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Abstract

The role of milk and dairy products in cancer prevention was debated for a long time. In some cases they seem to promote
some hormones related neoplastic pathologies. Yet, as we here describe, milk and dairy products may be helpful in
colorectal cancer prevention, because of their calcium content, showing the capability of inactivating bile acids. Fats seem
not to be relevant. In fact, although animal fats generally exert a pro-neoplastic effects, recent findings demonstrated that
milk and dairy foods preventive role of colorectal cancer is not affected by their fat content. IGF-1, which was similarly
considered a pro-carcinogenic factor, was “exonerated” more than ten years ago, because different authors showed that its
effects are not influential in people. Previous investigations led to consider IGF-1 as the principal cause of colorectal
cancer, and it was just around the year 2000 that epidemiological studies refuted the pre-existing hypothesis about IGF-1.
Hence, milk and dairy products may be advisable, not only because of their nutritional value, but also because of their
preventive effect of colorectal cancer. Moreover, their consumption should be encouraged also in cancer patients, because
their energy content, together with their micro- and macronutrients, may represent a good eating habit against cachexia.
Yet, a special care should be taken with patients developing lactose intolerance and hypolactasia, a possible side effect of
5’FU chemotherapy. Finally, we have to stress that a further care should be taken about cheeses consumption. Their
energy density and their saturated fatty acids content is not relevant in predisposing to colorectal cancer, but an excessive
intake should be avoided not to develop either overweight/obesity, or hypercholesterolemia.
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1 Introduction

Colorectal cancer is one of the leading causes of cancer death in Western countries [". Familial adenomatous polyposis
(FAP) and Lynch syndrome (hereditary non-polyposis colorectal cancer) are among the best known genetic conditions
predisposing to colorectal cancer development %), whereas low intake of fresh fruits and vegetables, and meals rich in fats
are considered key points of a predisposing diet > *!. Cappellani et al. "' recently analyzed various dietary elements and
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their role in colorectal cancer development, focusing their attention right on these perspectives. Moreover, Wada
summarized efficaciously most of preventive diet related subjects, talking about foods “limited-suggestively” reducing
colorectal cancer risk and foods “probably” reducing this risk °. In this last group, the author include cow’s milk
(hereafter mentioned simply as milk), dairy products and calcium, being the starting point for their key role in a both
possible preventive role of colorectal cancer development, and possible chemotherapy supporting role for colorectal
cancer patients. Whole milk and its derivatives are rich in calcium, which is able to bind bile acids and reducing their
transforming potential "), but they also contain fats, whose oxidation products showed mutagenic effects *). Moreover, in
2001 Ma et al. described the effects of milk as source of IGF-I (insulin-like growth factor 1) ), a mitogen and inhibitor of
apoptosis ', whose effects are yet negligible among men with high IGF-I/IGFB-3 (Insulin-like growth factor-binding
protein 3), in which calcium intake benefits exceed IGF-I intake possible risks . Hence, although some published results
may be not completely in favor of a frequent intake of milk and/or derivatives, summarizing all and more recent data
available, it is reasonable asserting that this kind of food exerts a preventive role in colorectal cancer development. A
recent, although not enough considered topic, is related to a supporting diet, after cancer development. In this review, we
will focus our attention on the different role that milk and dairy products may exert in colorectal cancer prevention and in
supporting management of oncologic patients.

2 Calcium, fats and I1GF-I: antagonist effects on colorectal
cells in milk and dairy products

Colorectal cancer development is a multistep process involving as before oncogenes activation, and later on tumor
suppressors inactivation '), During various progressing stages, foods may cooperate with cell transformation, or fight
against these events. Fresh fruits and vegetables are rich in fibers and antioxidants suggesting they can actually helping in
colorectal cancer prevention. Colorectal neoplasms are highly affected by diet, both because the whole intestinal tract is
dedicated to nutrients absorption and because patients are obviously particularly sensitive to nutritional status. Then, even
more than in other neoplastic pathologies, prevention and supporting to chemotherapy may be performed by diet. Here we
will summarize the effects of milk and dairy products consumption on colorectal cancer development. Their micro- and
macronutrients give them an important role in diet of several countries. Yet, just because of their nutritional contents, they
were considered pro-carcinogenic foods for a long time. We will consider the three principal bioactive compounds,
referring to neoplasm development, showing that milk and its derivatives may be advisable in a healthy diet and may be
considered preventive of colorectal cancer.

2.1 1IGF-1

Whole milk and, to a lesser extent, dairy products are largely advised for growing children because of their content in
calcium, proteins and growth factors. Their fats content can be easily inserted in a healthy diet, if dairy products are
consumed no more than twice a week and whole milk daily, according to age requirement. Their role in tumor
development, either preventing, or triggering, has been analyzed for several years, probably because cancer continuous
growing nature may be considered similar to a growing human being. IGF-I was considered for a long time among the
main causes of colorectal cancer development. In 1989, Koenuma et al. showed the sensitivity of two colorectal cancer cell
lines towards IGF-I, which induced an increase in cells duplication, regardless their different metastatic capability '),
casting light on IGF-I mitogenic effect. Ten years later, Giovannucci published a review, highlighting the contribution of
high IGF-I/IGFBP3 to various cancers development and focusing his attention also in direct and indirect antimitogenic
role of IGFBP3 3], In the same year, Ma et al. stressed that high levels of circulating IGF-I, if compared to IGF-I/IGFBP3,
may be a predisposing factor for colorectal cancer 'Y, This hypothesis was commented by Burroughs et al. !'*), which
wondered about a possible increased colorectal cancer risk in patients undergoing recombinant IGF-I therapies. Moreover,
they pointed out the need of a deeper analysis, also about the possibility of actually reducing cancer risk by IGF-I/IGFBP3
adjustment. Probably, questions raised by Burroughs et al. were due to the idea that a ratio cannot be so sharp in
predisposing to a neoplasm. Notwithstanding, they evaluated the analysis of Ma et al. as “the best epidemiological
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evidence” of that period and recognized that it represents a good hint for further studies. In 2001, Ma et al. finally
published their analysis continuation, showing that contribution of IGF-I by milk and dairy products to increasing IGF-I
plasma levels was negligible and not predisposing to colorectal cancer in men with high IGF-I/IGFBP3 !,

2.2 Fats

In 1984, Newmark et al. postulated that the adsorption of phosphate, calcium and dietary fats by food, may affect
colorectal cancer development '), Actually, several publications described a possible connection between animal fats and

colorectal neoplasms, as summarized by Vargas et al. ['”]

and yet a well characterized link was not found, since all data
collected are only suggestive ' '*1. Moreover, Sun et al. showed that milk fats may inhibit lung and colorectal cancer cell
lines ', On the other hand, a very recent paper highlights not only the preventive role of milk and dairy products in
colorectal cancer prevention, but also its independence from fats content **. Considering the broad number of
participants, milk and dairy products can actually be considered preventive for colorectal cancer in European population.
We believe that stressing race and geographical belonging of people involved in epidemiological studies is a topic of
pivotal importance. Sarkar et al. analyzing patients of Eastern India, suffering from colorectal cancer, found that more than
40% belonged to low socio-cultural classes and were involved to heavy physical labor *!\. Hence, in spite of prevalence of
colorectal cancer among obese and sedentary people, the occurrence of this neoplasm in skin and physical working people,
suggests that other patterns of the tumor development are possible. Summarizing the various papers, it can be deduced that
fat mass content in milk and its derivatives does not affect colorectal cancer development and it may even contribute to

neoplasm prevention.

2.3 Calcium

Calcium content in milk is about 120 mg/ 100 ml and according to Recommended Dietary Allowances (RDA) its daily
intake should vary between 200 mg for infants, to 1300 mg for young women (independently from lactation). Then, it
represents one of the most required micronutrient in human body, so as to be the most abundant macroelement. Calcium
role in colorectal cancer prevention is due to its capability of binding bile acids and hence to reduce their proliferative
effects 2. More specifically, as Holt efficaciously wrote, “calcium may precipitate or bring out of solution fatty acids and
bile acids that are potentially toxic to the colorectal epithelium” !"*). Furthermore, recent experiments performed in rats by
Pierre et al., showed that calcium may normalize nitroso compounds and lipoperoxidation phenomena in rats fed with
cured meat *'. Biomarkers of these biochemical events were also measured in urine and feces of human volunteers,
showing reduction when associated to adequate amount of calcium intake **). Again, Galas et al. performed a wide and
careful hospital case-control study, analyzing more than 1500 patients, to whom they gave a questionnaire about life and
diet habits **!. The final results showed that the increase of calcium consumption effectively helps to prevent colorectal
cancer development and the effect may be even enhanced by fibers intake. Hence a healthy diet, including a good amount

of fibers whose protective action is well known

, may be improved with an adequate daily calcium intake. Park et al.
showed that in order to gain a real colorectal cancer prevention, people should consume 1300 mg/d of calcium, whereas
the increasing of this deal did not demonstrate improving effects . Some authors published results slightly different,
such as Aune et al. *°!. They performed a meta-analysis about the effects of milk, dairy products and cheese, from which
they deduced that cheeses consumption, is not inversely correlated to colorectal cancer development % Although the
authors stressed the lack of evidence of cheese preventive effects, their results, in our opinion, should be considered a
further support in encouraging milk and dairy products intake, with a special care in avoiding excessive cheese
consumption. As extensively known, cheese is the dairy product with the higher calories content, hence not advisable for a
daily consumption, in a healthy diet. Finally, we would like to mention the study performed by Rock, who effectively
showed that calcium intake by food, rather by supplementation, is more effective in colorectal cancer prevention 7).

We can conclude that due to their macro- and micronutrients, milk and dairy products may exert an effective role in

colorectal cancer prevention.
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3 Milk and dairy products in patients suffering from colorectal
cancer

Several authors investigated the effects of food in cancer prevention (Table 1), but so far, few papers can be found in
scientific literature about diet as a support for chemotherapy in cancer patients. Cachexia and malnutrition are common
side effects of patients undergoing antiblastic therapies and during the last decades, an evolution about hindering this kind
of difficulties occurred. In 1976, Bozzetti et al. focused their attention on parenteral hyperalimentation, as a possible
strategy to tackle cancer patients malnutrition **!. In 2013, Berretta et al. highlighted the possibility of limiting cachexia of
patients undergoing antiblastic therapy by diet .. Hence, during these years it has been affirming the idea that food may
be helpful for people suffering from neoplastic pathologies. In this context, milk and dairy products surely represent a
good source of energy and nutrients, useful for such a purpose. Moreover, experiments on colon and breast cancer murine
models showed that milk fats can reduce gut damages induced by paclitaxel therapy ' Again, another murine colon
cancer model demonstrated the efficacy of yoghurt in reducing the activity of beta-glucuronidase and nitroreductase, two
procarcinogen enzymes . Moreover kefir, a fermented milk drink, showed properties related to decreasing of sleep
disturbance *'!. These results encourage milk and dairy products consumption during chemotherapy in colorectal cancer
patients, whose gut is obviously particularly sensitive. Yet, it has to be highlighted the possibility of lactose intolerance
and hypolactasia in patients treated with 5’FU % This side effect may be overcome avoiding lactose during
chemotherapy and hence, only hard cheeses may be advisable, because of their total lack of lactose. In such a context, a
nutritional scheme including hard cheeses consumption in colorectal cancer patients, may be highly advisable both to
provide high energy density food and to avoid complaints caused by possible lactose intolerance. This diet adjustment
should also take care of personal tastes and sensitivity of each single patient.

Table 1. Studies reporting the relationship between diet and colorectal cancer focusing on milk and dairy products

Authors Years Main Results
Intake of dairy products, characterized by low-fats, was associated with a modest increase in circulating
MaJetal. 2001 ; .
IGF-I levels, but lower risk of developing colorectal cancer.
Milk and dairy products fats show anti-tumor, anti meta-static, and anti-angiogenic properties. They also
Sun X et al, 2011 U and ey p . BogEmE prop Y
inhibit the side-effects of cytotoxic drugs.
The European Prospective Investigation into Cancer and Nutrition (EPIC) highlights the evidence for a
Murphy N et al. 2013 Curopean Fosp veste lon (EPIC) highlig
possible protective role of dairy products on colorectal cancer risk, independently by fats content.
Aune D et al. 2012 Milk and dairy products, but not cheese, are associated with a reduction in colorectal cancer risk.
Rock CL 2011 Milk intake is protective against colorectal cancer.
Can G et al. 2009 Kefir decreases sleep disturbance in patients treated for colorectal cancer.
. Analysis of different dietary products and life style factors on colorectal cancer development to implement
Cappellani A et al. 2013 ot . P Y P P
preventive strategies.
Berretta M et al. 2013 A good nutritional status in oncological patients during antiblastic therapy may be an effective support.
Dietary habits and nutritional status, together with a high calories intake and overweight, play an important
Mason JB 2002 Ly et & . by £ £ payanmp
role in determining the risk of developing colorectal cancer.
Eating habits are the most important factor for colorectal cancer risk; cancer prevention is based on a
Wada S. 2012 . . .
well-balanced diet and not on a single food based diet.
An energy- balanced diet rich in nutrient content from fruits, vegetables, nuts and grains, lean meats,
Vargas AJ et al. 2012 & & &

legumes, and low-fat dairy products is recommended to prevent colorectal cancer.

4 Conclusions

Milk and dairy products such as cheese, butter and yoghurt have been consumed ever since animals were domesticated.
Their consumption is highly variable throughout the world, yet they represent an important diet segment in different
countries. Their content of fats and proteins gives them high caloric density, hence their consumption should be set in a
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well scheduled diet. Moreover, milk and dairy products are also a source of retinol, riboflavin, and minerals such as
calcium. So, they can be considered foods suitable for infants and children. Low-fat dairy products retain proteins,
water-soluble vitamins, and minerals content whereas the fat-soluble vitamins are significantly reduced '*!. Various
authors suggested that milk and dairy products were associated with reduced colorectal cancer risk, although
anticarcinogenic role of fat content of milk is unclear. The EPIC study provided no evidence for divergent relationships for
high and low-fat dairy products with colorectal cancer risk *”’. Moreover, Sun et al. demonstrated that milk may exert a
sort of anti-metastatic effect during cancer chemotherapy !'*).

A possible explanation of colorectal cancer preventive role of milk and dairy products may be found in their calcium
content. According to Lamprecht et al., calcium seems to exert pleiotropic effects on normal and preneoplastic colonic
epithelial cells **!, whereas the authors highlighted its efficacy in reducing bile acids '**!. Finally, it has to be considered
that the high nutritional value of milk, may exert an important role in cachexia prevention in colorectal cancer patients, but
also in synergizing with some chemotherapeutic strategies, taking care of cautions with should be taken in case of
temporary lactose intolerance. Hence, milk and dairy foods may consumed with safety, paying attention to choose more or
less seasoned, and more or less fat products, according to the each one health needs.
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