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ABSTRACT Significant differences in colon cancer inci-
dence worldwide have led to the hypothesis that this variation
can be explained largely by environmental, notably dietary
inf luences. Although a positive correlation between dietary fat
intake and incidence is suggested from some human epide-
miological and rodent carcinogenesis studies, a direct asso-
ciation remains contentious. Using a spontaneous mouse
tumor model of multiple intestinal neoplasia, we demonstrate
that there is a generalized increase in tumor counts, in both
the large and small bowel with higher dietary fat [standard
(3%) fat versus high (15%) fat diet (mean 6 SD) 1.59 6 1.46
vs. 3.85 6 2.37 P < 0.001 and 21.36 6 7.4 vs. 31.3 6 9.7,
respectively, P < 0.001]. Increasing dietary fat also increases
polyp size in the small bowel. These changes appear indepen-
dent of total calorific intake as assessed by body weights.
Halving the crude fiber intake together with an increase in
dietary fat from 3% to 10% did not have as marked an effect
on tumor counts as an increase of fat alone to 15%, which also
decreased survival (P< 0.05). These results demonstrate that
increasing dietary fat intake from weaning can have a signif-
icant adverse effect on polyp numbers in mice genetically
predisposed to intestinal tumor development. A further un-
derstanding of the biology of this interaction may provide
novel strategies aimed at both colonic polyp prevention and
treatment.

In the developed world, colorectal cancer (CRC) vies with
prostate cancer as the commonest nonsmoking related cause
of cancer deaths. A remarkable 20-fold difference in incidence
worldwide, has led to the attractive hypothesis that this vari-
ation can be explained largely by environmental influences (1).
Studies of normally lower risk populations show that they can
take on the higher host risk even within amigrating generation.
Claims that up to two-thirds of such incidence variations are
accounted for by diet, notably changes in the fat and fiber
content, have been difficult to substantiate. The major diffi-
culty in unravelling dietary epidemiological and analytical data
is whether the observed trends can be ascribed to a specific
class of, or a single constituent, nutrient. Indeed, interven-
tional prospective studies have often failed to reveal a reduc-
tion in risk (2).
Despite strong epidemiological evidence of an association

between dietary fat intake and colorectal cancer incidence, a
causal relationship continues to be questioned. Since fat intake
is predominantly sourced from red meat, there maybe other
associated ingestants that are responsible for the apparent
increased risk (3). Dietary intake of other constituents such as
fiber and micronutrients may also mitigate against this risk.
There are obvious major limitations in prospectively studying

interventional environmental influences in human colorectal
cancer. These include the accessibility and availability of
sufficient numbers of patients and study material for statistical
validation, the relatively long clinical history of disease in some
patients, the ethical barriers to initiating double-blind con-
trolled interventions, and the subsequent intensive monitoring
of their effects. Study populations, being genetically hetero-
geneous, may further confound analyses by the complexities of
different environmental exposures prior to, and often during
trials.
Familial adenomatous polyposis (FAP) is an autosomal

dominant disorder in humans characterized by the develop-
ment of numerous colorectal polyps with invariable develop-
ment to colonic carcinoma by middle age. Germ-line muta-
tions of the APC (adenomatous polyposis coli) gene are
responsible for FAP (4–6). Although it accounts for less than
0.5% of all colorectal malignancies overall, it remains a good
investigative model for sporadic disease, as mutations in APC
are often also present as the earliest genetic alteration in most
sporadic colon carcinomas (7).
Carcinogen-induced intestinal tumors in rodents, using di-

methylhydrazine (DMH) or azoxymethane, have been the fa-
vored animal model of CRC. Studies with dietary fat augmen-
tation in such models have generally, but not invariably, shown
adverse effects (8). The variability of scheduling and dosage of
administration of DMH, the rodent strain used, and type and
timing of fat augmentation, make interpretation difficult.
Additionally, although DMH-induced invasive tumors in ro-
dents have been shown to have Rasmutations, they rarely have
Apc mutations or P53 allelic loss, questioning the relevance of
this carcinogenic model to human CRC (9). In support of this,
DMH-induced CRC susceptibility loci mapped in recombinant
congenic mice do not appear to involve Apc or P53 (10).
The multiple intestinal neoplasia (MIN) mouse has a fully

penetrant dominant phenotype (11), which cosegregates with
a germ-line nonsense mutation (codon 850: leu (TTG) . stop
(TAG)) in the murine homologue of the APC gene (Apc) (12).
This mutation is analogous to those found in human FAP
kindreds and in sporadic colorectal cancers. APC murine and
human coding sequences are 86% and 90% identical at the
nucleotide and amino acid levels, respectively, with conserva-
tion of important motifs. Homozygote MIN mice are embry-
onic lethals (13), but heterozygotes on a C57BLy6J back-
ground develop numerous predominantly small intestinal ad-
enomatous polyps within the first 3 months of life. There is also
an increased incidence of non-mouse mammary tumor virus-
dependant mammary tumors, which remains unexplained as
neither FAP nor APCmutations are obviously associated with
breast tumors in humans (14). The MIN mouse thus provides
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the first spontaneous tumor model for examining approaches
to the prevention and treatment of intestinal polyps.
We present here the effects of increasing dietary fat on

intestinal polyp formation and survival in this spontaneous
intestinal tumor mouse model.

MATERIALS AND METHODS

Establishment of the Imperial Cancer Research Fund
(ICRF) MIN C57yBL 6J Colony. MIN (C57BLy6J-
ApcMiny1Apc) heterozygote mice were originally obtained in
1992 (gift from A. Moser, McArdle Labs, University of
Wisconsin, Madison). Male mice were initially back-crossed to
female C57BLy6J (ICRF Biological Resources, Clare Hall,
South Mimms, Hertfordshire, United Kingdom), and the
resultant embryos were transferred by aseptic hysterectomy to
foster mothers in specified pathogen free isolators. All breed-
ing was subsequently performed in specified pathogen free
units by brother (C57BLy6J-ApcMin/1Apc)-sister (C57BLy6J)-
mating.
Genotyping was carried out by a PCR-based reaction using

three primers including an internal control for normal mouse
DNA as described (15). DNA was extracted from ear or tail
snips at 21 days of age. Briefly, ear snips were put in 20 ml of
freshly prepared lysis buffer [12.5 ml 1 M Tris (pH 8)y1 ml 5
M NaCly2.5 ml 10% SDSy25 ml 10 mgyml proteinase Ky250 ml
autoclaved double-distilled H2O] and mixed and heated in a
558C bath for 1 hr, mixed again, and heated for a additional 2
hr, and transferred to ice. Eighty microliters of ddH2O was
added and the digest boiled for 15 min to inactivate the
proteinase K. Next, 2.5 ml of this mixture was used for a 25-ml
PCR. Alternatively, 1 cm of fragmented mouse tail (obtained
under anaesthesia) was placed in tail lysis buffer (700 ml
TENsy35 ml 20% SDSy35 ml of 10 mgyml proteinase K) and
incubated overnight at 568C. DNA was obtained by standard
phenolychloroform extraction with isopropanol precipitation
and stored in 250ml TE. One-half microliter of this mixture was
used for a 25-ml PCR.
Two hundred and twenty-nine (C57BLy6J-ApcMin/1Apc)

(MIN) and 23 (C57BLy6J-1Apc/1Apc) (wild-type) control mice
were randomly stratified prospectively (from over 50 matings)
into 3 dietary groups as follows:
(i) A ‘‘Standard’’ diet with approximately 3% total fat

content (ICRF Rodent diet GR3EK.R20, Special Dietary
Services, Witham, Essex, United Kingdom). The crude fiber
content of this diet (as assessed by the acidyalkali extraction
technique) is 4.1% and the carbohydrate and crude protein
contents 58% and 19.8%, respectively.
(ii) A ‘‘Fat’’ diet with a minimum 10% total fat content

[Teklad mouse breeder diet(W) 8626; Madison, WI] obtained
from the same source as that used in the first published data
on MIN (11). Constituents other than the fat content of this
diet also varied from diets (i) and (iii) in that the crude fiber
content is halved to 2%, although the crude protein is similar
at 20%.
(iii) A ‘‘High Fat’’ diet with approximately 15% total fat

content. This was specifically reconstituted by SDS from 85%
by weight of the standard ICRFRodent GR3EK.R20 diet (i.e.,
as diet i above), with an additional 15% corn oil by weight. The
fourmain fatty acid constituents of the corn oil used are: 42.9%
linoleic, 23.4% oleic, 9.8% palmitic, and 2% steric.
The standard (i) and high fat (iii) diets are therefore similar

apart from their total fat contents, whereas diet (ii) Fat differs
in fat and has a lower fiber composition. The range of diets was
selected in part to help account for the substantially lower
polyp numbers and increased survival that we had originally
observed in our ICRF MIN mice, as compared with the
originally published data from which our MIN mice were
sourced (11).

Diets were randomly allocated and initiated ad libitum from
weaning at approximately 21 days of age, after their transfer to
dedicated isolators housed in a separate ‘‘open’’ unit (i.e., under
normal nonspecified pathogen free animal laboratory condi-
tions). No attempted adjustment for calorific dietary values was
made, because mouse end-calorific intake and utilization is not
easily controllable or assessable, and is further compounded by
the potential differences in palatability between the three diets.
There have also been reports of abnormal dietary handling,
including obesity resistance in the C57BL laboratory mouse for
which the basis is unclear (16). The mice were however weighed
in their stratified groups on a weekly basis, from weaning until
sacrifice. C57BLy6J-1Apc/1Apc mice of each sex were also ran-
domly allocated as negative controls within each dietary group to
exclude possible unexpected adverse dietary effects and also as
positive controls for weight comparisons. This was to ensure that
our observations were not confounded by detrimental effects
independent of the MIN phenotype or conversely, abnormal
dietary handling that might be MIN dependant.
The need for sacrifice was determined by independent

technicians who assessed the mice daily. MIN mortality is
usually due to severe progressive anemia, rectal prolapse, or
intestinal obstruction. Progression of a mammary tumor to
beyond 1 cm in diameter also necessitates sacrifice. When
possible, post-mortems, counting, and measurements were
carried out single-blind by only one person (H.S.W.), other-
wise tumor measurements were disregarded. At post mortems
the intestine was isolated, dissected longitudinally, washed
three times in PBS, and spread onto 3MM paper. The small
bowel was divided into three approximately equal sections
[proximal (SB1), middle (SB2), and distal (SB3)]. An assess-
ment of the visible number, size [mean of two largest diameters
with digital callipers (Micron Sales, London)], and distribution
of intestinal tumors was then made under a 310 dissecting

FIG. 1. (a) Large and (b) small bowel polyp counts in MIN
(C57BLy6J-Min/1Apc) mice on three different diets varying in their fat
composition. Comparisons by Wilcoxon’s rank-sum tests.
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microscope. The accuracy of tumor size resolution by this
approach necessitated counts per 1-mm interval. Sections were
then fixed into 9% formal saline and embedded in paraffin for
histological evaluation. All procedures are approved by the
ICRF animal ethics committee.
Statistical Analyses. Data were entered into Microsoft

EXCEL 5.0 and subsequently analyzed using STATA 4.0 (Timber-
lake, Kent, United Kingdom). Comparisons of survival by diet
used Kaplan–Meier and log-rank analyses and were cause-
specific (not including mice sacrificed for mammary tumors).
Tumor numbers were compared with Wilcoxon’s rank-sum
test. For tumor size, the proportion of tumors larger than 3 mm
in diameter was compared by Pearson’s x2 test.

RESULTS

Our data show that increasing the dietary fat content from
weaning, has significant adverse effects on the number of large
and small bowel polyps, and on the polyp-specific survival in
the MIN mouse (Figs. 1 a and b and 2a). These effects are all
sex independent. There is a consistent trend in the comparison
of the Standard 3% fat diet with increasing dietary fat for all
three of these variables, but the differences in survival only
attain statistical significance between the lowest (3%) fat and
the High (15%) fat diets. However, Fig. 2b shows the effect on
the survival curves when five (from 15%) and three (from
10%) mice were excluded from the survival curves (‘‘outliers’’
on residual analysis). The wild-type control C57BLy
6J-1Apc/1Apc littermates had a mean survival beyond 500 days,
irrespective of their different diets. This is significantly greater
than the average survival for any of the C57BLy6J-Min/1Apc
dietary groups (p , 0.001, log-rank comparisons; Table 1).
Most negative controls were specifically sacrificed randomly
after 500 days to ensure that they had not developed any
intestinal tumors, which was confirmed histologically. This
suggests that the observed decrease in MIN survival with

increasing dietary fat, was directly due to the increased as-
sessable tumor burden.
The differential distribution and diameter of polyps across

three equal segments of small bowel (SB1, -2, -3, respectively)
was assessed in 30, 26, and 33 mice from the 3%, 10%, and 15%
fat groups. This showed no specific segment within the small
bowel that was preferentially affected in terms of polyp counts
by the changes in dietary fat (data not shown). There was a
significant increase in the proportion of tumors larger than 3
mm in the whole of the small bowel when 3% dietary fat was
compared with either 10% or 15% fat [25.7% vs. 40.7%, P ,
0.001 and 25.7% vs. 31.1%, P 5 0.013, respectively (Table 1)].
The 10% fat diet had a significant tumor enlarging effect
within all three segments of the small bowel, whereas the 15%
diet effect was only significant within one segment (SB2). The
magnitude of increase was also proportionately larger for the
10% as compared with 15% diet. None of the diets enlarged
tumors in the colorectum.
In comparing tumor occurrence by age, there appears to be

a proportional, almost linear, increase within the three differ-
ent dietary groups. This effect is clearer for the small than the
large bowel (Figs. 3 a–c). Fig. 3d superimposes individual
logarithmic regression lines and suggests that the rate of
increase of polyp numbers with age is higher with increasing
dietary fat, but the differences between the groups are only
likely to be apparent after approximately 100 days of age. The
differences also appear to increase until sacrifice, suggesting
either that new tumors continued to develop throughout life or
that a higher proportion of tumors attain our detectable size
threshold. These data suggest that an age-adjusted correction
for comparing polyp counts would have the effect of accen-
tuating the differences further. Thus, mice on lower fat diets
would have an even lower age-adjusted polyp count as they also
survived longer than those in the higher fat groups, and vice
versa.
As the diets were not isocalorific, the mean weekly weights

of a sample of each group of mice are shown in Fig. 4. The
overall mean weights between the 3%, 10%, and 15% dietary
fat groups were not significantly different throughout their
lifespans or as assessed bymaximum attained weights (data not
shown). A divergence trend is apparent after about 15 weeks
of age but is confounded by a gradual drop in weights from
around 24 weeks due to MIN-dependant morbidity and larger
variation, since the number of assessable mice progressively
decreased. The weight patterns of the equivalent groups of
C57BLy6J-1Apc/1Apc controls were again similar up to about 20
weeks (data not shown), demonstrating that Apc is not likely
to be involved directly in intestinal absorption or metabolism.
Histology. Apart from size, no obvious differences were

found between the dietary groups, either in the macro- or
microscopic appearance on hematoxylinyeosin sections of
small or large bowel polyps. Local invasion into the lamina
propria is rare in MIN but appears commoner in the larger
polyps, and was not observed in tumors smaller than 3 mm in
diameter. No obvious increase in invasive tumors was observed

FIG. 2. (a) Kaplan–Meier survival curves of MIN (C57BLy
6J-Min/1Apc) on three different diets varying in their fat composition.
(b) The effect on the curves when eight animals are excluded (‘‘out-
liers’’ by residual analysis). Note that five of these mice are from one
parent.

Table 1. Summary table of collective data presented in text
and figures

Dietary Fat

Assessable n 3% 10% 15%

Overall survival, days 181 226.9 208.1 209
Excluding mammary 155 244.1 218.6 217.4
Wild type 23 .500 .500 .500

% mammary tumors 229 41.3 20 26.5
Small bowel polyp, no. 145 21.3 27 31.8
Large bowel polyp, no. 145 1.83 3.78 4.12
Polyps . 3 mm SB, % 89 25.7 40.7 31.1
Polyps . 3 mm LB, % 89 38.5 32 32.8
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with higher dietary fat. No metastases were seen microscop-
ically in mesenteric lymph nodes, liver, or lung in a random
sample of the mice.
Breast Tumors and Diet. Twenty-seven mammary tumors

occurred from 93 females overall (29%). There was no increase
in breast tumors seen on the 15% fat (26.5%) as compared with
the 3% fat diet (41.3%, 9 tumors per 34 females vs. 12 tumors
per 29 females). Although there were only 6 tumors per 30
females (20%) in the 10% fat diet group, this incidence was not
significantly different to the other two groups by Pearson’s x2.
The mean age of mammary tumor-specific sacrifice was sig-
nificantly less than the overall group survival (see Table 1), but
was again diet independent. Sacrifice due to the unpredictable
onset of prolapsed rectal polyps was also diet independent and
had no bearing on any of our endpoints (data not shown).

DISCUSSION

The survival of the first 100 C57BLy6J MIN mice at the ICRF
was significantly longer, with correspondingly fewer small and
large bowel polyps as compared with the originally published
data [223 6 43 days, mean 6 SD (ICRF-MIN) vs. 119 6 31
days] (11) from where our MIN mice were directly sourced.
This suggested that there may be strong environmental mod-
ifying factors influencing tumor initiation and development in

the MIN mouse model. We therefore set out to investigate in
a single-blind randomized controlled trial some of the possible
reasons for the apparent marked differences by altering the
dietary fat content of our MIN mice and also reinstituting the
same diet that was used in the original publication.
Our results demonstrate significant deleterious effects of

increasing dietary fat on the spontaneous intestinal tumor
MIN mouse model when bred on the C57BLy6J background.
This concurs with some human epidemiological studies of the
effect of dietary fat on the incidence of sporadic colorectal
cancer (17). Increasing the dietary fat by the addition of 15%
by weight of corn oil resulted in a significant increase in both
intestinal adenoma numbers and their size at sacrifice. For
polyp numbers the increase was proportionally greater in the
large as compared with the small bowel. Increasing dietary fat
was also associated with a reduced survival, concordant with
tumor burden. However, these deleterious effects of fat did not
obviously translate into a higher proportion of tumors being
invasive, nor of a more undifferentiated histological pheno-
type. There were smaller differences between the Standard
(3%) ICRF and 10% Fat diet groups, which were not always
statistically significant. As the increase in dietary fat was
intermediate in this case, it therefore may not have been
sufficient to increase tumor burden discernibly. Alternatively,
as there are other differences between these two diets, such as
the source and types of fatty acids, these may have mitigated
against any adverse effects of the increased total dietary fat.
Interestingly, the 10% Fat diet (Harlan–Teklad prepared) was
also lower in crude fiber (2%) than the two ICRF (SDS
prepared) diets (4% fiber), so the observed result of a smaller
difference between the standard 3% Fat and 10% Fat diets is
perhaps more surprising.
Our results suggest that diet alone cannot account for the

relatively large differences observed between our lower tumor
counts and the originally published data (11). It is possible that
strain differences between colonies are also partially respon-
sible, despite their C57BLy6J label. Indeed, intrastrain varia-
tion is suggested by Fig. 2b, because five of the eight outliers
were related. On the other hand, we have not observed any
significant change in tumor counts over time with our ICRF
MIN mice, which were originally fromWisconsin. Specifically,
there was no rapid decrease in tumor counts with the early
generations as might be expected if strain differences were
largely responsible (personal observations). Another possible
explanation is that diet is only one side of the equation and that
gut microflora, which is known to play a significant role in
interacting with dietary constituents, plays a critical role in
influencing the tumor micro-environment. We have already
observed significant changes in this regard in our own MIN

FIG. 3. (a–c) Small (solid symbols) and large (open symbols)
bowel polyp counts in MIN (C57BLy6J-Min/1Apc) mice vs. age on the
three different diets with best-fit logistic regression lines. (d) Loga-
rithmic regression comparisons between the three different diets from
the individual data in a–c (i.e., three graphs superimposed).

FIG. 4. Mean weights of MIN (C57BLy6J-Min/1Apc) mice stratified
by sex on the three different diets varying in their fat composition. The
weights are plotted at five-weekly intervals from weaning (from '3
weeks of age).
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colonies housed in facilities with different stringencies for
microbial avoidance.§
C57BLy6J mice are known to be homozygous null for

secretory phospholipase A2 (Pla2s), a luminally secreted in-
testinal enzyme known to have direct lipid-metabolizing ac-
tivity. Pla2s is within the candidate region for MOM-1 (a
modifier of MIN), which can influence about 50% of the
genetic variation in eventual tumor number attributable to
Min/1Apc (15). Despite the presence of the loss of heterozygosity
of human Pla2s (1p35–36) in about a one-third of sporadic
CRCs and equivocal evidence of modifying activity in duode-
nal disease in FAP (18), no Pla2s mutations have yet been
identified in sporadic CRC. Enzymes involved in phospholipid
and so dietary fat metabolism, which also demonstrate direct
anti-bacterial properties, may provide an important link to
understanding environmental influences on tumor develop-
ment. For example, they may contribute to the regulation of
luminal paracrine signaling molecules that directly act on
gastrointestinal epithelium, so influencing its rate of turnover.
In this regard, dietary lipids have been shown to alter the
production of the E-series of prostaglandins and influence the
metabolic activity of fecal microflora and concentrations of
intestinal sterol substrates. Bacterial fermentation of carbo-
hydrates and ‘‘Fiber’’ can lead to the production of short chain
fatty acids, such as butyric acid, which can exert strong trophic
effects throughout the gastrointestinal tract (19). Thus, an
understanding of the control of intestinal cell turnover influ-
enced by interactions between dietary constituents, the intes-
tinal microflora, and genetic factors may help to unravel
critical steps in tumor development.
Most animal studies to date have centered on rodent

carcinogenesis models. C57BLy6J is a relatively resistant
mouse strain to the induction of colonic adenocarcinomas by
DMH (20). Conversely, it is a highly sensitive strain to tumor
development with Min/1Apc (15, 21). Temple and El-Katib
showed that a high fat diet acted as a promotional factor when
given after DMH-treatment was stopped, but if given simul-
taneously with DMH administration only slightly increased the
incidence of colon tumors (8). Surprisingly, 3 of 36 C57BLy1
mice fed a diet supplemented only with corn oil and oleic acid
developed carcinomas with metastases, normally a very rare
occurrence in mice (22). Our high fat supplementation was
also based on corn oil, but we did not observe any metastases
in our study population. The problem with carcinogen studies,
as discussed earlier, is that the relationship between fat intake
and experimental animals remains contradictory and contro-
versial (17). Although a prospective study in nurses did show
a significant risk for dietary fat after adjustment for total
caloric intake (23), a causal role in other human experimental
and case control studies has not always been confirmed (24),
and indeed has even shown an inverse association (25–27).
There are suggestions that the specific type of dietary fat

may influence CRC risk, and it may be that the proportion of
saturated fat intake is important (28), but again not all case
control studies show this (29). A protective effect of mono-
unsaturated fat and linoleic acid [an n6-polyunsaturated fatty
acid (PUFA)] has been found in some studies (25, 30), whereas
PUFAs from vegetable, but not fish oils, had adverse effects in
others (31). Fish oils (containing eicosapentaneoic acid, an
omega-3 PUFA) and olive oil (monounsaturated oleic acid)
have also been shown to have an inhibitory effect of tumor
development in animals (31), including docosahexaenoic acid
in the MIN mouse model (32). All dietary experiments may
also be confounded by nonfat food variables, for example, a
high fiber intake often reduces the magnitude of the effect of
fat intake on CRC incidence in humans (28). In our experi-

ment, increasing the fat over 3-fold (from 3% to 10%) and
halving the crude fiber content (from 4% to 2%) had no
significant effect on survival, (or small bowel polyp numbers),
but did significantly increase the large bowel polyp numbers
almost 2-fold. This suggests that dietary influences on tumor
development are different in the large vs. the small bowel,
which may partially account for the 100-fold reduced fre-
quency of sporadic small bowel tumors in man. Our findings
should thus influence the dietary advice given to FAP patients,
since both rectal and duodenal recurrences are major causes of
morbidity after colectomy.
Our data suggest that tumors can be initiated by increasing

dietary fat. Carcinogenesis studies inMIN show that the period
most likely to influence tumor development is before the first
3 weeks of life. After 3 weeks, a weaker influence can be
observed on polyp initiation (33). Our diets were initiated after
weaning and, therefore, this cannot also be the critical period
for their influence. However, because our method does not
detect tumors ,0.5 mm in diameter, the observed dietary
effects may alternatively represent a shift in proportion from
smaller to larger tumors through adult life. Thus, the data are
inconclusive as to the role of dietary fat on tumor initiation vs.
promotion.
There is some evidence that an increased calorie intake per

se may have deleterious effects on tumor growth and, con-
versely, that calorie restriction can reduce tumor incidence in
laboratory animals (34–36) and prolong survival in P53 null
mice (37). In humans, the evidence is less certain (38). Our
experiment was not isocalorific, because the exact dietary
intake would be both difficult to control and ascertain accu-
rately. Additionally, the physical consistency and possibly also
the palatability of the diets was different. Furthermore, dietary
intake regulates satiety leading to a physiologic calorie adjust-
ment. Using weight as a marker, MIN mice on the three diets
did not have statistically significant differences in weight
during their lifespans, which was perhaps initially surprising.
However, one of the diets (10% fat) has other major constit-
uent differences. Fig. 3d suggests that polyp number differ-
ences between the three diets are already apparent by 100 days.
Published data suggest that tumor formation occurs before 60
days (39). The early effects of our diets are therefore clearly
independent of end-calorific intake as judged by mean weights.
This would suggest that our observations are due directly to the
proportion of fat consumed and are not, at least initially,
calorie dependant. The proportion of tumors larger than 3 mm
was highest in the 10% fat group, so this effect may have been
due to differences other than the fat content in this diet.
Cellular based experiments have shown both enhanced

proliferative or suppressive effects, depending on the specific
lipids investigated. These observations are further confounded
by the questionable relevance of in vitro proliferation studies
to intestinal carcinogenesis. Spontaneous tumor-forming ani-
mal models with genetic defects akin to those identified in
human disease may be a better approach to studying the often
complex effects of environmental influences, such as diet.
Cause-specific mortality can be also be assessed as an end-
point, which is of more relevance in experimental design, when
extrapolating to human studies.
In conclusion, increasing dietary fat intake has adverse

effects on tumor numbers, size, and survival in the MIN
mouse. The mechanism and overall significance of these
effects to humans are unclear and are likely to be complex, but
may help provide an exploitable future strategy for tumor
prevention and treatment. Further experiments to ascertain
the mechanism of these effects, particularly the potential
interaction with the gut microflora, are underway.

We are very grateful to Profs. A. Moser and W. Dove (McArdle
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the ICRF. We are also most grateful to the Biological Resources unit
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(ICRF) and the ICRF Histopathology and Statistics units. H.S.W. was
funded both by a Medical Research Council Clinical Training fellow-
ship and the ICRF.
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