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Abstract We previously reported that the abnormal
BTG?2 expression was related to genesis/development of
hepatocellular carcinoma (HCC). The aim of this study was
to evaluate the BTG2 expression in HCC compared with
p53, cyclin D1, and cyclin E. For this purpose, modified
diethylnitrosamine (DEN)-induced primary HCC rat model
was established. Target proteins and mRNAs were mea-
sured by western blot and RT-PCR/northern blot, respec-
tively. In rat liver, expression of BTG2 and other proteins
was determined by western blot, and BTG2 mRNA in HCC/
normal tissues was detected by high-flux tissue microarray
(TMA) and in situ hybridization (ISH). BTG2 mRNA/
protein expression was increased in fetal liver, 7701, and
LO2 cell lines but decreased in HepG2 cells. BTG2/p53
were expressed early after DEN treatment, peaked at
5 weeks and decreased gradually thereafter. Cyclin-D1/
Cyclin-E expression increased significantly with the tumor
progression. BTG2 mRNA was expressed in 71.19% HCC
by ISH and correlated with differentiation. Expression of
pS3/cyclin D1/cyclin E was positive in 82.35/94.12/76.47%
BTG2 mRNA-negative tissues, respectively. BTG2 protein
expression was lost in 32.2% (19/59) HCC tissues, and the
mRNA/protein expression correlated significantly with the
increasing tumor grade (P < 0.05). In conclusion, BTG2
expression is commonly impaired in HCC which may be a
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factor involved in deregulation of cyclin-D1/cyclin-E
expression during hepatocarcinogenesis.
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Introduction

The B-cell translocation gene-2 (BTG2) is an antipro-
liferative gene. It is an early growth response gene
[1] and belongs to the BTG/Tob antiproliferative protein
family [2, 3]. The rat and mouse homologs of BTG2 are
designated as pheocromocytoma cell-3 (PC3) and 12-O-
tetradecanoylphorbol-13-acetate (TPA) inducible sequen-
ces 21 (TIS21), respectively. The PC3 is an immediate
early gene activated by nerve growth factor (NGF) during
the onset of neuronal differentiation of PC12 cells which
are derived from a tumor of the adrenal medulla [4]. TIS21
is isolated from SW3T3 cells treated with TPA [5]. BTG2
has been cloned from the chromosomal segment 1q32 and
contains two exons, one intron, and a wild-type (wt) p53
response element in its 5’-flanking region (from 74 to 122)
[6], confirming that BTG2 expression is dependent on wt
p53 function [7, 8].

The BTG2 expression is known to correlate with cyclin-
dependent kinases (CDKs). CDKs are the molecules
responsible for phosphorylation and consequent inactiva-
tion of retinoblastoma protein (pRb) [9, 10]. BTG2 over-
expression inhibits GI1-S progression through the
transcriptional regulation of cyclin D1 in the presence of
pRb [11] whereas TIS21 downregulates expression of the
cyclin E and CDK4 in the absence of pRb function [12]. It
is known that BTG2 interacts with protein-arginine meth-
yltransferase 1 (PRMT1) [13], transcription factor CAFI
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[14], and homeogene HoxB9 [15] which is involved in cell
cycle regulation and in cell differentiation. In addition, the
genetic ablation of BTG2 prevents the G2-arrest in
embryonic stem (ES) cells in a p53-dependent manner
supporting the finding that BTG2 induces the G2-M arrest
[7].

Only a few studies have investigated the potential role
of BTG2 during carcinogenesis. However, the recent
reports on reduced expression of BTG2 in different sets of
human malignancies have been extended by a panel of
matching tumor and normal tissue samples. These reports
indicate that in a large proportion of breast and kidney
carcinomas, BTG2 mRNA expression in the tumor tissues
is significantly lower than that in the adjacent normal tis-
sues. Further, it has also been observed that BTG2
expression is lost in primary tumors and cancer cell lines
such as NCIH69 and A549 human lung cancer cells, thy-
mic carcinoma tissues [16, 17], hyperproliferative epithe-
lial cells, prostate cancer [18], and clear cell renal cell
carcinoma [19]. These observations further confirm the
significance of BTG2 deregulation in naturally occurring
cancers. Interestingly, with regard to the above-mentioned
cancers, BTG2 was found to be constitutively expressed in
the corresponding normal tissues.

Low levels of BTG2 expression have been observed in
normal hepatocytes [20]. Moreover, in our previous study
on BTG2/PC3 gene expression in hepatocytes, we found
that PC3 gene was rapidly induced after hepatocyte pro-
liferation as detected by the representational difference
analysis (RDA) in the rat model of two-third hepatectomy
and the peak expression was observed within 1-2 h after
surgery. PC3 has been demonstrated to be rapidly induced
in a primary culture of rat hepatocytes by epidermal growth
factor (EGF), hepatocyte growth factor (HGF), hepato-
poietin (HPO), etc. This suggests that the BTG2/PC3 gene
is involved in the regulation of liver regeneration, and that
it is an immediate early gene closely related to liver
regeneration and hepatocarcinogenesis [21-23].

In this study, hepatocellular carcinoma (HCC) was
induced in rats by oral administration of diethylnitrosamine
(DEN) in drinking water [24, 25], and the changes in the
expression levels of BTG2, p53, cyclin D1, and cyclin E
were determined over a certain period of time. Besides, we
determined the expression of BTG2 mRNA in HCC as well
as in HCC-surrounding normal liver tissues using a high-
flux tissue microarray (TMA) technique combined with in
situ hybridization (ISH). As well, in HCC patients’ popu-
lation whose immunohistochemistry results indicated the
absence of BTG2 mRNA expression, we analyzed the
expression of p53, cyclin D1, and cyclin E. We also
evaluated the expression of BTG2 in a large cohort of
human HCC patients with varied histologies; its relation-
ship with the clinicopathologic variables and with p53,
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cyclin D1, and cyclin E overexpression was also evaluated.
In this study, we show that the loss of nuclear BTG2
expression in HCC correlates with the increasing tumor
grade as well as with overexpression of cyclin D1 and
cyclin E, suggesting that the loss of BTG2 expression may
be a factor involved in the deregulation of cyclin D1 and/or
cyclin E expression in human HCC.

Materials and Methods
Cell Culture and Fetal Liver Tissue

HepG2, 7701, and LO2 cells were plated at a density of
10° cells/em® in Dulbecco’s modified Eagle medium
(DMEM; GIBCO, Invitrogen Life Technologies, CA,
USA) containing 5% fetal calf serum (FCS) in 100-mm
Petri dishes. The liver tissue samples from 4 and 7 months
old fetuses were obtained from the Cryo-Tissue Bank of
our hospital research center. The design and procedures of
this study were approved by the human and animal
research ethics committees of the 3rd Military Medical
University, and written informed consent was obtained
from all patients enrolled in this study.

Reagents and Antibodies

The Hank’s Buffered Salt Solution (HBSS) and DMEM
were from Invitrogen (Invitrogen Life Technologies, CA,
USA). The antibodies directed against BTG2, f-actin, p53,
Cyclin D1, and Cyclin E were purchased from Santa Cruz
Biotechnology (Santa Cruz, CA, USA). Horseradish per-
oxidase (HRP)-conjugated secondary antibody was pur-
chased from Bio-Rad (Hercules, SA, USA).

RNA Isolation and Reverse Transcription-Polymerase
Chain Reaction (RT-PCR)

Total RNA was prepared using guanidinium thiocyanate
(GITC) method (Promega Corp, WI, USA). The quality
and integrity of RNA was verified by spectrophotometry
and ethidium bromide agarose (1%) gel electrophoresis.
For in vitro reverse transcription, briefly, total RNA (1 mg)
was denatured at 72°C for 10 min and added to a final
reaction volume of 20 pl containing nuclease-free water,
10x RT buffer (2 pl), 25 mmol/l MgCl,, 0.25 mmol/l
dNTPs each, 0.5 U of RNasin, 100 U of AMVase and
Oligo (dT) primers (Promega, Madison, WI, USA), and
then incubated for 15 min at 42°C. After adding 100 pl of
nuclease-free water, RT reactions were stored at —20°C
until later use in PCR amplification reactions. The PCR
primers used were as follows: BTG2 (sense) 5'-TAC CGC
TGC ATT CGC ATC AAC-3/, (antisense) 5'-AGG GCC
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TAG CTG GAG ACT GC-3', GAPDH (sense) 5'-CCC
ATC ACC ATC TTC CAG GAG CG-3', (antisense)
5'-AGA TGG AGG AGT GGG TGT CGC TGT-3'. The RT
products (5 pul each) were amplified in PCR reaction of a
25 l final volume containing 10x PCR buffer, 2.5 mmol/l
dNTPs, 25 pmol of each primer and 0.5 U of Tag DNA
polymerase (Promega, Madison, WI, USA). Amplifications
were carried out in a DNA thermal cycler (Perkin Elmer,
Boston, MA, USA) using the following reaction profile:
denaturation at 94°C for 60 s, primer annealing at 55°C for
60 s, and primer extension at 60°C for 60 s. The number of
cycles was designed as to maintain the amplification reac-
tions in the exponential phase which correspond to 30
cycles. PCR products were purified by electrophoresis on
1.5% agarose gel and analyzed by digital image analysis.

Northern Blot Analysis

Total RNA was extracted using TRIzol® method (Life
Technologies, Gaithersburg, MD, USA) by following the
manufacturer’s instructions and was fractionated on 1%
agarose gel containing 0.6 mol/l formaldehyde, then
transferred to GeneScreen Plus hybridization transfer
membrane (PerkinElmer, MA, USA) and hybridized to
32P_labeled cDNA probes. Hybridization to all probes was
carried out at 68°C in 6 x standard saline citrate (SSC), 5x
Denhardt’s solution, 1% SDS, and 100 pg/ml single-
stranded (ss) DNA. The blots were washed in 2x SSC
containing 0.05% SDS for 20 min at room temperature
(RT) followed by 20 min washes for three times in 0.1 x
SSC containing 0.1% SDS at 50°C before exposure to
X-ray film.

Western Blot Analysis

After the specified time intervals, fresh liver tissue (1 g)
was homogenized in 3 ml of homogenization buffer
(20 mM Tris, 137 mM NaCl, 10% glycerol, | mM NaVQ,,
1 U/ml aprotinin, and 1 mM PMSF, pH 8.0). The
homogenate was centrifuged at 9000x g for 20 min, and
the supernatant fraction was collected. The protein con-
centration was determined using Bio-Rad protein assay
(Life Science, CA, USA) by following the manufacturer’s
instructions, and the samples were analyzed by sodium
dodecyl sulfate polyacrylamide gel electrophoresis (SDS-
PAGE). In brief, the samples (30 mg aliquots) were diluted
in SDS sample buffer, boiled, and run immediately on 12
or 7.5% acrylamide gels. The fractionated proteins in gel
were electroblotted to nitrocellulose, and the membranes
were blocked in 5% non-fat milk, followed by incubation
with specific primary antibodies (2 mg/ml each) for 3 h in
Tris-buffered saline (TBS) containing 1 mg/ml of bovine
serum albumin (BSA). Proteins were detected using ECL

system (Amersham, Arlington Heights, IL, USA) with
HRP-conjugated secondary antibody (1:5000 diluted) (Bio-
Rad, Hercules, SA, USA). Densitometric analysis was
carried out using Molecular Analyst 1 software (version
1.4; BIO-RAD Laboratories, CA, USA).

Animal Experiments

The research experiments on animals were carried out in
accordance with the guidelines for care and use of laboratory
animals under the Chinese Law and Statutory Regulations.
The animals were carefully and humanely handled at all times
and were subjected to no mutilation other than essential sur-
gical procedures as permissible under the Law of Animal
Research and Statutory Regulations. Sixty-four male Wistar
rats (Japan Clea, Tokyo, Japan), weighing 130-160 g, were
administered DEN at the rate of 99 pg/ml (Sigma Chemical
Co., St. Louis, MO, USA) in drinking water ad libitum for
5 weeks, followed by plain water for 3 more weeks. After
8 weeks, the DEN administration as earlier described was
restarted and continued until 16 weeks. Of the DEN-treated
rats, 12 were sacrificed at 5, 8, 12, and 16 weeks. The control
rats were given plain water without DEN, and four rats each
were sacrificed at 5, 8, 12, and 16 weeks. This protocol of
carcinogen treatment for different periods with carcinogen-
free interval will allow regression of the non-specific changes
associated with the carcinogen administration and is recom-
mended in the literature. Animals were sacrificed at the end of
the experiment. Livers were washed with phosphate buffered
saline (PBS) by perfusion through the portal vein to eliminate
blood cells and were removed, weighed, and used in western
blot experiments.

Patients and TMA Construction

All tissue samples used in this study were procured from
the archives of the Department of Pathology/Cryo-Tissue
bank of the Daping and Xinan Hospitals, affiliated with the
3rd Military Medical University, China. The 59 HCC tissue
samples and four normal tissue samples surrounding the
morbid tissue were obtained from 59 patients (50 males
and 9 females, aged 25-80 years with mean age of
50.7 years) by surgical resection. TMA was constructed
from frozen 59 HCC tissues and 4 normal liver tissues
(located far away from hepatoma). Sixteen HCCs were of
grade 1, 28 of grade 2, and 15 of grade 3. All slides were
independently evaluated by two pathologists blinded to the
sample identification. In brief, normal and tumor tissues
were embedded in paraffin, and hematoxylin and eosin
(H&E) stained sections were examined to identify the
morphologically representative areas of the specimen from
which core biopsies were taken. The cores were transferred
to the recipient block according to the array designed
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previously. Tissue cylinders with a diameter of 0.6 mm
were then punched from the selected areas of each donor
block and transferred to the recipient paraffin block, and
3—4 pm sections were cut from the tissue array block.

ISH

The digoxigenin (DIG)-labeled oligonucleotide BTG2
antisense probe sequence was as follows: 5-CCA GTG
GGG CCT CCT CGT ACA AGA CGC AGA TG-3'. ISH
was performed using commercial kit (Tianjin Hao Yang
Biological Manufacturing Corporation, China) and fol-
lowing the manufacturer’s instructions. In brief, pre-
hybridization was carried out at 37°C for 1-2 h, followed
by hybridization at 37°C for 4 h, and hybridization fluid
without probe was used as control. The labeled and control
tissue samples were examined by fluorescence microscopy.
Negative or positive staining of tumor cells was assessed
by color intensity as well as by area stained. Positive
staining of tumor cells was represented as an amethyst area
of staining. The scoring was as follows: no cell staining
was taken as 0, <25% cell staining as 1; 25-50% cell
staining as 2; and >50% cell staining as 3. When the
average score was >2, we regarded it as positive staining;
however, if the score was <2, we considered it as negative
staining. Three researchers independently scored the sam-
ples and interpreted the results.

Immunohistochemical Analysis

Each paraffin-embedded tissue sample was cored eight
times, i.e., four times from the periphery and four times
from the center of the lesion. This represented the tumor’s
peripheral and central regions. The cores were then trans-
ferred to a recipient paraffin block following the technique
as described [26] and using an automated tissue micro-
arrayer. Immunohistochemistry was performed on forma-
lin-fixed, paraffin-embedded 5 pm tissue sections
according to standard procedures as previously described
[16]. All steps were performed at RT unless otherwise
indicated. In brief, the tissue sections were deparaffinized
and immersed in 0.01 M sodium citrate buffer (pH 6.0) in a
microwave oven for two times, 5 min each, to enhance
antigen retrieval. After washing, the slides were incubated
with 0.3% hydrogen peroxide in PBS for 30 min at RT to
quench endogenous peroxidase activity. Later, the sections
were incubated overnight at 4°C with BTG2 antibody
(1:200 diluted) (Santa Cruz Biotechnology, Inc, CA, USA)
or with cyclin D1, p53, and cyclin E antibodies (each 1:100
diluted) (Santa Cruz Biotechnology, Inc, CA, USA) using
DAKO EnVision system (DAKO Corp, Carpinteria, CA,
USA) for detection. The negative control was processed by
substituting PBS for the primary antibody, and the samples
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were microscopically examined. Immunohistochemical
examination was performed using the following criteria on
the basis of a comparison between cancer tissue and
adjacent (normal) tissue [27]. The immunohistochemistry
results using each antibody were classified as follows:
similar intensity of staining in cancer tissue and normal bile
duct epithelia or weaker staining intensity in <35% of
cancer tissue was regarded as positive staining whereas
weaker staining intensity in >30% of cancer tissue or no
staining in cancer tissue was regarded as negative staining.
Three researchers independently evaluated the samples and
interpreted immunohistochemical results.

Statistical Analysis

All the data were processed using SPSS13.0 software. Chi-
square (y%) test was performed to assess the significance of
the association between expression of BTG2, p53, cyclin
D1, cyclin E, and other tumor characteristics, e.g., tumor
grade, size (<5 or >5 cm), hepatitis B surface antigen
(HBsAg), and metastasis. All P values <0.05 were con-
sidered as statistically significant.

Results

BTG2 Expression in Fetal Liver and Different
Hepatoma Cell Lines

Expression of the BTG2 mRNA and protein was detected
in fetal liver. As show in Fig. 1, there was no difference in
the expression levels of BTG2 between 4- and 7-month-old
tissues. Moreover, overexpression of the BTG2 mRNA and
protein was observed in LO2 cells and hepatoma cell lines
such as 7701 but not in HepG2 cells.

Expression of BTG2, p53, Cyclin D1, and Cyclin E
Proteins in DEN-Induced HCC

The expression of BTG2, p53, cyclin D1, and cyclin E
proteins was determined by western blot. As shown in
Fig. 2, the protein expression of BTG2 was found to be
elevated that peaked at the 5th week of DEN treatment,
then it gradually decreased and after 16 weeks, it was
found to be even lower than that of untreated controls.
Cyclin DI protein was also found to be elevated at the 5th
week of DEN treatment and the expression increased
gradually with peak observed at the 16th week of the
treatment. The DEN treatment also induced expression of
cyclin E with peak expression observed at the 5th week
whereas cyclin E expression was downregulated in
untreated controls. Very low levels of p53 protein were
detected in control livers; however, these levels increased
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Fig. 1 Expression of BTG2 mRNA and protein. Expression of the
BTG2 mRNA was determined by a RT-PCR and b northern blot;
while the protein expression was measured by ¢ western blot,
following protocols as described in “Materials and Methods” section.
Both BTG2 mRNA and protein were overexpressed in fetal liver (4
and 7 months) as well as in cell lines (7701 and LO2); however, low
expression was observed in HepG2 cells. GAPDH and f-actin were
used as an endogenous control

dramatically and remained elevated until the 12th week of
DEN treatment and decreased thereafter.

Loss of BTG2 mRNA Expression in HCC TMA
Correlates with Increasing Tumor Grade and Also
with Increased Expression of p53, Cyclin DI,

and Cyclin E Proteins

The positive BTG2 mRNA expression was detected, by
ISH on TMA, in 71.19% (42/59) of HCC samples and in
three of four normal liver tissue samples obtained from the
region surrounding the morbid tissues obtained from HCC
patients. BTG2 mRNA expression was predominantly
localized in the cytoplasm of the tumor cells as indicated
by hyacinthine staining of the cytoplasm (Fig. 3). The
BTG2 mRNA expression correlated significantly with the
degree of differentiation. The positivity rate of BTG2
mRNA expression in HCC was 93.75% (15/16) at high
differentiation, 67.86% (19/28) at moderate differentiation,
and 53.33% (8/15) at low differentiation. There were sig-
nificant differences observed between high, moderate, and
low rates of differentiation (Table 1).
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Fig. 2 Expression of BTG2, p53, cyclin D1, and cyclin E proteins in
DEN-induced rat HCC model at different stages. a The protein
expression of BTG2, p53, cyclin D1, and cyclin E was measured by
western blot at the stage of 5, 8, 12, and 16 weeks of DEN treatment
for HCC induction. Each group comprised of 12 rats and the control
group comprised of two rats. An increase in the BTG2 protein
expression was observed at the early stage of DEN treatment that
peaked at the Sth week and gradually decreased thereafter as observed
at the subsequent time points of 8, 12, and 16 weeks, especially the
expression was found to be very low at the 16th week. Also, an
increase in the expression levels of cyclin D1 and cyclin E proteins
was observed during hepatocarcinogenesis which was more evident at
the 16th week of DEN treatment. A significant increase in the p53
expression was observed at the Sth week of DEN treatment as
compared with that of untreated controls. The f-actin expression was
used as an endogenous control. The representative blot from three
independent experiments is shown. b The data (means & SD),
obtained from three independent experiments, represent relative band
intensities of the proteins at different time points and were calculated
as % expression relative to that of internal control. An asterisk (*)
represents a statistically significant P value (<0.05) as compared with
controls

Since BTG2 expression is dependent on wt p53 function
[7] and BTG2 suppresses the expression of cyclin D1 [11]
and cyclin E [12], we analyzed whether the loss of BTG2
mRNA expression in HCC was related with the overex-
pression of cyclin D1, cyclin E, or the p53 mutant. We
detected the expression of p53, cyclin D1, and cyclin E
proteins in 17 patients who tested negative for BTG2
mRNA expression by immunohistochemistry. Cyclin D1
and p53 showed nuclear expression in the liver tumor cells.
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BTG2

Fig. 3 BTG2 expression compared with other proteins in high-flux
TMA/ISH. a Expression of the BTG2 mRNA in TMA (+++) (ISH
x40) is shown; b expression of the BTG2 protein in TMA (+++)
(magnification, x40) is shown; ¢ the negative expression of BTG2
protein in TMA (—) (magnification, x40) is shown; d the expression
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of BTG2, p53, cyclin D1, and cyclin E proteins in HCC is shown.
A representative case of HCC displays loss of the BTG2 expression as
compared with strong expression of p53, cyclin D1, and cyclin
E proteins at the same location (magnification, x400)

Table 1 Relationship between BTG2 mRNA and selected proteins (BTG2, p53, and cyclins E and D1); and clinicopathological features

in HCC “N (%)”

Clinicopathological N BTG2 mRNA BTG2 protein p53 protein Cyclin E protein Cyclin D1 protein
characteristics
- + - + - + - + - +
Tumor size
>5 cm 37 11 26(70.27) 12 25(67.57) 20 17(45.95) 21 16 (43.24) 12 25 (67.57)
<5cm 22 6 16(72.72) 15 (68.18) 13 9(40.91) 15 7 (31.81) 12 10 (45.45)
Differentiation
High 16 15 (93.75) 2 14 (87.5) 11 5 (31.25) 10 6 (37.5) 11 5(31.25)
Middle 28 9 19 (67.86) 19 (67.86) 17 11 (39.29) 19 9 (32.14) 11 17 (60.71)
Low 15 7 8 (53.33)* 7 (46.67)* 5 10 (66.67) 7 8 (53.33) 2 13 (86.67)**
HBsAg
Positive 46 13 33 (71.74) 15 31(67.39) 24 22 (47.83) 29 17 (36.96) 18 28 (60.87)
Negative 13 4 9 (69.23) 4 9 (69.23) 9 4 (30.71) 7 6 (46.15) 6 7 (53.85)
Metastasis
Yes 22 5 17 (77.27) 6 16 (72.73) 7 15 (68.18) 10 12 (54.55) 5 17 (77.27)
No 37 12 25 (67.57) 13 24 (64.86) 26 11 (29.73)* 26 11 (29.73) 19 18 (48.65)*

HBsAg hepatitis B surface antigen

* represents a statistically significant P-value (<0.05); ** represents a statistically significant P-value (<0.01) as compared with the high and low

differentiation groups

These proteins were also weakly expressed in the cyto-
plasm of these cells. Cyclin E, however, was expressed
only in the nucleus of these cells (Fig. 3d). The p53, cyclin
E, and cyclin D1 proteins were expressed in 82.35% (14 of
17), 76.47% (13 of 17), and 94.12% (16 of 17) HCC cases,
respectively. All three proteins were coexpressed in
70.59% (12 of 17) HCC cases (Table 2).
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Reduced BTG2 Protein Expression in HCC Correlates
with the Overexpression of p53, Cyclin D1, and Cyclin
E Proteins and the Tumor Grade

We evaluated BTG2 protein expression in HCC TMA
samples by performing immunohistochemical analysis.
Expression of the BTG2 protein was predominantly
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Table 2 Expression of p53, cyclin E, and cyclin D1 proteins in 17 patients with negative BTG2 mRNA expression

Differentiation N p53 Cyclin E Cyclin D1

Positive Negative Positive Negative Positive Negative
High 1 1 0 0 1 1 0
Middle 9 7 2 1
Low 5 2 7 0

localized in the cytoplasm of the tumor cells with faint
cytoplasmic staining of uninvolved epithelial cells of bile
duct and part of liver cells (Fig. 3b). We also examined the
BTG2 protein expression in ten normal liver tissue samples
obtained from the region surrounding the HCC tissue
which was found to be localized predominantly in the
cytoplasm. BTG2 expression was absent in 32.2% (19 of
59) tumor samples. Expression of the BTG2 protein cor-
related significantly (P < 0.05; Table 2) with the degree of
tumor differentiation. The positivity ratio of BTG2 protein
expression in regard with various degrees of HCC differ-
entiation was as follows: 87.5% (14/16) in high, 67.86%
(19/28) in medium, and 46.67% (7/15) in low differentia-
tion cases. There were significant differences observed
between high, medium, and low differentiation.

To further evaluate whether the aberrant BTG2 protein
expression in HCC correlated with the expression of p53,
cyclin D1, and cyclin E and tumor characteristics, we
examined the expression of these proteins in HCC TMA
samples for which clinicopathologic and follow-up data
were available. Of the 59 HCC tissue sections, 26 (44.07%)
stained positively with p53 antibody and the positivity ratio
in relation to degree of HCC differentiation was as follows:
31.25% (5/16) in high, 39.29% (11/28) in medium, and
66.67% (10/15) in low differentiation. Cyclin E protein
was detected in 38.98% (23/59) HCC patients, and the
positivity ratio regarding degree of tumor differentiation
was as follows: 37.5% (6/16) in high, 32.14% (9/28) in
medium, and 53.33% (8/15) in low differentiation. Positive
staining for cyclin D1 protein was detected in 59.32%
(35/59) HCC cases examined, and the positivity ratio with
regard to degree of tumor differentiation was as follows:
31.25% (5/16) in high, 60.71% (17/28) in medium, and
86.67% (13/15) in low differentiation. Expression of cyclin
D1 correlated significantly (P < 0. 05) with the tumor
grade.

Discussion

Several lines of evidence suggest that BTG2 plays an
important role in the suppression of carcinogenesis.
Moreover, BTG2 expression was found to be undetectable
in higher grade tumors and bone metastases [18]. Besides,

our data show that BTG2 expression relates with the degree
of tumor differentiation and hence correlates also with the
clinical pathology of HCC (Table 1). These results imply
that the abnormal BTG2 expression relates closely with the
genesis and development of HCC. In this regard, it seems
likely that HCC may be expressing certain factor(s) that
facilitate the cytoplasmic retention and/or inhibit the
nuclear localization of BTG2. Whether the loss of impor-
tant protein(s) that regulate nuclear localization and/or the
altered posttranslational modification of BTG2 are
involved in the aberrant localization of BTG2 in HCC cells
is still unclear and needs further studies.

It was recently reported that TIS21™'~ mice show
enhanced HCC development at the late stage of DEN-
induced hepatocarcinogenesis [28]. Corroboratively, our
results show inhibition of the BTG2 expression at the late
stage of DEN-induced hepatocarcinogenesis in a rat model
of HCC (Fig. 2a). The data from both studies thus support
BTG2/TIS21 as tumor suppressors. Nonetheless, the pos-
sibility that BTG2 behaves as a tumor suppressor, though it
remains speculative, is based on the rationale that BTG2 is
involved in both tumor suppressor pS53 and Rb pathways.
Although the 1q32 region was shown to present with loss
of heterozygosity in breast carcinomas with 25% frequency
[17], it is still unclear whether the BTG2 gene undergoes
mutations in tumors. We speculate that a possible mecha-
nism of the loss of BTG2 expression in HCC may involve
the BTG2 mutation such as tumor suppressor deletion.
Although low levels of BTG2 expression have been
reported in normal hepatocytes [20, 29], we previously
reported [21-23] that BTG2 homologous gene PC3 was
rapidly induced during hepatocyte proliferation as detected
by RDA in the rat model of two-third hepatectomy and the
peak expression was observed within 1-2 h after the sur-
gery, suggesting that PC3/BTG2 gene is likely involved in
the regulation of liver regeneration. The present data show
that the expression of BTG?2 is significantly increased at the
early stage of DEN-induced hepatocarcinogenesis in the rat
model of HCC which is also corroborated by the results of
a recent study [28], further implying that the BTG2
expression is sensitive to acute hepatic injury.

In fact, BTG2 is intricately involved at G1 checkpoint of
cell cycle as a p53-transactivated gene. We observed that in
the rat model of DEN-induced hepatoma, p53 expression

@ Springer



90

Cell Biochem Biophys (2011) 61:83-91

increased continuously during the early and middle stages
of the induced cancer and decreased significantly at the
advanced stages of the cancer. This pattern of p53
expression was similar to that observed in human tissues
(Fig. 1a). Analysis of the array of HCC tissues indicated
that there was a significant negative correlation between
the expression of mutant p53 protein and BTG2. Further
analysis of p53 protein in the HCC cases negative for
BTG2 mRNA expression revealed that the p53 mutation
was positively correlated with the deletion of BTG2 and an
increase in the mutation of p53 gene resulted in a decrease
in the expression of BTG2. This observation is consistent
with the previous finding that activation of the BTG2
requires regulation through the wt p53-dependent pathway
[8]. However, we detected the decreased BTG2 mRNA
expression in HepG2 cells (expressing wt p53). The con-
sistent staining pattern observed using anti-BTG2 antibody
and the fact that p53 mutation expression was 44.07% in
TMA of HCC suggest that the defects in the DNA damage-
induced cytoprotective pathway in HCC may be indepen-
dent of the p53 mutations. It has been recently reported that
BTG2 is a potential target of cellular microRNAs (miR-
NAs) and BTG2 is regulated by miR-21 in human lar-
yngeal carcinoma [30]. Interestingly, we already predicted
using bioinformatics software that the BTG2 could possi-
bly be a target gene of miR-18 whereas the expression of
miR-18 in HepG2 cell line was reported as upregulated
[31]. Arguably, it was suggested that the high expression of
miR-18 in HepG2 cell line might be able to suppress
expression of the BTG2 in these cells. Indeed, whether the
overexpression of miRNAs that target posttranscriptional
processing of BTG2 and/or protein—protein interactions
with the cellular partners lead to aberrant regulation of
BTG?2 expression in HCC remains to be elucidated.
Using a modified rat model of DEN-induced primary
HCC, we also observed that the expression levels of cyclin
D1 and cyclin E proteins gradually increased during
hepatocarcinogenesis. This suggests that the loss of BTG2
and the gain of cyclin D1 and cyclin E expression in HCC
are likely to be the related events; and also that BTG2 may
suppress the expression of cyclin D1 and/or cyclin E to
inhibit the proliferation of HCC tumor cells. It is, however,
unclear as to which pathway(s) is the key player in inducing
this type of antiproliferative response. The BTG2-encoding
protein is a secreted protein with a secreted peptide. It is
closely related with cancer-inhibiting genes such as p53 and
Rb. The dynamic pattern of BTG2 expression in HCC and
its early loss in the tumorigenic process suggest that BTG2
expression is restricted in space and time to certain areas,
and it may play an important role in the transformation and/
or differentiation of hepatocytes. The interaction of BTG2
with the cell cycle proteins and its physical association with
the p53 mutations make it an ideal candidate for restraining

@ Springer

tumorigenesis. In global perspectives, it remains to be seen
whether the coordinated inhibition of BTG2 and enhance-
ment of cyclin D1 and/or cyclin E expression can increase
the mutation frequency of wt p53 in hepatocarcinoma cells
and thus serve as a molecular signature to identify patients
at risk of developing hepatoma. In any case, further studies
on the relationship between BTG2 expression and hepatoma
formation will help in understanding the molecular mech-
anisms involved at the levels of cellular proliferation
and differentiation that eventually lead to hepatoma
development.
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