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Upregulation of miR-18 controls the progression of
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Abstract: Aberrant expression of miR-18 was widely reported in various cancers, including prostate cancer and
colon cancer. However, its specific role in hepatocellular carcinoma has never been elucidated. The relative level of
miR-18 was determined in HCC tissues and cells using real time PCR. The effect of miR-18 on EMT was analyzed
by in vitro scratch assays. The changes of EMT markers were determined using western blot analysis. The possible
target gene of miR-18 was studied with dual-luciferase reporter assay. Compared with normal para-carcinoma tissue, the level of miR-18 was significantly upregulated in HCC tissues. Meanwhile, compared with LO2 cells, the level
of miR-18 was decreased in HepG2, Hep3B, and Sk-Hep1 cells. Western blot analysis showed that transfection with
miR-18 inhibitor significantly decreased the expression of E-cad and enhanced the protein expression of α-SMA,
fibronectin and vimentin. Moreover, inhibition of miR-18 enhanced cell migration at 24 h and 48 h, respectively.
Dual-luciferase assay demonstrated that miR-18 significantly reduced the relative luciferase activity of pmirGLOSmad2-3’UTR. To conclude, we showed that reduced miR-18 level enhanced HepG2 cell migration and EMT process
mainly by targeting Smad2.
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Introduction
Hepatocellular carcinoma (HCC) is the most
common cancer and the third leading cause
of cancer-related mortality worldwide [1, 2].
According to statistics, the global burden of
HCC is continuing to rise and it is estimated to
be the second highest increase in cancer-related death by 2030 [3]. During hepatocarcinogenesis, a high rate of recurrence after surgery
and strong metastasis lead to the extremely
poor prognosis of HCC [4]. Therefore, it is of
great importance to improve the prognosis of
HCC.
Transforming growth factor beta (TGF β) plays a
key role in regulating epithelial cell morphology,
autonomous tumor initiation, progression and
metastasis [5-7]. There are three different isoforms for TGF-β family, including TGF-β1, TGFβ2 and TGF-β3. In the livers, TGFβ1 is the major

form and it exerts its function mainly through
Smad proteins [8]. Accompanied by the loss of
epithelial markers and the acquisition of migration markers, TGFβ1 enhances the process of
epithelial-mesenchymal transition (EMT) [9,
10]. Activation of TGFβ1 signaling leads to the
translocation of Smad2 and Smad3 into the
nucleus, thereby modulating metastatic process [11]. Therefore, exploring the underlying
mechanisms that regulate TGF-β signaling in
the metastatic process may shed light on the
novel targets for therapeutic interventions in
HCC.
MicroRNAs (miRNAs) are small non-coding
RNAs that act as important posttranscriptional
regulators of gene expression [12]. Previous
studies have demonstrated that miRNAs widely
participate in the regulation of cell proliferation,
differentiation and apoptosis [12-14]. Recently,
it was reported that miR-323-3p prompts pan-
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Figure 1. Decreased miR-18 expression in HCC tissues and cell lines. A. Compared with normal para-carcinoma
tissue, the level of miR-18 was significantly upregulated in HCC tissues. B. Compared with LO2 cells, the level of
miR-18 was increased in HepG2, Hep3B, and Sk-Hep1 cells. Data were presented as mean ± SE. n=5, *P < 0.05,
**P < 0.01.

creatic ductal adenocarcinoma cell invasion
and metastasis mainly by targeting Smad2 and
Smad3 [15]. Moreover, enhanced miR-425 expression was reported to enhance esophageal
squamous cell carcinoma mainly by binding the
3’untranslated region (3’UTR) of Smad2. Aberrant expression of miR-18 was widely reported in various cancers, including prostate cancer and colon cancer [16, 17]. However, its specific role in hepatocellular carcinoma has never
been elucidated.

tained from the Committee of Type Culture
Collection of the Chinese Academy of Sciences
(Shanghai, China). All cell lines were obtained
from American Type Culture Collection (Manassas, VA) and cultured in RPMI-1640 supplemented with 10% fetal bovine serum (FBS)
(v/v), streptomycin (100 mg/ml) and penicillin
(100 IU/ml) at 37°C in a humidified atmosphere
containing 5% CO2.

In the present study, we first demonstrated that the expression level of miR-18 was significantly reduced in the tissues of HCC patients.
Furthermore, through suppression the expression of Smad2, decreased miR-18 expression
significantly led to the activation of TGF-β signaling, thereby enhancing the metastasis of
HCC.

Cells were seeded at 106 cells/well in the 6-well
plates. Meanwhile, miR-18 mimic, inhibitor, or
miR negative control (Genepharma) were mixed
with HiperFect transfection reagent (QIAGEN)
and incubated at room temperature for 10 min.
Then, the complex was added in to the culture
medium for 48 h.

Materials and methods
Cell culture
The human HCC cell lines, HepG2 (well differentiated, low metastatic potential), Hep3B (well
differentiated, low metastatic potential), and
Human liver adenocarcinoma Endothelial cell
line, Sk-Hep1 were purchased from the American Type Culture Collection (Manassas, VA,
USA). The normal liver cell line LO2 were ob-
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Transient transfection

RNA extraction and real-time PCR
The total RNA from cultured cells was isolated
with TriZol (Invitrogen) according to the manufacturer’s instructions. The total RNA was
reverse transcribed into complementary DNA
(cDNA) with TaqMan RNA Reverse Transcription
Kit (Applied Biosystems). A quantitative realtime PCR assay was performed using SYBR
Green Supermix (Bio-Rad) in a BIO-RAD iCycleriQ real-time PCR detection system as previously described [18].
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Figure 2. Inhibition of miR-18 prompts the process of EMT and cell migration. A. The cells demonstrated an elongated and spindle-shaped morphology after transfection with miR-18 inhibitor for 48 h. B. Western blot analysis
showed that transfection with miR-18 inhibitor significantly decreased the expression of E-cad and enhanced the
protein expression of α-SMA, Fibronectin and Vimentin. C. Inhibition of miR-18 enhanced cell migration at 24 h and
48 h, respectively. Data were presented as mean ± SE. n=3, *P < 0.05, **P < 0.01.

Protein extraction and Western blot analysis

Luciferase target assay

Proteins samples were extracted in RIPA buffer
(1% TritonX-100, 15 mmol/L NaCl, 5 mmol/L
EDTA, and 10 mmol/L Tris-HCl (pH 7.0) (Solarbio,
China) supplemented with a protease and
phosphatase inhibitor cocktail (Sigma) and
then separated by 10% SDS-PAGE, followed by
electrophoretical transfer to a PVDF membrane. After soaking with 8% milk in PBST (pH
7.5) for 2 h at room temperature, the membranes were incubated with the following primary antibodies: anti-Smad2, anti-E-cadherin
(E-cad), α-SMA, Fibronectin (FN), Vimentin (Vi)
and anti-GAPDH (Cell signaling). Immunodetection was performed by enhanced chemiluminscence detection system (Millipore) according to the manufacturer’s instructions. The
house-keeping gene GAPDH was used as the
internal control.

The 3’untranslated region (UTR) of Smad2 containing the predicted binding site was cloned
into the pmirGLO (Promega) luciferase reporter
vector. The PCR procedures are as follows: a
hot start step at 95°C for 10 min, 40 cycles at
95°C for 15 s and 55°C for 45 s, 72°C for 30 s.
To construct the mutant vector, the Fast
Mutagenesis System was applied (TransGen
Biotech, Beijing, China).
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For luciferase reporter assay, cells were seeded at 5×104 cells/well in 24-well plates in a
500 μl for 18 h. Then, the modified firefly luciferase vector (500 ng/μl) was mixed with
Vigofect transfection reagent according to the
manufacturer’s instruction. After transfection
for 48 h, the Dual-luciferase reporter assay system (Promega) was applied to determine the
changes of relative luciferase units (RLU).
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Figure 3. Smad2 is a target gene of miR-18. A. Schematic analysis showed the binding sites of miR-18 in the 3’UTR
of Smad2. B. Dual-luciferase assay demonstrated that miR-18 significantly reduced the relative luciferase activity of
pmirGLO-Smad2-3’UTR. C. Overexpression of miR-18 markedly decreased the protein level of Smad2. D. Inhibition
of miR-18 significantly enhanced the expression of Smad2. Data were presented as mean ± SE. n=3, *P < 0.05,
**P < 0.01.

Renilla activity was used as the internal control.
Migration assay
Cell migration was identified using in vitro
scratch assays. Firstly, cells were cultured at
105 cells/well in 12-well plates for 24 h. Then, a
pipette tip was applied to create an artificial
gap in the confluent cell monolayer. After transfection with miR-18 mimic, inhibitor or NC for
48 h, the cells were washed with pre-warmed
PBS for three times to remove the debris. The
initial images of the scratch (0 h) and final images of the scratch (48 h) were taken.
Statistical analysis
Data were presented as mean ± SD from 3
independent experiments or 5 mice. Statistical
analysis was carried out with Student’s t test. P
< 0.05 was considered as statistically significant difference.
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Results
Decreased miR-18 expression in HCC tissues
and cell lines
Firstly, we determined the level of miR-18 in
HCC tissues. Compared with normal para-carcinoma tissue, the level of miR-18 was significantly upregulated in HCC tissues (Figure 1A).
Meanwhile, compared with LO2 cells, the level
of miR-18 was increased in HepG2, Hep3B, and
Sk-Hep1 cells (Figure 1A).
Inhibition of miR-18 prompts the process of
EMT and cell migration
Then, we explored the possible effects of miR18 inhibitor on hepG2 cell morphological
changes and the expression of EMT markers.
As shown in Figure 2A, the cells demonstrated
an elongated and spindle-shaped morphology
after transfection with miR-18 inhibitor for 48
h. Western blot analysis showed that transfection with miR-18 inhibitor significantly de-
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Figure 4. Overexpression of miR-18
abolished TGF-β-induced EMT processes in HepG2 cells. A. Western
blot analysis showed that overexpression of miR-18 significantly abolished
TGF-β-induced changes of EMT markers. B. TGF-β treatment induced cell
morphological changes could be reversed by overexpression of miR-18.
Data were presented as mean ± SE.
n=3, *P < 0.05, **P < 0.01.

creased the epithelia marker, E-cad. In contrast, inhibition of miR-18 markedly enhanced
the protein expression of α-SMA, Fibronectin
and Vimentin (Figure 2B). Moreover, we explored the possible role of miR-18 inhibitor on
HepG2 cell migration. It was found that inhibition of miR-18 enhanced cell migration at 24 h
and 48 h, respectively (Figure 2C). These data
suggested that reduced miR-18 level was a key
regulator in HepG2 cell morphology changes
and migration.
Smad2 is a target gene of miR-18
We then explored the possible target genes of
miR-18 that were related to TGF-β. Through
TargetScan prediction, a conserved binding site
of miR-18 on the 3’UTR of Smad2 was identified (Figure 3A). Dual-luciferase assay demonstrated that miR-18 significantly reduced the
relative luciferase activity of pmirGLO-Smad23’UTR (Figure 3A). Then, miR-18 mimic or inhibitor was transfected in HepG2 cells for 48 h,
respectively. As shown in Figure 3B, overex-
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pression of miR-18 markedly decreased the
protein level of Smad2. In contrast, inhibition of
miR-18 significantly enhanced the expression
of Smad2 (Figure 3C). These data suggested
that Smad2 was a target gene of miR-18.
Overexpression of miR-18 abolished TGF-βinduced EMT processes in HepG2 cells
Then we try to explore whether overexpression
of miR-18 could reverse TGF-β-induced EMT
processes in HepG2 cells. As shown in Figure
4A, overexpression of miR-18 significantly decreased the expression of Smad2. Meanwhile,
the epithelial marker of E-cad was upregulated,
while the protein expression of α-SMA, FN and
Vi was reduced. In comparison, TGF-β treatment enhanced the expression of Smad2,
accompanied by decreased E-cad expression
and enhanced α-SMA, FN and Vi expression.
More importantly, we found that overexpression of miR-18 significantly abolished TGF-βinduced changes of EMT markers (Figure 4A).
Furthermore, TGF-β treatment induced cell

Int J Clin Exp Pathol 2017;10(4):4506-4513

miR-18 regulates HCC by targeting Smad2
morphological changes could be reversed by
overexpression of miR-18 (Figure 4B).
Discussion
Accumulating evidence has suggested the
important role of miRNAs in the progression of
HCC. Several miRNAs have been reported to be
differentially expressed in HCC tissues, including miR-122, miR-129-2, miR-34 [19-21]. In the
present study, we first showed that the level of
miR-18 was significantly decreased in both
HCC tissues and cell lines. We have shown that
inhibition of miR-18 enhanced the process of
EMT and cell migration. However, the specific
underlying mechanism of miR-18 on HCC progression has never been explored.
TGF-β plays a key role in tumorigenesis mainly
through facilitating epithelial to mesenchymal
transition by inhibiting E-cadherin [22]. The
EMT process refers to the loss of cell-cell contact and the acquisition of fibroblasts properties, inducing cell migration [1, 23]. Then, we
explored the effect of miR-18 inhibition on the
process of EMT. Interestingly, we found that
inhibition of miR-18 markedly enhanced HepG2
cell morphology changes and EMT transitions.
Previous study has shown that TGF-β enhances
the migration of human HCC cell line, SMMC7721 cell, through inducing epithelial to mesenchymal transition [24]. Thus, our data
showed the possible tumor suppressor role of
miR-18 in HCC progression.
Then, we tried to explore the possible target
genes of miR-18 that correlate with TGF-β signaling. Dual luciferase reporter assay demonstrated that Smad2 was a target gene of miR18. Through binding the 3’UTR of Smad2,
reduced miR-18 expression enhanced EMT processes in HepG2 cells. Loss of E-Cad and
acquisition of the mesenchymal phenotype are
common features of EMT [2, 10, 25]. Here, the
epithelial marker, E-Cad, and the mesenchymal
markers, α-SMA, FN and Vi, were selected in
the present study. Here, we demonstrated that
overexpression of miR-18 significantly abolished TGF-β-induced upregulation of α-SMA, FN
and Vi. Smad-dependent signaling pathway
plays a key role in cancer progression. Here, we
demonstrated that inhibition of miR-18 prompted cancer cell migration through enhancing
EMT process.
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The TGF-β-SMAD pathway enhances HCC progression by controlling different stages in the
process of cancer cell metastasis, including
epithelial-to-mesenchymal transition (EMT)
[22, 23]. Abnormal EMT transformation enhances tumor cells migration from the primary site
into circulation [26, 27]. Several key regulators
are implicated in the process of EMT, including
Smad2, Snail, Slug, ZEB2 and FOXC2 [10, 11,
28]. Previous study has shown that overactivation of TGF-β-SMAD2 signaling suppresses the
expression of E-cadherin via controlling DNA
methylation [11, 27]. Furthermore, enhanced
TGF-β expression was reported to induce vessel invasion, liver metastasis, advanced tumor
stages and shorter survival times in patient
with HCC [29, 30]. In contrast, suppression of
TGF-β signaling was effective for the suppression of cell migration in mouse model [31]. Here, we showed that reduced miR-18 level enhanced HepG2 cell migration through increasing
EMT process mainly by targeting Smad2.
Here, we first demonstrated that miR-18 plays
a key role in the progression of TGF-β signaling,
indicating that the miR-18/TGF-β signaling cascade controls the metastatic progression of
HCC. Our findings may shed light on novel strategies for the treatment of patients with metastatic HCC.
Disclosure of conflict of interest
None.
Address correspondence to: Heping Lin, Department
of Respiratory Medicine, the Third Affiliated Hospital of Wenzhou Medical University, 108 Wansong
Road, Ruian 325200, Zhejiang Province, China.
E-mail: szj8316@163.com

References
[1]

[2]

[3]

Shen Y, Wei Y, Wang Z, Jing Y, He H, Yuan J, Li
R, Zhao Q, Wei L, Yang T and Lu J. TGF-beta
regulates hepatocellular carcinoma progression by inducing Treg cell polarization. Cell
Physiol Biochem 2015; 35: 1623-1632.
Gupta DK, Singh N and Sahu DK. TGF-beta Mediated Crosstalk Between Malignant Hepatocyte and Tumor Microenvironment in Hepatocellular Carcinoma. Cancer growth metastasis
2014; 7: 1-8.
Ferlay J, Shin HR, Bray F, Forman D, Mathers C
and Parkin DM. Estimates of worldwide burden

Int J Clin Exp Pathol 2017;10(4):4506-4513

miR-18 regulates HCC by targeting Smad2

[4]
[5]

[6]

[7]

[8]

[9]

[10]

[11]

[12]

[13]

of cancer in 2008: GLOBOCAN 2008. Int J Cancer 2010; 127: 2893-2917.
Parkin DM. The global health burden of infection-associated cancers in the year 2002. Int J
Cancer 2006; 118: 3030-3044.
Jiang F, Wang X, Liu Q, Shen J, Li Z, Li Y and
Zhang J. Inhibition of TGF-beta/SMAD3/NFkappaB signaling by microRNA-491 is involved
in arsenic trioxide-induced anti-angiogenesis
in hepatocellular carcinoma cells. Toxicol lett
2014; 231: 55-61.
Kiyono K, Suzuki HI, Matsuyama H, Morishita
Y, Komuro A, Kano MR, Sugimoto K and Miyazono K. Autophagy is activated by TGF-beta
and potentiates TGF-beta-mediated growth inhibition in human hepatocellular carcinoma
cells. Cancer res 2009; 69: 8844-8852.
Li H, He G, Yao H, Song L, Zeng L, Peng X, Rosol
TJ and Deng X. TGF-beta Induces Degradation
of PTHrP Through Ubiquitin-Proteasome System in Hepatocellular Carcinoma. J Cancer
2015; 6: 511-518.
Meindl-Beinker NM, Matsuzaki K and Dooley
S. TGF-beta signaling in onset and progression
of hepatocellular carcinoma. Dig dis 2012; 30:
514-523.
Musch A, Rabe C, Paik MD, Berna MJ, Schmitz
V, Hoffmann P, Nischalke HD, Sauerbruch T
and Caselmann WH. Altered expression of TGFbeta receptors in hepatocellular carcinoma-effects of a constitutively active TGF-beta type
I receptor mutant. Digestion 2005; 71: 78-91.
Serova M, Tijeras-Raballand A, Dos Santos C,
Albuquerque M, Paradis V, Neuzillet C, Benhadji KA, Raymond E, Faivre S and de Gramont A.
Effects of TGF-beta signalling inhibition with
galunisertib (LY2157299) in hepatocellular
carcinoma models and in ex vivo whole tumor
tissue samples from patients. Oncotarget
2015; 6: 21614-21627.
Wu J, Han J, Hou B, Deng C, Wu H and Shen L.
Sulforaphane inhibits TGF-beta-induced epithelial-mesenchymal transition of hepatocellular carcinoma cells via the reactive oxygen
species-dependent pathway. Oncol rep 2016;
35: 2977-2983.
Wu Q, Liu HO, Liu YD, Liu WS, Pan D, Zhang WJ,
Yang L, Fu Q, Xu JJ and Gu JX. Decreased expression of hepatocyte nuclear factor 4alpha
(Hnf4alpha)/microRNA-122 (miR-122) axis in
hepatitis B virus-associated hepatocellular carcinoma enhances potential oncogenic GALNT10 protein activity. J Biol Chem 2015; 290:
1170-1185.
Wu X, Deng L, Tang D, Ying G, Yao X, Liu F and
Liang G. miR-615-5p prevents proliferation
and migration through negatively regulating
serine hydromethyltransferase 2 (SHMT2) in

4512

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

hepatocellular carcinoma. Tumour biol 2016;
37: 6813-6821.
Xia K, Zhang Y, Cao S, Wu Y, Guo W, Yuan W
and Zhang S. miR-411 regulated ITCH expression and promoted cell proliferation in human
hepatocellular carcinoma cells. Biomed pharmacother 2015; 70: 158-163.
Wang C, Liu P, Wu H, Cui P, Li Y, Liu Y, Liu Z and
Gou S. MicroRNA-323-3p inhibits cell invasion
and metastasis in pancreatic ductal adenocarcinoma via direct suppression of SMAD2 and
SMAD3. Oncotarget 2016; 7: 14912-14924.
Al-Kafaji G, Al-Naieb ZT and Bakhiet M. Increased oncogenic microRNA-18a expression
in the peripheral blood of patients with prostate cancer: A potential novel non-invasive biomarker. Oncol lett 2016; 11: 1201-1206.
Knudsen KN, Nielsen BS, Lindebjerg J, Hansen
TF, Holst R and Sorensen FB. microRNA-17 Is
the Most Up-Regulated Member of the miR-1792 Cluster during Early Colon Cancer Evolution. PLoS one 2015; 10: e0140503.
Guo J, Li M, Meng X, Sui J, Dou L, Tang W,
Huang X, Man Y, Wang S and Li J. MiR-291b-3p
induces apoptosis in liver cell line NCTC1469
by reducing the level of RNA-binding protein
HuR. Cell physiol biochem 2014; 33: 810-822.
Kim SS, Nam JS, Cho HJ, Won JH, Kim JW, Ji JH,
Yang MJ, Park JH, Noh CK, Shin SJ, Lee KM,
Cho SW and Cheong JY. Plasma micoRNA-122
as a predictive marker for treatment response
following transarterial chemoembolization in
patients with hepatocellular carcinoma. J Gastroenterol Hepatol 2016; [Epub ahead of print].
Liu Z, Dou C, Yao B, Xu M, Ding L, Wang Y, Jia Y,
Li Q, Zhang H, Tu K, Song T and Liu Q. Methylation-mediated repression of microRNA-129-2
suppresses cell aggressiveness by inhibiting
high mobility group box 1 in human hepatocellular carcinoma. Oncotarget 2016; [Epub
ahead of print].
Chamani F, Sadeghizadeh M, Masoumi M and
Babashah S. Evaluation of MiR-34 Family and
DNA Methyltransferases 1, 3A, 3B Gene Expression Levels in Hepatocellular Carcinoma
Following Treatment with Dendrosomal Nanocurcumin. Asian Pac J Cancer Prev 2016; 17
Spec No.: 219-224.
Yuan JH, Yang F, Wang F, Ma JZ, Guo YJ, Tao QF,
Liu F, Pan W, Wang TT, Zhou CC, Wang SB,
Wang YZ, Yang Y, Yang N, Zhou WP, Yang GS
and Sun SH. A long noncoding RNA activated
by TGF-beta promotes the invasion-metastasis
cascade in hepatocellular carcinoma. Cancer
cell 2014; 25: 666-681.
Zhang PP, Wang PQ, Qiao CP, Zhang Q, Zhang
JP, Chen F, Zhang X, Xie WF, Yuan ZL, Li ZS and
Chen YX. Differentiation therapy of hepatocellular carcinoma by inhibiting the activity of

Int J Clin Exp Pathol 2017;10(4):4506-4513

miR-18 regulates HCC by targeting Smad2

[24]

[25]

[26]

[27]

AKT/GSK-3beta/beta-catenin axis and TGFbeta induced EMT with sophocarpine. Cancer
lett 2016; 376: 95-103.
Xu Z, Shen MX, Ma DZ, Wang LY and Zha XL.
TGF-beta1-promoted epithelial-to-mesenchymal transformation and cell adhesion contribute to TGF-beta1-enhanced cell migration in
SMMC-7721 cells. Cell res 2003; 13: 343350.
Jiang X, Xiang G, Wang Y, Zhang L, Yang X, Cao
L, Peng H, Xue P and Chen D. MicroRNA590-5p regulates proliferation and invasion in
human hepatocellular carcinoma cells by targeting TGF-beta RII. Mol cells 2012; 33: 545551.
Xin Z, Zhang W, Xu A, Zhang L, Yan T, Li Z, Wu
X, Zhu X, Ma J, Li K, Li H and Liu Y. Polymorphisms in the potential functional regions of
the TGF-beta 1 and TGF-beta receptor genes
and disease susceptibility in HBV-related hepatocellular carcinoma patients. Mol carcinog
2012; 51 Suppl 1: E123-131.
Yang G, Liang Y, Zheng T, Song R, Wang J, Shi
H, Sun B, Xie C, Li Y, Han J, Pan S, Lan Y, Liu X,
Zhu M, Wang Y and Liu L. FCN2 inhibits epithelial-mesenchymal transition-induced metastasis of hepatocellular carcinoma via TGF-beta/
Smad signaling. Cancer lett 2016; 378: 80-6.

4513

[28] Song S, Yuan P, Wu H, Chen J, Fu J, Li P, Lu J
and Wei W. Dendritic cells with an increased
PD-L1 by TGF-beta induce T cell anergy for the
cytotoxicity of hepatocellular carcinoma cells.
Int immunopharmacol 2014; 20: 117-123.
[29] Ru NY, Wu J, Chen ZN and Bian H. HAb18G/
CD147 is involved in TGF-beta-induced epithelial-mesenchymal transition and hepatocellular carcinoma invasion. Cell biol int 2015; 39:
44-51.
[30] Wang Q, Yu T, Yuan Y, Zhuang H, Wang Z, Liu X
and Feng M. Sorafenib reduces hepatic infiltrated regulatory T cells in hepatocellular carcinoma patients by suppressing TGF-beta signal.
J surg oncol 2013; 107: 422-427.
[31] Teraoka H, Sawada T, Yamashita Y, Nakata B,
Ohira M, Ishikawa T, Nishino H and Hirakawa
K. TGF-beta1 promotes liver metastasis of pancreatic cancer by modulating the capacity of
cellular invasion. Int J Oncol 2001; 19: 709715.

Int J Clin Exp Pathol 2017;10(4):4506-4513

