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Abstract − Resveratrol (3,5,4’-trihydroxy-trans-stilbene), a naturally occurring phytoallexin abundant in grapes

and several plants, has been shown to be active in inhibiting proliferation and inducing apoptosis in several human

cancer cell lines. On the line of the biological activity of resveratrol, a variety of resveratrol analogs were syn-

thesized and evaluated for their growth inhibitory effects against several human cancer cell lines. In the present

study, we found that one of the resveratrol analogs, 3,4,5-trimethoxy-4’-bromo-cis-stilbene, markedly suppressed

human colon cancer cell proliferation (EC
50

 = 0.01 µg/ml), and the inhibitory activity was superior to its corre-

sponding trans-isomer (EC
50

 = 1.6 µg/ml) and resveratrol (EC
50

 = 18.7 µg/ml). Prompted by the strong growth

inhibitory activity in cultured human colon cancer cells (Col2), we investigated its mechanism of action. 3,4,5-

Trimethoxy-4’-bromo-cis-stilbene induced arrest of cell cycle progression at G2/M phase and increased at sub-G1

phase DNA contents of the cell cycle in a time- and dose-dependent manner. Colony formation was also inhibited

in a dose-dependent manner, indicating the inhibitory activity of the compound on cell proliferation. Moreover,

the morphological changes and condensation of the cellular DNA by the treatment of the compound were well

correlated with the induction of apoptosis. These data suggest the potential of 3,4,5-trimethoxy-4’-bromo-cis-stil-

bene might serve as a cancer chemotherapeutic or chemopreventive agent by virtue of arresting the cell cycle and

inducing apoptosis for the human colon cancer cells.
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INTRODUCTION

Resveratrol (3,5,4’-trihydroxy-trans-stilbene), a naturally

occurring phytoalexin that is present in grapes, peanuts, pines

and other Leguminosae family plants, has been reported to

exhibit a variety of important biological effects including alle-

viation of atherosclerosis and coronary heart diseases (Frankel

et al., 1993; Pace-Asciak et al., 1995). Additional biological

activities of resveratrol include the antioxidant, anti-mutagenic,

anti-inflammatory, or potent cancer chemopreventive effects in

carcinogenesis (Jang et al., 1997; Uenobe et al., 1997). More-

over, resveratrol suppressed the growth of several human can-

cer cell lines, including human breast, prostate, oral squamous

carcinoma, promyelocytic leukemia, and colon cancer cells

(Elattar and Virji, 1999; Hsieh et al., 1999; Surh et al., 1999;

Schneider et al., 2000; Lu et al., 2001). On the line of the growth

inhibitory potential of resveratrol against various cancer cells, we

have synthesized various resveratrol analogs to develop more

potent novel chemical entities with the stilbene moiety. Here, we

report that one of these resveratrol analogs, 3,4,5-trimethoxy-4’-

bromo-cis-stilbene (BRC), strongly inhibited the growth of

human cancer cells and remarkably induced arrest at G2/M

phase of the cell cycle in human colon cancer cells.

MATERIALS AND METHODS

Chemicals 

Trichloroacetic acid (TCA), sulforhodamine B, propidium
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iodide, bisbenzimide (Hoechst 33258), RNase A, and mouse

anti-β-actin monoclonal antibody were purchased from Sigma

(St. Louis, MO, USA). Minimal essential medium with Earles’

salt (MEME), fetal bovine serum (FBS), non-essential amino

acid solution (10 mM), trypsin-EDTA solution, and antibiotic-

antimycotic solution (PSF) were from Invitrogen (Grand

Island, NY, USA). Mouse anti-p53 monoclonal antibody and

horseradish peroxidase (HRP)-conjugated anti-mouse IgG

were from Santa Cruz Biotechnology (Santa Cruz, CA, USA).

Resveratrol (RES) was synthesized as described by Ali et al.

(Ali et al., 1992). Wittig reaction of triphenyl(3,4,5-trimethox-

ybenzyl)phosphonium bromide with 4-bromobenzaldehyde in

THF in the presence of n-BuLi followed by silica gel column

chromatographic separation afforded the known 3,4,5-tri-

methoxy-4’-bromo-cis-stilbene (BRC) and 3,4,5-trimethoxy-4'-

bromo-trans-stilbene (BRT) (Figure 1) (Cushman et al., 1991).

Evaluation of growth inhibitory potential 

Human colon carcinoma (Col2, established at Department of

Surgical Oncology, University of Illinois at Chicago) cells (5 ×

104 cells/ml) were treated with various concentrations of test

compounds for 3 days. Cells were fixed with 10% TCA solu-

tion, and cell viability was determined with sulforhodamine B

(SRB) protein staining method (Lee et al., 1998). The result was

expressed as a percentage, relative to solvent-treated control

incubations, and the IC
50

 values were calculated using non-linear

regression analysis (percent survival versus concentration).

Colony-forming assay 

Col2 cells (500 cells/dish in a 100 mm culture dishes) were

treated with various concentrations of test agents for 7, 24, or

48 h. The cells were washed with PBS and cultured in a drug-

free medium for 7 days. Colonies were then fixed with metha-

nol, stained with Giemsa, enumerated, and expressed as a per-

centage, relative to solvent-treated controls (Lee et al., 1998).

Nuclear staining 

Col2 cells (2 × 106 cells/dish in 100 mm culture dishes) were

treated with test agents for up to 48 h. Floating cells were col-

lected by centrifugation at 2000 × g for 5 min and attached cells

were trypsinized and then harvested by centrifugation. The

cells combined two parts were washed with cold PBS and fixed

with 90% ethanol. The fixed cells were stained with Hoechst

33258 for 30 min. The cells were then washed twice with PBS

and placed on slides. Morphological change was observed

under confocal microscope (Zeiss, LSM 510) (Nam et al.,

2001). 

Analysis of cell cycle dynamics by flow cytometry 

Cell cycle analysis by flow cytometry was performed as

described previously (Lee et al., 2002). Briefly, Col2 cells were

plated at a density of 2 × 106 cells per 100 mm culture dish and

incubated for 24 h. Fresh media containing various concentra-

tions of test samples were added to culture dishes. At various

time intervals (10, 24, and 30 h), the cells were harvested

(trypsinization and centrifugation), fixed with 90% ethanol, and

incubated with a staining solution containing 0.2% NP-40,

RNase A (30 µg/ml), and propidium iodide (50 µg/ml) in phos-

phate-citrate buffer (pH 7.2). Cellular DNA content was ana-

lyzed by flow cytometry using a Becton Dickinson laser-based

flow cytometer. At least 20,000 cells were used for each analy-

sis, and results were displayed as histograms. 

Evaluation of test agents on the p53 expression 

Cells were exposed with various concentrations of test

agents for up to 48 h. After incubation, cells were lysed and

protein concentrations were determined by BCA method. Each

protein (30 µg) was subjected to 10% SDS-PAGE. Proteins

were transferred onto PVDF membranes by electroblotting,

and membranes were treated for 1 h with blocking buffer [5%

non-fat dry milk in phosphate-buffered saline-0.1% Tween 20

(PBST)]. Membranes were then incubated with mouse anti-p53

primary antibody diluted 1: 1,000 in PBS overnight at 4oC,

washed for 1 h with PBST. After washing, membranes were

incubated with HRP-conjugated anti-mouse IgG diluted 1:

1,000 in PBS for 1 h at room temperature, washed for 1 h with

Fig. 1. Chemical structures of 3,4,5-trimethoxy-4-bromo-cis-

stilbene (BRC), 3,4,5-trimethoxy-4-bromo-trans-stilbene (BRT)

and resveratrol.
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PBST, and detected using ECL reagent (Amersham Corp.,

ArlingtonHeights, IL, USA) (Lee et al., 2002).

RESULTS 

Effects of test compounds on Col2 cell growth and colony

formation

The growth inhibitory potential of resveratrol analogs was

determined in cultured Col2 cells by a colorimetric SRB pro-

tein dye staining method. The results were expressed as a per-

centage, relative to control cell number, indicating the extent of

growth inhibitory effect of the test compound. One of these res-

veratrol analogs, 3,4,5-trimethoxy-4’-bromo-cis-stilbene (BRC)

exhibited a remarkable growth inhibitory effect against Col2

colon cancer cells (Figure 2 (A)). The IC
50

 value of BRC was

0.01 µg/ml (0.03 µM), which was approximately over hundred

to thousand times potent than 3,4,5-trimethoxy-4’-bromo-

trans-stilbene (BRT; IC
50

 = 1.6 µg/ml (4.5 µM)) and resveratrol

(IC
50

 = 18.7 µg/ml (81.9 µM)), respectively. To further charac-

terize the growth inhibitory action of BRC, Col2 cells were

treated for various periods of time and dose, and then analyzed

the potential to generate colonies (recover) in a drug-free

medium. As shown in Figure 2 (B), the formation of colonies

was significantly reduced by the treatment with BRC in a dose-

dependent manner. These data suggest that BRC retards the

growth of colon cancer cells. 

Morphological changes by treatment with BRC 

Following the potential growth inhibition of BRC against

Col2 cells, we evaluated whether the growth inhibition by BRC

was related to apoptosis. Primarily, the morphological changes

were examined by treatment with BRC (0.1 or 0.4 µM) for 24

h. As illustrated in Figure 3, BRC-treated cells showed the dis-

tinct round-up compared to polygonal shapes of vehicle-treated

Fig. 2. The growth inhibitory effect on human colon (Col2) cells. (A) Human colon (Col2) cells were plated at 10,000 cells in 96-well

plates in MEME supplemented with 10% FBS, and incubated with the test compounds as the indicated concentrations for 3 days as

described in the Materials and Methods. The data are represented as the means ± S.E. (n=3). (B) Alternatively, the cells were treated

with indicated concentration of BRC for 2 days, washed, and incubated for an additional 7 days with a drug-free medium. Colony

formation was enumerated and compared with solvent-treated controls. Values indicate the mean ± S.E. in duplicate tests.

Fig. 3. Morphological change of Col2 cells treated with BRC. Morphological changes of Col2 cells treated with DMSO alone or with

0.1 µM and 0.4 µM BRC for 24 h were observed under the phase-contrast microscope and photographed. 
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control cells. In addition, nuclear staining with the Hoechst

33258 dye also exhibited the nuclear condensation in the BRC-

treated cells, indicative of one possible apoptotic phenomenon

(Figure 4).

Effect of BRC on the regulation of cell cycle progression 

To further clarify the cell cycle progression the distribution

of DNA contents in cells was analyzed by flow cytometry with

the treatment of BRC for various time periods (10, 24 and 30

h). As a result, BRC (0.4 µM) significantly accumulated in the

G2/M phase of cell cycle in a time-dependent manner (41.2%

at 10 h; 88.2% at 24 and 30 h), and also slightly increased in the

sub-G1 phase (6.3% at 30 h), indicative of inducing apoptotic

cell death (Figure 5).

Effect of BRC on p53 expression 

In order to investigate whether the induction of apoptosis

mediated by BRC was related to p53 expression, western blot

analysis was performed. As indicated in Figure 6, there was no

significant effect on p53 protein expression levels. These data

suggest that apoptosis mediated by BRC is not directly related

to the p53 expression.

DISCUSSION

Cancer chemoprevention is considered one promising strat-

egy in controlling cancer progression through inhibiting, delay-

ing, or reversing the carcinogenic process using dietary or

synthetic non-toxic chemicals (Sporn and Newton, 1979; Hong

and Sporn, 1997). A diverse class of compounds has been

Fig. 4. Nuclear staining examination of Col2 cells treated with

BRC. Col2 cells were treated with DMSO, or BRC (0.1 µM)

for 24 h, then stained with the Hoechst 33258 fluorescence dye,

and finally observed under confocal microscope. 

Fig. 5. Effect of BRC on cell cycle distribution in cultured Col2 cells. Flow cytometric analysis of the DNA content treated with

vehicle-control, or BRC (0.4 µM) for 10, 24, or 30 h. The percentage of distribution in each phase of cell cycle was determined using

Modfit LT V 2.0 software.
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reported to protect against chemical carcinogenesis and thus are

considered to be cancer chemopreventive agents (Kelloff et al.,

1992; Wattenberg, 1997). On this line, one promising phy-

tochemical compound resveratrol has recently been attracted

with its cancer chemopreventive activity in multistage carcino-

genesis. In addition, resveratrol has been demonstrated to have

a variety of biological activities including antioxidant, anti-pro-

liferative and cancer chemopreventive activity in in vivo animal

experiments (Jang et al., 1997; Carbo et al., 1999). 

Using the prototype of resveratrol with the potential biologi-

cal activity, we have synthesized and evaluated the effects of

resveratrol analogs on the growth of human cancer cells for

developing more potent chemical entities than resveratrol. As a

result, one of these analogs, 3,4,5-trimethoxy-4-bromo-cis-stil-

bene (BRC) revealed a remarkable growth inhibitory activity

against human colon cancer cells (Col2) (Figure 2). In compar-

ison with resveratrol (3,5,4-trihydroxy-trans-stilbene), BRC

was approximately 2,000 times more potent than resveratrol in

the growth inhibition of colon cancer cells (IC
50

: 0.01 µg/ml

(0.03 µM) for BRC; 18.7 µg/ml (81.9 µM) for resveratrol).

These results were well correlated with the previous our results

in human lung cancer cells (Lee et al., 2004) and other reported

data by Lu et al. (Lu and Serrero, 1999), showing that poly-

methoxy-stilbenes increased the growth inhibition of cancer

cells. In addition, in terms of geometrical structures, cis-config-

uration of BRC exhibited approximately 150 times more potent

compared to the corresponding its trans-isomer, 3,4,5-tri-

methoxy-4-bromo-trans-stilbene (BRT; IC
50

: 1.6 µg/ml (4.5

µM)). These spatial relationships for the growth inhibitory

activity against human cancer cells were well exampled by the

combretastatin A-4 compound, a natural stilbene, which

showed the cis-configuration of the compound was approxi-

mately 60 times more potent than the trans-isomer of the com-

pound against human P388 murine leukemia cell (Lawrence et

al., 2001). Consistent with the results, the earlier study done by

Cushman et al. (Cushman et al., 1991) showed that BRC

exhibited more potent cytotoxic activities against five human

cancer cells A549, MCF-7, HT-29, SKMEL-5 and MLM than

BRT. However, the mechanism of action of BRC has not been

fully investigated yet. In the present study, therefore, the strong

growth inhibitory activity of BRC compared to BRT and res-

veratrol in cultured human colon cancer cells (Col2) prompted

us to study its mechanism of action. As demonstrated with a

colony-forming assay performed by treating Col2 cells with

BRC, colony formation was also inhibited in a time- and dose-

dependent manner, indicating an inhibitory activity of BRC on

cancer cell proliferation. In addition, when observing morpho-

logical changes, BRC-treated cells were well discerned with

round-up shapes as compared to polygonal shapes of untreated

control cells under light microscope (Figure 3), and also

nuclear condensation was appeared in the BRC-treated cells

under confocal microscope (Figure 4). These data assumed the

possible growth-arresting and apoptosis-inducing effects of

BRC. Further characterization of growth inhibition by BRC

was determined to evaluate whether BRC induces the growth

arrest or apoptosis in greater details using flow cytometric anal-

ysis. Col2 cells were treated with 0.4 µM BRC for up to 30 h

and then subjected to an analysis of cell cycle distribution. As

shown in Figure 5, cells treated with BRC remarkably accumu-

lated in G2/M phase of the cell cycle in a time-dependent man-

ner up to 90% by 24 h, indicated a possible growth arrest at the

M/G1 phase transition period, and also the accumulation of the

cells in sub-G1 phase of cell cycle was slightly increased in a

time-dependent manner up to 30 h, assuming following apop-

totic phenomena. Therefore, the accumulation of G2/M phase

of the cell cycle and thus the arresting of the cell growth at the

M/G1 phase transition appear to be probably the major mecha-

nism of action of BRC in growth inhibition of Col2 cells. Fol-

lowing study to investigate whether BRC modulates p53

expression related to apoptosis was performed. As a result,

western blot analysis exhibited that a slight increase of apop-

totic peaks in sub-G1 cell cycle by BRC was not dependent on

the expression of p53 level (Figure 6). However, employing

human lung cancer cells A549 in our previous report, BRC

increased p53 protein expression in a dose-dependent manner,

indicating apoptosis mechanism evoked by BRC might be dif-

Fig. 6. Effect of BRC on the expression of p53 in cultured Col2 cells. Cells were treated with BRC (0.1, 0.2, or 0.4 µM) and subjected

to SDS-PAGE for detection of p53 expression as described in the Materials and Methods. 
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ferential in types of cells (Lee et al., 2004). Additional studies

for evaluation of the mechanism by which BRC induces apop-

tosis should be required in Col2 cells. 

Our main findings in this study will be an additional mecha-

nism of action in retardation of colon cancer cell growth by

BRC via G2/M phase cell cycle arrest. Since the anticancer

activity of many clinically relevant anticancer agents are highly

related with the modulation of cell cycle regulation, the G2/M

phase arrest by BRC might be valuable to control the growth of

colon cancer cells.

In summary, this study suggests that BRC is a potent inhibi-

tor of the growth of colon cancer cells. The growth inhibition of

the compound is highly related to cell cycle arrest in G2/M

phase and induction of apoptosis. Further studies are needed to

evaluate the effects of BRC on the biomarkers or signal trans-

duction pathways related to cell cycle regulation or apoptosis in

diverse cancer cell lines. As currently reported with human

colon cells, the potential growth inhibitory activity of the syn-

thetic BRC should be taken into account when considering the

further development and prioritization as a cancer chemothera-

peutic agent. 
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