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Abstract

Objective To investigate the effect of estrogen on the invasion and metastasis of
MHCC97H hepatocellular carcinoma cells and the underlying mechanism.

Methods Scratch wound healing assay was used to detect the effect of estrogen
on the migration ability of MHCC97H hepatocellular carcinoma cells. Transwell
chamber assay was employed to assess the effect of estrogen on the invasion
ability of MHCC9TH hepatocellular carcinoma cells. Western blotting was uti-
lized to determine the effect of estrogen on the expression levels of MMP-2 and
MMP-9 in MHCC97H hepatocellular carcinoma cells. The effect of estrogen on
the protein expression levels of AKT and p-AKT in MHCC97H hepatocellular
carcinoma cells was also examined.

Results Estrogen effectively inhibited the migration and invasion abilities of
MHCC97H hepatocellular carcinoma cells in a concentration-dependent man-
ner. The number of MHCC97H hepatocellular carcinoma cells that penetrated
the Matrigel and reached the bottom of the chamber in the 0.1 mol/L and
1 mol/L concentration groups was (68.99+£15.74)% and (34.28+8.17)% of the
control group, respectively (P<0.05). Estrogen significantly inhibited the ex-
pression of MMP-2 and MMP-9 in MHCC97H hepatocellular carcinoma, cells,
with statistically significant differences observed at a concentration of 1 mol/L
(P<0.05). Estrogen also effectively suppressed the phosphorylation level of AKT
in MHCCO97H hepatocellular carcinoma cells, which was (90+2)% of the control
group at a concentration of 1 mol/L (P<0.05).

Conclusion Estrogen can effectively inhibit the migration and invasion of
MHCC97H hepatocellular carcinoma cells. This effect may be partially
associated with the modulation of AKT signaling pathway activity, which
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subsequently regulates the expression of MMP-2 and MMP-9. However, further
in-depth studies are required to confirm this relationship.

Full Text

Oestrogen Inhibits Invasion and Metastasis of Hepatocellu-
lar Carcinoma MHCC97H Cells by Regulating the Activity
of AKT Signaling Pathway

Changyin Tian!, Xin Zhang', Wenxue Zhao'!, Shuangsuo Dang!,
Yaofeng Jin?, Fanpu Ji',?

Department of Infectious Diseases, 2Department of Pathology, Second Affiliated
Hospital of Xi’ an Jiaotong University, Xi’ an 710004, China;

3Shaanxi Provincial Clinical Research Center for Hepatic and Splenic Diseases,
Xi* an 710004, China

Corresponding author: Fanpu Ji, Email: jifanpul979@163.com

Abstract

Objective: To investigate the effect of oestrogen on the invasion and metas-
tasis of MHCC9TH hepatocellular carcinoma cells and explore the underlying
molecular mechanisms.

Methods: Wound healing assay was used to assess the effect of oestrogen
on MHCC9TH cell migration, while Transwell assay evaluated its impact on
cell invasion. Western blotting was employed to detect the expression levels of
MMP-2, MMP-9, AKT, and p-AKT proteins in oestrogen-treated cells.

Results: Oestrogen effectively inhibited both migration and invasion of
MHCCOT7H cells in a dose-dependent manner. At concentrations of 0.1 mol/L
and 1 mol/L, the number of cells penetrating the Matrigel to reach the lower
chamber bottom was (68.99+15.74)% and (34.28+8.17)% of the control group,
respectively (P<0.05). Oestrogen also significantly suppressed MMP-2 and
MMP-9 expression, with statistically significant differences observed at 1 mol/L
(P<0.05). Furthermore, oestrogen treatment reduced AKT phosphorylation
levels to (90+2)% of control at 1 mol/L concentration (P<0.05).

Conclusion: Oestrogen effectively suppresses migration and invasion of
MHCC97H hepatocellular carcinoma cells, an effect that may be partially me-
diated through modulation of AKT signaling pathway activity and subsequent
regulation of MMP-2 and MMP-9 expression. However, further investigation is
required to confirm this relationship.

Keywords: oestrogen; MHCCI7H cells; invasion; AKT signaling pathway; ma-
trix metalloproteinases
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Introduction

Hepatocellular carcinoma (HCC) is one of the most common malignant tumors
worldwide. China is a high-incidence region for primary liver cancer, with
466,000 new HCC cases reported in 2015, ranking fourth among all newly diag-
nosed cancers after lung, gastric, and esophageal cancers. A notable epidemio-
logical feature of HCC is its gender disparity in incidence, with a male-to-female
ratio of 2.8-6.4:1 in China. Female patients typically present with fewer tumor
nodules, smaller tumor size, less vascular invasion, better prognosis, and longer
survival compared to male patients.

Research by Naugler et al. demonstrated that oestrogen inhibits Kupffer cell
production of interleukin-6 and suppresses STAT3 signaling pathway activa-
tion, which is associated with reduced HCC risk in female patients. Moreover,
oophorectomy increased both the incidence and lung metastasis rate of chemi-
cally induced HCC in rats, while significantly enlarging average tumor diameter.
Additional studies have shown that HCC patients exhibit lower serum oestrogen
levels, and that oestrogen receptor expression in liver tumor tissues correlates
with tumor staging. Oestrogen can also control tumor growth by inhibiting
NF- B activity through receptor binding.

Despite advances in HCC treatment, the overall therapeutic outcome remains
poor due to high invasiveness and recurrence rates. Interferon-induced trans-
membrane protein 3 (IFITM3) and sirtuin 3 (SIRT3) are closely associated with
HCC proliferation and invasion. Matrix metalloproteinases (MMPs), particu-
larly MMP-2 and MMP-9, are considered key molecules facilitating tumor cell
invasion and metastasis, and are closely correlated with HCC development and
prognosis. The AKT signaling pathway plays a crucial role in HCC pathogen-
esis, regulating apoptosis, proliferation, chemoresistance, and invasion. This
pathway can modulate HCC invasion and metastasis by regulating MMP-9 ex-
pression. However, whether oestrogen inhibits HCC cell invasion and metas-
tasis by modulating AKT signaling pathway activity remains unclear. This
study aimed to investigate whether oestrogen suppresses HCC cell invasion and
metastasis capacity through regulation of AKT signaling pathway activity.

1.1 Materials

The human hepatocellular carcinoma MHCC97H cell line was maintained in our
laboratory. DMEM medium and fetal bovine serum were purchased from Hy-
clone. AKT and p-AKT antibodies were obtained from Cell Signaling Technol-
ogy, while -actin antibody was from Santa Cruz Biotechnology. 17- -estradiol
was a product of Sigma-Aldrich.
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1.2 Cell Culture and Treatment

MHCC97H cells were cultured in DMEM supplemented with 10% fetal bovine
serum. Cells were passaged every 2-3 days upon reaching 70-80% confluence. 17-
-estradiol was dissolved in dimethyl sulfoxide (DMSO) at a final concentration
of <0.1%, then diluted with PBS to working concentrations. After cells reached
confluence, they were washed three times with PBS and cultured in serum-free
DMEM for 24 hours, followed by treatment with oestrogen at concentrations of
0, 0.1, and 1 mol/L for 24 hours. Total protein was then extracted for Western
blot analysis.

1.3 Cell Invasion Assay

Logarithmic-phase MHCC9TH cells were trypsinized and resuspended in
medium containing 2% serum to a density of 5x10 cells/mL. Cell suspension
(0.4 mL) with different oestrogen concentrations was added to the upper
Transwell chamber, while the lower chamber received standard medium with
10% serum. After 24 hours, cells were fixed, residual cells on the upper surface
were removed with cotton swabs, and cells on the lower surface were fixed,
stained, photographed, and counted under a microscope.

1.4 Wound Healing Assay

Logarithmic-phase MHCC9T7H cells were seeded in 6-well plates at appropriate
density and cultured in DMEM with 2% serum at 37°C. When cells reached
approximately 80% confluence, a “wound” was created using a 200 pL pipette
tip. Different oestrogen concentrations (0, 0.1, and 1 mol/L) were added, and
wound width was observed and photographed at 0 and 24 hours using an inverted
microscope.

1.5 Western Blotting

After 24-hour oestrogen treatment, MHCC9TH cells were digested and washed
twice with ice-cold PBS. Cells were lysed with lysis buffer and proteins were
extracted by centrifugation. Protein concentrations were determined using a
BCA protein assay kit, and loading amounts were adjusted accordingly. Pro-
teins were denatured by boiling, and equal amounts were loaded into each well
of SDS-PAGE gels. Electrophoresis conditions were adjusted according to tar-
get protein molecular weights. After electrophoresis, proteins were transferred
to PVDF membranes, which were blocked in 5% skim milk for 1 hour. Mem-
branes were incubated with primary antibodies at appropriate concentrations
overnight on a shaker, then washed three times with PBST. Corresponding sec-
ondary antibodies were applied for 1 hour at room temperature, followed by
three additional PBST washes and a final PBS wash (15 minutes each). Protein
bands were visualized using an imaging system.
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1.6 Statistical Analysis

All data are presented as mean + standard deviation. Inter-group comparisons
were performed using one-way ANOVA or t-test. P<0.05 was considered statis-
tically significant. Statistical analysis was conducted using SPSS 17.0 software.

Results
2.1 Effect of Oestrogen on MHCC97H Cell Migration

MHCC97H cells exhibited strong migratory capacity, with approximately 50%
wound closure observed 24 hours after scratching in control cells. However, oe-
strogen treatment significantly slowed wound healing in a dose-dependent man-
ner, with higher concentrations producing more pronounced inhibitory effects
[Figure 1: see original paper].

2.2 Effect of Oestrogen on MHCC97H Cell Invasion

MHCCO7H cells demonstrated strong invasive ability, which was significantly
suppressed by oestrogen treatment. The number of cells penetrating the Ma-
trigel to reach the lower chamber bottom decreased markedly with increasing
oestrogen concentration. At concentrations of 0.1 mol/L and 1 mol/L, the num-
ber of cells reaching the lower chamber was (68.994+15.74)% and (34.28+8.17)%
of the control group, respectively (P<0.05).

2.3 Effect of Oestrogen on MMP-2 and MMP-9 Expression in
MHCC97H Cells

MMP-2 and MMP-9 play important roles in HCC invasion and metastasis. Oe-
strogen treatment significantly reduced protein expression levels of both MMP-
2 and MMP-9 in MHCC97H cells, with statistically significant differences ob-
served at 1 mol/L concentration (P<0.05).

2.4 Effect of Oestrogen on AKT Signaling Pathway Activity

The AKT signaling pathway regulates tumor cell invasion and metastasis by
modulating expression and activity of molecules including MMP-2 and MMP-
9, with AKT phosphorylation levels reflecting pathway activity. Our results
showed that oestrogen treatment significantly reduced AKT phosphorylation
levels to (90+2)% of control at 1 mol/L concentration (P<0.05).

Discussion

Hepatocellular carcinoma is a highly malignant tumor with limited treatment op-
tions. Epidemiological studies have revealed significantly higher incidence rates
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and poorer prognoses in males compared to females. Chronic liver disease also
progresses more rapidly to cirrhosis in male patients, and HCC associated with
cirrhosis occurs predominantly in males and postmenopausal women. Research
has demonstrated that oestrogen inhibits inflammation-induced HCC develop-
ment, thereby reducing HCC risk in female patients, and controls tumor growth
by suppressing NF- B activity. These findings suggest that oestrogen plays an
important role in HCC pathogenesis.

HCC development involves multiple factors and signaling pathways, including
STAT3, NF- B, Wnt/ -catenin, and JNK. Tumor invasion and metastasis is a
complex process involving numerous molecules. Tumor cells must detach from
the primary site, traverse multiple barriers, enter the circulation, reach distant
sites, and establish new tumor colonies. This process requires acquisition of
specific capabilities that enable detachment, migration into surrounding tissues,
intravasation, and colonization. Matrix metalloproteinases are key molecules
facilitating this process, with MMP-2 and MMP-9 being closely associated with
HCC development and prognosis. The AKT signaling pathway plays a cru-
cial role in HCC pathogenesis and can regulate HCC invasion and metastasis by
modulating MMP-9 expression. PTEN has also been shown to inhibit HCC inva-
sion and metastasis by regulating AKT signaling and subsequently MMP-2 and
MMP-9 expression. Additionally, breast cancer research has demonstrated that
oestrogen regulates AKT signaling pathway activity to influence tumor develop-
ment. However, whether oestrogen’ s effect on HCC cell invasion and metastasis
involves AKT signaling pathway activity has not been reported. We therefore
hypothesized that oestrogen might inhibit HCC cell invasion and metastasis by
modulating AKT signaling pathway activity.

Previous studies have reported that 17- -estradiol inhibits MMP-9 expression
in cardiomyocytes, while clinical research has shown that high MMP-9 expres-
sion in HCC tissues correlates with tumor invasion and metastasis, with signifi-
cantly higher MMP-9 levels in HCC patients with portal vein tumor thrombus
compared to those without. Our results demonstrate that oestrogen inhibits
MHCC97H cell migration and invasion in a dose-dependent manner, support-
ing the protective role of oestrogen in HCC development and consistent with
previous reports. Furthermore, we observed that oestrogen treatment signifi-
cantly reduced MMP-2 and MMP-9 protein expression levels, accompanied by
decreased AKT phosphorylation. These findings confirm our hypothesis and
support the notion that oestrogen inhibits HCC development, at least partially
through regulation of AKT signaling pathway activity.

Our study has several limitations, including the use of a single HCC cell line
for in vitro experiments, only two oestrogen treatment concentrations, lack of
animal studies, and absence of clinical data on HCC staging and prognosis.
Nevertheless, our results suggest that oestrogen effectively inhibits MHCC97H
cell invasion and metastasis, possibly through modulation of AKT signaling
pathway activity and subsequent regulation of MMP-2 and MMP-9 expression,
which warrants further investigation.

chinarxiv.org/items/chinaxiv-201712.00248 Machine Translation


https://chinarxiv.org/items/chinaxiv-201712.00248

References

[1] Chen W, Zheng R, Baade PD, et al. Cancer statistics in China, 2015 [J]. CA
Cancer J Clin, 2016, 66(2): 115-32.

[2] Li T, Qin LX, Gong X, et al. Clinical characteristics, outcome, and risk
factors for early and late intrahepatic recurrence of female patients after curative
resection of hepatocellular carcinoma [J]. Surgery, 2014, 156(3): 651-60.

[3] Naugler WE, Sakurai T, Kim S, et al. Gender disparity in liver cancer
due to sex differences in MyD88-dependent IL-6 production [J]. Science, 2007,
317(5834): 121-4.

[4] Wang YC, Xu GL, Ying WD, et al. Protective effect of physiological estrogen
on hepatocarcinogenesis in rats [J]. Chinese Journal of Experimental Surgery,
2011, 28(7): 1105-6.

[5] El MahdyKorah T, Abd Elfatah Badr E, Mohamed Emara M, et al. Relation
between sex hormones and hepatocellular carcinoma [J]. Andrologia, 2016, 48(9):
948-55.

[6] Sheng ML, Xu GL, Zhang CH, et al. Aberrant estrogen receptor alpha expres-
sion correlates with hepatocellular carcinoma metastasis and its mechanisms [J].
Hepatogastroenterology, 2014, 61(129): 146-50.

[7] Kim JH, Choi YK, Byun JK, et al. Estrogen-related receptor is upregulated
in liver cancer and its inhibition suppresses liver cancer cell proliferation via
induction of p21 and p27 [J]. Exp Mol Med, 2016, 48: ¢213.

[8] Xu HW, Wei YN, Zhang Y, et al. Oestrogen attenuates tumour progression
in hepatocellular carcinoma [J]. J Pathol, 2012, 228(2): 172-85.

[9] Wu RS, Wu LQ, Li KH, et al. Silencing interferon-induced transmembrane
protein 3 inhibits proliferation and invasion of HepG2 hepatocellular carcinoma
cells [J]. J South Med Univ, 2016, 36(2): 244-9.

[10] Tao Y, Chen J. Effect of silent information regulator 3 on proliferation of
hepatocellular carcinoma cells [J]. J South Med Univ, 2016, 36(2): 195-9.

[11] Asha Nair S, Karunagaran D, Nair MB, et al. Changes in matrix metal-
loproteinases and their endogenous inhibitors during tumor progression in the
uterine cervix [J]. J Cancer Res Clin Oncol, 2003, 129(2): 123-31.

[12] Chen KL, Zhang S, Ji YY, et al. Baicalein inhibits the invasion and
metastatic capabilities of hepatocellular carcinoma cells via down-regulation of
the ERK pathway [J]. PLoS One, 2013, 8(9): €72927.

[13] Sui Y, Zheng X, Zhao D. Rab31 promoted hepatocellular carcinoma (HCC)
progression via inhibition of cell apoptosis induced by PI3K/AKT/Bcl-2/BAX
pathway [J]. Tumour Biol, 2015, 36(11): 8661-70.

chinarxiv.org/items/chinaxiv-201712.00248 Machine Translation


https://chinarxiv.org/items/chinaxiv-201712.00248

ChinaRxiv [$X]

[14] Gedaly R, Angulo P, Hundley J, et al. PKI-587 and sorafenib targeting
PI3K/AKT/mTOR and Ras/Raf/MAPK pathways synergistically inhibit HCC
cell proliferation [J]. J Surg Res, 2012, 176(2): 542-8.

[15] Ma S, Lee TK, Zheng BJ, et al. CD133 + HCC cancer stem cells confer
chemoresistance by preferential expression of the Akt/PKB survival pathway
[J]. Oncogene, 2008, 27(12): 1749-58.

[16] Carr BI, Wang Z, Wang M, et al. c-Met-Akt pathway-mediated enhance-
ment of inhibitory c-Raf phosphorylation is involved in vitamin K1 and sorafenib
synergy on HCC growth inhibition [J]. Cancer Biol Ther, 2011, 12(6): 531-8.

[17] Chen JS, Wang Q, Fu XH, et al. Involvement of PI3K/PTEN/AKT/mTOR
pathway in invasion and metastasis in hepatocellular carcinoma: Association
with MMP-9 [J]. Hepatol Res, 2009, 39(2): 177-86.

[18] Singal AG, El-Serag HB. Hepatocellular carcinoma from epidemiology to
prevention: translating knowledge into practice [J]. Clin Gastroenterol Hepatol,
2015, 13(12): 2140-51.

[19] Shimizu I. Impact of oestrogens on the progression of liver disease [J]. Liver
Int, 2003, 23(1): 63-9.

[20] Xie HL, Jiang H, Wu FS. Promoting effect of Wnt/ -catenin signaling path-
way on hepatocellular carcinoma [J]. J South Med Univ, 2014, 34(6): 913-6.

[21] Maeda S, Kamata H, Luo JL, et al. IKKbeta couples hepatocyte death to
cytokine-driven compensatory proliferation that promotes chemical hepatocar-
cinogenesis [J]. Cell, 2005, 121(7): 977-90.

[22] Sakurai T, Maeda S, Chang L, et al. Loss of hepatic NF-kappa B activ-
ity enhances chemical hepatocarcinogenesis through sustained c-Jun N-terminal
kinase 1 activation [J]. Proc Natl Acad Sci USA, 2006, 103(28): 10544-51.

[23] Tian T, Nan KJ, Guo H, et al. PTEN inhibits the migration and invasion
of HepG2 cells by coordinately decreasing MMP expression via the PI3K/Akt
pathway [J]. Oncol Rep, 2010, 23(6): 1553-9.

[24] Ray S, Darbre PD. Crosstalk with insulin and dependence on
PI3K/Akt/mTOR rather than MAPK pathways in upregulation of basal
growth following long-term oestrogen deprivation in three human breast cancer
cell lines [J]. Horm Mol Biol Clin Investig, 2011, 5(2): 53-65.

[25] Seow HF, Yip WK, Loh HW, et al. Immunohistochemical detection of
phospho-Akt, phospho-BAD, HER2 and oestrogen receptors alpha and beta in
Malaysian breast cancer patients [J]. Pathol Oncol Res, 2010, 16(2): 239-48.

[26] Lee JY, Choi HY, Na WH, et al. 17 -estradiol inhibits MMP-9 and
SUR1/TrpM4 expression and activation and thereby attenuates BSCB disrup-
tion/hemorrhage after spinal cord injury in male rats [J]. Endocrinology, 2015,
156(5): 1838-50.

chinarxiv.org/items/chinaxiv-201712.00248 Machine Translation


https://chinarxiv.org/items/chinaxiv-201712.00248

ChinaRxiv [$X]

Figure Legends

[Figure 1: see original paper] Effect of oestrogen on wound healing of
MHCC9TH cells (Original magnification: x20). (A) Migration of MHCC97H
cells after oestrogen treatment; (B) Compared with control cells, oestrogen-
treated MHCC9T7H cells showed decreased migration distance. ¥*P<0.05.

[Figure 2: see original paper] Inhibitory effect of oestrogen on invasion of
MHCCO7H cells. (A) Cells penetrating the Matrigel to the chamber bottom
(x400); (B) Percentage of cells reaching the bottom of the chamber in different
groups. *P<0.05.

[Figure 3: see original paper]| Inhibitory effect of oestrogen on expressions
of MMP-2 and MMP-9 proteins in MHCC97H cells. (A) Western blotting of
MMP-2 and MMP-9 in cells treated with oestrogen; (B) Relative expression
levels of MMP-2 and MMP-9. *P<0.05 vs control.

[Figure 4: see original paper| Effect of oestrogen on activity of AKT signal-
ing pathway. (A) Western blotting of p-AKT protein expression in cells treated
with oestrogen; (B) Relative expression of p-AKT. *P<0.05 vs control.

Note: Figure translations are in progress. See original paper for figures.

Source: ChinaXiv —Machine translation. Verify with original.
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