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ABSTRACT OBJECTIVE:To study the schedule dependent interactions bet ween docetaxel and cisplatin against human breast cancer
cells . METHOD : The assays in vitro were used including DNA frag mentation analyse, MTT assay, flow cytometric analyses, and
western blotting . RESULTS : The antagonistic interaction occurred when tumor cells were exposed to the two drugs simultaneously or
exposed to cisplatin before docetaxel . No antagonism was observed when docetaxel was added before cisplatin . CONCLUSIONS : Cis-
platin could interfere with the cytotoxic effects of docetaxel on both mitotic arrest and apoptosis . In addition, the combination of two
drugs could inhibit the bcl-2 phosphorylation that induced by docetaxel . These results indicate that interaction bet ween docetaxel and
cisplatin is highly schedule dependent .
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Introduction

Docetaxel [ Taxotere, N debenzol- N-tert-butoxycarbonyl-
10- deacetyltaxel( Figl) ], a novel member of the taxoid family ,
was prepared by a semrsynthesis approach from 10-deacetyl
baccatin I, an inactive precursor extracted from the needles of
the European yew Taxus baccata that is condensed with the fully

synthetic side chain in 1986 . Due to this efficient process using a

rene wable source of natural precursor ( needle instead of bark) ,

realistic possibilities for the pharmaceutical development of tax-
oids were opened. Docetaxel is a mitotic spindle poison that ex-

erts its anticancer effects by promoting the asse mbly of micro-

Che mical structure of docetaxel

tubules and inhibiting their depoly merization. Cells are thus ar Fig 1.

rested in the S and G2/ M-phase and are unable to divide. In
preclinical and clinical studies , Docetaxel has de monstrated ac-

tivity against a variety of tumor types, including breast, ovari-

Cisplain [ cis- platinum ( IT)- diam mine Dichlodide ]is one of the
most com monly used anticancer agent , with documented activity

against a number of solid tumors , notably of the testic, ovaries
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and bladder. Although it is not widely used in the treat ment of
breast cancer, cisplatin has achieved response rates of about
50 % in patients with previously untreated metastatic disease .
However, the use of cisplatin is limited by severe toxicities , in-
cluding nephrotoxity, myelosuppression, ototoxity and neuro
toxity . The use of low doses of cisplatin in combination with a-
gents that do not have overlapping toxicity may thus optimize
the benefit achievable with this drug. The feasibility of combin-
ing docetaxel with cisplatin in patients with solid tumors and ad-
vanced nomrsmall cell lung cancer has been demonstrated in
phase 1 and 1T studies'?! .

The experimental data on combination in vitro are limited
for docetaxel and other anticancer agent. It has demonstrated
that 5-FU and glucocorticoids interact with paclitaxel, one of

taxoids , using different cell lines!t®*]

. In order to clarify this is-
sue, we investigated the interaction between docetaxel and cis-
platin using human breast tumor BCap37 cell lines to elucidate
the possible mechanism of interactions and provide the basis for
promoted clinical therapeutic benefit in combination che mothera-
py -

Materials and Methods

Drugs and cell culture. Docetaxel was purchased from Rhone
Poulenc Inc.( Antony, France) and dissolved in dimethyl sul-
foxide( DMSO) to make a stock solution of 1 .0mmol/L. Cis-
platin was obtained from Sigma Che mical Co. ( MO, USA) and
dissolved in DMSO to make a stock solution of 1 .0 mmol/ L.
The stock solutions were diluted in culture medium to obtain the
desired concentrations . The human breast tumor BCap37 cell
line was propagated in RPMI 1640 medium supple mented with
10 % heat-inactive ne wborn calf serum ( Life technologies Inc,
NY USA) and 1 % antibiotic antimycotic ( Life technologies
Inc, NY USA) . MTT{3-[ 4,5 dimethyl(-thiazol-2-zyl)-2 ,5-
diphenyltetrozolium bromide ]} , propidium iodide and ethidium
bromide were purchased from Sigma Chemical Co.( St. Lowis,
MO, USA) . Other reagents and chemicals were obtained from
commercial sources. The cells were usually treated with drug
when they reached approximately 60-70 % confluence .

Deter mination of DNA fragmentation. Internucleosomal DNA
frag mentation was assayed by a modification of previously de-

scribed methods!®!

. Briefly, cells were harvested by trypsiniza-
tion and washed with phosphate buffered saline ( PBS) once .
Cells were suspended in lysis solution containing 20 mmol/ L
Tris HCl, 5 mmol/L EDTA and 5 % ( V/ V) Triton X100.
The crude DNA samples were extracted with the solution of Tris
saturated phenol chloroform. After phase separation, 50ul of
5mol/ L NaCl and 0.5 ml isopropanol were added into the super-
natant. The DNA pellet was washed with 1ml of 70 %

prechilled ethanol and then dried under vacuum . The DNA sam-
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ples were analyzed by electrophoresis in a 1 .5 % agarose slab gel
containing 0 .2pg/ ml ethidium bromide and visualized under UV
illumination ( Transilluminator 2020E UV/ WHITE equipped
with CCD 100 DAGE- MIT Digital Camera and Workstation
with Snap Soft ware) .

Flow Cytometric Analysis . The cell sample preparation and pro-
pidium iodide ( PI) staining were performed according to the
previously reported method ®!. Briefly, cells were incubated
with Snmol/ L docetaxel or 1 .0pmol/ L cisplatin or their combi-
nation for 24h and 48h. Cells were harvested by trypsinization
at the times indicated and washed twice with prechilled PBS.
Cells were fixed in 1 % formaldehyde in PBS and then dehydrat-
ed in 80 % ethanol in prechilled PBS . Approximately 45 min be-
fore immunoflow cytometry analysis, cells were incubated in
PBS containing 0.1 mg/ ml RNase A and 40pg/ ml PI at room
te mperature and kept in dark . Cell cycle distribution was deter-
mined using a Coulter Epics V Instrument ( Coulter Corp) with
an argon laser set to excite wavelength at 488nm. The results
were analyzed using Elite 4.0 soft ware ( Phoenix Flow System,
San Diego, CA) .

MTT Assays .Cells were harvested with trypsin and resuspended
toa final concentration of 2 x 10* cells/ ml in-fresh medium .
Aliquots of 0.2ml from each suspension were distributed evenly
into 96- well tissue culture plates. with lids ( Falcon, Oxnard,
CA) . Designated columns_ were treated with Snmol/ L docetaxel
or 1 .0umol/ L cisplatin or their combination. One column from
each plate contained medium alone, and another column con-
tained cells without drug as a blank control . After cells were in-
cubated at 37 Cfor 24 h, 0.1 ml of MTT(1 mg/ ml) solution was
added to each well . After 3h incubation at 37 'C to allow viable
cells to reduce the yellow MTT into dark blue formosan crys-
tals , the resulting crystals were dissolved in 100pl of DMSO.
The absorbance in individual wells was determined for each drug
alone and for various drug combinations .

Western Blotting .Cells treated with docetaxel , Cisplatin or their
combinations at different schedules were harvested by trypsiniza-
tion at the time indicated . Briefly, cells were washed twice with
cold PBS and cellular protein samples were extracted with buffer
containing 10nmol/ L Tris, Snmol/ L EDTA, 150 mmol/ L Na-
Cl, 0.1 % Triton X100(v/v) and 5 %glycerol( v/v) and 2 %
SDS in deionization water. Protein contents in samples were
measured using Bio- Rad Protein Assay. Protein samples were
loaded onto a 12 %SDS polyacrylamide gel at equal protein con-
centration. After electrophoresis, samples were transferred to a
nitrocellulose me mbrane according to the Bio Rad protocol . Pri-
mary antibody against bcl-2 was used at 1 :1000 dilution in 5 %
no fat milk in TBST( PBS containing 0.5 % tween 20) . The
secondary antibody goat

antimouse IgG conjugated to
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horseradish peroxidase at a concentration of 0 .1pg/ ml in 5 % no
fat milk in TBST. The im munoreactive bands were visualized
using a che milu minescent substrate to horseradish peroxidase and
exposure to Kodak X OMAT film .

Results

Cisplatin affects docetaxel induced apoptotic cell death. To in-
vestigate the possible influence of cisplatin on docetaxel induced
apoptotic cell death, we examined whether docetaxelinduced
DNA frag mentation would be affected by cisplatin or their co
exposure. The characteristic DNA fragmentation ladders on a-
garose gel electrophoresis were observed following exposure to
Snmol/ L docetaxel alone for 48h. When cells were treated with
1 .Opmol/ L or 5.0pmol/ L cisplatin alone , there were no DNA
fragmentation ladders. When cells were treated with cisplatin
first then docetaxel, DNA fragmentation ladders were very
weak. When cells were treated with docetaxel first then cis-
platin, the DNA fragmentation ladders induced by docetaxel
were not affected by cisplatin at both concentrations used ( Fig .
2) . When cells were treated with docetaxel and cisplatin simul-

taneously , clear DNA frag mentation ladders were observed .

Marker

Control

Tt (5nmol/L)
Cpllumol /L)
Cp(Sumol/L)
Tt+Cp (5umol /L)
Tt+Cp(
PreT+C (5umol /L)
PreT+C(1lumol/L)

ProC( Sumonl /L) +T

lumol /L)

PreC(lumol/L)+T

Fig 2.
induced DNA fragmentation in BCap37 cells. Tt, docetaxel;

Characterization of-effecting of cisplatin on docetaxel

Cp, cisplatin; Tt + Cp, docetaxel and cisplatin were added si-
multaneously; PreC + T, cisplatin was added 24h before doc-
etaxel ; PreT + C, docetaxel was added 24h before cisplatin .

Flow cytometric analysis. We assessed changes in the cell cycle
distribution after BCap37 cells were exposed to Snmol/ L doc-
etaxel or 1 .Opmol/ L cisplatin or their combination for 24h or
48h, respectively . The influence of drugs on cell cycle distribu-
tion was shown in Fig3 . Docetaxel produced an accumulation of
cells in S phase . The majority of cells exhibited Gl phase DNA
content 24h after treat ment with cisplatin. When cells were ex-
posed to docetaxel and cisplatin simultaneously , the cells went to

apotosis at 24 and 48h. If cells were pre-exposed to docetaxel
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then cisplatin, the cells were arrested in S phase at 24h and
went to apoptosis at 48h. When cells pre-exposed to cisplatin

then docetaxel , the cells were arrested in G2/ M phase at 24h.
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Fig 3. Flow cytometric analyses of BCap37 cells treated with
docetaxel, cisplatin, or their combination for 24 or 48h. Tt,
docetaxel ; Cp, cisplatin; Tt + Cp, docetaxel and cisplatin were
added simultaneously ; PreC + T, cisplatin was added 12h before
docetaxel ; PreT + C, docetaxel was added 12h before cisplatin .
Schedule dependent antagonistic effect of cisplatin on the cyto
toxicity of docetaxel . To investigate the possible influence of cis-
platin on the antitumor activity of docetaxel , we first used MTT
assays to assess the cytotoxic interaction of these two drugs in
BCap37 cells. It was examined by treatment of cells with
5nmol/ L docetaxel or 1 .0umol/ L cisplatin or their combination
at various schedules for 24h and 48h. The results, which were
summarized in Fig4 , showed that pretreat ment or simultaneous
treat ment of cells with 1 .0pmol/ L cisplatin and docetaxel pro-
duced less cytotoxic effects than treat ment with docetaxel alone .
However an increased cytotoxicity was observed when cells were
exposed to docetaxel for 12h before the addition of cisplatin.
These results suggested that pretreat ment or simultaneous treat-

ment with cisplatin might antagonize the cytotoxic effect of doc-
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Fig4 . Cytotoxic effects of sequential exposure to docetaxel and
cisplatin in BCap37 cells. 1 . Control 2 .docetaxel ; 3 .cisplatin;
4. docetaxel and cisplatin were added simultaneously; 5. cis-
platin was added 12h before docetaxel; 6 .docetaxel was added
12h before cisplatin .

Effects on phosphorylation of bek2 . To investigate whether do-
cetaxel can modulate apoptosis or cell cycle regulatory proteins,
western blotting was performed to analyze the possible alteration
of protein in BCap37 cells treated with docetaxel, cisplatin or
their combination in different schedules . The results depicted in
Fig 5. showed that docetaxel was found to induce phosphory-
lation of bek2 . cisplatin alone did not alter bck2 protein, but
when cells were exposed to docetaxel and cisplatin si multaneous-

ly or exposed to cisplatin first for 12h , the ability of docetaxel to

induce bcl-2 phosphorylation was inhibited .

phosphorylation bcl-2

...'..t bel-2

1 2 3 4 5 6

Fig5. Western blot analysis for bck2 protein extracted from
BCap37 cells treated with docetaxel, cisplatin, or their combi-
nation. 1 : Control 2: 5nmol/ L Docetaxel 3 : 1 pmol/ L Cisplatin
4: Snmol/ L Docetaxel + 1pumol/ L Cisplatiny 5: Pre-5Snmol/ L
Docetaxel + Iumol/ L Cisplating 6 : Pre-lpumol/ L Cisplatin +
Snmol/ L Docetaxel .
Discussion

The recently de monstrated clinical activity of docetaxel a-
gainst a variety of malignancies, especially ovarian and breast
cancers is encouraging . Clinical trials of the combination of doc-
etaxel and cisplatin have been initiated in ovarian cancer, using
e mpirically derived schedules!®!. Combination therapy with mul-
tiple drugs or with multiple modalities is com mon practice in the
treat ment of cancers. The purpose of using anticancer drugs in
combination is to achieve therapeutic effects greater than those

provided by a single drug alone . An optimal protocol of combi-
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nation che motherapy may increase the therapeutic efficacy, de-
crease toxicity toward the host or nom target tissues and mini-
mize or delay the development of drug resistance . Therefore, in
vitro investigation of anticancer drugs combination will provide
the information or clues to the possible mechanisms of drugs in-
teractions and guidance to clinical implication .

It is aware so far that there are few reports about in vitro
interaction between docetaxel and cisplatin. In this study, we
investigated the cytotoxic interaction bet ween docetaxel and cis-
platin against human breast cancer cells in vitro. Our results
de monstrated that docetaxel could be beneficially combination
with cisplatin in treat ment of the BCap37 cell line . The antineo
plastic efficacy was dependent on the sequence in which drug
was exposed. The optimal schedule for this combination may be
the sequential administration of docetaxel followed by cisplatin .

To analyze the possible mechanis m by which cisplatin inter-
acts with the cytotoxic effects of docetaxel, a series of experi-
ments including DNA frag mentation, flow cytometry and west-
ern blot were carried out. The results demonstrated that cis-
platin affected the cytotoxic effects of docetaxel on both mitotic
arrest and apoptosis. Instead, pretreat ment with cisplatin could
significantly block docetaxelinduced apoptosis. We performed
Western blot analysis and determined that docetaxel can induce
bel-2 phosphorylation ; interestingly, the combination of doc-
etaxel with cisplatin blocked the bel-2 phosphorylation. These
findings may provide a piece of evidence that cisplatin antago
nizes the eytotoxic effects of docetaxel .

In conclusion’, this study investigates the possible influence
of cisplatin on the effect of docetaxel against human breast can-
cer cells in vitro. Our results de monstrate the antagonistic inter-
action occurred when cells were exposed to two drugs simultane-
ously or exposed to cisplatin before docetaxel. So we suggest
that it might be carefully considerated that the optimal schedule
for the combination of docetaxel with cisplatin is to adminstrate
with docetaxel before cisplatin or the combination of these two
drugs .
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