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SUMMARY

The effects of different sources of dietary protein (milk, soy, wheat,
fish and beef), fat (corn oil and butter), and carbohydrate (dextrin and
sucrose) on the development of spontaneous mammary tumors in virgin
female C3H/Hed mice were investigated. Weanling mice were randomly
divided (28 mice/group) and fed ad libitum one of 14 equicaloric diets
containing either 11% or 33% protein and 5% or 30% fat or a standard
mouse feed for approximately 2 years. Beginning at 6 months of age, tumor
incidence, non-specific deaths, individual weights and amount of food con-
sumed were monitored Variations in tumor incidence were most pro-
nounced when the mice fed different sources of protein (at a high level)
were compared. The mice fed the low fat diets containing either low milk
protein (high carbohydrate) or high fish protein generally exhibited the low-
est tumor incidence and highest percent survival. High weight gain was
correlated with early tumor appearance, but not with tumor incidence
later in the experiment. The mice fed a low fat diet containing low milk
protein were tumor-free significantly longer than mice fed the diets contain-
ing fish or beef. The only groups with 100% tumor incidence by 120 weeks
of age were those fed diets containing sucrose (table sugar) or a high fat
level.

INTRODUCTION

Epidemiological and animal studies have implicated high dietary fat con-
sumption with increased mammary carcinogenesis [2,6,7,9,13,17]. This
association has been made indepencently of genetic factors, chemical con-
taminants in the diet, or other environmental factors. In addition, some
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studies have shown that the effect of a high fat diet is separate from that
of obesity, that it acts on the promotion (rather than initiation) phase of
tumor development, and that polyunsaturated fats may play a special role
[5,15,22,23]. Recently, dietary sugar also has been positively correlated
with human breast cancer mortality [12] and with chemically-induced
mammary tumors in rats [14]. Fewer experiments in animals have been
reported on the effects of meat intake versus that of another source of
protein [21].

In each of 2 studies reported previously, we have used BALB/c mice fed
the same 14 experimental diets containing protein from one of 5 different
sources (milk, soy, wheat, fish and beef). In one study [10] mice were
injected with herpes simplex virus Type 2-transformed cells (H238) whereas
in the other [18] they were injected with 1,2-dimethylhydrazine(DMH)-
transformed colon (no. 51) cells. Results indicated that tumor development
could be highly affected by the source of protein in the diet. In addition,

a protective effect against tumor development was especially evident in mice
fed diets containing protein from a milk source. The present study was
undertaken in order to test whether similar tumor-modifying effects could
be observed in a spontaneous fumor system.

MATERIALS AND METHODS

Animals

Female C3H/Hed mice, obtained as weanlings, were randomly divided
into 15 groups (28—29 mice/group) and housed 7 per cage. Each group was
given either one of 14 test diets or Old Guilford 96W/A, a commercial
mouse feed, and allowed to feed ad libitum from specially designed feed-
ers. The amount of food eaten per cage of mice was recorded twice weekly.
The animals consumed an average of 10.77 kcals/mouse/day. During the
first 32 weeks after arrival each mouse was weighed individually at several
intervals in order to determine the average weight gained in each diet group.
The mice were kept until they were 120 weeks of age.

Composition of the diets

A detailed decription of the diets has been previously reported [10] and
will not be presented here. The 14 experimental diets were made equi-
caloric at 3.68 kcals/g by using the typical analysis of each ingredient
provided by the manufacturer. Corn oil was the source of added fat in all
of the diets (except Diet 4 in which butter was used). Dextrin was used
to supply added carbohydrate (except in Diet 5 in which sucrose was sub-
stituted for dextrin) and to add necessary calories to those provided by
the protein and fat sources. Varying amounts (2.7—40.3% by wt) of the
non-nutritive filler Celufil (U.S. Biochemical Corporation, Cleveland, OH)
were also needed in making the diets equicaloric. The second of 3 previous
reports dealing with 2 transplantable tumor systems in which only Diets 1
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and 8 were used provides more detailed information on the methods used
in designing the various diets [19]. The diets were made up as needed in

6 kg batches and stored in a freezer until just prior to feeding. Early in the
course of this study an error was made in making up Diet 6 (Inw SOy pro-

tein—low fat) and the mice in this group rapidly expired. Data for this
group, therefore, are presented only for the first part of the experiment.

Tumor detection and percent tumor incidence

At weekly intervals beginning at 30 weeks of age each mouse was picked
up by the tail and visually inspected for the presence of any unusual lumps.
Whole body palpation was also done weekly with special attention given to

theo chact noeclr chnuldare and hine Anv mavaahlse mace aor lumn undar tha
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skin was tentatively classified as a tumor until confirmed by observation
of continued growth through succeeding examinations. This procedure
was done by the same individual throughout the entire experiment.

The date of appearance of a tumor was recorded and the percentege of
tumor incidence for each diet group was calculated as follows:

(no. of living mice with tumor +
no. of dead mice which had tumor)

% tumor incidence = — X 100
(total no. of living mice +

no. of dead mice which had tumor)

Non-specific deaths were taken into consideration and are not included in

the above calculation. Necronsies to determine the exact cause of death
Xac o1 qeath

VAT QrUVE LdiludduaUil, ANTULIVRGITS VU UTLTLRIIILT wiT T2 v Lausc

were not routinely performed.

Percent survival

The number of living mice in each cage was checked twice weekly and
non-specific deaths were recorded. The percentage of surviving mice in each
diet group was calculated thus:

PR R P B B e o 2
. total no. Ol Living mice
% survival = X 100
(total no. of mice — no. of dead mice
which had tumor)
Statistics
The Test for Equality of Two Propn-.io--s the Wilcoxin Signed Rank

Test, Pearson’s Correlation Method, and the Student’s 2- taﬂed Test were
used in the statistical analyses of the data.

RESULTS

Mouse weights and weight gains
At arrival the mean weights for the 15 diet groups were 14.9 + 0.3 g to
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16.1 + 0.3 g. Early weight gain was rapid and by 12 weeks after arrival the
mean values were 22.9 £ 0.5 g (Diets 2, 3 and 8) to 26.3 + 0.4 g (Diet 14).
Maximum weight was usually attained by 32 weeks after arrival at which
time the weights were 25.4 + 0.3 g (Diet 2) to 31.4 + 0.9 g (Diet 10). Each
mouse was weighed once more at 85 weeks and values of 27.0 = 0.5 g (Diet
2) to 31.4 + 1.2 g (Diet 13) were obtained. As seer. in Table 1, the animals
fed Diet 13 (low beef protein—high fat) and Diet 14 (high beef protein—
low beef fat) were heavier than those fed the milk-containing diets (Diets
1—5). Figure 1 shows the mean weight gain/group from the time of arrival
until 32 weeks of age with the diets grouped according to the levels of
protein and fat. High weight gain was found to be linearly correlated with
early tumor appearance (correlation coefficient = —0.55; decision point
from the Linear Correlation Coefficient Table was + 0.514). No correlation
was found, however, when weight gain was examined in relation to tumor
incidence at 90, 100, 110 and 120 weeks of age.

Tumor incidence

The differences in the age of the mice at the time of the first detectable
tumor in each diet group are presented along with a brief description of the
diets in Table 1. Table 2 gives the distribution of deaths with time in mice
with and without a grossly detectable tumor.

The development of tumors for the 5 high protein—low fat diet groups
is shown in Fig. 2A,B. Statistical analysis was done when the mice were 90,

16y
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Fig. 1. Average weight gains of the mice with time, The diets were grouped according to
the levels of protein and fat: (a) low protein—low fat; (o) high protein—low fat; (¢) low
protein—high fat. The average weight gains of the mice fed Diet 15 (Old Guilford 96W/A,
the control diet) are also shown (¢).-By 27—32 weeks after arrival the control group

had gained significantly more (P < 0.05) weight than the mice fed the experimental
diets.
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100, 110 and 120 weeks of age. Significant differences are given in the
legend. Three diets are depicted in each part of the figure in order to illus-
trate more clearly the diversity in tumor appearance with source of protein.
Although the tumors in the mice fed the high soy and high wheat diets
(Diets 7 and 9, respectively) appeared later than those in mice fed the
corresponding fish and beef diets (Diets 11 and 14, respectively), their
incidences increased at a much more rapid rate after appearance. Tumors
in the mice fed the high milk protein diet (Diet 3) appeared relatively late
and yet increased in incidence in succeeding weeks at a rate similar to that
for Diet 14,

Figure 3A—H shows the percent tumor incidence obtained for pairs of
diets differing in level of fat (A,G), level of protein (B,F,H), level of protein
and fat (E), source of fat (C), or source of carbohydrate (D). The P values
obtained are shown in the legend of Fig. 3A—H.

In general, the tumor incidence was lowest in the low protein—low fat
diet groups during the entire lifespan of the mice. The mice fed Diet 10
(low fish protein), however, had significantly higher (P < 0.05) tumor inci-
dence by 110 weeks of age than mice on the comparable diets containing
milk or beef. Although tumorigenesis was usually enhanced with high
protein (with fish protein, however, the opposite effect was evident, see
Diets 10 and 11), high fat made even a greater increase in tumor incidence.
Mice fed Diet 2 (the high fat diet containing milk protein) was the only
group fed a high fat diet in which tumor incidence (78%) was less than
100% by 120 weeks of age. Statistical significance (P < 0.05), however;
was obtained only at 110 weeks between Diets 2 and 8 and between Diets
2 and 13. The lowest cumulative tumor incidence was found in the mice
fed the low fat diets containing either milk (Diet 3, 66.7%) or fish (Diet 11,
55%) as the protein source.

Mouse survival

The survival curves of the mice in most of the diet groups are shown
in Fig. 4. In general, the mice fed low levels of protein and fat had fewer
deaths due to non-specific causes and thus a higher percent survival than
those fed either the high protein or, especially, the high fat diets. The mice
fed milk or fish protein together with a low level of fat tended to have the
highest survival rates (Diets 1 and 11).

Comparison of different sources of carbohydrate and fat
Mice fed the diet containing sucrose (Diet 5) had higher tumor incidence

than the mice fed the comparable diet containing dextrin (Diet 1) beginning
at 90 weeks of age, although statistical significance (P = 0.05) was obtained
only at 120 weeks (Fig. 3D). Survival, however, was significantly lower
(P £ 0.05) by 110 weeks for the sucrose-fed mice. The group of mice fed
butter (Diet 4) as the source of fat had a higher tumor incidence (Fig. 3C)
and lower survival rate than the group fed the comparable diet containing
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Fig. 2. Tumor incidence in mice fed diets containing high protein levels. (A) Tumor in-
cidence in mice fed low fat diets containing high levels of protein derived from soy

(Diet 7), fish (Diet 11) or beef (Diet 14) sources. {B) Tumor incidence in mice fed low
fat diets containing high levels of protein derived from either milk (Diet 3) or wheat
{Diet 9) sources. Tumor incidence for the group fed Diet 15 (Old Guilford 96W/A, the
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control diet), which contained 7.5% fat and 22.5% protein derived from varjous sources,

but primarily from wheat, is included here, Significant differences (P < 0.05) were
observed at: 100 weeks: Diets 3 vs, 7, Diets 7 vs. 11; 110 weeks: Diets 3 vs. 9, Diets

3 vs 15, Diets 7 vs, 14, Diets 11 vs, 14, Diets 11 vs. 15, Diets 14 vs. 15; 120 weeks:
Diets 7 vs. 11, Diets 9 vs. 11, Diets 11 vs. 15. Significance was not obtained between
additional pairs of diets at 120 weeks of age probably because of the small numbers of

animals still alive at this time,
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Fig. 4. Survival of the mice with time. The percentages have been adjusted for deaths due

to tumor. Survival curves for mice fed Diets 2, 3, 5, 10, 12, 13 and 14 resembled the

curve for animals on Diet 15 (Old Guilford 96W/A, the control diet) and are not shown

here. At 90 weeks of age the % survival of mice fed Diet 11 was significantly greater

(P £ 0.05) than that for Diets 7, 9, 14 and 15. By 110 weeks the Diet 1 group had signi-
ficantly greater percent survival than the Diet 5 group.

com oil in place of butter (Diet 2), although the differences seen were not
statistically significant. In addition, while 25% of those on the high com
oil-containing diet were still alive by 120 weeks of age, all of the mice on
the high butter-containing diet were dead.

DISCUSSION

Enhancement of mammary tumors in animals has been consistently
observed with increased dietary fat [3,5,7,23]. Recently Carroll and Hop-
kins [4] demonstrated that in a high fat diet a small amount of polyun-
saturated fat is required in order for tumor enhancement to occur. In the
present study, mice fed a high level of butter had significantly enhanced
tumor incidence compared to those fed a low com oil diet (Diet 1, 38.1%;

Fig. 3. Tumor incidence in mice with time, (A) Diet 1, low milk protein—low fat; Diet 2,
low milk protein—high fat. (B) Diet 1, low milk protein—low fat; Diet 3, high milk
protein—low fat, (C) Diet 2, low milk protein—high fat (corn oil); Diet 4, low milk
protein—high fat (butter). (D) Diet 1, low protein—low fat—high dextrin; Diet 5, low
milk protein—low fat—high sucrose (table sugar); P £ 0.05 at 120 weeks. (E) Diet 8,
low wheat protein—high fat; Diet 9, high wheat protein—low fat. (F) Diet 10, low fish
protein—low fat; Diet 11, high fish protein—low fat;P < 0.05 at 110 and 120 weeks. (G) Diet
12, low beef protein—low fat; Diet 13, low beef protein—high fat; P < 0.05 at 110 weeks.
(H) Diet 12, low beef protein—low fat; Diet 14, high beef protein—low fat.
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Diet 4, 90.9% at 110 weeks of age), whereas in the group fed a high corn
oil (unsaturated fat) diet significant enhancement was not seen (Diet 1,
38.1%; Diet 2, 56.3% at 110 weeks of age). In previous mouse studies we
have found strikingly different results when comparing the effects of corn
oil and butter. Butter, rather than corn oil, markedly restricted tumors in
one system [10] while no significant differences were seen in the other
[18]. Weight gain was found to be an insignificant factor in these other
2 tumor systems. In the present study, a high fat level significantly increased
tumor incidence (at 110 weeks of age) only in mice fed beef-containing
diets, although all of the groups fed high fat had higher incidence com-
pared to the equivalent groups fed low fat. These findings illustrate the
complexity of the relationship between dietary fat and tumorigenesis and
emphasize the need for further investigation.

High weight gain, shown previously to enhance mammary tumor develop-
ment, is associated with early tumor appearance in our study (see Table 1).
The source of protein, however, is a modulating factor. The mice fed soy
protein gained almost as much weight as those fed beef, yet the first appear-
ance of tumor in the soy-fed group occurred considerably later. The type of
fat may also play a role in early tumor appearance. Tumor appeared early
in the mice fed the beef diets, all of which contained some beef fat due to
the high percentage of fat in the beef protein source (the fat in Diet 14
was all beef fat), whereas none of the other diets contained beef fat. No
correlation was seen between the percent tumor incidence at 90, 100, 110
and 120 weeks of age and the average weight gain per group. The 5 groups
in which tumor incidence reached 100% (Diets 4, 5, 8, 10 and 13) gained
from 8.9 g to 11.3 g, whereas the 5 groups with the lowest tumor inci-
dence at 120 weeks (Diets 1, 3, 11, 12 and 14) gained from 8.8 gto 11.2 g.
These data suggest that in this system the sources of dietary protein and
fat have a profound effect on mammary tumor development in the older
mice, more so than weight gain. It is interesting to note that the mice fed
the low fat diets containing milk (Diet 1) or fish (Diet 11) had higher per-
cent survival values than the group fed the commercially available mouse
diet (Diet 15) and were also among those that had the lowest percent tumor
incidence throughout much of the experiment.

In the present study, 32% (40/124) of the mice fed Diets 1—5 (milk
protein) which died from 30—120 weeks of age had mammary tumors,
whereas 56% (108/194) on Diets 7—15 (other protein sources) had mam-
mary tumors during this same time (Table 2). Factors affecting the tumor
incidence include: whether the mice are conventional or virus free (C3Hf),
and whether the mice are bred or kept as virgin females. Presence of the
mammary tumor virus in the milk of their mothers and breeding tend to
increase the fraction of tumors. The mice used in the present study were
conventional female mice (C3H/Hed — not virus free) and were kept as
virgins. The 56% mammary tumor incidence found as an average for groups
7—15 is typical of the expected results for presently supplied conventional
virgin female C3H/Hed mice. The 32% incidence Jfound in the milk-protein
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fed mice, is much lower than expected and is apparently diet related.

It should be noted that some of the tumor incidence curves begin early
and have shallow slopes (Diets 12 and 14) whereas others begin later but
have much steeper slopes (Diets 7 and 9). The increase in incidence of the
former curves may be due to exogenous mouse mammary tumor virus,
whereas those of the latter may represent induction of endogenous viruses
which are known to be involved in mammary tumor appearance late in the
lives of female mice in some species. Had more virus been transmitted
through their mother’s milk early in life, greater response differences with
dietary protein may have been noted. It is evident that mammary tumor
incidence in C3H/Hed mice supplied by the Jackson Laboratory has declined
appreciably. The same substrain used in our laboratories approximately
12—14 years ago and fed a standard commercial diet began to develop
tumors about 6 months earlier than those fed Diet 15 in the present study
(unpublished data). This decline is referred to in recent information from
the Jackson Laboratory announcing the present availability of a new inbred
strain C3H/Oud with high mammary tumor incidence.

An association between sugar intake and tumors has recently been report-
ed by several investigators [1,8,11,12,14,16]. In the study reported here,
significant enhancement of tumor incidence was seen in the group fed
sucrose, but only when the mice were 120 weeks of age (Fig. 3D). The
differences in average weight gain between these 2 groups, however, was
substantial. Our previous studies, using H238 or no. 51 cell-induced tumors,
showed that both tumor volume and incidence were slightly (but not always
significantly) greater in the sucrose-fed groups when compared to the dex-
trin-fed groups [10,18].

The C3H mouse mammary tumor model is the third model used with
the same 15 diets containing low and high levels of 5 different sources of
protein [10,18]. In all 3 systems, milk as the protein source, particularly
at the low (11%) level, appears to have a restricting effect on tumor develop-
ment. Experiments which may help to clarify the possible mechanism(s)
involved are currently underway in our laboratories.
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