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Balancing the scales: Do healthy lifestyle choices offset
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1 | BALANCING THE SCALES OF
COLORECTAL CANCER: CAN
HEALTHY LIFESTYLE CHOICES
OFFSET THE RISK OF
UNHEALTHY CHOICES?

Colorectal cancer (CRC) is the third most diagnosed
cancer worldwide and second highest cause of cancer
deaths (Sung et al., 2021). CRC prevention research is
crucial to reduce its impact on public health and the
economy, as its total cost in Europe amounts to €12.2
billion annually (Hofmarcher et al., 2020). Lifestyle and
diet play an important role in numerous diseases
including CRC (Cena & Calder, 2020), with risk factors
including unhealthy diet, sedentary lifestyle, and excess
body weight (World Cancer Research Fund, 2018). It is
estimated that 54% of CRC cases are preventable
through healthy lifestyle changes (Cancer Research
UK, 2022a). Lifestyles and diets are variable, and
research needs to address how factors interact to
influence CRC's cell of origin. Intestinal stem cells
(ISCs), marked by expression of Lgr5, reside at the base
of intestinal crypts and are thought to be the cell of
origin (Barker et al., 2009), supporting a bottom‐up
model of tumorigenesis (Preston et al., 2003). However,
the latest work describing cell plasticity (Gil Vazquez
et al., 2022; Tian et al., 2011) indicates that differentiated
cells, potentially carrying a mutation, further up the
crypt can dedifferentiate into ISCs if the ISC pool
undergoes trauma (Gil Vazquez et al., 2022). As mutated
cells near the crypt surface normally undergo anoikis and
are shed into the lumen, this evidence supports a top‐
down model of CRC initiation that can arise if the ISC

pool is depleted by dietary or inflammatory means (Ngo
et al., 2022). The idea that environmental factors and
inflammation prime cells to initiate tumorigenesis,
independent of carcinogen‐induced mutagenesis, was
recently supported by Swanton et al. (2022). A high‐fat
diet (HFD) is known to increase inflammation and
associated CRC risk, as opposed to exercise and dietary
fiber that dampen inflammation and CRC risk (Byrd
et al., 2020). Understanding how lifestyle and dietary
components may prime the ISC pool and epithelium for
tumorigenesis is crucial to understand CRC initiation.

A reduced ISC pool, via healthy lifestyle, may
potentially prime progenitor cells to replenish the ISC
pool if healthy choices are neglected. While it is beneficial
if a healthy lifestyle is maintained resulting in a decreased
CRC risk, the temporary adoption of unhealthy lifestyles
increases the potential for non‐ISCs to dedifferentiate;
this can drive rapid expansion of the ISC pool from non‐
ISC sources which have an increased risk of carrying an
oncogenic mutation. Here we discuss this scenario in the
context of lifestyle choices that are associated with
increased or decreased CRC risk (Figure 1).

2 | HFD AND INCREASED
CRC RISK

Obesity is an epidemic, leading to a 30%–70% elevated
CRC risk (Mantovani et al., 2018). Therefore, under-
standing the link between a pro‐obesity HFD and CRC
is of particular interest. HFD‐induced obesity expands
the ISC pool and enhances the self‐renewal potential of
ISCs and progenitor cells, via increased peroxisome
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proliferator‐activated receptor (PPAR) signaling, affect-
ing intestinal homeostasis and facilitating tumorigenesis
(Beyaz et al., 2016; Mana et al., 2021). Higher ISC
numbers increase the chance of a cell acquiring an
oncogenic mutation. Increased progenitor cell stemness
supports the top‐down model of CRC initiation, an
alternative to the ISC cell of origin hypothesis. HFD‐
induced PPAR activation promotes tumorigenesis via a
shift towards fatty acid oxidation (FAO) metabolism,
with increased fatty acid uptake and breakdown (Mana
et al., 2021). Potentially this plays a role in the
association between exercise and reduced CRC risk.
Physical exercise decreases FA uptake, stimulates lipoly-
sis, providing fuel for energy utilization from different
sources, either FAs transported in the circulation or from
lipolysis of muscle triglyceride stores (Mika et al., 2019).

More holistic research is needed to understand the
balance between healthy and unhealthy lifestyle
components. Can exercise counterbalance HFD's

effects, specifically on ISCs? An interesting study by
Ju (Ju et al., 2008) found that exercise in HFD‐fed
mice decreased tumor number. Conflictingly
Baltgalvis et al. (2009) found that moderate intensity
exercise in HFD‐fed mice had no effect on polyp or
adenoma development. The HFD increased inflam-
mation and immunosuppression may be dampening
the effect of exercise. These conflicting results may be
due to differences in exercise duration and intensity,
with mice in Ju et al. (2008)'s study running further
and for longer periods of time. Therefore, higher
intensity of exercise may be crucial to prevent polyp
formation in an HFD context. Future research should
focus on this complicated and variable relationship
between diet, exercise, and energy production on ISCs
and CRC initiation, rather than individualistic stud-
ies. Consumption of an HFD doesn't necessarily mean
the absence of healthy dietary components associated
with reduced CRC risk.

FIGURE 1 Potential effects of different lifestyle factors on the intestinal stem cells (ISCs) and CRC risk. (A) Under normal conditions intestinal
cellular homeostasis is maintained by the ISCs. They produce cells that proliferate and differentiate as they migrate up the crypt before being shed,
due to anoikis, at the surface. This mechanism prevents the fixation and malignant progression of any cells mutated during this process and
underpins the bottom‐up model of CRC originating from a mutated ISC. Dietary/lifestyle factors can impact this process, leading to altered CRC
risk. (B) An HFD leads to increased numbers of ISCs and increased stemness of PCs, increasing the number of potential tumor‐initiating cells and
elevating CRC risk. (C) In contrast, a healthy lifestyle requires less ISCs to maintain gut homeostasis, reducing CRC risk. Potentially leading to an
increase in the number of PCs capable of dedifferentiating to an ISC to ensure that the ISC pool can be rapidly repopulated in response to ISC
injury. (D) However, while a healthy lifestyle reduces CRC risk, a period of adopting an HFD/unhealthy lifestyle may drive the expansion of the ISC
pool from PCs. These cells carry a greater risk of harboring an oncogenic mutation resulting in an elevated CRC risk that is disproportionate to the
risk associated with an average lifestyle. This report highlights the potential for a greater understanding of the interplay between lifestyle and ISCs is
crucial to improve public health advice and support the management of CRC risk. CRC, colorectal cancer; HFD, high‐fat diet; PC, progenitor cell;
PPAR, peroxisome proliferator‐activated receptor; SC, stem cell; TIC, tumor‐initiating cell. Created with Biorender.com.
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3 | EXERCISE AND REDUCED
CRC RISK

Robust evidence links exercise and reduced CRC risk
through animal model studies, clinical trials, and meta‐
analysis (Amirsasan et al., 2022). Physically active
individuals have a 24%–40% reduced CRC risk. Exercise
reduces intestinal polyp and tumor formation in CRC
mouse models (Colbert et al., 2000, 2003, 2006; Ju et al.,
2008; Mehl et al., 2005). This preventative effect is due to
numerous mechanisms, indirectly through decreasing
obesity and directly via modulation of proliferation,
apoptosis, and inflammation (Amirsasan et al., 2022).
Acute aerobic exercise reduces cancer cell proliferation in
vitro by reducing DNA damage via interleukin‐6
(Orange et al., 2022). This preventative effect of exercise
on tumor development correlates with an increase in
intestinal flora (Ren et al., 2022). Understanding the
mechanisms through which exercise reduces CRC risk is
crucial, with its effects on the ISCs warranting further
investigation. Does exercise reduce tumor burden
through a reduced ISC pool, decreasing the number of
cells capable of initiating tumourigenesis? What effect
would fluctuations in exercise have on the ISC pool?

4 | DIET AND REDUCED
CRC RISK

Numerous dietary components, such as fiber and fruit, are
associated with reducing CRC risk (World Cancer
Research Fund, 2018), including black raspberries (BRBs;
May et al., 2022). BRB‐supplementation decreases ISC
number and self‐renewal potential, protecting against
tumorigenesis. It would be interesting to see if BRB‐
supplementation could counteract HFD's effect, reducing
ISC population and cancer risk. ISC reduction following
BRBs supplementation is associated with increased Ascl2
expression, (May et al., 2022) which regulates epithelial cell
dedifferentiation (Murata et al., 2020). Increased Ascl2
expression may be compensatory for the decreased ISC
pool, with Ascl2+ve non‐ISCs capable of migrating to the
ISC compartment, replacing lost Lgr5+ve ISCs. It would be
interesting to explore whether a drop in BRB‐
supplementation would expand Ascl2+ve cells within the
ISC compartment, contributing to the top‐down model of
CRC initiation. It is important to understand for correct
public health information whether “healthy” dietary
components, when depleted, potentially promote tumori-
genesis rather than protect against it.

Cancer Research UK recommends 30 g of fiber per
day to reduce CRC risk (Cancer Research UK, 2022b).
However, whether dietary fiber is protective against CRC
is controversial, as studies show conflicting evidence
(Donohoe et al., 2014). Butyrate is a short‐chain fatty
acid produced via bacterial fermentation of dietary fiber
within the intestinal lumen and is the colonocytes’ main

energy source (Carretta et al., 2021; Salvi & Cowles,
2021). As the majority of butyrate is absorbed by
colonocytes, there exists a natural butyrate gradient
within crypts, being the lowest at the crypt base (Kaiko
et al., 2016). It is believed that crypt morphology has
evolved to protect ISCs from butyrate's antiproliferative
effects. Butyrate suppresses ISC and progenitor cell
proliferation as it functions as a histone deacetylase
(HDAC) inhibitor (Kaiko et al., 2016). Butyrate fluctu-
ates with eating patterns; therefore, we should explore
how this affects the ISCs. Does butyrate reduction confer
ISC plasticity, allowing stem and progenitor cells to
proliferate and expand the pool?

Numerous studies show butyrate as a tumor suppres-
sor (Donohoe et al., 2014; Li et al., 2017; Xiao et al., 2018);
however, there are also reports of butyrate functioning in
an oncogenic manner (Bultman & Jobin, 2014). Antibiotic
treatment in CRC mouse models attenuates intestinal
polyp formation via decreased butyrate production by
intestinal bacteria (Belcheva et al., 2014). Butyrate may
drive carcinogenesis via promoting intestinal cancer cell
proliferation. Further establishment of the role of butyrate
and the microbiome is needed to explain these discrepancies
and explore how natural butyrate fluctuations contribute to
its effect on ISCs.

Butyrate's effect on obesity is also controversial (Yu
et al., 2019). Butyrate supplementation in HFD‐fed mice
prevented body weight gain, counteracting HFD pro‐
obesity effects via decreasing PPAR activity and expres-
sion, switching from lipogenesis to lipolysis (den Besten
et al., 2015; Lu et al., 2016). However, does butyrate
diminish HFD‐associated increased stemness? Oppos-
ingly butyrate can be obesity‐promoting via increasing
lipid synthesis from acetyl‐CoA (Liu et al., 2018). Yu
et al. (2019) first explored the combined effect of butyrate
and exercise within different dietary contexts, showing
that butyrate and exercise, independently and in combi-
nation, protect against HFD‐induced obesity. However,
the combination was the least effective. Perhaps this is
due to excess butyrate production, as exercise increases
intestinal butyrate‐producing bacteria, reversing the
protective effects of exercise. The variability of lifestyles
and diet on fitness and plasticity of ISCs and progenitor
cells would explain why dietary components’ roles in
CRC are controversial and difficult to establish. Differ-
ent lifestyle factors can be tumor‐promoting or prevent-
ing, but it's important to understand the balance between
them. Would consuming a fiber‐rich diet or exercise
counteract an HFD increase in ISCs?

5 | CONCLUSION AND
PERSPECTIVE

Lifestyles are variable, with differences in diet, exercise,
and microbiome varying widely between individuals.
Thus, exploring their effect on ISCs and CRC is
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complicated. It is important that we remember this
variability and that our models and studies reflect it.
With an increase in obesity and HFD consumption, it's
crucial that we understand how these balance alongside
healthy lifestyle choices, as well as how lifestyle fluctua-
tions influence ISCs and CRC initiation. Understanding
how an unhealthy diet increases CRC risk will support
public health advice and produce nutraceutical agents to
prevent CRC or augment existing therapies. To address
this, it is important to understand how diet, microbiome,
epigenome, and environment impact ISCs, cellular
plasticity, and pre‐malignant ISCs.
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