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Nutrition and colorectal cancer
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Epidemiologic evidence on the relation between nutrition and colorectal cancer is reviewed. Colon cancer varies ap-
proximately 20-fold internationally. Although there is clear evidence of genetic predisposition to colon cancer, much
of this variation appears to be related to differences in dietary habits. At present, the data suggest that vegetables are
associated with lower risk, and that fiber alone does not account for this association. Further, meat consumption is
associated with increased risk but this, too, is not explained solely by its fat content. Several microconstituents of the
diet may be associated with reduced risk — including folate and calcium — but phytochemicals of other sorts may be
relevant. Mutagenic compounds, particularly heterocyclic amines, produced when protein is cooked, plausibly ex-
plain the meat association. The most consistent inverse association is with physical activity. Alcohol is associated,
though inconsistently, with increased risk. Rectal cancer is less well studied but, at present, there are few data to
suggest that the dietary risk factors are markedly different. Physical activity does not appear to be associated with a
lower risk. Colorectal adenomatous polyps also appear to share the spectrum of risk factors seen with colon cancer,
although, for adenomas, tobacco smoking is also a clear and consistent risk factor. There are a variety of links between
the dietary epidemiology and physiology of colorectal neoplasia and the relevant pathologic and molecular changes.

Other causal connections remain to be explicated.Cancer Causes and Control 1996,7,127-146
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Introduction

Colon cancer incidence rates vary approximately 20-fold
around the world" The developed world — North
America, western Europe, Australasia — shows the high-
est rates with age-adjusted (world standard) incidence
rates of 25 to 35 per 100,000 in the late 1980s.” It is notable
that the formerly relatively low rates in northern Italy are
now higher (> 30 per 100,000 for males) than in England
and Wales (<20 per 100,000 The formerly very low
rates in Japan have risen now to a level comparable to
those in England and Wales.”® The lowest rates are seen
in India (1 to 3 per 100,000)°

Colon cancer is essentially the only cancer that occurs
with approximately equal frequency in men and women.*
However, in North America and Australia (high rates)
and Japan and Italy (rapidly rising rates) in particular,
the age-adjusted rates in men now exceed those in wo-
men by as much as 20 percent. The differences are less
marked in England and Wales. The male and female rates

in New Zealand non-Maoris (around 30 per 100,000) are
equal. The tendency remains for the rates to be similar
between the genders or to or show an excess among wo-
men before the age of 50, and always to show an excess
among men after that age.>” The risk of cancer varies by
subsite within the colon.>** Subsite risk has been shown
to vary by gender and age: women have higher rates of
right-sided neoplasms; males develop cancer at somewhat
older ages and more distally.*®

Migrant data suggest that the 20-fold international dif
ference may be explained largely by differences in dietary
and other environmental factors. The one interesting ex-
ception appears to be the Maoris (Polynesians) who show
an unexpectedly low incidence in New Zealand (11.4 per
100,000 in males and 13.7 per 100,000 in females) despite
the apparent similarity of their nutrient intakes with
their non-Maori compatriots.>” There are some possibili-

ties that specific foods eaten may be markedly different®
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The Polynesians of Hawaii also had been reported pre-
viously to be at a lower risk than expected and compar-
able to that seen in New Zealand. This lower risk now is
seen only in women (13.7 per 100,000), with the male
Polynesians showing a rate of 28.0 per 100,000 — similar
to that seen in the United States White populations.® This
male-female difference (more than twofold), if not a con-
sequence of noncomparable denominators, is markedly
higher than that seen in any other population group.

More than 90 percent of cancers of the colon are ade-
nocarcinomas.” Very little is known about the etiology
of colonic lymphomas and carcinoids which comprise
almost all of the remaining histologic types.”

Five-year relative survival following the diagnosis of
colon cancer is almost 60 percent in the US,® with simi-
lar proportions reported in other parts of the developed
world"! Survival rates are not well described in many
areas of the world.

Migrant studies, as suggested above, as well as the re-
cent rapid changes in incidence rates in Italy, Japan, and
perhaps male Polynesians in Hawaii, have shown that
the disease is particularly sensitive to changes in environ-
ment. Incidence rates reach those of the host country
within one or two generations, even within the migrating
generation.”’> On the other hand, colon cancer has long
been known to occur more frequently in some families'
and there are several rare genetic syndromes which carry
an excess risk of colon cancer.’? It is, therefore, a disease
for which there are both established genetic predisposi-
tion and causal environmental exposures.

Epidemiology of colon cancer

Ecologic studses of diet

Many of the etiologic hypotheses for colon cancer were
generated from ecologic studies and clinical observa-
tions™?*% on fat, meat, and animal protein on the one
hand, and fiber and cereals on the other. Comparisons
almost always have been incidence and mortality from
colorectal cancer and Food and Agriculture Organiza-
tion (FAQ) (United Nations) food disappearance data
(the restricted usefulness of these data is well under-
stood) or, much less commonly, within-country data.
Many of the reported studies, therefore, are not so much
replications as repetitions of the same analysis. The stud-
ies of the International Agency for Research on Cancer
(IARC) Intestinal Microecology Group® and Jensen et
al ?* however, involved the measurement of diet and spe-
cific intermediate biology in individuals.

Of the 13 ecologic studies of fat, meat, and protein,
1127 reported correlations of 0.7 or greater with mor-
tality or incidence. Only the study of Jensen ez a/** failed
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to confirm such an association, while Enstrom™ reported
only a weak relation within the US. Nonetheless, similar
relations with population ownership of motor vehicles?®
and Gross National Product?” suggest that affluence
may be as good as the dietary variables in predicting in-
ternational variation. Of the seven studies of fiber and
cereals, six”***"* reported inverse associations between
bowel cancer incidence and plant-foods with correlation
of approximately —0.7. Again, the study of Jensen et al/**
failed to confirm an association. McKeown-Eyssen and
Bright-See® concluded that total fat and fiber consump-
tion together accounted for 67 percent of inter-country
variation in colon cancer death rates among men.

Analytic studies of diet

Nutrients and food. Analytic studies of colon cancer,
both case-control and cohort, are relatively consistent
with these ecologic findings,” but more importantly,
have provided data on associations with specific nutrients
and classes of foods. Interpretation of the impact of any
one dietary constituent on risk of colon cancer, however,
has been hampered by the failure to take account of the
high degree of collinearity among major nutrients.
Although methods to separate out the individual effects
of fat, protein, and total energy have been proposed,”*
the problem of collinearity is an issue that is more intrin-
sically complicated than can be solved by statistical meth-
ods. Nutrients are intimately bound to the foods in
which they are found (both in the physical and statistical
sense), and the presence or absence of association in a
given population may be, in part, a consequence of the
pattern of foods that are consumed. Most foods contain
many nutrients and, as in the case of plant foods, also
contain a wide variety of substances that have been
shown in animal studies and ir vitro to have potent ef-
fects; these are poorly measured in human diets.***? The
consequence of this is that associations between disease
risk and some nutrients may be stronger than others be-
cause those constituents are better measured, not be-
cause they are casually relevant.

More than 40 case-control and cohort studies of asso-
ciations between dietary factors and risk of colon cancer
have been reported, some represented by more than one
publication.***® Studies with primitive dietary meth-
ods, with very small populations, with significant metho-
dologic shortcomings, or with an unclear design™**
have been excluded from consideration here.

The majority of studies used some form of food fre-
quency questionnaire (FFQ), although only a few of
these have been examined for their reproducibility and
comparability with other methods such as diet re-
cords. %728 The more widely used and better charac-
terized instruments have between 50 and 150 items.



Of the dietary factors, the inverse associations be-
tween vegetable consumption and risk is the most consis-
tent observation. Of the 28 studies that have published
findings for vegetables, 23 reported an inverse associa-
tion. Inverse associations with fruit are much less fre-
quent. When attention is confined to those studies, both
case-control and cohort, with at least 100 cases, with a
FFQ of at least 50 items, and a response rate among cases
(case-control studies only) of at least 60 percent, there are
nine®%627073778L83861 g1y dies that have reported on vege-
tables, of which only the study of Peters et a/’! failed to
find a reduced risk in association with higher intake of
one or more measures of vegetable intake. Four other si-
milar studies®™*7** lacking only data on resonse rates
showed comparable findings. The related finding, that
foods high in fiber (often also a measure of vegetable as
well as grain intake) are inversely associated with colon
cancer risk, also has been noted in 11 of 17 studies and
seven37780B488795 £ 15768,7374778084 87889195 ¢ (1o [ar.
ger, better conducted studies as defined above.
Three®*™ of four other studies,”**”>** again lacking
only data on response rates, reported similar findings.
Meyer and White” showed that fiber differentiated be-
tween cases and controls, but suggested that the source
of this difference itself differed between the genders —
cereal fiber in men, fruit fiber in women. Howe and col-
leagues'™ completed a formal meta-analysis of 13 case-
control studies using original data and reported that
there was a consistently lower risk in association with
higher overall fiber intake — odds ratios (OR) of 10,
0.79, 0.69, 0.63, 0.53 for each quintile of consumption
from lowest to highest (P trend < 0.0001). However, in
those populations where cereal consumption is high —
southern Europe and Asia, particularly — there is a puz-
zling observation that risk is higher in association with
higher consumption of rice (Japanese)* or pasta and rice
(southern Europe).”**? In the four large prospective stu-
dies, 9100102 jryverse associations between intake of fiber
and risk of colon cancer have been weak or nonexistent.
Individual foods were not reported in all of these pro-
spective studies; nonetheless, associations with vegetables
or fiber from vegetables and fruits also have not been as
clear as those seen in the case-control studies.

Meat, protein, and fat are related consistently, almost
universally, positively to risk. Of the 19 studies that have
reported on the association with fat and protein, 15 have
shown an increased risk with one or both of these nutri-
ents. Only the studies of Macquart-Moulin® in France
and Tuyns” in Belgium, the Iowa Womens Health Study
(USA),” and the Netherlands cohort'® failed to find an
association; sugar was the only nutrient associated with
increased risk in these latter two studies. (One study,®®
using a 24-hour recall, found an inverse association with
fat in the Japanese Hawaiian cohort) Seventeen of 29
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studies have reported an increase in risk associated with
higher meat consumption. (Hirayama,® using a three-
item questionnaire in a very large cohort study in Japan,

found an inverse association). When attention is confined

1o the better conducted studies, eight®>$2717#858891 of
12 studiestO6271738L83858BI19498100 (1 o

ciation with meat intake. Four studies
shown an inverse association with fish or seafood.

These data suggest a positive association between fat
or animal protein intake and risk of colon cancer. None-
theless, an unpublished pooled analysis of many of the
better case-control studies (Geoffrey Howe, Columbia
University, NY, USA. Personal communication, 1995)
and several of the recent large prospective studies have
provided less support for a specific effect of dietary fat.
Many of the case-control studies have reported that cases
have higher total energy intake than controls. This is de-
spite the fact that differences in body size in the case-con-
trol studies sometimes have been small (cf section on
body size below). Further, there is evidence (see below)
of an inverse association between risk of colon cancer
and physical activity, which suggests that we should see
reduced, rather than elevated, food intake among those
who subsequently develop colon cancer. Is the associa-
tion between fat intake and colon cancer secondary to
the relationship with total energy intake? The above-
mentioned pooled analysis of 13 case-control studies
(Howe, personal communication, 1995) confirmed the
strong overall association between total energy intake
and colon cancer risk but, after adjusting for total energy
intake, failed to find an association with dietary fat.

The recent large prospective studies of diet and colon
cancer®®**1%%1% find no evidence of a positive association
between energy intake and risk of colon cancer. Indeed,
two of the studies”'® found inverse associations. These
findings are consistent with a protective effect of physical
activity (see below), and suggest a major methodologic
bias, 2 consequence of selective participation or survival,
differential recall of past diet, or some combination of
these, has occurred in the case-control studies. There is
little evidence that either total dietary fat or animal fat
are risk factors in three of these prospective stu-
dies.”®1%%1°2 I the Nurses’ Health Study (USA),®® the po-
sitive association between animal fat and colon cancer
risk no longer remained when controlled for red meat
consumption, whereas the association with red meat re-
mained statistically significant in the presence of a fat
variable (W. Willett, Harvard School of Public Health.
Personal communication, 1995). A similar association
with red meat and meat protein was seen in the Health
Professionals Follow-up Study (USA)® and processed
meats, but not fresh meat were associated with risk in
the Dutch cohort!®

In summary, these data are consistent with a positive
association between red meat consumption and risk of

ositive asso-
9557388 | ove
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colon cancer that is probably not accounted for solely by
its fat content.

Eggs. Eight case-control studies®®7176787%8592105 514 two
cohort studies®®'® have reported on egg consumption
and colon cancer risk. Nine of the 10 presented risk esti-
mates consistent with a positive association, with ORs or
relative risks (RR) in the range of 1.1 to 8.2 for high ¢flow
intake; in three of these studies, the association was sta-
tistically significant, as evidenced by a P-value less than
0.05 for a trend test, a P-value less than 0.0.5 for the OR
for the uppermost consumption level, or a 95 percent
confidence interval (CI) that excluded 10 for the upper-
most consumption level. Four studies reported ORs of
20 or greater for high c¢f low intake. Each of the eight
studies that met specific design criteria, similar to those
noted above, reported a positive association; in two of
these studies, the association was statistically significant.
Four studies®””*""1% have reported on risk of colon and
rectal cancers combined, but not separately. Each of the
three studies™!% that met the better design criteria
(defined above), reported statistically significant findings
consistent with a positive association for egg consump-
tion.

Calcium and wvitamin D. The calcium/vitamin D
question has been the focus of interest following the de-
velopment of a specific mechanistic hypothesis;'” a num-
ber of intervention studies in patients with adenomatous
polyps have been completed recently or are in progress.

Several ecologic studies have demonstrated inverse as-
sociations between calcium, vitamin D, and milk intake
and colorectal cancer mortality (eg. refs. 110-111). Many of
the analytic epidemiologic studies that have addressed
calcium 677375786 Vrie) i [ S5BILILIYT
dairy products*$0S2666773BEIMMEIRIS 11 relation to
colonic neoplasms are methodologically problematic
and have yielded inconsistent results.

Of 13 analytic epidemiologic studies (nine case-control
studies and four cohort studies) that have investigated
the association between calcium and colon cancer, eight
suggested inverse associations; three”>*>"" reported sta-
tistically nonsignificantly elevated risks with higher cal-
cium; and no direction of association was reported in
two. Of the eight studies suggesting inverse associations,
statistically significant decreased risk was found in three
of the case-control studies’™!"® and in two of the cohort
studies.">"* One of the studies that reported no associa-
tion with calcium and that did not provide a measure of
the strength of association was the Nurses' Health
Study.®® The strongest associations were reported by
Garland ez al,"*? Slattery et al,'® and Peters et al® Of
the two studies 7> that suggest positive associations of
calcium intake with risk of colon cancer, one® reported
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only univariate results even though total energy intake
was associated positively with colon cancer. No other fea-
tures of the studies appear to provide a simple explana-
tion for the diversity of findings.

Of five analytic epidemiologic studies (three cohort
studies and two case-control studies) that investigated
the association between vitamin D and colon cancer,
three® 11217 suggest an inverse association; one reported
a null association” and one, the Nurses' Health Study,
reported that there was no significant association, but,
as with calcium, did not report its direction. The inverse
associations in the other two cohort studies were statisti-
cally significant.">"

Folate. Giovannucci et al' recently have reported find-
ing an association between lower risk of colon cancer in
men and higher intakes of folate and methionine. They
further noted that this increase in risk with low folate
and methionine was marked particularly in those with
higher alcohol intakes. Indeed, among those with high
folate intakes, there appeared to be little association with
alcohol intake. These findings for folate are essentially
identical to an earlier report from the same group of re-
searchers on adenomas (see below) and similar to those
from the Upstate New York Study of rectal cancer (see

below).

Other micronutrients and minerals. The data on selenium
are interesting but derived largely from ecologic data.’”’
The human analytic data do not provide clear evidence
of association specifically with colon cancer'>'?? although
there are data suggesting associations between prediag-
nostic levels of selenium and cancer in general'? and gas-
trointestinal cancer in particular.**

The data on specific micronutrients such as ascorbate
and f-carotene are often, particularly among the early
studies, in the form of indices derived by combining rich
sources of the nutrient of interest”® A number of re-
searchers have reported reduced risks in associations
with specific micronutrients, eg., vitamin C**#*> and
various measures of dietary carotenoids,**’2%%%* byt
others have failed to confirm these (eg., ref. 96). Many
studies have not reported on these dietary components.
Further and most importantly, it has become clear that
the association between (usually reduced) risk and con-
sumption of specific micronutrients is explained as plau-
sibly by consumption of plant foods in general, or the
many substituent bioactive compounds that they con-
tain, as it is by one of the ‘established’ micronutrients. It
is a matter, largely, of what can be measured rather than
what is causal and, in most studies using food tables de-
rived, for instance, from United States Department of
Agriculture data, the levels of any but the most long-es-
tablished essential nutrients {such as ascorbate and a
composite carotene variable) are not available.



Meal frequency. Potter and McMichael® originally pos-
tulated an association between frequency of food intake
and risk of colon cancer. They reasoned that, as bile acids
are secreted into the bowel with each intake of food and
as the concentration of secondary bile acids in bile is de-
termined, in part, by the frequency of recirculation, risk
of colon cancer would rise with frequency of food con-
sumption. The Adelaide (Australia) case-control study
did not unequivocally confirm this hypothesis®” showing
an OR of 1.7 (CI = 09-3.1) for women consuming more
than four meals per day compared with those consuming
three or fewer after controlling for total energy inake.
The findings were similar for men and there was no asso-
ciation with rectal cancer in either gender. Subsequently,
three other studies””**® have shown statistically signifi-
cantly higher ORs (1.3 to 2.1) in association with a greater
meal frequency. Whether the nature of the food con-
sumed differs among those with different eating frequen-
cies has yet to be elucidated.

Food mutagens. Sugimura and Sato'? originally proposed
that specific heterocyclic amines, potent mutagens pre-
sent in cooked food, were important in the etiology of
colon cancer. Several separate classes of these com-
pounds have been identified'?® and have been shown to
be carcinogenic in animals.”*'¥ Evidence for their im-
portance in humans is derived from three sources. First,
the original observations on the role of meat, fat, and pro-
tein, described above, are consistent with a more specific,
correlated exposure as the causal agent. Second, the de-
gree to which meat has been cooked has been sought as
a specific datum in a case-control study (there are several
others currently in the field). In the one published study
of Gerhardsson de Verdier et 4/,'® an OR for colon can-
cer of 27 (CI = 14-59) was reported for the most fre-
quent consumers of fried meat with a heavily browned
surface (top 40 percent cf lower 60 percent of consump-
tion) and an even higher risk (OR = 6.0) for rectal can-
cer. The third area relevant to this hypothesis is the
genetic variability of the capacity to metabolize aryla-
mines (see below).

Physical activity
Reduced physical activity has emerged as the factor that,
perhaps, is associated most consistently with an in-
creased risk of colon cancer. Most studies have concen-
trated on occupational activity,”??1%¥  although
studies examining leisure time and total activ-
iy OBERISIZIOZ - d  participation in college ath-
letics'! also have shown a reduced risk for the more
active. The association has been observed in both gen-
ders.

Occupational studies have examined usual lifetime oc-
cupation, while most other studies have examined activ-
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ity levels two to three years prior to diagnosis. The time
at which physical activity may have its greatest impact is
not established, although some data exist: Lee et a/ 14
showed that individuals who reported high levels of ac-
tivity throughout their lives were at the lowest risk for
developing colon cancer, whereas those who reported
high levels of activity more recently were less well pro-
tected. This finding could suggest either that the lower
risk is, indeed, a result of higher lifetime physical activity
or merely that those who report consistently high levels
of activity over longer period of time, as opposed to re-
cently, are the most physically active. Studies of those in
sedentary jobs for a larger part of their working life also
indicate the importance of lifetime activity.*® Increased
activity in early adulthood, as reported retrospectively,
was not associated with decreased risk in women in one
case-control study."* Studies that have examined dietary
intake and body size as well as physical activity have
found that neither confounds the association with physi-
cal activity®¥¥*# It has been suggested that the effects of
diets high in fat or protein may be modified by physical
activity;"*¥ these interpretations should be viewed with
caution, however, because numbers available to evaluate
interactions were small. Studies that have examined rec-
tal cancer alone do not consistently show an inverse asso-

ciation with physical activity. 63140141

Body size

Individuals who consume more energy than they expend
through physical activity may be at increased risk of co-
lon cancer.* Those who are overweight may be at in-
creased risk of colon cancer because of this energy
imbalance. Most studies have relied upon recalled weight
and height from some time period prior to diagnosis and
have calculated a body mass index (BMI)(wt/ht?). Asso-
ciations with body size have been inconsistent. Some
studies have found that men and women who are in the
highest body size quantile are at as much as a twofold
increased risk of colon cancer,86778bISI8MOM2I6 1y
others have reported no association.”**" Increased sta-
ture, independent of weight, is associated with increased
colon cancer risk, with ORs for men of 2.1 and for wo-
men of 16" Early caloric restriction may diminish
cell proliferation, thereby reducing cell number and or-
gan size, or inhibiting some early tumor event.**!% It is
possible that hereditary factors associated with stature
also are related to cancer risk. The distribution of body
fat has been examined for its association with risk of co-
lon cancer in two prospective studies: in women, there
was no association;”®! but, in men, waist-to-hip ratio
(WHR) was a strong predictor.*? Intriguingly, in men,
two studies"*>™? also show that WHR predicts risk of
large, but not small, adenomatous polyps.
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Alcobol

Stocks" first reported an elevated, though not statisti-
cally significant, risk of colorectal cancer among daily
beer drinkers compared with abstainers (OR = 14) in
1957. Subsequently, the association between alcohol and
cancers of the large bowel has been explored in other
studies. Several different methods of assessing alcohol
consumption have been used: in some, exposure status
was defined as membership in specific groups, such as
those with a history of alcohol abuse or misuse,*** or
those employed in the beer industry;''*® in others, indi-
vidual intake was assessed using dietary histories, ques-
tions on the frequency of use of specific beverages, or
food-frequency questionnaires measuring average intake
of over the last year. Intake has been reported as mean
grams or milliliters per day, drinks per day or week, kilo-
grams per year, etc. Frequency of consumption (ie.,
none, infrequently, occasionally, daily) also has been
used. Not all studies considered abstainers as the refer-
ence group; some studies used the lowest group of alco-
hol consumers such as the lowest half, tertile, or quartile.
It is not entirely clear what effects these methodologic
differences may have on the consistency of findings but
they do not help to make associations clearer.

Ecologic studies. Four ecologic studies of alcohol and
colon cancer have shown a positive association.”>?
Geographic differences in cancer mortality have been
correlated positively with beer consumption (r =
0.58 - 0.76).°*%2 Changes in per capita beer consumption
from 1950-52 to 1960-62 have been correlated positively
with changes in colon cancer mortality rates from 1960-
64 to0 1970-74 (1o allow for a latency period), in the US,
United Kingdom, Australia, and New Zealand."®? A sig-
nificant, positive correlation (» =0.4) between wine and
cancer mortality rates across 41 US states has been re-
ported.™ However, a nonsignificant, negative correla-
tion (r = —013 to—0.23) was found across 29 countries
in the only other study that considered this associa-
tion.’®? Consumption of liquor across 41 states of the US
correlated positively with colon cancer mortality rates
(r =05-06)"

Cobort studies. Of the eight cohort studies that have in-
vestigated the association between alcohol and colon can-
cer in alcoholics>*¢1*%* or in people employed in
breweries,”'*®® none showed significant associations.
Only two of these studies included women.®>! In one
of these, there was a statistically nonsignificant 60 per-
cent elevated risk of colon cancer mortality among alco-
holic women when compared with the general
population of the UK.
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All of the general population cohort studies'®*!6>168

that investigated the effect of alcohol on colon cancer re-
ported significant results. Klatsky et 4/ reported a dose-
response relationship between alcohol and colon cancer
in women but no association in men; these results were
not confined to any particular colon subsite or alcoholic
beverage. In a study of Japanese adults,”’ there was a
fivefold increase in the risk of mortality from sigmoid
colon cancer, but no association with risk of proximal
colon mortality, among men who drank alcohol daily
compared with abstainers; daily beer consumers had a
12-fold elevated risk of sigmoid colon cancer mortality,
with less marked associations with sochu and sake. In
women, the RR for any alcohol consumption was 1.9 for
sigmoid colon cancer mortality. The Health Professionals
Follow-up Study' found an increased risk for colon can-
cer among both current and past drinkers. The associa-
tion was particularly marked among, and indeed
essentially confined to, those with a low intake of folate
or methionine.'®

Case-control studies. A significant, positive association
between alcohol and colon cancer has been reported in
cight 76BN (f 1613,476069768290IL 8169175 oo

control stud-ies. Of the three studies that included only
men,*>7>7* one'’* found no association and another®? re-
ported a nonsignificant 60 percent elevation in risk for
men who consumed at least 70 g of ethanol per day; this
was not specific to any type of alcoholic drink.

Three*%!8 of fiveS? 0702 556 control studies
that combined men and women reported a positive asso-
ciation between colon cancer and alcohol. In a study in
China,” the RR of colon cancer for those who consumed
at least 10 kg of ethanol per year compared with those
who drank less was 2.0. In Nebraska, commercial beer
consumption was associated with at least a 2.7 fold-eleva-
tion in risk of colon cancer compared with abstainers,
but no association was found for homemade beer or any
type of wine.® There was also a positive, dose-response
relationship between beer and colon cancer in the
Belgian study.”®

Of the seven case-control studies that
stratified on gender, one®® reported a positive association
between one or more measures of alcohol exposure and
colon cancer in women and three reported similar find-
ings in men.***'** Four studies”**"17* showed no asso-
ciation in either men or women. The data from the Third
National Cancer Survey (USA)"’ showed a positive rela-
tionship between colon cancer and total alcohol as well
as beer, wine, and liquor in men but not in women. Con-
sumption of liquor, but not beer, wine, or total alcohol
was associated positively in men and in women in an
Australian study,® this association was specific for the

13,47,60,69,169,171,175



proximal colon. One study’® considered potential modi-
fying effects, particularly of calcium and vitamin D, on
the association between alcohol and colon cancer, noting
that, in men, high alcohol intake was associated with in-
creased risk of proximal cancer only in those with a low
calcium and vitamin D intake.

Summary. Although cross-cultural, ecologic comparisons
are consistent with a positive association between alcohol
consumption and colon cancer, cautious interpretation of
these results is clearly warranted. Of the 20 general po-
pulation studies that have examined alcohol and colon
cancer, 12 have reported a positive association (12 of the
19 alcohol-rectal cancer studies showed a positive associa-
tion — see below). Inconsistencies in results may be a
consequence of the small number of cases in some stud-
ies or the result of differences in control groups, in meth-
ods of assessing consumption, and in preferred beverages
across countries and between the genders.

Caffeine and coffee

Caffeine or coffee intake has been associated with ap-
proximately a twofold increased risk in populations that
are predominantly members of the Church of Jesus
Christ of the Latter Day Saints (LDS), commonly known
as Mormon,"”® and Seventh-day Adventists (SDA),*® and
with a2 much smaller level of risk in one other case-con-
trol study.”” In other populations, coffee intake has been
associated with decreased risk (risk estimates in the range
of 0.6 to 07) or has been reported to have no associa-
tion, ¥#83859L76178 Gome of these differences in findings
could be a consequence of differences in the type and
quantity of coffee consumed. For instance, in the study
by Bjelke,*”*® where a reduced risk was observed at the
highest level of intake, those in the intermediate level of
intake (two to three cups a day) were at an increased level
of risk similar to those observed in LDS and SDA popu-
lations where the upper level of intake was only two to
three cups. Studies that have found an inverse association
with caffeine have proposed that the relation is a conse-
quence of the capacity of caffeine to increase serum cho-
lesterol levels by decreasing excretion of cholesterol;””
low serum cholesterol levels are associated with in-
creased colon cancer risk in some populations,®
although the temporality of the association is not clear.
The finding that caffeine or coffee increases risk are con-
sistent with the observation that coffee is mutagenic in
the Ames test.®"® The balance between constituents
that increase and decrease risk may vary by bean roast-
ing and coffee preparation, thus accounting for the in-
consistencies reported here. Random variation is a more
prosaic but equally plausible explanation.

Nutrition and colorectal cancer

Epidemiology of rectal cancer

The rectum is distinguished from the colon in that it
tends to have a shallower epithelium and is considered
usnally to be empty except immediately prior to defeca-
tion, although there are data to suggest that this is not
always the case even in normal healthy individuals.'®
The rectum appears to have few metabolic functions
with the exception of water absorption. In very few stud-
ies has rectal cancer been studied as a discrete entity in
relation to diet,"® although it has been reported on sepa-
rately in several papers—see below. There is, in addition, a
substantial literature on rectal cancer in relation to alco-
hol consumption and this is presented in detail below.

Diet

By and large, the published data on diet do not suggest
that the risk factors for rectal cancer differ substantially
from those of colon cancer although the rectum does not
appear to share other risk factors such as reproductive
history, physical activity, and meal frequency. "% p.
deed, some authors have argued that there is a greater
distinction to be drawn between the proximal and distal
large bowel (including rectum) than between the colon
and rectum.”

Freudenheim et al™" reported, in a study of 422 case-
control pairs, that risk decreased with increasing intake
of fiber from vegetables (but not grains), vitamin C, and
carotenoids (these relations were unaffected when con-
trolling for fat), and increased with increasing intakes of
total energy and fat (but also carbohydrate) and intake of
iron. Potter and McMichael,” in a study of 199 matched
case-control triplets, showed that there was a lower risk
of rectal cancer in women (and possibly men) for higher
intakes of vitamin C and, similar to the findings of Freu-
denheim, found a suggestion of lower risk in the pre-
sence of higher vegetable fiber intake but not cereal
fiber intake. Bidoli et /*? (125 cases and 699 controls)
showed a higher risk for red meat, cheese, and eggs, but
also white bread and polenta. They reported lower risks
in association with higher intake of spinach, carrots, and
whole-grain bread. Hu and colleagues,”® on the other
hand, reported that, in a case-control study of 225 rectal
cases and 225 controls, lower consumption of meat and
eggs was associated with higher risk. They noted also that
higher intakes of vegetables, particularly chives and
celery, and higher grain consumption were associated
with lower risk. Overall, these findings in a Chinese pop-
ulation suggest that dietary quality and variety (possibly
related to bioactive compounds in both plant and animal
foods) are significant determinants of rectal cancer risk —
a finding consistent with observations made earlier in a
Western younger male population®” Nonetheless, the
data available at this stage do not make a strong case for
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regarding the dietary associations of rectum and colon as
different.

Alcobol

Rectal cancer has been correlated positively with alcohol
consumption in all of the geographic and time-trend
studies considered; no gender differences were re-
ported.®162 Geographic differences in rectal cancer mor-
tality rates were positively correlated with beer
consumption (r = 0.71-0.81).13%160:162 Changes in per cap:-
ta beer consumption from 1950-52 to 1960-62 were associ-
ated positively with changes in rectal cancer mortality
rates from 1960-64 to 1970-74, in the US, UK, Australia,
and New Zealand.™!

Seven cohort studies examined the association
between alcohol and rectal cancer in either alcoho-
lics™> 136163164 or people employed in the beer indus-
try.1%® In the only study that found an association'
there was an elevated rectal cancer mortality rate among
male brewery workers compared with that of skilled and
unskilled workers in Dublin, Ireland (SMR =1.6); each
of these employees was allowed to consume two pints
of stout or other beer daily, free of charge. However, no
association was found in the only other study of brewery
workers;™® although the daily free ration of beer in the
this Danish study was higher than the Dublin study (six
pints ¢f two pints), it consisted of a lighter lager-type of
beer. The conflicting results from these two studies sug-
gest that there may be congeners in stout beers (that are
made from highly charred grain) that lead to elevated
risks of rectal cancer that are not present in lighter beers.
A dose-response relationship between alcohol and rectal
cancer was observed in all three cohort studies of the
general population.®*™® There was no difference be-
tween males and females in the only study that included
both genders, nor was the association specific to either
wine, beer, or spirits.®® Beer was associated significantly
with rectal cancer in men who consumed 15 liters of beer
per month compared with abstainers (RR = 3) in them
Japanese-Hawaiian cohort.®

Alcohol was associated positively with rectal cancer in
nine of 16 case-control studies. Two!”>"* of the three stu-
dies that included only males®>7>"* found a significant,
positive association between rectal cancer and at least
one category of total alcohol intake. In one of these, con-
ducted in Korea,” there was a fivefold elevated risk of
rectal cancer in heavy alcohol consumers compared with
abstainers. Gender-specific associations were not assessed
in five®3>77 18170172 of the 15 case-control studies that in-
cluded both males and females. There was no association
between rectal cancer and either total alcohol consump-
tion”"2 or any type of alcoholic beverage®*!® in any
of these studies.

One*® of the nine case-control studies that stratified
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on gender found no association between alcohol and rec-
tal cancer in either males or females. Six studies reported
a significant association with at least one type of alco-
holic beverage in males™$%%07b186187 3 { threebH169188 ro.
ported a significant association in females. The study by
Miller et al* reported a nonsignificant inverse associa-
tion with alcohol consumption in both males and fe-
males. ORs for rectal cancer in males ranged from 0.5 in
men who consumed < 47.7 grams of ethanol {(excluding
beer) per day®® to 2.1 in men who consumed at least six
kg of ethanol per year.9° In females, ORs were approxi-
mately 2.0 for the highest level of consumers compared
with abstainers.**'®” There was a positive association be-
tween beer and rectal cancer in three™7" of five stu-
dies!$ 1%L 86 for males. Beer was not associated
significantly with rectal cancer in females in any of these
five studies; however, the association was inverse in at
least two studies.*®'® There was a positive relationship
between wine and rectal cancer only in the Australian
study by Potter and McMichael®® and this was confined
to ferales. However, inverse associations with wine were
reported for males and females by Williams ez 2/’ There
was a significant positive association with liquor,’® and
an inverse association between liquor and rectal cancer
in the study by Kune et a,"" in both of these studies the
finding was confined to males.

In summary, among studies of alcoholics or brewery
workers, the risk of rectal cancer was elevated in four of
seven studies (RRs ranged from 1.0 to 3.3), although only
the study of brewery workers from Dublin showed a sig-
nificant association (RR = 1.6). There may not have been
enough power to detect a significant association in many
of the studies, given the small number of cases. Of the 19
general population studies that have examined alcohol
and rectal cancer, 12 reported a positive association (as
noted above, 12 of the 20 alcohol/colon-cancer studies
showed a positive association). Beer appeared to be re-
lated positively to cancer of the rectum in men more of-
ten than in women, in whom there were nonsignificant
inverse associations in two of 10 studies.

Epidemiology of colorectal,
adenomatous polyps

Adenomatous polyps are accepted widely as precursors
of colorectal cancer in humans. These nonmalignant neo-
plastic lesions have themselves been the subject of a num-
ber of studies since 1986 when Hoff and colleagues™®!®
published on risk factors thought to be important in the
etiology of colon cancer itself. There are a total of 16 stud-
ies in the literature where the roles of diet and alcohol
have been addressed. It is worth bearing in mind that
the issues that make the interpretation of case-control
studies of diet and cancer difficult — particularly recall
bias — may be marginally less problematic in studies of



polyps where it is theoretically possible (and especially so
in screening studies) to collect dietary data prior to diag-
nosis. However, selection bias is a much greater problem
in studies of this precursor where self-referral is often the
norm and where finding controls derived from the same
population, but known to be without disease, is a pro-
blematic issue.

Dietary factors and alcohol have been studied in a to-
tal of 16 studies, though some of these have produced
more than one report;®*?' there are three cohort stu-
dies,”*'% and 13 case-control studies. There are reports
of one study in the literature of ‘recurrent’ (metachro-
nous) polyps.”>%

Of the nine studies that reported associations between
risk of adenomas and fat, one showed an increase,?%
two'®*% reported an increase in men and one’® in wo-
men, and three were null®***® One study noted in-
creased risk in association with polyunsaturated fat, but
no relation with total or saturated fat;”** another found a
decreased risk in association with polyunsaturates and,
again, no association with saturated or total fac” The
study of metachronous polyps showed a positive associa-
tion with fat in women but not in men.”®® One study™*
reported that beef consumption was higher in male cases
than controls, and two studies™*® noted a high red-
meat-to-chicken-and-fish ratio as a risk factor. Two stu-
dies®” showed an elevated risk with simple carbohy-
drates.

As with colon cancer, the most consistent finding
appeared to be with 1glamt foods with eight
I 190194198199.204206,210 o (0183205 (1 dies showing lower
risk with higher consumption. The reported data are
clearest for fiber, both cereal and vegetable-and-fruit: five
of seven studies showed lower risk overall and the other
two reported lower risk in men or women only. Polyp
recurrence was also lower in women (but not men) with
higher fiber intakes.”®

Alcohol is associated relatively consistently with in-
creased risk;PHIBIOIT00072202 poever come stu-
dies'®*'%% had null results and one small study™
suggested a difference between men and women.

Physical activity was lower in cases than non-cases in
all three™ 2% of three studies that reported on this
variable.

Mechanisms

In a recent paper,”” I attempted to integrate some of the
epidemiologic findings with what is known about the
biology of colon cancer. Much of what follows is an up-
date of that paper.

Physiologic ard biochemical models

The earliest mechanistic model of colon carcinogenesis
was the bile acid hypothesis® — modified by an increas-
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ing understanding of colonic fermentation, volatile fatty
acid production, and a variety of resultant anticarcino-
genic effects.”™" (More recently, the effect of cooking
on food, resulting in both potential carcinogens such as
heterocyclic amines'>1? and promoters,m combines the
old search for human gut carcinogens with some new
ideas).

These physiologic hypotheses are neither mutually ex-
clusive nor incompatible with the epidemiologic observa-
tions. Specifically, fat increases bile acid production,
ultimately increasing the exposure of the bowel mucosa
to the toxic, trophic, and promoting effects of (particu-
larly secondary) bile acids.”* Fiber binds bile acids, re-
duces transit time, increases stool bulk, ferments to
volatile fatty acids which may be directly anti-carcino-
genic?™ and which, by lowering pH, may reduce the con-
version of primary to secondary bile acids.?® Thus, the
meat-and-vegetables hypothesis and the bile-acid/vola-
tilefatty-acid hypothesis appear to represent a one-to-
one mapping of epidemiologic on physiologic models.

The cooked-food hypothesis proposes, however, that
the association with fat is incomplete. High-fat diets con-
tain greater amounts of heterocyclic amines from meat
proteins'” and promoters as a consequence of cooking
at a higher temperature (cooking in fat produces higher
temperatures than cooking in water)?” Thus, argue the
proponents of this idea, the meat/vegetable hypothesis
is really the ‘high-temperature: increased-carcinogens
/low-temperature: low-carcinogens’ hypothesis. These,
again, are not incompatible models and, rather than sim-
plifying the picture, really may provide evidence for a
complex, interactive etiology, where one environmental
exposure may act at several stages in the carcinogenic
process.

Vegetables, particularly, have a variety of anti-carcino-
genic properties at both physiologic (via stool bulking,
transit time, etc) and molecular levels (see below).***?
Calcium, it has been proposed, lowers risk by binding
bile acids and fatty acids, thereby reducing exposure to
these toxic, trophic, and co-carcinogenic compounds. Ad-
ditionally, calcium may reduce cell proliferation di-
rectly.”® To date, evidence for these mechanisms from
human studies is scarce.

One other aspect of gut physiology is worthy of con-
sideration — endocrine metabolism. There is substantial
evidence that subsite and age differences in colon cancer
risk themselves vary by gender;**%?8 there is a female
excess of right-sided colon cancers at all ages and a male
excess of left-sided cancers. There is evidence, also, of in-
creased risk in association with having fewer chil
dren™?"?% though this, intriguingly, is sometimes,”°
but not always, different between men and women!'?®
Further, there are physiologic correlates for these obser-
vations: men and women differ, under controlled experi-
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mental conditions, on transit time, stool bulk, volatile
fatty acid production, and bile acid production; these dif-
ferences are, by and large, consistent with the epidemio-
logic observations.®®?2"*2 These data suggest differences
in gut metabolism between the genders that may be
mediated, ultimately, by hormones but also may suggest
differences in colonic bacterial populations, fermentation
rates, and general colonic milieu.

At epidemiologic and physiologic levels, our current
models of the etiology of colon cancer are relatively con-
sistent. However, the influences of fat, fiber, calcium, and
vegetables, of cooked food, of reproduction, of alcohol,
and of exercise seem to work each through multiple and
different but, in some cases, overlapping pathways to car-
cinogenesis. The variety of exposures — ingested foods
and host responses and states — primarily determines
what the colonic cell ultimately is exposed to; i.e., these
factors determine and condition the growth media*?**
— both luminal and plasma — in which the colonic cells
are bathed. Thus, each of epidemiologic risk factors oper-
ates through a variety of pathways that reasonably can be
thought of as physiologic cascades.”® For example, meat
and fat are a source of DNA-interacting carcinogens and
increase hepatic bile-acid production. Other factors, in-
cluding bacterial species, bacterial enzyme production,
and transit time will alter the production and concentra-
tion of secondary bile acids, thereby modifying the pro-
cess of cell damage and repair and causing changes in gut
surface area. The increase in cellular workload will in-
crease cell replication rates.

Ingested vegetables, on the other hand, increase the
fiber content of the large bowel which may bind bile
acids and may undergo fermentation, thus increasing
both bacterial mass and VFA production. This, in turn,
produces effects on cell replication and cell maturation
and inhibits secondary bile-acid production by reducing
intra-luminal pH. Meanwhile, the fiber and the increased
bacterial mass increase stool bulk and increase the work-
load of gut musculature and reduce transit time.”2>%

On the plasma side of the colonic cells, there is not
only the opportunity for exposure to carcinogens and
anti-carcinogens, but also the likelihood that specific re-
lationships — both  accelerating and  controlling
growth — exist between fibroblasts and epithelial cells;
these may be mediated particularly by endogenous
growth factors.???? The recent findings™® suggesting
lower risk in association with NSAID use provide em-
pirical evidence for this possible mechanism. Whether
growth factor paracrine/autocrine loops are related also
to some of the other established risk factors seems to be a
reasonable and testable question.”?

Overall risk of colon cancer, under this model, might
be regarded as the summation, over long periods, of the
moment-to-moment outcomes of these physiologic cas-
cades and molecular loops.”
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Cell [erypt model

The target cells of colon carcinogenesis are (probably
progenitor) crypt epithelial cells. Thus, increasing atten-
tion has focused on the transition from normal to malig-
nant cell and from macroscopically normal mucosa
through adenomatous polyps to cancer. The adeno-
ma/carcinoma sequence, as originally proposed by Hill,
Morson, and Bussey,” is now the accepted description
of this process and one that makes intervention in those
with polyps an attractive substitute for large-scale, can-
cer-prevention trials. However, the agents hypothesized
by these authors to explain both international differences
and the transitions, in individuals, from one state to the
next remain to be elucidated.

A likely marker for increased adenoma/carcinoma
risk is a persistently rapid, cellular replication rate.?!
Again, this is important because, if indeed the hypothe-
sized adenoma/carcinoma sequence is preceded by a
normal cell/adenoma sequence, even smaller and more
rapid tests of the anticarcinogenic potential of specific
agents (and even behavioral strategies) become feasible.
One other Stage in this process has been proposed —
the aberrant crypt or the microadenoma;*? its appropri-
ateness for human studies is not yet established but it has
been used as an endpoint in animal studies”” — and may
represent evidence of a normal cell/adenoma sequence.

There are two lines of inquiry that can be integrated
with the micro-anatomical changes described above. The
first is the work at the molecular level that provides some
confirmatory evidence for the coherence of the adeno-
ma/carcinoma sequence and, further, provides some
hints that allow understanding of the micro-anatomical
changes. The second perhaps is even more interesting —
data that may tie the epidemiologic risk factors (particu-
larly the dietary exposures) to the molecular and cellular
events.

Molecular models-genetic predisposition

One link across genetic susceptibility, diet, and the
DNA-damaging compounds is represented by the con-
sumption and metabolism of arylamines. These com-
pounds are present in large amounts in cooked protein;
their metabolism (and therefore the extent to which co-
lonic DNA will be exposed) is under genetic control. The
mechanism?*%** appears to be as follows: heterocyclic
amines readily undergo hepatic N-oxidation (jtself a
function of the activity of the phenotypically poly-
morphic enzyme, P450,,,). The N-hydroxy metabolites
can be transported to the colon via blood. In the colonic
epithelial cells or the liver, the N-hydroxy derivatives are
good substrates for O-acetylation (also via a polymorphic
enzyme — NAT2), producing N-acetoxy arylamines
which readily form DNA-adducts.***** Both the N-hy-



droxy form and the N-acetoxy form appear to be stable
enough to be transported directly via plasma; glucuroni-
dation is not a necessary step.”>* Glutathione-S-trans-
ferases (GSH), however, do appear also to be important
in protecting epithelial DNA from adduction by these
activated heterocyclic amines.”” Kadlubar, Lang, and
colleagues™® recently have shown that both NAT?2 status
and P450,5,-status predict risk and that fast acetylators
who are also fast N-oxidizers (approximately 16 percent
of the North American population) are at nearly three
times the risk of those who are slow acetylators/slow
N-oxidizers.

Familial Adenomatous Polyposis (FAP), also called
Adenomatous Polyposis Coli, is a rare genetic syn-
drome.”® Tt is characterized by the development, as
early as childhood, of multiple adenomas, numbering
from a few polyps to several thousand. FAP carries an
almost 100 percent risk of colorectal adenocarcinoma.
Localization of the FAP gene — APC — was accom-
plished independently by Leppert et a/*” and Bodmer
et al,”® in 1987; the gene was mapped to chromosome
5q. Gardner syndrome also was shown to be linked to
the 5q markers.” The relevant gene is now sequenced
and a variety of germline mutations have been de-
scribed 240243

Mutations at the APC locus are a common and prob-
ably a very early somatic event in polyps and cancer,*
supporting the idea that, for some individuals, the first
hit is the germline mutation of the gene and for others,
it is an early somatic event. The causes of the somatic
events remain to be established. The protein product of
APC associates in the cell with proteins called cate-
nins.2*?* This provides evidence that APC is involved
in some manner with cell adhesion and cell-communica-
tion. Whether there are links to diet or other risk factors
remains to be established but the APC gene does appear,
in the rat, to be vulnerable to mutation by heterocyclic
amines, particularly PhIP (see below).

Another form of colon neoplasia that shows familial
aggregation is Hereditary Non-polyposis Colorectal Can-
cer (HNPCC)*¥ This syndrome is not easily distin-
guished from ‘sporadic’ polyposis and cancer on physical
examination. The most clearly distinguishing features of
the family history are the tendency to early onset and a
pattern of other cancers — particularly those involving
endometrium, urinary tract, stomach, and biliary sys-
tem.”” An analysis involving two large HNPCC kin-
dreds®** found strong linkage to anonymous
microsatellite markers on chromosome 2p15-16**® and
suggested a mechanism different from that associated
with the inherited abnormality of tumor suppressor
genes — perhaps involving a predisposition to genetic in-
stability and manifesting as widespread alterations in
short repeated DNA sequences.?*®® Other similar
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genes exist in the human genome and have been linked
to HNPCC*' A plausible mechanism has been estab-
lished.?2

Molecular models — somatic events

Vogelstein and colleagues®™ ® have provided extensive
evidence that there is an accumulating (but not necessa-
rily linear) series of specific chromosomal and genetic
changes that accompany (and perhaps cause) the transi-
tion from normal colonic mucosa to metastatic carcino-
ma. Further, some of these changes™ show the
importance of cell-cell communication at stages other
than those involving APC — perhaps emphasizing the re-
levance of cell-adhesion both early in carcinogenesis (via
disruption of cell communication or impairment of
sloughing of cells at the luminal surface) and late (via
changes in metastatic potential).

Possible links between epidemiology

and molecular events

Are there any data to link the epidemiologic risk factors
to the molecular biology? Several lines of inquiry hint at
relationships and give insights into the kinds of questions
it is increasingly possible to answer.

Abnormalities of DNA methylation appear early in
colon neoplasia.®” Methylation is under genetic control
and expression of the methyl transferase gene is in-
creased considerably in the normal mucosa of cancer pa-
tients and is even higher in polyp and cancer tissue.?®® Of
even greater interest to the discussion here is whether
there are environmental influences on DNA methyla-
tion. Chronic methionine and choline deficiency pro-
duce alterations in DNA methylation and a variety of
tumors in rodents.”! Folate deficiency may have related
effects.” Giovannucci et a/'™?® recently have shown
that high folate, low methionine, and high alcohol (itself
often associated with low folate) are all associated with
increased risk of colonic adenomatous polyps and can-
cer, suggesting strongly that the abnormalities of methy-
lation seen in early colon neoplasia are plausibly related
directly to dietary factors. Do these data point generally
to mechanisms by which substances without direct
DNA-interacting capacity are, nonetheless, involved at
molecular level, in the cancer process? Recently, work
from Baylin's 1ab?® tentatively has linked this important
mechanism with the hormonal and reproductive data
briefly discussed above: in a sequence of 45 colon tumors
examined, all showed abnormalities of methylation of the
ER gene.

Certainly, there is evidence of other dietary influences
at the molecular level: one of the most interesting is the
hypothesis from Weinstein and colleagues?+? that fat is
important in colon carcinogenesis because it is a source
of diacylglycerol (DAG). These workers point out that in-
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tracellular DAG is an important part of the cascade that
leads from ras activation via a G-protein or from growth
factors via receptors to protein kinase C activation, pro-
tein phosphorylation, and cell turnover. They have pro-
posed®®* that the interaction of fat, bile acids, and
bacteria produces excess intraluminal diacylglycerol
which will mimic and amplify these cell replication sig-
nals.

Vegetables contain a large number of substances—both
micronutrients, such as carotenoids and ascorbate and
other bioactive compounds, such as phenols, flavonoids,
isothiocyanates, and indoles with a variety of potent an-
ticarcinogenic properties.***> The steps from pro-
carcinogen to neoplastic cell replication or (re-)
differentiation can be considered broadly as follows:
pro-carcinogen is activated to ultimate carcinogen (either
of which may be solubilized and excreted by a variety of
P450 and Phase II enzymes); carcinogen passes through
membranes; carcinogen interacts with DNA; synthesis
and replication of abnormal DNA (or DNA repair) oc-
cur; cell replication with abnormal DNA and abnormal
protein synthesis (or cell differentiation or apoptosis) re-
sult. At almost every one of these steps, one or more
known phytochemicals can alter the likelihood of carci-
nogenesis, usually in a favorable direction but sometimes
in a way that enhances risk. For example, glucosinolates
and indoles, isothiocyanates and thiocyanates, phenols,
and coumarins can induce solubilizing and (usually) in-
activating enzymes; ascorbate and phenolic compounds
can block the formalin of carcinogens such as nitrosa-
mines; carotenoids and flavonoids can act as antioxi-
dants; lipid-soluble compounds such as steroids and
carotenoids may alter membrane structure or function;
some of the sulphur-containing compounds may sup-
press DNA and protein synthesis; carotenoids may sup-
press DNA synthesis and enhance differentiation.

The fermentation of fiber results in the intraluminal
production of volatile fatty acids, such as butyrate. Data
from Paraskeva’s 1ab**%7 recently has shown that, in co-
lon tumor cells in culture, at least, VFAs will induce
apoptosis — yet another possible explanation for the low-
er risk that a diet high in fermentable fiber may confer.

It is also possible that dietary constituents could influ-
ence both early and later stages of the carcinogenic pro-
cess via effects on gene expression. For instance, the level
of dietary fat has been shown, in experimental animals,
both to alter the production of eicosanoids?®®%*’ (which,
in turn, can influence DNA synthesis and tumor produc-
tion) and the induction of genes coding for Phase I and 11
metabolizing enzymes.”%*"! Contrary data do exist, how-
ever.””? Further, fasting and refeeding are followed by
structural changes in the chromatin at the site of genes
involved in metabolic regulation and the degree and
kinds of changes are dependent on the amount of fat
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and protein in the diet;?”* this, via endocrine and para-

crine mechanisms could have a major effect on cell repli-
cation rates.

Dietary variables with the capacity for direct DNA
damaging effects include heterocyclic amines described
above.” Tt is worth noting that the transversion and
transition mutations seen with high frequency in K-ras
are plausibly related to the interaction between aryla-
mines and DNA.”* Work in Nagads lab recently has
shown that, in rats, heterocyclic amines can induce mi-
crosatellite instability,”” the hallmark of mutation of the
DNA mismatch repair genes described above. This group
has shown further that there is a specific fingerprint, in-
volving deletion of 2 G from GGGA sequences, asso-
ciated with PhIP, but not IQ, in the rat APC gene.”®
Such lesions however, have not been described in human
APC mutations where, in fact, G deletions appear rela-
tively rare”**¥7?8 Iy seems plausible that heterocyclic
amines could work at two levels — damaging both target
genes such as APC and ras as well as the HNPCC genes.
If the HNPCC genes are mutated somatically or a germ-
line mutation is inherited, such lesions will be poorly re-
paired and the process of carcinogenesis accelerated. This
could provide a link between carcinogenic dietary expo-
sures and the abnormalities in DNA mismatch repair en-
zymes seen in HNPCC.,

The suggestion of coherence among the epidemiology,
the physiology, and the molecular biology is encouraging
and challenging. Perhaps more importantly, seeking such
coherence across etiologic models is a process that may
be able to be generalized to other diseases. While the ex-
act mechanisms remain unclear, however, there are suffi-
cient empirical data to establish that diets high in meat
(and perhaps fat) are associated with increased risk, as
are diets low in plant foods — vegetables, fruit, and per-
haps cereals. Alcohol increases risk; physical activity and
lower body size reduce risk.The public health recommen-
dations that follow from these associations are clear.
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