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Abstract
Background—Low fat and wheat bran
interventions significantly reduced the
growth of small to large adenomas and
modestly suppressed rectal epithelial cell
proliferation in the Australian Polyp Pre-
vention Project.
Aim—To study the eVect of unprocessed
wheat bran, unprocessed oat bran and
processed wheat bran (Kellogg’s All Bran)
on rectal epithelial cell proliferation.
Patients—Twenty subjects with recent ad-
enomas and a high fat background diet
were recruited.
Methods—Rectal biopsy specimens were
taken at entry and at the end of three six-
week periods of oat bran (64 g/day), wheat
bran (25 g/day) and All Bran (38 g/day),
all in association with a diet <25% energy
as fat, in a randomised cross-over trial.
Each of the bran supplements had a total
of 11 g dietary fibre. The biopsy speci-
mens were fixed in methacarn and stained
immunohistochemically for presence of
the proliferating cell nuclear antigen
(PCNA). The kinetics used to measure
proliferation were labelling index, whole
distribution of labelled cells, and labelled
cells in the top two-fifths of crypts using
analysis of variance.
Results—There were no significant diVer-
ences in mean labelling indexes between
the four diets or in the percentage of
labelled cells in the top two-fifths
(p=0.59), but activity in the top two-fifths
of crypts was lowest with wheat bran. The
mean (SD) labelling indexes were 2.23
(0.11)% for control, 2.13 (0.08)% for wheat
bran, 2.19 (0.09)% for oat bran, and 2.12
(0.08)% for All Bran. The proportion in
the top two-fifths of the crypts was 2.6
(0.6)% for control, 2.15 (0.5)% for wheat
bran, 3.3 (0.9)% for oat bran, and 3.1
(0.9)% for All Bran. On analysis of whole
distribution, there was no significant
overall eVect of diets but there was a
diVerence between subjects. Analysis in-
cluding total fibre intake also did not
identify eVects on proliferation.
Conclusion—In this study of high risk
subjects with initial high fat diets, dietary
fibre in association with a low fat diet had
no eVect on rectal epithelial cell prolifera-
tion, although wheat bran had the greatest
eVect on percentage of labelled cells in the
top two-fifths of crypts.
(Gut 1997; 41: 239–244)
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Diets high in fibre and low in fat seem to pro-
tect against the development of colorectal
cancer.1–5 The mechanisms, however, by which
fat and fibre exert their eVects are not yet clear.
Dietary fibre is divided into soluble and insolu-
ble types depending on its solubility in water.6

Soluble fibres are well fermented by anaerobic
bacteria in the proximal colon and seem to
provide less protection against the develop-
ment of colorectal cancer.7 8 In many studies,
soluble fibres have shown an increase in
tumorigenesis with only few showing any
protection.9 10 Guar gum, oat bran and pectin
are examples of soluble fibres which are
fermented in the proximal colon and have little
eVect on tumorigenesis in distal colon.11

Epidemiological studies separating soluble
from insoluble fibre identify insoluble fibre as
preferentially protective.5 12 Insoluble or poorly
soluble dietary fibres, such as cellulose, lignin
and wheat bran, have been shown to reduce
transit time to the colon,13–15 increase the bulk
of colon contents,8 11 and dilute and absorb
carcinogens, reducing the time for interaction
with intestinal epithelium.6 16–18 These fibres
survive transit to the distal colon, permitting
distal fermentation to occur.7 Short chain fatty
acids (SCFAs)—namely acetate, propionate
and butyrate—are the main by-products of fer-
mentation. Soluble fibres are more fermentable
and produce larger amounts of SCFAs, but
they are absorbed almost entirely by the
colonocytes in the proximal colon.11 Fermenta-
tion of insoluble and poorly soluble fibres,
however, provides a continuous supply of
SCFAs along the bowel, maintaining normal
colonocyte proliferation and diVerentiation.
Butyrate is the preferred energy source for
colonocytes, and has been shown to inhibit
tumour cell growth of human cancer cell lines
in vitro19 20 and increase diVerentiation mark-
ers. Poorly soluble fibres are therefore poten-
tially capable of forcing diVerentiation,21 slow-
ing proliferation2 and inhibiting tumorigenesis
in the distal colon of the rat8 where human
colorectal cancers are more common.
The Australian Polyp Prevention Project,22

in a randomised, controlled trial, found that
unprocessed wheat bran and reduced dietary
fat inhibited the development of large adeno-
mas. In parallel with this study, we showed that
this same diet reduced proliferation in the top
two-fifths of crypts, although these results were
not significant. Diets with wheat bran had
lower levels of labelling in this marker crypt
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region of high cancer risk, than in the remain-
ing groups (p=0.033).
The aim of this study was to determine the

eVect of unprocessed wheat bran, unprocessed
oat bran and processed wheat bran supple-
ments on rectal epithelial proliferation when
given in association with a low fat diet.

Methods
PATIENTS

Patients with at least one adenoma removed at
recent colonoscopy completed a semiquantita-
tive food frequency questionnaire to assess
their fat intake. Those assessed as consuming a
high fat diet were then asked to complete a four
day food diary, over four consecutive days,
including two weekdays and a weekend, for
dietary analysis. Twenty subjects who had a fat
intake of >36% energy as fat were recruited
(11 men, nine women, 36–74 years of age,
mean 56 years).

FIBRE

Unprocessed wheat bran, which contains
cellulose, hemicellulose and lignin, is an
insoluble fibre of low fermentability. It consists
of 40% fibre, 80% of which is insoluble and
20% soluble. Unprocessed oat bran is a well
fermented soluble fibre consisting of 18% fibre
(50% insoluble and 50% soluble). Processed
wheat bran (All Bran) consists of 29.6% fibre
(26.6% insoluble fibre and 3% soluble). It is
processed by cooking over a short time at a
temperature of 120°C and a pressure of
5.9 MPa. This process is known as extrusion
cooking and is commonly used to give texture
to foods such as snacks, sweets, bread prod-
ucts, and breakfast cereals, making them more
digestible.23 Chemical modifications of fibre
components can occur during cooking, possi-
bly aVecting the fibre content of the wheat bran
and the proportion of insoluble to soluble fibre.

STUDY DESIGN

The study was a randomised, cross-over trial
with three six-week dietary periods, incorpo-
rating a diVerent fibre supplement in each
period: 25 g unprocessed wheat bran, 64 g
unprocessed oat bran or 38 g processed wheat
bran (All Bran, Kellogg Aust. Pty Ltd,
Pagewood, NSW). Each of the supplements
contained 11 g dietary fibre. Fibre supple-
ments were pre-weighed in sachets and sub-
jects were asked to take one a day in
conjunction with a low fat diet of<25% energy
as fat. The fat reduction was based on standard
advice to patients with adenomas and to max-
imise the chance of detecting a diVerence
between baseline and any of the fibre interven-
tions. A dietician counselled each subject to
achieve the target reduction in fat. At the
beginning of the study, when on a monitored
high fat diet (control period), and at the end of
each six-week intervention period, four to six
rectal biopsy specimens were taken 10–15 cm
from the anal verge using colonoscopic biopsy
forceps, without bowel preparation. Dietary
intake during the study was assessed by four
day food diaries completed by each subject at
approximately week 4 of each period. Biopsy

specimens were taken in the morning between
09 00 and 11 00 hours. Non-steroidal anti
inflammatory drugs, aspirin and vitamin sup-
plements, including betacarotene, were pro-
scribed during the study.

BIOPSY SPECIMENS

Specimens were fixed in methacarn (methanol:
chloroform:acetic acid, ratio 6:3:1) for one
hour, dehydrated in three changes of ethanol
over three hours, cleared in three changes of
chloroform over three hours, and then vacuum
embedded in three changes of paraYn wax
over a one hour period. Serial sections were cut
at 2 µm and mounted in sequence on num-
bered slides.

PCNA IMMUNOHISTOCHEMISTRY

Proliferating cells were stained immunohisto-
chemically for proliferating cell nuclear antigen
(PCNA).24 Briefly, sections were dewaxed and
endogenous peroxidase activity was blocked in
0.9% hydrogen peroxide in methanol for 15
minutes. Sections were then fixed for five min-
utes in 10% neutral buVered formalin and
non-specific binding sites blocked in Tris
buVer containing 10% fetal calf serum for 10
minutes. The sections were incubated sequen-
tially in a 1 in 1000 dilution of a mouse mono-
clonal antibody to PCNA (clone 19A2,Coulter
Immunology, Hialeah, FL, USA) for 90
minutes, a 1 in 100 dilution of a rabbit
anti-mouse immunoglobulin (Ig) (Dako Z259,
Dakopatts, Copenhagen, Denmark), a 1 in 40
dilution of a swine anti-rabbit Ig (Dako Z196),
and a 1 in 40 dilution of a rabbit peroxidase
anti-peroxidase Ig (Dako Z113) for 30 minutes
each. Between reagent changes, sections were
washed for 10 minutes in three changes of Tris
buVer. The sites of bound enzyme were visual-
ised by incubating sections for five minutes in
100 ml buVer containing 60 mg 3,3-
diaminobenzidine and 50 µl 30% hydrogen
peroxide. Sections were counterstained with
haematoxylin and mounted in DPX.

ANALYSIS OF CRYPTS

Longitudinally sectioned crypts from surface
to base, with a single layer of epithelial cells and
with the lumen identifiable at least at the base
were counted. Each crypt column was counted
from the centre of the base of the crypt up to
the level of the collagen table beneath the sur-
face epithelium. Both columns were counted
for each crypt. The total number of cells, the
total number of labelled cells and the numeri-
cal position of the labelled cells per crypt
column were recorded for each subject. Only
cells with uniform dark brown staining of the
nucleus were considered labelled.

STATISTICAL ANALYSIS

Dietary periods with respect to the labelling
index and the percentage of labelled cells in the
top two-fifths of the crypts were compared
using analysis of variance (ANOVA). In
addition, log-linear models were used with ÷2

tests of the likelihood ratio statistic, to compare
the distribution of labelled cells in the four
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crypt compartments, comprising each of the
bottom three-fifths and the top two-fifths com-
bined.

Results
Four subjects withdrew from the study after
completing two interventions. All 20 subjects
completed the wheat bran intervention, 19 the
oat bran and 17 the All Bran intervention. Six
subjects gained between 0.5 and 5.0 kg in
weight after intervention, while eight subjects
lost between 0.5 and 7.0 kg. No data on weight
were available for the remaining six subjects
(mean (SD) weight before and after interven-
tion 79.82 (14.86) and 76.95 (12.69) kg,
respectively).
Table 1 shows the mean nutrient intakes

before and after intervention. During the inter-
vention periods, subjects reduced their fat
intake to the required level of approximately
25% energy as fat, which in turn reduced their
total calorie intake to an average of 1624 kCal
compared with 2159.2 kCal for the control
period. The amount of protein and carbohy-
drates consumed increased by 25% during the
intervention periods and the amount of fibre
increased by 33%. The levels of calcium and
starch consumed were similar for all four
dietary groups; however, when subjects were
on oat bran supplements, they consumed
significantly greater amounts of dietary beta-
carotene than the other groups.
Table 2 shows the measures of proliferation.

The labelling index was not aVected by the
reduced fat and fibre supplement interven-
tions. The mean (SD) labelling indexes for the
control, wheat bran, oat bran, and All Bran
groups were 2.23 (0.11)%, 2.13 (0.08)%, 2.19
(0.09)%, and 2.12 (0.08)%, respectively. Simi-
larly, the comparison of the proportion of
labelled cells in the top two-fifths of the crypts

between groups did not reach statistical signifi-
cance, although the wheat bran group had the
least number of labelled cells in the top
two-fifths. The mean proportions were 2.6
(0.6)% for controls, 2.1 (0.5)% for wheat bran,
3.3 (0.9)% for oat bran, and 3.1 (0.9)% for All
Bran. The number of cells/crypt column and
the number of labelled cells/crypt column were
similar for all groups (table 2).
Overall comparison of the whole distribution

of labelled cells in the four crypt compartments,
comprising each of the bottom three-fifths and
the top two-fifths combined, showed no signifi-
cant diVerences between groups. However,
individual analysis of distribution of each
subject resulted in significant diVerences in the
distribution patterns between the four dietary
groups for eight subjects (p<0.05) (fig 1).

Discussion
Many studies have related either the
proportion of demonstrable proliferating to
non-proliferating cells (the labelling index), or
their distribution, in rectal epithelial crypts to a
subject’s clinical risk of colorectal cancer.25–28

Cross sectional studies of patients with adeno-
mas or cancers indicate that the proliferative
activity at the top of colonic crypts reflects
increased risk for colorectal cancer, and
thereby has been used as a surrogate measure
of protection against risk in intervention trials
of diet and chemoprevention. Intervention
trials have been published on the eVects of
calcium,29 30 antioxidants,31 non-steroidal anti-
inflammatory drugs,32 omega-3 fatty acids,33

wheat bran,2 and other agents using colorectal
epithelial cell proliferation as a surrogate end
point for cancer development.
The Australian Polyp Prevention Project,22

in a randomised, controlled trial of dietary
intervention, showed that a low fat diet supple-

TABLE 1 Comparisons of dietary intake in the four dietary groups

Daily intake

Dietary group

Control Wheat bran Oat bran All Bran

Total calories (kCal) 2159.2 (636) 1682.2 (490) 1643.9 (533) 1545.9 (407)
Fat (%) 38.5 (3.2) 24.7 (6.3) 25.6 (6.0) 26.5 (6.4)
Protein (%) 17.4 (3.3) 22.3 (4.2) 21.9 (3.6) 21.6 (4.7)
Carbohydrate (%) 38.2 (8.0) 47.3 (9.5) 47.5 (7.4) 47.7 (8.5)
Fibre (g) 20.7 (6.4) 30.4 (6.3) 33.6 (7.1) 32.2 (7.3)
Calcium (mg) 682.1 (247) 752.3 (165) 656.4 (197) 675.1 (209)
Betacarotene (µg) 2936 (2034) 2813 (1628) 4035 (2241) 2714 (1281)
Starch (g) 117.0 (35) 103.2 (39) 116.0 (46) 102.4 (43)

Results expressed as mean (SD).

TABLE 2 Measures of proliferation

Measure of proliferation

Dietary groups

Control Wheat bran Oat bran All Bran

No. of subjects 20 20 19 17
No. of crypts 24.4 (4.7) 25.0 (4.4) 25.2 (4.0) 26.3 (2.8)
No. of labelled cells/crypt column 1.9 (0.4) 1.7 (0.3) 1.8 (0.3) 1.8 (0.2)
No. of cells /crypt column 80.7 (6.8) 82.6 (8.3) 82.2 (7.7) 83.5 (6.7)
Total labelling index 2.23 (0.48) 2.12 (0.35) 2.19 (0.39) 2.18 (0.33)
Per cent of labelled cells within compartments*:
Compartment 1 33.8 (6.7) 34.9 (9.9) 34.7 (7.4) 35.5 (8.2)
Compartment 2 44.1 (6.0) 44.9 (7.1) 42.6 (4.4) 43.6 (6.6)
Compartment 3 19.6 (4.10) 18.2 (5.5) 19.4 (5.9) 17.9 (7.0)
Compartments 4 and 5 2.6 (2.8)

100
2.1 (2.4)

100
3.4 (4.0)

100
3.0 (3.6)

100

Results expressed as mean (SD). *Number of labelled cells in each compartment over the total number of labelled cells.

EVect of cereal fibre source and processing on rectal epithelial cell proliferation 241

http://gut.bmj.com


mented with unprocessed wheat bran protects
against the development of large adenomas. A
parallel study demonstrated that betacarotene
supplements had suppressive eVects on rectal
epithelial cell proliferation measured as label-
ling index, and the combination of low fat and
unprocessed wheat bran was associated with

the lowest proliferative activity in the top two-
fifths of rectal crypts, though this did not quite
reach statistical significance. Using univariate
analysis, the wheat bran intervention had low-
est activity in the top two-fifths (p=0.033).
Wheat bran has been shown to reduce epithe-
lial proliferation in a study of patients with

Figure 1: Individual distribution patterns for each subject and for each dietary group. Each of the graphs represents the number of labelled cells in each of
the four crypt compartments, comprising the bottom three-fifths and the top two-fifths combined. DiVerences in the distribution patterns between the four
groups were found in eight of the 20 subjects (p<0.05). Control, open squares; wheat bran, diamonds; oat bran, open circles; All Bran, open triangles.
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resected colorectal cancer, but not on an inten-
tion to treat analysis.2

Unprocessed wheat bran is not especially
palatable and a public health message to
consume supplementary unprocessed wheat
bran may not be eVective due to poor compli-
ance. We were therefore interested to see
whether the eVects on proliferation,which were
nearly significant seen with unprocessed wheat
bran, were maintained when wheat bran is
processed through to the more palatable All
Bran (Kellogg’s). At the same time, hypothesis-
ing that the soluble fibre in oat bran would be
fermented proximally and not be able to
produce butyrate for rectal epithelial cell
metabolism, we included oat bran as another
arm in the randomised, controlled, cross-over
study.8 11

Dietary counselling was eVective in reducing
fat intake to <25% energy as fat. Mean intakes
fell at least 31% from control values. Compli-
ance to prescribed fibre intake was also good
judged both by sachet reconciliation counts
and dietary fibre intake. Despite this, we were
unable to detect an eVect of any of the supple-
mentary fibres on labelling index. Once again,
percentage of labelled cells in the top two-fifths
of rectal epithelial crypts was the most sensitive
measure. Possibly our sample size was too
small to detect an eVect (type 2 error).
However, neither oat bran nor All Bran showed
any suggestion of protection with any of the
analytical measures used. The lack of eVect of
oat bran was expected on the basis of the
soluble/insoluble fibre SCFA hypothesis.
It should be noted that the subjects in this

study were average risk volunteers, whereas
those in the Australian Polyp Prevention
Project all had antecedent adenomas. It may be
that the eVects of wheat bran intervention are
more pertinent to the high risk (possibly
genetically determined) adenoma population
—where dietary modulation would be most
useful—than to average risk individuals with
possibly already “basally” tuned cell kinetics.
Quality control of rectal epithelial cell prolif-

eration studies is essential to validate the
results. In our previous studies we have shown
that labelling index has poor reproducibility
characteristics but percentage of labelled cells
in the top two-fifths of the crypt is less subject
to interobserver variability, though it is subject
to small changes in distribution of positive cells
which may be of doubtful biological
importance.24 Nevertheless in two studies of
unprocessed wheat bran we have shown that
unprocessed wheat bran together with a low fat
diet has been associated with the lowest level of
labelled cells in the top two-fifths of rectal epi-
thelial crypts.34 We are thus more confident of
the biological relevance of these observations.
Whole distribution of labelled cells is undoubt-
edly the most robust analytical measure in
quality control studies, but whether whole dis-
tribution analysis is sensitive enough to detect
small eVects of intervention agents is still
uncertain in the context of our studies.
The results of this study are inconclusive;

however, it has been helpful in exploring the
eVects of processing and solubility of cereal

fibres on colorectal epithelial proliferation, in
the context of the demonstrable eVect observed
on proliferation and tumorigenesis in the Aus-
tralian Polyp Prevention Project.
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