
[CANCER RESEARCH 53. 5409-5412, November 15, 1993]

Protection against Malignant Conversion of Chemically Induced Benign Skin

Papillomas to Squamous Cell Carcinomas in SENCAR Mice by a
Polyphenolic Fraction Isolated from Green Tea1

Santosh K. Katiyar, Rajesh Agarwal, and Hasan Mukhtar2

Department of Dermatology, Skin Diseases Research Center, University Hospitals of Cleveland, Case Western Reserve University, and Department of Veterans Affairs Medical
Center. Cleveland, Ohio 44106

ABSTRACT

Progression of benign tumors to malignant cancer is critical since can
cerous lesions are capable of metastatic spread and eventually causing
death. Inhibitors of the conversion process, therefore, would likely be
useful as cancer chemopreventive agents. In this study, we assessed the
protective effect of topical application of a polyphenolic fraction isolated
from green tea (GTP) against spontaneous as well as benzoyl peroxide
llil'Ol- and 4-nitroquinoline-A'"Oxide (4-NQO)-enhanced malignant con

version of chemically induced skin papillomas in SENCAR mice. Papillo
mas were induced in SENCAR mice by topical application of 7,12-dimeth-
ylbenz(a)anthracene as a tumor-initiating agent followed by twice a week
application of 12-0-tetradecanoylphorbol-13-acetate as a tumor-promot

ing agent. Beginning at the 20th week, when papilloma yield was stabi
lized, enhanced malignant conversion was achieved by twice weekly topi
cal application of either BPO or 4-NQO, whereas spontaneous malignant

conversion was associated with topical application of acetone. In these
protocols, preapplication of GTP (6 mg/animal) 30 min prior to skin
application of acetone, BPO, or 4-NQO resulted in 14, 31, and 29%

protection, respectively, in terms of percentage of mice with carcinomas,
and 20, 35, and 43% protection in terms of number of carcinomas/mouse.
In these experiments, a BPO- and 4-NQO-enhanced rate of malignant

conversion was also found to be decreased significantly by the skin appli
cation of GTP; however, such effects of GTP were less profound in the
cases of spontaneous malignant conversion. The results of this study sug
gest that, in addition to its chemopreventive effects against tumor initia
tion and promotion stages of multistage carcinogenesis, green tea also
possesses significant protective effects against tumor progression, specifi
cally tumor progression induced by BPO and 4-NQO.

INTRODUCTION

Carcinogenesis in murine skin, and possibly in human skin and
other tissues, is a multistage process composed of initiation, promo
tion, and progression (1). Among these stages, the tumor progression
stage in which nonmalignant lesions convert into malignancy is of
greatest concern since malignant lesions are capable of metastatic
spread and eventually causing death. The naturally occurring dietary
inhibitors of this process, therefore, could offer an attractive approach
for cancer chemoprevention. While at least 25 classes of dietary
inhibitors that Ã¶fterpromise against initiation and promotion stages of
carcinogenesis are known (2), far less is known about the inhibitors of
the tumor progression stage of carcinogenesis.

In recent years, we and others have reported the cancer-chemopre-
ventive effects of green tea, specifically GTP,3 WEGT, and EGCG, in
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various animal tumor bioassay systems using a diversified class of
chemical carcinogens as well as UV. Studies from our laboratory have
shown that p.o. feeding in drinking water or topical application of
GTP or EGCG affords protection against benzo(a)pyrene-, DMBA-
and 3-methylcholanthrene-induced tumor initiation and complete car
cinogenesis and UVB radiation-induced photocarcinogenesis in mu
rine skin (3-5). Subsequently, similar observations were also reported

by others (6) using WEGT. Huang et al. (7) and Katiyar et al. (8) have
also shown that topical application of GTP protects against TPA-
caused tumor promotion in DMBA-initiated murine skin; the mecha
nism of this effect involves the inhibition of tumor promoter-caused

induction of epidermal cyclooxygenase, lipoxygenase, and ornithine
decarboxylase activities, edema, and hyperplasia (7-10). In another

recent study, it has also been shown that green tea inhibits the growth
of established skin papillomas in mice (11). By using different animal
model systems, several other studies have also shown that p.o. feeding
of GTP, WEGT, or EGCG protects against chemical carcinogen-

induced tumorigenesis in lung, forestomach, colon, duodenum, and
esophagus (Ref. 12 and references therein). Recently, we have shown
that oral feeding of WEGT or GTP to A/J mice during initiation,
postinitiation, and the entire period of tumorigenesis results in sig
nificant protection against benzo(a)pyrene- and A'-nitrosodiethyl-
amine-induced forestomach and lung tumorigenesis (13).

Because chemical carcinogenesis in mouse skin by initiation and
promotion provides a useful model for the study of the progression of
benign papillomas to malignant squamous cell carcinomas (14), we
used a multistage model of experimental carcinogenesis to evaluate
the chemopreventive effect of GTP against the tumor progression
stage of carcinogenesis. Studies were designed to assess such effects
under a spontaneous malignant conversion protocol, as well as those
enhanced by the free radical-generating compound BPO and the
carcinogenic agent 4-NQO.

MATERIALS AND METHODS

DMBA and BPO were from Aldrich Chemical Co., Milwaukee, WI, and
4-NQO and TPA were from Sigma Chemical Co., St. Louis, MO. GTP was

prepared from green tea leaves as described earlier (9).
Animals. Six-week-old female SENCAR mice, obtained from Harlan-

Sprague Dawley, Indianapolis, IN, were acclimatized for 1 week before use
and subjected to a 12-h light/12-h dark cycle, housed at 24 Â±2Â°Cand 50 Â±

10% relative humidity in a room with 12-15 cycles of air exchanges/h, and fed

Purina chow diet and water ad libitum.
Papilloma-Carcinoma Induction in SENCAR Mouse Skin. The dorsal

skin of SENCAR mice was shaved using electric clippers and only those
animals which were in the resting phase of their hair cycle were used in this
study. As described earlier (15), benign skin papillomas were induced by a
single topical application of DMBA (25 nmol in 0.2 ml of acetone/animal), and
1 week following initiation, all the mice were promoted with twice weekly
topical applications of TPA (4.0 nmol in 0.2 ml of acetone/animal) for 18
weeks. A few of the tumors, which were verified histologically, were benign
papillomas.

As summarized in Table 1, beginning at the 20th week, the tumor- bearing

SENCAR mice were divided into 6 groups; 20 animals bearing benign skin
papillomas were randomly assigned to each group in a way that the total
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Table Protection against the conversion of chemically induced benign skin
papil/omas to carcinomas by GTP

Treatments"AcetoneGTP

+acetoneBPOGTP

+BPO4-NOOGTP

+ 4-NQO%

of
mice with

carcinomas^353065457050%Protection143129No.

ofcarcinomas/

mouse711.251.03.12.03.52.0%
of

protection203543

" Beginning at the 2()th week, SENCAR mice bearing benign skin papillomas were

divided into 6 subgroups of 20 animals. The mice in different subgroups were treated
twice weekly either with 0.2 ml of acetone, 20 mg of BPO, or 250 /Â¿gof 4-NQO in 0.2

ml of acetone/mouse. To study the protective effect of GTP, 6 mg of GTP in 0.2 ml of
acetone were applied topically 30 min prior to the application of acetone, BPO, or 4-NQO.

h Dala represent the protective effect of GTP in terms of the percentage of mice with

carcinomas and the number of carcinomas per mouse at the termination of the experiment,
i.e., 52nd week.

number of papillomas was 250 Â±10/group. The animals in groups 1 and 2
were treated topically with acetone (0.2 ml/mouse), in groups 3 and 4 with
BPO (20 mg in 0.2 ml acetone/mouse), and in groups 5 and 6 with 4-NQO (250

Hg in 0.2 ml acetone/mouse). To assess the protective effect of GTP against
spontaneous as well as BPO- and 4-NQO-enhanced malignant conversion, the

animals in groups 2, 4, and 6 received topical applications of GTP (6 mg in 0.2
ml acetone/mouse) 30 min prior to each application of acetone, BPO, or
4-NQO, respectively. The selection of doses of BPO and 4-NQO was based on

our prior experience and published studies (14, 16), whereas that of GTP was
based on our prior studies in which the topical application of GTP (6 mg)
showed substantial protective effects against skin tumorigenesis (8). These
treatment protocols were performed twice a week and were followed up to the
termination of the experiment for a period of 32 weeks (total 52 weeks
following DMBA application). Papillomas and suspected carcinomas were
counted weekly. The diagnosis of squamous cell carcinoma was confirmed
histologically either at the time when tumor-bearing mice died or at the
termination of the experiment at 52 weeks, as described by O'Connell et al.

(17) and detailed by Athar et al. (18). The percentage of malignant conversion
of benign papillomas into squamous cell carcinomas was calculated by divid
ing the total number of carcinomas with the total number of papillomas used
in the study at the beginning of the progression experiment at 20 weeks and
multiplying by 100 (14, 18). The rate of malignant conversion was calculated
as described by Hennings et al. (14), described as the number of animals
developing one or more carcinomas within 52 weeks being divided by the
maximum yield of papillomas in each group and expressed as a percentage. For
the calculation of the malignant conversion rate, only the first squamous cell
carcinoma on each animal was counted.

Statistical Analysis. As mentioned in "Results," statistical significance of

difference between acetone and GTP plus acetone, BPO and GTP plus BPO or
4-NQO, and GTP plus 4-NQO groups was evaluated by the Wilcoxon rank sum
test, the Fisher-Irwin exact test, and the Mantel-Haenszel x2 test-

(Fig. 2) as a function of the number of weeks on test, the
application of GTP prior to the application of BPO and 4-NQO re

sulted in significant protection (P < 0.03 to 0.05, Wilcoxon rank sum
test) against the conversion of benign skin papillomas to carcinomas
in SENCAR mice. GTP application also afforded protection against
spontaneous malignant conversion of benign papillomas to carcino
mas (Figs. 1 and 2); however, in this case the protective effect of GTP
was not statistically significant, specifically when compared with that
observed in the cases of BPO- and 4-NQO-enhanced malignant con

version. As shown in Table 1, at the termination of the experiment at
52 weeks, the application of GTP prior to the application of BPO or
4-NQO resulted in 31 and 29% protection, respectively, in terms of the

percentage of mice with carcinomas, and 35 and 43% protection,
respectively, in terms of the number of carcinomas per mouse.

The protective effects of GTP against the spontaneous, BPO-
enhanced, and 4-NQO- enhanced rate of malignant conversion are

shown in Fig. 3. During the progression stage, it was observed that the
rate of malignant conversion is stabilized at 40 weeks in the case of
BPO and at 44 weeks in the case of 4-NQO. At each time point,
however, the BPO- and 4-NQO-enhanced rate of malignant conver

sion was significantly higher when compared with the spontaneous
malignant conversion rate (Fig. 3). The application of GTP prior to the
application of BPO and 4-NQO showed a significant protection

against the malignant conversion rate throughout the experiment (P <
0.001 to 0.005, Fisher-Irwin exact test). However, no significant dif

ference was observed in the magnitude of protection afforded by GTP
against the spontaneous conversion rate (Fig. 3). It is also evident
from the data shown in Fig. 3 that GTP also delayed the latent period

Â«340
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Fig. 1. Protective effect of preapplication of GTP against malignant conversion of
DMBA/TPA-induced benign skin papillomas to carcinomas. Malignant conversion of
papillomas was achieved by twice weekly topical applications of acetone (A), BPO (B),
and 4-NQO (C). The details of treatment protocols were as defined in "Materials and
Methods" and doses of DMBA, TPA, BPO, 4-NQO. and GTP were 25 nmol, 4 nmol, 20

mg, 250 /ig, and 6 mg/animal, respectively. The percentage of mice with carcinomas was
plotted as a function of number of weeks on test.

RESULTS

The two-stage initiation-promotion protocol detailed in "Materials
and Methods" was used. By 20 weeks, the papilloma yield had sta

bilized since no new papillomas were induced and the size of the
papillomas did not increase with further treatment with TPA. During
the tumor progression experiment, no increase in the number of pap
illomas per mouse and no increase in the cumulative number of
papillomas per group was evident, suggesting that no new tumors
appeared as a result of the use of BPO or 4-NQO during the progres

sion stage (data not shown).
The malignant conversion of chemically induced papillomas to

squamous cell carcinomas at different time intervals after the treat
ment with acetone, BPO, or 4-NQO, with or without prior application

of GTP, is shown in Figs. 1 and 2. In terms of both the percentage of
mice with carcinomas (Fig. 1) and the number of carcinomas per

24 30 36 42 48 24 30 36 42 48

Weeks on Test
Fig. 2. Protective effect of preapplication of GTP against malignant conversion of

DMBA/TPA-induced benign skin papillomas to carcinomas. The treatment protocols were
the same as described in Fig. 1 and "Materials and Methods." The number of carcinomas

per mouse was plotted as a function of number of weeks on test.
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Fig. 3. Protective effect of preapplication of GTP against malignant conversion of
DMBA/TPA-induced benign skin papillomas to carcinomas. The treatment protocols were
the same as described in Fig. 1 and "Materials and Methods." The rate of malignant

conversion was plotted as a function of number of weeks on test.

of carcinoma formation, although only in the case of enhanced ma
lignant conversion protocol. When the protective effects of GTP were
evaluated in terms of the percentage of malignant conversion of be
nign papillomas to squamous cell carcinomas, application of GTP
prior to the application of BPO and 4-NQO also showed significant
protection (54 and 67%, respectively; P < 0.001 to 0.04, Mantel-
Haenszel x2 test) at tne termination of the experiment at 52 weeks.

DISCUSSION

Several studies have shown the important role of GTP in the modu
lation of carcinogenesis. In a variety of animal model systems, the
administration of GTP or its components has been shown to reduce
both the occurrence and the growth of tumors induced chemically or
by UVB radiation (Refs. 3-13 and references therein). The present

study provides additional information on its effectiveness as an in
hibitor of malignant conversion of benign skin papillomas to squa
mous cell carcinomas in SENCAR mice. It is well known that trans
formation of benign papillomas to carcinomas further requires genetic
changes in the tumor cell and this can be achieved, in addition to other
factors, by using free radical-generating compounds (16, 17) or geno-
toxic substances (14). Consistent with this idea, BPO (a free radical-
generating compound) and 4-NQO (a carcinogenic agent) were used

to accelerate the malignant conversion process and to assess the pro
tective effect of GTP against an enhanced malignant conversion of
benign papillomas. The results of the present study indicate that GTP
effectively inhibits tumor progression of chemically induced benign
skin papillomas to carcinomas mediated by both free radical-gener

ating and carcinogenic substances. Although the exact mechanism of
protection afforded by GTP is not understood, it may involve the
inhibition of DNA synthesis by GTP, as observed by [3H]thymidine
incorporation.4 Since tumor progression involves aneuploidy and

rapid cellular proliferation (19), the decrease in DNA synthesis by
GTP leading in part to the suppression in progression rate may be one
of the possible mechanisms for the protective effect of GTP against
conversion of benign skin papillomas into carcinomas. Simulta
neously, the malignant transformation of benign tumors is associated
with an enhanced genetic instability in tumors (20). It has been shown
that the increase in the rate of malignant transformation by free
radical-generating compounds may be related to free radical-mediated

enhancement of genetic instability, ultimately increasing the progres
sion rate of nonmalignant lesions (18). The results of this study
suggest that GTP protects against free radical-mediated enhancement

of genetic instability by decreasing the number of carcinomas per
mouse as well as the percentage of mice with carcinomas.

4 S. K. Katiyar el al., unpublished observation.

Earlier studies suggest that the transformation of benign skin pap
illomas to carcinomas requires further genetic changes in papilloma
cells, and it can be achieved by repeated treatment with tumor-initi

ating agents (14, 21). These findings suggest that the changes neces
sary to influence the rate of malignant transformation seem to be
identical with the changes involved in initiation (14, 21). Our study
also confirms that 4-NQO, a tumor initiator as well as a complete

carcinogen, significantly increases the rate of malignant conversion
substantially inhibited by pretreatment with GTP, suggesting that GTP
may also protect against the malignant conversion of skin papillomas
to carcinomas caused by a variety of carcinogens.

The ineffectiveness of GTP against spontaneous malignant conver
sion supports the hypothesis that at least two different populations of
cells occur during the initiation stage of carcinogenesis, giving rise to
different populations of papillomas (14, 21). It has been suggested that
one group of papillomas are programmed genetically to progress into
carcinomas, whereas the other group progresses into carcinoma only
after additional insult to the genome of tumor cells (14, 21). Such
additional mutations may be induced by either free radical-generating
compounds or genotoxic agents (Refs. 14, 16-18, and 21 and refer

ences therein). In this study, treatment with GTP seems to be ineffec
tive in preventing the conversion of papillomas already programmed
genetically to progress into carcinomas. However, GTP appears to be
effective in suppressing the effect of BPO and 4-NQO toward en

hanced genetic instability, subsequently leading to additional insult to
the genome. This process results in protection against the increased
transformation of benign skin papillomas into carcinomas.

In summary, these results suggest that topical application of GTP
afforded protection against BPO- and 4-NQO-enhanced malignant

conversion of benign skin papillomas to squamous cell carcinomas in
SENCAR mice. The protective effects were evident in terms of the
percentage of mice with carcinomas and the number of carcinomas per
mouse as well as the rate of malignant conversion.
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