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Introduction
Cancer is the leading cause of death in both developing and 
developed countries.1 This may be related to population ageing 
and lifestyle risk factors such as smoking, low levels of physical 
activity, energy imbalance, and unhealthy diets.2 Colorectal 
cancer (CRC) is the third most common cause of cancer mor-
tality and constitutes about 10% of all cancers globally.2 The 
highest incidence rates of CRC are in developed countries, 
such as the United States and the United Kingdom, and life-
style, rather than genotype, is regarded as the most important 
risk factor.3,4

Colorectal cancer risk is closely related to the consumption 
of dietary types.5,6 There is evidence to support the notion that 
people who consume Western-style diets have a greater CRC 
risk than those who consume a Mediterranean- or Asian-style 
diet.7–10 Nowadays, Western-style diets contain high levels of 
energy-dense foods, red and processed meat, and a low con-
sumption of fresh fruits, vegetables, and whole grains. In con-
trast, traditional Mediterranean- and Asian-style diets include 
a variety of plant-based foods and unrefined cereals and a lower 
consumption of red and processed meat.7,10

Plant-based foods are usually high in dietary fibre, which 
has been shown to decrease the risk of CRC in both human 
and animal studies.11–14 Dietary fibre in the colon, following 
fermentation, is the source of short-chain fatty acids (SCFAs) 
which are beneficial for gut health.15 The SCFAs can help pro-
tect against DNA damage and mutations,16 both of which are 
associated with increased cancer risk. Acetate, propionate, and 
butyrate are the most common SCFAs, with butyrate being 

associated with protection against aberrant crypt foci (in rats).17 
In addition, the increase in butyrate production may reduce 
CRC risk by regulating gene expression.18

Gene expression in both healthy and malignant tissues can 
be modulated by epigenetic mechanisms, such as DNA meth-
ylation, histone acetylation, and by the presence of micro- 
RNA (miRNAs). Epigenetics is defined as the regulatory 
processes which modulate the transcription of information 
encoded in the DNA sequence into RNA before their transla-
tion into proteins.19 Epigenetics offers an explanation of the 
phenome that identical DNA sequences can lead to diverse 
phenotypes and varying disease susceptibilities.10,20 In this 
review, the effects of butyrate on inhibiting carcinogenesis in 
the colon, through modulating miRNA-related gene expres-
sion, are presented and discussed.

Butyrate and Risk of CRC
The risk of developing CRC is closely correlated with dietary 
intake as dietary factors can influence carcinogenesis in the 
gut.9,21 Red and processed meat, particularly the cooking of 
red meat at high temperatures, can cause high levels of 
N-nitroso compounds (NOC) and haem iron in the colon. 
These compounds are common carcinogens that may lead to 
increased levels of DNA damage.22 Butyrate can help amelio-
rate the harmful effects of red meat consumption. This notion 
is supported by studies conducted by Le Leu et  al23,24 who 
conducted an animal study and a human trial to test the effect 
of a butyrylated high-amylose maize starch (HAMSB) diet on 
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O(6)-methyl-2-deoxyguanosine adducts in rectal tissue. The 
authors demonstrated that butyrate can decrease the toxic 
influence of a cooked red meat diet on colon cells.24 Also, high 
consumption of red and processed meat may increase the pro-
portion of pathogenic bacteria and decrease the proportion of 
beneficial bacteria in the gut. This imbalance may cause 
inflammation in the colon,5 leading to a more carcinogenic 
environment. The high intake of fresh fruit and vegetables, 
foods high in antioxidants, can reduce DNA damage to colon 
cells resulting from reactive oxygen species (ROS),22 and in 
this way, the negative impact of NOC, haem iron, and ROS 
can be modulated.

Beneficial effects of fibre, and the inverse relationship 
between fibre intake and premature death from diseases, have 
led the World Health Organization to establish a recom-
mended daily intake (20 g of fibre per 1000 kcal consumed) 
which, unfortunately, is generally not achieved in Western 
countries.15 Dietary fibre consists of polysaccharides, such as 
indigestible starch, pectin, cellulose, and gums. Partially 
digested or undigested polysaccharides are transited into the 
large intestine where they are fermented by non-pathogenic 
microbiota to produce SCFAs.25 The most common SCFAs 
produced in the gut are acetate (C2), propionate (C3), and 
butyrate (C4).15 Acetate and propionate reach the liver via 
the portal vein, and butyrate is predominantly utilised by 
colonocytes.15 Resistant starch (RS) granules are fermentable 
polysaccharides that are naturally rich in amylose, and follow-
ing fermentation, RS gives rise to high levels of butyrate 
production.

It is not practical to collect colon biopsy samples in free-
living individuals. For this reason, butyrate levels are usually 
determined from faecal samples (dry weight) as this sample 
type has been shown to represent colonic values.26 Butyrate 
levels were found to vary as much as 10-fold in a healthy 

population depending on body mass index, microbiota, and 
other factors.26,27 Faecal butyrate concentrations increased sig-
nificantly following the consumption of RS.26–28

There are 2 major groups of butyrate-producing bacteria, 
namely, Faecalibacterium prausnitzii and Eubacterium 
rectale/Roseburia spp and the type and ratio of microbiota in 
the gut can influence the amount of butyrate produced.25,29 In 
addition to the microbiota, dietary intake can influence the 
production of butyrate. For example, cellulose, lignin, and some 
insoluble fibre have low ferment ability, so the production of 
butyrate from these sources is low.30 Besides dietary fibre, other 
butyrate substrates, such as the oligosaccharides acarbose and 
tributyrin, can increase butyrate production in the colon.31 
Butyrate regulates inflammation, immunity, and oxidative bal-
ance and can function as histone deacetylase inhibitors 
(HDACi) to promote human health.15 In addition, butyrate is 
an important energy source (providing 5%-15% of caloric 
requirements30) and controls cell proliferation, differentiation, 
and apoptosis in colon cells (Figure 1).15,32,33

In both in vivo and in vitro studies, it has been reported that 
butyrate has bioactivity to reduce colon cancer risk.22 Butyrate 
can modulate immune response in the colon and regulate the 
balance of gut bacteria to maintain colon homeostasis and 
reduce colon carcinogens (Figure 1).34 In this way, butyrate can 
ameliorate the CRC risk induced by high consumption of red 
and processed meat, although there is some conflicting data in 
this regard.22,30,34,35

HDACI are used as chromatin-modifying drugs to treat 
cancers and other diseases.36 Butyrate has the ability to inhibit 
HDAC activity and thus inhibit DNA damage and the activa-
tion of oncogenes.36–38 Table 1 shows a summary of effects of 
butyrate on colon and other cancer types.

Butyrate can help maintain homeostasis and oxidative sta-
tus in the gut and it can modulate immune response through 

Figure 1.  The effects of butyrate on colon cells. HDAC indicates histone deacetylase.
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gut microbiota and colonic epithelial cells.21 One of the prob-
lems associated with experimentation with butyrate is that it is 
difficult to quantify butyrate in the human body because the 
absorption of butyrate occurs very soon after production, mak-
ing it difficult to measure.30

Evidence from animal trials and in vitro studies supports the 
anti-tumorigenic effects of butyrate.24,29,46 In an animal model 
study conducted by Shen et al,47 HDACi upregulated selective 
miRNAs to modulate B-cell differentiation and the immune 
response of the host. In vivo and in vitro studies found that 
butyrate can also modulate the inflammatory response by the 
suppression of nuclear factor κB activation.48 Many studies 
claimed that butyrate can reduce cancer risk via regulating cell 
proliferation, differentiation, and apoptosis.34,42,43 However, a 
combination of SCFAs as well as individual tested SCFAs 
(acetate, propionate, and butyrate) may damage the colonic 
mucosa of infant rats, in an age-dependent fashion.49 This is 
thought to be a function of an immature immune system.

In in vitro studies, sodium butyrate (NaB) is often used 
but is generally referred to as butyrate.36 The predominant 
effect of butyrate is the ability to induce apoptosis of cancer 
cells and inhibit DNA damage. Both animal and human trials 
demonstrated that butyrate is associated with inflammatory 
bowel disease (IBD) such that lower concentrations of 
butyrate are found in the faecal matter from patients with 
IBD relative to that found in people with a healthy gut.30 
According to animal and human trials, butyrate can help to 
attenuate the inflammatory profile of intestinal mucosa in 
patients with IBD, in particular, in patients with ulcerative 
colitis.50 Patients with IBD are more susceptible to CRC, 
although the connection between IBD and CRC remains 
inconsistent.51 Furthermore, butyrate can help suppress diet-
induced obesity which is a risk factor for CRC.52

Besides the ability of butyrate to inhibit HDAC activity, 
another anti-cancer mechanism of butyrate is the modulation 
of miRNAs in cancer cells. In several studies, it has been 

claimed that butyrate regulates both oncogenic miRNAs and 
cancer suppressor miRNA expression in various cancers, such 
as lung, breast, and colon cancers.45,53–56

MiRNA and Risk or Progression of CRC
MicroRNAs are small non-coding RNAs of approximately 22 
nucleotides that are found in eukaryotic cells.57 MicroRNAs 
can epigenetically regulate gene expression by post-transcrip-
tionally regulating messenger RNA (mRNA) function which 
can inhibit or promote protein production.58 MicroRNAs are 
commonly found in both normal and malignant cells and they 
can regulate at least 30% of human genes.59 More than 940 
miRNAs have been identified since they were first discovered 
in 1993. MicroRNAs play an important role in cellular prolif-
eration, differentiation, and apoptosis60 and therefore are 
clearly important in cancer inhibition and progression.

MicroRNA expression is deregulated in cancer processes 
including cancer initiation, progression, and metastasis.58,61 
Therefore, it is possible that miRNA profiles could be used as 
biomarkers for cancer diagnosis and for the assessment of 
response to treatment. MicroRNAs may be more appropriate 
targets for treating cancers than DNA or mRNA because a 
single miRNA can regulate hundreds of mRNAs in specific 
biological pathways.57 Also, it may be more practical to modify 
the expression of the approximately 200 miRNAs that have 
been found to be associated with various cancers than it is to 
modulate the activity of more than 16 000 mRNAs.57

MicroRNAs associated with cancers can be crudely classi-
fied into 2 groups: tumour suppressor miRNAs and oncomirs 
or oncomiRNAs (tumour promoters) (Table 2). For example, 
miR-25 promotes cell migration and invasion in oesophageal 
squamous cell carcinoma,62 whereas miR-143 can inhibit cell 
invasion and migration in CRC.63 The overexpression of onco-
genic miRNAs and the decreased expression of tumour sup-
pressor miRNAs are often responsible for carcinogenesis.59 
Therefore, the inhibition of oncogenic miRNAs and the 

Table 2.  MiRNAs associated with the inhibition or promotion of genes associated with colorectal cancer.

MiRNAs CRC processes Targets Tumour promoter or 
suppressor

Citations

Let-7 Progression and metastasis KRas and P53 Suppressor 59

MiR-21 Initiation and progression KRas and P53 Promoter 64,66

MiR-145 Progression Insulin receptor substrate 1 and 
insulinlike growth factor receptor 1

Controversial 59

MiR-17-19 cluster Progression KRas Both 62,67,68

MiR-221 Migration and invasion RECK Promoter 69

MiR-103 and 107 Metastasis DAPK and KLF4 Promoter 53

MiR-139 Invasion and metastasis Type 1 insulinlike growth factor 
receptor

Suppressor 70

MiR-143 Metastasis GEF1 and KRas and MACC1 Suppressor 71,72
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promotion of tumour suppressor miRNAs can provide the 
mechanism to prevent and treat cancers. Although there are 
some limitations associated with the notion of modulating 
miRNAs as an anti-cancer therapeutic strategy, some novel 
drugs and techniques have yielded positive results.59

In CRC, miRNAs are involved in initiation, progression, 
and metastasis. There are several miRNAs commonly associ-
ated with colon cancers, such as Let-7, miR-21, miR-145, 
miR-17-19 cluster, miR-221, and miR-143, among  
others21,59,64 (Table 2). Moreover, Chiang et al65 claimed that 
miR-192, miR-194, and miR-215 are associated with 
increased tumour size in colon cancer. It is essential to under-
stand the role of miRNA expression in colon cancer to create 
effective preventive and therapeutic methods.

MicroRNA expression can be modulated by dietary  
nutrients.58,60 Generally, vitamins, minerals, and bioactive 
components in foods are considered to maintain people’s 
health and protect against some diseases. The effect of nutri-
ents on regulating miRNA expression may help explain how 
these nutrients affect health. Hu et al73 reported that butyrate 
can modulate miRNA expression in colon cancer such that the 
expressions of Let-7, miR-17-92a, miR-18-106a, and miR-
25-106b clusters are decreased.

Effects of Butyrate on miRNA Expression in CRC 
Cells
In CRC cells, miRNA expression is largely associated with 
cancer initiation, progression, and metastasis. MicroRNA 
expression can be modulated by dietary factors including 
butyrate, and thus butyrate, as well as other dietary bioactives, 
could be used to create a less carcinogenic environment.

APC-β-catenin-TCF4 is an important signalling pathway in 
CRC initiation which regulates both cell proliferation and colonic 
cell differentiation. This pathway can be regulated by SCFAs.74 
In addition, Lazarova et al75 investigated the effect of butyrate on 
the Wnt signalling pathway which is associated with the induc-
tion of apoptosis. They found that Wnt signalling–specific gene 
expression was modified by butyrate in the CRC HCT-116 cell 
line.75 In turn, miRNAs can regulate the expression of the genes 
involved.75 Therefore, there may be some association between 
butyrate and miRNA expression in CRC initiation.

In a study conducted by Hu et al, butyrate was also found to 
regulate miRNA expression in HCT-116 cells.44 The miR-17-
92a, miR-18b-106a, and miR-25-106b clusters were found to 
reduce the proliferation of HCT-116 cells relative to non-can-
cerous cells.73 In addition, in a study conducted by Schlörmann 
et al,76 it was reported that butyrate can upregulate the tumour 
suppressor gene P21, which is associated with the development 
of colon tumours. This occurs through impacting certain miR-
NAs. The effect of butyrate on miRNA expression in CRC 
cells is summarised in Table 3. According to the findings of 
studies listed in this table, the beneficial effect is to promote  
the expression of tumour suppressor and inhibit oncogenic 
miRNAs associated with CRC.

In a human trial conducted by Humphreys et al,28 a dietary 
intervention was used to determine the association between 
diet and miR-21. The dietary interventions included a high red 
meat (HRM) (300 g daily) intake versus a high intake (40 g 
daily) of HAMSB together with a HRM diet. This study was 
conducted in healthy human volunteers for 2 to 4 weeks, and 
the outcome showed that HRM may increase miR-21 in 
human rectal mucosa.28 In this study, it was reported that 
HRM may increase CRC risk and the positive effects of 
butyrate may help suppress the harm induced by an HRM diet. 
Levels of miR-17-92 were restored when HRM was consumed 
with HAMSB, but the levels of miR-21 were not restored to 
baseline.28

Outside of a clinical trial, the equivalent intake of 20 to 40 g 
of HAMSB/RS is feasible in the form of maize/corn, oats, bar-
ley, fruits, and vegetables but not through the consumption of 
wheat products.

Conclusions and Prospects
In conclusion, from the evidence presented, it is clear that 
butyrate is an HDACi that can modify histones which in turn 
can modulate the expression of miRNAs in colon and other 
cancers. This may provide novel ideas to prevent and treat 
CRC. Various miRNAs are sensitive to different concentra-
tions of butyrate and to different treatment durations, and it is 
important that future work focuses on determining the physi-
ological relevance. Butyrate may reduce CRC risk through 
decreasing the effect of exposure to carcinogens from foods. 
However, the ability of butyrate to negate the effect of regular 
and frequent red meat consumption remains unclear.

In addition, a number of unanswered questions are raised, 
particularly around exactly how butyrate may interact with a 
receptor or ligand to modify histones and regulate the expres-
sion of miRNAs. With an increase in understanding will come 
progress in the clinical application of butyrate perhaps as an 
anti-cancer prodrug and or in combination therapy with anti-
inflammatory therapies.
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