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Abstract. Restriction of energy intake significantly reduces mammary tumorigenesis in 
normal rats exposed to carcinogens. Genetically obese LA/N-cp (corpulent) female rats 
were given 7,12-dimethylbenz[a]anthracene and fed purified diets ad libitum or re- 
stricted to 60% of the ad libitum caloric intake. Phenotypically lean littermates were also 
fed ad libitum. Obese animals developed large mammary tumors more rapidly than 
genetically normal rats so that 100% of the animals had tumors in less than 16 weeks. 
Only 21% of the lean animals developed tumors; the energy restricted obese animals 
had a tumor incidence of 27%. Although obese rats fed the restricted diet weighed 
significantly less than those fed ad libitum, percent body fat was not reduced, indicating 
that lean tissue was affected more. Obese animals were markedly hyperinsulinemic 
(1003 f 193 microunits/ml) and energy restriction reduced this to 328 f 41; the lean 
animals had insulin levels of 12 f 2. Tumor-bearing rats had higher insulin levels than 
rats without tumors. These data suggest that body fatness is not directly associated 
with risk of carcinogenesis. Lean body mass, adipose tissue mass, and their interaction 
with insulin in its capacity as a growth factor rather than body fatness per se may be 
determinants of tumor promotion. [P.S.E.B.M. 1991, Vol 1961 

he relationship of obesity with risk of developing 
breast cancer is of interest for proposing rational T dietary recommendations that might reduce the 

incidence of various types of cancer as well as for 
understanding potential tumor growth regulatory fac- 
tors. Lew and Garfinkel ( 1)  reported one of the earliest 
systematic studies on cancer mortality in relation to 
body weight. They found that there was a positive linear 
trend in risk of death from breast cancer with increasing 
body weight. Brisson et al. (2) found that both body 
weight and nodular densities of the breast were directly 
related to breast cancer risk, suggesting that excess 
weight correlates with growth of benign and malignant 
mammary epithelium. Whereas other studies have 
found increased risk of breast cancer with increased 
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body weight (3, 4), not all studies have been able to 
find such an association ( 5 ,  6); one report cited no 
relation of baseline body mass with subsequent breast 
cancer but did find a significant risk with weight gain 
during adult life (6). 

Studies with animal models of breast cancer have 
shown that there is increased development of sponta- 
neous or induced tumors with increasing body weight 
(7-10). Studies in mice with obesity secondary to gold 
thioglucose treatment or genetic selection have estab- 
lished that obese animals are significantly more likely 
to develop mammary tumors than lean mice (1 1, 12). 
However, these treatments result in diabetes, which is 
known to affect tumor development in rats (1 3). Most 
genetically obese strains of rat become overtly diabetic 
except the LA/N-corpulent strain; the obese phenotype 
of this strain of rat is hyperinsulinemic and hyperlipi- 
demic and has normal development of lean tissue, 
which contrasts with other genetically obese animals 
(14). Since our previous work showed that restricted 
feeding could significantly inhibit tumorigenesis in 
strains of normal rats given carcinogens (7, 8, 15, 16), 
study of obese animals was expected to increase our 
knowledge of whether body mass and body fat were 
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important determinants of mammary tumor promo- 
tion. 

Materials and Methods 
Female LA/N rats were identified as phenotypi- 

cally lean or obese around 1 month of age and were fed 
a standard commercial diet. At 65 days of age, each 
animal was given 5 mg of 7,12-dimethylbenz[a]anthra- 
cene (DMBA) dissolved in 0.5 ml of corn oil by gavage. 
One week later, the rats were fed one of two diets (Table 
I). Fifteen pairs of obese rats and 19 lean rats were used. 
One group of obese animals was fed ad libitum as were 
the lean rats; the other obese rats were individually pair 
fed to the other obese group so that these animals 
received 60% of the calories of the first group but 
without reduction in absolute intake of any nutrient 
except carbohydrate. Rats were fed daily, weighed and 
checked for tumors weekly, and necropsied after 16 
weeks. All animals were fasted overnight prior to killing 
by overdose of sodium pentobarbital, and blood was 
obtained for measurement of glucose, insulin, triglyc- 
erides, and cholesterol. Glucose was determined using 
a glucose oxidase kit (Sigma Chemical Co., St. Louis, 
MO), insulin by radioimmunoassay (Amersham Corp., 
Arlington Heights, IL), triglycerides, and cholesterol 
using enzymatic kits from Sigma. Tumors were dis- 
sected, weighed, and processed for histologic examina- 
tion. Total tumor burden is defined as the total weight 
of tumors per tumor-bearing animal. Carcasses were 
frozen for determination of body composition. Total 
body water was determined by lyophilization, body fat 
by gravimetric determination on Soxhlet extracted sam- 
ples, and protein by the microKjeldah1 method, and 
the remainder of body weight (less water, fat, and 
protein) was assumed to be ash. 

All statistical tests were performed using NWA 
Statpak software (Northwest Analytical, Portland, OR). 
Palpable tumors were compared using multiple linear 
regression. Final tumor incidence was analyzed using 
the chi-square test. All other tumor parameters were 
found to be distributed nonparametrically using Bart- 
lett's test for homogeneity of variance so the Kruskal- 
Wallis test was employed followed by the Newman- 

Table 1. Percent Composition of Purified Diets 

Sucrose 
Casein 
DL-Methionine 
Corn oil 
Cellulose 
Mineral mix 
Vitamin mix 
Choline dihydrogen citrate 

58.0 
21.6 
0.3 
5.0 
10.1 
3.8 
1 .o 
0.2 

30.1 
36.0 
0.4 
8.3 
16.8 
6.3 
1.7 
0.3 

Keuls test on ranked samples for pairwise comparisons. 
Serum metabolites and body composition were ana- 
lyzed using a completely randomized one-way analysis 
of variance followed by the Newman-Keuls test. All 
data except tumor incidence are expressed as mean +- 
SE. 

Results 
The obese rats were 60% heavier than the lean 

animals at the time of DMBA administration. When 
averaged over the 16-week feeding period, the lean rats 
consumed 39.5 kcal/day while the obese rats fed ad 
libitum ate 74.2 kcal/day and the restricted obese rats 
consumed 43.9 kcal/day. Despite the similarity in en- 
ergy intake by the lean rats and obese restricted rats, 
there was a significantly greater (2.4 times as much) 
weight gain in the latter group. At every time point, all 
three groups were significantly different (P < 0.001) in 
body weight except for the two obese groups at Week 0 
(Fig. 1). This means the obese rats received a much 
lower dose of carcinogen per unit body mass than the 
lean animals. Nevertheless, the obese rats fed ad libitum 
exhibited very early development of mammary tumors 
compared with the lean rats (Fig. 2). The lean animals 
grew very little over the course of the study despite 
having free access to a palatable diet that supports 
maximal growth of rats. This was associated with a low 
incidence of tumors in these animals. The incidence of 
palpable tumors in the obese energy-restricted rats was 
similar to that of the lean group. 

At necropsy, tumor incidence was significantly 
higher in the obese rats fed ad libitum than in the other 
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a The restricted diet provides identical absolute nutrient intake, except 
carbohydrate, when fed at 60% of the ad libitum diet. 

Figure 1. Body weights of LA/N rats. Obese rats fed ad libitum (solid 
line), obese rats fed restricted energy (long dashed line), or lean rats 
(short dashed line). 
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genetically obese yellow mice were more responsive to 
the tumorigenic effects of DMBA and proposed that 
this was due to earlier formation of hyperplastic alveolar 
nodules. One potential mechanism addressed in the 

Weeks Fed Purif ied Diets 

Figure 2. Cumulative incidence of palpable mammary tumors in 
LAIN rats. Obese rats fed ad libitum (solid line), obese rats fed 
restricted enerclv (lona dashed line). or lean rats (short dashed line). 

r difference. This type of analysis was not possible on the 
ad libitum-fed obese rats, since all of these animals 
developed tumors. 

Analysis of body composition revealed that the lean 
animals had very low body fat (7.4%) (Table IV); non- 
obese strains of rat (Fischer 344 and Sprague-Dawley) 
of comparable age and fed a similar purified diet would 
have 20-3096 body fat. The obese rats were comprised 
of approximately half lipid, and dietary restriction 
showed no effect on lipid deposition when expressed 
on a percentage basis. Changes in lean body mass 
accounted for most of the difference observed in total 
body weight between the two obese groups. 

Discussion 

- 

- 
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- 
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- This study has shown that obese rats fed ad libitum 
I I I are significantly more sensitive to mammary carcino- 

-. . - 
present study is the role of insulin, which is a mitogen 

two groups (Table 11). None of the other measures of 
tumor multiplicity or size was significantly different, 
but there was a clear trend toward more tumors in the 
obese rats fed ad libitum and larger tumors in both 
groups of obese animals. 

Serum metabolites are shown in Table 111. The 
obese animals were hyperlipidemic, hyperglycemic, and 
hyperinsulinemic. The abnormalities were only par- 
tially corrected by restricted feeding. Analysis of serum 
insulin levels versus tumor-bearing status was per- 
formed in the lean and obese restricted groups. Among 
the lean animals, tumor-bearing rats had a mean serum 
insulin level of 29 k 9 microunits/ml, whereas the 
tumor-free animals had a concentration of 11 k 2 
microunits/ml ( P  = 0.072); in the obese restricted rats, 
tumor bearers had insulin levels of 429 k 72 micro- 
units/ml, whereas the insulin levels in non-tumor bear- 
ers were 283 & 43 microunits/ml (P = 0.065). Since 
the number of tumor-bearing rats in each of these 
treatment groups was only four, it is likely that a larger 
sample size would have shown a highly significant 

for mammary cells (17). This relationship may also 
explain the better correlation of lean body mass with 
tumorigenesis rather than that of body fat with tumors 
in the present study. 

Waxler (18, 19) reported that C3H mice that had 
become obese following gold thioglucose treatment de- 
veloped mammary tumors in a shorter time than nor- 
mal weight controls. Some mice that developed obesity 
had food withheld until they were the weight of normal 
controls, and these animals had a delay in mammary 
tumor development that was significantly longer than 
that seen in controls. 

In studies of spontaneous tumors in relation to 
calorie intake, Ross et al. (9) found that the level of 
calorie intake proved less informative than the effi- 
ciency with which the diet consumed was used for 
growth. This effect may be mediated via insulin and/ 
or insulin-like growth factor I, both of which have 
anabolic effects and are mitogens for mammary epithe- 
lium. Both growth factors are elevated in rats fed ad 
libitum when compared with rats fed energy-restricted 
diets (20). Furthermore, there may be abnormal regu- 

Table II. Tumor Data from Necropsy of LA/N Rats Given DMBA 

Obese Obese 
ad libitum restricted Lean 

Tumor incidence 15/15 (1 00%) 4/15 (27%) 4/19 (21 "/o) 

Tumors/tumor-bearing 4.1 f 0.6 1.5 f 0.4 1 .o f 0.0 
rat 

Mean tumor weight (9) 5.3 f 1.4 6.4 k 3.2 1.7 f 0.4 
Mean tumor burden (9) 22.0 f 5.0 9.6 f 4.0 1.7 f 0.4 
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Table 111. Concentration of Plasma Metabolites in 
LA/N Ratsa 

Obese Obese Lean 
ad libitum restricted 

Insulin (microunits/ml) 1003 f 193 328 f 41 12 f 2 
Glucose (mg/dl) 360 f 27 315 f 18 119 f 10 
Triglycerides (mg/dl) 1028 f 11 1 297 k 21 120 f 15 
Cholesterol (mg/dl) 197 f 19 165 f 11 88 f 9 

a For each obese group n = 15; for lean group n = 19. Within each 
row, all values (except glucose in the two obese groups) are signifi- 
cantly different (P < 0.001). 

Table IV. Percent Body Composition of LA/N Rats" 

Lean Obese Obese 
ad libitum restricted 

Lipid 50.5 f 1.7 47.7 f 2.4 7.4 f 0.9 
Water 33.9 f 1.4 35.5 f 1.7 66.6 f 0.7 
Protein 13.3 f 1 .O 15.1 f 0.9 20.8 f 1.3 
Ash 2.3 f 0.7 1.7 f 0.2 5.2 f 0.8 

"For each group n = 6. All values for lean group are significantly 
different (P < 0.001) from those for both obese groups, which are 
not significantly different from each other. 

lation of receptors for these growth factors in tumors 
from rats subjected to energy restriction (2 1) that inter- 
fere with substrate utilization. Yet another mechanistic 
possibility in affecting tumor growth rates in these rats 
involves production of transforming growth factor a, 
which is an angiogenesis factor for these tumors and is 
elevated in tumors from the obese animals (22). Al- 
though we did not obtain serum insulin samples at the 
time that tumors began to develop in this study, pre- 
vious experiments from our laboratory have docu- 
mented that there are significant differences in fasting 
insulin levels from rats fed ad libitum or restricted 
energy throughout the study period (20). 

The LA/N-cp rat strain is exquisitely sensitive to 
the carcinogenic effects of DMBA. This sensitivity can 
be ameliorated by feeding less energy; this occurs even 
though body fatness is not reduced, suggesting that 
some correlate of lean body mass has significant regu- 
latory activity toward mammary tumor growth. Results 
presented here indicate that insulin is a potential me- 
diator of these effects. 

This work was supported in part by funds from Best Foods and 
by Research Career Award HL 00734 and Grant CA 43856 from the 
National Institutes of Health. 

1. Lew EA, Garfinkel L. Variations in mortality by weight among 
750,000 men and women. J Chronic Dis 32563-576, 1979. 

2. Brisson J, Momson AS, Kopans DB, Sadowsky NL, Kalisher L, 
Twaddle JA, Meyer JE, Henschke CI, Cole P. Height and weight, 

3. 

4. 

5. 

6. 

7. 

8. 

9. 

10. 

1 I .  

12. 

13. 

14. 

15. 

16. 

17. 

18. 

19 

20 

q, 

mammographic features of breast tissue, and breast cancer risk. 
Am J Epidemiol119:371-381, 1984. 
Swanson CA, Brinton LA, Taylor PR, Licitra LM, Ziegler RG, 
Schairer C. Body size and breast cancer risk assessed in women 
participating in the Breast Cancer Demonstration Project. Am J 
Epidemiol 130:1133-1141, 1989. 
Albanes D. Caloric intake, body weight, and cancer: A review. 
Nutr Cancer 9:199-217, 1987. 
London SJ, Colditz GA, Stampfer MJ, Willett WC, Rosner B, 
Speizer FE. Prospective study of relative weight, height, and risk 
of breast cancer. J Am Med Assoc 262:2853-2858, 1989. 
Ballard-Barbash R, Schatzkin A, Taylor PR, Kahle LL. Associa- 
tion of change in body mass with breast cancer. Cancer Res 

Kritchevsky D, Weber MM, Klurfeld DM. Dietary fat versus 
caloric content in initiation and promotion of 7,12-dimethyl- 
benz[a]anthracene-induced mammary tumorigenesis in rats. 
Cancer Res 44:3174-3177, 1984. 
Klurfeld DM, Weber MM, Kritchevsky D. Inhibition of chemi- 
cally induced mammary and colon tumor promotion by caloric 
restriction in rats fed increased dietary fat. Cancer Res 47:2759- 
2762, 1987. 
Ross MH, Lustbader ED, Bras G. Body weight, dietary practices, 
and tumor susceptibility in the rat. J Natl Cancer Inst 71:1041- 
1046, 1983. 
Turnbull GJ, Lee PN, Roe FJC. Relationship of body-weight 
gain to longevity and to risk of development of nephropathy and 
neoplasia in Sprague-Dawley rats. Food Chem Toxicol 23:355- 
361, 1985. 
Wolff GL, Kodell RL, Cameron AM, Medina D. Accelerated 
appearance of chemically induced mammary carcinomas in 
obese yellow (AIY/A) (BALB/c x W ) F ,  hybrid mice. J Toxicol 
Environ Health 10:131-142, 1982. 
Waxler SH, Tabar P, Melcher LR. Obesity and the time of 
appearance of spontaneous mammary carcinoma in C3H mice. 
Cancer Res 13:276-278, 1953. 
Hilf R, Hissin PJ, Shafie SM. Regulatory interrelationships for 
insulin and estrogen action in mammary tumors. Cancer Res 

Tulp OL, Shields SJ. Thermogenesis in cafeteria-fed LA/N-cp 
(corpulent) rats. Nutr Res 4:325-332, 1984. 
Klurfeld DM, Welch CB, Davis MJ, Kritchevsky D. Determi- 
nation of degree of energy restriction necessary to reduce DMBA- 
induced mammary tumorigenesis in rats during the promotion 
phase. J Nutr 119:286-291, 1989. 
Klurfeld DM, Welch CB, Lloyd LM, Kritchevsky D. Inhibition 
of DMBA-induced mammary tumorigenesis by caloric restriction 
in rats fed high fat diets. Int J Cancer 43:922-925, 1989. 
Osborne CK, Bolan G, Monaco ME, Lippman ME. Hormone 
responsive human breast cancer in long-term tissue culture: Effect 
of insulin. Proc Natl Acad Sci USA 73:4536-4540, 1976. 
Waxler SH. The effect of weight reduction on the occurrence of 
spontaneous mammary tumors in mice. J Natl Cancer Inst 

Waxler SH. Obesity and cancer susceptibility in mice. Am J Clin 
Nutr 8:760-766, 1960. 
Ruggeri BA, Klurfeld DM, Kritchevsky D, Furlanetto RW. Ca- 
loric restriction and 7,12-dimethylbenz(a)anthracene-induced 
mammary tumor growth in rats: Alterations in circulating insu- 
lin, insulin-like growth factors I and 11, and epidermal growth 
factor. Cancer Res 49:4 130-4 134. 

50:2152-2155, 1990. 

38:4076-4085, 1978. 

14: 1253- 1256, 1954. 

LI. Ruggeri BA, Klurfeld DM, Kritchevsky D, Furlanetto RW. 
Growth factor binding to 7,12-dimethylbenz(a)anthracene-in- 
duced mammary tumors from rats subjected to chronic caloric 
restriction. Cancer Res 49:4135-4141, 1989. 

22. Ruggeri BA, Klurfeld DM, Kritchevsky D, Frick KK. Steady- 
state mRNA expression for growth factors in DMBA-induced rat 
mammary tumors. Cancer Lett (in press). 

384 CANCER AND ENERGY INTAKE 




