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Combination chemotherapy of paclitaxel and cisplatin induces
apoptosis with Bcl-2 phosphorylation in a cisplatin-resistant
human epidermoid carcinoma cell line
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Abstract Purpose: Paclitaxel (Taxol, TXL) is an an-
timicrotubule agent that stabilizes microtubules, arrests
the cell cycle at the G2/M phase and induces apoptosis.
In vitro drug sensitivity assays have shown that the
combination of TXL and CDDP is more effective in
CDDP-resistant ovarian carcinoma cell lines, with dif-
ferent cytotoxicities depending on the sequence of drug
exposure. CDDP also shows poor results in human
epidermoid carcinoma particularly of the head and neck
region. Methods: We investigated the effects and the
molecular mechanisms of combination chemotherapy
with TXL and CDDP in the CDDP-resistant cell line
A431/CDDP2, and in its parental human epidermoid
cell line A431/P. Drug sensitivity was determined using
the MTS assay and cell cycle perturbation was analyzed
using flow cytometry. DNA fragmentation was then
analyzed and the protein levels of caspase-3 and Bcl-2,
and phosphorylated of Bcl-2 were determined by Wes-
tern blotting. Results: In the drug sensitivity assay,
exposure to CDDP prior to TXL was more effective
than exposure TXL prior to CDDP in A431/P cells. In
A431/CDDP2 cells, exposure to TXL prior to CDDP
was more effective than exposure to CDDP prior to
TXL. Exposure to TXL arrested the cells in the G2/M
phase in both cell lines. In A431/CDDP2 cells, exposure
to TXL prior to CDDP arrested the cells in the G2/M
phase, an effect caused by either CDDP or TXL.
Analysis of DNA fragmentation showed similar results
to the drug sensitivity assay. Expression of caspase-3
protein active form was detected following exposure to
TXL only and to the TXL/CDDP combination in both

A431/P and A431/CDDP2 cells, but phosphorylation of
Bcl-2 protein was detected only following exposure to
TXL and only in A431/CDDP2 cells. Conclu-
sions: These results indicate that exposure to TXL prior
to CDDP plays a key role in circumventing CDDP
resistance by phosphorylating Bcl-2 protein in the hu-
man epidermoid carcinoma cell line A431/CDDP2.
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Introduction

Anticancer chemotherapy is one of the most effective
treatments for malignant neoplasms. Cisplatin [cis-di-
amminedichloroplatinum(II), CDDP] is one of the most
widely used anticancer drugs [1]. It used as a base for
single or combination chemotherapy and as a radio-
sensitizer in the treatment of solid tumors including
squamous cell carcinoma of the head and neck region
[2, 3, 4]. The major cytotoxic action of CDDP is con-
sidered to be platination of DNA which leads to the
induction of interstrand and predominantly intrastrand
crosslinks, inducing apoptosis [5]. However, one of the
major obstacles to success in anticancer chemotherapy
is the development of anticancer drug resistance in
cancer cells. The molecular mechanisms of CDDP
resistance have been shown to include decreased intra-
cellular drug accumulation [6], increased intracellular
glutathione and metallothioneins [7, 8], reduction in
DNA crosslinking as a consequence of decreased
accessibility of DNA to the drug, and/or increased
DNA repair [9]. Reversing drug resistance would be a
most important approach to improving the success of
anticancer chemotherapy.

Paclitaxel (Taxol, TXL) is an antimicrotubule agent
isolated from the western yew tree Taxus brevifolia [10,
11]. This agent has demonstrated clinical efficacy in the
treatment of ovarian cancer, non-small-cell cancer,
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breast cancer [12], and head and neck cancer [13]. It
binds to the b-subunit of tubulin, accelerating the
polymerization of tubulin [14]. Consequently, cells are
arrested at the G2/M phase of the cell cycle [15], and
apoptosis is induced [16]. Moreover, TXL downregu-
lates the expression of Bcl-XL [17], upregulates Bax [18],
and causes the phosphorylation of Bcl-2 [19], which is
generally believed to initiate apoptosis. TXL is activated
by MAPK pathways such as the ERK and JNK/SAPK
signaling pathways [20]. CDDP and TXL have been
used clinically in combination chemotherapy and have
been examined in several clinical trials in ovarian, lung,
breast, head and neck, cervical, and gastrointestinal
carcinomas [21]. The interaction between TXL and
CDDP has mainly been examined in vitro in ovarian
carcinoma cell lines, and there is evidence of synergistic
or antagonistic effects depending on the schedule of the
TXL/CDDP combination therapy [22, 23]. However,
mechanism of the interaction has not been clarified in
several cell lines.

In the present study, we investigated the effects and
interaction mechanisms of TXL/CDDP combination
chemotherapy in the human epidermoid carcinoma
cell line A431 and its CDDP-resistant subline A431/
CDDP2 [24], and explored the possibility of circum-
venting CDDP resistance in human epidermoid car-
cinomas.

Materials and methods

Anticancer drugs

CDDP was purchased from Nippon Kayaku (Tokyo, Japan). TXL
was purchased from Sigma Chemical Company (St. Louis, Mo.).

Cell lines

We used the CDDP-resistant subline A431/CDDP2 derived from
the previously established human epidermoid carcinoma cell line
A431 [24]. Cells were cultured in DMEM/F-12 (Life Technologies,
Rockville, Md.) containing 5% fetal bovine serum (Life Technol-
ogies) and 1% penicillin-streptomycin at 37�C in an atmosphere
containing 5% CO2.

Drug sensitivity assay

Cell survival was determined by a CellTiter 96 aqueous non-
radioactive proliferation assay (Promega Corporation, Madison,
Wis.). Cells in exponential growth were washed with phosphate-
buffered saline (PBS), trypsinized with 0.25% trypsin/EDTA for
5 min at 37�C, counted and seeded as a single-cell suspension at a
density of 5000 cells/well in 96-well microtiter plates (Becton
Dickinson, Franklin Lakes, N.J.). After 24 h, various concentra-
tions of CDDP or TXL were added to the medium, CDDP for 5 h
and TXL for 24 h. After drug exposure, the drug-containing
medium was aspirated from the plate, fresh medium was added and
the cultures incubated for 3 days. Control dishes without antican-
cer drugs were treated identically. After incubation, plates were
washed with PBS and 20 ll MTS/PMS solution was pipetted into
each well of the 96-well microtiter plate. These were incubated for

1 h at 37�C in a humidified atmosphere containing 5% CO2 and the
absorbance values recorded at 490 nm using a microplate reader
(Bio-Rad Laboratories, Hercules, Calif.). The drug concentrations
inhibiting cell growth by 50% (IC50) were obtained by graphical
analysis.

Four different protocols were used to investigate the interaction
of CDDP and TXL:

– Protocol 1: exposure to CDDP for 5 h

– Protocol 2: exposure to CDDP for 5 h prior to incubation in
drug-free medium for 24 h and finally exposure to TXL for
24 h

– Protocol 3: exposure to TXL for 24 h

– Protocol 4: exposure to TXL for 24 h prior to incubation in
drug-free medium for 24 h and finally exposure to CDDP for
5 h

At the end of treatment, cells were washed with PBS and
incubated at 37�C in an atmosphere containing 5% CO2 for 72 h.
Cell survival ratios were determined as described above. CDDP
and TXL were used at their IC50 values.

Cell cycle analysis by flow cytometry

A431/P and A431/CDDP2 cells were cultured at 1·106 cells per 60-
mm dish. The same protocols as described for the drug sensitivity
assay were used. The cells were then incubated in drug-free medium
for 0, 12 and 24 h. After incubation, the cells were harvested by
trypsinization and fixed in 70% ethanol. Following treatment with
RNase (1 mg/ml in 0.1 M phosphate buffer, pH 7.0; Takara, To-
kyo, Japan), the cells were stained with propidium iodide solution
(50 mg/ml in 0.1% sodium citrate, 0.1% NP-40) and then analyzed
using a flow cytometer (EPICS XL; Beckman Coulter, Hialeah, Fl.)
and the cell cycle distribution was calculated using the MULTI-
CYCLE program (Beckman Coulter).

DNA fragmentation ELISA

The release of fragmented DNA into the cytoplasm during apop-
totic cell death was measured using a cellular DNA fragmentation
ELISA kit (Boehringer Mannheim, Maylan, France). In brief,
exponentially growing A431/P and A431/CDDP2 cells were labeled
with 10 lM BrdU for 18 h at 37�C in a humidified atmosphere.
After labeling, the cells were resuspended in culture medium and
adjusted to 1·105 cells/ml, and 100 ll/well was transferred to a 96-
well microtiter plate after the cells had been treated overnight with
CDDP and/or TXL using the protocols described above. After
incubation in drug-free medium for 72 h, the cells in the microtiter
plate were lysed for 30 min at room temperature. The microtiter
plate was centrifuged at 250 g for 10 min, and the supernatant was
collected as the sample for assay. The samples were transferred to
each well of a precoated microtiter plate and incubated for 90 min
at room temperature. After washing, the samples were denatured
and fixed by microwave irradiation (650 W) for 5 min. After
cooling the plate for 10 min at )20�C, anti-BrdU peroxidase con-
jugate solution was added followed by incubation for an additional
90 min at room temperature. After washing, immunocomplexed
anti-BrdU peroxidase was detected and measured at 450 nm using
a microplate reader (Bio-Rad).

Western blotting

A431/P and A431/CDDP2 cells were cultured at 1·106 cells per 90-
mm dish. The cells were treated using the protocols described
above. After drug exposure, the cells were cultured in a drug-free
medium for 24 h. Cells were lysed in lysis buffer (50 mM Tris,
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150 mM NaCl, 1% NP40, 0.5% DOC, 7.5 lg/ml aprotinin, 50 lg/
ml leupeptin, 1 mM PMSF, 1 mM sodium orthovanadate) and
centrifuged at 10,000 g for 10 min at 4�C, and the amount of
protein was determined using a DC protein assay (Bio-Rad). The
lysates were boiled for 5 min, separated by 15% SDS-PAGE, and
transferred to polyvinylidene difluoride membranes (Immobilon-P;
Millipore, Bedford, Mass.) in transblotting buffer (25 mM Tris,
192 mM glycine, 20% v/v methanol, pH 8.3). The membranes were
incubated for 1 h with a blocking buffer (5% non-fat milk, 0.1%
Tween 20 in TBS) and then with monoclonal antibodies to mouse
anti-Bcl-2 (BD Biosciences, San Jose, Calif.), anti-phospho-Bcl-2
(Cell Signaling Technology, Beverley, Mass.), polyclonal antibod-
ies to rabbit anti-caspase-3 (BD Biosciences) diluted 1:1000 in the
same buffer for 16 h, washed three times with TBS-T, and incu-
bated with horseradish peroxidase-conjugated sheep anti-mouse
IgG or donkey anti-rabbit IgG (Amersham Biosciences, Piscata-
way, N.J.; diluted 1:1000 in TBS-T) for 1 h. After the membranes
had been washed three times with TBS-T, the signal was visualized
by enhanced chemiluminescence with an ECL system (Amersham
Biosciences).

Results

Drug sensitivity assay

The sensitivities of A431/P and A431/CDDP2 cells to a
5-h exposure to CDDP were markedly different (IC50

values 11.6 lM and 34.8 lM, respectively; Fig. 1a). The
effects of a 24-h exposure to TXL were similar in the two
cell lines (IC50 3.3 nM in A431/P cells and 3.8 nM in

A431/CDDP2 cells; Fig. 1b). Figure 2 shows the results
of drug sensitivity assay with protocols 1, 2, 3 and 4
using the drugs at their IC50 values. In A431/P cells,
protocol 2 was more effective than protocol 4, and
protocol 4 had a similar effect to protocol 3 (Fig. 2a).
Conversely, in A431/CDDP2 cells, protocol 4 was more
effective than protocol 2 (Fig. 2b). These results show
that the CDDP-resistant cell line A431/CDDP2 had
quite the reverse drug sensitivity to CDDP and TXL
than the parent cell line A431/P.

Effect of drug treatment on cell cycle progression

Using the same protocols used for the drug sensitivity
assay, we determined the cell cycle change in these cell
lines by flow cytometry. A431/P cells treated with pro-
tocols 1 and 4 were blocked at the G2/M phase after a
24-h drug exposure, but with protocol 2 the proportions
of cells in the G1 and G2/M phases were immediately
reduced (Fig. 3a). On the other hand, A431/CDDP2
cells treated with protocols 1 and 2 showed similar non-
significant cell cycle changes after a 24-h drug exposure,
but those treated with protocols 3 and 4 were clearly
blocked at the G2/M phase after a 24-h drug exposure
(Fig. 3b). In these cell lines, CDDP only and CDDP
prior to TXL caused different cell cycle perturbations,
but TXL only and TXL prior to CDDP caused similar
cell cycle perturbations, blocking the cells in the G2/M
phase after a 24-h drug exposure.

Fig. 2a, b Drug sensitivity MTS assays in (a) A431/P and (b) A431/
CDDP2 cells (G1–G4 drug exposure protocols 1–4 as described in
Materials and methods). Each value is the mean±SD of three
determinations

Fig. 1a, b Dose response curves for (a) CDDP and (b) TXL (d
A431/P, M A431/CDDP2). The points and bars represent the
means±SD of three determinations
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DNA fragmentation assay

To quantify the apoptotic response to the four different
drug exposure protocols in the two cell lines, we used an
ELISA method that allowed the specific detection and
quantification of BrdU-labeled DNA fragments. Quan-
titative analysis of DNA fragmentation is shown in
Fig. 4. In A431/P cells, the amount of DNA fragmen-
tation was higher in cells treated with protocol 2 than in
those treated with protocol 4 (Fig. 4a). In A431/CDDP2
cells, the amount of DNA fragmentation was higher in
cells treated with protocol 4 than the inverse protocol
(Fig. 4b). This result indicates that exposure to TXL
prior to CDDP induced apoptosis to a greater extent
than exposure to CDDP prior to TXL in the CDDP-
resistant cell line.

Detection of caspase-3 and Bcl-2 phosphorylation

Protein expression of caspase-3 and Bcl-2 as determined
by Western blotting is shown in Fig. 5. Although pro-
caspase-3 expression was detected in the cell lines, the
caspase-3 active form (17 kDa) was detected in A431/P
after a 48-h drug exposure. The expression level of cas-
pase-3 active form in A431/P cells was higher in cells
exposed to CDDP prior to TXL (protocol 2) than in
those exposed to TXL prior to CDDP (protocol 4). In
A431/CDDP2 cells, the active form was also detected
after a 48-h drug exposure. Caspase-3 active form was at
almost the same level in cells exposed to TXL prior to
CDDP (protocol 4). Bcl-2 protein expression was de-
tected A431/CDDP2 cells in all drug exposure protocols,
but not detected A431/P cells. In A431/CDDP2 cells,

phospho-Bcl-2 expression was only detected in cells ex-
posed to TXL (protocol 3).

Fig. 4a, b DNA fragmentation assays in (a) A431/P and (b) A431/
CDDP2 cells (G1–G4 drug exposure protocols 1–4 as described in
Materials and methods). Each value is the mean±SD of three
determinations

Fig. 3a, b Time courses of cell
cycle perturbation in (a) A431/P
and (b) A431/CDDP2 cells (G1–
G4 drug exposure protocols 1–4
as described in Materials and
methods; DF drug-free
condition; n G1 phase, d S
phase, m G2/M phase). Points
and bars represent the
means±SD of three
determinations
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Discussion

CDDP is accepted as the most effective treatment for
squamous cell carcinoma of the head and neck cancer.
However, in cancer patients who have been previously
treated with CDDP, the effect of CDDP treatment often
decreases, and the tumors frequently acquire CDDP
resistance. Therefore, we need a second-line chemo-
therapy regimen that uses other anticancer agents to
counteract CDDP resistance. In the present study, we
investigated the effects of TXL, alone or in combination
with CDDP, in the human epidermoid carcinoma cell
line A431/P and its CDDP-resistant cell line A431/
CDDP2.

TXL has a different mechanism in cancer cells that
have accumulated in the G2/M phase of the cell cycle
and in which apoptosis has been induced. In clinical
trials, CDDP and TXL combination chemotherapy has
been evaluated in patients with various cancers, such as
lung, breast, ovarian and head and neck. In vitro, the
mechanism of action of CDDP and TXL combination
chemotherapy in cancer cells has mainly been investi-
gated in ovarian cell lines [22]. In a CDDP-resistant cell
line, the effect of TXL has been shown to be inhibited by
exposure to CDDP prior to TXL [23]. In the present
study, exposure of A431/P cells to TXL prior to CDDP
showed a poor effect in comparison with exposure to
TXL only. Exposure to CDDP prior to TXL was more
effective than exposure to CDDP or TXL only. Con-
versely, in the CDDP-resistant subline A431/CDDP2,
exposure to TXL prior to CDDP was more effective
than exposure to TXL only or CDDP prior to TXL.
This result suggests that exposure to TXL prior to
CDDP circumvented CDDP resistance in the CDDP-
resistant cell line A431/CDDP2. Another group has
reported that, in ovarian cancer cell lines, exposure to
TXL prior to CDDP has a synergistic effect in a CDDP-
resistant cell line, but an antagonistic effect in a CDDP-

sensitive cell line [22]. Our results were similar, in that
exposure TXL prior to CDDP had a synergistic effect in
the CDDP-resistant cell line and an antagonistic effect in
the CDDP-sensitive cell.

TXL induces cell cycle arrest at the G2/M phase [15]
and cell death [16]. Our flow cytometry results indicated
that exposure to TXL only or TXL prior to CDDP in-
creased the proportion of cells in the G2/M phase 24 h
after final drug treatment. In A431/CDDP2 cells ex-
posed to TXL prior to CDDP at 0 h after treatment
were not clearly arrested at the G2/M phase. From 12 to
24 h after CDDP exposure, A431/CDDP2 cells were
clearly arrested at the G2/M phase. These findings
indicate that accumulation at the G2/M phase following
exposure to TXL prior to CDDP might be an effect of
TXL or an effect of CDDP. CDDP also induces arrest of
cells in the G2/M phase in a similar manner to TXL [25].
The cell cycle perturbation in A431/CDDP2 cells fol-
lowing exposure to TXL prior to CDDP was similar to
that in CDDP-sensitive A431/P cells following exposure
to CDDP only.

We also quantified DNA fragmentation caused by
apoptosis to determine the cytotoxic activity of the
anticancer agents. The major cytotoxic action of CDDP
is considered to be platination of DNA which leads to
induction of interstrand and predominantly intrastrand
cross-links, and apoptosis [5]. The major cytotoxic ac-
tion of TXL is considered to be via binding to the
b-subunit of tubulin, accelerating the polymerization of
tubulin. In addition, cancer cells are arrested at the G2/
M phase of the cell cycle, and undergo apoptosis. We
compared the apoptotic responses of A431/P and A431/
CDDP2 cells. In A431/CDDP2 cells, quantitative DNA
fragmentation showed a greater increase following
exposure to TXL prior to CDDP than following expo-
sure to CDDP prior to TXL. This finding was correlated
with the results of the drug sensitivity assay. These re-
sults indicate that the increased cytotoxicity of the TXL

Fig. 5 Detection of procaspase-
3, caspase-3 active form, Bcl-2,
and phosphorylated Bcl-2
proteins in A431/P and A431/
CDDP2 cells by Western
blotting (G1–G4 drug exposure
protocols 1–4 as described in
Materials and methods; Con
control)
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and CDDP combination was a result of an increase in
apoptosis. The TXL and CDDP combination has also
been shown to increase apoptosis in ovarian cancer cell
lines in vitro [22]. We conjecture that different cytotox-
icities in the same cell line following different drug
exposure sequences were caused by different apoptosis-
inducing mechanisms.

Cysteine proteases encoded by Caenorhabditis ele-
gans ced-3 [26] and its mammalian homologue repre-
senting the ICE family, including caspase-3, appear to
initiate key events in apoptosis and may be effectors of
apoptotic cell death [27, 28]. Caspase-3 normally exists
as an inactive proenzyme which, immediately prior to
apoptotic cell death, is cleaved to a heterodimer com-
prising Mr 17,000 and 12,000 subunits that constitute
the active protease [29]. Bcl-2 has the ability to exert a
survival function in response to a wide range of apop-
totic stimuli by blocking mitochondrial release of
cytochrome c [30]. Bcl-2 is also phosphorylated fol-
lowing exposure to chemotherapeutic taxanes such as
TXL and docetaxel (Taxotere) which promote micro-
tubule assembly [31]. This phosphorylation inactivates
the antiapoptotic function of Bcl-2 [32]. In this study,
the caspase-3 active form was detected in CDDP-
resistant A431/CDDP2 cells exposed to TXL only and
in those exposed to TXL-CDDP in combination, and
phosphorylated Bcl-2 was detected in cells exposed to
TXL only. We have reported previously that Bcl-2
protein levels are higher in A431/CDDP2 cells than in
CDDP-sensitive A431/P cells [33]. In our present study,
Bcl-2 was phosphorylated by TXL in A431/CDDP2
cells. This result suggests that inhibition of the antia-
poptotic function of Bcl-2 by phosphorylation by TXL
plays a key role in the cytotoxicity of CDDP in A431/
CDDP2 cells.

In conclusion, we found that exposure to TXL prior
to CDDP was more effective in CDDP-resistant human
epidermoid A431/CDDP2 cells and suggest that Bcl-2
phosphorylation by TXL is one of the most important
effects circumventing CDDP resistance in human epi-
dermoid carcinoma. Additional extensive studies are
needed to elucidate in more detail the molecular mech-
anisms of TXL and CDDP combination chemotherapy
to establish an effective clinical chemotherapy in human
epidermoid neoplasms.

References

1. Durant JR (1980) Cisplatin: a clinical overview. In: Prestayko
AW, Crooke ST, Carter SK (eds) Cisplatin, current status and
developments. Academic Press, New York, pp 317

2. Hamasaki VK, Vokes EE (1992) Chemotherapy in head and
neck cancer. Curr Opin Oncol 4:1376

3. Adelstein DJ, Sharan VM, Earle AS, Shah AC, Vlastou C,
Haria CD, Carter SG, Damm C, Hines D (1990) Long-term
results after chemoradiotherapy for locally confined squamous-
cell head and neck cancer. J Clin Oncol 13:440

4. Weissler MC, Melin S, Sailer SL, Qaqish BF, Rosenman JG,
Pillsbury HC III (1992) Simultaneous chemoradiotherapy in

treatment of advanced head and neck cancer. Arch Otolaryngol
Head Neck Surg 118:806

5. Sorenson CM, Eastman A (1998) Mechanism of cis-diammin-
edichloroplatinum(II)-induced cytotoxicity: role of G2 arrest
and DNA doublestrand breaks. Cancer Res 48:4484

6. Gately DP, Howell SB (1993) Cellular accumulation of the
anticancer agent CDDP: a review. Br J Cancer 67:1171

7. Tew KD (1994) Glutathione-associated enzymes in anticancer
drug resistance. Cancer Res 54:4313

8. Yang YY, Woo ES, Reese CE, Bahnson RR, Saijo N, Lazo JS
(1994) Human metallothionein isoform gene expression in cis-
platin-sensitive and resistant cells. Mol Pharmacol 45:453

9. Fink D, Zheng H, Nebel S, Norris PS, Aebi S, Lin TP, Nehme
A, Christen RD, Haas M, MacLeud CL, Howell SB (1997) In
vitro and in vivo resistance to cisplatin in cells that have lost
DNA mismatch repair. Cancer Res 57:1841

10. Shiff PB, Fant J, Horwitz SB (1979) Promotion of microtubule
assembly in vitro by Taxol. Nature 277:665

11. Shiff PB, Horritz SB (1980) Taxol stabilizes microtubules in
mouse fibroblast cells. Proc Natl Acad Sci U S A 77:1561

12. Rowinsky EK, Donehower RC (1995) Paclitaxel (Taxol). N
Engl J Med 332:1004

13. Forastiere AA (1994) Paclitaxel (Taxol) for the treatment of
head and neck cancer. Semin Oncol 21:49

14. Rao S, Krauss NE, Heerding JM, Swindell S, Ringel I, Orr
GA, Horwitz SB (1994) 3¢-(p-Azidobenzamido) taxol phot-
olabels the N-terminal 31 amino acids of b-tubulin. J Biol
Chem 269:3132

15. Lopes NM, Adams EG, Pitts TW, Bhuyan BK (1993) Cell kill
kinetics and cell cycle effects of Taxol on human and hamster
ovarian cell lines. Cancer Chemother Pharmacol 32:235

16. Milas L, Hunter NR, Kurdoglu B, Mason KA, Meyn RE,
Stephens LC, Peters LJ (1995) Kinetics of mitotic arrest and
apoptosis in murine mammary and ovarian tumors treated with
Taxol. Cancer Chemother Pharmacol 35:297

17. Liu QY, Stein CA (1997) Taxol and estramustine-induced
modulation of human prostate cancer cell apoptosis via
alternation inBcl-xLandBak expression.ClinCancerRes 3:2039

18. Srivastava RK, Srivastava AR, Korsmeyer SJ, Nesterova M,
Cho-chung YS, Longo DL (1998) Involvement of microtubules
in the regulation of Bcl-2 phosphorylation and apoptosis
through cyclic AMP-dependent protein kinase. Mol Cell Biol
18:3509

19. Halder S, Basu A, Croce CM (1998) Serine-70 is one of the
critical sites for drug-induced Bcl-2 phosphorylation in cancer
cells. Cancer Res 58:1609

20. Albert AS, Timothy CC (2000) Microtubule inhibitors elicit
differential effects on MAP kinase (JNK, ERK, and p38) sig-
naling pathways in human KB-3 carcinoma cells. Exp Cell Res
254:110

21. Frasci G, Comella P, Parziale A, Casaretti R, Daponte A,
Gravina A, De Rosa L, Gallipoli A, Comella G (1997) Cis-
platin-paclitaxel weekly schedule in advanced solid tumors: a
phase I study. Ann Oncol 8:291

22. Zaffaroni N, Silvestrini R, Orlandi L, Beazatto A, Gornati D,
Villa R (1998) Induction of apoptosis by taxol and cisplatin and
effect on cell cycle-related proteins in cisplatin-sensitive and -
resistant human ovarian cancer cells. Br J Cancer 77:1378

23. Judson PL, Watson JM, Gehrig PA, Fowler WC Jr, Haskill JS
(1999) Cisplatin inhibits paclitaxel-induced apoptosis in cis-
platin-resistant ovarian cancer cell lines: possible explanation
for failure of combination therapy. Cancer Res 59:2425

24. Mese H, Sasaki A, Alcalde RE, Nakayama S, Matsumura T
(1998) Establishment and characterization of cisplatin-resistant
human epidermoid carcinoma cell line, A431 cell. Chemother-
apy 44:414

25. Ormeroid MG, Orr RM, Peacock JH (1994) The role of
apoptosis in cell killing by cisplatin: a flow cytometric study. Br
J Cancer 69:93

26. Yuan J, Horvitz H (1990) Caenorhabditis elegans gene ced-3
and ced-4 act cell autonomously to cause programmed cell
death. Dev Biol 138:33

510



27. Park DJ, Nakamura H, Chumakov AM, Said JW, Miller CW,
Chen DL, Koeffler HP (1994) Transactivational and DNA
binding abilities of endogenous p53 in p53 mutant cell lines.
Oncogene 9:1899

28. Vogelstein B, Kenneth KW (1992) p53 function and dysfunc-
tion. Cell 70:523

29. Nicholsson DW, Ali A, Thornberry NA, Vallancort JP, Ding
CK, Galant M, Gareau Y, Griffin PR, Labele M, Lazebnik
YA, Munday NA, Raju SM, Smulson ME, Yamin TT, Yu VL,
Miller DK (1995) Identification and inhibition of the ICE/
CED-3 protease necessary for mammalian apoptosis. Nature
376:37

30. Murphy KM, Ranganathan V, Farnsworth ML, Kavallaris M,
Lock RB (2000) Bcl-2 inhibits Bax translocation from cytosol

to mitochondria during drug-induced apoptosis of human tu-
mor cells. Cell Death Differ 1:102

31. Haldar S, Jena N, Croce CM (1995) Inactivation of Bcl-2 by
phosphorylation. Proc Natl Acad Sci U S A 92:4507

32. Yamamoto K, Ichijo H, Korsmeyer SJ (1999) Bcl-2 is phos-
phorylated and inactivated by an ASK1/Jun N-Terminal pro-
tein kinase pathway normally activated at G2/M. Mol Cell Biol
19:8469

33. Mese H, Sasaki A, Alcalde RE, Nakayama S, Matsumura T
(2000) Regulation of apoptosis reduction in the cisplatin-
resistant A431 cell line by Bcl-2 and CPP32. Chemotherapy
46:69

511


