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Objective: To investigate the effects of mTOR-STAT3 pathway on the invasion and migration
of hepatoma cell. Methods: mTOR and STAT3 expresssion in the hepatocellular carcinoma
cell line HepG2 and normal liver cell line 102 were detected by reverse transcription PCR (RT—
PCR) and western blotting. The migration and invasion abilities of cells and expression of STAT3
were detected by scratch adhesion test and transwell migration assays, after siRNA transfection

blocking mTOR expression of HepG2 cells. Results: The HepG2 cells expression is higher

I]fg:}:rcf;cer compared with normal cells 1.02 expression. Western blotting assay showed the mTOR expression
mTOR/STAT3 was blocked, while STAT3 expression was also decreased, after the siRNA transfection of HepG2
Invasion cells. The migration (scratch adhesion test) and invasion (transwell assays) abilities of HepG2 cells
Metastasis which the mTOR expression was blocked by siRNA interference were significantly decreased

(P<0.05). Conclusion: mTORSTAT3 expression in hepatoma cells HepG2 was significantly higher

than that in normal liver cells. mTOR blocking can reduce the expression of STAT3, which is also

closely related to the invasion and metastasis of liver cancer cells.

1. Introduction

Liver cancer is the most common malignant tumors,
which including hepatocellular carcinoma and metastatic
liver cancer. China is a high prevalence area of liver
cancer with the high incidence rate and mortality. Primary
hepatocellular carcinoma (HCC) is one of the most common
clinical malignant tumor, it is the second largest cause of
cancer related death. The number of new cases in china
every year is occupy 55% of the world, which has greatly
threatened human healthl1-3]. Conventional treatment
in clinical are surgery, chemotherapy and radiotherapy.

Surgery is the preferred treatment for liver cancer, which
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with low resection rate and poor prognosis, only small
portion of patients with satisfactory results. There is
cirrhosis with most of the liver cancer patients, and also
associated with hypersplenism and peripheral hypocytosis.
Liver cancer patients” also unbearable to systemic
chemotherapy; Radiation therapy is usually only for liver
function is still good and without complication (such as
cirrhosis, ascites, jaundices) and without distant metastasis,
so the range for radiation therapy is relatively narrow. Other
optional treatments include immunotherapy and traditional
Chinese medicine, but these treatments have poor effect, so
the clinical application is relatively limitedi4-6.

The earliest occurrence of liver cancer metastasis is in
the liver and easily invasive the hepatic portal vein and
its branches then form a tumor thrombu. Tumor thrombus
exfoliated and caused multiple metastases in the liver.
The extrahepatic metastasis include blood metastasis
(lung metastasis has the highest metastaic rate), lymph

node metastasis and implantation metastasis|7.8]. There
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are two main forms of mammalian target of rapamycin
(mTOR), which can participate in a series of intracellular
physiological and pathological processes: mTOR—Raptor
complex and the mTOR-Rictor complex. mToR—Raptor
complex was found earlier than the mTOR-Rietor complex,
which can regulate protein synthesis in cells and affect the
growth and proliferation of cells[9.101. Signal transduction and
activator of transcription 3 (STAT3) is a bifunctional protein
that mainly exists in cytoplasm. It can couple to tyrosine
phosphorylation signal channel and play an important role,
such as regulate the expression of a variety of proteins
related to the cell proliferation and apoptosis. Excessive
activation of STAT3 in cells can promote cell proliferation
and inhibit apoptosis, it can also promote angiogenesis and
involved in the regulation of tumor cells immune escape.
Excessive activation of STAT3 is considered to be one of
the important mechanisms of tumorigenesis, the abnormal
activation of STAT3 also showed in multiple hepatoma cell
strains[11-14],

In this study, we blocked the expression of mTOR and
observed its effect on regulating the STAT3, and further
observed the effect on liver cancer cell invasion and
metastasis, try to find new direction for the treatment of liver

cancer and the inhibition of liver cancer metastasis.

2. Materials and methods
2.1. Main materials

The HepG2 and 102 cells were purchased from Shanghai
Cell Bank. mTOR antibody, STAT3 antibody, B —actin
antibody were purchased from ABcam Company,
correpondding anti antibody were purchased from Beijing
Zhongshan Jingiao Company. RNA extraction Trizol,
transfection reagent Lipo—fectamine 2000 were purchased
from Invitrogen Corporation. RT-PCR kit was purchased

from Fermentas company.

Table 1
Targeting mTOR siRNA transcriptional template sequences.
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2.2. Experimental methods

2.2.1. Cell transfection and grouping

Human hepatoma cell line HepG2 was cultured in RPMI1640
medium containing 10% fetal bovine serum, then was placed
in 5% CO, 37 °C constant temperature incubator. According
to 434-452 sites of mTOR gene, the oligonucleotide template
and the nonsense templates was designed and synthesized
(negative control nonsense templates had no homology
with any coding sequence) (Table 1), oligo—1 and oligo-2,
oligo—3 and oligo—4 of each template were complement to
DNA duplexes. Two double-stranded DNA were transcribed
to produce the siRNA sense strand and antisense strand
respectively, after double—stranded siRNA was obtained,
20 bp DNA Ladder Marker was used as a reference and
was identified by agarose gel electrophoresis. During
transfection, the siRNA/liposome complex was placed at
room temperature for 20 min, then the cells were added to
be transfected, then they were mixed and observed after 24
h culture. Groups were as follows (n=3): HepG2 cells without
any treatment as control group, transfected negative control
sequence HepG2 as negative control group, transfected
mTOR-siRNA HepG2 as experimental group. After 48 h
of transfection, cells were collected by trypsin digestion.

Cells in each group were collected after 48 h transfection.
Conventional method Trizol reagent was used for
total RNA extraction and reverse transcription was
performed. mTOR gene primer sequence upstream:
5"CGCTGTCATCCCTTTATCG3’; primer downstream
sequence: SATGCTCAAACACCTCCACC3’. Internal
reference GAPDH primer upstream sequences:
5"GCACCGTCAAGGCTGAGAA3’; primer downstream
sequence: 5AGGTCCACCACTGACACGTTF3’. PCR
conditions were set as follows: 95 °C 10 min, 95 °C 15 s, 53 °C
30 s, 72 °C 30 s, 40 cycles. Parallel experiments were

repeated three times.

2.2.2. Western blotting

Cells were collected and protein was extrected

Sequence name Sequence

siRNA

oligo—1 5’—=AAGATAGTTGGCAAATCTGCCTATAGTGAGTCGTATTAGGATCC-3

oligo—2 5'~GGATCCTAATACGACTCACTATAGGCAGATTTGCCAACTATC-3’
oligo—3 5"~AAGGCAGATTTGCCAACTATCTATAGTGAGTCGTATTAGGATCC-3’
oligo—4 5’~GGATCCTAATACGACTCACTATAGATAGTTGGCAAATCTGCC-3'

siRNA—control

oligo—1 5"~AAGGCCATAATCAAGAAATACTATAGTGAGTCGTATTAGGATCC-3

oligo—2 5’ =GGATCCTAATACGACTCACTATAGTATTTCTTGATTATGGCCTT-3
oligo—3 5’—~AAGTATTTCTTGATTATGGCCTATAGTGAGTCGTATTAGGATCC-3’
oligo—4 5’=GGATCCTAATACGACTCACTATAGGCCATAATCAAGAAATACTT-3
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byconventional method. After protein quantification, SDS—
PAGE separation and PVDF transfer, Western blot method
was used to detect mTOR and STAT3 expressions.

2.2.3. HepG2 cells basement membrane invasive ability
detection

Transwell upper chamber surface was coated by Matrigel
5 ttg, and was air dried at 4 °C, basement membrane was
hydrated, and 500 ¢ L culture medium (containing FBS
or chemokines) was added in Transwell lower chamber.
Transfected cells and non—transfected cells were collected
after 48 h, cell density was adjusted to 1x10%/mL. 200
L was then added to each Transwell chamber. The
Transwell plate was cultured in 5% CO, 37 °C, after 24 h
the chamber was removed and the cells were washed with
PBS. Noninvasive cells were wiped off with a cotton on
matrix gelatin and the surface of upper chamber, fixed with
methanol, stained with crystal violet and washed with PBS.
Five fields of vision were selected randomly from each slice
for 200 times microscopic observation and the number of
invasion cells which through basement membrane were
counted. Mean value was regarded as the invasion and

metastasis number. This test was repeated for three times.

2.2.4. Scratch adhesion test

After grouping, cells in 24—well plate were seeded. When
the cells grew to 90% confluence, three straight lines
were drawn for the cells in each well with 10 ¢ L pipette
tip. They were washed with PBS for three times, then
cultured in the medium for 24 h. Five fields of vision were
selected randomly from cells in each well for microscopic
observation. There were 3 parallel holes at every group and

each well was repeated twice.
2.3. Statistical analysis

The measurement data were expressed as mean=SD values
and the difference between each group were analyzed by
SPSS/Win13.0 software (SPSS, Chicago, IL). One—Way ANOVA
was applied in the comparison between groups, P<0.05 has
statistical significance.

3. Results

3.1. Hepatoma cells and normal liver cells mTOR and STAT3

express won

The results showed that the expression of HepG2 cells was
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higher than 1.02 cells (P<0.05) (Figure 1).
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Figure 1. Hepatoma cells and normal liver cells mTOR and STAT3

expression.
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Figure 2. The mTOR and STAT3 expression of hepatoma cells and

normal liver cells.

3.2. Transfection cells mTOR expression

This showed successful transfection and siRNA
interference blocked the expression of mTOR. Compared
with the control group, the Western blot detection showed
that the STAT3 protein expression was also significantly
decreased (P<0.05) after blocking the expression of mTOR.

3.3. mTOR blocking on HepG2 invasion and metastatic
ability

After transfection blocking of the mTOR expression,
use Transwell assay to detect the change of HepG 2 cell
basement membrane invasion ability. As shown in Figure 3,
the number of passed membrane cells in the blank group, the
control group and the transfection group were 289+17, 291+
16, 67+12. Compared with the blank group and the control
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group, the number of passed membrane cells decreased
significantly (P<0.05).Compared the blank group with the

control group, there is no statistically significant (P>0.05).

Blank group Control group Transfection group

Figure 3. Transwell cell invasion ability detection (200x).

After transfection of siRNA blocked the expression of
mTOR, scratch adhesion test showed the scratch width of the
blank group, control group and transfection group were 1.35
+0.29, 1.26+0.38, 0.63+0.42 mm respectively, Compared with
the blank group and the control group, the migration of the
cells in MTOR siRNA transfection group was significantly
decreased, scratch healing speed was significantly
decreased (P<<0.05), while compare the scratch width of the
blank group with the control group, the differences between

two groups have no statistically significant (P> 0.05).

4. Discussion

With the gradual deepening study of the mTOR signals
pathway recently, MTOR signaling pathway conduction was
found closely related with a variety of tumor occurrence
and development, especially in the process of cell growth
and proliferation of mTOR signaling pathway. However, the
mechanism of mTOR gene on liver cancer cells invasion
and metastasis is still not clear. In this study, we design
and synthesize siRNA sequences which aiming at mTOR
gene, and use it to transfected human hepatoma cell line
HepG2, observed its effect on liver cancer cell invasion
and metastasis. After 48 h of siRNA transfection, detected
the expression of mTOR at the gene level and protein level
respectively. The results showed that: mTOR with high
expression in the non—transfected mTOR—siRNA blank
control group, while after the mTOR siRNA transfection,
successfully blocked its expression at the mRNA level
and protein level. This indicates that the design of siRNA
sequences successfully blocked the expression of mTOR.
The mTOR siRNAture we designed can be used as tools
for the further study of liver cancer occurrence and

development, invasion and metastasis|15-17].

In the basic characteristics of malignant tumors, invasion
and metastasis are the important aspect, which are also
the main factors lead to cancer recurrence and mortality.
During the treatment of liver cancer, the key factors include
the control of tumor invasion and metastasis(18-21l. Recent
studies showed that STAT3 signaling pathway plays an
important role in the incidence and the development
of cancer, especially in the promotion of tumor cell
proliferation, inhibition of tumor cell apoptosis, promote
tumor cell invasion and metastasis and immune escape,
STAT3 signaling pathway is particularly importantl17.22-
25]. In this study, we further demonstrated the role of mTOR
in the regulation of STAT3. After blocking mTOR, STAT3
expression was significantly reduced, which provides more
powerful evidence that mTOR as therapeutic target of liver
cancer metastasis.

In this study, we used Transwell invasion assay in vitro
to detect cell invasion. The numbers of passed membrane
cells were used as characterization to evaluate the changes
of HepG2 cells invasive ability before and after siRNA
transfection. The results showed that the mTOR siRNA
transfection cells can successfully block the expression
of mTOR. Compared cells invasive ability of transfected
cells with non—transfected cells, the cell invasion was
significantly decreased after siRNA blocked mTOR
expression. This indicates mTOR is an important regulatory
factor in the process of invasion and metastasis of HCC,
which plays an important regulatory role. This effect may
because it can regulate STAT3.

In conclusion, this study further confirmed mTOR and
STAT3 with high expression in liver cancer cells. After
blocking mTOR expression, the expression of STAT3 also
reduced, further validates mTOR can regulate STAT3. And
the experimental results showed that mMTOR-STAT signaling
down-regulation significantly inhibited the invasion and
metastasis of liver cancer cells, which provide potential new
ideas for the liver cancer anti—metastatic treatment. Follow—
up studies also need to study the STAT3 further downstream
signal transduction after blocking mTOR, so that can have
deeper researches in the role of mTOR/STAT3 signaling

pathways in liver metastasis.

Conflict of interest statement

We declare that we have no conflict of interest.



372 Xia Pu et al./Asian Pacific Journal of Tropical Medicine (2014)368-372

References

[1] Liu LL, Li W, Li YJ. Expression and clinical significance
of hepatocellular carcinoma tissue CD133 and CD90. Acta
Academiae Medicinae Qingdao Universitatis 2013; 49(5): 393—
396.

[2] Llovet JM. Updated treatment approach to hepatocellular
carcinoma. J Gastroenierol 2005; 40(3): 225-235.

[3] Wang ZG, Zhang GF, Wu JC, Jia MK. Adjuvant therapy for
hepatocellular carcinoma: Current situation and prospect. Drug
Discov Ther 2013; 7(4): 137-143.

[4] Lin S, Hoffmann K, Schemmer P. Treatment of hepatocellular
carcinoma: A systematic review. Liver Cancer 2012; 1: 144—-158.

[5] Aebersold DM. Potential and future strategies for radiotherapy in
hepatocellular carcinoma. Liver Int 2009; 29(2): 145-146.

[6] Miamen AG, Dong H, Roberts LR. Immunotherapeutic approaches
to hepatocellular carcinoma treatment. Liver Cancer 2012; 1(3—4):
226-237.

[7] Aravalli RN, Cressman EN, Steer CJ. Cellular and molecular
mechanisms of hepatocellular carcinoma: an update. Arch Toxicol
2013; 87(2): 227-247. doi: 10.1007/s00204-012-0931-2. Epub
2012 Sep 25.

[8] Buitrago—Molina LE, Vogel A. mTor as a potential target for
the prevention and treatment of hepatocellular carcinoma. Curr
Cancer Drug Targets 2012; 12(9): 1045-1061.

[9] Moeini A, Cornella H, Villanueva A. Emerging signaling pathways
in hepatocellular carcinoma. Liver Cancer 2012; 1(2): 83-93.

[10]Finn RS. Current and future treatment strategies for patients with
advanced hepatocellular carcinoma: Role of mTOR inhibition.
Liver Cancer 2012; 1(3—4): 247-256.

[11]Subramaniam A, Shanmugam MK, Perumal E, Li F, Nachiyappan
A, Dai X, et al. Potential role of signal transducer and activator
of transcription (STAT)3 signaling pathway in inflammation,
survival, proliferation and invasion of hepatocellular carcinoma.
Biochim Biophys Acta 2013; 1835: 46-60. doi: 10.1016/
j-bbcan.2012.10.002. Epub 2012 Oct 26.

[12]Capece D, Fischietti M, Verzella D, Gaggiano A, Cicciarelli
G, Tessitore A, et al. The inflammatory microenvironment in
hepatocellular carcinoma: a pivotal role for tumor—associated
macrophages. Biomed Res Int 2013; 2013: 187204. doi:
10.1155/2013/187204. Epub 2012 Dec 30.

[13]Muntané J, De la Rosa AJ, Docobo F, Garcia—Carbonero R,

Padillo FJ. Targeting tyrosine kinase receptors in hepatocellular
carcinoma. Curr Cancer Drug Targets 2013; 13(3): 300-312.

[14]Huynh H. Molecularly targeted therapy in hepatocellular
carcinoma. Biochem Pharmacol 2010; 80(5): 550-560. doi:
10.1016/j.bep.2010.03.034. Epub 2010 Apr 4.

[15Martin J, Dufour JF. Tumor suppressor and hepatocellular
carcinoma. World J Gastroenterol 2008; 14(11): 1720-1733.

[16]Arbuthnot P, Capovilla A, Kew M. Putative role of hepatitis B
virus X protein in hepatocarcinogenesis: effects on apoptosis,
DNA repair, mitogen—activated protein kinase and JAK/STAT
pathways. J Gastroenterol Hepatol 2000; 15(4): 357-368.

[17]Zhou Q, Lui VW, Yeo W. Targeting the PI3K/Akt/mTOR pathway
in hepatocellular carcinoma. Future Oncol 2011; 7(10): 1149—
1167. doi: 10.2217/fon.11.95

[18]Yu L, Dai Z, Wang Z, Fan J, Zhou J. Prognostic indicators for
tumor recurrence after liver transplantation in hepatocellular
carcinoma and related molecular targeted therapy. Oncology 2011;
81(Suppl 1): 116-122. doi: 10.1159/000333273. Epub 2011 Dec
22.

[19]Kudo M. Signaling pathway/molecular targets and new targeted
agents under development in hepatocellular carcinoma. World J
Gastroenterol 2012; 18(42): 6005-6017. doi: 10.3748/wjg.v18.
142.6005.

[20]Scagliotti GV, Novello S, von Pawel J. The emerging role of MET/
HGF inhibitors in oncology. Cancer Treat Rev 2013; 39(7): 793—
801. doi: 10.1016/j.ctrv.2013.02.001. Epub 2013 Feb 28.

[21]Nakagawa H, Maeda S. Inflammation- and stress—related
signaling pathways in hepatocarcinogenesis. World J Gastroenterol
2012; 18(31): 4071-4081. doi: 10.3748/wjg.v18.131.4071.

[22]Mair M, Blaas L, Osterreicher CH, Casanova E, Efer] R. JAK—
STAT signaling in hepatic fibrosis. Front Biosci (Landmark Ed).
2011; 16: 2794-2811.

[23]Fabregat I. Dysregulation of apoptosis in hepatocellular carcinoma
cells. World J Gastroenterol 2009; 15(5): 513-520.

[24]Calvisi DF, Pascale RM, Feo F. Dissection of signal transduction
pathways as a tool for the development of targeted therapies
ofhepatocellular carcinoma. Rev Recent Clin Trials 2007; 2(3):
217-236.

[25]Waris G, Tardif KD, Siddiqui A. Endoplasmic reticulum
(ER) stress: hepatitis C virus induces an ER-nucleus signal
transduction pathway and activates NF-kappaB and STAT-3.
Biochem Pharmacol 2002; 64(10): 1425-1430.





