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SHORT COMMUNICATION

Resveratrol depresses the growth of colorectal aberrant crypt foci
by affecting bax and p21CIP expression

Luciana Tessitore3, Annalisa Davit, Ivana Sarotto1 and (8) and to reduce ascites hepatoma growth in rats (9). Given
Giovanna Caderni2 these encouraging results, we aimed to investigate whether

RV might also interfere with the development of colon cancer,
Dipartimento di Scienze Chimiche Alimentari Farmaceutiche e

one of the principal neoplastic diseases in Western countriesFarmacologiche, Università del Piemonte Orientale ‘Amedeo Avogadro‘,
(10,11). In the rat colon, we evaluated aberrant crypt fociVercelli, 1Sezione di Anatomia, Ospedale S. Lazzaro, Alba and

2Dipartimento di Farmacologia Preclinica e Clinica, Università degli Studi (ACF), preneoplastic proliferative lesions that have been widely
di Firenze, Firenze, Italy used as a surrogate end-point for carcinogenesis tests (12–15).
3To whom correspondence should be addressed at: Dipartimento di Scienze We also studied the expression of two genes involved in the
Cliniche e Biologiche, Università di Torino, Ospedale San Luigi Gonzaga, regulation of cell proliferation and apoptosis, p21 and bax, as
Regione Gonzole, 10-10043 Orbassano (TO), Italy well as kinetic growth indices, in both ACF and the surroundingEmail: tessitor@pasteur.sluigi.unito.it

normal mucosa.
We investigated whether resveratrol (RV) affects Two-month-old male F344 rats (Charles River, Como, Italy),
azoxymethane (AOM)-induced colon carcinogenesis, by weighing ~150 g, were randomly allocated into two groups
administering RV (200 µg/kg/day in drinking water) to (10 rats/group). Ten days before carcinogenic treatment and
male F344 rats for 100 days, beginning 10 days before until the end of the experiment, the control group received
carcinogen treatment (two weekly doses of 15 mg/kg ethanol (0.3 ml/l in the drinking water); the study groupAOM). Aberrant crypt foci (ACF) were isolated and received RV (Sigma, Milan, Italy) (200 µg/kg body wt/day)proliferation, apoptosis and expression of the cell cycle dissolved in ethanol to make it soluble and then diluted in thegenes bax and p21 were determined. RV significantly

water (0.3:1000). Both groups were injected s.c. with tworeduced the number of ACF/colon [25.7 � 3.6 (mean �
doses (1 week apart) of 15 mg/kg azoxymethane (AOM;SEM) versus 39.4 � 3.3 in controls; P � 0.01] and their
Sigma); the rats were killed by carbon dioxide asphyxia 3multiplicity (2.7 � 0.3 versus 4.9 � 0.6 in controls; P <
months after the first dose of AOM. Colon and rectum were0.01), and also abolished large ACF. In RV-treated rats,
processed for the determination of ACF (14,15), which werebax expression was enhanced in ACF but not in the
classified as small (one to four crypts/ACF), medium (five tosurrounding mucosa. In both controls and RV-treated rats,
seven crypts/ACF) or large (eight or more crypts/ACF) (14,15).proliferation was higher in ACF than in normal mucosa.

Growth parameters and gene expression were evaluated inp21 was expressed in ACF of controls and of RV-treated
histological sections of ACF and in the surrounding mucosa.rats and in normal mucosa of controls, but was lost in
Each section was observed under the microscope to identifynormal mucosa of RV-treated animals. In conclusion, the
ACF, which was recognized in the slide stained with H&E asresults suggest a protective role of RV in colon carcino-
having a large crypt diameter and often being irregularlygenesis with a mechanism involving changes in bax and
shaped. For each rat, at least 10 fully longitudinal crypts/p21 expression.
segment of the colorectum were scored to determine each of
the following parameters: mitotic index, apoptotic index,
BrdU-labeling index, bax and p21 gene expressions.

Resveratrol (3,4’,5-trihydroxystilbene; RV) is a natural Immunohistochemistry was performed with standard tech-
phytoalexin found in grapes, red wines and other food niques using anti-BudR mouse monoclonal antibodies
products, the natural function of which appears to protect the (Amersham, Milan, Italy) to determine proliferative activity
plant from environmental stress and pathogenic attack (1). with the labeling index; apoptosis was detected by the TUNEL
High concentrations of RV are present in some oriental herbal method using the ‘in situ cell death detection, fluorescein’ kit
medicines used to treat fever, hyperlipidemia, inflammation (Boehringer Mannheim, Germany). Labeling and mitotic and
and atherosclerosis (2). RV has been shown to be non-toxic apoptotic indices (%) were calculated as the mean number of
by clinical test (3). Several epidemiological studies have labeled, mitotic and apoptotic cells/number of cells in the
indicated that, whereas an excess of alcohol results in tissue crypt section�100, respectively.
injury, moderate consumption of red wine may actually protect Bax and p21 expressions were measured using mouse
against coronary heart disease (4,5). monoclonal antibodies (Santa Cruz, CA) and calculated as

It has recently been reported that RV inhibits the develop- the number of cells expressing the protein/number of cells in
ment of preneoplastic lesions in mouse mammary organ culture the crypt section�100. A sample was considered positive
and skin cancer promotion models in mice (6). RV has also if showed �30% or �5% expression (for bax and p21,
been reported to induce apoptosis in human prostate cancer respectively). This background level of expression was sub-
cell lines (7), to inhibit the growth of human breast cell lines

tracted from the values obtained for each sample.
No difference was observed between the two experimentalAbbreviations: ACF, aberrant crypt foci; AOM, azoxymethane; RV,

resveratrol. groups in water or food intake or in body weight (data not
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Table I. Effect of RV on kinetic growth parameters

Mitotic index Labelling index Apoptotic index

ACF non-ACF ACF non-ACF ACF non-ACF

Control 1.78 � 0.20a 0.63 � 0.08b 21.33 � 2.24a 8.90 � 0.71b 1.14 � 0.21a 0.35 � 0.09b

RV 1.82 � 0.19a 0.72 � 0.08b 22.71 � 1.97a 9.42 � 0.97b 1.45 � 0.16a 0.36 � 0.04b

Values are means � SEM (n � 10).
a,bValues not sharing the same superscript are significantly different (P � 0.01).

Table II. Effect of RV on the expression of bax and p21 protein levels

bax p21

ACF non-ACF ACF non-ACF

n/tot %a n/tot %a n/tot %a n/tot %a

Control 10/10 53 � 1.3b 10/10 50 � 2.2b 10/10 2.2 � 0.1b 10/10 1.1 � 0.2c

RV 10/10 57 � 1.3c 5/10 45 � 1.6d 10/10 1.5 � 0.1c 0/10 0d

Data represent means � SEM (n � 10); n/tot, number of positive samples/samples analyzed.
aNumber of cells expressing the protein/number of cells in crypt section�100.
b,c,dValues not sharing the same letter are significantly different (P � 0.05 or less).

shown). In contrast, RV significantly reduced the number of activity of RV in colon carcinogenesis largely agree with the
findings reported in the literature.ACF in the colorectal mucosa (25.7 � 3.6 and 39.4 � 3.3 in

RV and control rats, respectively, P � 0.01). The inhibitory How might RV interfere with the development of ACF?
RV has antioxidant activity (16) and prevents free radicaleffect of RV was even more pronounced when crypt multi-

plicity was considered: the mean number of crypts/ACF was production in HL-60 cells (17). Alternatively, the anti-initiating
activity of RV might be related to its antimutagenic activity2.7 � 0.3 and 4.9 � 0.6, in RV and control rats, respectively

(P � 0.01). RV also reduced the number of small and against dimethylbenz[a]anthracene (18). RV also induces phase
II enzymes of the drug metabolizing system involved inmedium ACF (small ACF were 10.11 � 0.8 and 14.2 � 0.8,

and medium ACF were 11.5 � 0.8 and 18.6 � 0.9 in RV and carcinogen detoxification (19), is a potent antimitogen for
hepatic stellate cells (20) and inhibits the lipopolysaccharide-control rats, respectively; P � 0.01). RV also halted the

development of large ACF. induced production of NO and tumor necrosis factor by Kupffer
cells. The anti-promotion function of RV may result fromMitotic and labeling indices were higher in the ACF than

in the surrounding colorectal mucosa in all animals (Table I), its ability to inhibit cyclooxygenase activity (6,21), since
cyclooxygenase inhibitors reduce ACF and colon cancer inno significant difference being found between RV-treated and

control rats. Similarly, the apoptotic index in both RV-treated both animals and humans (22,23).
Any or all of these mechanisms may be responsible for theand control rats was significantly higher in ACF than in the

surrounding mucosa (Table I). The cycling and apoptotic cells inhibitory effect of RV on the development of AOM-induced
ACF. We found that RV caused an enhancement of baxwere mostly in the lower third of the crypt, in both RV and

control groups (~75%). expression in the ACF but not in the surrounding mucosa. It
thus appears possible that the enhanced apoptosis in the ACFIn all the control rats, bax was expressed to a similar degree

in both ACF and non-ACF colorectal mucosa (Table II). In of the RV-treated rats contributes to the reduced growth of
the foci. Accordingly, it has been suggested that severalcontrast, in the RV-treated rats we found that only five of the

10 rats expressed bax in the surrounding mucosa, and to a chemicals may protect against colon carcinogenesis by increas-
ing apoptosis in tumour tissues/cells. (24). Our results aresignificantly lower degree than controls. Moreover, in the ACF

of the RV-treated rats, bax was expressed to a significantly consistent with recent reports showing that RV induces
apoptosis in HL-60 leukemia and T47D breast carcinoma cellhigher degree than in the ACF of control rats.

In both ACF and non-ACF mucosa of the control rats, p21 lines, whereas it does not affect the survival of surrounding
blood lymphocytes; this increases its chemotherapeuticwas expressed in all animals, the expression being significantly

higher in ACF than in the surrounding mucosa. In contrast, in potential (25). Moreover, Huang et al. (26) have reported that
RV triggers apoptosis in mouse epidermal and lymphoblastthe RV-treated rats p21 expression was virtually absent in the

surrounding mucosa, while in the ACF p21 was expressed, cell lines by inducing p53 protein and activating p53-dependent
transcription activity, as well as through the ceramide/SMase-although to a lower degree than in the control rats.

The chief finding of this study is that RV inhibits the number independent pathway.
The effect of RV on proliferation is more difficult to explain.of AOM-induced ACF, and their growth, assessed either as

multiplicity or number of large ACF; this suggests that, in the In agreement with other studies (27,28), we found that the
proliferative activity assessed by mitotic and labeling indices,rat colon, RV reduces both the initiation and the promotion

phases of carcinogenesis. Our data on the chemopreventive was higher in the ACF than in the surrounding mucosa in both
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6. Jang,M., Cai,L., Udeani,G.O., Slowing,K.V., Homas,V.F., Beecher,C.W.W.,RV-treated and control rats, but there was no difference in
Frog,H.H.S., Farnsworth,N.R., Kinghorn,A.D., Mehta,R.G., Moon,R.C.these parameters between RV-treated and control rats. We also
and Pezzuto,J.M. (1997) Cancer chemopreventive activity of resveratrol,investigated whether RV affects expression of the p21 gene, a natural product derived from grapes. Science, 275, 218–220.

the prototype inhibitor of cyclin-dependent kinases, since loss 7.Hsieh,T.C. and Wu,J.M. (1999) Differential effects on growth, cell cycle
of p21 function has been implicated in colorectal carcinogenesis arrest and induction of apoptosis by resveratrol in human prostate cancer

cell lines. Exp. Cell Res., 249, 109–115.(29) and activity of this gene has been found to be modulated
8.Lu,R. and Serrero,G. (1999) Resveratrol, a natural product derived fromby drugs affecting the cell cycle progression (30). Surprisingly,

grape, exhibits antiestrogenic activity and inhibits the growth of humanwe found that p21 expression was entirely lost in the non-
breast cancer cells. J. Cell. Physiol., 179, 297–304.

ACF mucosa of RV-treated animals, while it was present in 9.Carbo’,N., Costelli,P., Baccino,F.M., Lopez-Soriano,F.J. and Argiles,J.M.
the ACF of both control and RV-treated rats, as well as in the (1999) Resveratrol, a natural product present in wine, decreases tumor
non-ACF mucosa of controls. Given the lower multiplicity of growth in a rat tumor model. Biochem. Biophys. Res. Commun., 254,

739–743.ACF in the RV-treated rats, these results suggest that loss of
10.Potter,J.D., Slattery,M.L., Bostick,R.M. and Gapstur,S.M. (1993) Colonp21 expression in the neighbourhood of these preneoplastic

cancer: a review of the epidemiology. Epidemiol. Rev., 15, 499–545.lesions might give them a growth disadvantage. In this
11.World Cancer Research Foundation and American Institute for Cancer

respect, it is interesting to note that cells lacking p21 have Research (1997) Food Nutrition and the Prevention of Cancer: A Global
been reported to undergo apoptosis in response to DNA- Perspective. BANTA, Menasha, WI.

12.McLellan,E.A. and Bird,R.P. (1998) Aberrant crypts: potential pre-damaging agents (31) and that, unlike p21 proficient tumors,
neoplastic lesions in the murine colon. Cancer Res., 48, 6187–6192.the irradiation of tumors lacking p21 activity caused tumor

13.Corpet,D.E. and Pernaud,G. (1999) Poyethylene-glycol, a potent suppressorshrinkage (32).
of azoxymethane-induced colonic aberrant crypt foci in rats.In vitro, RV has been reported to arrest HL-60 cells at the Carcinogenesis, 20, 915–918.

S/G2 phase transition, resulting in increased numbers of cells 14.Premoselli,F., Sesca,E., Binasco,V., Caderni,G. and Tessitore,L. (1998)
in the G1/S phase; this activity appears to be due to an increase Fasting/refeeding before initiation enhances the growth of aberrant crypt

foci induced by azoxymethane in rat colon and rectum. Int. J. Cancer, 77,in cyclins A and E and inactive cdc2, but no modulation of
286–294.p21 expression was found (33). RV also induced a slight

15.Caderni,G., Bollito,E. and Tessitore,L. (1999) Colon cancer is induced byaccumulation of AH-130 cells in the G2/M cell cycle phase
a single low dose of azoxymethane in fasted/re-fed rats. Nutr. Cancer, 35,

(9) and shifted the cell cycle distribution of U937 cells toward 137–142.
a dose-dependent arrest at the S phase checkpoint (L.Tessitore, 16.Miller,N.J. and Rice-Evans,C. (1995) Antioxidant activity of resveratrol
unpublished data). The impairment of cell cycle progression in red wine. Clin. Chem., 41, 1789.

17.Sharma,S., Stutzman,J.D., Kelloff,G.J. and Steele,V.E. (1994) Screeningobserved with RV may, at least in in vitro models, be due to
of potential chemopreventive agents using biochemical markers ofits ability to inhibit enzyme activities essential for DNA
carcinogenesis. Cancer Res., 54, 5848.synthesis, such as DNA polymerase and ribonucleotide reduc-

18.Shamon,L.A., Chen,V., Mehta,R.G., Steele,V., Moon,R.C.V and
tase (34,35). Pezzuto,J.M. (1995) A correlative approach for the identification of

Overall, the present study shows that prolonged daily antimutagens that demonstrate chemopreventive activity. Anticancer Res.,
14, 1775–1778.administration of RV significantly decreases the number and

19.Zhang,Y., Kenslert,T.W., Cho,C.G., Posner,G.H. and Talalay,P. (1994)crypt multiplicity of ACF in the colorectal mucosa, suggesting
Anticarcinogenic activities of sulforaphane and structurally relateda protective role of RV in colon carcinogenesis. The results
synthetic norbomyl isothiocyanates. Proc. Natl Acad. Sci. USA, 91,also showed that RV modulates bax and p21 expressions 3147–3150.

differently in ACF and non-ACF perifocal mucosa. How the 20.Kawada,N., Seki,S., Inoue,M. and Kuroki,T. (1998) Effect of antioxidants,
differential expression of these two genes is translated into a resveratrol, quercitin and N-acetylcysteine, on the function of cultured rat

hepatic stellate cells and Kupffer cells. Hepatology, 27, 1265–1274.growth disadvantage for ACF in RV-treated animals is not
21.Subbaramaiah,K., Chung,W.J., Michaluart,P., Telang,N., Tanabe,T.,fully understood at present. However, these results indicate

Inoue,H., Jang,M., Pezzuto,J.M. and Dannenberg,A.J. (1998) Resveratrolthat, in these in vivo models, it is important not to focus the
inhibits cyclooxygenase-2 transcription and activity in phorbol ester-

attention only on control and treated animals, but also to study treated human mammary epithelial cells. J. Biol. Chem., 273, 21875–21882.
the differential kinetic growth response between the two 22.Reddy,B.S., Tomuko,K., Kulkharni,N., Aligia,C. and Keloff,G. (1992)
cellular subpopulations: that of the emerging preneoplastic Inhibition of colon carcinogenesis by prostaglandin synthesis inhibitors

and related compounds. Carcinogenesis, 13, 1019–1032.lesions and that of the non-preneoplastic tissue.
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reduced risk of fatal colon cancer. N. Engl. J. Med., 325, 1593–1596.
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