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Abstract: Globally, colorectal cancer (CRC) is the third most common form of cancer.
The development of effective chemopreventive strategies to reduce CRC incidence is therefore
of paramount importance. Over the past decade, research has indicated the potential of rice bran,
a byproduct of rice milling, in CRC chemoprevention. This was recently suggested to be partly
attributable to modification in the composition of intestinal microbiota when rice bran was ingested.
Indeed, previous studies have reported changes in the population size of certain bacterial species,
or microbial dysbiosis, in the intestines of CRC patients and animal models. Rice bran intake was
shown to reverse such changes through the manipulation of the population of health-promoting
bacteria in the intestine. The present review first provides an overview of evidence on the link
between microbial dysbiosis and CRC carcinogenesis and describes the molecular events associated
with that link. Thereafter, there is a summary of current data on the effect of rice bran intake on
the composition of intestinal microbiota in human and animal models. The article also highlights
the need for further studies on the inter-relationship between rice bran intake, the composition of
intestinal microbiota and CRC prevention.
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1. Introduction
Despite our increased knowledge of the causes of cancer from a molecular perspective, cancer
has still been responsible for a significant number of deaths worldwide in recent years. Among all
forms of the disease, colorectal cancer (CRC) is ranked third as the most common worldwide. More
than 1.36 million new CRC cases were reported in 2012, with a mortality rate of nearly 700,000 [1].
Further, CRC risks were thought to be associated with age. The likelihood of CRC development was
reported to increase dramatically by the age of 50 [2]. With the aging of the world’s population, the
global burden of CRC is therefore expected to increase in the coming years. In order to reduce this
burden, the development of effective preventive strategies against CRC is of paramount importance.
Although the risk factors for CRC are still not fully understood, there has been evidence
supporting the role of lifestyle behaviour in the modification of CRC risks. Among the various
forms of lifestyle behaviour, diet has received a considerable level of attention. For example, high
consumption of processed meat has been shown to be linked to increased CRC risk [3–5]. On the other
hand, frequent consumption of fruits reduces the risk of developing colorectal carcinoma [6]. Dietary
fibre intake was also suggested to be linked to a lower risk of CRC, although there is some controversy
over these observations [7,8]. All these data indicate that CRC prevention could be achieved through
the intake of certain dietary supplements containing nutrients that may lead to a lowered CRC risk.
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Among these dietary supplements, rice bran is one of the most promising potential candidates for use
in cancer chemoprevention.
Rice bran is one of the byproducts of the milling process of rice, a staple food that is consumed
widely throughout the world, especially in Asia and Latin America. The majority of rice is grown in
Asia, accounting for about 90% of the world’s total rice production [9]. With the abundant production
of rice in Asia, rice bran is readily available at low cost in Asian countries. Moreover, its high nutritional
value has strengthened its potential as a food supplement to improve health. In recent years, there
has been a dramatic increase in the number of studies supporting the potential of this low-cost,
health-promoting dietary supplement in the chemoprevention of various cancers, especially CRC.
For example, rice bran has been found to contain a variety of phytochemicals and nutrients known to
exhibit anti-tumour properties through their effects on various cellular pathways, such as the inhibition
of oxidative damage, control of cell cycle progression and apoptotic induction. Studies of how the
phytochemicals and nutrients in rice bran confer their beneficial effects in cancer prevention, including
the molecular mechanisms involved, were previously reviewed by Henderson and colleagues [10].
More recently, several studies have also shown that rice bran intake modifies the intestinal
microbiota in a way that promotes intestinal health, and potentially chemoprevention of CRC.
The mechanisms by which this is achieved, and how such modification may lead to lower risks
of CRC development, has therefore become a burgeoning field of research in recent years, and further
inquiry into the topic is clearly warranted.
The present review attempts to summarise the results of previous research that show how the
modification of intestinal microbiota is linked to CRC, and those that report the effect of rice bran intake
on the composition of intestinal microbiota, in order to establish the current evidence for the hypothesis
that rice bran intake may promote CRC chemoprevention by modifying the composition of intestinal
microbiota. The review will also point to the current knowledge gap concerning the relationship
between the intake of rice bran, the modification of intestinal microbiota, and CRC chemoprevention,
in order to stimulate further research on the topic.
2. Evidence for the Link between Intestinal Microbiota and CRC
In the past decade, much research had been carried out investigating the relationship between
intestinal microbiota and cancer. Indeed, it has been suggested that bacteria residing in the human gut,
which amount to trillions with over 1000 reported bacterial species [11], do affect human health [12],
with such effects thought to be at least partly attributable to the metabolic activity of certain species of
intestinal bacteria. For example, fermentation of plant-based carbohydrates by intestinal bacteria leads
to the generation of short-chain fatty acids (SCFAs) such as butyrate. This compound was thought to
be the energy source for the colonic mucosa [13], and to play a role in the inhibition of inflammation
and tumourigenesis [14]. Butyrate has been shown to upregulate the expression and activation of
glutathione-S-transferase [15], an enzyme involved in the prevention of oxidative stress. Further,
butyrate has been revealed as a histone deacetylase inhibitor, which acts to promote histone acetylation
and modulate the expression of a variety of genes involved in inflammation, cell cycle progression,
and apoptosis, processes that play roles in carcinogenesis [14,16]. This gives butyrate its anti-tumour
properties. Its increased production in the intestine is therefore thought to promote intestinal health
and a lowered risk of CRC. The mechanisms of how SCFAs contribute to intestinal health have recently
been reviewed by Zeng and colleagues [17].
Since SCFAs are produced by intestinal bacteria, it is generally considered that the composition
of intestinal microbiota, such as the abundance of butyrate-producing bacteria in the intestine, can
affect intestinal health and the risks of CRC. Indeed, we currently have a wealth of data that supports
the association between changes in the composition of intestinal microbiota, or microbial dysbiosis,
and CRC risk. Here, we provide an overview of the studies that demonstrate this association, and the
current evidence on how microbial dysbiosis may contribute to CRC development.
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2.1. Composition of Intestinal Microbiota Is Implicated in CRC Risks
Indeed, previous research has suggested that changes in the intestinal abundance of certain
bacterial genera may lead to modifications in CRC risks. To lend support to this hypothesis,
butyrate-producing bacteria have been shown to represent a significant proportion of bacterial species
in a healthy gut. However, a marked decrease in the population of such bacteria was observed in CRC
patients [18–20]. In addition to this, some probiotic species, such as certain bacterial genera belonging
to the class of Clostridium (Faecalibacterium), have been shown to be fewer in number among CRC
patients [21,22]. Moreover, health-promoting Bifidobacteria were also found to be under-represented
both in CRC patients [22] and in a CRC mouse model [23]. These findings indicate that CRC is
associated with a lower intestinal abundance of health-promoting bacteria.
In contrast, the population of a number of pathogenic bacterial phyla was found to have increased
in the gut of CRC patients and animal models. For example, Fusobacteria were revealed to be present in
higher abundance in the intestines [24,25], tumours [26], and stool samples [27,28] of CRC patients and
in a CRC mouse model [23]. Rubinstein and colleagues [27] went further and revealed that Fusobacteria
might directly contribute to carcinogenesis through the expression of an adhesin named FadA, which
can stimulate cell proliferation through a cellular signalling mechanism involving E-cadherin and
β-catenin. Other pathogenic species, such as Bacteroides fragilis [19,29], Enterococcus faecalis [30],
and Streptococcus gallolyticus [31], were also shown to be more enriched in the stool samples of
CRC patients. Likewise, the population of some enteropathogenic bacteria, such as those from the
Escherichia and Shigella genera and the Enterococcaceae family, was shown to be larger in the intestines
of CRC patients [19,23,32,33]. Akkermansia muciniphila, a bacterial species found to degrade mucin
that plays a role in the protection of the intestinal mucosal layer [34], was also found to show a
four-fold increase in number in the stool samples of CRC patients [20]. Such data therefore support
the involvement of microbial dysbiosis in CRC and a possible involvement of the above pathogenic
bacteria in CRC pathogenesis.
Further support for the contribution of microbial dysbiosis to CRC development may also be
demonstrated by the alpha bug model and the bacterial driver–passenger model, described by Sears
and Pardoll [35] and Tjalsma et al. [36] respectively. In the alpha bug model, certain bacterial species,
such as enterotoxigenic Bacteroides fragilis, may induce changes in the intestinal mucosa that favour
tumour progression, including epithelial cell proliferation and induction of inflammation. Meanwhile,
these bacteria can take the lead in modifying the colonic bacterial community so that the proportion of
health-promoting bacteria will be dramatically decreased. All these events thereby lead to a favourable
environment for tumour progression [35]. In the bacterial driver–passenger model, it is hypothesised
that pathogenic bacteria would start colonising the gut in individuals prone to developing CRC,
resulting in a significant decrease in the proportion of health-promoting bacteria such as Bifidobacteria
and butyrate-producing bacteria in the intestine. These pathogenic bacteria, known as bacterial drivers,
will elicit an inflammatory process in the gut, causing intestinal inflammation, gene mutations, and
hyperproliferation of colonic cells, which lead to the formation of an adenoma. Such events will further
cause an increase in the epithelial permeability of the intestinal wall, modifying the microenvironment
of the microbiota where the adenomas form. These changes may lead to a replacement of the bacterial
drivers by certain opportunistic pathogens, or bacterial passengers, to colonise in the intestine, thereby
exacerbating the tumourigenesis process [36]. In other words, a temporal change in the composition of
intestinal microbiota is involved in CRC progression, and such changes appear to contribute to the
formation of tumours in the intestine.
However, there is some controversy over the changes in the number of certain bacterial genera in
CRC patients and animal models. For instance, bacteria belonging to the group Bacteroides-Prevotella
were found in a study to be present in higher abundance in the stool of CRC patients than in those of
normal individuals [29]. However, in other studies the number of Prevotella present in the intestine of
a rat model of CRC was shown to be 30% smaller than that in healthy rats [37,38]. A further study in
China revealed that mucosal tissue samples obtained from CRC patients contained a lower number
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of Proteobacteria [25], a pathogenic bacterial phylum. On the other hand, an American study showed
that Proteobacteria were present in higher abundance in the colorectal biopsy samples of CRC patients
than in those of controls [39]. While we cannot rule out differences in the methodologies used in
these studies, discrepancies could be explained by the ethnicity of the human subjects involved in
the studies, and possible differences in the properties of different bacterial species and strains in the
same bacterial genera. Further work is therefore recommended to bring forward more evidence of
the changes in the abundance of various bacterial species during CRC development, with a focus
on the comparison of the relative abundance of health-promoting and pathogenic bacteria in CRC
patients and healthy individuals. However, it is clear that microbial dysbiosis is a contributory factor
to CRC pathogenesis. This is further supported by the recent discovery that frequent use of antibiotics,
which was previously shown to alter the composition of gut microbiota in mice [40], can increase CRC
risks [41,42].
Overall, the findings described above suggest that CRC development appears to be linked
to changes in the levels of various bacterial species in the intestine. The next question is how
compositional changes in intestinal microbiota may contribute to CRC progression.
2.2. Current Evidence on the Mechanisms of How Microbial Dysbiosis Can Induce CRC
2.2.1. Inflammation
Chronic inflammation has long been considered to play a contributory role in the promotion of
carcinogenesis [43,44]. Indeed, inflammatory bowel disease, a condition that involves the inflammation
of the gut, has been described as a risk factor in the development of CRC [45]—that gut inflammation
can increase CRC risks. Further, it has been shown that fewer tumours would develop in a mouse
model of CRC (APCmin mice) that was deficient in toll-like receptor signalling, a signalling pathway
that plays a role in the initiation of inflammation [46]. This finding suggests that inflammation is at
least partly involved in tumour development. The finding that regular and long-term intake of aspirin,
a non-steroidal anti-inflammatory drug (NSAID) that relieves inflammation, reduces CRC risk further
supports the contributory effect of chronic inflammation to CRC [47,48]. During the inflammatory
process, immune cells such as macrophages step up the production of reactive oxygen species (ROS)
and reactive nitrogen species (RNS) [49], which may cause damage to DNA and the mutation of
genes involved in cell cycle control and DNA repair. Further, proinflammatory cytokines produced by
activated macrophages, such as interleukin-1β (IL-1β), have been shown to activate the Wnt signalling
pathway, which is a prerequisite for β-catenin-mediated gene expression promoting the survival of
colon cancer cells [50]. Taken together, these data suggest that chronic inflammation creates an optimal
environment for tumour initiation and growth.
In fact, there is evidence to support the role of microbial dysbiosis in the promotion of
inflammation, as certain pathogenic bacterial species have been shown to contribute directly to
inflammatory events. A bacterial species belonging to the Enterococcaceae family (Enterococcus faecalis)
was found to be able to polarise colon macrophages to the M1 phenotype, causing them to increase the
expression and release of proinflammatory cytokines such as tumour necrosis factor-α (TNF-α). This
would lead to the activation of the Wnt signalling pathway and the promotion of carcinogenesis [51].
In addition to Enterococcaceae, Fusobacteria were also described as promoters of inflammation. Oral
administration of Fusobacteria in APCmin mice was shown to result in an increase in myeloid
cell infiltration into the tumours in these mice, coupled with an increase in the expression of
proinflammatory cytokines [52]. The promotion of inflammation by Fusobacteria is likely to be
associated with the pathogenesis of CRC, as evidenced by the finding that the abundance of Fusobacteria
in CRC patients correlates with the expression of genes coding for TNF-α [53]. Moreover, as discussed
above, Fusobacteria may induce the increased expression of FadA in colon tissues, which has been
demonstrated to lead to an increase in the production of proinflammatory cytokines, contributing
to intestinal chronic inflammation [27]. Likewise, the Streptococcus gallolyticus-enriched colon tissues
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taken from CRC patients have been shown to exhibit an increased expression of genes involved in
inflammation, including interleukin-1, interleukin 8, and cyclooxygenase 2 [31]. Further, in CRC
patients, changes in the composition of intestinal microbiota are accompanied by an increase in the
number of cells that produce interleukin-17 [29], a proinflammatory cytokine implicated in chronic
inflammatory diseases [54], in the intestinal mucosa. Consistent with these findings, the blocking of
interleukin-17 by antibodies was found to relieve colitis induced by enterotoxigenic Bacteroides fragilis,
and inhibit the formation of tumours, in a CRC mouse model [55]. Moreover, the removal of
Helicobacter typhlonius, a bacterial species found to cause intestinal inflammation in immunodeficient
mice [56], from mouse intestines using antibiotics was demonstrated to result in a reduced number
of intestinal tumours in these mice [57]. All these findings add weight to the hypothesis that the
modification of intestinal microbiota is associated with CRC via proinflammatory conditions.
In contrast, one recent study suggests that health-promoting bacteria may contribute to the
lessening of tumourigenesis by reducing inflammation. The study revealed that the administration
of probiotic bacteria (Clostridium butyricum and Bacillus subtilis) to mice treated with the carcinogenic
1,2-dimethylhydrazine dihydrochloride inhibited CRC development in them, an effect partly attributed
to the reduction of intestinal inflammation [58]. Nevertheless, further research is required to provide
more substantial evidence of the role of health-promoting bacteria in the inhibition of tumourigenesis
via the reduction of inflammation.
Taken together, previous studies suggest that chronic intestinal inflammation plays a role in the
pathogenesis of CRC, and the balance in the levels of pathogenic and health-promoting bacteria in the
gut may modify CRC risks by moderating the extent of intestinal inflammation.
2.2.2. Induction of DNA Damage
In addition to the promotion of inflammation, pathogenic bacteria were also reported to employ
mechanisms leading to DNA damage in order to promote carcinogenesis. Enterococcus faecalis,
a bacterial species found to be enriched in stool samples of CRC patients [30], was previously shown to
possess the ability to generate superoxide radicals [59]. The increased production of these free radicals
was shown to cause DNA damage in colonic epithelial cells, thereby leading to gene mutations and
CRC induction [60]. More recently, pathogenic strains of Escherichia coli that harbour a genomic island
called pks were found to be able to produce such genotoxins as colibactin. Indeed, colibactin was
shown to induce DNA damage, leading to mutations and chromosomal instability. In vitro infection
with colibactin-producing Escherichia coli was also shown to result in cells exhibiting a higher degree
of DNA damage and more frequent gene mutations [61]. This suggests that there is an increased
risk of CRC development upon the increased colonisation of such Escherichia coli strains in the colon.
This hypothesis is further supported by the recent finding that Escherichia coli strains possessing the
pks islands were over-represented in the biopsy colon mucosal samples of CRC patients compared
with those of controls [62]. Therefore, changes in the intestinal microbiota could also contribute to
CRC development through DNA damage in colonocytes induced by free radicals and genotoxins.
In fact, there appears to be a relationship between the chronic inflammatory process and DNA
damage caused by microbial dysbiosis. During inflammation, immune cells such as macrophages will
step up the production of free radicals like ROS or RNS [63], in an attempt to remove pathogens or
tumours by a process known as respiratory burst. Meanwhile, these cells will increase the production
of proinflammatory cytokines, which may contribute to DNA damage through oxidation [64]. Chronic
inflammation may therefore lead to oxidative stress and the accumulation of free radicals [65], a process
known to be linked to carcinogenesis [66].
To summarise, previous findings suggest that microbial dysbiosis may contribute to alteration
in the composition of the intestinal microbiota. Such alteration is likely to contribute to chronic
inflammatory conditions in the gut, and the increased production of genotoxins and free radicals from
resident immune cells, which causes an increased level of oxidative stress and increases the likelihood
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of DNA damage. It is considered that such conditions will provide an optimal environment for tumour
growth in the intestine, and lead to an increased risk of CRC development.
2.3. Dietary Rice Bran Intake, Promotion of a Healthy Intestinal Microbiota, and Protection against CRC
As discussed, one of the possible mechanisms of CRC pathogenesis consists of changes in
the composition of intestinal microbiota, favouring the colonisation of pathogenic bacteria that
outnumber health-promoting species, and resulting in intestinal chronic inflammation and local DNA
damage. Measures that can modify the intestinal microbiota in a way that ensures the presence
of a significant proportion of health-promoting bacteria in the gut may therefore be potentially
effective anti-CRC strategies. With currently emerging studies demonstrating health-promoting
changes in the composition of the intestinal microbiota after rice bran intake in both humans and
animals, it is tempting to speculate that rice bran consumption may lead to CRC chemoprevention
through modification of the intestinal microbiota. The relationship between dietary rice bran intake,
composition of intestinal microbiota, and CRC prevention is therefore an active area of current
investigation. We provide here an overview of studies showing the effect of rice bran intake on
intestinal microbiota, and of current evidence demonstrating the relationship set out above.
Previous research efforts have investigated how rice bran intake could modify intestinal
microbiota, and whether or not it would confer some form of protection against CRC. In this review,
primary studies on this topic were identified through a literature search on PubMed, using keywords
that included “rice bran” and “microbiota”. A summary of these studies is presented below. Earlier
studies on the topic largely used mice to study the effect of dietary supplementation by rice bran
on the composition of gut microbiota. For example, diet supplementation with rice bran in mice
resulted in an increase in the intestinal colonisation of Lactobacillus [67,68], a bacterial genus shown to
protect against CRC [69]. To lend support to this observation, mice fed a diet supplemented by rice
bran oil were also found to contain a significantly higher abundance of Lactobacillus in their intestines
compared to the controls [70]. Furthermore, Henderson and colleagues found that the increase in
Lactobacillus colonisation in mouse intestines from rice bran intake was accompanied by increased
production of immunoglobulin A (IgA) [67], indicating the effect of dietary rice bran on enhancing
intestinal mucosal immunity, which had previously been thought to be involved in the prevention of
CRC progression [71].
In addition to mice, the effect of rice bran intake on the composition of intestinal microbiota was
also demonstrated in other animal species. For example, a recent study showed that rice bran intake
would lead to a significant expansion of the probiotic species, such as Lactobacillus rhamnosus GG and
Escherichia coli Nissle, in the intestines of pigs [72]. In contrast, in a study using a colitis model in rats,
the investigators showed that enzyme-treated rice fibre, a product derived from rice bran through
enzymatic treatment, would significantly suppress the growth of a pathogenic Clostridium species. This
was also accompanied by an increase in the production of butyrate in the colon of the rats, followed by
amelioration of colonic inflammation in the rats [73]. In this way, the findings provide evidence that
rice bran intake may contribute to a reduction in colon inflammation, an event associated with CRC.
More recently, a dietary intervention for human subjects was carried out with heat-stabilised
rice bran, and revealed that the modification of intestinal microbiota resulting from rice bran intake
also applied to humans. In an American study, subjects who consumed rice bran for a period of four
weeks were found to have a significantly higher level of Bifidobacterium and Ruminococcus, the two
health-promoting bacteria genera, in their stool samples [74]. This observation was also accompanied
by the presence of beneficial chemicals in the samples, including cycloartenol and β-sitosterol, which
were shown to have an inhibitory effect on carcinogenesis in mice and antioxidative properties,
respectively [75,76]. In addition, increase in the production of branched chain fatty acids and bile acids
was observed in the subjects who completed the rice bran dietary intervention [74]. In another study,
intake of rice bran for 14 days was shown to result in a decreased ratio of the intestinal abundance
of Firmicutes and Bacteroidetes (decreased Firmicutes–Bacteroidetes ratio), as well as an increased
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production of some health-promoting SCFAs such as acetate, among American CRC survivors [77].
This is consistent with the recent finding that the intake of feruloylated arabinoxylan oligosaccharides,
a carbohydrate contained in rice bran [78], would lead to an elevation in the intestinal production of
SCFAs including butyrate and propionate [79]. These SCFAs were previously suggested to exhibit
cancer-preventive properties [17]. These findings therefore suggest a potential mechanism by which
rice bran consumption can confer intestinal health and CRC prevention. Interestingly, the consumption
of whole grain brown rice, which contains the bran layer where rice bran is derived from, was
found to lead to an increase in Firmicutes–Bacteroidetes ratio in healthy subjects. This effect was
accompanied by an increase in the faecal abundance of the health-promoting Blautia genus and a
modest reduction of the plasma level of proinflammatory cytokine interleukin-6 [80]. The discrepancy
in the findings by Sheflin et al. [77] and Martinez et al. [80] is possibly due to differences in the nature
of the subjects and the dietary supplement utilised in their studies. Therefore, data from animal and
human studies suggest that rice bran intake can lead to changes in the microbial composition in the
intestine. In addition, such intake not only can suppress intestinal inflammation by favouring the
intestinal colonisation of health-promoting bacteria, but also inhibit oxidative stress. A summary of
the studies that provide evidence of the link between rice bran intake and modification of intestinal
microbiota is presented in Table 1.
In fact, the chemopreventive properties of rice bran are not limited to altering the composition
of intestinal microbiota, but also lead to a reduction in the metabolic activity of intestinal bacteria
detrimental to colon health. Certain bacterial metabolic activities have been shown to contribute to
colon carcinogenesis. One example is β-glucuronidase activity, demonstrated by the finding that
the reduction of this activity by administering Bifidobacterium to rats appears to lower the number of
colonic aberrant crypt foci in these animals [81]. This finding has also provided an insight into the
possible mechanism that Bifidobacteria employ in exhibiting health-promoting effects in the intestines.
Indeed, the administration of the carcinogenic 1,2-dimethylhydrazine in rats was found to increase
the activity of colonic bacterial enzymes, including β-glucuronidase. However, the supplementation
of p-methoxycinnamic acid, a phytochemical present in rice bran, in the rats’ diet would reverse the
effect of 1,2-dimethylhydrazine on β-glucuronidase activity [82], suggesting that rice bran intake can
also confer beneficial effects by regulating the β-glucuronidase activity of intestinal bacteria.
As an overall summary, microbial dysbiosis in the intestine would mainly lead to CRC via
intestinal inflammation and the induction of DNA damage. Intestinal inflammation can be contributed
by the increased intestinal abundance of pathogenic bacterial species. However, the increased presence
of health-promoting probiotic bacteria may ameliorate intestinal inflammation. This therefore indicates
the importance of the expansion of the intestinal population of probiotic bacteria in the reduction of
intestinal inflammation. Pathogenic bacteria such as Enterococcus faecalis and Escherichia coli may also
contribute to DNA damage via the increased production of superoxide free radicals and genotoxins,
respectively. In addition, intestinal inflammation may further contribute to DNA damage through
the induction of respiratory burst in immune cells, promoting the release of ROS and RNS which can
cause DNA damage. The intake of rice bran would potentially ameliorate these molecular events as it
may lead to an increased intestinal abundance of health-promoting bacteria, counteracting microbial
dysbiosis. In addition, rice bran intake may lead to an increased intestinal production of SCFAs and the
reduction of cancer-causing enzymatic activities of certain intestinal bacteria. In other words, rice bran
would exert beneficial effects on intestinal health and potentially CRC prevention via an interaction
with the intestinal microbiota. A graphical representation of the relationship between dietary rice bran
intake, the compositional changes of intestinal microbiota and CRC is shown in Figure 1.
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Table 1. A summary of evidence that rice bran intake can lead to a change in the composition of intestinal microbiota.
Subject of Study

Bacterial Phyla/Genera/Species
Involved

Nature of Bacteria

Main Findings

References

Mouse

Lactobacillus

Health-promoting

Mice exhibited a 500% increase in lactobacilli
colonisation after 11 days of rice bran intake.

Henderson et al., 2012 [67]

Mouse

Lactobacillus

Health-promoting

Mice fed with rice bran exhibit a 170-fold increase
in faecal Lactobacilli.

Kumar et al., 2012 [68]

Mouse

Lactobacillus

Health-promoting

A significant increase in the occupational ratio of
lactobacillales in mice fed with rice bran oil.

Tamura et al., 2012 [70]

Pig

Lactobacillus rhamnosus GG
Escherichia coli Nissle

Health-promoting

104 –105 increase in the numbers of the studied
bacterial species from the intestine of pigs fed with
rice bran for 30 days.

Yang et al., 2015 [72]

Komiyama et al., 2011 [73]

Rat

Clostridium

Pathogenic

Intake of enzyme-treated rice fibre, a product
derived from rice bran through enzymatic
treatment, significantly suppressed the growth of
Clostridium in rat intestines.

Human

Bifidobacterium sp Ruminococcus bromii
Ruminococcus flavefaciens

Health-promoting

Significant increases in levels of the studied
bacterial species from the stool samples of human
subjects taking rice bran for 2 or 4 weeks.

Sheflin et al., 2015 [74]

Human

Firmicutes Bacteroidetes

Not applicable

Decreased Firmicutes-Bacteroidetes ratio in the
intestine of CRC survivors upon the intake of rice
bran for 14 days, at a dose of 30 g per day.

Sheflin et al., 2016 [77]

Health-promoting

An increase in faecal abundance of Blautia upon
the intake of brown rice for four weeks among
human subjects, at a dose of 60 g per day. An
increase in their Firmicutes-Bacteroidetes ratio was
also observed as a result of the intervention.

Martínez et al., 2013 [80]

Human

Blautia
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Figure 1. A schematic summary of the relationship between dietary rice bran intake, microbial
Figure 1. A schematic summary of the relationship between dietary rice bran intake, microbial
dysbiosis and colorectal cancer (CRC). (1) Microbial dysbiosis may lead to CRC mainly through the
dysbiosis and colorectal cancer (CRC). (1) Microbial dysbiosis may lead to CRC mainly through
induction of intestinal inflammation and DNA damage. (2) Inflammation may be exacerbated by
the induction of intestinal inflammation and DNA damage. (2) Inflammation may be exacerbated
certain pathogenic intestinal bacteria such as Enterococcus faecalis, Fusobacteria nucleatum, and
by certain pathogenic intestinal bacteria such as Enterococcus faecalis, Fusobacteria nucleatum, and
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this, further studies are required to investigate whether rice bran intake would result in a reduction
in the intestinal level of certain bacterial species previously shown to be associated with CRC risks.
To date, most studies on the effect of rice bran intake on the composition of intestinal microbiota
have pointed towards expansion of health-promoting bacteria, such as Lactobacillus and Bifidobacteria,
in the intestine. Few studies have indicated a decreasing level of CRC-associated bacterial genera or
species as a result of rice bran intake (Table 1). As indicated above, a number of pathogenic bacterial
species or genera have been revealed to exhibit increased colonisation in the colon of CRC patients and
animal models, and thought to play a role in CRC carcinogenesis. These include Fusobacteria nucleatum,
Bacteroides fragilis, Enterococcus faecalis, and Streptococcus gallolyticus. Moreover, to the best of our
knowledge, no studies have previously been carried out to investigate changes in the intestinal level
of bacteria known to be producers of butyrate, the SCFA that leads to intestinal health, such as the
bacterial species belonging to the Clostridial clusters IV and XIVa [18]. Therefore, to come to a better
understanding of whether rice bran intake can reduce CRC risks, analysis is required of changes in the
levels of these specific intestinal bacterial species/genera after rice bran intake. In the light of this, rice
bran dietary interventions should be carried out among cancer patients, to assess whether consumption
would lead to a change in the intestinal abundance of the above pathogenic and butyrate-producing
bacteria in these patients to a level comparable to that of healthy controls. This would provide further
evidence of whether an inter-relationship exists between rice bran intake, the composition of intestinal
microbiota and CRC.
Furthermore, with only few recent studies reporting changes in the levels of certain bacterial
genera in the human intestine after a rice bran dietary intervention (Table 1), research into how
rice bran intake can modify the intestinal microbiota of humans is currently at a very early stage.
More data describing such effects on humans of varying ethnicity are recommended, to obtain
a more comprehensive picture of the effect of rice bran intake on the composition of human
intestinal microbiota.
4. Concluding Remarks
Although there are a great many studies showing a close relationship between the composition
of intestinal microbiota and CRC development, the beneficial effect of rice bran intake on such
modification, and how this contributes to chemoprevention in the case of CRC development and
progression, is still currently an area that requires further investigation. Nevertheless, evidence is
currently emerging that rice bran intake would help to modify the composition of intestinal microbiota,
through the amplification of the population of health-promoting bacteria demonstrated in both humans
and animal models. Emerging evidence also points towards the health-promoting effect of rice
bran consumption through the increased production of SCFAs. Currently, data are still scarce on
the beneficial effects of rice bran intake among humans, both by inhibiting tumourigenesis and by
modifying intestinal microbiota. However, recent findings on the effect of rice bran intake on human
intestinal microbiota highlight an encouraging prospect of its use in preventing CRC.
However, it is important to note that increased rice bran consumption may also bring about
certain negative effects on health. For example, as revealed by Sheflin et al. [74], the intake of rice bran
would lead to a slightly increased (1%–3%) production of certain bile acids, such as deoxycholic acid
and lithocholic acid. These bile acids were previously demonstrated to exhibit a cancer-promoting
effect owing to their contribution to the development of oxidative stress [83]. Further, rice bran
was shown to contain trace amounts of inorganic arsenic, which is a carcinogen, possibly through
environmental pollution of water used for growing rice [84]. On balance, however, the well-established
chemopreventive effect of rice bran on CRC should outweigh these negative effects as long as the daily
dosage of intake is optimal.
In the light of the benefits of rice bran intake in CRC prevention, more research efforts should
be directed towards uncovering further evidence for the hypothesis that rice bran intake brings CRC
chemoprevention through modulation of intestinal microbiota. Dietary intervention studies should
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also be carried out to investigate these effects among individuals of various ethnic backgrounds to
confirm the effects of rice bran intake on the composition of intestinal microbiota. Findings from
such studies would ultimately establish the applicability of rice bran dietary interventions to CRC
prevention, and provide a scientific basis for the development and refining of a dietary intervention in
an attempt to achieve more effective CRC prevention for the global population.
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Terzić, J.; Grivennikov, S.; Karin, E.; Karin, M. Inflammation and colon cancer. Gastroenterology 2010, 138,
2101–2114. [CrossRef] [PubMed]
Janakiram, N.B.; Rao, C.V. The role of inflammation in colon cancer. In Inflammation and Cancer;
Aggarwal, B.B., Sung, B., Gupta, S.C., Eds.; Springer: Basel, Switzerland, 2014; Volume 816, pp. 25–52.
Viennot, S.; Deleporte, A.; Moussata, D.; Nancey, S.; Flourié, B.; Reimund, J.M. Colon cancer in inflammatory
bowel disease: Recent trends, questions and answers. Gastroenterol. Clin. Biol. 2009, 33, S190–S201. [CrossRef]
Rakoff-Nahoum, S.; Medzhitov, R. Regulation of spontaneous intestinal tumorigenesis through the adaptor
protein MyD88. Science 2007, 317, 124–127. [CrossRef] [PubMed]
Flossmann, E.; Rothwell, P.M. Effect of aspirin on long-term risk of colorectal cancer: Consistent evidence
from randomised and observational studies. Lancet 2007, 369, 1603–1613. [CrossRef]
Chan, A.T.; Giovannucci, E.L.; Meyerhardt, J.A.; Schernhammer, E.S.; Wu, K.; Fuchs, C.S. Aspirin dose and
duration of use and risk of colorectal cancer in men. Gastroenterology 2008, 134, 21–28. [CrossRef] [PubMed]
Mittal, M.; Siddiqui, M.R.; Tran, K.; Reddy, S.P.; Malik, A.B. Reactive oxygen species in inflammation and
tissue injury. Antioxid. Redox Signal. 2014, 20, 1126–1167. [CrossRef] [PubMed]
Kaler, P.; Augenlicht, L.; Klampfer, L. Macrophage-derived IL-1β stimulates Wnt signaling and growth
of colon cancer cells: A crosstalk interrupted by vitamin D3 . Oncogene 2009, 28, 3892–3902. [CrossRef]
[PubMed]
Yang, Y.; Wang, X.; Huycke, T.; Moore, D.R.; Lightfoot, S.A.; Huycke, M.M. Colon macrophages polarized by
commensal bacteria cause colitis and cancer through the bystander effect. Transl. Oncol. 2013, 6, 596–606.
[CrossRef] [PubMed]
Kostic, A.D.; Chun, E.; Robertson, L.; Glickman, J.N.; Gallini, C.A.; Michaud, M.; Clancy, T.E.; Chung, D.C.;
Lochhead, P.; Hold, G.L.; et al. Fusobacterium nucleatum potentiates intestinal tumorigenesis and modulates
the tumor-immune microenvironment. Cell Host Microbe 2013, 14, 207–215. [CrossRef] [PubMed]
McCoy, A.N.; Araújo-Pérez, F.; Azcárate-Peril, A.; Yeh, J.J.; Sandler, R.S.; Keku, T.O. Fusobacterium is
associated with colorectal adenomas. PLoS ONE 2013, 8, e53653. [CrossRef] [PubMed]
Isailovic, N.; Daigo, K.; Mantovani, A.; Selmi, C. Interleukin-17 and innate immunity in infections and
chronic inflammation. J. Autoimmun. 2015, 60, 1–11. [CrossRef] [PubMed]
Wu, S.; Rhee, K.J.; Albesiano, E.; Rabizadeh, S.; Wu, X.; Yen, H.R.; Huso, D.L.; Brancati, F.L.; Wick, E.;
McAllister, F.; et al. A human colonic commensal promotes colon tumorigenesis via activation of T helper
type 17 T cell responses. Nat. Med. 2009, 15, 1016–1022. [CrossRef] [PubMed]
Franklin, C.L.; Gorelick, P.L.; Riley, L.K.; Dewhirst, F.E.; Livingston, R.S.; Ward, J.M.; Beckwith, C.S.; Fox, J.G.
Helicobacter typhlonius sp. nov., a novel murine urease-negative helicobacter species. J. Clin. Microbiol. 2001,
39, 3920–3926. [CrossRef] [PubMed]
Dingemanse, C.; Belzer, C.; van Hijum, S.A.; Günthel, M.; Salvatori, D.; den Dunnen, J.T.; Kuijper, E.J.;
Devilee, P.; de Vos, W.M.; van Ommen, G.B.; et al. Akkermansia muciniphila and Helicobacter typhlonius
modulate intestinal tumor development in mice. Carcinogenesis 2015, 36, 1388–1396. [CrossRef] [PubMed]

Nutrients 2016, 8, 569

58.

59.
60.
61.

62.

63.
64.
65.

66.
67.

68.

69.
70.
71.

72.

73.

74.

75.

76.

14 of 15

Chen, Z.F.; Ai, L.Y.; Wang, J.L.; Ren, L.L.; Yu, Y.N.; Xu, J.; Chen, H.Y.; Yu, J.; Li, M.; Qin, W.X.; et al. Probiotics
Clostridium butyricum and Bacillus subtilis ameliorate intestinal tumorigenesis. Future Microbiol. 2015, 10,
1433–1445. [CrossRef] [PubMed]
Huycke, M.M.; Joyce, W.; Wack, M.F. Augmented production of extracellular superoxide by blood isolates of
Enterococcus faecalis. J. Infect. Dis. 1996, 173, 743–746. [CrossRef] [PubMed]
Huycke, M.M.; Abrams, V.; Moore, D.R. Enterococcus faecalis produces extracellular superoxide and hydrogen
peroxide that damages colonic epithelial cell DNA. Carcinogenesis 2002, 23, 529–536. [CrossRef] [PubMed]
Cuevas-Ramos, G.; Petit, C.R.; Marcq, I.; Boury, M.; Oswald, E.; Nougayrède, J.P. Escherichia coli induces
DNA damagein vivo and triggers genomic instability in mammalian cells. Proc. Natl. Acad. Sci. USA 2010,
107, 11537–11542. [CrossRef] [PubMed]
Prorok-Hamon, M.; Friswell, M.K.; Alswied, A.; Roberts, C.L.; Song, F.; Flanagan, P.K.; Knight, P.; Codling, C.;
Marchesi, J.R.; Winstanley, C.; et al. Colonic mucosa-associated diffusely adherent afaC+ Escherichia coli
expressing lpfA and pks are increased in inflammatory bowel disease and colon cancer. Gut 2014, 63, 761–770.
[CrossRef] [PubMed]
Fialkow, L.; Wang, Y.; Downey, G.P. Reactive oxygen and nitrogen species as signaling molecules regulating
neutrophil function. Free Radic. Biol. Med. 2007, 42, 153–164. [CrossRef] [PubMed]
Federico, A.; Morgillo, F.; Tuccillo, C.; Ciardiello, F.; Loguercio, C. Chronic inflammation and oxidative stress
in human carcinogenesis. Int. J. Cancer 2007, 121, 2381–2386. [CrossRef] [PubMed]
Khansari, N.; Shakiba, Y.; Mahmoudi, M. Chronic inflammation and oxidative stress as a major cause
of age-related diseases and cancer. Recent Pat. Inflamm. Allergy Drug Discov. 2009, 3, 73–80. [CrossRef]
[PubMed]
Sosa, V.; Moliné, T.; Somoza, R.; Paciucci, R.; Kondoh, H.; LLeonart, M.E. Oxidative stress and cancer:
An overview. Ageing Res. Rev. 2013, 12, 376–390. [CrossRef] [PubMed]
Henderson, A.J.; Kumar, A.; Barnett, B.; Dow, S.W.; Ryan, E.P. Consumption of rice bran increases mucosal
immunoglobulin a concentrations and numbers of intestinal Lactobacillus spp. J. Med. Food 2012, 15, 469–475.
[CrossRef] [PubMed]
Kumar, A.; Henderson, A.; Forster, G.M.; Goodyear, A.W.; Weir, T.L.; Leach, J.E.; Dow, S.W.; Ryan, E.P.
Dietary rice bran promotes resistance to Salmonella enterica serovar Typhimurium colonization in mice.
BMC Microbiol. 2012, 12, 71. [CrossRef] [PubMed]
Zhong, L.; Zhang, X.; Covasa, M. Emerging roles of lactic acid bacteria in protection against colorectal cancer.
World J. Gastroenterol. 2014, 20, 7878–7886. [CrossRef] [PubMed]
Tamura, M.; Hori, S.; Hoshi, C.; Nakagawa, H. Effects of rice bran oil on the intestinal microbiota and
metabolism of isoflavones in adult mice. Int. J. Mol. Sci. 2012, 13, 10336–10349. [CrossRef] [PubMed]
Kim-Schulze, S.; Kim, H.S.; Wainstein, A.; Kim, D.W.; Yang, W.C.; Moroziewicz, D.; Mong, P.Y.;
Bereta, M.; Taback, B.; Wang, Q.; et al. Intrarectal vaccination with recombinant vaccinia virus expressing
carcinoembronic antigen induces mucosal and systemic immunity and prevents progression of colorectal
cancer. J. Immunol. 2008, 181, 8112–8119. [CrossRef] [PubMed]
Yang, X.; Twitchell, E.; Li, G.; Wen, K.; Weiss, M.; Kocher, J.; Lei, S.; Ramesh, A.; Ryan, E.P.; Yuan, L. High
protective efficacy of rice bran against human rotavirus diarrhea via enhancing probiotic growth, gut barrier
function, and innate immunity. Sci. Rep. 2015, 5, 15004. [CrossRef] [PubMed]
Komiyama, Y.; Andoh, A.; Fujiwara, D.; Ohmae, H.; Araki, Y.; Fujiyama, Y.; Mitsuyama, K.; Kanauchi, O.
New prebiotics from rice bran ameliorate inflammation in murine colitis models through the modulation of
intestinal homeostasis and the mucosal immune system. Scand. J. Gastroenterol. 2011, 46, 40–52. [CrossRef]
[PubMed]
Sheflin, A.M.; Borresen, E.C.; Wdowik, M.J.; Rao, S.; Brown, R.J.; Heuberger, A.L.; Broeckling, C.D.; Weir, T.L.;
Ryan, E.P. Pilot dietary intervention with heat-stabilized rice bran modulates stool microbiota and metabolites
in healthy adults. Nutrients 2015, 7, 1282–1300. [CrossRef] [PubMed]
Yasukawa, K.; Akihisa, T.; Kimura, Y.; Tamura, T.; Takido, M. Inhibitory effect of cycloartenol ferulate,
a component of rice bran, on tumor promotion in two-stage carcinogenesis in mouse skin. Biol. Pharm. Bull.
1998, 21, 1072–1076. [CrossRef] [PubMed]
Baskar, A.A.; Al Numair, K.S.; Gabriel Paulraj, M.; Alsaif, M.A.; Muamar, M.A.; Ignacimuthu, S.
β-sitosterol prevents lipid peroxidation and improves antioxidant status and histoarchitecture in rats
with 1,2-dimethylhydrazine-induced colon cancer. J. Med. Food 2012, 15, 335–343. [CrossRef] [PubMed]

Nutrients 2016, 8, 569

77.

78.
79.
80.

81.

82.

83.
84.

15 of 15

Sheflin, A.M.; Borresen, E.C.; Kirkwood, J.S.; Boot, C.M.; Whitney, A.K.; Lu, S.; Brown, R.J.; Broeckling, C.D.;
Ryan, E.P.; Weir, T.L. Dietary supplementation with rice bran or navy bean alters gut bacterial metabolism in
colorectal cancer survivors. Mol. Nutr. Food Res. 2016. [CrossRef] [PubMed]
Fang, H.Y.; Chen, Y.K.; Chen, H.H.; Lin, S.Y.; Fang, Y.T. Immunomodulatory effects of feruloylated
oligosaccharides from rice bran. Food Chem. 2012, 134, 836–840. [CrossRef] [PubMed]
Pham, T.; Savary, B.J.; Chen, M.H.; Lee, S.O. In vitro short-chain fatty acid production of rice bran components
by human gut microbiota. FASEB J. 2016, 30, 1160.
Martínez, I.; Lattimer, J.M.; Hubach, K.L.; Case, J.A.; Yang, J.; Weber, C.G.; Louk, J.A.; Rose, D.J.;
Kyureghian, G.; Peterson, D.A.; et al. Gut microbiome composition is linked to whole grain-induced
immunological improvements. ISME J. 2013, 7, 269–280. [CrossRef] [PubMed]
Rowland, I.R.; Rumney, C.J.; Coutts, J.T.; Lievense, L.C. Effect of Bifidobacterium longum and inulin on gut
bacterial metabolism and carcinogen-induced aberrant crypt foci in rats. Carcinogenesis 1998, 19, 281–285.
[CrossRef] [PubMed]
Gunasekaran, S.; Venkatachalam, K.; Jeyavel, K.; Namasivayam, N. Protective effect of p-methoxycinnamic
acid, an active phenolic acid against 1,2-dimethylhydrazine-induced colon carcinogenesis: Modulating
biotransforming bacterial enzymes and xenobiotic metabolizing enzymes. Mol. Cell. Biochem. 2014, 394,
187–198. [CrossRef] [PubMed]
Payne, C.M.; Bernstein, C.; Dvorak, K.; Bernstein, H. Hydrophobic bile acids, genomic instability, Darwinian
selection, and colon carcinogenesis. Clin. Exp. Gastroenterol. 2008, 1, 19–47. [CrossRef] [PubMed]
Sun, G.X.; Williams, P.N.; Carey, A.M.; Zhu, Y.G.; Deacon, C.; Raab, A.; Feldmann, J.; Islam, R.M.;
Meharg, A.A. Inorganic arsenic in rice bran and its products are an order of magnitude higher than in
bulk grain. Environ. Sci. Technol. 2008, 42, 7542–7546. [CrossRef] [PubMed]
© 2016 by the authors; licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC-BY) license (http://creativecommons.org/licenses/by/4.0/).

