W J

World Journal of
Gastroenterology

Online Submissions: http:/ /www.wjgnet.com/1007-9327office

wjg@wijgnet.com
doi:10.3748 /wijg.v17.i13.1772

World ] Gastroenterol 2011 April 7;17(13): 1772-1778
ISSN 1007-9327 (print) ISSN 2219-2840 (online)
© 2011 Baishideng. All rights reserved.

BRIEF ARTICLE

p-catenin accumulation in nuclei of hepatocellular carcinoma
cells up-regulates glutathione-s-transferase M3 mRNA

Yu-Sang Li, Min Liu, Yoshihiro Nakata, He-Bin Tang

Yu-Sang Li, Min Liu, He-Bin Tang, Department of Pharmacol-
ogy, College of Pharmacy, South-Central University for Nation-
alities, No. 708, Minyuan Road, Wuhan 430074, Hubei Province,
China

Yoshihiro Nakata, Department of Pharmacology, Graduate
School of Biomedical Sciences, Hiroshima University, Kasumi
1-2-3, Minami-ku, Hiroshima 734-8551, Japan

Author contributions: Li YS and Tang HB participated in the
design of the study, carried out all the experiments outlined in the
manuscripts, performed the data analysis and wrote the paper;
Liu M prepared the figures and assisted with the manuscript; Na-
kata Y assisted in the study design, the data analysis and interpre-
tation.

Supported by National Natural Science Foundation of China,
81070887, Scientific Research Foundation for the Returned
Overseas Chinese Scholars, State Education Ministry to Tang
HB, and Grants from South-Central University for Nationalities,
No. XTZ10001, No. XTZ09001, and No. YZZ09007, China
Correspondence to: He-Bin Tang, PhD, Professor, Depart-
ment of Pharmacology, College of Pharmacy, South-Central
University for Nationalities, No. 708, Minyuan Road, Wuhan
430074, Hubei Province, China. hbtang2006@yahoo.cn
Telephone: +86-27-67842332 Fax: +86-27-67842332
Received: September 25,2010 Revised: February 15, 2011
Accepted: February 22, 2011

Published online: April 7, 2011

Abstract

AIM: To identify the differentially over-expressed genes
associated with B-catenin accumulation in nuclei of he-
patocellular carcinoma (HCC) cells.

METHODS: Differentially expressed genes were identi-
fied in radiation-induced B6C3 F1 mouse HCC cells by
mRNA differential display, Northern blot and RT-PCR,
respectively. Total glutathione-s-transferase (GST) activ-
ity was measured by GST activity assay and p-catenin
localization was detected with immunostaining in radia-
tion-induced mouse HCC cells and in HepG2 cell lines.
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RESULTS: Two up-regulated genes, glutamine synthe-
tase and glutathione-s-transferase M3 (GSTM3), were
identified in radiation-induced mouse HCC cells. Influence
of B-catenin accumulation in nuclei of HCC cells on up-
regulation of GSTM3 mRNA was investigated. The nearby
upstream domain of GSTM3 contained the B-catenin/Tcf-
Lef consensus binding site sequences [5-(A/T)(A/T)
CAAAG-3'], and the total GST activity ratio was consider-
ably higher in B6C3F1 mouse HCC cells with p-catenin
accumulation in nuclei of HCC cells than in those without
B-catenin accumulation (0.353 + 0.117 vs 0.071 £ 0.064,
P < 0.001). The TWS119 (a distinct GSK-3p inhibitor)-in-
duced total GST activity was significantly higher in HepG2
cells with p-catenin accumulation than in those without
B-catenin accumulation in nuclei of HCC cells. Addition-
ally, the GSTM3 mRNA level was significantly higher at
24 h than at 12 h in TWS119-treated HepG2 cells.

CONCLUSION: B-catenin accumulation increases GST
activity in nuclei of HCC cells, and GSTM3 may be a
novel target gene of the p-catenin/Tcf-Lef complex.

© 2011 Baishideng. All rights reserved.
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INTRODUCTION

Hepatocellular carcinoma (HCC) is a primary cancer of
the liver chronically injured by infection, metabolic disease
or various drugs'. As generally observed in other carcino-
mas, HCC is attributed to accumulated genetic alterations,
including (1) Activation of oncogenes N-ras, H-ras, and
K-ras, c-erbA, c-met, RB and c-myc””; (2) Transcriptional
activation of c-jun and nuclear factor kB by hepatitis B
virus factors'™; (3) Repression or mutation of the p53
anti-oncogene'’; and (4) Accumulation of B-catenin'™.
Although the genetic events responsible for either HCC
initiation or progression are not clear, they involve at least
three carcinogenesis pathways: the p53, RB and Wnt/
[-catenin signaling pathways' ™",

[-catenin is an essential downstream effector of the ca-
nonical Wnt signaling pathway! "%, Approximately 20% of
HCC cells display B-catenin aberrant activation"”. In the
normal steady state, B-catenin is continuously phosphory-
lated at serine and threonine residues by glycogen synthase
kinase 3 (GSK-3f) in a complex with adenomatous pol-
yposis coli (APC)-axin/conductin and is quickly degraded
through the ubiquitin/proteasome pathway. In mice, livet-
specific deletion of APC induces B-catenin stabilization
and increases the number of HCC cells. Although the ac-
tivation of [B-catenin is likely an initiating or contributory
factor for HCC, more fundamental information is required
for a better understanding of the detailed genetic mecha-
nism underlying HCC associated with [3-catenin.

To uncover the detailed genetic mechanisms underlying
HCC in the present study, several genes in mouse cancer-
ous liver tissue samples were identified to disclose more of
the genes that play a very important role in the regulation
of cell proliferation and the development of HCC. We
identified several cDNA fragments that were differentially
expressed in radiation-induced mouse HCC and compared
with those in matched nontumorous liver tissue. Samples
using a differential display technique'”. We determined
whether the nearby upstream domain of those genes
contain the B-catenin/Tcf-Lef consensus binding site
sequences. The influence of P-catenin accumulation in
nuclei of HCC cells on activation of protein encoded by
the gene containing B-catenin/Tcf-Lef consensus binding
site sequences was further investigated.

MATERIALS AND METHODS

Sample preparation

Surgically resected HCC and adjacent nontumorous tissue
samples were taken from the livers of 18-mo-old mice it-
radiated by 3.5 Gy 60Co y-ray for 1 wk immediately after
they were born. B6C3F1 mouse HCC and matched non-
tumorous liver tissue samples were obtained immediately
under the same conditions for measurement of total GST
activity“sl, isolation of total RNA" and immunohisto-
chemical expression of B-catenin and hematoxylin-eosin
(HE) staining. Histological analysis of HCC tissue samples
from mice was carried out according to the general rules
for clinical and pathological study of primary liver cancer.
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Anchor primers Arbitrary primers

T2MG (10 pmol/L) AP-10 (2 pmol /L), 5-TAGCAAGTGC-3'
TMA (10 ymol/L) AP-11 (2 ymol /L), 5'-CAGACCGTTC-3
TuMT (10 pmol /L) AP-12 (2 ymol /L), 5-TGCTGACCTG-3'

TMC (10 pmol /L) AP-14 (2 pmol /L), 5-AATGGGCTGA-3'

M represents a degenerated mixture of dA, dG and dC. The 16 different
primer sets used for PCR amplification were randomly combined from the
four arbitrary primers and the four anchor primers.

On the other hand, HepG?2 cells obtained from China
Center for Type Culture Collection were maintained in
DMEM supplemented with 10% fetal calf serum (Sigma,
Louis, MO), 200 mmol/L L-glutamine and 1% penicil-
lin/streptomycin (Invitrogen, Carlsbad, CA) at 37°C in
a water-saturated atmosphere containing 5% CO2. Cell
cultures were allowed to reach 90% confluence. The cells
wete then treated with or without 1 umol/L of 4, 6-disub-
stituted pyrrolopyrimidine (TWS119, Cayman Chemical,
Ann Arbor, MI) and incubated at 37°C for 24 h. Finally,
total RNA or cytoplasmic proteins, including total GST
proteins, were extracted from surgically resected frozen
tissue samples or HepG2 cells by homogenization with a
Vibra cell sonicator (Sonics and Materials, Inc., Danbury,
CT) under a regularity condition.

mRNA differential display analysis and DNA sequencing
mRNA differential display analysis was performed as pre-
viously described” with a RNAmap kit A (Genhunter,
Nashville, TN) (Table 1). Total RNA (0.4 pg) extracted
from radiation-induced mouse HCC and matched nontu-
morous liver tissue samples was reverse-transcribed with
different combinations of arbitrary and anchor primers
(Table 1) for initial cDNA synthesis. The thermal cycler
parameters were as follows: 1 cycle at 94°C for 4 min, fol-
lowed by 40 cycles at 94°C for 30 s, at 40°C for 2 min and
at 72°C for 30 s. Amplified subpopulations were disttib-
uted on a 6% DNA sequencing gel. The bands of interest
wete cut out from the polyacrylamide gel, and cDNA frag-
ments were re-amplified using the same pair of primers
and the same cycle parameters as described above. The
re-amplified cDNA fragments were purified from 2% aga-
rose gels and subcloned into pCRII-TOPO vectors using a
TOPO TA cloning kit (Invitrogen, Catlsbad, CA). Clones
were selected by the same size of bands cut from the
polyacrylamide gel as described above, followed by inverse
hybridization and DNA sequencing. DNA sequences were
compared with those in GenBank by the Blast Service
provided by NIH (Bethesda, MD).

Northern blot analysis

Total RNA extraction (10 pg) was denatured and electro-
phoresed in a 1.2% agarose gel containing 0.66 mol/L
formaldehyde and then transferred onto a Hybond-nylon
membrane (Amersham Biosciences, Buckingham, Eng-
land). The membranes were UV cross-linked, pre-hybrid-
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ized and hybridized. The respective cDNA fragments
obtained from the differential display reaction were used
as a probe for Northern blot analysis. Probes were [o-32P)
dCTP (110 TBq/mmol) labeled using the MegaptimeTM
DNA labeling kit (Amersham, UK), pre-hybridized to fil-
ters at 42°C for 30 min, and then hybridized to the filters
overnight at 42°C. The filters were washed twice at 55°C
in 1 X SSC, 0.1% SDS for 15 min, and then exposed to
X-ray film for 24-72 h at -80°C.

Immune staining

Immunofluorescence and immunocytochemistry analyses
of B-catenin localization were performed, respectively,
with mouse monoclonal anti-B-catenin antibody diluted
at 1:500 for immunofluorescence, and diluted at 1:100
for immunocytochemistry (Sigma, Louis, MO) on 5-pum
paraffin-embedded sections and paraformaldehyde-fixed
HepG2 cell sections that were differentially resected from
24 radiation-induced B6C3F1 mouse HCC and adjacent
nontumorous liver tissue samplesm’]S]. The tissue sections
were then incubated for 1 h at room temperature with Al-
exa Fluor 546 goat anti-mouse IgG diluted at 1:1000 (Mo-
lecular Probes, Eugene, OR, USA), washed three times
with PBS and visualized under a Nikon Eclipse Ti fluores-
cent microscope (Japan). The HepG2 cell sections were
further treated with a Histofine simple stain rat MAX-PO
(MULTT) kit (Nichirei, Tokyo, Japan), stained brown with
a DAB substrate kit (Nichirei, Tokyo, Japan) and blue with
hematoxylin. Negative controls were stained with the omit-
ted primary antibody. Omission of the primary antibody
resulted in no staining of the cells.

GST activity assay

Total GST activity was assayed as previously described”.
Total GST activity with aromatic substrates was deter-
mined by monitoring changes in absorbance with a mi-
croplate reader (Infinite M200, Tecan, Switzerland). A
complete assay mixture without total GST was used as a
control. HepG2 cells, HCC cells and matched nontumoz-
ous liver tissue cells were broken for 20 s at 4°C, respec-
tvely, in 1 mL 0.1 mol/L potassium phosphate buffer (pH
6.5) using a sonicator. Samples were collected into differ-
ent tubes containing EDTA, centrifuged at 10000 r/min
for 1 h at 4°C, and the supernatant was stored at -20°C.
GST activity was assayed with 5 pg protein in duplicate
with 1 mmol/L 1-chloro-2, 4-dinitrobenzene and glutathi-
one (Sigma, Louis, MO) and used without further purifica-
tion in a total volume of 1 mL. Optical density of GST
was measured within at least 3 min after incubation at 25°C
for 15 min at a wavelength of 340 nm (¢ = 9.6 mmol/L
per cm). The activity of GST was expressed as a unity of
nmol mg per min.

Real-time PCR for detection of glutathione-s-transferase
M3 mRNA expression

Total RNA harvested from HepG2 cells was subjected
to reverse transcription into cDNA using a Superscript
kit (Life Technologies, Gaithersburg, MD) according to
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its manufacturer’s protocol. Thereafter, 2 pg of cDNA
samples was used immediately in measurement of
GSTM3 mRNA level by real-time PCR with iQ SYBR
Green Supermix (Bio-Rad, Tokyo, Japan), forward primer
(5'-GCTCCTGGAGTTCACGGATA-3"), and reverse
primer (5'-GCTCCTGGAGTTCACGGATA-3") on a
DNA engine Opticon 2 real-time PCR detection system
(Bio-Rad, Tokyo, Japan). The thermal cycler parameters
wete as follows: 1 cycle at 95°C for 3 min, followed by 40
cycles at 95C for 15 s, at 60°C for 30 s and at 72°C for
30 s A [B-actin control was run simultaneously with the
same reaction recipe listed in the instruction manual for
the i1Q SYBR Green Supermix (Bio-Rad, Tokyo, Japan).
All data were normalized to -actin mRNA levels to ac-
count for any variation in RNA concentrations between
the samples obtained from three separate experiments.

Statistical analysis

The data are presented as mean * SE. Statistical analyses
were performed among the three groups by a one-way
analysis of variance followed by Bonferront’s test, and
between two groups by the unpaired Student’s ~test. P <
0.05 was considered statistically significant.

RESULTS

Identification of differentially expressed genes in mouse
HCC and matched nontumorous liver tissue samples
Differential display analysis is a powerful tool for the com-
parison of differential gene expressions between two or
more mRNA populationsmj. Using this method, we com-
pared the mRNA expression patterns of B6C3F1 mouse
HCC and matched nontumorous liver tissue samples.
Representative differentially displayed autoradiographs of
“I and II” cDNAs are shown in Figure 1A. The inter-
esting “ I and II” cDNA fragments were successfully re-
covered from the dried DNA sequencing gel, re-amplified
(Figure 1B), purified, and subcloned into the TA cloning
site of pCRII-TOPO vector. Its nucleotide sequences
were compared with those in GenBank (Figure 1C). Con-
currently, the purified products of “1 and II” fragments
from 2% agarose gels were used as probes for reverse
Northern blotting. The Northern blotting patterns of
“I and II” fragments differentially expressed in mouse
HCC cells are shown in Figure 2A. In compatison with a
nucleotide sequence in GenBank, “ 1 and II” nucleotide
sequences were identified as the up-regulated gene coding
products, such as glutathione-s-transferase M3 (GSTM3)
and glutamine synthetase (GLNS) in radiation-induced
B6C3 F1 mouse HCC cells.

Dependence of mouse GSTM3 activity on 3-catenin in
B6C3F1 mouse HCC

It has been reported that nuclear translocation of (-catenin
may represent an early event in liver carcinogenesis®”.
Therefore, we are interested in the relation between
[-catenin and the discovered gene described above. Analy-
sis of mRNA expression showed that the expression level
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C L Sequence of " 1 " cDNA fragment

1 TTTTTCACAT GGCCCCTTCT TCATTGGTGC CCAGACCCAA
CCTCACAGCC CTTTTCTGCA

61 ATCTGAGGTC TGTCCTGAAC TCAGGCTCCC TAGAGTTACC
CCAATGGTCA ACACTATCTT

121 AGTGCCAGCC TCCTAGAGAT ACTGATGTCA AT...

II. Sequence of “ " cDNA fragment

1 TTTTTAGTAA ACACACCCCC ACCTCCAGCC CAGCCTGTTG
CCCTTCAGTT TTCTGGTTGT

61 TTGTGTCGGC AGCGGGCCAA CTGTGGTTTC TCTTTTGCCA
TGATGACTTC TAATTGCAT...

Figure 1 Identification of differentially displayed cDNA fragments from
paired hepatocellular carcinoma cells (T) and nontumorous liver tissues
(N). A: Differentially displayed PCR products (“ 1" and “1I") amplified with AP-10
primer and T2MA. Lanes 1-3 denote the three B6C3 F1 mouse samples, respec-
tively; B: Recovered “ 1" and “II” from the dried DNA sequencing gel reamplified
by PCR. MW lane shows the pUC118 DNA fragments cut by Hapll (a restriction
enzyme) as molecular weight markers; C: Nucleotide sequences of the bands
shown in A. Flanking sequences of T:z2MA primers are underlined. The two insert-
containing fragments were sequenced and identified as gene fragments of GLNS
and GSTM3 in comparison with those of nucleotide in GenBank.

of GSTM3 mRNA was significantly higher in cell nuclei
of B6C3F1 mouse HCC cells with 3-catenin accumulation
than in those without -catenin accumulation (Figure 2B),
suggesting that B-catenin can increase the GSTM3 activ-
ity. To confirm whether f-catenin increases the GSTM3
activity, the gene near the upstream domain of individual
mouse GSTM3 containing the B-catenin/Tcf-Lef consen-
sus binding site sequence [5'-(A/T)(A/T) CAAAG-3""|
was detected by searching it in GenBank. On the other
hand, whether the increased GSTM3 activity in mouse
HCC cells is correlated with B-catenin accumulation in
nuclei of HCC cells was also assayed (Figure 3), showing
that the nearby upstream domain of mouse GSTM3 con-
tains B-catenin/Tef-Lef consensus binding site sequences

[5'-(A/T)(A/T) CAAAG-3"]. Because the GSTM3 activity
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A Lane 1 Lane 2 Lane 3
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Figure 2 Levels of glutamine synthetase and glutathione-s-transferase M3
mRNA and expression of 3-catenin. A: T denotes surgically resected B6C3F1
mouse hepatocellular carcinoma (HCC) tissue samples and N denotes matched
nontumorous liver tissue samples; B: Representative immunofluorescence pho-
tomicrographs for B-catenin (red photomicrographs) in HCC tissue samples. B1
denotes negative p-catenin staining in nuclei of HCC cells, B2 denotes positive
B-catenin staining in nuclei of HCC cells, and white arrows indicate p-catenin
detected in nuclei of HCC cells. Bars: 50 um. GLNS: Glutamine synthetase;
GSTM3: Glutathione-s-transferase M3.

level was rather variable in normal mouse tissue samples,
it was difficult to estimate the f3-catenin dependence on
GSTM3 activity using the absolute GST activity level.
Therefore, we analyzed the increased total GST activity
in HCC tissue samples relative to that of normal tissue
samples by the ratio of (T-N)/N, where T and N denote
the total GST activity in HCC and normal tissue samples,
respectively. On the other hand, to see the directly sig-
nificant relation between total GST activity and -catenin
accumulation in nuclei of HCC cells, the average total
GST activity level was also measured in B6C3F1 mouse
HCC and matched nontumorous liver tissue samples with
or without B-catenin accumulation (Table 2). It can be
clearly seen from Table 2 that the total GST activity ratio
was considerably higher in B6C3F1 mouse HCC tissue
samples with [-catenin accumulation than in those with-
out [(-catenin accumulation in nuclei of HCC cells. The
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v il
513 bp -302 bp

Denotes GSTM3 exon

—

-128 bp

II I

GSTM3 exon

- Denotes “"TTCAAAG” sequence which is one of B-catenin/Tcf-Lef consensus binding site sequences

Denotes "ATCAAAG” sequence which is also one of beta-catenin/Tcf-Lef consensus binding site sequences

Figure 3 Identification of B-catenin/Tcf-Lef consensus binding sites with three -catenin/Tcf-Lef consensus binding site sequences [5'-(A/T)(A/T) CAAAG-3']

located at the nearby upstream domain of mouse GSTM3 by searching GenBank.

Samples Total GST activity (nmol/mg per min) Values of GST activity

T N ratio (T-N)/N

) 3122 +189 2447 +180 0.353 +0.117°
(n=13) (n=13)

) 2644 +199 2523 + 205 0.071 + 0.064
(n=11) (n=11)

[(T-N)/N] indicates the glutathione-s-transferase (GST) activity values for
the samples with and without B-catenin accumulation in hepatocellular
carcinoma (HCC) cell nuclei. “(+) or (-)” denotes the samples from B6C3F1
mice with or without B-catenin accumulation in nuclei of HCC cells. °P <
0.001 vs negative B-catenin staining group.

averaged GST activity ratio was also significantly higher
in HCC tissue samples with -catenin accumulation than
in those without B-catenin accumulation (0.353 £ 0.117 »s
0.071 £ 0.064, P < 0.001), suggesting that the GST activity
ratio is significantly different (Table 2).

Similarly increased GST activity and (3-catenin
accumulation in nuclei of HepG2 cells

To further elucidate the above findings, we mimicked the
canonical Wnt pathway in cultured HepG2 cells using
TWS119 (an inhibitor of GSK-3), which led to phosphor-
ylation, nuclear translocation, and abnormal accumulation
of B-catenin in nuclei of HepG2 cells. We treated the
cultuted HepG2 cells with ot without 1 pmol/L TWS119
at 37°C for 24 h, measured the total GST activity in these
cells, and then analyzed the relation™ between GST-GSH
protein complex concentration and time (at least 15 min)
in “control” and “TWS119” groups using a microplate
reader at a wavelength of 340 nm. Concurrently, the
[-catenin accumulation in HepG2 cells was detected with
immunocytochemical staining with a rabbit polyclonal an-
tibody against (3-catenin as previously described" ™. There-
after, we comprised the linear function of total GST-GSH
protein complex concentration between the two groups.
It can be clearly seen from Figure 4A that the total GST
activity ratio was considerably higher in the “TWS119”
group with abnormal nuclear accumulation of 3-catenin in
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HepG2 cells than in the “control” group with low [3-catenin
nuclear accumulation. Additionally, both the GSTM3
mRNA expression level and the GST activity were signifi-
cantly higher in HepG2 cells and controls after treatment
with 1 pmol/L TWS119 for 24 h (100% * 5% »s 137%
* 7%, P < 0.05, Figure 4B), supporting that 3-catenin
nuclear accumulation in nuclei of HCC cells up-regulates
the GSTM3 mRNA expression and the GSTM3 activity.

DISCUSSION

The experimental results of this study demonstrate that
mRNAs originally identified from gene expression pro-
files are differentially expressed in mouse HCC cells. The
expression levels of GSTM3 and GLNS mRNAs were
higher in mouse HCC tissue samples than in matched
nontumorous liver tissue samples. However, the detailed
genetic mechanism underlying HCC remains unknown.

GSTM3 is a GST Mu-class subunit. Little is known
about the role of GSTM3 in metabolism of harmful
agents, except for its overlapping substrate specificity to
GSTM1%. As one of the primary phase II detoxification
enzymes, GST can divided into four classes, namely Alpha,
Mu, Pi and Theta™, which protect against the oxidative
stress of their productsm. GST is a potentially important
enzyme that regulates the susceptibility to cancer because
of its ability to metabolize reactive electrophilic intermedi-
ates to usually less reactive and more water soluble gluta-
thione conjugateleSJ. It was reported that the GST activity,
as an indicator of resistance to chemotherapy, is high in
human cancer, because GST increases the formation of
drug glutathione (GSH) conjugateleGJ. In this study, the
total GST activity was assayed to understand why the
GSTM3 mRNA expressions are up-regulated in HCC cells.
Based upon these observations, the results of this study
showing the up-regulated expression of GSTM3 mRNA
in B6C3F1 mouse HCC cells suggest that the increased
GSTM3 mRNA expression is a significant phenomenon
in cellular detoxification, namely enhancing the metastatic
potential in HCC cells.

It was reported that B-catenin plays an important role
in cell-cell adhesion®™ and in Wnt signaling pathway[zs’zgj.
[B-catenin can enter the nuclei of HCC cells by binding the

April 7,2011 | Volume 17 | Issue 13 |



Li YS et a/. GSTM3 mRNA up-regulation by B-catenin accumulation
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Figure 4 Total glutathione-s-transferase activity (A) and glutathione-s-transferase M3 mRNA expression (B) in HepG2 cells. °P < 0.05, °P < 0.01 vs TWS119

at 24 h by one-way analysis of variance followed by Bonferroni’s test.

Tct-Lef family of DNA binding proteins, and regulate the
transcription of target genes (for example, c-myc, gastrin,
cyclin D1 and PPAR are identified as target genes of the
B-catenin/Tef-Lef complex) P9 1n the present study, the
GSTM3 mRNA level was higher in B6C3F1 mouse HCC
cells with B-catenin accumulation than in those without
B-catenin accumulation. To our knowledge, no similar
observation has been reported. The total GST activity was
much higher in B6C3F1 mouse HCC cells with [3-catenin
accumulation than in normal tissue samples without
B-catenin accumulation (Table 2). The averaged GST
activity ratio was significantly higher in HCC cells with
[-catenin accumulation than in those without [3-catenin
accumulation (0.747 £ 0.360 »s 0.071 + 0.213, P < 0.001),
suggesting that the GST activity ratio is significantly dif-
ferent (Table 2). Furthermore, by searching the GenBank,
we found that the upstream region of the GSTM3 gene
contained three B—catenin/ Tef-Lef consensus binding site
sequences in mouse GST polymorphisms. The canonical
Wnt pathway in cultured HepG2 cells was further mim-
icked using TWS119, a GSK-3f inhibitor, which caused
abnormal B-catenin accumulation. As a result, TWS119-
induced B-catenin accumulation enhanced the GST activ-
ity and the GSTM3 mRNA expression in HepG2 cells,
suggesting that 3-catenin accumulation in nuclei of HCC
cells can increase the activity of mouse GSTM3, one of
the enzymes responsible for the metabolism of a vatiety
of xenobiotics and carcinogens, and that mouse GSTM3
may be a novel downstream tatget gene of the B-catenin/
Tcf-Lef complex in mouse HCC.

It was reported that GLNS can catalyze the synthesis
of glutamine[34], a major energy source of cells (an impor-
tant ATP soutce), and is a precursor for the synthesis of
nucleotides and numerous amino acids, and up-regulated
in a subset of human HCC™. In this study, at 3 wk after
tumor implantation, the glutamine synthetase activity in
rats increased by 34%, which is consistent with the report-
ed findings"™. However, further study is needed to observe
the possible pharmacological action (s) of B-catenin in the
up-regulated expression of GLNS mRNA.

In conclusion, GSTM3 and GLNS genes are differen-
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tially expressed in mouse HCC cells. The expression level
of GSTM3 mRNA and total GST activity are higher in
B6C3F1 mouse HCC cells with -catenin accumulation
than in those without B-catenin accumulation, indicating
that GSTM3 may be a novel target gene for the B-catenin/
Tcf-Lef complex in mouse HCC.

COMMENTS

Background

Hepatocellular carcinoma (HCC) is a primary cancer of the liver. However, the
genetic events responsible for HCC initiation and progression are not clear.
Since approximately 20% of HCC display B-catenin aberrant activation, Wnt/
[3-catenin signaling pathways may be involved in HCC occurrence.
Research frontiers

Recent data show that 3-catenin may be an initiating or contributory factor for HCC.
In this study, the authors demonstrated that glutathione-s-transferase M3 (GSTM3)
might be a novel target gene of the B-catenin/Tcf-Lef complex in mouse HCC.
Innovations and breakthroughs

The authors identified two up-regulated genes, glutamine synthetase (GLNS)
and GSTMS, in nuclei of radiation-induced mouse HCC cells with B-catenin
accumulation. Three B-catenin/Tcf-Lef consensus binding site sequences were
observed in mouse glutathione-s-transferase (GST) polymorphisms. GST activity
and GSTM3 mRNA levels were induced in cultured HepG2 cells by TWS119 (an
inhibitor of GSK-3). To our knowledge, no similar observation has been reported.
Applications

By demonstrating that GSTM3 may be a novel target gene of the B-catenin/Tcf-
Lef complex in mouse HCC, this study may represent a future strategy for
therapeutic intervention in patients with HCC.

Terminology

[B-catenin plays an important role in cell-cell adhesion and in Wnt signaling
pathway, can enter nuclei by binding to the Tcf-Lef family of DNA binding
proteins and regulate the transcription of target genes.

Peer review

This paper reports the results of investigations on some differentially over-
expressed genes associated with B-catenin accumulation in nuclei of HCC
cells, showing that GSTM3 may be a novel target gene of the B-catenin/Tcf-Lef
complex in mouse HCC using mRNA differential display, Northern blot analysis,
immunostaining and RT-PCR techniques, respectively. It is worthy of publication.
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