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Background: Hepatocellular carcinoma (HCC) ranks as the sixth most prevalent cancer and the fourth 
leading cause of cancer-related mortality globally. Scoparone, a natural coumarin derivative primarily 
derived from Artemisia Capillaris Thunb, has demonstrated antitumor properties across various cancer 
types. However, its functions in HCC have not been clearly elucidated. This study aimed to investigate the 
antitumor effects of scoparone on the MHCC-97L and HCCC-9810 HCC cell lines.
Methods: Cell proliferation was assessed through viability and colony formation assays. Migration and 
invasion capabilities of the cells were evaluated by wound healing assays and Transwell assays. Additionally, 
transcriptome sequencing and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment 
analysis were conducted to uncover pathways linked to gene enrichment in the artemisinin treatment 
group. Western blotting and flow cytometry were utilized to analyze the expression of mechanistic proteins 
associated with artemisinin treatment in HCC.
Results: Our findings revealed that scoparone effectively inhibited the proliferation, migration, and 
invasion of HCC cells. The genes affected by scoparone treatment were predominantly enriched in pathways 
related to the cell cycle. Specifically, scoparone reduced the expression of genes such as CDK2, CDK3, 
CDK4, CDC25A, CCND1, and CCNE1, while it increased the expression of CDKN1A (p21). Furthermore, 
scoparone suppressed the levels of cell cycle-related proteins CDK2, CDK4, and cyclin D1, along with the 
signaling pathways involving p-AKT and p-GSK-3β. Notably, the inhibitory effects of scoparone on HCC 
cell proliferation were partially reversed by the AKT activator, SC79.
Conclusions: Scoparone inhibited HCC cell viability by targeting the AKT/GSK-3β/cyclin D1 pathway.

Keywords: Hepatocellular carcinoma (HCC); scoparone; cell cycle; AKT/GSK-3β/cyclin D1 pathway

Submitted Sep 22, 2024. Accepted for publication Jan 18, 2025. Published online Mar 14, 2025.

doi: 10.21037/tcr-24-1771

View this article at: https://dx.doi.org/10.21037/tcr-24-1771

1650

	
^ ORCID: 0009-0006-4634-8194.

https://crossmark.crossref.org/dialog/?doi=10.21037/tcr-24-1771


Translational Cancer Research, Vol 14, No 3 March 2025 1639

© AME Publishing Company.   Transl Cancer Res 2025;14(3):1638-1650 | https://dx.doi.org/10.21037/tcr-24-1771

Introduction

Hepatocellular carcinoma (HCC) is a highly lethal 
malignancy worldwide with approximately 865,269 new 
cases and 757,948 deaths reported in 2022 (1). More than 
half of the new cases globally occur in China (1). Despite 
various available treatments, such as surgical resection, 
radiotherapy, chemotherapy, and traditional Chinese 
medicine, the overall prognosis for HCC patients remains 
poor (2). Chemotherapy, a primary treatment method 
for advanced HCC, is limited in effectiveness and often 
associated with severe side effects. Therefore, there is an 
urgent need to identify new targets and molecular pathways 
for the development of drugs to treat HCC (3-5).

Scoparone, extracted primarily from Artemisia Capillaris 
Thub, is a simple natural coumarin derivative (6). Initially, 
it was commonly used to treat liver dysfunction, bile stasis, 
and jaundice (7-9). Studies have reported that scoparone can 
modulate the Toll-like receptor 4 (TLR4)/nuclear factor-
kappa B (NF-κB) signaling pathway to alleviate the immune 
response induced by NASH and lipopolysaccharides (LPS) 
in macrophages, effectively improving hepatic steatosis 
and inflammation (10,11). Additionally, scoparone exerts 
hepatoprotective effects by ameliorating the pathological 
features of acute liver failure via inhibiting of the TLR 
signaling pathway (12). In non-alcoholic fatty liver 
disease (NAFLD), scoparone exerts hepatoprotective and 
choleretic effects by inhibiting obesity-related adipose tissue 
inflammation, countering cytokine-mediated cytotoxicity, 
improving insulin resistance, and reducing oxidative stress, 

thereby inhibiting the progression of NAFLD (7).
Moreover, scoparone was found to exert antitumor 

effects on several cancers (13-16). A previous study had 
shown that scoparone inhibits cell proliferation, increases 
cells apoptosis and decreases metastasis-related protein 
matrix metalloproteinase (MMP)-9 to inhibit metastasis 
and invasion of pancreatic cancer cells (13). Furthermore, 
scoparone activates the ROS/JNK/SP1/ACSL4 axis and 
triggers ferroptosis in non-small cell lung cancer (NSCLC) 
cells (14). Additionally, scoparone inhibits the growth 
of colorectal cancer (CRC) (15) and prostate cancer 
cells (16) via inducing mechanistic target of rapamycin 
(mTOR)-related autophagy and directly targeting STAT3 
transcriptional activity to exert antitumor, respectively. 
However, the functions of scoparone in HCC are not fully 
elucidated.

In this study, scoparone inhibited the proliferation, 
migration and invasion via decreasing cell cycle-related 
proteins and MMP-2, MMP-9, and depressing AKT/GSK-
3β/cyclin D1 pathway, which can be partially rescued by 
AKT activator SC79. We present this article in accordance 
with the MDAR reporting checklist (available at https://tcr.
amegroups.com/article/view/10.21037/tcr-24-1771/rc).

Methods

Cell culture

The human hepatoma cell lines MHCC-97L, HCCC-9810 
and human normal liver cell line L-02 were procured from 
Zhong Qiao Xin Zhou Biotechnology Co., Ltd. (Shanghai, 
China). The L-02 and HCCC-9810 cells were cultured in 
RPMI-1640 medium (Gibco, Waltham, MA, USA), while 
the MHCC-97L cells were grown in DMEM medium 
(Gibco) supplemented with 10% fetal bovine serum (FBS; 
Gibco). All cells were maintained in a 5% CO2 incubator  
at 37 ℃.

Reagents and antibodies

The following antibodies were used in Western blot: anti-
CDK2 [1:1,000, #18048, Cell Signaling Technology (CST), 
Danfoss, MA, USA], anti-CDK4 (1:1,000, #12790, CST), 
anti-cyclin D1 (1:1,000, #2922, CST), anti-AKT (1:1,000, 
#9272, CST), anti-p-AKT (Ser473) (1:1,000, #9271, CST), 
anti-MMP-2 (1:1,000, #4022, CST), anti-MMP-9 (1:1,000, 
#3852, CST), anti-p-GSK-3β (Ser9) (1:1,000, #9336, CST), 
anti-GSK-3β (1:1,000, 22104-1-AP, Proteintech, Wuhan, 
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China), and anti-β-actin (1:1,000, 66009-1-Ig, Proteintech). 
Scoparone (catalogue number PHL89787) and dimethyl 
sulfoxide (DMSO; catalogue number S-002-M) were 
purchased from Sigma (Livonia, MI, USA).

Cell viability assay

The L-02, MHCC-97L, and HCCC-9810 cells were 
cultured in 96-well plates with a density of 5,000 cells per 
well. Following a 12-hour incubation period, the medium 
was replaced with varying concentrations of scoparone (0, 
50, 100, 150, 200, 250, 300, 350 μg/mL) for two distinct 
durations, 24 and 48 hours. Subsequently, cell viability 
was assessed utilizing the cell counting kit-8 (CCK-8) 
assay kit (Shanghai Dongren Chemical Technology Co., 
Ltd., Shanghai, China) in accordance with the provided 
instructions. The optical density (OD) value was then 
measured at a wavelength of 450 nm and the half-maximal 
inhibitory concentration (IC50) value was subsequently 
calculated.

Colony formation assay

Cells were seeded at 400 cells per well in a six-well plate 
and incubated for 24 hours. Subsequently, they were treated 
with different concentrations of scoparone. The resulting 
cell colonies were stained with 0.01% crystal violet and then 
counted. These experiments were conducted in triplicate.

5-ethynyl-2'-deoxyuridine (EdU) proliferation assay

MHCC-97L and HCCC-9810 cells were incubated with 
a EdU-labeling solution for 2 hours at 37 ℃ and then 
fixed with 4% paraformaldehyde for 15 minutes. After 
permeabilization, the cells were treated with the reaction 
solution for 30 minutes. The cell nuclei were subsequently 
stained with 1× Hoechst 33342 for 10 minutes and 
photographed using a fluorescent microscope. Finally, the 
cell proliferation rate was calculated.

Wound healing assay

MHCC-97L and HCCC-9810 cells were pretreated with 
0 (control), 100, and 200 μmol/L scoparone for 24 hours. 
A vertical scratch was made in the cell monolayer using 
a 200-μL sterile pipette tip. The cells were then washed 
with phosphate-buffered saline (PBS), and serum-free 
culture medium was added. Images of the wound area were 

captured at 0 and 24 hours using a microscope.

Transwell assay

MHCC-97L and HCCC-9810 cells were pretreated with 
0, 100, and 200 μmol/L scoparone for 24 hours and then 
resuspended in serum-free medium. A 100-μL aliquot of 
the cell suspension was added to the upper chamber of the 
cell culture insert, while 600 μL of medium containing 
15% FBS was added to the lower chamber. The setup was 
incubated in a 5% CO2 incubator at 37 ℃ for 24 hours. 
The membrane of the upper chamber was fixed with 4% 
paraformaldehyde for 30 minutes and then stained with 
0.2% crystal violet at 25 ℃ for 15 minutes. Four fields of 
view (200× magnification) were randomly selected and 
imaged using a microscope.

Cell cycle by flow cytometry

According to the instructions, cell cycle analysis was 
conducted using the Cell Cycle Staining Kit (MultiSciences 
Biotech Co., Ltd., Hangzhou, China) and flow cytometry. 
MHCC-97L and HCCC-9810 cells were pretreated with 
0, 50, 100, and 200 μmol/L scoparone for 48 hours. After 
digestion, the cells were resuspended in cold PBS and fixed 
with 70% ethanol overnight at −20 ℃. Subsequently, 1 mL 
DNA staining solution and 10 of permeabilization solution 
were added to each flow cytometry tube and incubated in 
the dark for 30 minutes. The cell cycle was then measured 
using a flow cytometer.

RNA sequencing (RNA-seq)

Total RNA extraction from both MHCC-97L and HCCC-
9810 cells, including control and scoparone-treated 
groups, was performed using Trizol reagent (Sinopharm 
Chemical Reagent Co., Shanghai, China). The RNA-seq 
library construction and sequencing were conducted by a 
specialized company. Differentially expressed genes were 
identified with an absolute log2[fold change (FC)] ≥1 and a 
P value <0.05, indicating statistical significance.

Quantitative reverse transcription-polymerase chain 
reaction (qRT‑PCR)

Total RNA was extracted using Trizol reagent (Sinopharm 
Chemical Reagent Co.), and the RNA was reverse 
transcribed into complementary DNA (cDNA) using 
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a qRT-PCR kit (Novizan Biotechnology Co., Nanjing, 
China). Real-time PCR was then performed in a 20 µL 
reaction mixture containing diluted first-strand cDNA and 
a primer mix (Shanghai Sangon, Shanghai, China). The 
PCR primer sequences are listed in Table 1.

Western blot

MHCC-97L and HCCC-9810 cells were pretreated with 
0, 50, 100, and 200 μmol/L scoparone for 48 hours. Cells 
were lysed using radioimmunoprecipitation assay (RIPA) 
lysis buffer (Beyotime Biotech, Shanghai, China), and 
proteins were separated and transferred to polyvinylidene 
fluoride (PVDF) membranes (GE Healthcare, Chicago, 
IL, USA). The membranes were blocked with 5% 
skimmed milk for 2 hours, then incubated with primary 
antibodies overnight at 4 ℃. This was followed by 
incubation with secondary antibodies at room temperature 
for 2 hours. The membranes were developed using 
electrochemiluminescence (ECL) reagent (GE Healthcare).

Statistical analysis

Data were presented as the mean ± standard deviation 
(SD). Statistical analyses were conducted using a t-test for 
comparisons between two groups or one-way analysis of 
variance (ANOVA) tests for comparisons among multiple 
groups, utilizing GraphPad Prism 9.0 software (GraphPad 
Software, La Jolla, CA, USA). A P value <0.05 was 
considered statistically significant. All experiments were 
repeated at least three times.

Results

Scoparone suppresses HCC cell proliferation in vitro

To determine the effective concentrations and cytotoxic 
effects of scoparone on HCC cells and normal human 
liver cells in vitro, MHCC-97L, HCCC-9810, and L-02 
cells were treated with 0, 50, 100, 150, 200, 250, 300, and  
350 µg/mL scoparone for 24 and 48 hours. Cell viability 
was then measured using the CCK-8 assay. The viability of 
L-02, MHCC-97L, and HCCC-9810 cells was significantly 
reduced by scoparone treatment in a dose- and time-
dependent manner, with scoparone being significantly 
less toxic to L-02 cells than to MHCC-97L and HCCC-
9810 cells (Figure 1A). The IC50 values of scoparone after 
48 hours of treatment were 395.06 μg/mL for L-02 cells, 
196.33 μg/mL for MHCC-97L cells, and 205.06 μg/mL 
for HCCC-9810 cells (Figure 1B). Measurement of cell 
viability showed that the proliferation of MHCC-97L and 
HCCC-9810 cells was significantly suppressed at scoparone 
concentrations higher than 200 μg/mL, while mildly 
inhibited the proliferation of L-02 cells. Consequently, we 
selected the concentration of 200 μg/mL for 48 hours for 
subsequent experiments.

To illustrate long time inhibition of scoparone for cells, 
colony formation assays were performed. The proliferation 
ability of MHCC-97L and HCCC-9810 cells was reduced 
in a dose-dependent manner, compared to the control 
group after scoparone treatment (Figure 1C). Furthermore, 
the EdU assay results revealed that scoparone significantly 
decreased the proliferation abilities of MHCC-97L 
and HCCC-9810 cells, compared to the control group  

Table 1 PCR primer sequences

Name Forward Reverse

CDK2 TGAAGATGGACGGAGCTTGTTATCG CTGGCTTGGTCACATCCTGGAAG

CDK3 CCAGCTTTCGTATCTTTCGT TTCCTGGTCCACTTAGGGAAG

CDK4 TGCCAGCCGAAACGATCAAGG TCCACCACTTGTCACCAGAATGTTC

CCND1 GCCCTCGGTGTCCTACTTCAAATG TCCTCCTCGCACTTCTGTTCCTC

CCNE1 GTGTCCTGGATGTTGACTGCCTTG TCTCTATGTCGCACCACTGATACCC

CDC25A TGTGCCGGTATGTGAGAGAG TGCGGAACTTCTTCAGGTCT

CDKN1A GCCCGTGAGCGATGGAACTTC CCTGCCTCCTCCCAACTCATCC

β-actin CATGTACGTTGCTATCCAGGC AGAGACCCACAGGAGAGGTG

PCR, polymerase chain reaction.
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Figure 1 Scoparone suppresses HCC cell proliferation in vitro. (A) Scoparone at concentrations of 0, 50, 100, 150, 200, 250, 300, 350 μg/mL  
was applied to MHCC-97L, HCCC-9810, and L-02 cells for 24 and 48 hours. Cell viability was assessed using the CCK-8 assay. (B) The 
IC50 of scoparone for the three lines. (C) HCC cells were treated with 0, 50, 100, and 200 μg/mL scoparone for 48 hours and 0.01% crystal 
violet staining was used to evaluate the clonogenesis ability of cancer cells. (D) HCC cells were treated with 0, 100, and 200 μg/mL scoparone 
for 48 hours. The DNA replication status of the cells, as well as EdU positive cells stained with Hoechst 33342 (scale bars, 100 μm),  
was analyzed. Data were expressed as mean ± SD. The experiments were independently conducted three times. *, P<0.05; **, P<0.01 (vs. L-02). 
CCK-8, cell counting kit-8; EdU, 5-ethynyl-2'-deoxyuridine; HCC, hepatocellular carcinoma; IC50, half-maximal inhibitory concentration; 
Sco, scoparone; SD, standard deviation.
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(Figure 1D). Overall, these findings demonstrate that 
scoparone significantly suppresses the proliferative capacity 
of HCC cells.

Scoparone suppresses HCC cell invasion and migration  
in vitro

Whether scoparone inhibits the invasion and migration 
of HCC cells is not clear. To demonstrate the effects of 
scoparone on invasion and migration, wound healing assays 
were executed. The results showed that the migration 
ability of MHCC-97L and HCCC-9810 cells was reduced 
in a dose-dependent manner, compared to the control 
group after scoparone treatment (Figure 2A). Additionally, 
transwell assay results revealed that scoparone significantly 
decreased the invasion abilities of MHCC-97L and HCCC-
9810 cells, compared to the control group (Figure 2B). 
Furthermore, scoparone treatment significantly reduced the 
expression levels of MMP-2 and MMP-9, which are crucial 
for tumor cell invasion and metastasis (Figure 2C). These 
findings clearly demonstrate that scoparone inhibits the 
invasion and migration of HCC cells.

Scoparone induces cell cycle arrest in HCC cells

To investigate the molecular mechanisms by which scoparone 
inhibits the proliferation of HCC cells, we conducted 
transcriptome sequencing on two HCC cell lines. Each cell 
line was divided into control group and treatment group, 
with the treatment group receiving 200 μg/mL scoparone 
for 48 hours. Total 373 differentially expressed genes in 
MHCC-97L cells (124 upregulated and 249 downregulated)  
and 207 differentially expressed genes in HCCC-9810 
cells (24 upregulated and 183 downregulated) were 
identified by transcriptome sequencing, respectively  
(Figure 3A). Among them, a total of 33 genes were obtained 
by overlapping MHCC-97L and HCCC-9810 cells  
(Figure 3B). KEGG pathway enrichment analysis was 
performed on these 33 genes. The most enriched pathways 
among the tumor-related signaling pathways in which 
scoparone might be involved were cell cycle-related 
signaling pathways (Figure 3C). We validated the expression 
of these genes using qRT-PCR and found that, compared 
to the control group, there was an increased expression of 
CDKN1A and decreased expression of CDC25A, CCND1, 
CCNE1, CDK2, CDK3, and CDK4 (Figure 3D). To further 
clarify the impact of scoparone on the cell cycle of HCC 
cells, we performed flow cytometry on MHCC-97L and 

HCCC-9810 cells treated with different concentrations of 
scoparone for 48 hours. The results indicated an increase 
in the abundance of G0/G1 phase, with a corresponding 
decrease in the S phase in the treatment group, but 
no noticeable change in the G2/M phase (Figure 3E). 
This confirms that scoparone inhibits cell proliferation 
via inducing cell cycle arrest in G0/G1 phase. These 
experimental findings suggest that scoparone inhibits the 
proliferation of HCC cells by inducing cell cycle arrest.

Scoparone suppresses HCC cell proliferation via the AKT/
GSK-3β/cyclin D1 signaling pathway

Our previous flow cytometry results confirmed that 
scoparone induces cell cycle arrest at the G1 phase in HCC 
cells. The formation of the cyclin D1/CDK4 complex 
is crucial for cells to progress from the G1 phase to the 
S phase, and inhibition of this complex can cause cell 
cycle arrest (17). Therefore, we measured the expression 
levels of related proteins. After scoparone treatment, 
the expression levels of G1 phase-related proteins, 
including CDK2, CDK4, and cyclin D1, were decreased 
(Figure 4A), consistent with our previous flow cytometry 
findings. Previous studies have confirmed that in human 
nasopharyngeal carcinoma cells, inhibiting the AKT/
GSK-3β/cyclin D1 signaling pathway promotes cyclin 
D1 degradation, causing cell cycle arrest at the G1 phase 
(17,18). Additionally, in our investigation of cell cycle-
related signaling pathways, we identified cyclin D1 as a 
critical target in G1 phase. GSK-3β, an upstream target of 
cyclin D1, significantly influences cyclin D1 expression by 
regulating its messenger RNA (mRNA) transcription and 
protein degradation, playing crucial roles in tumor cell cycle 
progression. Furthermore, as a substrate of AKT, GSK-3β 
is important in tumor proliferation. AKT inhibits GSK-3β 
activity by phosphorylating its inhibitory site Ser9, thereby 
promoting cyclin D1 expression (19). Consequently, the 
AKT/GSK-3β/cyclin D1 signaling pathway was analyzed 
using Western blot. Scoparone treatment did not decrease 
the total expression of AKT and GSK-3β, but it inhibited 
the expression of p-AKT (Ser473) and p-GSK-3β (Ser9) 
(Figure 4B). This finding suggests that scoparone inhibits 
the proliferation of HCC cells via the AKT/GSK-3β/cyclin 
D1 signaling pathway.

To further validate our findings, rescue experiments 
were conducted using the AKT pathway activator SC79. As 
shown in Figure 5A, scoparone significantly decreased cell 
viability in both cell lines, while SC79 mildly increased cell 
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Figure 2 Scoparone suppresses HCC cell invasion and migration in vitro. (A,B) Scoparone inhibits the migration and invasion of HCC 
cells. After treating HCC cells with 0, 100, and 200 μg/mL scoparone for 48 hours, the wound healing assay (scale bars, 20 μm) and 
transwell assay (scale bars, 50 μm; staining methods: 0.2% crystal violet) were performed to detect changes in cell migration and invasion 
ability. (C) Scoparone inhibits the expression of MMP-2 and MMP-9 in HCC cells. The expression levels of MMP-2 and MMP-9 
proteins were detected in HCC cells with treatment of 0, 50, 100, and 200 μg/mL scoparone for 48 hours. Data were expressed as mean 
± SD. The experiments were independently conducted three times. *, P<0.05; **, P<0.01. HCC, hepatocellular carcinoma; MMP, matrix 
metalloproteinase; Sco, scoparone; SD, standard deviation.
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viability. Notably, co-treatment of HCC cells with SC79 
and scoparone partially reversed scoparone’s inhibitory 
effect on cell proliferation (Figure 5A). Additionally, DNA 
replication capability was restored in HCC cells treated 
with both SC79 and scoparone compared to those treated 
with scoparone alone (Figure 5B). These results indicate that 
activation of the AKT pathway partially reverses scoparone’s 
inhibitory effect on HCC cell proliferation, confirming 

that AKT pathway is the crucial targets by which scoparone 
exerts its anti-tumor effects.

Discussion

Scoparone has been proven to exert antitumor effects 
in pancreatic cancer, small cell lung cancer, prostate 
cancer, and CRC (20-23). We investigated the inhibitory 
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effects and molecular mechanisms of scoparone on HCC 
cell proliferation and cell cycle. Scoparone inhibited 
proliferation, invasion and metastasis of HCC cells in a 
dose- and time-dependent manner. MMPs release proteases 
that degrade the basement membrane, facilitating the entry 
of tumor cells into the bloodstream and then subsequent 
metastasis to distant organs, ultimately leading to secondary 
malignancies. The MMP family, particularly MMP-2 and 
MMP-9, is closely associated with cancer cell infiltration, 
metastasis, and poor prognosis (24). Mechanistically, this 
study found that scoparone inhibits the expression of 
MMP-2 and MMP-9, thereby suppressing the invasion and 
migration of HCC cells. This provides a new therapeutic 
direction and strategy for inhibiting the invasion and 
metastasis of liver cancer.

There are many challenges in the treatment of HCC, 
with drug resistance being a significant aspect. Previous 
studies have shown that abnormal activation of signaling 
pathways such as PI3K/AKT/mTOR, BNIP3/AMPK/
ENO2, and EGFR are closely related to drug resistance 
in liver cancer (20,21,25). Targeting the mutations and 
dysregulation of PI3K/AKT signaling pathway in HCC, 
inhibitors of this signaling pathway have been used in 
treatment of HCC in several models. PI3K/AKT pathway 
is overactivated in about 50% of HCC cells, promoting 
growth, metabolism and survival of HCC cells (22,23). 
GSK-3β, a substrate of AKT, is associated with the 
accumulation and nuclear translocation of β-catenin, which 
in turn promotes the expression of cyclin D1 to facilitate 
tumor cell growth (26). Moreover, GSK-3β is critically 
involved in the development and progression of HCC (27)  
and upregulation of GSK-3β in HCC can predict poor 
prognosis (28). Cyclin D1, a target of GSK-3β, acts as 
a regulator of cell cycle progression, promoting cells to 
pass through the G1/S checkpoint (29). The degradation 
of cyclin D1 is regulated by GSK-3β, whose activation 
can lead to a decrease in the protein levels of cyclin D1. 
AKT phosphorylates the inhibitory phosphorylation 
site Ser9 in GSK-3β, leading to a decrease in GSK-
3β activity and an increase in cyclin D1 expression (19). 
The AKT/GSK-3β/cyclin D1 signaling pathway plays a 
crucial role in promoting tumor growth. Interestingly, our 
study found that scoparone affects the expression of cell 
cycle-related proteins by inhibiting the AKT/GSK-3β/ 
cyclin D1 signaling pathway, thereby inhibiting cell 
proliferation, which consists the results that targeting the 
AKT/GSK-3β/cyclin D1 signaling pathway inhibits HCC 
proliferation by inducing mitochondrial apoptosis in liver 

cancer cells (30,31). However, the AKT pathway activator 
SC79 partially rescued the suppression of cell proliferation 
confirming that scoparone inhibited HCC cell proliferation 
and cell cycle progression by suppressing the AKT/GSK-3β/ 
cyclin D1 signaling pathway.

I n  s u m m a r y,  s c o p a r o n e  e x h i b i t s  s i g n i f i c a n t 
hepatoprotective effects and improves liver cirrhosis. Our 
research, along with studies by several other scholars (32), 
has demonstrated that scoparone possesses notable antitumor 
properties and inhibits tumor cell proliferation and cell 
cycle progression via suppressing AKT/GSK-3β/cyclin D1 
signaling pathway. Additionally, scoparone inhibits tumor cell 
invasion and metastasis by downregulating the expression 
of MMP-2 and MMP-9. These findings provide insights 
on new molecular mechanisms for the antitumor effects of 
scoparone and novel strategies for the treatment of HCC.

Conclusions

This study demonstrates that scoparone, a natural 
compound, significantly inhibits the proliferation, invasion, 
and migration of HCC cells in vitro, reducing HCC cell 
viability in a dose- and time-dependent manner while 
exhibiting lower toxicity to normal liver cells. Further 
investigations reveal that scoparone’s inhibition of cell 
proliferation is achieved by inducing G0/G1 phase cell 
cycle arrest in HCC cells, a mechanism associated with 
the AKT/GSK-3β/cyclin D1 signaling pathway. Rescue 
experiments utilizing the AKT pathway activator SC79 
further substantiate that scoparone’s anti-tumor effects 
are mediated through the inhibition of the AKT pathway, 
strongly supporting its potential as a therapeutic agent  
for HCC.
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