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ABSTRACT

Treatment of SKH-1 hairless mice with ultraviolet B light (UVB; 30
mJ/cm2) twice a week for 22 weeks resulted in tumor-free animals with a
high risk of developing malignant and nonmalignant skin tumors during
the next several months in the absence of additional UVB treatment
(high-risk mice). Oral administration of green tea or black tea (6 mg tea
solids/ml) to UVB-pretreated high-risk SKH-1 mice for 23 weeks after
stopping UVB treatment decreased the number of tumors/mouse, de-
creased the size of the parametrial fat pads, and decreased the thickness
of the dermal fat layer away from tumors and directly under tumors.
Administration of the decaffeinated teas had little or no effect on these
parameters, and adding caffeine (equivalent to the amount in the regular
teas) to the decaffeinated teas restored their inhibitory effects. Adminis-
tration of caffeine alone also decreased the number of tumors/mouse, the
size of the parametrial fat pads, and the thickness of the dermal fat layer
away from tumors and under tumors. Using data from individual mice
and linear regression and correlation analysis, we found a highly signifi-
cant positive correlation between the thickness of the dermal fat layer
away from tumors and the number of tumors/mouse (r 5 0.34;
P 5 0.0001), but the correlation between average tumor size/mouse and
the thickness of the dermal fat layer away from tumors was weak
(r 5 0.16; P 5 0.034). The results suggested that p.o. administered tea or
caffeine may have decreased tumor multiplicity in part by decreasing fat
levels in the dermis. Additional analysis revealed that oral administration
of caffeinated beverages (green tea, black tea, decaffeinated green tea plus
caffeine, decaffeinated black tea plus caffeine, or caffeine alone) decreased
the thickness of the dermal fat layer under large tumors to a much greater
extent than under small tumors. This is the first demonstration of a close
association between inhibition of carcinogenesis and the lowering of tissue
fat levels by a chemopreventive agent.

INTRODUCTION

Sunlight-induced skin cancer is the most prevalent type of human
cancer in the United States and in many other temperate parts of the
world (1–3). UVB3 and, to a much lesser extent, UVA are responsible
for sunlight-induced cancers (4, 5). The incidence of skin cancer
appears to be increasing and is predicted to increase even further
because of an increase in recreational exposure to sunlight and also
because of the depletion of the stratospheric ozone layer (6, 7).

In an earlier cancer chemoprevention study, we exposed SKH-1
mice to UVB (30 mJ/cm2) twice a week for 22 weeks, and then UVB
irradiation was stopped. The mice were tumor-free, but they had
hyperplasia and a high risk of developing skin tumors during the next

several months in the absence of additional treatment with UVB
(“high-risk mice;” Ref. 8). This is a useful animal model that may be
comparable with humans previously exposed to moderate/high levels
of sunlight who have a high risk of developing skin cancers later in
life even in the absence of continued heavy sunlight exposure.

We found that p.o. administration of green tea or black tea to these
high-risk mice inhibited the formation and size of malignant and
nonmalignant tumors (8). The decaffeinated teas were inactive or less
effective inhibitors of tumor formation than the regular teas, and
adding caffeine back to the decaffeinated teas restored biological
activity (8). Administration of caffeine alone also had a strong inhib-
itory effect on tumorigenesis in high-risk mice. In the present report,
we describe the results of additional studies with tissues from the
same mice used in our earlier cancer chemoprevention study. The
additional studies indicate a strong relationship between the inhibitory
effects of p.o. administered tea, decaffeinated tea plus caffeine, or
caffeine alone on skin carcinogenesis and their effects to decrease the
size of the parametrial fat pad and to decrease the thickness of the
dermal fat layer both away from and directly under tumors. These
effects on fat disposition were not observed with the decaffeinated
teas.

MATERIALS AND METHODS

Chemicals and Tea Solutions.Lyophilized regular teas and lyophilized
decaffeinated teas (prepared by supercritical CO2 extraction) were obtained
from the Thomas J. Lipton Company (Englewood Cliffs, NJ), and caffeine was
obtained from the Sigma Chemical Co. (St. Louis, MO).

Purified water was prepared by reverse osmosis and used for the preparation
of all tea infusions and caffeine solutions. Solutions of caffeine (0.44 mg/ml
water; 0.044% solutions) or solutions of lyophilized tea solids (6 mg/ml water;
0.6% solutions) were prepared every 2 days and were used as the sole source
of drinking fluid. In these studies, the concentrations of tea solids and caffeine
were about 50% higher than normally consumed by humans. The concentration
of caffeine (0.44 mg/ml) was the same as that in the 0.6% green tea and black
tea solutions.

Treatment of the Mice. Female SKH-1 hairless mice (6–7 weeks of age)
were obtained from the Charles River Breeding Laboratories (Kingston, NY)
and fed Purina Laboratory Chow 5001 diet (Ralston-Purina, St. Louis, MO)ad
libitum. The mice were treated with UVB (30 mJ/cm2) twice a week for 22
weeks, as described earlier (8–10). For these studies, UV lamps (FS72T12-
UVB-HO) that emit UVB (280–320 nm; 75–80% of total energy) and UVA
(320–375 nm; 20–25% of total energy) were obtained from the Voltare Co.
(Fairfield, CT). When one animal developed a small skin nodule, UVB
treatment was stopped and the mouse was discarded. The remaining treated
mice without tumors and with a high risk for the development of tumors in the
absence of continued UVB exposure were then given various teas or caffeine
solutions as their sole source of drinking fluid in the absence of additional
UVB treatment. In these studies, the mice were given tea solutions or caffeine
that were 25%, 50%, and 75% of full strength (2 days at each concentration),
and then full strength solutions were given until the animals were killed after
23 weeks of treatment with the teas or caffeine. None of the treatments had an
effect on the food intake or body weight of the mice.
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Tumor Size, Parametrial Fat Pad Size, and Histopathology Studies.For
studies on tumor size, parametrial fat pad size and histopathology studies, the
animals were killed, the size of the parametrial fat pads was estimated, and
dorsal skins were removed and stapled flat to a plastic sheet before they were
placed in 10% buffered formalin phosphate at 4°C for 18–24 h for histological
examination. Tumor diameter was determined for each mass by measuring the
three-dimensional size (height, length, and width) of each mass before making
histological sections and by using the average of the three measurements as the
diameter. The formalin-treated skin samples were dehydrated in ascending
concentrations (80%, 95%, and 100%) of ethanol, cleared in xylene, and
embedded in Paraplast. Four-mm serial sections were made for regular H&E-
phloxine staining. The tumors were characterized by histological criteria, and
the thickness of the dermal fat layer was determined directly under tumors and
in nontumor areas of the skin (.0.5 cm away from tumors) using a light
microscope with an ocular micrometer and3100 magnification.

Statistical Methods. Student’st test was used for simple comparisons of
two groups. The ANOVA models with Dunnett’s adjustments (11, 12) were
used for the comparisons of multiple treatment groups with the common
control (water) group. The Fisher’s exact test was used for the comparison of
the number of mice with tumors in the different groups.

The random coefficient (hierarchical linear) model was used to study the
treatment effect on the relationship between the thickness of the dermal fat
layer under tumors and the tumor diameter (13, 14), where the response
variable was the logarithm of thickness of the dermal fat layer under tumors
and the covariate was the tumor diameter. The mixed (repeated measurement)
models (15, 16) were also used to study the relationship between tumor
diameter and the thickness of dermal fat layer under tumors. The linear
regression models and the Pearson correlation coefficients (17) were also used
to study the relation between variables.

RESULTS

Effects of Tea, Decaffeinated Tea, and Caffeine on Skin Carci-
nogenesis, the Size of the Parametrial Fat Pads, and the Thickness
of the Dermal Fat Layer in High Risk Mice. p.o. administration of
green tea or black tea (6 mg tea solids/ml) for 23 weeks to high-risk
mice decreased the number of tumors/mouse by 66–68%, the size of
the parametrial fat pads by 32–54%, the thickness of the dermal fat
layer away from tumors by 39–46%, and the thickness of the dermal
fat layer directly under tumors by 49–53% (Tables 1 and 2). Admin-
istration of the decaffeinated teas had little or no effect on any of these
parameters, and adding caffeine (equivalent to the amount in the
regular teas) to the decaffeinated teas restored their inhibitory effects
(Table 2). Administration of caffeine alone (0.44 mg/ml) decreased
the number of tumors/mouse by 61%, the size of the parametrial fat
pads by 56%, the thickness of the dermal fat layer away from tumors
by 40%, and the thickness of the dermal fat layer directly under
tumors by 49% (Table 2). A representative illustration of the effect of
p.o. administered green tea on the thickness of the dermal fat layer
away from tumors and under tumors is shown in Fig. 1. Although only
the regular teas, caffeine, or the decaffeinated teas plus caffeine
decreased tumor multiplicity in high-risk mice, tumor size (per tumor)
was decreased by the administration of the regular teas, the decaf-
feinated teas, and caffeine (Table 1). The number of mice with tumors
was decreased significantly (P , 0.05) in mice treated with green tea,
caffeine, decaffeinated green tea plus caffeine, or decaffeinated black
tea plus caffeine (Table 1).

Fig. 1. Effect of p.o. administration of green tea to high-risk mice for 23 weeks on the dermal fat layer (histological evaluation in representative mice). High-risk SKH-1 mice received
water (A andC) or 0.6% green tea (B andD) as their sole source of drinking fluid for 23 weeks. The dermal fat layer was examined histologically (100-fold magnification) in areas
of the skin away from tumors (A andB) and in areas under keratoacanthomas (C andD).
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An additional conclusion that can be made from the information in
Table 2 is that the dermal fat layer is much thinner under tumors than
away from tumors in all experimental groups. For instance, in high-
risk mice given only water as their drinking fluid for 23 weeks, the
thickness of the dermal fat layer away from tumors was 162mm, but
it was only 60mm directly under tumors (Table 2). In high-risk mice
given 0.6% green tea for 23 weeks, the thickness of the dermal fat
layer away from tumors was 100mm, but it was only 28mm directly
under tumors (Table 2).

Relationship between the Thickness of the Dermal Fat Layer
away from Tumors and Tumor Multiplicity. The 179 mice with
skin nodules (Table 1) were analyzed histologically for tumors; 152 of
these mice had a total of 689 tumors, and 29 mice had no tumors. The
relationship between the thickness of the dermal fat layer away from
tumors (possible surrogate for total body fat levels) in individual mice
and the number of tumors/mouse in all 179 mice is shown in Table 3.

Fourteen mice with a very thin dermal fat layer (#50 mm) away from
tumors had an average of only 1.66 0.7 tumors/mouse, whereas
seven mice with a thick dermal fat layer (.250 mm) away from
tumors had 7.46 1.8 tumors/mouse. Regression analysis was per-
formed with data from all 179 mice to assess the relationship between
the thickness of the dermal fat layer away from tumors for each mouse
and the number of tumors/mouse. There was a highly significant positive
linear association between the number of tumors/mouse and the thickness
of the dermal fat layer away from the tumors (P 5 0.0001). The
regression equation was: tumors/mouse5 0.831 0.0253 (thickness of
the dermal fat layer away from tumors inmm).

The relationship between the thickness of the dermal fat layer away
from tumors and the number of tumors/mouse in animals that received
only noncaffeinated beverages (water, decaffeinated green tea, and
decaffeinated black tea; 72 mice) is shown in Table 4. For mice
ingesting only noncaffeinated beverages, there was still a highly

Table 1 Effect of p.o. administration of tea, decaffeinated tea, and caffeine to SKH-1 mice previously treated with UVB (high-risk mice) on the number of micewith tumors, the
number of tumors, and the size of tumors

Female SKH-1 mice (7–8 weeks of age) were treated with UVB (30 mJ/cm2) twice weekly for 22 weeks, and UVB was stopped. The mice were then treated for 23 weeks with
0.6% lyophilized green tea (6 mg tea solids/ml), black tea (6 mg tea solids/ml) or decaffeinated green or black tea (6 mg tea solids/ml) as their sole source of drinking fluid. Other
mice received 0.044% caffeine (0.44 mg/ml) or 0.6% lyophilized decaffeinated teas plus 0.044% caffeine. The number of mice alive at the end of the experiment, the number of mice
with skin nodules (used for histopathology examination), the number of mice with histologically identified tumors, the number of tumors, and the size of tumors in each group are
indicated. The values for body weight and tumor diameter are expressed as the mean6 SE. Statistical evaluation of differences from the water-positive control group was done by
the Dunnett’st test or Fisher’s exact test.

Treatmenta
No. of
mice

Body
weight

(g/mouse)
No. of mice with

skin nodules
No. of mice with histologically

identified tumors No. of tumors

Tumor
diameter

(mm/tumor)
% decrease

in tumor diameter

Water 28 32.06 0.7 28 25 173 1.906 0.11
GT 28 32.16 0.6 21 17c 56 1.376 0.18d 28
BT 27 32.56 0.6 24 20 57 1.236 0.18b 35
dGT 27 32.96 0.4 22 21 134 1.366 0.13b 29
dBT 26 32.16 0.4 22 21 120 1.386 0.13c 28
CF 27 32.06 0.4 22 17c 65 1.086 0.17b 44
dGT 1 CF 25 32.36 0.5 21 16c 50 1.266 0.19c 34
dBT 1 CF 29 31.56 0.4 19 15b 34 1.446 0.22 24
Total 217 179 152 689
a GT, green tea; BT, black tea; dGT, decaffeinated GT; dBT, decaffeinated BT; CF, caffeine.
b P , 0.01.
c P , 0.05.
d P , 0.1.

Table 2 Effect of p.o. administration of tea, decaffeinated tea, and caffeine on tumorigenesis, the size of the parametrial fat pads, and the thickness of thedermal fat layer in
SKH-1 mice previously treated with UVB (high-risk mice)

Treatment No. of mice
Keratoacanthomas

(tumors per mouse)a

Squamous cell
carcinomas

(tumors per mouse)
Total tumors

(tumors per mouse)
Size of fat pads
(relative units)

Thickness of dermal
fat layer away

from tumors (mm)

Thickness of dermal
fat layer under
tumors(mm)

Water 28 4.006 0.47 1.826 0.30 6.186 0.71 1.416 0.11 1626 9 606 4
0.6% GT 28 1.256 0.47a 0.686 0.30b 2.006 0.71a 0.646 0.11a 1006 11a 286 6a

(69) (63) (68) (54) (39) (53)
0.6% BT 27 1.306 0.48a 0.706 0.31c 2.116 0.72a 0.956 0.11b 886 10a 316 6a

(68) (61) (66) (32) (46) (49)
0.6% dGT 27 2.936 0.48 1.856 0.31 4.966 0.72 1.626 0.11 1526 10 556 4

(27) (0) (20) (0) (6) (8)
0.6% dBT 26 2.886 0.49 1.586 0.31 4.626 0.74 1.236 0.12 1506 10 516 4

(28) (13) (25) (13) (8) (14)
0.044% CF 27 1.706 0.48a 0.636 0.31b 2.416 0.72a 0.626 0.11a 986 10a 316 6a

(57) (65) (61) (56) (40) (49)
dGT 1 CF 25 1.046 0.50a 0.926 0.32 2.006 0.75a 0.616 0.12a 1056 11a 296 6a

(74) (50) (68) (57) (35) (51)
dBT 1 CF 29 0.726 0.46a 0.386 0.30a 1.176 0.70a 0.896 0.11a 876 11a 246 7a

(82) (79) (81) (37) (47) (61)

Female SKH-1 mice were treated with UVB (30 mJ/cm2) twice a week for 22 weeks, and UVB administration was stopped. These tumor-free mice had a high risk of developing
skin tumors during the next several months, and they were treated for 23 weeks with 0.6% lyophilized green tea (6 mg tea solids/ml), black tea (6 mg tea solids/ml), or decaffeinated
green or black tea (6 mg tea solids/ml) as their sole source of drinking fluid. Other mice received 0.044% caffeine (0.44 mg/ml) or 0.6% lyophilized decaffeinated teas plus 0.044%
caffeine. Tumors were classified by histological evaluation of skin samples from the 179 mice with skin nodules, and calculations of tumors/mouse included data from all 217 mice
alive at the end of the experiment.

The combined length of the two parametrial fat pads from all 217 mice alive when the experiment was terminated was measured and graded as follows: 1 (,1 cm), 2 (1–2 cm)
or 3 (.2 cm). The thickness of the dermal fat layer was measured in 5–10 representative nontumor areas of the skin (.0.5 cm away from tumors) from 19–28 mice/group (total of
179 mice; see Table 1) using a light microscope with an ocular micrometer and3 100 magnification. The 152 tumor-bearing mice were used for calculations of the thickness of the
dermal fat layer under tumors.

a The values represent the mean6 S.E., and the values in parentheses represent percentage decrease compared with the drinking water positive control group. Statistical evaluation
of differences from the water positive control group (a p , 0.01,b p , 0.05,c p , 0.1) was done by the Dunnett’s T test (Taken from ref. 1 except for fat pad and dermal fat layer
data which have not been published). The data for total tumors includes a small number of squamous cell papillomas.
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significant positive linear association between the number of tumors/
mouse and the dermal fat thickness away from tumors (P 5 0.009).
The regression equation was: tumors/mouse5 2.841 0.023 (thick-
ness of the dermal fat layer away from tumors inmm).

Weak Relationship between the Thickness of the Dermal Fat
Layer away from Tumors and Tumor Size. Although regression
analysis of data from all 179 mice examined histologically indicated
a statistically significant relationship between the thickness of the
dermal fat layer/mouse (away from tumors) and average tumor size/
mouse (P 5 0.034), this relationship was not very strong (Table 3).

Effects of Caffeinated Beverages on the Thickness of the Der-
mal Fat Layer under Tumors of Different Sizes. For the 152
tumor-bearing mice ingesting noncaffeinated or caffeinated bever-
ages, the thickness of the dermal fat layer under the 689 tumors
described in Table 1 was related to tumor size, and it can be seen that
larger tumors had a smaller dermal fat layer under the tumors than did
smaller tumors (Table 5;P , 0.0001). For tumors#0.5 mm diameter,
the thickness of the dermal fat layer directly under these tumors was
586 3 mm (202 tumors), and for tumors.3 mm, the thickness of the
dermal fat layer under the tumors was 246 5 mm (50 tumors).
Analysis of the data using the random coefficient model showed that
there was a significant negative linear association between tumor size
and the log thickness of the dermal fat layer directly under tumors
(P 5 0.0001).

Studies on the relationship between the log thickness of the dermal
fat layer under 427 tumors from mice ingesting noncaffeinated bev-
erages and tumor diameter revealed a highly significant negative
linear association (P 5 0.0001). Similarly, the relationship between
the log thickness of the dermal fat layer under 262 tumors and the
tumor diameter from mice ingesting caffeinated beverages also re-
vealed a highly significant negative linear association (P 5 0.0001).
Moreover, the slope of the regression line for the caffeinated beverage
group was significantly more negative than the slope for the noncaf-
feinated beverage group (P 5 0.0001). This implies that the rate of
decrease in the thickness of the dermal fat layer under tumors as tumor
size increased for the caffeinated beverage group was significantly
greater than that for the noncaffeinated beverage group.

The results indicate that p.o. administration of caffeinated bever-
ages decreased the thickness of the dermal fat layer under tumors, and
this effect was greatly magnified with large tumors. The administra-
tion of caffeinated beverages decreased the thickness of the dermal fat
layer directly under the tumors by 36% for small tumors (#0.5 mm

diameter), by 57% for 0.5–1-mm tumors, by 70% for 1–2-mm tumors,
by 90% for 2–3-mm tumors, and by 97% for tumors.3 mm (Table 5).

Effect of Administration of Green Tea, Black Tea, and Caffeine
on the Weight of the Parametrial Fat Pads and the Thickness of
the Dermal Fat Layer in Normal Non-UVB-treated Mice. p.o.
administration of green tea, black tea, decaffeinated green tea plus
caffeine, decaffeinated black tea plus caffeine, or caffeine alone to
normal non-UVB-treated SKH-1 mice for 4 or 8 weeks decreased the
weight of the parametrial fat pads and the thickness of the dermal fat
layer, but the decaffeinated teas had little or no effect (Table 6). None
of the treatments had an effect on body weight (Table 6). There was
a strong positive correlation between the weight of the parametrial fat
pads and the thickness of the dermal fat layer (P , 0.0001; Table 6,
experiments 5and6). Administration of caffeine or green tea for only
2 weeks decreased the weight of the parametrial fat pads and the
thickness of the dermal fat layer (Table 6,experiments 1–3). Oral
administration of EGCG (2 mg/ml) for 2 or 4 weeks had little or no
effect on the weight of the parametrial fat pad (Table 6,experiments
3 and4) or the thickness of the dermal fat layer (Table 6,experiment
4). The concentration of EGCG used was equivalent to the concen-
tration of total catechins in 0.6% green tea.

In an additional experiment, we explored the effect of p.o. admin-
istration of the regular teas, the decaffeinated teas, the decaffeinated
teas plus caffeine, or caffeine alone for 8 weeks on food consumption
and body weight. None of the treatments influenced body weight or
food consumption (Table 7).

We explored the possibility that the effect of green tea on lipid
disposition was mediated by an effect on the adrenal gland. This was
not observed, because p.o. administration of 0.6% green tea to adre-
nalectomized SKH-1 mice for 4 weeks (13–14 mice/group) decreased
the weight of the parametrial fat pads by 72%, and the thickness of the
dermal fat layer was decreased by 36%. In a parallel group of intact
mice, administration of 0.6% green tea for 4 weeks decreased the
weight of the parametrial fat pads by 65%, and the thickness of the
dermal fat layer was decreased by 31%. Tea administration did not
affect body weight in intact or adrenalectomized mice.

DISCUSSION

In the present study, we found that the inhibitory effects of p.o.
administered green tea, black tea, the decaffeinated teas plus caffeine,
or caffeine alone on the formation of skin tumors (tumor multiplicity)
in UVB-pretreated, high-risk mice were associated with an effect of
these treatments to decrease the size of the parametrial fat pads and to
decrease the thickness of the dermal fat layer away from tumors and
directly under tumors (Table 2). These effects on tumor multiplicity
and fat disposition were not observed in animals treated with the
decaffeinated teas, thereby pointing out the importance of caffeine for
the effects of the regular caffeinated teas on carcinogenesis and in

Table 3 Relationship between the thickness of the dermal fat layer away from tumors,
the number of tumors/mouse, and the tumor size/mouse in mice receiving

noncaffeinated or caffeinated beverages

UVB-pretreated high risk SKH-1 mice were given water, green tea (GT), black tea
(BT), decaffeinated green tea (dGT), decaffeinated black tea (dBT), caffeine (CF),
dGT 1 CF or dBT1 CF for 23 weeks as described in Tables 1 and 2. The thickness of
the dermal fat layer in areas away from tumors or in mice with no tumors was determined.
The data were obtained from 28 mice in the water group, 21 mice from the GT group, 24
mice from the BT group, 22 mice from the dGT group, 22 mice from the dBT group, 22
mice from the CF group, 21 mice from the dGT1 CF group and 19 mice from the
dBT 1 CF group (total, 179 mice). Each value represents the mean6 SE.a

Thickness of dermal fat layer
away from tumors (mm)

No. of
mice

No. of
tumors/mousea

Tumor diameter/mouseb

(mm)

#50 14 1.66 0.7 0.706 0.26
50–100 63 2.96 0.4 1.186 0.13

100–150 68 3.86 0.6 1.266 0.15
150–200 17 5.56 1.0 1.516 0.26
200–250 10 7.86 1.4 1.566 0.18

.250 7 7.46 1.8 1.246 0.15
a P 5 0.0001 (from the Pearson correlation coefficient) for the thickness of the dermal

fat layer away from tumorsversusthe number of tumors/mouse for all 179 mice.
b P 5 0.034 (from the Pearson correlation coefficient) for the thickness of the dermal

fat layer away from tumorsversusthe average tumor diameter/mouse for all 179 mice.

Table 4 Relationship between the thickness of the dermal fat layer away from tumors
and the number of tumors per mouse in mice receiving

non-caffeinated beverages

UVB-pretreated, high-risk mice were treated p.o. with water, decaffeinated green tea
or decaffeinated black tea for 23 weeks as described in Tables 1 and 2. Each value for the
number of tumors or the average tumor diameter/mouse represents the mean6 SE.

Thickness of dermal fat layer
away from tumors (mm)

No. of
mice

No. of
tumors/mousea

Tumor diameter/mouse
(mm)

#50 1 0 0
50–100 11 5.26 1.1 1.406 0.17

100–150 31 5.06 1.1 1.516 0.26
150–200 13 6.96 1.0 1.806 0.27
200–250 10 7.86 1.4 1.566 0.18

.250 6 8.26 2.0 1.356 0.12
a p 5 0.009 (from regression analysis) for the thickness of the dermal fat layerversus

the number of tumors/mouse for all 72 mice.
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lowering tissue fat levels. The importance of caffeine as a major
component of tea that is responsible for the inhibition of UV-induced
carcinogenesis was pointed out in our earlier studies (8, 10). The
effects of caffeinated teas or caffeine to decrease the size of the
parametrial fat pads and to decrease the thickness of the dermal fat
layer were also observed in normal non-UVB-treated mice (Table 6).
The mechanism of the effects of caffeinated teas or caffeine to
decrease tumor multiplicity is not known but could result from effects
of these agents on cell proliferation, apoptosis, angiogenesis, and/or
the immune system. Tea-induced changes in these parameters could
be mediated by changes in body fat levels.

Although caffeine is the major component of p.o. administered tea

that inhibits skin carcinogenesis in UVB-pretreated, high-risk mice (8)
or in mice treated concurrently with tea and UVB in a complete
carcinogenesis model (10), noncaffeine components of tea are strong
inhibitors of UVB-induced carcinogenesis in 7,12-dimethylbenz[a]-
anthracene-pretreated mice, and they also decrease tumor size in
UVB-pretreated high risk mice (8, 9). Additional studies have indi-
cated inhibitory effects of decaffeinated teas or EGCG on the forma-
tion of several chemically induced cancers (18, 19).

The relationship between the effects of the various teas and caffeine
on carcinogenesis and body fat was evaluated in more detail by
examining the relationship between tumors/mouse and dermal fat
thickness away from tumors (as a surrogate for body fat levels) in

Table 5 Effect of p.o. administration of caffeinated beverages on the thickness of the dermal fat layer under tumors of different sizes in SKH-1 mice previously treated with UVB
(high-risk mice)

UVB-pretreated high-risk SKH-1 mice were treated p.o. with noncaffeinated beverages (water, dGT, dBT) or caffeinated beverages (GT, BT, CF, dGT1 CF, and dBT1 CF) for
23 weeks as described in Tables 1 and 2. The thickness of the dermal fat layer under tumors of different sizes was measured in all 152 tumor-bearing mice (67 mice from the
noncaffeinated beverage groups and 85 mice from the caffeinated beverage groups). The values in parentheses indicate the number of tumors studied. The mean value for the thickness
of the dermal fat layer under tumors6 SE is given for tumors of different sizes.a

Tumor diameter
(mm)

Thickness of dermal fat layer under tumors (mm)

% decrease
Noncaffeinated plus

caffeinated beveragesb
Noncaffeinated

beveragesc
Caffeinated
beveragesc

#0.5 586 3 (202) 706 4 (100) 456 2 (102) 36
0.5–1 496 3 (204) 636 3 (125) 276 2 (79) 57
1–2 436 3 (177) 546 3 (125) 166 2 (52) 70
2–3 316 5 (56) 396 5 (42) 46 1 (14) 90
.3 246 5 (50) 346 6 (35) 16 1 (15) 97
Mean value 476 1 (689) 586 2 (427) 296 2 (262) 50

a GT, green tea; BT, black tea; dGT, decaffeinated GT; dBT, decaffeinated BT; CF, caffeine.
b There was a significant negative linear association between tumor diameter and the log thickness of the dermal fat layer under tumors (P 5 0.0001) using the random coefficient

(hierarchical linear) model.
c The rate of decrease in thickness of the dermal fat layer under tumors of increasing size in mice treated with caffeinated beverages was significantlygreater than that for mice

treated with the noncaffeinated beverages (P 5 0.0001) using the random coefficient (hierarchical linear) model.

Table 6 Effect of administration of green tea, black tea, caffeine, or EGCG on the weight of the parametrial fat pads and thickness of the dermal fat layer in normal
non-UVB-treated SKH-1 mice

Normal non-UVB-treated female SKH-1 mice (7–8 weeks of age were treated with green tea (6 mg tea solids/ml), black tea (6 mg tea solids/ml), decaffeinated green tea (6 mg
tea solids/ml), decaffeinated black tea (6 mg tea solids/ml), caffeine (0.44 mg/ml) or EGCG (2 mg/ml) as their sole source of drinking fluid for 2–8 weeks as indicated. The two
parametrial fat pads were weighed. The thickness of the dermal fat layer was measured with an ocular micrometer and3 100 magnification. Five to 10 representative areas for each
mouse were measured and averaged. The values represent the mean6 SE. Statistical evaluation of differences from the water-positive control group were done by the Student’st test
in experiments 1 and 2 by the Dunnett’st test in experiment 3–6. In experiments 5 or 6 or 5 plus 6, the weight of the parametrial fat pads was highly correlated with the thickness
of the dermal fat layer (P , 0.0005; Pearson correlation coefficient).

Experiment

Duration of
treatment

(wk) Treatmenta
No. of
mice

Body weight
(g/mouse)

Weight of parametrial fat pads Thickness of dermal fat layer

(g/mouse) (% decrease) (mm) (% decrease)

1 2 Water 35 24.56 0.29 856 4.2
GT 35 24.76 0.29 676 3.5 21

2 2 Water 40 24.26 0.28 976 5.4
CF 40 23.36 0.27 776 5.3b 21

3 2 Water 10 23.46 0.50 0.426 0.05 846 6.6
CF 10 23.26 0.44 0.246 0.05c 43 566 6.4b 33
EGCG 10 23.56 0.58 0.376 0.06 12 736 5.9 13

4 4 Water 16 26.26 0.38 0.496 0.05
CF 16 25.86 0.28 0.216 0.02b 57
EGCG 16 26.66 0.36 0.436 0.04 12

5 4 Water 15 26.46 0.48 0.356 0.04 1076 7.2
0.6% GT 15 26.66 0.54 0.206 0.04c 44 756 7.2c 30
0.6% BT 15 26.76 0.45 0.226 0.04c 37 786 7.2c 27
0.6% dGT 14 26.46 0.28 0.376 0.04 26 936 7.5 13
0.6% dBT 15 26.46 0.50 0.476 0.04d 235 1036 7.2 3
0.044% CF 15 26.46 0.32 0.236 0.04d 34 586 7.2b 45
dGT 1 CF 13 26.06 0.26 0.156 0.04b 56 756 7.8c 30
dBT 1 CF 15 26.26 0.48 0.166 0.04b 55 636 7.2b 41

6 8 Water 15 27.16 0.29 0.426 0.04 1526 8.0
0.6% GT 15 27.26 0.42 0.216 0.04b 50 1096 8.0b 28
0.6% BT 15 26.76 0.37 0.216 0.04b 50 1116 8.0b 27
0.6% dGT 15 26.76 0.24 0.426 0.04 21 1416 8.0 7
0.6% dBT 15 26.76 0.66 0.496 0.04 216 1406 8.0 8
0.044% CF 15 26.96 0.44 0.246 0.04b 42 1006 8.0b 34
dGT 1 CF 14 27.36 0.93 0.256 0.04c 42 1016 8.3b 33
dBT 1 CF 15 26.76 0.40 0.216 0.04b 51 1126 8.0b 27

a GT, green tea; BT, black tea; dGT, decaffeinated GT; dBT, decaffeinated BT; CF, caffeine.
b P , 0.01.
c P , 0.05.
d P # 0.1.
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individual mice. We observed a highly significant direct correlation
between the thickness of the dermal fat layer (measured in areas away
from tumors) and the number of tumors/mouse (Table 3;P 5 0.0001).
The relationship between tumor size/mouse and dermal fat thickness
(away from tumors), however, was much less robust (Table 3;
P 5 0.034). These results suggest that tumor multiplicity and tumor
size may be regulated differently. The use of dermal fat thickness as
a surrogate for body fat is supported by a positive correlation between
the thickness of the dermal fat layer and the weight of the parametrial
fat pads in individual mice (Table 6,experiments 5,and6).

Although several dietary modifications are known to inhibit carci-
nogenesis, and some may decrease body fat levels in rodents [e.g.,
calorie restriction (20–23), low-fat diets (23), and CLA administration
(24, 25)], this is the first study to show a close relationship between
the effect of a cancer chemopreventive agent to inhibit carcinogenesis
and to lower tissue fat levels. The results of the present study suggest
that the inhibitory effect of p.o. administration of tea or caffeine on
carcinogenesis in high-risk mice may be related—at least in part—to
their effects on tissue levels of fat. The linkage between tea-induced
decreases in tissue fat levels and decreases in tumor multiplicity is
much stronger than the linkage between tea-induced decreases in
tissue fat levels and tumor size. These results suggest that changes in
dermal fat levels may be more important for modulating tumor for-
mation (multiplicity) than for modulating tumor growth (size).

The thickness of the dermal fat layer directly under tumors was less
than that away from tumors (Table 2) suggesting that dermal fat under
tumors may be used by the tumors as a source of energy. This concept
is also in accord with finding less dermal fat under large tumors than
under small tumors (Table 5). Administration of caffeinated beverages
decreased the thickness of the dermal fat layer under both small and
large tumors, but the effect of caffeinated beverages on fat was greatly
magnified under large tumors (Table 5). Administration of caffeinated
beverages decreased the thickness of the dermal fat layer by 36%
under small tumors (#0.5 mm diameter) and by 97% under large
tumors (.3 mm diameter; Table 5). It will be of interest to determine
whether tumors secrete substances that synergize with caffeine to
decrease dermal fat thickness under tumors.

It should be noted that the inhibitory effects of the regular caffein-
ated teas and caffeine on tumorigenesis and body fat levels (as
measured by changes in the size of the parametrial fat pads and dermal
fat thickness) occurred in the absence of effects on body weight
(Tables 1, 6, and 7) or food consumption (Table 7). These results
suggest that administration of the regular caffeinated teas or caffeine
decreased the proportion of body fat without changing overall energy
intake or utilization. Although additional studies are needed to deter-
mine the effects of tea and caffeine on total body fat and protein
levels, our results indicate that p.o. administration of the caffeinated

teas or caffeine increased lipolysis or decreased the absorption or
synthesis of fat without changing body weight.

Other investigators have also demonstrated the effects of tea ad-
ministration on lipid disposition. Kimuraet al. (26) reported that
administration of green tea, black tea, or oolong tea inhibited eleva-
tions in serum and liver lipids (total cholesterol and triglycerides) that
occurred in rats fed peroxidized oil for 1 week. Additional studies
showed a hypolipidemic effect of green tea (lowered serum total
cholesterol, triglycerides, and low-density lipoprotein-cholesterol)
along with a lowered body weight in rats treated with green tea (27).
In another study, administration of oolong tea prevented the obesity
and fatty livers that were induced by a high fat diet (28). An antili-
pidemic constituent of tea was identified as caffeine, which was
shown to stimulate norepinepherine-induced lipolysis in fat cells (28).
A very recent study by Dullooet al. (29) indicated that oral admin-
istration of a green tea extract rich in catechin polyphenols and
caffeine during breakfast, lunch, and dinner stimulated 24-h energy
expenditure and fat oxidation in humans, but administration of an
equivalent amount of caffeine alone was reported to have little or no
effect. The amounts of catechin polyphenols administered with each
meal were comparable with the amounts commonly ingested by tea
drinkers. In other studies, administration of caffeine together with
sympathetic stimulation (cold stress or exercise) or with sympatho-
mimetic drugs such as ephedrine stimulated thermogenesis (30, 31).
Dulloo et al. (29) suggested that caffeine and the tea catechins may
have a synergistic stimulatory effect in enhancing energy expenditure
and fat oxidation because of an inhibitory effect of tea polyphenols on
catecholO-methyltransferase activity (32), which would be expected
to elevate endogenous norepinepherine levels, and because of an
inhibitory effect of caffeine on phosphodiesterase activity, which
would be expected to elevate the levels of cyclic AMP and potentiate
the action of catecholamines on thermogenesis. The studies and con-
cepts by Dulloo are interesting, and they require confirmation. In a
preliminary study in SKH-1 mice, p.o. administration of EGCG (2
mg/ml) together with a low concentration of caffeine (0.011%) as the
drinking fluid for 4 weeks did not enhance the fat-lowering effect of
caffeine itself (data not presented).

Baumann and Rusch (33)—more than 60 years ago—were the first
to demonstrate a stimulatory effect of high levels of dietary fat on
UV-induced skin carcinogenesis. Subsequently, Blacket al. (34–37)
confirmed the stimulatory effect of high levels of dietary fat on
UV-induced skin carcinogenesis, and they reported that unsaturated
fat stimulated carcinogenesis to a greater extent than saturated fat.
These investigators also reported that dietary antioxidants inhibited
UV-induced carcinogenesis but only when high levels of lipids were
administered (35, 36). The stimulatory effect of a high fat diet on
UV-induced carcinogenesis was observed when the high fat diet was

Table 7 Effect of p.o. administration of green tea, black tea, and caffeine on food consumption in SKH-1 mice

Female SKH-1 mice (15 per group; 7–8 weeks of age) were treated with green tea (GT, 6 mg tea solids/ml), black tea (BT, 6 mg tea solids/ml), decaffeinatedgreen tea (dGT, 6
mg tea solids/ml), decaffeinated black tea (dBT, 6 mg tea solids/ml), caffeine (CF, 0.44 mg/ml), dGT1 CF or dBT1 CF as their sole source of drinking fluid for 8 weeks. Food
consumption was determined (3 cages/group; 5 mice/cage) each week for 8 weeks. Each value represents the weekly mean6 SE for food consumption for the three cages (expressed
as g/mouse/day). No statistically different effects of the different treatments on body weight or food consumption were observed.

Group Body weight (g)

Weeks of treatment

1 2 3 4 5 6 7 8
Food consumption (g/mouse/day; mean6 SE)

Water 27.26 0.64 5.66 0.15 5.76 0.10 5.86 0.08 5.56 0.06 5.66 0.04 5.86 0.08 5.86 0.48 6.06 0.09
0.6% GT 27.56 0.24 5.56 0.11 6.06 0.17 6.16 0.07 5.66 0.04 5.66 0.06 5.66 0.18 5.86 0.14 5.86 0.08
0.6% BT 27.46 0.23 5.66 0.05 6.16 0.10 6.06 0.06 5.66 0.02 5.86 0.11 5.76 0.10 5.86 0.09 5.76 0.04
0.6% dGT 27.56 0.23 5.36 0.07 5.66 0.20 5.76 0.06 5.36 0.02 5.36 0.06 5.66 0.11 5.76 0.11 5.86 0.05
0.6% dBT 26.86 0.82 5.06 0.09 5.56 0.08 5.86 0.06 5.36 0.02 5.46 0.10 5.76 0.09 5.76 0.11 5.86 0.08
0.04% CF 27.16 0.07 5.76 0.03 6.46 0.07 6.06 0.02 5.66 0.03 5.56 0.06 5.66 0.06 5.76 0.11 5.96 0.03
0.6% dGT1 0.04% CF 27.76 0.70 5.46 0.07 5.96 0.15 5.86 0.05 5.46 0.03 5.46 0.03 5.66 0.05 6.16 0.29 5.96 0.03
0.6% dBT1 0.04% CF 27.16 0.07 5.46 0.09 6.06 0.07 5.96 0.01 5.46 0.03 5.56 0.14 5.66 0.06 5.76 0.08 5.76 0.10
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fed either during the entire experimental period or only after stopping
UV administration (37, 38). These results indicate a postinitiation
effect of the high fat diet. Although corn oil and menhaden oil both
contain unsaturated lipids, high levels of dietary corn oil (rich inv-6
unsaturated fatty acids) enhanced UV-induced carcinogenesis,
whereas high levels of dietary menhaden oil (rich in unsaturatedv-3
fatty acids) did not (37). Overall, the results indicate that high levels
of dietary fat enhance UV-induced carcinogenesis in mice, and the
kind of dietary lipid administered can influence the carcinogenic
response.

Leyton et al. (39) observed that changes in the diet can influence
the fatty acid composition of epidermal phospholipids in mice. In-
creasing the dietary linoleate levels resulted in an increased level of
linoleate and a decreased level of arachidonate in phosphatidylcholine
(39). Similar diet-induced changes were observed for linoleate and
arachidonate in other phospholipids (39). It will be of interest to
determine the effects of administration of tea and caffeine on the
profile of fatty acids in epidermal phospholipids and in the neutral fat
of the parametrial fat pads. Decreased levels of arachidonic acid in the
epidermis could result in decreased levels of prostaglandins that have
been implicated in carcinogenesis. Parizaet al. (40–42) recently
identified CLA as an anticarcinogenic substance in grilled ground
beef and in dairy products. Administration of this substance inhibited
chemically induced tumorigenesis in several animal models (24, 25,
41), and the levels of arachidonic acid and linoleic acid-derived
polyunsaturated fatty acids in the mammary gland (a neutral fat-
containing tissue) was decreased (43). Total body fat was also de-
creased and total body protein and water were increased (44, 45).
Mechanistic studies suggested a stimulatory effect of CLA adminis-
tration on the rate-limiting enzyme for fatty acidb-oxidation (in-
creases in carnitine palmitoyltransferase activity in fat and muscle)
and enhanced lipolysis (44). Additional studies indicated an inhibitory
effect of CLA on stearoyl-CoA desaturase (46, 47) and an effect of
CLA administration on monounsaturated fatty acid composition (48).
The effects of tea and caffeine on fatty acid synthesis, fatty acid
b-oxidation, stearoyl-CoA desaturase, and fatty acid composition
have not yet been studied.

Although some case-control and prospective epidemiology studies
indicated no relationship between fat intake and risk of nonmelanoma
skin cancer in humans (49, 50), a recent large prospective epidemi-
ology study in men suggested an inverse association between dietary
intake of monounsaturated fat and basal cell carcinomas (51). An
additional case-control study suggested an inverse relationship be-
tween a high intake of polyunsaturated fatty acids and melanoma in
women (52). A more rigorous randomized intervention trial in human
subjects indicated that reducing the percentage of fat calories from
39% to 21% of total calories caused a marked reduction in the number
of actinic keratoses and skin cancers (53–55). Although the latter
rigorous intervention study indicates that decreasing the level of
dietary fat can inhibit the formation of UV-induced nonmelanoma
skin tumors in humans, an extension of these intervention trials is
needed.

In conclusion, p.o. administration of caffeinated teas or caffeine to
UVB-pretreated, high-risk mice decreased tumor multiplicity, the size
of the parametrial fat pads, and the thickness of the dermal fat layer.
The decaffeinated teas were essentially inactive, and adding back
caffeine restored activity. There was a highly significant correlation
between dermal fat thickness away from tumors and tumor multiplic-
ity in individual mice. Additional studies are needed to determine
whether the inhibitory effect of the caffeinated teas and caffeine on
tumor multiplicity are caused by their effects on dermal fat (cause/
effect relationship) and whether caffeinated teas or caffeine decrease
the arachidonic acid content or modify the levels of other fatty acids

in dermal fat or in epidermal phospholipids. Tea- or caffeine-induced
decreases in the arachidonic acid level in fat could result in decreased
levels of prostaglandins that are believed to play a role in the carci-
nogenic process. The possibility that administration of the caffeinated
teas or caffeine inhibit tumorigenesis by decreasing the amount of fat
available as a source of energy under tumors also requires exploration.
Additional studies are also needed to determine whether other cancer
chemopreventive agents inhibit carcinogenesis by decreasing body fat
levels.
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