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Lifestyle—what we eat, how much exercise we do, and how much

we weigh, can change our chances of getting diseases like cancer in

the large intestine (colorectal cancer). The World Cancer Research

Fund has come up with eight lifestyle recommendations to lower

our chances of getting cancer. For example, we are recommended

to eat at least five servings of fruits and vegetables every day. It is

also important that we understand how our lifestyles, and following

these recommendations, a�ects our chances of getting cancer. How

does a healthier diet, doing more exercise, and maintaining a healthy

weight a�ect the biological processes that lead to cancer? In our

study, wewanted to find out how sticking to these Cancer Prevention

Recommendations could keep us protected from cancers in the

large intestine.

kids.frontiersin.org November 2022 | Volume 10 | Article 733901 | 1

https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2022.733901
https://kids.frontiersin.org/article/10.3389/frym.2022.733901
https://doi.org/10.3389/frym.2022.733901
https://kids.frontiersin.org/article/10.3389/frym.2022.733901
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2022.733901
https://kids.frontiersin.org/article/10.3389/frym.2022.733901
https://kids.frontiersin.org/article/10.3389/frym.2022.733901


Malcomson et al. Lifestyle and Cancer in Our Large Intestine

HEALTHIER LIFESTYLES REDUCE CANCER RISK

The foodswe eat, howmuchwe exercise, and howmuchweweigh are
all part of our lifestyle. The healthiness of our lifestyle a�ects how likely
we are to develop diseases such as heart disease and some cancers.
Cancer is a disease that a�ects the body’s cells and makes them grow
out of control. A person’s chances of getting cancer depend on their
genes and their age, but cancer risk can also be a�ected by lifestyle.
Did you know that about 40% of cancers could be prevented by having
a healthier lifestyle? Scientists have found that eating particular foods
and nutrients can change the chances of getting some cancers. But we
do not usually eat just single foods or nutrients, do we? We eat meals
and lots of di�erent foods each day. This means that it is important
to look at a person’s entire lifestyle—what they eat and do overall. We
can measure how healthy a person’s lifestyle is by seeing how closely
what they do matches with lifestyle recommendations.

The World Cancer Research Fund (WCRF) has written guidelines
called Cancer Prevention Recommendations to help people lead
healthier lifestyles and reduce their chances of getting cancer and
other diseases1. These guidelines include eight separate tips (Figure 1)

1 World Cancer
Research Fund
International. Diet,
Activity and Cancer:
Cancer Prevention
Recommendations.
Available at:
www.wcrf.org/diet-and
-cancer/cancer
-prevention
-recommendations/.

related to food, exercise, and body weight. For example, we are asked
to do lots of exercise and eat plenty of fruits and vegetables. Some
studies have found that people who stick to the Cancer Prevention
Recommendations have a lower chance of getting cancers [1] such
as colorectal cancer (in the large intestine). The next steps are for

COLORECTAL

CANCER

A disease that results
from cells in the large
intestine growing out
of control. scientists to investigate why and how this happens. What are the

biological processes in the large intestine that are a�ected by following
these recommendations? How could these processes change our
chances of getting colorectal cancer?

Figure 1

Figure 1

The WCRF Cancer
Prevention
Recommendations
include eight lifestyle
tips to help to reduce
the chances of getting
cancer. For example, it
is recommended that
we eat no more than
500g of red meat per
week, and very little
processed meat. In our
study, we did not
collect information on
sugary drink intake, but
we added the
non-smoking
recommendation.
People scored 0 or 1
for each
recommendation (or 0
or 0.5 for the fruits,
vegetables, and dietary
fiber recommendations)
and we added these
scores up to determine
the total score out of
eight points.

CANCERS GROWING IN THE LARGE INTESTINE

The large intestine is one organ that might especially benefit from a
healthy diet. The large intestine is the last part of the digestive system
and grows to be about 1.5m long. Its main job is to absorb water and
nutrients, and to pass undigested food out of the body. The inside

kids.frontiersin.org November 2022 | Volume 10 | Article 733901 | 2

https://www.wcrf.org/diet-and-cancer/cancer-prevention-recommendations/
https://kids.frontiersin.org/
https://kids.frontiersin.org/article/10.3389/frym.2022.733901
https://kids.frontiersin.org/article/10.3389/frym.2022.733901
https://kids.frontiersin.org/article/10.3389/frym.2022.733901


Malcomson et al. Lifestyle and Cancer in Our Large Intestine

of the large intestine is covered in small dips called crypts (Figure 2),
CRYPTS

The dips that line the
large intestine.

which contain the cells that absorb water and nutrients. Scientists can
tell how healthy the large intestine is by checking how many cells
are growing inside these crypts. If the cells grow too quickly or there
are too many, they can turn into colorectal cancer. Scientists have
done lots of research to show links between lifestyle and the chances
of getting colorectal cancer. For example, eating too much red and
processed meat, like beef steaks and pork sausages, can increase a
person’s chances of getting colorectal cancer.

Figure 2

Figure 2

The inside of the large
intestine is lined with
dips called colorectal
crypts. These crypts are
lined with cells from
the bottom of the crypt
(base) to the top of the
crypt (mouth). In
healthy crypts, most of
the growing cells are
found toward the base.
We used a special dye
to stain growing cells
purple and examined
them using a
microscope. If more
purple cells are seen
toward the mouths of
the crypts, it can
indicate a higher
chance of colorectal
cancer.

STUDYING LIFESTYLE CHANGES AND COLORECTAL

CANCER

In our study, we investigated whether people who followed the
Cancer Prevention Recommendations have healthier large intestines,
meaning lower chances of colorectal cancer. Seventy-five healthy
adults joined and completed the study. We weighed each person and
took their body measurements. They filled out questionnaires about
which foods they ate and how much exercise they did. We used
this information to calculate a total score for how well our study
participants followed the Cancer Prevention Recommendations.

We created a scoring system that included seven of the
recommendations (see Figure 1), alongwith an extra recommendation
about smoking, as smoking also increases cancer risk. For each
recommendation, we gave 1 point to each personwho followed it, and
0 points to people who did not. For example, people who ate more
than 500g (about three portions) of red meat every week scored 0
points for that recommendation. The recommendation on plant foods
was divided into two: eat at least five servings of fruits and vegetables
per day; and eat at least 25 g of dietary fiber per day. For these, we
gave 0.5 points to those who followed the recommendations and
0 points to those who did not. Therefore, the total score for the
recommendations dealing with plant foods was still a maximum of
1 point. We then added up the scores for each recommendation
and gave each participant a final mark out of the possible total of
8 points.
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In the hospital, we collected tiny pinches of tissue called biopsies from

BIOPSY

A tiny sample of tissue
collected from the
body, including the
large intestine.

the study participants’ large intestines, using a tube-like camera called
a colonoscope. In the laboratory, we used a special dye to stain the

COLONOSCOPE

A long, flexible tube
with a tiny light and
camera used to
examine inside the
large intestine.

cells in the crypts, to determine whether they were growing. Looking
through a microscope, we zoomed in on the crypts and counted the
growing cells, as well as their positions in the crypts. We calculated
howmany growing cells were in the bottomhalf of the crypt (the base),
and how many were toward the top of the crypt (the mouth). This is
important because, when the large intestine is healthy, most of the
growing cells are in the bottom (base) of the crypts. When more cells
start growing toward the top (mouth) of the crypt, it could indicate an
increased chance of colorectal cancer.

We also extractedRNA from the cells in the biopsies. RNA is amolecule

RIBONUCLEIC ACID

(RNA)

Molecules made from
the information in DNA,
which are used to make
the proteins that
build cells.

that carries information fromour genes (DNA) and is used to build parts
of our cells. Wemeasuredwhether genes were turned on or o� using a
laboratory technique called polymerase chain reaction. Wemeasured

POLYMERASE

CHAIN REACTION

A lab technique that
lets scientists look at a
specific sequence of
DNA or RNA, for
example to measure
the activity of a gene.

the genes that help to control cell growth in the large intestine, which
are known to be involved in colorectal cancer.

WHAT DIDWE FIND?

Most of the people in our study scored between 2 and 4 points out
of a maximum of 8. The great news is that nobody scored 0 points!
People who had higher scores, and therefore led healthier lifestyles,
had lower levels of the genes that can play a role in colorectal cancer.
We measured the activity (how much they were turned “on” or “o�”)
of a family of genes called the WNT pathway, that regulate important
processes in our body such as how much cells grow. One of these
genes is called c-MYC. Levels of c-MYC got lower as total scores got

C-MYC

A gene belonging to
the WNT family that
regulates many
processes in the body
including controlling
how much cells grow.

higher (Figure 3A), and participants who had more than 3 points had
almost half the amount of c-MYC compared with those who scored
<3 points.

Figure 3

Figure 3

(A) Higher total scores
were related to lower
levels of genes that
control how much cells
grow, such as a gene
called c-MYC. Each
blue dot represents the
c-MYC gene level for
40 of the participants in
our study. (B) Using a
microscope, we found
a greater percentage of
cells growing in the top
halfs of crypts in people
who scored 0 for the
red- and
processed-meat
recommendation (70
participants). (C) Lower
levels of WNT11 were
found in the large
intestines of people
who followed the
recommendations to
eat plenty of dietary
fiber and to do lots of
physical activity (50
participants).

We also looked at scores for each of the individual Cancer Prevention
Recommendations. We saw interesting results when we compared
study participants who did and did not follow the recommendation
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to eat <500g of red meat per week. We counted 70% more growing
cells in the top halves of the crypts in participants who ate more than
500g of red meat per week than we counted in people who followed
this recommendation (Figure 3B). This finding supports the results of
many experiments in both animals and humans: eating lots of redmeat
(such as beef burgers) and processed meats (such as ham or bacon),
increases the chance of getting colorectal cancer. This is because
some of the molecules in red meat can damage cells. Our results
show that eating too much red and processed meat could increase
the chance of getting colorectal cancer by changing how much, and
in which part of the crypts, cells are growing.

You may know that eating lots of dietary fiber, found in foods like
wholegrain cereals and vegetables, is good for the gut. When dietary
fiber reaches the large intestine, it feeds the bacteria that live there.
These bacteria have healthy e�ects in our bodies [2] and they can
also help stop the growth of cancers. We found one third lower
activity of the gene called WNT11 in people who followed this fiber

WNT11

A gene belonging to
the WNT family that
regulates many
processes in the body
including controlling
how much cells grow.

recommendation compared with those who scored 0. WNT11, like
c-MYC, is another member of the WNT pathway family that can
help to control cell growth. People who did more exercise also had
lower levels of WNT11 genes, by about a third (Figure 3C). Overall,
scoring full marks for some of the recommendations is linked to better
control of the WNT pathway and so a lower chance of developing
colorectal cancer.

TAKE-HOMEMESSAGE

What a person eats, howmuch exercise they do, and how healthy their
body weight is are all part of that person’s lifestyle. A healthier lifestyle
lowers the risk of diseases such as colorectal cancer. We wondered
how lifestyle could a�ect the biological processes that can cause
cancers in the large intestine. Our experiments showed that one of
the ways lifestyle does this is by a�ecting how quickly the cells inside
the large intestine grow and where those growing cells are located
in the crypts. What we eat and how much physical activity we do
can influence these cells by turning genes that control cell growth on
or o�.

Encouraging people to follow the WCRF Cancer Prevention
Recommendations can lead to healthier large intestines and can
lower their chances of getting colorectal cancer. How many of the
recommendations are you following at themoment? Do you think that
you could improve your score? For example, could you cut down on
the number of beef burgers and sausages that you eat, and eat more
fruits and vegetables?
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Hi my name is Cooper. I love to play basketball and hang out with my friends. I am

in grade 9 and my favorite subject is math. I also enjoy drawing and cooking.
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