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Wheat bran and cancer: The role of dietary fibre

Lynnette R Ferguson! DPhil (Oxon) and Philip J Harris2? PhD (Cantab)
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Wheat bran is known to protect against colorectal cancer. However, although it is a rich source of dietary fibres
(plant celi walls), these make up less than 50% of its dry weight. Thus, it is not known whether the dietary
fibres or components in the cell contents protect against cancer. Some of these components iz the cell contents
are known (o have anticancer activity and include phytic acid and various phenolics {phenolic acids, lignans and
flavonoids). Possible mechanisms of protection by dietary fibres and components in the cell contents are
discussed. A major goal of future research on wheat bran should be to determine the role that dietary fibre plays

in cancer prevention.
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Introduction

The fibre hypothesis was first proposed by Burkitt as a con-
sequence of his finding of low rates of colon cancer in
regions of Africa which have diets with a high cereal content
and hence a high content of dietary fibre (DF).! The value of
a diet with a high content of DF was also indicated by some
subsequent case control studies of colorectal cancer. How-
ever, the European Society of Cancer Prevention ‘Consensus
meeting on cereals, fibre and colorectal and breast cancers’
concluded that cereals themselves rather than the DF per se
may be very important.2 The epidemiological literature con-
ceming the protective effects of cereals and DF against
cancer was re-examined by Hill who also concluded that
there was no doubt that cereals were protective, but that there
could be dispute over the strength of the protection given by
DFE.? A further analysis of data from Europe, North America
and Australasia showed that among various foods rich in DF,
cereals were strongly protective, as were vegetables other
than starchy root vegetables, whereas fruits appeared
neutral.* However, in addition to DF, whole grain cereals are
known to contain a number of potential anticancer com-
pounds including various phenolics, vitamin E, selenium and
phytic acid.>-® Most of the DF of cereals as well as these other
compounds occur in the outer cell layers of the grain.

To a plant scientist, these outer cell layers of cereals are
known as the bran layers and comprise the aleurone, pericarp
and seed coat (Fig. 1). These bran layers make up approxi-
mately 14% of wheat grains and are separated from the
starchy endosperm and embryo during roller milling. How-
ever, during roller milling the separation of the bran layers
from the starchy endosperm is never complete, and some
starchy endosperm is usually left adhering to the bran layers.
Thus, wheat bran as bought from the supermarket containg
variable amounts of starchy endosperm in addition to the
bran layers. Usually the DF content of wheat bran is less than
50%. Nevertheless, wheat bran is a rich source of DE 1s
palatable and is readily incorporated into the diet.

In intervention studies, wheat bran has been shown to
protect against early markers of human colon cancer.™ In

animal models, it has also been shown to protect against
breast cancer.® However, the protective effects of wheat bran
have often been assumed to be solely due to the DF despite
the presence of other potential amticancer compounds.
Indeed, it is unfortunate that the terms wheat bran and ‘wheat
dietary fibre’ or ‘wheat fibre” have been used interchangeably
in many studies.10.1t

Definition and composition of wheat bran dietary fibre
Early studies to try to confirm the fibre hypothesis were
impeded by a lack of agreement on the definition of DF and
also by the lack of good analytical methods for its quantifi-
cation. We have defined DF as ‘consisting of the walls
around plant cells as well as components obtained from these
walls. The term may also include non-starch polysaccharides
from sources other than plant cell walls’.12 We included in
this definition components obtained from cell walls and non-
starch polysaccharides from souwrces other than plant cell
walls because these are used as food additives. Nevertheless,
more than 95% of the DF in Western diets is from whole
plant cell walls. These cell walls are highly organized, com-
plex structures that can vary both in their composition and
physical properties.

Cell walls cannot be regarded simply as mixtures of var-
ious components.!3 However, some recent definitions of DF,
such as that of Kenji et al., do not acknowledge that most DF
occurs as whole plant cell walls and not simply as mixtures
of components.!4 These authors used the following as their
definition: ‘Dietary fibre consists of plant cell wall poly-
saccharides and lignin, which are not hydrolysable by human
digestive enzymes, and includes pectin, cellulose, and hemi-
cellulose’. Further confusion is caused by the common use in
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Figure 1. (z) Longitudinal section of the bran layers of a wheat grain
showing the different celi types. (b) Longitudinal section through a
wheat grain; the rectangle indicates the focation of the section shown In
1(a). This figure was modified from K Bsau with permission.™

epidemiological studies of the term ‘fibre type’ to refer to
plant cell-wall components or fractions. Viewed from the
perspective of plant science, the term ‘fibre type’ is better
used to refer only to the different types of plant cell walls in
the diet.

Wheat bran contains several different cell types with dif-
ferent wall compositions. In addition to polysaccharides, the
walls of the outer cell layers (many of the pericarp cells and
the seed coat) contain the complex polyphenolic polymer,
lignin (Fig. 2).!516 The cell walls of the seed coat also con-
tain cutin, a three-dimensional polyester with similar proper-
ties to lignin.'S In contrast to these pericarp and seed-coat cell
walls, the aleurone cell walls contain neither lignin nor cutin.
They contain instead a high proportion of the polysaccharide
arabinoxylan, which has ferulic acid attached to it by ester
links. 16-18

A variety of methods are used to quantify DF, none of
which measure exactly the cell-wall content of a food. The
two most commonly used are the Englyst method!® and the
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Figure 2. Portion of an arabinoxylan from aleurone cell walls in wheat
bran. Ferulic/p-cownaric acid is ester-linked to the arabinose residue
{R = H = p-coumaric acid; R = OCH3 = ferulic acid).

ACAC {Association of Official Analytical Chemists) method
of Prosky er al.20 Tn the Englyst method, DF is measured as
non-starch polysaccharides by summing the constituent
monosaccharides of these polysaccharides. However, poly-
saccharides are not the only components of plant cell walls
and this method does not include lignin or cutin in the DF
value. In the AOAC method, the DF value does include
lignin and cutin as well as cell-wall polysaccharides, but the
value also includes some resistant starch as well as Maitlard
browning products.l> As would be expected, the AOAC
method gives higher DF values than the Englyst method. In
a comparative study of the two methods in which 12 foods
were analysed, the AOAC values were on average 19%
higher than the Englyst values.?!

Soluble and insoluble dietary fibre
In addition to determining the total DF content of a food,
both methods have adaptations for determining soluble and
insoluble DF depending on the solubility of the DF in water
or buffer solutions. However, the conditions used to solu-
hilize the soluble DF are very different from the conditions in
the gastrointestinal tract.222? Indeed, Monro found that a
much smaller proportion of tota] DF was solubilized in vivo
in rats than was solubilized in the Englyst method.??
Although soluble DF, for example pectic polysaccharides
extracted from plant cell walls, are degraded quickly and
extensively by colonic bacterial enzymes, simply because a
DF is soluble does not mean that it will be degraded.'? Also,
some insoluble DF, such as Lgnified cell walls, are not
degraded by colonic bacterial enzymes; however, this is not
true of all insolubte DF. For example, 87% of the DF in
wheat bran was insoluble when analysed by the Englyst
method.2! However, only 64% of the wheat bran DF
remained undegraded by bacterial enzymes in both rat and
human large intestines.2425 The pericarp cel! walls of wheat
bran are lignified and the presence of this lignin protects the
cell-wall polysaccharides from degradation by colonic bacte-
rial enzymes. In contrast, the aleurone cell walls are slowly
and partially degraded by bacterial enzymes. 22 Although
walls of aleurone cells are only partly degraded, they do not
contain lignin but instead contain ferulic acid ester-linked to
polysaccharides; some p-coumaric acid is aiso present in this
form (Fig.2). The degradation leads to the release of
feruloylated oligosaccharides, which can then be further
degraded to release ferukic acid.?’

Cell contents of wheat bran

Tn addition to cell walls or DF, wheat bran contains cell-
contents components. Analyses indicate that most of these
can be accounted for as protein (mostly from the aleuroné
cells), starch (from the contaminating starchy endosperm).
moisture and ash. In addition, a range of potential anticancel
compounds occur in the cell contents. These include various
phenolics, vitamin E, selenium and phytic acid.>® Several
of these have been independently implicated in cancef
protection.

Although many of the phenolic components of wheat -
bran occur in the cell walls, some also occur in the cell [
contents. These include phenolic acids, flavonoids, and lig-
pans.?8 Onyeneho and Hettiarachchy identified a number of
free phenolic acids in an aqueous extract of durom wheat
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bran.?? The most abundant acid was ferulic, followed in order
of abundance by wvanillic, p-coumaric, protocatechuic,
syringic, p-hydroxybenzoic, caffeic, and genitisic.

Flavonoids have structures based on a C15 nucleus and
are usually grouped in classes (e.g. flavones). The flavone
tricin as well as two glycosides of the flavone apigenin have
been identified from wheat bran.30-32 Wheat bran also con-
tains small amounts of the flavanol catechin and proantho-
cyanidins (also known as condensed tannins) which are
oligomers or polymers based on flavanol units.33 The total
flavonoid content of wheat bran varies according to wheat
cultivar.

Plant lignans are phenolic dimers with a characteristic
dibenzylbutane skefeton.534.35

Phytic acid is the hexaphosphate of myo-inositol. Tt
occurs as a magnesinm-<calcium salt in the aleurone cells of
wheat bran and may comprise approximately 4% of the
bran,36-38

Wheat bran is an adequate source of vitamin E, B-
carofene, and cancer profective minerals including iron,
calcium and selenium. It also appears to be a useful source
of folic acid.

Mechanisms by which dietary fibres may protect against
cancer

As summarized in Table [, a number of mechanisms have
been suggested for DF protection against cancer. Addition-
ally, numerous reviews have appeared on this topic, such as
Hill, Harris and Ferguson, Ferguson and Harris, Klurfeld, and
Kritchevsky.12.13:4041

Possible role of butyrate in cancer protection

Products resulting from DF polysaccharides being degraded
by colonic bacterial enzymes are fermented to produce short
chain fatty acids (predominantly acetic, propionic, and
butyric), hydrogen, methane, carbon dioxide, and water.
‘Numerous authors have suggested that the butyrate produced
prevents the development of colon cancer. This forms the
:basis of the “butyrate hypothesis’ which is probably the most
?commonly cited mechanism for the protective action of DF.
. For example, Archer ef al. claim that butyrate inhibits colon
cancer cell growth by two mechanisms, one involving
histone hyperacetylation and p21 induction and the other
related to impaired epidermal growth factor-responsive-
ness.> Emenaker and Basson studied the effects of short
chain fatty acids in inhibiting human (SW1116) colon cancer

Table 1. Some proposed mechanisms by which dietary fibres
have been suggested to protect against cancer

Mechansisms

Modification of carcinogen absorption throngh:
Decreased transit time
Increased faecal bulk
Increased carcinogen binding
Other mechanisms incleding modulation of enzyme activity
Hormonal effects
Butyrase effects
Apoptosis
Gene expression
Signal transduction

cell invasion*? Théy suggested that major effects of these
were through reducing urokinase plasminogen activator
activity, and by modulating amounts of degradative matrix
metalloproteinases (MMP) and protective tissue inhibitor
matrix metatloproteinases (TIMP). Palmer et al. commented
on the modulation of p53 expression in cultured colonic
adenoma cell lines by butyrate.#

Many of the effects of butyrate cited rely on changes in
the expression of certain genes, as summarized by Smith er
al.% However, recent research has revealed various activities
of butyric acid on isolated cells, especially its ability to
modify nuclear architecture and to induce death by apoptosis.
It changes the structure of chromatin through its effects on
post-translational modifications, especially acetylation and
phiosphorylation of the nuclear histones. Butyric acid can
also modify the differentiation state of cells, overcoming the
resistance of cancerous colonic cells to normal programimed
cell death.

However, all these studies are at the cellular level, involv-
ing tissue culture cells. Smith et al. pointed out the difficul-
ties of proving butyrate action in vive, given that the
synthesis and site of action of butyric acid are in close prox-
imity.# If this mechanism is really important, it would be
necessary to show that butyrate is produced in the right place
and at the right time, is generated from DF and that this is the
most important aspect of DF action. None of this evidence is
available. Indeed, studijes to show these links have generally
been negative. For example, Zoran ef al. used a series of DI
sources with varying amounts of butyrate production and
found that protection against colon cancer failed to correlate
with butyrate production® In a recent review, Klurfeld
concluded:

There is no reason to believe that a single lumenal or tissue
factor will hold the key to understanding the causes of dietary
fiber’s effect on reducing the risk of colon cancer. In fact, the
data suggest that multiple, interacting factors wili be
revealed... It is quite plansible that the combination of dietary
fibre, or its metabolites, in conjunction with other
phytochemicals may be necessary to realize inhibition of the
tumorigenic process,*

Other mechanisms of cancer protection by DF

Dietary fibres may also act directly in a variety of ways to
reduce the availability of dietary carcinogens to the colonic
mucosa and hence protect against cancer. These ways include
the reduciion of transit time in the gastrointestinal tract, an
increase in faecal bulk, and the adsorption of dietary carcino-
gens to the DF. Dietary fibre in wheat bran may act by all of
these mechanisms.'12 In particular, the lignified pericarp
cell walls of wheat bran are lignified and Henified cell walls
are known to be good at adsorbing distary carcinogens.
These cell walls are known to be undegraded in the colon and
hence the adsorbed carcinogens can be carried out of the
body in the faeces.!2 To what extent these varions mecha-
nisms operate to protect against colorectal cancer is not clear.
However, Corpet et al, showed that increasing faecal bulk, in
the absence of DF or a source of DF, failed to protect against
the development of an ecarly marker of carcinogenesjs.¥
Recent studies in this laboratory have examined the efTects of
a wheat bran diet on the absorption, metabolism and excre-
tion of a radiolabelled heterocyclic amine in rats (LR Fergu-
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son et al., unpubl. data., 1998). The data cannot be explained
by the simple hypotheses previously suggested.!?

Another way wheat bran may protect against cancer is via
the ferulic acid ester-linked to arabinoxylans in the aleurone
cell walls (Fig. 2). Ferulic acid is a good antioxidant*® and can
inhibit carcinogenesis cansed by the carcinogen 4-nitroquino-
line-1-oxide in a rat tongue model 4° Phenolic acids in general
are known to inhibit carcinogenesis caused by various car-
cinogens (e.g. Wattenberg, Mori efqal, and Mandal and
Stoner),3%52 or to inhibit mutagenesis.”? Ferulic, caffeic and
chlorogenic acids are effective blockers of nitrosamine for-
mation.33% Other authors such as Tanaka er al.* have sug-
gested that the primary action of phenolie acids in preventing
cancer may be through their action as ‘blocking compounds’,
preventing carcinogens from binding to critical targets.>C It is
possible that ferulic acid released from aleurone cell walls can
protect against the development of colon cancer.

Possible role of cell content components in cancer
protection

Phenolic acids in the cell contents may protect like ferulic
acid released from the cell walls, as described above. How-
ever, the phenolic acids in the cell contents could be absorbed
from the gastrointestinal tract in the stomach or small
intestine.

Many of the flavonoids, including proanthocyanidins,
have been shown to be powerful antioxidants.*s-7 In various
animal modeis® and in some epidemiological studies.® a
range of flavonoids have proved able to inhibit various stages
of tumour development. Some flavonoids, especially
flavones and flavonols, may induce and/or otherwise affect
the activities of various phase I and phase Il enzymes both in
vivo and in virre.5061 Such activities will influence the meta-
bolic activation of a variety of exogenous carcinogens to
DNA-reactive forms, as well as enhancing detoxification.
For example, Uda eral. showed that various flavonoids
induced quinone reductase emzymes in murine hepatoma
cells,®! whereas Canivenc-Lavier ef al. showed that some
flavones increased the activities mediated by cytochrome
P450 1A1, 1A2, 2B1 and 2B2, as well as modulating the
activities of p-nitrophenol UDP-glucuronyl transferase and
glutathione transferase enzymes in rat livers.69

Plant lignans may be converted by fermentation in the
large intestine to mammalian lignans which may protect
against the development of some hormone-dependent
cancers, including breast cancer, as welt as other cancers.52
The effects of lignans were studied in human volunteers by
Adlercreutz er al.®® They suggested that lignans affect uptake
and metabolism of sex hormones by affecting regulation of
the concentrations in plasma of globulin that binds sex hor-
mones. They also suggested that lignans could inhibit cell
proliferation by competing with estradiol for type II oestro-
gen binding sites, which may protect against the develop-
ment of some hormone-dependent cancers, including breast
cancer, as well as other cancers.®?

The anticancer effects of phytic acid have also been
extensively studied. For example, when compared with
wheat bran supplementation, 0.4% phytic acid gave better
protection against cancer induced by the mammary carcino-
gen 7,12-dimethylbenz]g]anthracene.® Phytic acid strongly
chelates multivalent metal ions, especially zinc, calcium and

iron. Probably because of this, it is a strong inhibitor of iron-
mediated generation of the hydroxyl radical, a hazardous oxi-
dant. Phytic acid thus acts as an antioxidant and reduces lipid
peroxidation, 5366 It may also be antineoplastic because of its
action on signal transduction pathways, cell cycle regulatory
genes, differentiation genes, oncogenes and perhaps turmour
suppressor genes.67 It is also known to affect the metabolic
and detoxification capacity of the liver. For example, in mice
it increased hepatic concentrations of glutathione S-trans-
ferase and cytochrome P-450.58

B-Carotene and the antioxidant vitarnins C and E are well
known as free radical trapping agents.®® In addition, they
have been found to contribute to immune stimulation, inhibi-
tion of nitrosamine formation, and enhancement of cell com-
munication; they also influence metabolic activation of
carcinogens. B-Carotene and vitamin E were found to protect
against later stages of carcinogenesis better than wheat
bran.” The B vitamin folic acid appears to have an influence
on DNA methylation and thus on proto-oncogene expression.

Evidence from epidemiology for the role of dietary fibre
in cancer protection

Epidemiological studies have shown that eating a diet rich in
fruits, vegetables or cereals protects against colorectal
cancer.®?! However, the question remains as to whether this
protection is caused by the dietary fibre or by components in
the contents of plant cells, or by a combination of both.
Furthermore, as we have indicated above plant cell walls
vary widely in their composition and physical properties and
thus all types of plant cell walls (DF) are unlikely to be
equally protective. For example, the predominant types of
plant cell walls in fruits and vegetables have very different
compositions and physical properties from those of wheat
bran cell walls. Even within wheat bran, the cell walls of the
periderm and the aleurone are quite different.

These problems of what components of a diet rich in food
plants are protecting against cancer are thus complex and dif-
ficult to address experimentally. Nevertheless, we believe
that the commonly used approach of simply quantifying DF
and correlating this with cancer incidence does not distin-
guish between plant cell walls which have quite different’
compositions and physical properties and hence probably dif-
ferent protective properties. The situation is also not
improved by quantifying cell-wall components in the diet. =
and describing these as ‘types of DF’: for example by quan- =

tifying soluble and insoluble DF, cellulose, non-cellulosic

polysaccharides etc. These are mostly simply indicators of
the cell-wall content. However, a high content of soluble DE. -
may indicate a diet rich in fruits and vegetables which mostly -
have parenchyma cells containing high proportions of pectic::
polysaccharides. Nevertheless, a high coatent of soluble DE:
could also arise from a diet rich in oat or barley grains with "
cell walls rich in (f-53,1—4)-B-glucans. Cell walls rich if’
pectic polysaccharides and cell walls rich in (1—3,1-34)-B
glucans may well have quite different effects in terms of.
cancer risk.

Evidence from human intervention studies for the role o
dietary fibre in cancer protection :
At least theoretically, human intervention studies shoul
make it possible to determine whether DF or components 0
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the cell contents are responsible for the protective effect of
wheat bran, This could be done by isolating DF from wheat
bran and comparing its effects with those of unextracted
wheat bran. Because there is currently no unequivocal proof
in humans that DF protects against cancer, this would be an
important study to do. However, to show statistically signifi-
cant effects would require a more sensitive biomarker than
the polyp assays currently being used in human popula-
tions.”® The use of newer and more sensitive markers, such
as the comet assay in blood Iymphocytes (e.g. Pool Zobel et
al.}, may provide the necessary sensitivity for such studies.”2
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