Fuyuan Biotechnology); ROS agonist 2-ME (MedChem 
Express), ROS inhibitor NAC (MedChemExpress); RIPA 
lysis buffer (Shanghai Xingqi Biotechnology); Transwell 
chambers (Beijing Mengzhuang Technology); miR-145 
mimic, miR-145 inhibitor and negative control (Jima 
Gene); primary and secondary antibodies (Shanghai 
Boshenglong Biotechnology); Matrigel (Shanghai Mituo 
Biotechnology).  
 

Instruments 

Fluorescence microplate reader (for ROS detection): model 
SpectraMax iD5 (manufacturer: Molecular Devices), 
chemiluminescence imaging system (for Western blotting): 
model ChemiDoc MP (manufacturer: Bio-Rad), flow 
cytometer (for apoptosis detection): model BD Accuri C6 
(manufacturer: BD Biosciences), light microscope (for 
histopathological observation): model Olympus BX53 
(manufacturer: Olympus), microplate reader (for CCK-8 
and ELISA): model Multiskan GO (manufacturer: Thermo 
Fisher Scientific). 
 

Animal experiments 

Experimental animals and grouping 

Fifty Sprague-Dawley rats were randomly assigned to five 
groups (n=10 per group): control, model, low-dose icariin 
(50 mg/kg, ICA-L), high-dose icariin (100 mg/kg, ICA-H), 
and positive control (sorafenib, 10 mg/kg). Except for the 
control group, all rats received a single intraperitoneal 
injection of diethylnitrosamine (DEN) followed by 
intraperitoneal administration of 40% CCl4 in olive oil 
(initial dose 5 mL/kg, followed by 3 mL/kg per 
administration, twice weekly) and 10% ethanol in drinking 

water for 12 weeks to establish a DEN/CCl4-induced 
cirrhosis-carcinogenesis model (Uehara et al., 2021). The 
control group received equivalent volumes of saline and 
normal drinking water. After model induction, rats in each 
group received the corresponding treatments by gavage; 
control and model groups received saline. 
 

Sample collection 

After the last drug administration, the rats were fasted but 
allowed to drink water freely for 12 hours. After the fasting 
period, they were anesthetized and blood was collected. 
The serum was separated by centrifugation and stored at -
80oC. After the liver tissue was removed, the number of 
nodules was recorded in detail. Then, part of the liver tissue 
was fixed in 4% paraformaldehyde solution; the other part 
was stored at low temperature. 
 

Histopathological examination 

Hematoxylin and eosin staining and Masson staining  

H&E staining was carried out in accordance with the 
standard procedure (Feldman and Wolfe., 2014): Briefly, 
tissue samples (3–5 mm) fixed in 4% formalin were 
dehydrated, cleared in xylene, and embedded in paraffin. 4 
µm sections were then cut onto glass slides, dried, dewaxed 
with xylene and washed out of the xylene. Stained with 
hematoxylin for 5 minutes and then counterstained with 
hydrochloric acid and ammonia solution. Dehydrated with 
70% and 90% alcohol, stained with eosin for 3 minutes, 
dehydrated with 80% and 95% alcohol and soaked in 
anhydrous ethanol for 15 minutes. After soaking in xylene 
for 20 minutes, the sections were mounted with a drop of 
gum. Pathological structural changes in liver tissue were 
carefully observed under a light microscope. Masson 
trichrome staining was performed (Zhang et al., 2000): The 
procedure was performed according to kit instructions. 
Dewaxed and hydrated tissue sections were stained with 
Ponceau fuchsin, phosphomolybdic acid and aniline blue 
solutions. After completion, the sections were dehydrated, 
cleared and mounted. Mounted sections were observed 
under a light microscope. Collagen fibers appeared blue, 
myofibers and cytoplasm appeared red and nuclei were 
blue-black. For each sample group, ≥5 fields of view were 
randomly selected and analyzed using Image-Pro Plus 
software to determine the percentage of collagen area 
within the field of view. 
 

Immunohistochemistry (IHC) 

IHC staining used the SP method. Paraffin sections were 
dewaxed and hydrated, then incubated in 3% H2O2 for 10 
minutes, followed by antigen retrieval. Nonspecific 
antigens were then blocked with 5% BSA. A diluted 
primary antibody (rabbit anti-Ki-67 polyclonal antibody) 
was added for overnight incubation at 4oC. After rinsing 
with PBS, the secondary antibody solution was added for 
30 minutes. The sections were then developed using DAB 
and counterstained with hematoxylin before mounting. 
Yellow-brown granular deposits were considered positive 
under light microscopy. 
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Serological testing 

AFP and IL-1β levels in serum samples were analyzed 
using ELISA. The specific procedures were performed 
strictly according to the kit instructions. The absorbance of 
was measured and the concentrations of AFP and IL-1β in 
the samples were calculated. 
 

Reactive oxygen species level detection 

Tissue homogenate and cell sample preparation: Weigh 20 
mg of liver tissue sample and add pre-chilled PBS to the 
sample, place it in an ice bath and grind it using a 
homogenizer to prepare a 10% tissue homogenate. The 
homogenate was centrifuged at 3000 rpm for 10 min at 4oC. 
The supernatant was then aspirated. Cells in each group 
were washed and resuspended at a density of 1×106 
cells/mL. 
 

DCFH-DA probe loading: DCFH-DA probe (final 
concentration 10 μM) was added in the dark for 30 minutes. 
Mix thoroughly every 5 minutes to ensure adequate contact 
between the probe and the sample. 
 

Detection: After incubation, wash cells to remove the probe 
molecules. Transfer the prepared cell suspension to a black 
96-well plate and add the tissue homogenate sample to a 
regular 96-well plate. Detect fluorescence intensity using a 
fluorescence microplate reader. 
 
Western blot analysis  

Western blot analysis was performed according to standard 
procedures (Pillai-Kastoori et al., 2020). Briefly, the steps 
were as follows: Protein Extraction and Quantification: 
Lyse the liver tissue or SMMC-7721 hepatocellular 
carcinoma cells to be processed on ice for 30 minutes using 
RIPA lysis buffer. Incubate at 12,000 rpm for 15 minutes, 
collect the supernatant and analyze using the BCA assay. 
 

Electrophoresis and transfer: Mix 20-40 μg of protein 
sample with 5× loading buffer, heat-denature and then 
apply to a 10-12% SDS-PAGE gel for electrophoresis and 
transfer to the appropriate membrane. Immunoreactivity: 
PVDF membrane was blocked for 1 h and incubated with 
primary antibodies against NLRP3 (ab263899, 1:1000), 
ASC (ab283684, 1:1000), Caspase-1 (ab207802, 1:1000), 
IL-1β (ab197447, 1:1000), α-SMA (ab240678, 1:1000), 
GAPDH/β-actin internal control and then with secondary 
antibodies (1:5000) for 1 h followed by washing and 
exposure. Protein band images were acquired and saved 
and the grayscale values of the protein bands were 
measured. 
 

qRT-PCR assay  

Following total RNA extraction using the Trizol method, 
gene expression levels were detected via quantitative real-
time PCR (qRT-PCR) according to the experimental 
procedures described in prior literature (Jozefczuk and 
Adjaye, 2011). RNA purity and concentration were 
measured using a UV spectrophotometer. RNA was 

reversely transcribed to generate cDNA using miR-145 
primers. In the qPCR experiment, the reverse transcribed 
cDNA served as a template for target gene amplification 
using SYBR Green qPCR Master Mix. 
 
The total reaction volume was 20 μL. The reaction 
procedure was as follows: 94oC 1 min, followed by a 
temperature drop to 55oC 1 min, then a temperature 
increase to 72oC 1.5 min. This reaction was repeated for 30 
cycles with a 5-min extension at 72oC. mRNA expression 
was calculated using 2-∆∆Ct method (Table 1). 
 

Cell experiments 

Cell culture and grouping 

Cell culture and grouping: Human hepatocellular 
carcinoma cell lines HepG2 and SMMC-7721 were 
selected because they are widely used in liver fibrosis and 
HCC research and respond to TGF-β 1-induced activation, 
making them suitable for modeling key events in liver 
disease progression. The cells were seeded in high-glucose 
DMEM medium and transferred to a constant temperature 
incubator (37oC, CO2). When the cells reached the 
logarithmic growth phase, they were divided into the 
following groups: Control group: continued culture with 
standard complete medium; TGF-β1 group: added 10 
ng/mL TGF-β1; TGF-β1 + icariin group: in addition to 
TGF-β1 stimulation, cells were co-treated with different 
concentrations of icariin (20, 40, 80 μM) for 24 or 48 hours; 
TGF-β1 + NAC (ROS inhibitor); and TGF-β1 + ICA + 2-
ME (ROS activator). Following ICA treatment, cells were 
co-transfected with miR-145 mimics for functional 
restoration experiments. 
 

Cell activities assays 

Cell Proliferation: SMMC-7721 cells were seeded evenly 
in a 96-well plate at 5 × 10³/well. After cells adhered to the 
plate, they were grouped. CCK-8 solution (10 μL) was 
added for 2 hours to measure OD value of each well at 450 
nm. 
 

Apoptosis: After digestion, cells in each experimental 
group were resuspended at 1×106/mL. The cells were 
washed, resuspended and incubated with Annexin V-FITC 
and PI to measure apoptosis. 
 
Cell migration and invasion assays were performed as 
previously described with minor modifications (Pijuan et 

al., 2023). Migration assay: 200 μL of a serum-free cell 
suspension at a density of 5×104 was added to upper 
chamber and 600 μL of complete culture medium was 
added to lower chamber. After 24 hours, cells on inner side 
of upper chamber membrane that had not migrated were 
gently wiped away with a clean cotton swab and cells that 
had successfully migrated to the outer side of the 
membrane were fixed. Cells were stained with 0.1% crystal 
violet. Cell counts were performed in five randomly 
selected fields and absorbance was measured at 565 nm. 
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Cell invasion assay: 50 μL of Matrigel was evenly spread 
on the polycarbonate membrane surface of the upper 
chamber of the Transwell. After pre-curing, subsequent 
procedures were performed according to the cell migration 
assay.  
 

Mechanism verification experiments 

To verify the targeting relationship between miR-145 and 
NLRP3, we performed a dual-luciferase reporter gene 
assay following standard procedures (Zhang and Zheng, 
2025). Reporter plasmids containing wild-type (WT) and 
mutant (MUT) sequences of NLRP3 gene 3'UTR were 
constructed and co-transfected with miR-145 mimic into 
SMMC-7721 and HepG2 cells. After 48 hours, 
intracellular luciferase activity was measured. 
 
Extracellular miR-145 detection: Exosomes were isolated 
from cell culture supernatants using differential 
ultracentrifugation (Theel and Schwaminger, 2022). Total 
RNA was extracted to analyze miR-145 levels. 

Statistical methods 

Data were analyzed using SPSS 27.0 and GraphPad Prism 
8.02. All datasets were tested for normality using the 
Shapiro-Wilk test and for homogeneity of variances using 
Levene's test. Comparisons between two groups were 
performed using independent samples t-test, while one-
way ANOVA was employed for multiple group 
comparisons. When ANOVA indicated significant 
differences, post-hoc pairwise comparisons were 
conducted using the LSD method; in cases of unequal 
variances, Tamhane's T2 test was applied. The significance 
level was set at P < 0.05, with P < 0.01 indicating 
statistically significant differences. 
 

RESULTS 
 

Icariin alleviates DEN/CCl4-induced liver fibrosis and 

hepatocarcinogenesis in rats 

A DEN/CCl4-induced rat hepatocarcinogenesis model was 
established. As shown in Fig. 1A, livers of rats in model 
group rats were significantly enlarged, with a rough surface  

Table 1: qRT-PCR primers and primer sequences. 
 

Primers Sequences (5’-3’) 

NLRP3 
Forward TGTTGTCAGGATCTCGCATTG 
Reverse GAGCAGCACAGTGAAGTAAGG 

miR-145 
Forward CCTCCGGTCCAGTTTTCCC 
Reverse CCATGACCTCAAGAACAGTATTTCC 

U6 
Forward CTCGCTTCGGCAGCACA 
Reverse AACGCTTCACGAATTTGCGT 

 

  
 

Fig. 1: Icariin alleviates DEN/CCl4-induced liver fibrosis and hepatocarcinogenesis in rats. 
Notes: (A) Representative gross photographs of livers; (B) Representative images of H&E and Masson staining of liver 
tissue; (C) Statistical bar graph of liver index and number of tumor nodules; (D) Statistical graph of serum AFP levels; E: 
Representative images of Ki-67 immunohistochemistry in liver tissue;  
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Fig. 2: Icariin inhibits the ROS-NLRP3 inflammasome axis in liver tissue and upregulates miR-145. 
Note: (A) ROS levels in liver tissue; (B) Western blot analysis of NLRP3 inflammasome-related proteins; (C) miR-
145 expression in liver tissue. *P<0.05, **P<0.01 
 

 
 

Fig. 3: miR-145 directly inhibits NLRP3 expression. 
Note: **P<0.01 
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and numerous grayish-white tumor nodules. After icariin 
treatment, the number of surface nodules in the ICA-H 
group was significantly reduced, and liver texture 
improved. H&E staining (Fig. 1B) revealed that the normal 
liver architecture in model group was disrupted, with 
prominent dysplastic nodules and early cancerous foci, 
accompanied by pathological mitotic figures. Masson 
staining (Fig. 1B) revealed that in the model group, 
abnormal deposition of abundant blue-stained collagen 
fibers was observed, forming extensive fibrous septa and a 
typical pseudolobular structure. In addition, the  liver index 
(liver-to-body ratio) was increased in model group 
(P<0.01), while ICA treatment dose-dependently reduced 
the liver index. Furthermore, statistical analysis of gross 
liver specimens revealed a significant increase in the mean 
number of tumor nodules in model group, while ICA 
treatment significantly reduced the number and size of 
nodules (Fig. 1C).  

Serum AFP levels were dramatically elevated in the model 
group, while icariin treatment significantly reduced them 
(P<0.01; Fig. 1D). Ki-67 immunohistochemistry (Fig. 1E) 
showed a significant increase in Ki-67-positive cells in the 
model group, which was reduced by icariin treatment. 
These proliferating cells were primarily located in 
dysplastic nodules and cancerous foci. 
 

Icariin inhibits the ROS-NLRP3 inflammasome axis in 

liver tissue and upregulates miR-145 

Fig. 2A shows that ROS levels in liver tissue in Model 
group were elevated (P<0.01) and reduced after ICA 
treatment (P < 0.05 or P < 0.01). Western blot analysis (Fig. 
2B) showed upregulated NLRP3 expression in model 
group liver tissue, which was significantly suppressed by 
icariin intervention. qRT-PCR analysis (Fig. 2C) showed 
that miR-145 was down regulated in liver tissue from 
model group rats. 

 
Fig. 4: Icariin inhibits the malignant phenotype of liver cancer SMMC-7721 cells in-vitro via the ROS-NLRP3/miR-145 
axis. Note: ICA inhibits the (A) proliferation, (B) colony formation, (C) migration, (D) induces G0/G1 arrest, (E) apoptosis
of liver cancer SMMC-7721 cells and (F) miR-145 levels in cell supernatant exosomes. *P<0.05, **P<0.01. 
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miR-145 directly inhibits NLRP3 expression 

miR-145 mimic transfection significantly elevated 
intracellular miR-145 levels and effectively down 
regulated NLRP3 mRNA and protein expression (Fig. 3). 
Furthermore, the effects of miR-145 overexpression were 
consistent with those of icariin treatment, suggesting that 
miR-145 is a key downstream effector molecule of ICA. 
 

Icariin inhibits the malignant phenotype of SMMC-7721 

liver cancer cells In vitro via the ROS-NLRP3/miR-145 

axis 

TGF-β1-treated cells were subjected to ROS activation or 
inhibition. As shown in Fig. 4, ICA treatment significantly 
inhibited TGF-β1-induced proliferation (Fig. 4A), colony 
formation (Fig. 4B), migration (Fig. 4C), leading to G0/G1 
arrest (Fig. 4D) and a significant increase in the apoptotic 
rate (Fig. 4E) (P<0.05 or P<0.01). As shown in Fig. 4F, ICA 
treatment significantly increased miR-145 levels in 
exosomes from the supernatant of SMMC-7721 liver 
cancer cells (P<0.01). Treatment with the ROS inhibitor 
NAC completely blocked ICA-induced upregulation of 
exosome miR-145. 
 

DISCUSSION  
 

The main pathological features of cirrhosis include diffuse 
hepatocyte degeneration and necrosis. Further 
deterioration will lead to fibrosis and nodular regeneration 
of hepatocytes. In addition, up to 80% of liver cancer 
patients have underlying diseases such as cirrhosis (Guo et 

al., 2022). Modern medicine currently has no better drugs 
for anti-liver fibrosis. However, traditional Chinese 
medicine, with its long history, has shown unique 
advantages and potential in liver cancer treatment (Shao et 

al., 2024). Using a DEN/CCl4-induced cirrhosis-
carcinogenesis model, we demonstrated that icariin inhibits 
ROS generation, blocks NLRP3 activation, upregulates 
miR-145, and thereby attenuates malignant progression in 
cirrhosis. This study elucidates the molecular mechanism 
by which icariin inhibits cirrhosis-associated 
carcinogenesis and suggests its potential clinical 
application. 
  
Previous studies indicate that icariin inhibits prostate 
cancer bone metastasis and destruction, suggesting its 
broad anticancer potential (Chen et al., 2023). Flavonoids, 
alkaloids, etc. are all active ingredients of epimedium, 
among which epimedium isoprenoid brass and icariin have 
good anti-liver cancer activity. It has been reported (Ding 
et al., 2023) that icariin possesses immunoenhancing and 
anti-hepatoma activities. We showed that the liver of model 
group rats was significantly enlarged, with a rough surface 
and covered with gray-white tumor nodules and the liver 
index was significantly increased. The normal structure 
was destroyed, with obvious dysplastic nodules and 
pathological nuclear division images. There were multiple 
blue collagen fibers deposited, forming extensive fibrous 
septa and pseudolobular structures. At the same time, the 

serum AFP concentration increased sharply and the Ki-67 
positive cell rate in liver tissue was significantly increased. 
The study (Li et al., 2023) showed that the α-fetoprotein 
level in the Ki-67 high expression group was higher, the 
diameter of the hepatocellular tumor was larger and the 
tumor shape was more irregular. Similarly, Hong et al. 
(2023) found that an elevated liver index correlates with 
poor prognosis.  
 
After ICA intervention, the number of liver surface nodules 
was significantly reduced, the texture was improved, ICA 
treatment could dose-dependently reduce the liver index, 
the degree of liver tissue damage and nodule formation 
were significantly reduced, collagen fiber deposition was 
significantly reduced, AFP levels were significantly 
reduced and Ki-67 positive cells number was reduced, 
indicating that icariin can effectively reduce DEN/CCl4-
induced liver fibrosis and liver cancer and inhibit liver cells 
proliferation. Consistently, Gao et al. (2025) reported that 
icariin induces autophagy and apoptosis in HCC cells via 
the lncRNA LOXL1-AS1/β-catenin axis, supporting our 
findings. 
  
Inflammation is a process responding to the stimulation of 
dying cells, irritants or pathogens (Pena et al., 2024). 
Previously, it was found that JDHY inhibited inflammatory 
factors through the ROS-NLRP3 signaling pathway to 
alleviate D-Ga1N/LPS-induced liver failure (Li et al., 
2024), which is similar to the conclusion of this study. Our 
results showed that ROS levels were significantly 
increased, NLRP3 was upregulated, and miR-145 was 
down regulated in model group liver tissue, all of which 
were reversed by icariin intervention. Chu et al. (2023) 
demonstrated that increased miR-145 levels inhibit tumor 
metastasis. In addition, miR-145 level in liver tissue was 
negatively correlated with NLRP3 expression, indicating 
that icariin can effectively reduce oxidative stress in liver 
tissue, inhibit the excessive activation of NLRP3 
inflammasome and meanwhile upregulate miR-145, which 
has a potential anti-cancer effect. NLRP3 inflammasome 
activation is a key contributor to hepatotoxicity (Liu et al., 
2025). Thus, inhibiting NLRP3 activation may reduce 
hepatotoxicity, further supporting our conclusions. 
 
Further dual luciferase reporter gene experiments were 
performed to verify the relation of miR-145 mimic with 
NLRP3 (Longo et al., 2020) or HepG2 cells (Stanley et al., 
2022). The results showed that transfection of miR-145 
mimic significantly upregulated miR-145 and effectively 
downregulated NLRP3. The effect of overexpression of 
miR-145 was consistent with that of icariin treatment, 
suggesting that miR-145 is a key effector molecule 
downstream of icariin. To our knowledge, this is the first 
study to demonstrate that icariin suppresses 
hepatocarcinogenesis by upregulating miR-145. This 
finding is extremely important for exploring new targets 
for treating liver cancer. It has been reported (Chen et al., 
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2024) that by regulating intracellular ROS levels and 
NLRP3, Caspase family proteins can be activated to induce 
cell pyroptosis—a process that may exacerbate hepatocyte 
damage, further confirming the importance of ROS-
NLRP3 signaling in mediating hepatocyte inflammation 
and death. In addition, this study aimed to verify in vitro 
whether icariin acts through the ROS-NLRP3/miR-145 
axis, using TGF-β1 stimulation in SMMC-7721 and 
HepG2 cell models for validation. Icariin treatment 
significantly inhibited TGF-β1-induced proliferation, 
colony formation, migration and invasion of SMMC-7721 
liver cancer cells. This suggests that icariin can effectively 
reverse the activation and malignant phenotype of SMMC-
7721 liver cancer cells and ameliorate the malignant 
progression of hepatocellular carcinoma in patients with 
cirrhosis. However, this study has limitations, as it did not 
fully explore downstream factors of miR-145. Future 
research is warranted to further assess the role of icariin in 
treating liver cancer. 
 

CONCLUSION  
 

In summary, icariin can inhibit ROS-NLRP3 signaling, 
thereby upregulating miR-145 and inhibiting the malignant 
transformation of cirrhotic patients. This provides 
theoretical support for the development of preventive 
strategies and clinical treatment of cirrhosis and liver 
cancer. 
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