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A B S T R A C T

It was reported recently that resveratrol could sensitise a number of cancer cell lines to the

anticancer actions of several other cancer drugs, including paclitaxel. In the present study,

we further investigated whether resveratrol could sensitise human breast cancer cells to

paclitaxel-induced cell death. Unexpectedly, we found that resveratrol strongly diminished

the susceptibility of MDA-MB-435s, MDA-MB-231 and SKBR-3 cells to paclitaxel-induced

cell death in culture, although this effect was not observed in MCF-7 cells. Using MDA-

MB-435s cells as a representative model, a similar observation was made in athymic nude

mice. Mechanistically, the modulating effect of resveratrol was partially attributable to its

inhibition of paclitaxel-induced G2/M cell cycle arrest, together with an accumulation of

cells in the S-phase. In addition, resveratrol could suppress paclitaxel-induced accumula-

tion of reactive oxygen species (ROS) and subsequently the inactivation of anti-apoptotic

Bcl-2 family proteins. These observations suggest that the strategy of concomitant use of

resveratrol with paclitaxel is detrimental in certain types of human cancers. Given the

widespread use of resveratrol among cancer patients, this study calls for more preclinical

and clinical testing of the potential benefits and harms of using resveratrol as a dietary

adjuvant in cancer patients.

� 2010 Elsevier Ltd. All rights reserved.
1. Introduction resveratrol can inhibit the growth of human cancer cells
Resveratrol (trans-3,4 0,5-trihydroxystilbene), a naturally-

occurring polyphenolic compound, is highly enriched in a

variety of food sources, such as grapes, peanuts and red

wine.1–3 A number of previous studies have investigated

many of its unique beneficial effects, such as lifespan pro-

longation, cardiovascular protection and anti-inflammation

effect. In addition, studies have shown that resveratrol

has a strong chemopreventive effect against the develop-

ment of cancers of the skin, breast, prostate and lung.4–6

The evidence for the cancer chemopreventive effect of res-

veratrol appeared rather convincing, because it was shown

to prevent tumorigenesis in a number of animal models.6

In addition to these studies, it has also been reported that
er Ltd. All rights reserved

; fax: +1 913 588 7501.
u).
in vitro when it was present alone at rather high concentra-

tions (usually >50 lM) or when it was used in combination

with other anticancer drugs.7–19

Paclitaxel, one of most commonly-used chemotherapeutic

agents, has clinical efficacy in a number of human cancers,

such as cancer of the lung, ovary and breast. Mechanistically,

it is generally believed that paclitaxel disrupts the formation

of normal spindles at the metaphase of cell division, resulting

in G2/M or G1 cell cycle arrest and subsequently apoptotic cell

death.20 Recently, it was reported that resveratrol could sensi-

tise a number of cancer cell lines to the anticancer actions of

several other cancer drugs, including paclitaxel.10,11,21,22 It

was suggested that since resveratrol and paclitaxel can mod-

ify different regulatory proteins involved in apoptosis and cell
.

http://dx.doi.org/10.1016/j.ejca.2010.02.004
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cycle regulation, their combined use may yield a synergistic

anticancer activity.

In the present study, we investigated whether resveratrol

could sensitize several human breast cancer cell lines

(MDA-MB-435s, MDA-MB-231, SKBR-3 and MCF-7) to paclit-

axel-induced cell death. Unexpectedly, we found that resvera-

trol strongly diminished the susceptibility of MDA-MB-435s,

MDA-MB-231 and SKBR-3 cells to paclitaxel-induced cell

death, although it did not have a similar effect in MCF-7 cells.

This observation suggests that the combined use of resvera-

trol and paclitaxel may not be suitable for certain types of hu-

man cancers. In addition, we have also sought to determine

the molecular mechanism(s) underlying resveratrol’s effect

by investigating the modulation of paclitaxel-induced cell cy-

cle changes and reactive oxygen species (ROS) accumulation.

2. Materials and methods

2.1. Chemicals

Paclitaxel, resveratrol, 5-fluorouracil, etoposide, doxorubicin,

the trypsin-EDTA mixture (containing 0.25% trypsin w/v and

0.02% EDTA w/v) and fetal bovine serum (FBS) were obtained

from Sigma–Aldrich Chemical Co. (St. Louis, MO). Iscove’s

modified minimum essential medium was obtained from Life

Technology (Rockville, MD). The antibiotics solution (contain-

ing 10,000 U/mL penicillin and 10 mg/mL streptomycin) was

obtained from Invitrogen (Carlsbad, CA).

2.2. Cell culture conditions and assay of cell viability

MDA-MB-435s, MCF-7, HepG2, DU-145, MIA-PaCa-2, MDA-MB-

231 and SKBR-3 cells were purchased from the American Type

Culture Collection (ATCC; Manassas, VA). MDA-MB-435s cells

were maintained in Iscove’s modified minimum essential

medium supplemented with 10% FBS v/v and 3.024 g/L NaH-

CO3, and incubated at 37 �C under 5% CO2. Cells were subcul-

tured every 3–4 d. The MCF-7, HepG2, DU-145, MIA-PaCa-2,

MDA-MB-231 and SKBR-3 cells were maintained under ven-

dor-recommended conditions.

The cells were seeded in 96-well plates at a density of 5000

cells per well. The stock solution of anticancer drugs with or

without resveratrol (dissolved in pure ethanol) was diluted

in the culture medium immediately before addition to each

well at the desired final concentration(s), and the treatment

usually lasted for 2–3 d. For determining cell viability, the

MTT assay was used. Ten microlitres of MTT (at 5 mg/mL)

was added to each well at a final concentration of 500 lg/

mL. After the mixture in each well was incubated for 1 h, it

was removed and DMSO (100 lL) was added, and the absor-

bance was read with a UV max microplate reader (Molecular

Device, Palo Alto, CA) at 560 nm. The relative cell viability

was expressed as a percentage of the control well that was

not treated with drugs.

2.3. Growth of human cancer cell xenografts in athymic
nude mice

All procedures involving the use of live animals in this study

were approved by the Institutional Animal Care and Use
Committee of the University of Kansas Medical Center and

strictly followed the NIH guidelines for humane treatment

of animals. Six-week-old female athymic nu/nu mice (ob-

tained from Harlan, Indianapolis, IN) were used in the pres-

ent study. The animals were housed in sterilised cages with

filtered air and under a 12-h light/12-h dark cycle, and had

free access to sterile water and animal feed. After approxi-

mately one week of acclimatisation after arrival, the estro-

gen receptor-negative MDA-MB-435s cells (5 · 106 cells)

were subcutaneous (s.c.) injected into the right and left

flanks of each mouse. After the tumors were allowed to de-

velop for 2 weeks, the animals were then randomly grouped

(with 10 animals per group), and the animals received one of

the following treatments: vehicle (2% ethanol v/v in PBS,

i.p.), paclitaxel (10 mg/kg body weight per i.p. injection, once

a week), resveratrol (16.5 mg/kg body weight per i.p. injec-

tion, three times a week), and resveratrol in combination

with paclitaxel at the same doses. To estimate the tumor

size, the maximum and minimum diameters of the tumors

were measured twice a week using a slide caliper. Tumor

volumes were calculated by assuming a spherical shape

and using the following formula: volume = (mean of diame-

ter)3 · p/6. At the end of the experiment, the animals were

euthanised with CO2 overdose followed by decapitation,

and tumor tissues from each animal were removed,

trimmed off excess collective tissues, and then weighed.

The tumor tissue was then fixed in buffered formalin,

embedded in paraffin, sectioned at 5-lm thickness and

mounted on glass slides. The tissue sections were processed

for the following analyses: H/E staining, terminal deoxynu-

cleotidyl transferase-mediated nick end labeling (TUNEL)

analysis, and proliferating cell nuclear antigen (PCNA)

immunohistochemical staining.

2.4. Cell cycle analysis

After treatment with paclitaxel with or without resveratrol,

cells were harvested by trypsinisation and washed once

with phosphate-buffered saline (PBS, pH 7.4). After centrifu-

gation, cells were stained with propidium iodide (PI; Sigma)

for analysis of cell cycles as described below. The cells were

resuspended in 1 mL of 0.9% NaCl w/v, and 2.5 mL of ice-

cold 90% ethanol v/v were added. After incubation at room

temperature for 30 min, cells were centrifuged and the

supernatant was removed. The cells were then resuspended

in 1 mL of PBS containing 50 lg/mL PI and 100 lg/mL ribonu-

clease A (Sigma), and incubated at 37 �C for 30 min. After

centrifugation, cells were resuspended in PBS, and analysed

using a flow cytometer (model BD LSR II, BD Bioscience, San

Jose, CA).

2.5. Western blotting

For Western blotting, cells were washed first, and then were

suspended in 100 lL lysis buffer (containing 20 mM Tris–HCl,

150 mM NaCl, 1 mM EDTA, 1% Triton X-100 v/v, 10 mM NaF,

2 mM Na3VO4 and a protease inhibitor cocktail, pH 7.5). The

amount of proteins was determined using the Bio-Rad protein

assay (Bio-Rad, Hercules, CA). After an equal amount of pro-

teins was loaded in each lane, they were separated by 10%
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SDS w/v–polyacrylamide gel electrophoresis (SDS–PAGE) and

then electrically transferred to a polyvinylidene difluoride

membrane (Bio-Rad). After blocking the membrane with 5%

skim milk w/v, target proteins were immunodetected using

specific antibodies. All primary antibodies were obtained

from Cell Signaling Technology (Beverly, MA) and used

1:1000 dilutions. Thereafter, the horseradish peroxidase

(HRP)-conjugated anti-rabbit IgG (Invitrogen) was applied as

the secondary antibody, and the positive bands were detected

using Amersham ECL Plus Western blotting detection re-

agents (GE Health care, Piscataway, NJ).

2.6. Measurement of reactive oxygen species

Reactive oxygen species (ROS) were detected using the 2 0,7 0-

dichlorofluorescin diacetate (H2-DCF-DA) method. Cells were

first cultured in 96-well plate and treated with paclitaxel

and/or resveratrol for 24 h, and then 10 lM H2-DCF-DA was

added to each well. After incubation for 10 min at 37 �C,

the liquid was removed and PBS was added. Intracellular

ROS accumulation was observed and photographed under a

fluorescence microscope (AXIO, Carl Zeiss Corporation,

Germany).
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2.7. Reproducibility of experiments and statistical
analysis

For the in vitro cell culture study, each experiment was re-

peated at least three times. The data were presented as

mean ± SD of multiple independent experiments. For the

in vivo animal study, we have obtained similar results from

two independent experiments, and only one set of the repre-

sentative data was shown. Statistical significance was ana-

lysed using the one-way ANOVA and Dunnett’s test (SPSS

software). A P value of less than 0.05 was considered statisti-

cally significant.

3. Results

3.1. Resveratrol strongly diminishes paclitaxel’s
anticancer actions

3.1.1. In vitro study
Initially, the experiments were planned to test whether resve-

ratrol could sensitise MDA-MB-435s cells (a human breast

cancer cell line) to the anticancer actions of paclitaxel

in vitro. To our surprise, resveratrol did not enhance, but
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rather attenuated, the anticancer efficacy of paclitaxel in a

concentration-dependent manner in cultured MDA-MB-435s

cells (Fig. 1A). While only 20% of the cancer cells survived

after treatment with 20 nM paclitaxel alone for 48 h, co-treat-

ment with resveratrol markedly abrogated paclitaxel-induced

reduction in cell viability. Following this observation, we then

further determined whether the protective effect of resvera-

trol against paclitaxel-induced cell death was a general phe-

nomenon for various types of cancer cells or a specific

effect for certain types of cancer cells. As shown in Fig. 1B,

resveratrol also exerted a protective effect against paclit-

axel-induced cell death in other two human breast cancer cell

lines, MDA-MB-231 and SKBR-3. However, when we treated

MCF-7 human breast cancer cells, HepG2 human hepatocellu-

lar carcinoma cells, DU-145 human prostate carcinoma cells

and MIA-PaCa-2 human pancreas carcinoma cells with paclit-
MCF-7

0

25

50

75

100

125

DU145

PTX (nM)

%
 o

f 
co

nt
ro

l

0

25

50

75

100

125

0 10 40 0

**

**
*

**
*

**

5-Fluorouracil (mM)
0 1 4

%
 o

f 
co

nt
ro

l

0

25

50

75

100

125

Etoposide 
0 10

**
*

*

A

B
MDA-MB-435s MDA-M

Fig. 2 – Resveratrol does not modulate the anticancer actions of

MCF-7, HepG2, Du145 and MIA PaCa-2 cells were treated with res

concentrations for 48 h. (B) MDA-MB-435s cells were treated wit

etoposide, or doxorubicin at indicated concentrations for 48 h. A

as described in Section 2. Each data point is the mean ± SD of t

anticancer drug alone treatment at each concentrations. PTX, p
axel with or without resveratrol at varying concentrations for

48 h, resveratrol exerted no protective effect against paclit-

axel-induced cell death (Fig. 2A). In addition, resveratrol did

not exert a similar protective effect against the cell death in-

duced by 5-fluorouracil or etoposide in MDA-MB-435s cells,

but it slightly suppressed doxorubicin-induced cell death

(Fig. 2B).

3.1.2. In vivo study
To evaluate the in vivo protective effect of resveratrol in com-

bination with paclitaxel, we used the growth of MDA-MB-435s

cell xenografts in female athymic nu/nu mice as an in vivo

model. Ten animals per treatment group were used, and they
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received one of following treatments: vehicle, paclitaxel

(10 mg/kg, once per week, i.p.), resveratrol (16.5 mg/kg, three

times per week, i.p.) and paclitaxel (once a week) in combina-

tion with resveratrol (three times per week) at the same
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showed a markedly reduced growth inhibition of the tumor

(Fig. 3B and C). Surprisingly, treatment with resveratrol alone

slightly stimulated the growth of cancer xenograft compared

to vehicle-treated animals (Fig. 3B and C).

Histological examination (H/E staining) of dissected tumor

tissues revealed that the morphology and density of tumor

cells were not significantly different (Fig. 3D; H/E staining).

The data from the histochemical staining of TUNEL-positive

cells (apoptotic cells) showed that the number of apoptotic

cells was significantly increased by paclitaxel treatment, but

it was significantly reduced by treatment with resvera-

trol + paclitaxel (Fig. 3D). Further immunohistochemical

staining of PCNA-positive cells (proliferating cells) showed

an inverse trend, i.e., while tumor cell growth was signifi-

cantly suppressed in animals treated with paclitaxel alone,

the suppression was markedly reduced in animals treated

with resveratrol + paclitaxel (Fig. 3D). Collectively, these data

unequivocally showed that resveratrol diminished the anti-

cancer efficacy of paclitaxel in vivo.
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3.2. Mechanism of the protective effect of resveratrol
against paclitaxel-induced cell death

Because the protective effect of resveratrol on paclitaxel-in-

duced cell death was rather strong, we also sought to deter-

mine the underlying mechanism(s) of its actions.

3.2.1. Modulation of paclitaxel-induced cell cycle change
Paclitaxel, a microtuble-targeting agent, can induce G2/M

cell cycle arrest and apoptosis.20 Therefore, we first deter-

mined the effect of paclitaxel, resveratrol, or their combina-

tion on cell cycle change. As shown in Fig. 4A, treatment

with resveratrol alone induced S-phase arrest, whereas

treatment with paclitaxel alone induced predominantly G2/

M arrest. Combination of resveratrol and paclitaxel signifi-

cantly decreased the population of cells in the G2/M phase

compared with paclitaxel treatment alone, but increased

the population in the S-phase. Similar changes were ob-

served in doxorubicin-treated cells, but these changes were
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not observed when resveratrol was combined with 5-fluoro-

uracil or etoposide.

Recently, we reported that activation of the checkpoint ki-

nase 2 (Chk2) contributes importantly to resveratrol-induced

S-phase arrest in human hepatocellular carcinoma cells.12

Therefore, we investigated whether Chk2 also contributed to

the protective effect of resveratrol against paclitaxel-induced

cell death. To do so, Chk2 protein expression was knocked

down using the Chk2-specific siRNA. As shown in Fig. 4B, res-

veratrol-induced increase in the levels of phosphorylated

Chk2 was abolished in Chk2-knockdown cells. Also, the pro-

tective effect of resveratrol against paclitaxel was signifi-
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treatment induced intracellular ROS accumulation (shown as

green fluorescence). Combined use of resveratrol + paclitaxel

significantly reduced intracellular ROS accumulation. In this

study, we also investigated whether another antioxidant a-

tocopherol (vitamin E) had a similar effect as resveratrol. As

shown in Fig. 5A, pre-treatment of cells with a-tocopherol

for 2 h completely abrogated paclitaxel-induced intracellular

ROS accumulation and cell morphological change. In addi-

tion, it also abrogated paclitaxel-induced cell death in a con-

centration-dependent manner (Fig. 5B).

A recent study showed that pre-treatment of mouse hip-

pocampal cells in vitro with resveratrol for a few hours exerted

a prolonged antioxidant effect (after the chemical was re-

moved) through the prior induction of a mitochondrial anti-

oxidant enzyme.25 This possibility was also examined in

this study. As shown in Fig. 5C, we found that pre-treatment

of MDA-MB-435s cells with resveratrol for 8 h did not exert a

significant protective effect when the chemical was removed.

These results indicate that the direct antioxidant activity of

resveratrol contributed predominantly to the suppression of

paclitaxel’s anticancer activity.

3.2.3. Modulation of paclitaxel-induced Bcl-xL
phosphorylation
Recent studies reported that the microtubule-targeting agents

could inactivate the anti-apoptotic Bcl-2 family proteins (Bcl-2

and Bcl-xL) in cancer cells.26,27 In this study, we examined

whether resveratrol modulated the phosphorylation of Bcl-2
Bcl-2

Bcl-xL

Bax

GAPDH

PARP

Bcl-2 (Ser70)

PTX
RES

- +
+

+
+

-
--

*

* non-specific band

cleaved-
PARP

Fig. 6 – Resveratrol alters paclitaxel-induced change in Bcl-2

family protein expression and phosphorylation (inactiva-

tion). MDA-MB-435s cells were treated with 10 nM paclitaxel

alone or in combination with 20 lM resveratrol for 24 h. Cell

extracts were subjected to SDS–PAGE separation and then

immunoblotted with antibodies specific for Bcl-2 family

proteins. Membranes were stripped and re-probed for

GAPDH as a loading control. Two experiments were con-

ducted, and shown are results from a representative

experiment. PTX, paclitaxel; RES, resveratrol.
and Bcl-xL induced by paclitaxel. As shown in Fig. 6, treat-

ment with paclitaxel or resveratrol alone or in combination

did not affect the levels of Bax (a major pro-apoptotic Bcl-2

family protein). However, the presence of paclitaxel alone in-

creased the inactivation (phosphorylation) of the anti-apopto-

tic Bcl-2 family proteins Bcl-2 and Bcl-xL, and co-presence of

resveratrol significantly suppressed their inactivation. Con-

sistent with this observation, poly (ADP-ribose) polymerase

(PARP) cleavage (one of the indicators of apoptotic cell death)

was induced by paclitaxel treatment, but it was inhibited by

the combined treatment. Taken together, these data show

that resveratrol strongly inhibited paclitaxel-induced Bcl-2

and Bcl-xL inactivation and, subsequently, the apoptotic cell

death.
4. Discussion

In this study, we demonstrate that resveratrol can strongly

attenuate the anticancer actions of paclitaxel in several hu-

man breast cancer cell lines (MDA-MB-435s, MDA-MB-231

and SKBR-3) in culture. A similar observation was also made

in athymic nude mice using MDA-MB-435s cells as a represen-

tative model. This undesirable effect of resveratrol appears to

be both cell type-dependent as well as anticancer drug-

dependent. To understand the mechanism(s) of resveratrol’s

opposing actions, we sought to determine the contribution

of its antioxidant activity to the observed effect, because re-

cent studies showed that reactive oxygen and nitrogen spe-

cies play a critical role in paclitaxel-induced anticancer

activity.23,24,28 We found that co-presence of resveratrol or

vitamin E almost completely abrogated paclitaxel-induced

intracellular ROS accumulation, morphological change and

loss of viability (Fig. 5A and B). This observation suggests that

resveratrol’s antioxidant activity contributes importantly to

its suppression of paclitaxel’s anticancer action. In addition,

earlier studies showed that paclitaxel and 2-methoxyestradi-

ol, two microtubule-targeting agents, can inactivate (through

phosphorylation) the anti-apoptotic Bcl-2 family proteins Bcl-

2 and Bcl-xL in human cancer cell lines, and this inactivation

plays an important role in the induction of apoptosis in these

cells.26,27 Our results show that paclitaxel and resveratrol do

not affect the pro-apoptotic protein Bax expression level.

However, paclitaxel increases the phosphorylation of Bcl-2

and Bcl-xL, and their phosphorylation is almost completely

abrogated when resveratrol is co-presence (Fig. 6). Earlier

studies have shown that paclitaxel or 2-methoxyestradiol-in-

duced phosphorylation of Bcl-xL and Bcl-2 is regulated by the

activity of the c-jun N-terminal kinase (JNK),26,27 which is acti-

vated by ROS through thioredoxin and apoptosis signal-regu-

lating kinase 1.29,30 Also, it was shown that inhibition of JNK

activity can effectively protect cell against apoptotic cell

death induced by these agents.26,27 Taken together, these data

collectively suggest that resveratrol exerts its strong opposing

effect against paclitaxel’s anticancer actions partly through

suppression of paclitaxel-induced ROS accumulation and

subsequently the inactivation of anti-apoptotic Bcl-2 family

proteins.

In this study, we have also studied the modulating effect of

resveratrol on paclitaxel-induced cell cycle changes. It is
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known that paclitaxel, a microtuble-targeting agent, can

strongly induce G2/M cell cycle arrest as well as apoptosis,20

and these characteristic changes are confirmed in this study.

Our recent study showed that the presence of resveratrol

alone at relatively low concentrations induced a reversible,

non-cytotoxic S-phase arrest.12 Therefore, we tested whether

resveratrol-induced S-phase arrest contributes to the sup-

pression of paclitaxel-induced G2/M cell cycle arrest and sub-

sequently cell death. We found that when resveratrol is used

in combination with paclitaxel, it reduces the population of

G2/M phase cells but increases the population of S-phase

cells. Similar observations are made with another anticancer

drug doxorubicin when it is used in combination with resve-

ratrol. Since resveratrol-induced S-phase arrest is associated

with Chk2 activation,12 we probed the role of Chk2 activation

in mediating resveratrol’s modulating effect. We found that

down-regulation of Chk2 significantly reduces the effect of

resveratrol against paclitaxel-induced cell death, although it

only slightly reduces resveratrol-induced S-phase cell cycle

arrest (Fig. 4C and D). These results indicate that activation

of Chk2 by resveratrol partly contributes to its modulation

of paclitaxel-induced cell cell changes and apoptosis.

The HER-2 proto-oncogene encodes a receptor-like trans-

membrane protein with homology to the epidermal growth

factor receptor31 and overexpression of HER-2 has been ob-

served in approximately 25–30% of human breast cancers.32,33

Among the breast cancer cell lines tested, HER-2 expression

levels are significantly higher in SKBR-3, MDA-MB-435s and

MDA-MB-231 cells than in MCF-7 cells.34–37 It appears that

the levels of HER-2 expression are correlated with resvera-

trol’s protective effect against paclitaxel-induced cell death

in cultured human breast cancer cells. An earlier study

showed that paclitaxel-induced apoptosis is suppressed in

HER-2-overexpressing cells.38 Mechanistically, it is known

that HER-2 overexpression would up-regulate p21, which, in

turn, would suppress paclitaxel-induced Cdc2 activation and

delay the entry into the G2/M phase, thereby inhibiting paclit-

axel-induced apoptosis. Since resveratrol can also inhibit pac-

litaxel-induced G2/M arrest in HER-2-overexpressing cells, it is

possible that resveratrol’s protective effect may be partially

related to the HER-2 signaling pathway. However, this sugges-

tion is weakened by the observation that DU-145 and MIA

PaCa-2 cells, two cell lines that also express HER-2,39–41 do

not respond to the growth-modulating effect of resveratrol

in a similar manner. More studies are needed to determine

the potential role, if any, of the HER-2 signaling pathway in

mediating resveratrol’s opposing actions against paclitaxel-

induced cell cycle change and apoptosis.

Lastly, it is also worth a brief note concerning the lineage

controversy over MDA-MB-435s cells. This cell line was origi-

nally reported to be derived from the pleural effusion of a fe-

male patient with breast cancer,42 and has been widely used

as an in vitro model in studying human breast cancer. How-

ever, analysis of gene expression patterns of this cell line

has revealed its unique resemblance to melanoma cells.43–46

These features are very distinct from other human breast

cancer cell lines, including MCF-7 cells.44 It will be of interest

to determine whether any of these known unique molecular

features of MDA-MB-435s cells specifically determine their

sensitivity to resveratrol’s actions.
In summary, the results of our present study indicate that

resveratrol can significantly attenuate the efficacy of paclit-

axel’s anticancer actions in certain human breast cancer cell

lines both in vitro and in vivo. This effect is caused by two dif-

ferent mechanisms: one is through the inhibition of paclit-

axel-induced G2/M cell cycle arrest, and the other one is

through the suppression of paclitaxel-induced ROS accumu-

lation and subsequently the inactivation of anti-apoptotic

Bcl-2 family proteins. Although it has been suggested that

addition of resveratrol may enhance the anticancer efficacy

of paclitaxel in some human cancers, this strategy may be

detrimental in certain types of cancers. Given that resveratrol

at present is commonly used among cancer patients as a

healthy dietary supplement, the results of our present study

are very timely, and call for more preclinical and clinical test-

ing of the potential benefits and harms of using resveratrol as

an anticancer adjuvant in cancer patients.
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