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Abstract

AIM: To investigate the role of transforming growth
factor (TGF)-p-inducible early gene 1 (TIEG1) in TGF-
B-induced growth inhibition in hepatocellular carcinoma
(HCC) cells.
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METHODS: Human hepatocyte and HCC cell lines
with varied susceptibilities to TGF-B1 were tested by
methylthiazoletetrazolium (MTT) assay. The expression
changes of Smad2, Smad3, Smad4, Smad’, TIEGI
and 7ZEGZ2 gene following treatment with TGF-p1 in a
TGF-B-sensitive hepatocyte cell line (MIHA), a TGF-B-
sensitive hepatoma cell line (Hep3B) and two TGF--
insensitive hepatoma cell lines (HepG2 and Bel7404)
were examined. SiRNA targeting TIEG1 was trans-
fected into Hep3B cells and the sensitivity of cells to
TGF-B1 was examined. Overexpression of TIEG1 was
induced by lentiviral-mediated transduction in TGF-p1-
resistant hepatoma cell lines (Bel7404 and HepG2).
MTT assay and 4',6-Diamidino-2-phenylindole stain-
ing were used to identify cell viability and apoptosis,
respectively. The expression level of stathmin was
measured by reverse transcriptase polymerase chain
reaction and Western-blotting analysis, and stathmin
promoter activity by TIEG1 was monitored by a lucifer-
ase reporter gene system.

RESULTS: TIEG1 was significantly upregulated by
TGF-B1 in the TGF-B1-sensitive HCC cell line, Hep3B,
but not in the resistant cell lines. The suppression of
TIEG1 by siRNAs decreased the sensitivity of Hep3B
cells to TGF-B1, whereas the overexpression of TIEG1
mediated growth inhibition and apoptosis in TGF-B1-
resistant HCC cell lines, which resembled those of TGF-
B1-sensitive HCC cells treated with TGF-B1. Our data
further suggested that stathmin was a direct target of
TIEG1, as stathmin was significantly downregulated by
TIEG1 overexpression, and stathmin promoter activity
was inhibited by TIEG1 in a dose-dependent manner.

CONCLUSION: Our data suggest that transactiva-

tion of TIEG1 conferred growth inhibition of TGF-p-
susceptible human HCC cells.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is the fifth most com-
mon cancer and the third most common cause of cancer
death worldwide, and there are few effective therapeutic
options available for those suffering from advanced dis-
easel. HCC poses a major challenge because of its clini-
cal heterogeneity and lack of good diagnostic markers
and treatment strategiesm. Transforming growth factor-f§
(TGF-B) is a multifunctional cytokine which regulates
cell proliferation, migration and differentiation". TGF-B
has been shown to inhibit cell proliferation and to induce
apoptosis to control excessive growth of hepatocytes
and maintain liver size, and is considered a liver tumor
suppressorm. However, many HCC cells are thought to
have lost their sensitivity to TGF-f, and thus escape the
antiproliferative effect of TGF—BH’SJ. The loss of TGF-3
activities resulting in hyperproliferative disorders and can-
cer in the liver and derangement of TGF-f signaling are
associated with an increased incidence of HCC. TGF-B
has shown dual effects on tumors, in that it can either be
pro- or anti-tumorigenetic, depending on the stage of tu-
morigenesis and the responsiveness of the tumor cells”.
Various studies have shown that TGF-f signaling may
suppress human hepatocarcinogenesis, possibly #i cyclin
D1 deregulationm, and that TGF- could serve as a po-
tential senescence inducer in HCC cells and thereby inhib-
it tumor growth vive”. However, in advanced cancers,
TGF-f has been found to be a tumor enhancer because it
can promote tumor progression by facilitating tumor inva-
sion, neoangiogenesis, and immunosuppressionllUJ

The TGF-B-inducible early gene 1 (TTEGT) can be
activated at the initial stage of the TGF-f pathway. Pre-
vious studies have shown that TIEG1 has an important
role in regulating cell growthl“’lzj. This gene is classified
as a member of the Kriippel-like family of transcription
factors (KLF10), all of which bind to GC-rich Sp1-like
binding sites to regulate gene transcription“zj. In addi-

(49

Boishidongs  WIG | www.wjgnet.com

tion, TIEGT1 is also regarded as a potent transcriptional
repressor. The overexpression of TIEG1 has been found
to induce apoptosis in pancreatic cancer cells, and this
indicates that it has a pivotal role in mediating TGF-[3-
induced apoptosism’m. In addition, TIEG1 was found
to induce apoptosis »iz a mechanism which involves the
formation of reactive oxygen speciesm. The transcrip-
tion level of TIEGT was found to be predominantly ex-
pressed in vatious tissues, and the associated levels were
regulated by cytokines and growth factors!”. It is well
known that different HCC cell lines respond differently
to TGF-f treatment, and that some HCC cell lines are
sensitive to TGF-f3, whereas others are resistant. How-
ever, the molecular mechanism underlying the differential
responses has never been elucidated. In the present study,
we investigated the role of TIEG1 in TGF-B-induced
growth inhibition in HCC cells. We deduced that trans-
activation of the TIEG1 conferred growth inhibition of
TGF-B-susceptible human HCC cells.

MATERIALS AND METHODS

Cell culture

Immortalized human hepatocyte (MIHA), HCC cell lines
(HepG2, Hep3B, Bel7404, Huh-7, and PLC), and human
HEK?293T cells were cultured in Dulbecco’s modified
Eagle medium supplemented with 10% fetal bovine se-
rum and 100 U/mL penicillin/streptomycin (Invitrogen,
Carlsbad, CA, United States). All cultures were main-
tained in a humidified 37 °C incubator with 5% CO:x.

TGF-31 treatments

Prior to treatment with TGF-1, the cells were seeded,
allowed to attach for 24 h and then starved in a serum-
free medium for another 24 h. The cells were then treated
with 5 ng/mL TGF-B1 (R&D System, Minneapolis, MN,
United States) for the indicated time periods. Cell sur-
vival and changes in nuclei morphology were respectively
monitored using methylthiazoletetrazolium (MTT) assays
and 4°,6-Diamidino-2-phenylindole (DAPI) staining'”
after 96 h of treatment.

Reverse transcriptase-polymerase chain reaction

For gene response studies, the total RNA was extracted
using TRIZOL (Invitrogen), and then cDNA synthesis
was performed using the Superscript First-Strand Syn-
thesis Kit (Promega, United States)"”. The mRNA levels
of genes were determined by quantitative real-time poly-
merase chain reaction (PCR) or semi-quantitative reverse
transcriptase (RT)-PCR". The following forward and
reverse primers were used respectively: TIEG1: 5-GT-
CACATCTGTAGCCACCCA-3 and 5-CCTCCTTTCA-
CAACCTTTCC-3’; TIEG2: 5-TCTGACTCTGGGGAT-
GTCAC-3’ and 5-CGGCAATCTGGAGTCTGGA-3%
Smad2: 5’-GCCACGGTAGAAATGACAAG-3’ and
5’-CAGACTGAGCCAGAAGAGCA-3’; Smad3:
5-GAACGGGCAGGAGGAGAAAT-3’and 5-ACAG-
GCGGCAGTAGATGACA-3’; Smad4: 5-CCATTTC-
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CAATCATCCTGCT-3’ and 5-ACCTTTGCCTATGTG-
CAACC-3%; Smad7: 5-CTTAGCCGACTCTGCGAACT-3
and 5’-CCCAGGCTCCAGAAGAAGTT-3% Stathmin
(STMN): 5-TTTTCAATCCCAATTCTGTC-3’ and
5-GAAAGTAACAGCTGACCTGG-3’; glyceraldehyde-
3-phosphate dehydrogenase (GAPDH) (loading control):
5-CCAGCCGAGCCACATCGCTC-3’ and 5’-AT-
GAGCCCCAGCCTTCTCCAT-3". Quantitative real-time
PCR was performed using SYBRs GREEN PCR Master
Mix (Applied Biosystems, Warrington, United Kingdom)
and an ABI 7500 Real-time PCR system. The relative
amount of mRNA expression was normalized based on
the expression of human GAPDH. Each of the normal-
ized gene expression values was calibrated to the normal-
ized gene expression of cells with TGF-f1 treatment at
time zero. The experiments were repeated thrice to build
a geometric mean. Alternatively, RT-PCR was employed
for semi-quantitative analysis of gene expression levels.
GAPDH acted as the internal control.

SiRNA transfection

For siRNA transfection, Hep3B cells were transfected
with 50 pmol control siRNA or TIEG1 siRNA (Santa
Cruz) using oligofectamime (Invitrogen). A second iden-
tical transfection was carried out 24 h later. Seventy-two
hours after the first transfection, the total RNA was ex-
tracted and real-time RT-PCR was performed to evaluate
the downregulatory effects. Moreover, 5 X 10 cells were
seeded onto 96-well plates and transfected with siRNA
twice and then treated with 5 ng/mlL TGF-B1 for 72 h.
MTT assay was then performed to determine the changes
in cell growth.

Lentiviral transduction

Lentiviral vectors expressing TIEG1 were constructed,
as previously described"”. The VSV-G pseudotyped len-
tiviruses were produced by cotransfecting 293T cells with
the transfer vector and three packaging vectors. The cells
were transduced with lentivirus, as described!”.

Western blotting

The SDS-PAGE and Western blotting analysis were pet-
formed, as previously described"”. The primary antibodies
used were polyclonal antibodies against TIEG1 (sc-23159;
Santa Cruz) and Actin (80-50; Abcam).

Luciferase reporter assays

The promoter of STMN was constructed into the pGL3-
basic luciferase reporter vector (Promega, Madison,
WI, United States) using primer: F-Kpn [ : 5-CCGG-
TACCTCTAAGGCACGGTCAGACCA-3’, R-Bgl II:
5-CGCAGATCTCCTGACCACACTCTGAGC-3’. For
the luciferase assay, 293T cells were co-transfected with
pGL3-promoter-STMN vectort, a renilla plasmid, along
with different amount of TIEG1-expressed construct or
pEGFP-NT1 vector. Cell extracts were lysed 48 h post-
transfection and assayed for luciferase activities using the
Dual-Luciferase Reporter Assay System (Promega).
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Figure 1 Susceptibilities of various human hepatocyte (MIHA) and hepa-
tocellular carcinoma cells (Hep3B, PLC, Huh7, HepG2, and Bel7404) to
transforming growth factor-f. A: Cells were treated with 5 ng/mL transform-
ing growth factor (TGF)-B1 for 96 h and cell survival was then determined by
methylthiazoletetrazolium assays; B: Nuclear morphology of apoptotic TGF-f3-
treated Hep3B cells demonstrated by 4',6-Diamidino-2-phenylindole staining
and examined by fluorescence microscopy. Scale bar: 50 um, 400 x.

Statistical analysis
Data are expressed as the mean + SD error of the mean.
Statistical differences between groups were compared us-
ing the Student’s # test. P values less than 0.05 were con-
sidered significant.

RESULTS

Susceptibilities of human hepatocyte and HCC cell lines
to TGF-31

The cell proliferation inhibitory effect of TGF-f1 on vari-
ous cell lines was evaluated by MTT assay (Figure 1A).
TGF-B1 exerted the highest inhibitory effect on Hep3B (>
80%), a known TGF-B-sensitive hepatoma cell line, exhib-

May 7, 2012 | Volume 18 | Issue 17 |



Jiang L et a/. TIEG1 confers TGF-B-induced growth inhibition

TIEG1
15 [OO0h
[J05h
L 12 O1h
T>, H2h
2 H4h
< 91
=
4
€
g 6
®
Y ﬂ
. rﬁ ‘ ‘ J
HepG2 Bel7404 MIHA Hep3B
Smad2
30 OO0h
[J05h
O1h
§ H2h
3 27 M4h
<
=
4
S
[
=
B 1r
&
0
HepG2 Bel7404 MIHA Hep3B
Smad4
30 OO0h
[J05h
O1h
- H2h
3 2| MW4h
<
=
4
S
[
=
' W m
[0
[~4
0
HepG2 Bel7404 MIHA Hep3B

Relative mRNA levels Relative mRNA levels

Relative mRNA levels

TIEG2
r Ooh
[Jo5h
O1h
HW2h
[ E4h

1l

HepG2 Bel7404 MIHA

Hep3B

Smad3
r Ooh
Jo05h
O1h
r ME2h
H4h

o

HepG2 Bel7404

MIHA Hep3B
Smad7
r doh
J0.5h
r d1h
H2h
r HW4h

HepG2 Bel7404

MIHA Hep3B

Figure 2 Differential responses of TIEGs and Smads in various TGF-B1-treated cells. Cells were treated with 5 ng/mL TGF-B1 for up to 4 h. At indicated time in-
tervals, the mRNA levels of TIEG1, TIEG2, Smad2, Smad3, Smad4, and Smad7 were determined by quantitative real-time RT-PCRs. Data were presented as mRNA

levels relative to that of time 0 from three independent experiments.

ited a moderate inhibition (approximately 60%) in MIHA
cells, a TGF-B-sensitive hepatocyte cell line, and an inhi-
bition rate of approximately 60% was observed in HCC
PLC cells. In addition, TGF-B1 exerted only marginal in-
hibitory effects on Huh7 cells (approximately 30%). Lastly,
HepG2 and Bel7404 cells exhibited resistance to growth
inhibition by TGF-B1 and completely lost their sensitivity
to TGF-B. Using DAPI staining and subsequent fluores-
cence it was revealed by microscopic examination that the
growth inhibitory effect of TGF-f1 on Hep3B cells was
via the induction of apoptosis (Figure 1B).

Differential responses of TIEGs and Smads in various
TGF-31-treated cells

Firstly, we employed semi-quantitative PCR analysis to
determine the basal mRNA level of eight different genes,
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namely, the TGF-B1 receptor 1, the TGF-B1 receptor
2, Smad2, Smad3, Smad4, Smad7, TIEG1 and TIEG2,
which are involved in the TGF-f signaling pathway in all
the cell lines studied. We found no correlation between the
expression of TGF-f-related genes and their sensitivity to
TGF-B. All interested genes were present in all cell lines at
slightly varied levels (data not shown). Because there was
no correlation between the static expression of the TGE-
B-related genes and the sensitivity of different HCC cells
to TGF-f, we next examined the expression changes of
these genes after they had been treated with TGF-B1 in
a TGF-B-sensitive hepatocyte cell line (MIHA), a TGF-
[-sensitive hepatoma cell line (Hep3B) and two TGF-§-
insensitive hepatoma cell lines (HepG2 and Bel7404). Fig-
ure 2 shows the relative changes in expression of vatious
genes in response to TGF-B1 over time. The TIEG1 was
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Figure 3 Downregulation of transforming growth factor-B-inducible early gene 1 by RNA interference (siRNA) decreased the transforming growth factor-B1
susceptibility of Hep3B cells. A: Decreases in the transforming growth factor (TGF)-B-inducible early gene 1 (TIEG1) mRNA level in siRNAs targeting TIEG1
(siTIEG1)-transfected Hep3B cells with or without TGF-B1 treatment. Cells were transfected with siTIEG1 prior to the TGF-B1 treatments described above. After 4 h
of treatment, mRNA levels of TIEG1 were determined by quantitative reverse transcriptase-polymerase chain reaction; B: Increases in the survivability of the siTIEG1-
transfected and the TGF-B1-treated Hep3B cells. The decreased growth inhibitory response of Hep3B cells to TGF-B1 treatment was determined by methylthiazoletet-

razolium assays after 72 h of TGF-B1 treatment. °P < 0.05.

sharply upregulated as eatly as 30 min after TGF-f31 treat-
ment in MIHA and Hep3B cells, which were sensitive to
TGF-B. One hour after treatment, TIEGT1 was upregulat-
ed seven-fold in MIHA and more than ten-fold in Hep3B
cells, respectively. However, there was a slight increase in
TGF-B-insensitive cells (HepG2 and Bel7404). TIEG1
mRNA levels were more potently induced by TGF-1 in
TGF-B1-sensitive cell lines (Hep3B and MIHA) than in
TGF-B1-insensitive cell lines (HepG2 and Bel7404).

We also observed that the Swad3 gene was upregulated
in TGF-B-sensitive cells after TGF-1 treatment for 4 h,
and that there was no significant change in insensitive
hepatoma cells. However, the upregulation of TIEGT ex-
pression appeared carlier than upregulation of the Swad3
gene in TGF-B-sensitive cells. In the case of another
gene, namely Smad7, the expression was sharply upregu-
lated after treatment in TGF-B-sensitive cells and weakly
upregulated in insensitive hepatoma cells. There was no
significant change in TIEG2, Smad2 and Smad4 gene ex-
pression after TGF-B1 treatment. Smad7 is thought to be
a TGF-B-inducible antagonist of TGF-f3 signalingll(’], and
there are autoregulatory negative-feedback signals in the
signal transduction of the TGF-3 superfamﬂym. These
data imply that the TIEGT gene might play a critical role
in TGF-B-mediated growth inhibition of HCC cells.

SiRNA targeting TIEG1 decreased TGF-3 susceptibility
of Hep3B cells

To study the role of TIEG1 in TGF-f induced growth
inhibition in HCC cells, we used siRNA to target TIEG1 in
the TGF-B-sensitive hepatoma cell line Hep3B. The siRNA
targeting significantly decreased the mRNA expression of
TIEG1 with or without TGF-B1 treatment (Figure 3A),
and consequently increased the survival rate of the cells
after treatment with TGF-B1 for 72 h (Figure 3B).

Overexpression of TIEG1 by lentiviral-mediated
transduction inhibited cell growth and induced
apoptosis in TGF-31-resistant hepatoma cells

As seen in Figure 4, the overexpression of TIEG1 was

(49

_gu;ﬁfm,@ WJG | www.wjgnet.com

2039

successfully induced by lentiviral-mediated transduction
in the TGF-fB1-resistant hepatoma cell lines (Bel7404 and
HepG2) both at transcription (Figure 4A) and translation-
al levels (Figure 4B). MTT assay revealed a very significant
inhibitory effect on growth of the two cell lines after the
induction of TIEG1 by the lentivirus (Figure 4C). DAPI
staining demonstrated a significantly higher amount of
apoptotic cells in the two HCC cell lines after the overex-
pression of TIEG1 (Figure 4D).

Transcriptional regulation of TIEG1 on STMN by binding
on STMN promoter

In the present study, the correlation between TIEG1 and
STMN was also evaluated. Overexpression of TIEG1 was
found to decrease STMN expression at both the transcrip-
tion and translational levels (Figure 5A and B). STMN
promoter activity was reduced in a dose-dependent man-

ner with the induction of TIEGT gene (Figure 5C).

DISCUSSION

The present study determined the molecular mechanism
underlying the differential susceptibilities of HCC cells to
TGF-pB treatment. In this study, one TGF-f-sensitive he-
patocyte cell line (MIHA) and five TGF-B-various-sensitive
hepatoma cell lines were investigated. In general, treatment
with TGF-B1 significantly inhibited the growth of the two
TGF-B-sensitive cell lines (Hep3B and MIHA). However,
HepG2 and Bel7404 cells did not respond to TGF-B1.
Taken together, treatment with TGF-f1 caused varied lev-
els of inhibition in different cell lines. Some HCC cell lines
were sensitive to TGF-f3, whereas others were resistant.
Recently, studies on the relationship between HCC and the
TGF-f signaling pathway have been extensive. One recent
study has reported a negative relationship between intetleu-
kin-6, a major stem cell signaling pathway, and the TGF-f3
signaling pathway in human HCc!™, TGF-B signaling
and Smad adaptor embryonic liver fodrin could suppress
HCC via cyclin D1 deregulation. Another study showed

May 7, 2012 | Volume 18 | Issue 17 |



Jiang L et a/. TIEG1 confers TGF-B-induced growth inhibition

A Bel7404 HepG2
Blank EGFP TIEG1 Blank EGFP TIEG1

B Bel7404 HepG2
Blank EGFP TIEG1 Blank EGFP TIEG1

C Bel7404 HepG2
181  _w Blank L2 _w Blank
5| W EGFP Lo W EGFP
: —A— TIEGL ' —A— TIEG1
o L2F o 08
& &
8 o9t 8 06
2 2
Qo e
< 06 F < 04 -
03 F 02t I\i\i\l
0.0 0.0 ! ! !
24 48 72 9% 24 48 72 9%
t/h t/h
D EGFP TIEG1

Hesz - -
. - -

Figure 4 The overexpression of transforming growth factor-B-inducible early gene 1 by lentiviral-mediated transfection-induced growth inhibition and
apoptosis in transforming growth factor-B1-resistant hepatoma Bel7404 and HepG2 cells. A and B: Increases in mRNA and protein levels of transforming
growth factor (TGF)-B-inducible early gene 1 (TIEG1) in Bel7404 and HepG2 cells transfected by lenti-TIEG1, respectively, revealed by reverse transcriptase-poly-
merase chain reaction and Western blotting analysis; C: The overexpression of TIEG1 by lentiviral-mediated transfection-inhibited cell growth in Bel7404 and HepG2
cells. Cell survival was determined by methylthiazoletetrazolium assays; D: Induction of apoptosis in Bel7404 and HepG2 cells after lenti-TIEG1 transfection for 72 h
as shown by 4’,6-Diamidino-2-phenylindole staining. Scale bar: 50 pm, 400 x.
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Figure 5 Transcriptional regulation of STMN (stathmin) by transform-
ing growth factor-B-inducible early gene 1. A and B: Decreases in mRNA
and protein levels of STMN in Bel7404 and HepG2 cells transfected by lenti-
transforming growth factor-B-inducible early gene 1 (TIEG1), revealed by re-
verse transcriptase-polymerase chain reaction and Western blotting analyzes; C:
Dose-dependent suppression of STMN promoter activity by TIEG1 monitored
by a luciferase reporter gene system. Control: pEGFP-N1.

that human HCC cells could be protected by interleukin-4
from TGF-f-induced apoptosis, which indicated another
therapeutic option by the targeting of interleukin-4"". Lost
sensitivity to TGF-f3 has been postulated to be an eatly
event in HCC development*’,

In the present study, the role of TIEG1 in TGF-f3-
induced growth inhibition was analyzed in established
TGF-B-sensitive and -insensitive cell systems. Our studies
revealed that TIEGT mRNA was dramatically upregu-
lated by TGF-B1 in TGF-B1-sensitive cell lines but not
in resistant cell lines. However, expression of the endog-
enous TIEG1 protein was not detected in all cell lines
(namely, Hep3B, MIHA, Bel7404, and HepG2) before
and after the TGF-B1 treatment. One of the reasons for
this could be that the amounts of endogenous TIEG1
protein in the cells were too low to be detected. We found
that the induction of TIEG1 was transient and occurred
before the phenomenon of cell growth inhibition. The
time course for the induction of TIEG1 expression was
similar to that found in human osteoblast cells”" and
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pancreatic epithelial cells™ following TGF-B1 treat-
ment. Although TIEG1 induction was transient following
TGF-B1 treatment, it might participate in the TGF-f1
signaling processes or amplify the TGF-B1 signaling
events that inhibited cell growth.

The suppression of TIEG1 by siRNAs decreased the
sensitivity of Hep3B cells to TGF-f1, whereas the over-
expression of TIEG1 mediated growth inhibition and
apoptosis in TGF-B1-resistant HCC cell lines (HepG2
and Bel7404), which resembled those of TGF-B1-
sensitive HCC cells treated with TGF-B1. This indicated
the pivotal role of TIEG1 in TGF-B1-induced growth
inhibition in HCC. In a previous study, the overexpres-
sion of TIEG1 was shown to inhibit cell proliferation
and growth in TGF-B-sensitive Hep3B cells'"” and in
pancreatic carcinoma cell lines!*. Also, TIEG1 plays
a role in TGF-B-induced inhibition of cell proliferation
and apoptosis in human osteoblast cells"”. Nevertheless,
our data indicated that TIEG1 overexpression alone was
capable of inducing sufficient inhibition or apoptosis in
HCC tumor cells, despite the cells’ sensitivity to TGE-p.
We also found that TIEG1 was identified as a transcrip-
tional repressor of STMN, as the mRNA expression and
the promoter activity of STMN were significantly reduced
in the presence of overexpressed TIEG1. Bioinformatics
analysis revealed several Spl-binding sites in the promoter
region of STMN. TIEGT1 regulates STMN transcription
by binding to the STMN promoter. These findings indi-
cate the pivotal role of STMN in promoting tumor cell
survival which has also been reported clsewhere™ . Vari-
ous strategies have been suggested to target the expression
of STMN for treating tumors, including prostate, cervi-
cal®™ and breast cancer™. In pancreatic carcinoma cells,
we have revealed that overexpression of TIEG1 could
induce cell growth inhibition and promote gemcitabine
chemosensitivity through downregulation of STMN!, In
this study, the data again suggest a pivotal role for STMN
(i.e., downregulation) in diminishing HCC proliferation, or
in facilitating tumor cell apoptosis.

Taken together, these results demonstrate that TIEG1
is involved in TGF-f1-mediated growth inhibition. Trans-
activation of TIEG1 conferred growth inhibition of
TGF-B-susceptible human HCC cells. However, it should
be noted that this study was based on i vifro investigations
and 7z vivo models should be explored.

COMMENTS

Background

Transforming growth factor-p (TGF-B) has been shown to inhibit cell prolifera-
tion and to induce apoptosis to control excessive growth of hepatocytes and
maintain liver size, and is considered a liver tumor suppressor. However, many
hepatocellular carcinoma (HCC) cells are thought to have lost their sensitivity
to TGF-B, and thus escape the antiproliferative effect of TGF-p. Lost sensitivity
to TGF-B has been postulated to be an early event in HCC development. The
reasons why some HCC cells are sensitive yet others are resistant to TGF-3
mediated growth inhibition are still poorly understood.

Research frontiers
The TGF-B-inducible early gene 1 (TIEGT) can be activated at the initial stage
of the TGF-B pathway. Recent reports have highlighted the importance of

May 7,2012 | Volume 18 | Issue 17 |



Jiang L et a/. TIEG1 confers TGF-B-induced growth inhibition

TIEG1 in the TGF-B signaling pathway and in regulating cell growth. In the
present study, the authors demonstrated the role of the TIEG1 gene in TGF--
induced growth inhibition in HCC cells.

Innovations and breakthroughs

This study indicated the TIEG1 was significantly upregulated by TGF-B1 in the
TGF-B1-sensitive HCC cell line, Hep3B, but not in the resistant cell lines. The
suppression of TIEG1 by siRNAs decreased the sensitivity of Hep3B cells to
TGF-B1, whereas the overexpression of TIEG1 mediated growth inhibition and
apoptosis in TGF-B1-resistant HCC cell lines, which resembled those of TGF-31-
sensitive HCC cells treated with TGF-B1. The studies suggest that transactivation
of TIEG1 conferred growth inhibition of TGF-B-susceptible human HCC cells.

Applications

By understanding the molecular mechanism underlying the differential suscep-
tibility of HCC cells to TGF-B, this study may provide new molecular targets for
therapeutic intervention in HCC.

Peer review

This paper deals with the transactivation of the TIEG1 in growth inhibition of
TGF-B-susceptible HCC cells. The authors aimed to investigate the role of
TIEG1 in TGF-B-induced growth inhibition in HCC. They found that transactiva-
tion of the TIEG1 conferred growth inhibition of the TGF-B-susceptible human
HCC cells. The results are interesting and the design of this study is appropriate.

REFERENCES

1 Lin L, Amin R, Gallicano GI, Glasgow E, Jogunoori W, Jes-
sup JM, Zasloff M, Marshall JL, Shetty K, Johnson L, Mishra
L, He AR. The STAT3 inhibitor NSC 74859 is effective in
hepatocellular cancers with disrupted TGF-beta signaling.
Oncogene 2009; 28: 961-972

2 Coulouarn C, Factor VM, Thorgeirsson SS. Transforming
growth factor-beta gene expression signature in mouse he-
patocytes predicts clinical outcome in human cancer. Hepa-
tology 2008; 47: 2059-2067

3 Massagué J, Blain SW, Lo RS. TGFbeta signaling in growth
control, cancer, and heritable disorders. Cell 2000; 103:
295-309

4  CajaL, Sancho P, Bertran E, Iglesias-Serret D, Gil ], Fabregat
I. Overactivation of the MEK/ERK pathway in liver tumor
cells confers resistance to TGF-{beta}-induced cell death
through impairing up-regulation of the NADPH oxidase
NOX4. Cancer Res 2009; 69: 7595-7602

5  Sohn BH, Park IY, Lee J], Yang S, Jang Y], Park KC, Kim DJ,
Lee DC, Sohn HA, Kim TW, Yoo HS, Choi JY, Bae YS, Yeom
YI. Functional switching of TGF-betal signaling in liver
cancer via epigenetic modulation of a single CpG site in TTP
promoter. Gastroenterology 2010; 138: 1898-1908

6  Dooley S, Weng H, Mertens PR. Hypotheses on the role of
transforming growth factor-beta in the onset and progres-
sion of hepatocellular carcinoma. Dig Dis 2009; 27: 93-101

7 Wakefield LM, Roberts AB. TGF-beta signaling: positive and
negative effects on tumorigenesis. Curr Opin Genet Dev 2002;
12:22-29

8 Kitisin K, Ganesan N, Tang Y, Jogunoori W, Volpe EA, Kim
SS, Katuri V, Kallakury B, Pishvaian M, Albanese C, Men-
delson ], Zasloff M, Rashid A, Fishbein T, Evans SR, Sidawy
A, Reddy EP, Mishra B, Johnson LB, Shetty K, Mishra L.
Disruption of transforming growth factor-beta signaling
through beta-spectrin ELF leads to hepatocellular cancer
through cyclin D1 activation. Oncogene 2007; 26: 7103-7110

9  Senturk S, Mumcuoglu M, Gursoy-Yuzugullu O, Cingoz
B, Akcali KC, Ozturk M. Transforming growth factor-beta
induces senescence in hepatocellular carcinoma cells and
inhibits tumor growth. Hepatology 2010; 52: 966-974

10 Hjelmeland AB, Hjelmeland MD, Shi Q, Hart JL, Bigner DD,
Wang XF, Kontos CD, Rich JN. Loss of phosphatase and ten-
sin homologue increases transforming growth factor beta-
mediated invasion with enhanced SMAD3 transcriptional
activity. Cancer Res 2005; 65: 11276-11281

(49

Boishidengs  WIG | www.wjgnet.com

11 Blok LJ, Grossmann ME, Perry JE, Tindall D]. Characteriza-
tion of an early growth response gene, which encodes a zinc
finger transcription factor, potentially involved in cell cycle
regulation. Mol Endocrinol 1995; 9: 1610-1620

12 Subramaniam M, Hawse JR, Johnsen SA, Spelsberg TC. Role
of TIEG] in biological processes and disease states. | Cell Bio-
chem 2007; 102: 539-548

13  Jiang L, Chen Y, Chan CY, Wang X, Lin L, He ML, Lin MC,
Yew DT, Sung JJ, Li JC, Kung HF. Down-regulation of stath-
min is required for TGF-beta inducible early gene 1 induced
growth inhibition of pancreatic cancer cells. Cancer Lett 2009;
274:101-108

14 Chalaux E, Lépez-Rovira T, Rosa JL, Pons G, Boxer LM, Bar-
trons R, Ventura F. A zinc-finger transcription factor induced
by TGF-beta promotes apoptotic cell death in epithelial
Mv1Lu cells. FEBS Lett 1999; 457: 478-482

15 Ribeiro A, Bronk SF, Roberts PJ, Urrutia R, Gores GJ. The
transforming growth factor beta(1)-inducible transcription
factor TIEG1, mediates apoptosis through oxidative stress.
Hepatology 1999; 30: 1490-1497

16 Heldin CH, Miyazono K, ten Dijke P. TGF-beta signalling
from cell membrane to nucleus through SMAD proteins. Na-
ture 1997; 390: 465-471

17 Nakao A, Afrakhte M, Morén A, Nakayama T, Christian JL,
Heuchel R, Itoh S, Kawabata M, Heldin NE, Heldin CH, ten
Dijke P. Identification of Smad?7, a TGFbeta-inducible an-
tagonist of TGF-beta signalling. Nature 1997; 389: 631-635

18 Tang Y, Kitisin K, Jogunoori W, Li C, Deng CX, Mueller SC,
Ressom HW, Rashid A, He AR, Mendelson ]S, Jessup JM,
Shetty K, Zasloff M, Mishra B, Reddy EP, Johnson L, Mishra
L. Progenitor/stem cells give rise to liver cancer due to ab-
errant TGF-beta and IL-6 signaling. Proc Natl Acad Sci USA
2008; 105: 2445-2450

19 Lin SJ, Chang C, Ng AK, Wang SH, Li JJ, Hu CP. Prevention
of TGF-beta-induced apoptosis by interlukin-4 through Akt
activation and p70S6K survival signaling pathways. Apopto-
sis 2007; 12: 1659-1670

20 Ding W, Mouzaki M, You H, Laird JC, Mato ], Lu SC, Roun-
tree CB. CD133+ liver cancer stem cells from methionine ad-
enosyl transferase 1A-deficient mice demonstrate resistance
to transforming growth factor (TGF)-beta-induced apoptosis.
Hepatology 2009; 49: 1277-1286

21 Hefferan TE, Reinholz GG, Rickard DJ, Johnsen SA, Waters
KM, Subramaniam M, Spelsberg TC. Overexpression of a
nuclear protein, TIEG, mimics transforming growth factor-
beta action in human osteoblast cells. | Biol Chem 2000; 275:
20255-20259

22 Tachibana I, Imoto M, Adjei PN, Gores GJ, Subramaniam M,
Spelsberg TC, Urrutia R. Overexpression of the TGFbeta-reg-
ulated zinc finger encoding gene, TIEG, induces apoptosis in
pancreatic epithelial cells. | Clin Invest 1997; 99: 2365-2374

23 Yuan RH, Jeng YM, Chen HL, Lai PL, Pan HW, Hsieh FJ, Lin
CY, Lee PH, Hsu HC. Stathmin overexpression cooperates
with p53 mutation and osteopontin overexpression, and is
associated with tumour progression, early recurrence, and
poor prognosis in hepatocellular carcinoma. | Pathol 2006;
209: 549-558

24 Baldassarre G, Belletti B, Nicoloso MS, Schiappacassi M,
Vecchione A, Spessotto P, Morrione A, Canzonieri V, Colom-
batti A. p27(Kip1)-stathmin interaction influences sarcoma
cell migration and invasion. Cancer Cell 2005; 7: 51-63

25 Singer S, Ehemann V, Brauckhoff A, Keith M, Vreden S,
Schirmacher P, Breuhahn K. Protumorigenic overexpression
of stathmin/Op18 by gain-of-function mutation in p53 in
human hepatocarcinogenesis. Hepatology 2007; 46: 759-768

26 Mistry SJ, Bank A, Atweh GF. Targeting stathmin in pros-
tate cancer. Mol Cancer Ther 2005; 4: 1821-1829

27 Alli E, Yang JM, Hait WN. Silencing of stathmin induces
tumor-suppressor function in breast cancer cell lines harbor-
ing mutant p53. Oncogene 2007; 26: 1003-1012

S- Editor Gou SX L- Editor Webster JR E- Editor Zheng XM

May 7, 2012 | Volume 18 | Issue 17 |



