
D
i

W
A
*
†

R

h
v
o
s
a
o
t
o
g
s
t
p
i
t
t
o
t
p
v

i
(
t
m
c
l
a
t
e
r
H
b

E

Biochemical and Biophysical Research Communications 273, 54–61 (2000)

doi:10.1006/bbrc.2000.2891, available online at http://www.idealibrary.com on

0
C
A

ownregulation of Proapoptotic Proteins Bax and Bcl-XS

n p53 Overexpressing Hepatocellular Carcinomas

alter Beerheide,*,1,2 Yee-Joo Tan,*,1 Eileen Teng,* Anthony E. Ting,*
disorn Jedpiyawongse,† and Petcharin Srivatanakul†

Institute of Molecular and Cell Biology, 30 Medical Drive, Singapore 117609, Republic of Singapore; and
National Cancer Institute, Rama VI Road, Bangkok 10400 Thailand

eceived May 9, 2000
Major risk factors associated with HCC in high inci-
d
E
h
a
i
t
a
p
v
t
b
a
e
5

m
c
p
t
p
d
f
g
o
w
p
p
o
p
i
fi
w
p
t
i
i
w
g

As the occurrence of structural p53 mutations in
epatocellular carcinoma (HCC) in Thailand was pre-
iously reported to be much lower than that found in
ther high-incidence HCC areas, we analyzed 16 HCC
amples from Thailand to determine the expression
nd functionality of p53 protein. We observed the
verexpression of p53 protein in 69% of HCC, despite
he prevalence of the wild-type p53 gene. However, the
verexpressed p53 protein was nonfunctional as sug-
ested by its inability to modulate the expressions of
everal p53 effector proteins (p21 and Bcl-2 family pro-
eins). In addition, we observed significant underex-
ression of two proapoptotic proteins, Bax and Bcl-XS,

n 81% (P 5 0.02) and 64% (P 5 0.03) of HCC, respec-
ively. Consequently, the ratios of proapoptotic to an-
iapoptotic BCL-2 family proteins were reduced in 88%
f the HCC tumor tissues when compared to normal
issues, such that the rheostat between BCL-2 family
roteins is strongly skewed toward enhanced cell sur-
ival in the tumor cells. © 2000 Academic Press

Liver cancer, hepatocellular carcinoma (HCC), which
s derived from hepatocytes, and cholangiocarcinoma
CCA), which is derived from the epithelial lining of
he intrahepatic bile duct, is the most prevalent pri-
ary cancer for male and the third most abundant

ancer in female in Thailand (1–5). In this country
arge regional differences are found for CCA, which is
ssociated with the infection of the liver fluke, Opis-
horchis viverini, in endemic areas such as northeast-
rn Thailand which has also the highest incidence
ates in the world for CCA (1, 6, 7). On the other hand
CC is found to have a more even geographical distri-
ution in Thailand (4, 5).
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54006-291X/00 $35.00
opyright © 2000 by Academic Press
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ence geographic zones, particularly China, South-
ast Asia and sub-Saharan Africa, are infection with
epatitis B virus (HBV) and exposure to the mycotoxin
flatoxin B1 (8). However in Thailand, hepatitis B virus
nfection but not aflatoxin intake was identified to be
he major risk factor for HCC (2). An association of
flatoxin exposure and specific mutations within the
53 tumor suppressor protein, a frequent G to T trans-
ersion at codon 249, was found in up to 50% of HCC
umors from Qidong, China, and South Africa (9, 10),
ut could only be found in 7% of Thai-HCC (11). In
ddition, the overall mutation frequency within p53
xons 5–8 was only 15% in Thai-HCC, compared to
0–60% in China or South Africa (11).
In general, it is known that p53 can transcriptionally
odulate the expression of genes involved in cell cycle

ontrol, such as the cyclin-dependant kinase inhibitor,
21 (12). It was also found that structural p53 muta-
ions were associated with the expression of the G1-S
hase regulator, cyclin E, in HCC (13). Furthermore,
iverse effects of p53 on the transcription of the BCL-2
amily proteins that regulate apoptosis (also called pro-
rammed cell death), were reported. The transcription
f Bax, a proapoptotic member of the BCL-2 family,
as activated by p53 while Bcl-2, which functions to
revent apoptosis, was transcriptionally repressed by
53 (14–17). Here we analyzed the protein expression
f p53 and several known p53 downstream effectors,
21 and BCL-2 family proteins, as well as of cyclin E,
n HCC samples from Thailand in order to determine
rstly the expression levels and functionality of the
ild-type p53 protein and secondly, to examine the
otential roles these cell cycle and apoptosis regula-
ory proteins may play in the development of HCC
n Thailand. Finally, we determined telomerase activ-
ty since it has been detected in most cancers (18) and
as discussed to play a crucial role in hepatocarcino-
enesis (19).



MATERIAL AND METHODS
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Statistical analysis. The t test was used to determine if the
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Patients. Tumor tissues as well as adjacent non neoplastic tis-
ues (referred to as “normal”) were obtained from liver cancer pa-
ients, who were admitted to the National Cancer Institute of Thai-
and. All tissues were stored at 270°C within 30 min of surgical
emoval. Histological diagnosis of liver tumors was performed at the
ational Cancer Institute in Bangkok, Thailand, as well as the

nternational Agency for Research on Cancer (IARC), Lyon, France.
ost of the tissues were previously studied for p53 mutations, afla-

oxin exposure and hepatitis B surface antigen (HBsAg) (11), afla-
oxin metabolism (20), and rearrangements at minisatellite loci and
ntegrated hepatitis B virus DNA (HBV-DNA) in the HCC genome
21). Some of these data are included in Table 1. Tissues from
atients RN-35-00370 (sample 44 with liver adenocarcinoma), which
as not previously studied, and RN-32-22581 (sample 42 with met-
static liver carcinoma) were grouped together with the HCC sam-
les (Tables 1 and 2).

Extraction of proteins and Western analysis. Small sections of
rozen tissue (;27-mm3 volume), were cut and homogenized with
ndividual micropestles (Eppendorf, Germany) in 200 ml of ice-cold
ysis buffer (10 mM Tris–HCl, pH 7.5, 1 mM MgCl2, 1 mM EGTA, 0.1

M phenylmethylsulfonyl fluoride, 5 mM b-mercaptoethanol, 0.5%
haps (Pierce Chemical Co., Rockford, IL), 10% glycerol) (18), that
as also used for the telomerase assay. After incubation for 30 min
n ice, the samples were centrifuged at 14,000 rpm, at 4°C for 20 min
nd the supernatant transferred to a new tube. Total protein was
easured with a Bio-Rad Bradford kit (Bio-Rad Laboratories, Her-

ules, CA) and 30 mg of total protein was run on a 12% SDS–
olyacrylamide gel, transferred to a nitrocellulose membrane and
he membrane blocked with 5% nonfat dry milk in TBS-T (20 mM
ris–HCl, pH 7.6, 150 mM NaCl, 0.05% Tween 20) overnight at 4°C.
he membrane was then probed with a primary antibody, washed
everal times with TBS-T and then incubated with a horse radish
eroxidase (HRP)-conjugated secondary antibody (Pierce). Finally,
he membrane was washed and developed with an enhanced chemi-
uminescence system (Pierce). The membrane was stripped with
tripping buffer (2% SDS, 100 mM b-mercaptoethanol, 62.5 mM
ris–HCl, pH 6.8) for 30 min at 65°C, washed extensively and re-
robed with another antibody. Typically, a blot was used for two to
hree times. The primary antibodies used were Bcl-2 (100, Santa
ruz Biotechnology, Santa Cruz, CA), Bcl-XL/XS (S-18, Santa Cruz
iotechnology), Bax (Ab-1, Calbiochem–Novabiochem Corp., CA),
ak (G-23, Santa Cruz Biotechnology), p53 (DO-1, Santa Cruz Biotech-
ology), p21 (Cip1, Transduction Laboratories, CA), cyclin E (HE12,
anta Cruz Biotechnology), Hsc70/Hsp70 (StressGen Biotechnologies
orp., CA) and cytochrome c (Ab-2, Calbiochem–Novabiochem Corp.).
ensitometric quantification of the autoradiographs were performed
ith a Bio-Rad/GS700 imaging densitometer (Bio-Rad).

Telomerase assay. Telomerase activity was determined from 4,
0, and 20 mg of tissue protein lysate (see Extraction of proteins and
estern analysis) using a commercial kit (Roche Molecular Bio-

hemicals, Mannheim, Germany) based on the telomeric repeat am-
lification protocol (TRAP) (18). Briefly, in the first step telomerase
presumably in the tissue lysate) adds telomeric repeats (TTAGGG)
o a template primer and a primer-elongation process can take place.
he amount of extended primer is correlated to the activity of telo-
erase in the lysate. In a second step these elongation products are

mplified by PCR. The elongated and amplified products are detected
y a nonradioactive method using an ELISA protocol. The photomet-
ic detection was performed at 450 nm with a reference wavelength
f 630 nm. Lysate from 293 cells (provided in the kit) functioned as

positive control, whereas lysis buffer and heat inactivated cell
ysate functioned as negative controls. Samples with values in the
ange of 2- to 41-fold the values of the negative control (lysis buffer)
ere regarded positive for telomerase or regarded negative for val-
es less than 2-fold of the negative control value.
55
verexpression or underexpression of proteins or reduction in ratios
f proteins in the tumors were significant when compared to normal
issues. The fold differences (in expressions or ratios) between tumor
nd normal tissues were used as a continuous variable for the t test
two-tailed) with a hypothesized mean 5 2.5. The statistical analyses
ere performed using the Statview program (Abacus Concepts Inc.,
erkeley, CA). P , 0.05 was considered significant.

ESULTS

Pairs of tumor and non-neoplastic (referred to as
normal”) tissues from 16 HCC samples, of which 13
ere previously studied for p53 mutation (11), were
nalyzed and the histopathological features are sum-
arized in Table 1. Comparative analysis of multiple

ections of tumor and normal tissue from the same
ample as well as in different tissue lysis buffer, re-
ealed only little variations in the described expression
rofiles (data not shown). The data described in this
tudy therefore reflect the expression profiles of a rep-
esentative piece of tissue.

elomerase Activity in HCC from Thailand

In general, telomerase activity can be regarded as an
stablished marker in liver cancer tissues (19). We
xamined telomerase activity in each pair of tumor and
ormal tissues of HCC patients from Thailand (Table
). 14 of 16 HCC (88%) were positive for telomerase in
he tumor tissues, whereas 12 of the 14 (86%) corre-
ponding normal tissues for HCC showed no activity.
o telomerase activity was found in the remaining two

umors as well as in their corresponding normal tis-
ues. In summary, the data are consistent with other
ublished studies for HCC (19, 22) and confirm telo-
erase activity in addition to the histological data, as
valid marker to distinguish between tumor and non-
eoplastic tissues.

53, p21, and Cyclin E Protein Expression
in HCC from Thailand

The expressions of p53 and known p53 effector pro-
eins, p21 and BCL-2 family proteins, as well as cyclin

were analyzed by Western analysis. The expression
f a control protein, Hsp70, did not change significantly
i.e., less than 2.5-fold, an arbitrary cut-off level used in
ll our analysis) in all the pairs of HCC tumor and
ormal tissues, which indicated that there was no sig-
ificant difference in total protein loaded for each pair
f samples (Table 2). Therefore, we used Hsp70 expres-
ion to normalize the protein expression in each sam-
le and then compared the fold differences in expres-
ion of proteins between tumor and normal tissues of
ach patient. The autoradiographs for a representative
et of the samples are shown in Fig. 1 and the complete
xpression profiles of the analyzed proteins are sum-
arized in Table 2.
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Overexpression of p53 was found in 69% (11/16, P 5
.06) of the HCC tumor tissues including the two sam-
les that were known to contain structural p53 muta-
ions. 8 of 11 tumors, which were previously described
o contain wild-type p53 gene, had p53 protein overex-
ression in the tumor tissues with levels of 2.5 (12T) to
6 (41 T) times higher than that in the normal tissues.
e noted that 1 patient, sample 10, had particularly

igh expression of p53 in the normal tissue and this
evel is comparable to that found in most of the tumor
issues (Fig. 1).

However, despite the high incidence of p53 overex-
ression in tumor samples, only 19% (3/16, P 5 0.31)
f the tumors revealed weak (2.5- to 5-fold) overexpres-
ion of p21 when compared to normal tissues. Another
of the p53 overexpressing tumors had lower expres-

ion of p21 in the tumor than normal tissues. In sum-
ary, the data demonstrated no correlation between
ild-type p53 overexpression and p21 expression in the
CC samples.
Cyclin E is overexpressed in 50% (8 of 16, P 5 0.18)

f the Thai HCC tumor tissues when compared to nor-
al tissues, and the remaining samples did not show

ny significant change. One of the two tumor tis-
ues that contained p53 mutation expressed higher
mounts of cyclin E, while the other sample did not
how any change. Another 6 of the tumors without p53
tructural mutations also had overexpression of cyclin
. These data do not support an association between

Patients, Tumor Characteristics,a and Telomerase A

Patient Sex/age HBsAg/HBV-DNA Tumor grade

H

6 RN:33-8564 M, 34 Pos/1 III
7 RN:33-20968 M, 46 Pos/ND I–II
8 RN:32-19873 M, 70 Neg/1 II
9 RN:34-07681 M, 57 Pos/1 II
0 RN:34-1666 F, 35 Neg/2 I–II
1 RN:32-17888 M, 17 Pos/1 III
2 RN:33-12844 M, 37 Pos/1 II–III
4 RN:34-3158 M, 61 Neg/1 II
2 RN:33-2944 F, 37 Neg/1 III
4 RN:32-14864 M, 39 Pos/1 III–IV
5 RN:34-0893 M, 43 Pos/1 II
0 RN:33-2815 M, 73 Pos/1 III
1 RN:32-17091 M, 36 Pos/ND III
2 RN:32-22581 F, 54 Neg/ND Met
3 RN:33-16736 F, 50 Neg/1 II–III
4 RN:35-00370 M, 40 Neg/ND Aden

a Data are summarized and have been published elsewhere: hepati
CC DNA (HBV-DNA), tumor grade, associated cirrhosis, and p53-m

arcinoma; Met, metastatic carcinoma; Aden, adenocarcinoma; T, tu
b Telomerase activities were specifically found in the HCC tumor t

he relative activities were calculated after subtraction of the value f
2 with 20 mg lysate analyzed). *, telomerase activity in both tumor
ormal tissues, whereas sample 43 has higher activities in the tumo
56
tructural p53 mutation and cyclin E protein overex-
ression in contrast to the findings in another study
here p53 mutation was associated with cyclin E over-
xpression (56%) of HCC from Taiwan (13).

CL-2 Family Protein Expression
in HCC of Thailand

Sixty-two percent (10/16) of the analyzed Thai-HCC
amples expressed equal levels of Bcl-2 in tumor and
ormal tissues, 31% (5/16, P 5 0.98) had lower expres-
ion in the tumor tissues and one sample had higher
xpression of Bcl-2 in the tumor tissue. In addition,
nly 4 of the 11 tumors that overexpressed p53 also
howed lower expression of Bcl-2 in the tumor tissues
ompared to normal tissues. Another antiapoptotic
rotein, Bcl-XL, was equally expressed in 87% (14/16
amples) and only two samples expressed lower levels
n the tumor tissues (2/16, P 5 0.26).

On the other hand, we found a dramatic and unex-
ected pattern of expression for the proapoptotic pro-
ein Bax. 81% (13/16, P 5 0.02) of the tumor tissues
ad lower expression of Bax compared to the normal
issue (Table 2, Fig. 1). The underexpression of Bax
anges from 2.5-fold (12 T) to 127-fold (41 T) with 4
ases showing dramatic changes of 98- to 127-fold un-
erexpression in the tumor tissues. This great differ-
nce was not found for any other analyzed protein,
xcept two cases (sample 24 and 41) with 66- to 86-fold

ivityb in Hepatocellular Carcinomas from Thailand

ssociated cirrhosis Telomerase activity (T/N) p53-mut (codon)

Yes 13.6 Mut (249)
Yes 176 None
No 29.8 None
Yes 19.6 None
No 11.8 None
Yes 196 Mut (254)
No 17.7 None
Yes 5.4 None
No 1.0* None
No 3.5 None
No Neg ND
Yes Neg None
No 2.6 None
No 15.4 ND
No 3.7* None
No 10.9 ND

B surface antigen (HBsAg), integrated hepatitis B virus DNA in the
tion (p53-mut) (11, 20, 21). ND, not determined; HCC, hepatocellular
r; N, nonneoplastic tissue.
ues but not in the corresponding normal tissues (except Neg and *).
he negative control (lysis buffer) with 10 mg lysate analyzed (sample

normal tissues; sample 32 shows equal activities (1) in tumor and
ssue (3.7). Neg, no telomerase activity in tumor and normal tissue.
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igher p53 expression in tumor than normal tissues.
nother proapoptotic member of the BCL-2 family,
cl-XS was also found to be underexpressed (up to
8-fold) in 64% (9 of 14, P 5 0.03) of the tumor tissues
hen compared to normal tissues. The expression of
ak, another proapoptotic BCL-2 family protein, did
ot differ as much as Bax or Bcl-XS between tumor and
ormal tissues and was underexpressed in only 37% (6
f 16, P 5 0.37) of the tumors. Interestingly, two of the
hree tumors (samples 8, 32, 40) which did not show
ax underexpression revealed Bcl-XS (sample 32) or
ak (sample 40) underexpression (Table 2). In sum-
ary, all but one of the analyzed HCC tumors showed
nderexpression of at least one of the proapoptotic
roteins, Bax, Bcl-XS and Bak, when compared to nor-
al tissues.
To further clarify the specificity of our findings, we

lso analyzed the expression of cytochrome c, a protein
hat plays a role in apoptosis through changes in its
ntracellular distribution but does not belong to the
CL-2 family (23). Most of the samples (12 of 16) did
ot show any differences in cytochrome c expression
etween tumor and normal tissue and in 4 of 16 tumors
verexpression was found (P 5 0.87).

atios of Proapoptotic to Antiapoptotic Proteins
in HCC of Thailand

As it is known that the relative expression of pro-
poptotic and antiapoptotic proteins determines the

Expression of Proteins Involved in Cell Cycle and A

p53 p21 Cyc E Bax Bcl-

H

6* 11 0 111 222 ND
7 11 2 111 222 ND
8 0 0 1 0 0
9 11 0 1 2 0

10 0 0 0 22 22
11* 1 0 0 22 22
12 1 22 1 2 22
24 111 0 0 2 22
32 1 0 0 0 22
34 11 0 1 222 0
35 2 0 0 2 0
40 0 2 0 0 0
41 111 1 1 222 2
42 11 1 11 22 2
43 11 1 0 22 22
44 0 2 0 22 22

Note. Sixteen HCC were analyzed by Western analysis for prote
roapoptotic BCL-2 family proteins (Bax, Bcl-XS, Bak); antiapoptotic
hock protein 70. *Tumors 6 and 11 with known p53 mutation (1
xpression in each pair of tumor versus normal tissue. ND, not
nderexpression), 2.5- to 5-fold overexpression (1) or underexpressio
25-fold overexpression (111) or underexpression (222) in tumor
57
ensitivity of cells to apoptosis (24), we determined the
atios of these proteins in HCC samples (Fig. 2). We
ound significant reductions (2.5- to 119-fold) in the
atio of Bax/Bcl-2 in 63% (10/16, P 5 0.04) of the
umor tissues when compared to normal tissues (Fig.
a). In addition, the ratio of Bax/Bcl-XL was also re-
uced in 69% (11/16, P 5 0.08) of the tumor tissues
Fig. 2b). The ratios of Bcl-XS/Bcl-XL and Bak/Bcl-XL

ere also calculated for the 5 samples (samples 8, 24,
2, 35, and 40) which did not show changes in Bax/
cl-2 or Bax/Bcl-XL (Fig. 2c). Here, 3 of the 5 samples
ad lower Bcl-XS/Bcl-XL or Bak/Bcl-XL ratios in tumor
issue compared to normal tissue and another sample
tumor 8) had a weak reduction (2.3-fold) in the Bak/
cl-XL ratio. Only one sample (tumor 35) showed no
hange in the ratio for any of the described pairs of
roteins. Interestingly, tumor 35 was one of the two
umors with no telomerase activity (Table 1).

ISCUSSION

53 and Cancer

Alterations of the p53 gene are widely detected in
uman cancer malignancies (25–29). Such mutations
an alter the posttranslational stability of the p53 pro-
ein, prolonging its half-life to many times longer than
hat of the wild-type protein and is one of the causes of
he phenotypic overexpression of p53 protein found in
any cancer tissues (30).

tosis in Hepatocellular Carcinomas from Thailand

Bak Bcl-2 Bcl-XL Cyt c Hsp70

0 0 2 0 0
0 22 22 0 0
0 0 0 0 0
0 0 0 0 0
0 0 0 0 0
2 0 0 0 0
0 0 0 11 0
0 22 0 0 0
0 0 0 0 0
0 2 0 0 0
2 2 0 11 0

22 0 0 11 0
22 22 0 0 0
0 0 0 0 0
2 0 0 0 0

22 11 0 11 0

expression in tumor and normal tissue: p53, p21, CycE, cyclin E;
L-2 family proteins (Bcl-2, Bcl-XL); Cyt c, cytochrome c; Hsp70, heat
Expression for Hsp70 protein was used to normalize the protein
ermined; 0, “no change” (values 0- to 2.5-fold overexpression or
2), 5- to 25-fold overexpression (11) or underexpression (22); and
sue compared to normal tissue.
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In spite of the wild-type p53 gene in most of our
amples (11, and Table 1), we observed the overexpres-
ion of p53 protein in 69% of the tumors when com-
ared to normal tissues (Table 2). The expressions of
21, Bax, and Bcl-2, which are known to be transcrip-
ionally regulated by p53, were not modulated in a
redicted manner, despite the overexpression of p53,
hich suggests the presence of non-functional wild-

ype p53 in the Thai-HCC (Table 2). p53 protein over-
xpression in tumors with wild-type gene has also been
ound in several other studies and functional inactiva-
ion but not structural mutation of p53 has been pre-
iously found to be crucial for liver carcinogenesis (31).
everal mechanisms, such as association of p53 with
onfunctional Mdm2 protein, binding and inactivation
f p53 by hepatitis B-X protein or environmental car-
inogens, phosphorylation of p53, or factors affecting
he location of p53, have been identified to contribute
oward the stabilization and functional inactivation of
53 (30, 32, 33). Our findings on HCC of Thailand are
onsistent with a study on HCC from China, where
onformationally altered and functionally inactive p53
rotein, as suggested from its inability to induce p21
xpression, was found in 93% of HCC and therefore at
much higher frequency than suggested by the pres-

nce of known p53 mutations in the gene (27).

CL-2 Family Proteins

Bcl-2 expression was previously analyzed in HCC
rom different geographic origin and found not to play
role for hepatocarcinogenesis (34–37). In agreement
ith these studies, we found no difference in the ex-
ression of Bcl-2 in tumor and normal tissues for the
ajority of cases (62%). In contrast a total of 81% HCC

FIG. 1. Protein expression of p53, Bax, Bcl-XS, Bcl-XL, and
sp70 in 8 pairs of tumor and normal tissues of hepatocellular

arcinoma from Thailand. p53 overexpression in tumor tissues com-
ared to normal tissues are found in 6 tumors. Sample 10 shows
elatively high p53 expression in tumor as well as in normal tissue.
nderexpression of proapoptotic Bax is found in 7 tumors and one

umor (sample 32) shows equal expression compared to normal tis-
ue. Proapoptotic Bcl-XS is found to be strongly underexpressed in all
umor samples, whereas expressions for antiapoptotic Bcl-XL and
sp70 are unchanged in all tumor tissues compared to normal tis-

ues. *Tumors 10 and 42 show a shorter form of Bax, which may be
calpain cleavage product (see Discussion).
58
ng 10 of the 11 HCC with overexpression of p53. An-
ther proapoptotic protein, Bcl-XS showed a similar
nderexpression (64%) in HCC. An inverse correlation
etween the Bax and p53 protein expression was also
ound in a study on primary non-small-cell lung cancer
38). Independent from the potential association with
he p53 status, recent studies described other factors
hat might play a role in the underexpression of Bax in
umors. Full-length Bax (21 kilodalton) was reported to
e cleaved to a 18 kilodalton fragment by calpain dur-
ng drug-induced apoptosis in cell culture (39). We
bserved a shorter form of Bax in 2 of the HCC tumors
sample 10 and 42, Fig. 1) which suggests that under-
xpression of the full-length Bax may be caused by
alpain activity in the tumors or increased sensitivity
f Bax in the tumor to this protease. However, in all the
ther HCC with underexpression of Bax, no shorter
orm of Bax was detectable, therefore, other causes for
he downregulation of Bax are suggested.

Recently, the Bax gene has been found to be fre-
uently mutated in various cancers with the microsat-
llite mutator phenotype (40). Some of the mutations
ave resulted in undetectable Bax protein expression
r altered the ability of Bax to participate in protein–
rotein interactions. In another case, a reciprocal rela-
ionship between p53 gene mutation and Bax gene
utation was observed in primary colorectal cancers

41). Since the frequency of p53 gene mutation is low in
hai-HCC and microsatellite instabilities have also
een found in 54% of Thai-HCC (21), it is probable that
utation in Bax is one of the causes for the underex-

ression of Bax protein in the HCC tumors.
Reports of underexpression of Bcl-XS in cancer tis-

ues are rare and reasons for the underlying mecha-
isms are widely unknown. Since Bcl-XS is a protein
hat originates from alternative splicing (42) it is pos-
ible that mutations or factors contributing toward the
plicing of Bcl-XS may be causative factors for its un-
erexpression in HCC tumor tissues.

ignificance of Bax and Bcl-XS Downregulation

The ratio of antiapoptotic to proapoptotic protein
xpression, like Bax to Bcl-2, represents a rheostat
hat determines a cell’s life or death response to an
poptotic stimulus (24, 43–45). When Bcl-2 is in ex-
ess, Bcl-2-Bax heterodimers predominate and cells
re protected from apoptosis; when Bax is in excess,
ax homodimers or oligomers predominate and cells
re susceptible to apoptosis (46, 47). In summary, 88%
14/16) of Thai–HCC expressed lower ratios of proapop-
otic proteins (Bax, Bcl-XS, Bak) to antiapoptotic pro-
eins (Bcl-2 and Bcl-XL) in the tumor than in normal
issues (Fig. 2). It is likely that this reduction should
ive the tumor cells a survival advantage. Two studies
n breast cancers have reported similar observations
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nd concluded that reduced expression of Bax is corre-
ated with resistance toward apoptosis and poor re-
ponse rates to chemotherapy (48, 49). Another study
ound that Bax deficiency promotes oncogenic transfor-
ation and drug resistance (50). Low expressions of
ax have recently also been found in several other

ypes of cancers (51–53).

FIG. 2. Ratios of proapoptotic and antiapoptotic BCL-2 family pro
at least 2.5-fold) in the ratio of Bax/Bcl-2 are found in 10/16 (63%) of
1/16 (69%) of the tumors show reduction in the ratio of Bax/Bcl-XL

or the ratio of Bax/Bcl-2 or Bax/Bcl-XL were analyzed for changes in
how lower ratios in tumor tissue compared to normal tissue for Bcl
he ratio of Bak/Bcl-XL. Only sample 35 does not show reductions in
59
UMMARY AND OUTLOOK

The loss of proapoptotic Bax and Bcl-XS protein ex-
ression in tumor cells would confer resistance to
poptosis and could contribute to malignancy in sev-
ral ways like allowing the cells to withstand addi-
ional genetic alterations. In addition, the loss of pro-

s in hepatocellular carcinoma tissues from Thailand. (a) Reductions
tumors when compared to the ratio in normal tissues. (b) Similarly,
Five pairs of tumor and normal tissues that did not show changes
e ratios of Bcl-XS/Bcl-XL or BAK/Bcl-XL. Three samples (24, 32, 40)
/Bcl-XL or BAK/Bcl-XL and one sample (8) has a weak reduction for
tio for any of the described pairs of proteins.
tein
the
. (c)

th
-XS

ra
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mply that the selective pressure for p53 mutations
uring tumorigenesis is relieved and hence the low
ncidence of p53 mutations in these HCC samples (11).

Interestingly, a similar trend in underexpression of
he proapoptotic proteins Bax and Bcl-XS in tumor
issues was found in our preliminary analysis of 4 CCA
issues from Thailand (unpublished data, Beerheide
t al.), which might indicate a general role for the
bserved deregulation of Bax and Bcl-XS in liver carci-
ogenesis. Future investigations on the underlying
echanisms for the observed underexpression of Bax

nd Bcl-XS and the identification of the causative fac-
ors such as the role of Bax mutations are of particular
mportance.
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Hepatocellular carcinoma with high proliferation index and a
low degree of apoptosis and necrosis are associated with a short-
ened survival. Br. J. Cancer 73, 1025–1030.

6. Terada, T., and Nakanuma, Y. (1996) Expression of apoptosis,
proliferating cell nuclear antigen, and apoptosis-related antigens
(bcl-2, c-myc, fas, lewis (y) and p53) in human cholangiocarcinoma
and hepatocellular carcinomas. Pathol. Int. 46, 764–770.

7. Nakopoulou, L., Stefanaki, K., Vourlakou, C., Manolaki, N., and
Michalopoulos, G. (1999) BCL-2 protein expression in acute and
chronic hepatitis, cirrhosis and hepatocellular carcinoma.
Pathol. Res. Pract. 195, 19–24.

8. Borner, M. M., Brousset, P., Pfanner-Meyer, B., Bacchi, M.,
Volanthen, S., Hotz, M. A., Altermatt, H. J., Schlaifer, D., Reed,
J. C., and Betticher, D. C. (1999) Expression of apoptosis regu-
latory proteins of the bcl-2 family and p53 in primary resected
non-small-cell lung cancer. Br. J. of Cancer 79, 952–958.

9. Wood, D. E., Thomas, A., Devi, L. A., Berman, Y., Beavis, R. C.,
Reed, J. C., and Newcomb, E. W. (1998) Bax cleavage is mediated
by calpain during drug-induced apoptosis. Oncogene 17, 1069–
1078.

0. Packham, G. (1998) Mutation of BCL-2 family proteins in cancer.
Apoptosis 3, 75–82.

1. Simms, L. A., Radford-Smith, G., Biden, K. G., Buttenshaw, R.,
Cumming, M., Jass, J. R., Young, J., Meltzer, S. J., and Leggett,
B. A. (1998) Reciprocal relationship between the tumor suppres-
sors p53 and bax in primary colorectal cancers. Oncogene 17,
2003–2008.
61
Lindsten, T., Turka, L. A., Mao, X., Nunez, G., and Thompson,
C. B. (1993) Bcl-X, a Bcl-2 related gene that functions as a
dominant regulator of apoptotic cell death. Cell 74, 597–608.

3. Oltvai, Z. N., Milliman, C. L., and Korsmeyer, S. J. (1993) Bcl-2
heterodimerizes in vivo with a conserved homolog, bax, that
accelerates programmed cell death. Cell 74, 609–619.

4. Reed, J. C.(1997) Double identity for proteins of the Bcl-2 family.
Nature (London) 387, 773–776.

5. Gross, A., McDonnell J. M., and Korsmeyer, S. J. (1999) Bcl-2
family members and the mitochondria in apoptosis. Genes Dev.
13, 1899–1911.

6. Gross, A., Jockel, J., Wei, M. C., and Korsmeyer, S. J. (1998)
Enforced dimerization of bax results in its translocation, mito-
chondrial dysfunction and apoptosis. EMBO J. 17, 3878–3885.

7. Tan, Y. J., Beerheide, W., and Ting, A. T. (1999) Biophysical
characterization of the oligomeric state of bax and its complex
formation with bcl-xl. Biochem. Biophys. Res. Commun. 255,
334–339.

8. Bargou, R. C., Daniel, P. T., Mapara, M. Y., Bommert, K., Wage-
ner, C., Kallinich, B., Royer, H. D., and Dörken, B. (1995) Ex-
pression of the bcl-2 gene family in normal and malignant breast
tissue: Low bax-a expression in tumor cells correlates with re-
sistance toward apoptosis. Int. J. Cancer 60, 854–859.

9. Krajewski, S., Blomqvist, C., Franssila, K., Krajewska, M.,
Wasenius, V-M., Niskanen, E., Nordling, S., and Reed, J. C.
(1995) Reduced expression of pro-apoptotic gene bax is associ-
ated with poor response rates to chemotherapy and shorter sur-
vival in women with metastatic breast adenocarcinoma. Cancer
Res. 55, 4471–4478.

0. McCurach, M. E., Connor, T. M. F., Knudson, C. M., Korsmeyer,
S. J., and Lowe, S. W. (1997) Bax-deficiency promotes drug
resistance and oncogenic transformation by attenuating p53-
dependent apoptosis. Proc. Natl. Acad. Sci. USA 94, 2345–2349.

1. Tai, Y. T., Lee, S., Niloff, E., Weisman, C., Strobel, T., and
Cannistra, S. A. (1998) Bax protein expression and clinical out-
come in epithelial ovarian cancer. J. Clin. Oncol. 8, 2583–2590.

2. Ito, T., Fujieda, S., Tsuzuki, H., Sunaga, H., Fan, G. K., Sugi-
moto, C., Fukuda, M., and Saito, H. (1999) Decreased expression
of bax is correlated with poor prognosis in oral and oropharyn-
geal carcinoma. Cancer Lett. 140, 81–91.
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