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Preclinical report

Differential regulation of P53, c-Myc, Bcl-2, Bax and
AFP protein expression, and caspase activity during
10-hydroxycamptothecin-induced apoptosis in Hep

G2 cells

Xiong-Wen Zhang' and Bin Xu'

"Divison of Cancer Pharmacology, Shanghai Institue of Materia Medica, Shanghai Institutes for Biological
Sciences, Chinese Academy of Science, Shanghai 200031, China.

10-Hydroxycamptothecin (HCPT), a DNA topoisomerase |
(Topo I) inhibitor, exhibited a remarkable apoptosis-inducing
effect on human hepatoma Hep G2 cells. We studied the
effect of HCPT upon the expression of P53, c-Myc, Bcl-2, Bax
and o-fetoprotein (AFP) proteins, and caspase (caspase-1
and caspase-3) activity of Hep G2 cells. It showed that HCPT
at a dose of 0.1 pg/ml increased the expression of P53, c-Myc
and Bax protein, and decreased the expression of Bcl-2 and
AFP. The increase of P53, which was remarkable after only
3 h incubation with HCPT, occurred much earlier than the
changes of other proteins, suggesting that the increase of
P53 expression may be the upstream event in the apoptosis
of Hep G2 cells induced by HCPT. Both caspase-1 and
caspase-3 were activated in Hep G2 cells by HCPT treatment,
suggesting that caspase-1 and caspase-3 are involved in the
process of apoptosis in Hep G2 cells, and may be the main
effectors of the apoptosis. [© 2000 Lippincott Williams &
Wilkins.]

Key words: Apoptosis, caspases, gene expression, Hep
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Introduction

10-Hydroxycamptothecin (HCPT) is a naturally oc-
curring compound isolated from Camptotheca acu-
minata, which is native to China. It was found that
HCPT could inhibit the activity of DNA topoisome-
rase I (Topo I),1 and was an effective anticancer

This study was supported by grant no. 39570824 from the National
Natural Science Foundation of China.

Correspondence to B Xu, Division of Cancer Pharmacology,
Shanghai Institute of Materia Medica, Shanghai Institutes for
Biological Sciences, Chinese Academy of Sciences, Shanghai
200031, China.

Tel: (+86) 21 64311833; Fax: (+86) 21 64370269

E-mail: bxu@mail.shcnc.ac.cn

ISSN 0959-4973 © 2000 Lippincott Williams & Wilkins

agent in experimental research and clinical study.”
Chemotherapeutic drugs cause DNA damage and kill
cancer cells mainly through an apoptotic mechan-
ism.>* It was found that HCPT could inhibit the
growth of human hepatoma Hep G2 cells and the
growth inhibition was accompanied with evidence
of apoptotic changes in cells, such as nuclear
condensation and DNA fragmentation.” Unlike ne-
crosis, apoptosis involves an active energy-dependent
mechanism in which cells participate in their own
destruction. An increasing number of genes and
their proteins were reported to be involved in the
process of apoptosis. Previous studies suggested that
P53 may be required for apoptosis in cancer cells
treated with chemotherapeutic drugs.4’6 In addition
the c-myc, bcl-2, bax and caspase families were also
described as important factors in the process of
apoptosis. Recent investigation of the bcl-2 gene
family shows a complex network regulating apopto-
sis. Of these genes, bcl-2 and bcl-x; are antiapoptotic,
whereas bax, bclxs, bad, bak and bik are proapopto-
tic.””'° Thus, investigation of the expression of the
members of Bcl-2 family of proteins may provide
insight to the mechanisms of apoptosis induction in
hepatoma cells by therapeutic agents. Overexpression
of the c-myc gene is strongly associated with many
human carcinomas. However, it is not surprising that
under adverse culture conditions overexpression of c-
Myc can accelerate cell death via apoptosis since the
death signaling domain of ¢-Myc is identical to that for
proliferation.''™"® Furthermore, apoptosis induced by
c-Myc overexpression has been found to be p53-
dependent,M’l'5 but cells can be reduced by Bcl-2
protein.lz’16 Thus, the expression of p53, c-Myc and
Bcl-2 family proteins during apoptosis could be
concomitantly regulated in different ways and war-
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rants investigation. The executive effects of the
apoptosis have been identified as present in the
mammalian genome, collectively called caspases (for
cystein-aspartate-specific tease). The members of the
caspase family are clearly central to mammalian
apoptosis—they are activated during apoptosis, death
is forestalled by specific inhibitors and germ-line
knockout of their genes produces abnormal develop-
ment with retention of cells which normally are
deleted."” More than 10 members of the family have
been found.

In this work, we investigated the effect of HCPT on
the expression of P53, c-Myc, Bcl-2 and Bax proteins,
and caspase (caspase-1 and caspase-3) activities in Hep
G2 cells. The expression of a-fetoprotein (AFP), a
hepatoma-promoting factor produced by Hep G2 cells,
was also studied in HCPT-treated Hep G2 cells.

Materials and methods

Chemicals and antibodies

HCPT injection, 5 mg in 2 ml sterilized water, was
obtained from Huanshi Feiyun Pharmaceutical (Hu-
bei, China). Ac-YVAD-MCA and Ac-DEVD-MCA were
obtained from Calbiochem-Novabiochem (San Fran-
cisco, CA). 7-Amino-4-methylcoumarin (AMC) was
purchased from Sigma (St Louis, MO). Fluorescent
isothiocyanate (FITC)-conjugated rabbit anti-mouse
and swine anti-rabbit immunoglobulins, and mono-
clonal mouse anti-human P53, Bcl-2 and rabbit anti-
human AFP antibodies were from Dako (Glostrup,
Denmark). Monoclonal mouse anti-human c¢-Myc
antibody and a rabbit polyclonal antibody against
Bax were purchased from Santa Cruz, Biotechnology
(Santa Cruz, CA). ABC (avidin-biotin-peroxidase
complex) kit was prepared by Shanghai-American
Company (Shanghai, China).

Cell culture and treatment

The human hepatoma Hep G2 cell line was obtained
from ATCC (Rockville, MD). The cells were cultured in
a 1:1 mixture of Dulbecco’s modified Eagle’s medium
(DMEM) and Ham’s F-12 Nutrient Mixture (Gibco/BRL
Life Technologies, Grand Island, NY) containing 15%
calf serum, HEPES 15 mmol/l, sodium bicarbonate
2.0 g/, penicillin 1.0x 10° U/,  streptomycin
100.0 mg/1 and 1-glutamine 2.0 mmol/l, in an incuba-
tor with a humidified 5% CO,+95% air atmosphere at
37°C."® For all experiments, cells were treated with
0.1 ug/ml HCPT at 24 h after plating. Analysis was
performed at different time intervals during culture of
the cells.
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Immunocytochemical assay

The immunoreactivity of P53, Bcl-2, Bax or AFP was
detected by using the ABC method. Hep G2 cells were
plated into 96-well plates precoated with 50 ug/ml
poly-L-lysine (Sigma) at a concentration of 5 x 10°/well.
After HCPT treatment, the culture medium was
removed. The cells were washed with PBS 3 times
and fixed with 0.1 M PBS (pH 7.4) containing 4%
paraformaldehyde (Merck, Darmstadt, Germany) for
30 min at room temperature. Following three rinses
with TBS (0.05 M, pH 7.4), cells were incubated for
30 min with methanol containing 0.3% H,O, to block
endogenous peroxidase staining. After three rinses,
cells were permeabilized by a 15 min exposure to
0.4% Triton X-100 in TBS at room temperature. After
preincubation with horse serum for 30 min at 37°C,
the cells were incubated at 4°C in a moist chamber
overnight with the primary antibodies for P53 (1:100
dilution), AFP (1:300 dilution), Bcl-2 (1:160 dilution) or
Bax (1:80 dilution), respectively. After three rinses, the
cells were incubated with biotinylated rabbit anti-
mouse IgG (for P53 and Bcl-staining, using 1:100
dilution) or biotinylated goat anti-rabbit IgG (for AFP
and Bax staining, using 1:80 dilution) at 37°C for 1 h.
Following three rinses, the cells were incubated with
avidin-linked peroxidase complex at 37°C for 1 h. The
peroxidase activity was made visible with 0.5 mg/ml
3,3'-diaminobenzidine (Sigma) in the presence of
0.03% H,O, for 4 min.

Indirect immunofluorescence assay

The levels of P53, c-Myc, Bcl-2, Bax and AFP proteins
were measured by flow cytometry'®*® with minor
modifications. Briefly, after the culture medium was
removed, Hep G2 cells were collected from dishes
and fixed with 2% paraformaldehyde for 20 min at
room temperature. Before labeling, the cells incu-
bated with a solution containing 0.5% Triton X-100
and 1% bovine serum albumin for 10 min at room
temperature to permeabilize cell membranes and
prevent non-specific protein binding. The fixed cells
were then incubated with primary antibodies for P53
(1:50 dilution), AFT (1:300 dilution), c-Myc (1:50
dilution), Bcl-2 (1:50 dilution) or Bax (1:50 dilution),
respectively. After 45 min at room temperature, the
cells were washed 3 times with PBS and incubated
with the corresponding FITC-conjugated secondary
antibodies (1:50 dilution) for 30 min at room
temperature in dark. After three more washes, the
antigen density was measured by using a Becton
Dickson FACStar Plus flow cytometer and the
percentage of positive cells was determined.



Analysis of caspase activities

Caspase activities were measured as described.?"??
The assay for caspase-1-like or caspase-3-like pro-
tease activity was performed with Ac-YVAD-MCA or
Ac-DEVD-MCA as the enzyme substrate, respectively.
Collected cells were suspended in 50 mM Tris-HCl
(pH 7.4) containing 1 mM EDTA and 10 mM EGTA,
then incubated with 10 uM digitonin (Sigma) at

HCPT-induced apoptosis in Hep G2 cells

37°C for 10 min. Lysates were clarified by centrifu-
gation at 15000 g for 3 min and the supernatant
was used for the enzyme assay. Protein concentra-
tion was determined using the method of Brad-
ford.*® The cleared lysates containing 50 ug protein
were incubated with 50 uM of enzyme substrate at
37°C for 1h. Levels of released AMC were
measured using a spectrofluorometer (Hitachi F-
3000) with excitation at 380 nm and emission at
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Figure 1. Immunocytochemical detection of P53 expression in human hepatoma Hep G2 cells treated with 0.1 pug/ml HCPT
for the indicated times. The immunoreactivity of P53 was detected by using the ABC method, as described in Materials and
methods. Photomicrographs are representative of experiments performed at least 3 times. (Magnification x 200.)
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460 nm. One unit was defined as the amount of
enzyme required to release 0.22 nM AMC/min at
37°C.

Statistical analysis
Data were presented as mean + SD and analyzed by #

test. The criterion for significant difference was
Pp<0.05.

Results

Immunostaining of P53, Bcl-2, Bax and AFP protein
expression in Hep G2 cells

The results of immunocytochemical staining showed
that HCPT at a dose of 0.1 ug/ml could significantly
increase the expression of P53 and Bax, and decrease
the expression of Bcl-2 and AFP. P53 was expressed in
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Figure 2. Immunocytochemical detection of Bcl-2 expression in human hepatoma Hep G2 cells treated with 0.1 ug/ml HCPT
for the indicated times. The immunoreactivity of Bcl-2 was detected by using the ABC method, as described in Materials and
methods. Photomicrographs are representative of experiments performed at least 3 times. (Magnification x 200.)
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the nuclei of Hep G2 cells. In control cells, the
expression of P53 was at a low level. In HCPT-treated
cells, the expression of P53 markedly increased after
only 3 h incubation and was maintained at high level
over 6-36 h (Figure 1). Bcl-2 was expressed in the
cytoplasm and nuclear membrane of Hep G2 cells. In
control cells, the expression of Bcl-2 was at a high
level. The expression of Bcl-2 protein was significantly
decreased after 12 h treatment of HCPT and reached a
maximum after 36 h incubation (Figure 2). The

HCPT-induced apoptosis in Hep G2 cells

distribution of Bax was similar to that of Bcl-2 (Figure
3). In control cells, the expression of Bax was at a low
level. The expression of Bax remarkably increased
after 12 h treatment of HCPT and reached a maximum
after 36 h incubation. The AFP was expressed in the
cytoplasm of Hep G2 cells and the expression of AFP
was at high level in the control group. In HCPT-treated
cells, the expression of AFP gradually decreased during
6-36 h incubation and reached a maximum after 36 h
incubation (Figure 4).
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Figure 3. Immunocytochemical detection of Bax expression in human hepatoma Hep G2 cells treated with 0.1 ug/ml HCPT
for the indicated times. The immunoreactivity of Bax was detected by using the ABC method, as described in Materials and
methods. Photomicrographs are representative of experiments performed at least 3 times. (Magnification x 200.)
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Flow cytometric analysis of P53, c-Myc,
Bcl-2, Bax and AFP expression in Hep G2
cells

The results of flow cytometric analysis are shown
in Figure 5. HCPT at a dose of 0.1 ug/ml could
significantly increase the expression of P53, c-Myc
and Bax, and decrease the expression of Bcl-2 and
AFP. The P53-positive and c-Myc-positive cell rate
of HepG2 cells were significantly increased after

6 h incubation with HCPT, and were maintained at
a high level afterwards. After treatment with HCPT,
the percentage of Bcl-2-positive cell was signifi-
cantly decreased after 12 h incubation and reached
a maximum after 36 h incubation. Under the same
experimental conditions, the Bax-positive cell rate
was significantly increased after 12 h incubation
with HCPT and the effect reached a maximum
after 36 h incubation. It was also found that under
the influence of HCPT, the AFP-positive cell rate
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Figure 4. Immunocytochemcial detection of AFP expression in human hepatoma Hep G2 cells treated with 0.1 ug/ml HCPT
for the indicated times. The immunoreactivity of AFP was detected by using the ABV method, as described in Materials and
methods. Photomicrographs are representative of experiments performed at least 3 times. (Magnification x 200.)
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was significantly decreased after 12-48 h incuba-
tion.

Caspase-1 and caspase-3 activities in Hep
G2 cells

Caspase-1 and caspase-3 activities were significantly
increased after 12-36 h incubation with 0.1 ug/ml
HCPT and decreased subsequently (Figure 6).

HCPT-induced apoptosis in Hep G2 cells

Discussion

From the above-mentioned data, the results of the
immunostaining assay were in good agreement with
the results of flow cytometric analysis. It indicated that
P53, cmyc, bcl-2, bax, AFP and caspases (I and 3)
were involved in the process of apoptosis in Hep G2
cells induced by HCPT.
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Figure 5. Flow cytometric analysis of P53, c-Myc, Bcl-2, Bax and AFP expression in Hep G2 cells treated with 0.1 ug/ml
HCPT for the indicated times. (A) Representative data. Shaded profiles, cells incubated with primary antibody as well as
secondary antibody. Open profiles, cells incubated with secondary antibody alone. (B) Results of triplicate samples.

Mean+ SD. *p<0.05, **p<0.01 versus control (0 h).
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Figure 6. Caspase-1 (A) and caspase-3 (B) activities in
human hepatoma Hep G2 cells treated with 0.1 pg/ml HCPT
for 0—48 h. Caspases activities were determined with the
enzyme substrate assay, as described in Materials and
methods. Data are mean+4SD. of three independent
experiments. **p<0.01 versus control.

Like camptothecin (CPT), HCPT is a potent Topo I
inhibitor." Topo I inhibitors can cause cell damage by
creating protein-linked DNA single-stand breaks.**2°
DNA injury can initiate apoptosis by a powerful, early-
activated mechanism dependent on the nuclear
phosphoprotein p53.27%® After CPT treatment, wild-
type expressing human cancer cells exhibited induc-
tion of both P53 and P21 protein levels.** Only wild-
type P53 but not mutant P53 could be expressed in
Hep G2 cells.*® Our results also indicated that P53
expression was induced after HCPT treatment. The
P53 expression of HCPT-treated Hep G2 cells in-
creased markedly after only 3 h incubation. It is
suggested that the p53 may be the pivotal factor in
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the initiation of apoptosis in Hep G2 cells induced by
HCPT.

Among its diverse functions, the P53 protein acts as
a transcription factor that up-regulates or represses the
activity of a number of genes, including several genes
modulating apoptosis, such as c-myc and bax.3'3?
Transcriptional activation of c-Myc is considered as
initiating a state of susceptibility to both apoptosis and
proliferation.>® The c-Myc expression in HCPT-treated
Hep G2 cells increased remarkably after 6 h incuba-
tion. The increase of c-Myc expression may reflect the
active state of Hep G2 cells and make the cells
sensitive to an apoptosis-inducing trigger.

It was not surprising that Bax expression increased
in HCPT-treated Hep G2 cells. Wild-type p53 is known
to be an upstream regulator of the bax gene promoter
which contains p53 binding sites and can be directly
activated by wild-type p53 3% The increase of Bax
expression in Hep G2 cells after 12 h incubation of
HCPT may be the result of the increase of P53
expression which occurred much earlier (after 3 h
incubation). Both Bax and Bcl-2 belong to the Bcl-2
family of proteins. The Bcl-2 family members are key
regulators of apoptosis.G'9 It has been shown that Bcl-2
can physically interact with several of these homo-
logous proteins to form heterotypic dimers. Dimeriza-
tion of Bcl-2 with Bax seems to be a critical interaction.
The cells continue to survive if Bcl-2 predominates
over Bax. On the contrary, a higher concentration of
Bax, compared with Bcl-2, enhances cell susceptibility
to apoptosis.’>*° In the present study, Bcl-2 protein
expression in Hep G2 cells was obviously decreased
after incubation with HCPT. The Bcl-2-positive cell rate
decreased from 37.2% before incubation to 8.4% after
36 h incubation. These results indicated that Bcl-2 was
an important factor in the process of apoptosis
induced by HCPT.

AFP has been widely used as a marker for primary
hepatocellular carcinoma. AFP can also behave as a
growth regulator under certain circumstances.’” In
addition, it has been found that AFP inhibits cell
apoptosis, which may be related to its tumor-
proliferating effect.>® HCPT decreased the AFP expres-
sion in Hep G2 cells. The down-regulation of the level
of the growth-proliferating factor might also contribute
to the apoptosis.

Once apoptosis is triggered, downstream events
feed into a common effector pathway of apoptosis.”’
Caspase activation was also detected in the process of
apoptosis induced by HCPT in HepG2 cells. Both
caspase-1 and caspase-3 in HepG2 cells were activated
by HCPT incubation. The caspase activation may be
responsible for driving all the structural change in the
nucleus that accompanied apoptosis.



In summary, our results suggest that HCPT elevates

the expression of P53 protein caused by DNA damage
through Topo I inhibition. The upregulation of c-Myc
and Bax expression induced by HCPT may be related
to the increased susceptibility of cells. The decreased
expression of both Bcl-2 and growth-proliferating
factor (AFP) might also contribute to the apoptosis

of

Hep G2 cells. Caspase-1 and caspase-3 were

involved in the process of apoptosis, and considered
as the executive effectors.

References

10.

11.

12.

13.

14.

15.

. Wall ME, Wani MC. Camptothecin and analogs: from

discovery to clinic. In: Potmesol M, Pinedo H, eds.
Camptothecins: new anticancer agents. Boca Raton, FL:
CRC Press 1995; 21-9

. Xu B, Yang JL. Hydroxycamptothecin as an antitumor

agent. In: Chang HM, Yeung HW, Tso WW, Koo A, eds.
Advances In Chinese medicinal materials research.
Singapore: World Scientific 1985: 377-89

. Fung CY, Fisher DE. Shifting the cancer paradigm: must

we kill to cure? J Clin Oncol 1995 13: 801-7.

. Lowe SW, Ruley HE, Jacks T, Housman DE. p53-

dependent apoptosis modualtes the cytotoxicity of antic-
ancer agents. Cell 1993; 74: 957-67.

. Zhang XW, Qing C, Xu B. Apoptosis induction and cell

cycle perturbation in human hepatoma Hep G2 cells by
10-hydroxycamptothecin. Anti-Cancer Drugs 1999; 10:
569-76.

. Fisher DE. Apoptosis in cancer therapy: crossing the

threshold. Cell 1994; 78: 539-42.

. Kundson CM, Korsmeyer §J. Bcl-2 and Bax function

independently to regulate cell death. Nat Genet 1997; 16:
358-63.

. Yang E, Korsmeyer SJ. Molecular thanatopsis: a discourse

on the Bcl-2 family and cell death. Blood 1996; 88: 386-
401.

. Reed JC. Double identity for proteins of the Bcl-2 family.

Nature 1997; 387: 773-6.

Peter ME, Heufelder AE, Hengartner MO. Advances in
apoptosis research. Proc Natl Acad Sci USA 1997; 94:
12736-7.

Evan GI, Wyllie AH, Gilbert CS, et al. Induction of apoptosis
in fibroblasts by c-myc protein. Cell 1992; 69: 119-28.
Bissonnette RP, Echeverri F, Mahboubi A, Green DR.
Apoptotic cell death induced by c-mzyc is inhibited by bcl-
2. Nature 1992; 359: 552-4.

Amati B, Littlewood TD, Evan GI, Land H. The c-Myc
protein induces cell cycle progression and apoptosis
through dimerization with Max. EMBO J 1993; 12: 5083~
7.

Hermeking H, Eick D. Mediation of c-Myc-induced
apoptosis by p53. Science 1994; 265: 2091-3.

Wagner AJ, Kokontis JM, Hay N. Myc-mediated apoptosis
requires wild-type p53 in a manner independent of cell
cycle arrest and the ability of p53 to induce p2lwafl/
cipl. Genes Dev 1994; 8: 2817-30.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.
33.

34.

35.

HCPT-induced apoptosis in Hep G2 cells

Fanidi A, Harrington EA, Evan GI. Cooperative interaction
between c-myc and bcl-2 proto-oncogenes. Nature 1992;
359: 554-6

Wyllie AE. Apoptosis: an overview. Br Med Bull 1997; 53:
451-65.

Zhang XW, Xu B. Study on the growth of tumor cells
cultured in serum-free medium. Adv Chinese Cancer Res
2000; 5: 84-8.

Aiello A, Delia D, Borrello MG, et al. Flow cytometric
detection of the mitochondrial Bcl-2 protein in normal
and neoplastic human lymphoid cells. Cytometry 1992;
13: 502-9.

Landberg G, Roos G. Flow cytometric analysis of
proliferation associated nuclear antigens using washless
staining of unfixed cells. Cytometry 1992; 13: 230-40.
Tamatani M, Ogawa S, Tohyama M. Roles of Bcl-2 and
caspases in hypoxiainduced neuronal cell death: a
possible neuroprotective mechanism of peptide growth
factors. Mol Brain Res 1998; 58: 27-39.

Suzuki A, Tsutomi Y, Akahane K, Araki T, Miura M.
Resistance to Fas-mediated apoptosis: activation of
Caspase 3 is regulated by cell cycle regulator p21VA™
and IAP gene family ILP. Oncogene 1998; 17: 931-9.
Bradford MM. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing
the principle of protein-dye binding. Anal Biochem 1976;
72: 248-54.

Wuerzberger SM, Pink JJ, Planchon SM, et al. Induction of
apoptosis in MCF-7: WS8 breast cancer cells by f-
lapachone. Cancer Res 1998; 58: 1876-85.

Covey JM, Jaxel C, Kohn KW, Pommier Y. Protein-linked
DNA strand breaks induced in mammalian cells by
camptothecin, an inhibitor of topoisomerase 1. Cancer
Res 1989; 49: 5016-22.

Zhang HD, Arpa P, Liu LF. A model for tumor cell killing
by topoisomerase poisons. Cancer Cells 1990; 2: 23-7.
Bellamy COC. p53 and apoptosis. Br Med Bull 1997; 53:
522-38.

Hickman JA, Boyle CC. Apoptosis and cytotoxins. Br Med
Bull 1997; 53: 632-43.

El-Deiry WS, Harper JW, O’Connor PM, et al. WAF1/CIP1
is induced in p53-mediated G; arrest and apoptosis.
Cancer Res 1994; 54: 1169-74.

Muller M, Strand S, Hug H, et al. Drug-induced apoptosis
in hepatoma cells is mediated by the CD95(APO-1/Fas)
receptor Lligand system and involves activation of wild-
type p53. J Chin Invest 1997; 99: 403-13.

Miyashita T, Krajewski S, Krajewska M, et al. Tumor
suppressor p53 is a regulator of bcl2 and bax gene
expression in vitro and in vivo. Oncogene 1994; 9:
1799-805.

Vogelstein B, Kinzler KW. p53 function and dysfunction.
Cell 1992; 70: 523-6.

Williams GT, Smith CA. Molecular regulation of apoptosis:
genetic controls on cell death. Cell 1993; 74: 777-9.
Zhan O, Fan S, Bae I, et al. Induction of bax by genotoxic
stress in human cells correlates with normal p53 status
and apoptosis. Oncogene 1994; 9: 3743-51.

Sedlak TW, Oltvai ZN, Yang E, et al. Multiple Bcl-2 family
members demonstrate selective dimerizations with Bax.
Proc Nat Acad Sci USA 1995; 92: 7834-8.

Anti-Cancer Drugs - Vol 11 - 2000 755



X-W Zbang and B Xu
36. Oltvai ZN, Milliman CL, Korsmeyer SJ. Bcl-2 heterodi- 38. Laderoute MP, Pilarski LM. The inhibition of apoptosis by

merizes in vivo with a conserved homologue, Bax, that alpha-fetoprotein (AFP) and the role of AFP receptors in
accelerates programmed cell death. Cell 1993; 74: 609~ anti-cellular senescence. Anticancer Res 1994; 14: 2429~
19. 38.

37. Wang XW, Xu B. Several new targets of antitumor agents.
Acta Phbarmacol Sin 1997; 18: 289-92. (Received 15 June 2000; accepted 20 July 2000)

756 Anti-Cancer Drugs - Vol 11 - 2000



