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Abstract: Background: Hypoxia is a significant feature of many solid tumors and can activate hypoxia-inducible 
factor 1α (HIF-1α)/vascular epidermal growth factor (VEGF) signaling pathway, which is closely related to the occur-
rence and development of primary liver cancer (PLC). Silymarin (SM) had been used as a traditional liver protective 
drug for decades. Recent studies have found that SM has chemopreventive and chemosensitizing effects on mul-
tiple cancers. In this study, we investigated the effects of SM on HIF-1α/VEGF signaling in human hepatocellular car-
cinoma cells under hypoxia conditions. Methods: HepG2 and Hep3B cells were divided into different experimental 
groups according to different culture conditions (aerobic or anaerobic) and the concentration of SM in the culture 
medium. The cellular proliferation, migration, invasion, colony formation, and apoptosis were observed by using 
methyl thiazolyl tetrazolium (MTT) assay, cell migration assay, in vitro invasion assay, soft agar colony formation as-
say, and Annexin V apoptosis assay, respectively. The cellular expressions of HIF-1α and VEGF were determined by 
real-time reverse transcription-polymerase chain reaction (RT-PCR) and western blot (WB) analyses. Results: SM re-
duced cellular proliferation, migration, invasion, and colony formation, but induced apoptosis in HepG2 and Hep3B 
cells under hypoxia conditions. The half inhibitory concentrations (IC50) of SM on HepG2 and Hep3B cells were 
58.46 and 75.13 umol/L, respectively. SM also suppressed cellular expressions of HIF-1α and VEGF in HepG2 and 
Hep3B cells under hypoxia conditions at the mRNA and protein levels. All these effects of SM were dose dependent. 
Conclusions: The inhibitory effect of SM on HepG2 and Hep3B cells under hypoxia is partially via downregulating 
HIF-1α/VEGF signaling, which may serve as a potential drug therapy target for liver cancer based on SM.
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Introduction

Primary liver cancer (PLC) ranks the fourth in 
the cancer-related death and threatens human 
health severely [1]. China has the highest  
incidence of PLC in the world. According to 
Global Cancer Statistics 2020, there were 
about 840,000 new liver cancer patients world-
wide every year, of which Chinese patients 
account for about 47% of the new cases [2].

Hypoxia is one of the most common character-
istics of the microenvironment of solid tumors 
due to the rapid proliferation and excessive 
oxygen consumption, and plays a key role in 
promoting tumor growth, metastasis, and 
chemoradiotherapy resistance [3, 4]. Hypoxia 

markers can be used as independent prognos-
tic factors of liver cancer, and their expression 
predicts poor prognosis in PLC patients [5]. One 
important mechanism by which hypoxia partici-
pates in the invasion and metastasis of PLC is 
its regulatory effect on the hypoxia-inducible 
factor 1α (HIF-1α)/vascular epidermal growth 
factor (VEGF) pathway [6]. HIF-1α, an important 
nuclear transcription factor, is activated and 
stabilized under hypoxic conditions [7]. It can 
regulate the expressions of over 1000 down-
stream genes, many of which are related to 
tumor proliferation and metastasis, angiogene-
sis, as well as energy metabolism [8]. VEGF is 
an important target gene of HIF-1α and a key 
factor to promote tumor vascular growth [9]. 
Wei H et al. reported that lncRNA PAARH could 
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promote the growth and angiogenesis of hepa-
tocellular carcinoma (HCC) by activating HIF-
1α/VEGF pathway [10]. Xiao H et al. reported 
that H2A histone family member X (γ-H2AX) 
could promote HCC angiogenesis via HIF-1α/
VEGF pathways under hypoxic condition [11]. 
Liao ZH et al. reported that epigallocatechin 
gallate derivative Y could inhibit HCC via inhibit-
ing angiogenesis in HIF-1α/VEGF dependent 
pathways [12]. Exploring effective anti-liver 
cancer drugs targeting HIF-1α/VEGF signaling 
pathway has become one of the current 
research hotspots.

Silymarin (SM) is a natural flavonolignans com-
pound, which is extracted from the seed of the 
milk thistle plant and widely known for its liver-
protective function [13, 14]. Recent studies 
had found that SM could suppress the growth 
of tumor cells, especially under hypoxia condi-
tions [15-17]. Miyazawa M et al. reported that 
SM suppressed HIF-1α expression under hy- 
poxic conditions in ovarian clear-cell carcinoma 
cell lines and could be a potential anti-cancer 
drug [18]. Deep G et al. reported that SM could 
suppress hypoxia-induced HIF-1α pathway as 
well as lipogenesis in prostate cancer cells 
[19]. Jung HJ et al. reported that in prostate 
cancer cells, the inhibiting effect of SM on HIF-
1α was associated with the decreased global 
protein translation [20]. However, its inhibitory 
effect on HCC cells under hypoxia has not been 
reported. 

In this study, we hypothesized that SM could 
exert its inhibitory effects on proliferation of 
HepG2 and Hep3B cells under hypoxia by 
downregulating HIF-1α/VEGF pathway. Our 
research results will provide a potential drug 
therapy target for developing new anti-liver can-
cer agents based on SM.

Materials and methods

Cell culture and experimental design

Human hepatoma HepG2 and Hep3B cells 
(Shanghai Institute of Cell Biology, China) were 
cultured in RPMI-1640 medium (Wuhan Boster 
Biological Technology Co., Ltd., China) supple-
mented with 10% fetal bovine serum (FBS), 
100 U/mL penicillin and 100 mg/L streptomy-
cin (all from Shanghai Jitai Yikesai Biotech- 
nology Co., Ltd., China). Cell growth was 
observed using inverted phase contrast micro-

scope (Leica, Germany). The cells were sub-
cultured after digestion with 0.25% trypsin 
(Shanghai Jitai Yikesai Biotechnology Co., Ltd., 
China), and the cells at logarithmic growth 
phase were adjusted to 1 × 104/mL and used  
in the experiment.

HepG2 and Hep3B cells seeded in 96-well 
plate (2 × 103 cells/well) were divided into the 
following experimental groups according to dif-
ferent culture conditions: 1) Control group; 2) 
Hypoxia group; 3) 5 umol/L SM (Nanjing 
Tisiaimo Institute of traditional Chinese medi-
cine, China) group; 4) 10 umol/L SM group; 5) 
20 umol/L SM group; 6) 40 umol/L SM group; 
7) 80 umol/L SM group; 8) 160 umol/L SM 
group. In control group, cells were cultured in 
37°C, 5% CO2, 95% O2 cell incubator (Thermo 
Scientific, MA, USA) for 48 h. In hypoxia group, 
cells were cultured in cell incubator (Thermo 
Scientific, MA, USA) at the condition of 37°C, 
5% CO2, 94% N2 and 1% O2 for 48 h. For groups 
with different SM concentrations, cells were 
first cultured under anoxic condition (the same 
as group 2) for 24 h, and then SM at different 
concentrations were added to culture medium 
and the experimental cells were re-cultured for 
24 h under anoxic condition. All experiments in 
this study were repeated for at least 3 times.

Cell proliferation detected by methyl thiazolyl 
tetrazolium (MTT) assay

After cell culture, 20 μL MTT (5 g/L) (Sigma-
Aldrich Co., Ltd., USA) was add into each well to 
incubate with experimental cells for 4 h. Then 
the medium was discarded, and each well  
was added with 150 μL DMSO (Sigma-Aldrich 
Co., Ltd., USA) and cells were gently shaken for 
15 min. The absorbance value (OD) at 492 nm 
was detected by a microplate reader (Thermo 
Fisher, USA), and the inhibition rate of cell pro-
liferation was calculated using below equation: 
Proliferation inhibition rate = [(OD control group 
- OD treatment group)/OD control group] × 
100%.

Cell migration detected by Transwell migration 
assay

Cells in each group were resuspended in a 
serum-free medium containing 0.2% bovine 
serum albumin (Gibco Invitrogen, Shanghai, 
China) and the concentration was adjusted to 5 
× 105 cells/mL. Then, 100 μl of cell suspension 
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was added into the Transwell chamber (Beijing 
Solarbio Science & Technology Co., Ltd., China), 
and 500 μl medium comprising 20% FBS was 
placed in the lower compartment and the cells 
were left to migrate for 24 h at 37°C. Non-
migrated cells were removed using a cotton 
swab and the transmigrated cells at the rear 
side of the filter were stained with Giemsa and 
counted at × 400 magnification to quantify cell 
migration.

Cell invasion detected by Transwell invasion 
assay

Cell invasion was evaluated using 24-well 
Transwell units with 8-µm pore filter (Corning 
Costar Corp., Cambridge, MA, USA). The filters 
were coated with 50 µl Matrigel (BD Bios- 
ciences) for 6 h at 37°C. Cells in each group 
were adjusted to 1 × 106 cells/mL using serum 
free RPMI 1640 medium. A total of 200 μl  
cell suspension was added into each upper 
Transwell chamber and 600 μl RPMI 1640 
medium containing 5% FBS was added into  
the lower chamber. Then, the cells were allow- 
ed to invade for 24 h at 37°C. After removing 
the cells that remained on the upper surface of 
the filter with a cotton swab, cells in the mem-
brane of lower chamber were fixed with metha-
nol and stained with Giemsa and then counted 
under a light microscope (CKX41; Olympus) at 
× 400 magnification.

Cell colony formation detected by soft agar as-
say

4 × 103 experimental cells in each group were 
mixed with 0.35% soft agar (Sigma-Aldrich Co., 
Ltd., USA) and then plated into 24-well plates 
coated with 1% soft agar. Then the cells were 
cultured in a cell incubator (37°C, 5% CO2, 95% 
O2) for 8 days. Colonies with a diameter larger 
than 50 μm were counted in each well using a 
BX53 inverted microscope (Olympus, Tokyo, 
Japan).

Cell apoptosis detected by flow cytometry

After washing with PBS twice, experimental 
cells in each group were digested with 0.25% 
trypsin. Then the cells were centrifuged at 
1000 r/min for 5 min at 4°C. The supernatant 
was abandoned, and the cells were added with 
200 μL Annexin V-FITC binding solution, and 
then 5 μL Annexin V-FITC (all from Beyotime 
Company, China). The cells were incubated in 
dark at 20°C for 20 min. Finally, 10 µL of prop-
idium iodide (PI) (Beyotime Company, China) 
was added and the apoptosis rate of experi-
mental cells was detected by Flow cytometry 
(FACScan, BD Biosciences, USA).

Real-time reverse transcription-polymerase 
chain reaction (RT-PCR)

The cellular expressions of HIF-1α and VEGF in 
each group were measured using a Real-time 
RT-PCR kit (Dalian Takara company, China). The 
total RNA was extracted with Trizol (Dalian 
Takara company, China), and its purity and  
concentration were determined spectrophoto-
metrically. cDNA was obtained by reverse tran-
scription and target gene sequences were 
amplified by PCR using cDNA as template. All 
primers in this study were designed and synthe-
sized by Shanghai Shenggong Bioengineering 
Technology Co., Ltd. (China). The primer se- 
quences are listed in Table 1. The thermal pro-
file was 95°C for 1 min, 40 cycles of 90°C for 
20 sec, 55°C for 30 sec and 68°C for 50 sec  
on a RT-PCR system (CFX96, Bio-Rad, USA). 
Amplification specificity was controlled by melt-
ing curve analysis. Relative gene expression 
was calculated using the comparative thresh-
old (CT) method. β-actin was used as an inter-
nal control.

Western blot (WB) analysis

Cellular proteins were extracted by using pro-
tein lysate, and its concentration was deter-
mined using Bradford method. Twenty µg of 

Table 1. Primer sequence
Primer Forward Reverse Product length
HIF-1α 5’-CAGGATCAGACACCTAGTCCTCC-3’ 5’-ATGTGGGTAGGAGATGGAATG-3’ 458 bp
VEGF 5’-TGACTTGACTCGAGTCCTG-3’ 5’-TACGTCCTAGCCGAGATCG-3’ 206 bp
β-actin 5’-GCATGTACGACAGAGCCGTACGC-3’ 5’-TCAACGCAGACATATCCAGC-3’ 263 bp
VEGF, vascular epidermal growth factor.
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protein per lane was electrophoresed on 10% 
acrylamide gels. The proteins fractionated by 
sodium dodecyl sulfate polyacrylamide gel 
electrophoresis (SDS-PAGE) were then trans-
ferred to polyvinylidene difluoride membran- 
es blocked with 5% skim milk in Tris-buffed 
saline. The membrane was then incubated  
with primary antibodies HIF-1α (1:500) and 
VEGF (1:500) (all from Santa Cruz Biotechno- 
logy, Inc., USA) at 4°C for 12 h, and followed by 
secondary antibody incubation at room tem-
perature for 2 h. The protein bands were  
detected using an enhanced chemilumines-
cence reagent kit (Sangon Biotech, Inc., 
Shanghai, China) and quantification was per-
formed with the Quantity-One software (Bio-
Rad Laboratories, USA). The rabbit anti-human 
β-actin antibody (Santa Cruz Biotechnology, 
Inc., USA) was used as an internal control. 

Statistical analysis

Statistical analysis was conducted using SPSS 
16.0 software (SPSS, Inc., Chicago, IL, USA). All 
data were presented as mean ± standard devi-
ation. One-way ANOVA followed with Tukey post-
hoc tests were used to compare the experimen-
tal groups. A P value < 0.05 was considered to 
be statistically significant.

Results

SM reduced proliferation of HepG2 and Hep3B 
cells under hypoxia

A MTT cell proliferation assay was performed  
to verify the inhibitory effect of SM on HepG2 

and Hep3B cell growth under hypoxia. As  
presented in Figure 1, the cell proliferative  
ability of hypoxia group was lower than that of 
control group, and compared with hypoxia 
group, the cell proliferation ability in SM gro- 
ups decreased significantly after 24 hours of 
treatment (all P < 0.05). Our results also dem-
onstrated that the inhibitory effect of SM on 
HepG2 and Hep3B cells under hypoxia condi-
tion was positively correlated with its dose. 
Moreover, the MTT test showed that under 
hypoxia, the half inhibitory concentration (IC50) 
of SM on HepG2 and Hep3B cells was 58.46 
umol/L and 45.71 umol/L, respectively (Figure 
2).

SM suppressed migration and invasion of 
HepG2 and Hep3B cells under hypoxia

Based on our above experiments, we continued 
to use 20 umol/L, 40 umol/L and 80 umol/L 
SM for subsequent experiments.

The Transwell migration and invasion assays 
revealed that the ability of HepG2 and Hep3B 
cells to pass through the basement membrane 
under hypoxia was significantly suppressed by 
SM. The number of migrated cells and invaded 
cells of the hypoxia group was lower than that 
of control group, and compared with hypoxia 
group, the cell numbers in each dose of SM 
group were significantly reduced (all P < 0.05). 
Moreover, the inhibitory effect of SM on HepG2 
and Hep3B cell migration and invasion under 
hypoxia was positively correlated with its dose 
(Figures 3 and 4).

Figure 1. Inhibitory effect of Silymarin (SM) on proliferation of HepG2 and Hep3B cells under hypoxia. The inhibitory 
effect of SM on HepG2 (A) and Hep3B (B) cells under hypoxia was positively correlated with the dose. *P < 0.05 
compared with hypoxia group.
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SM reduced cell colony formation in HepG2 
and Hep3B cells under hypoxia

The soft agar assay revealed that the clonogen-
esis of HepG2 and Hep3B cells under hypoxia 
was significantly suppressed by SM. The cell 

colony number of hypoxia group was lower than 
that of control group, and compared with hypox-
ia group, the cell colony number in each dose of 
SM group was significantly reduced (all P < 
0.05). Moreover, the inhibitory effect of SM on 
clonogenesis of HepG2 and Hep3B cells under 

Figure 2. The half inhibitory concentration (IC50) of Silymarin (SM) on HepG2 and Hep3B cells. Under hypoxia, the 
IC50 of SM on HepG2 (A) and Hep3B cells (B) cells was 58.46 umol/L and 45.71 umol/L, respectively.

Figure 3. Silymarin (SM) reduced cell migration of HepG2 and Hep3B cells under hypoxia. Transwell migration assay 
was used to test the migration ability of HepG2 cell (A and B) and Hep3B cell (C and D) to pass through the base-
ment membrane under hypoxia (magnification, × 40). Values represent the cell number (means ± SD) per visible 
field (*P < 0.05 compared with hypoxia group).
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hypoxia was positively correlated with its dose 
(Figure 5).

SM Induced apoptosis of HepG2 and Hep3B 
cells under hypoxia 

The flow cytometry results were analyzed by 
FlowJo software (FlowJo, Ashland, USA). The 
results demonstrated that SM induced the 
apoptosis of HepG2 and Hep3B cells under 
hypoxia after 24 hours treatment. The cellular 
apoptosis rate was significantly higher in hypox-
ia group than in control group. Compared with 
hypoxia group, the cellular apoptosis rate in 
each dose of SM group increased significantly, 
and the increase was in a dose-dependent 
manner (all P < 0.05) (Figure 6).

SM suppressed cellular HIF-1α and VEGF ex-
pression under hypoxia

The expressions of HIF-1α and VEGF in HepG2 
and Hep3B cells under hypoxia was determined 

by real-time RT-PCR and Western blot. 
Compared with control group, both the gene 
expression and protein expression of the two 
molecules were increased in the hypoxia group 
significantly (all P < 0.05). Compared with 
hypoxia group, both mRNA and protein expres-
sions of HIF-1α and VEGF were significantly 
downregulated in SM groups of different con-
centrations, and the decrease was in a dose-
dependent manner (all P < 0.05) (Figures 7 and 
8). 

Discussion

PLC is a malignant tumor with high recurrence 
and metastasis rates, as well as a relatively 
poor prognosis [21, 22]. Hypoxia microenviron-
ment can contribute to tumor invasion and 
metastasis, as well as enhance the drug resis-
tance of tumors including PLC [23], which is 
closely related to HIF-1α/VEGF pathway [12, 
24]. SM is a mixture of flavonoids extracted 
from seeds and fruits of the plant named 

Figure 4. Silymarin (SM) reduced the invasive ability of HepG2 and Hep3B cells under hypoxia. Transwell invasion 
assay was used to test the ability of HepG2 cell (A and B) and Hep3B cell (C and D) to invade the filter membrane 
under hypoxia (magnification, × 40). Values represent the cell number (means ± SD) per visible field (*P < 0.05 
compared with hypoxia group).
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Silybum marianum [25]. It has been used as a 
traditional liver protective drug for decades 
because of its role in promoting bile secretion, 
anti-inflammatory, anti-oxidation, anti-apopto-
sis and anti-fibrosis [26]. However, there are 
few reports on the effect of SM on liver cancer 
cells in hypoxic environment.

In this study, our results demonstrated that in  
a hypoxic environment, even 10 umol/L of SM 
could significantly inhibit the proliferation of 
HepG2 and Hep3B cells, and the suppressive 
effect was positively correlated with its dose. 
When SM concentration increased to 160 
umol/L, the survival rates of HepG2 and Hep3B 

cells decreased to 4.13%. Moreover, our study 
demonstrated that under hypoxia, the IC50 of 
SM on HepG2 and Hep3B cells was 58.46 
umol/L and 45.71 umol/L, respectively. A previ-
ous study found the IC50 of SM on B16-F10 
melanoma cells was 67 umol/L [27], which is 
very close to our findings. In another study, it 
was reported that the IC50 of silymarin was 70 
umol/L against DU145 cells [28]. These results 
indicate that various tumor cells, including  
hepatoma cells, are highly sensitive to SM, and 
SM has potential application value in the treat-
ment of liver cancer. Based on above results, 
we continued to use different concentrations of 
SM (20 umol/L to 80 umol/L) for subsequent 

Figure 5. Silymarin (SM) reduced cell colony formation in HepG2 and Hep3B cells under hypoxia. SM treatment with 
different concentrations reduced HepG2 cell (A and B) and Hep3B cell (C and D) colony formation under hypoxia 
(magnification, × 40). Averaged colony numbers of three independent experiments (mean ± SD) are indicated by 
the histograms. Scale bar: 3 mm. *P < 0.05 compared with hypoxia group. 
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Figure 6. Silymarin (SM) induced apoptosis of HepG2 and Hep3B cells under hypoxia. Apoptosis of HepG2 (A and B) and Hep3B cells (C and D) was measured by 
flow cytometry with an Annexin V apoptosis detection kit. Averaged apoptosis rates of three independent experiments are shown as mean ± SD. *P < 0.05 compared 
with hypoxia group.
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Figure 7. Silymarin (SM) suppressed the expression of HIF-1α in HepG2 and Hep3B cells under hypoxia. HIF-1α 
mRNA level in HepG2 cells (A) and Hep3B cells (D) were determined by real-time reverse transcription-polymerase 
chain reaction (RT-PCR). Relative fold induction for HIF-1α mRNA (mean ± SD) in hypoxia and SM groups is pre-
sented relative to the expression in control group. Representative Western blot images of HIF-1α in HepG2 cells (B) 
and Hep3B cells (E) are shown, and the relative expression levels of HIF-1α protein in HepG2 cells (C) and Hep3B 
cells (F) were normalized to β-actin protein level (*P < 0.05 compared with hypoxia group). 

Figure 8. Silymarin (SM) suppressed the expression of vascular epidermal growth factor (VEGF) in HepG2 and 
Hep3B cells under hypoxia. mRNA level of VEGF in HepG2 cells (A) and Hep3B cells (D) were determined by real-time 
reverse transcription-polymerase chain reaction (RT-PCR). Relative fold induction for VEGF mRNA (mean ± SD) in hy-
poxia and SM groups is presented relative to the expression in control group. Representative Western blot images of 
VEGF in HepG2 cells (B) and Hep3B cells (E) are shown, and the relative expression levels of VEGF protein in HepG2 
cells (C) and Hep3B cells (F) were normalized to β-actin protein level (*P < 0.05 compared with hypoxia group). 
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experiments, and the cell migration and inva-
sion, colony formation experiment and flow 
cytometry experiment also achieved consistent 
research results. We found that under hypoxia, 
SM suppressed the migration, invasion and 
colony formation of HepG2 and Hep3B cells  
but induced cell apoptosis, and these effects 
were in a dose-dependent manner. When SM 
concentration reached 80 umol/L, the apopto-
sis rates of HepG2 and Hep3B cells were as 
high as 75.8% and 69.2%, respectively. These 
results are consistent with those of related 
studies on the anti-tumor effect of SM on PLC 
[29]. Due to its hepatoprotective effect and its 
killing effect on hepatoma cells, the develop-
ment of SM as a new type of high-efficiency and 
low-toxicity anti-liver cancer drug has theoreti-
cal feasibility and broad application prospects.

A previous study using N-nitrosodiethylamine-
induced HCC rat model reported that SM could 
inhibit cellular proliferation due to its ability to 
reduce the accumulation of β-catenin and 
cyclin D1, while the induction of tumor cell 
apoptosis was attributed to its ability to acti-
vate p53-related apoptosis [30]. Other studies 
reported that SM had suppressive effects on 
multiple cell lines via inhibition of HIF-1α/VEGF 
pathway. Miyazawa M et al. reported that SM 
suppressed HIF-1α expression under hypoxic 
conditions in ovarian clear-cell carcinoma cells 
[18]. Lin CH et al. reported that SM pretreat-
ment inhibited HIF-1α subunit accumulation, as 
well as VEGF secretion in retinal pigmented epi-
thelial cells [31]. Singh RP et al. reported the 
antiproliferative and proapoptotic effects of  
SM on human colorectal carcinoma HT29 cell 
were associated with down-regulated HIF-1α 
and VEGF expressions [32]. We thus continued 
to study the effect of SM on HIF-1α and VEGF 
expressions in HepG2 and Hep3B cells under 
hypoxia. Our results demonstrated both mole-
cules at the gene transcription level and protein 
level were suppressed significantly by SM in a 
dose-dependent manner. Our results were con-
sistent with those of other studies and suggest-
ed that SM suppressed HepG2 cells at least 
partly via downregulating HIF-1α/VEGF signal-
ing. Sameri S et al. reported that SM decreas- 
ed HIF-1α and VEGF expression by downregu-
lating MAPK (ERK1/2) and Akt signaling [33]. 
Lin CH et al. reported that SM decreased HIF-
1α and VEGF expressions via inhibiting phos-
phatidylinositol 3-kinase (PI3K)/Akt pathway 
[31]. García-Maceira P et al. reported the sup-

pressive effect of SM on HIF-1α accumulation 
and VEGF release in HeLa and Hep3B cells 
could be potentiated by LY294002, a PI3K/Akt 
inhibitor [34]. Compared to these studies, a  
significant limitation of this study is that the 
detailed mechanism by which SM regulates 
HIF-1α and VEGF expression in the hypoxic con-
dition has not been elucidated. In addition, our 
study is only an in vitro cytological test and has 
not been validated in animal models. Next, we 
will continue to conduct in-depth mechanism 
research and verify the relevant mechanisms 
through animal experiments.

In conclusion, our results provided evidence 
that SM exerted its antitumor effects via inhib-
iting HIF-1α/VEGF axis under hypoxia in a 
HepG2 cell line. HIF-1a/VEGF axis could be a 
potential drug therapy for liver cancer based on 
SM.
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