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Abstract
Se and green tea have been shown in epidemiological, observational and preclinical studies to be inversely related to the risk of developing
colorectal cancer (CRC). However, there are limited studies to evaluate their regulatory effects on genes/proteins that relate to CRC oncogenesis in
human subjects, such as selenoproteins, WNT signalling pathway, inﬂammation and methylation. This study examined the effects of
supplementation of Se using Brazil nuts and green tea extract (GTE) capsules, alone and in combination, on targeted biomarkers. In total, thirty-two
volunteers (>50 years of age) with plasma Se ≤ 1·36 µmol/l were randomised to one of three treatment groups: nine to Se (approximately 48 µg/d)
as six Brazil nuts, eleven to four GTE capsules (800 mg (-)-epigallocatechin-3-gallate) and twelve to a combination of Brazil nuts and GTE. Blood
and rectal biopsies were obtained before and after each intervention. Plasma Se levels, rectal selenoprotein P (SePP) and β-catenin mRNA increased
signiﬁcantly in subjects consuming Brazil nuts alone or in combination, whereas rectal DNA methyltransferase (DNMT1) and NF-κB mRNA were
reduced signiﬁcantly in subjects consuming GTE alone or in combination. None of the interventions signiﬁcantly affected rectal acetylated histone
H3 or Ki-67 expression at the protein level or plasma C-reactive protein. Effects of the combination of Brazil nuts and GTE did not differ from what
would be expected from either agent alone. In conclusion, supplementation of Brazil nuts and/or GTE regulates targeted biomarkers related to CRC
oncogenesis, speciﬁcally genes associated with selenoproteins (SePP), WNT signalling (β-catenin), inﬂammation (NF-κB) and methylation
(DNMT1). Their combination does not appear to provide additional effects compared with either agent alone.
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Colorectal cancer (CRC) is a major health problem worldwide
with environmental factors such as diet and lifestyle being
major risk factors of CRC. Increasing efforts have been made
to prevent CRC, including surveillance for early detection of
adenomas, identifying biomarkers of CRC risk and developing
chemopreventive agents, in the hope of reversing, inhibiting or
halting further progression to cancer.
Pharmaceutical approaches with non-steroidal anti-inﬂammatory
drugs (NSAID) including aspirin have been shown to be
effective in CRC prevention, but the side-effects associated
with these drugs are a concern(1,2). There is a lot of interest in
naturally occurring substances found in food for CRC prevention(3); two such agents of interest are Se, an essential trace
micronutrient, and green tea, the second most widely consumed beverage in the world next to water(4). Epidemiological
and observational studies have identiﬁed the association
between Se and/or green tea supplementation with risk of
CRC(5–8). Although preclinical studies have shown promising

results in this regard, a few studies on Se or green tea have
demonstrated their effectiveness as cancer preventive agents in
human clinical trials(7,9). A higher Se intake has been associated
with reduced risk of colonic adenoma recurrence(7,10); however, a large Se and Vitamin E Cancer Prevention Trial failed
to show that Se affects prostate cancer risk(11). A total of 10 cups
of green tea daily was found to reduce recurrence of colorectal
adenomas in polypectomy patients by 51·6 % (from 31 to
15 %)(12), but the efﬁcacy of green tea in human trials has not
been consistently demonstrated(13).
Dietary agents generally have a favourable safety proﬁle,
with good accessibility, low costs and strong biological plausibility, although they often have less potency compared with
pharmaceutical compounds(14). There is a growing interest for
improving efﬁcacy of cancer prevention by combination of
dietary agents with complementary mechanisms(5). The Linxian
Chinese Cancer Prevention Trial (targeting 29 584 adults)
showed that a combination of β-carotene, vitamin E and Se
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resulted in a 9 % signiﬁcant reduction in total mortality, 13 % in
cancer mortality and 21 % in gastric cancer mortality(15). The
combination of green tea catechins and NSAID also resulted in
synergistic anticancer effect in both in vitro and in vivo
experiments(16). Our previous study in the azoxymethaneinduced CRC animal model suggested that a combination of
Se and green tea is more effective in suppressing colorectal
oncogenesis than either Se or green tea alone. This protection is
associated with regulation of genetic and epigenetic biomarkers
implicated in the initiation and development of colonic carcinogenesis(17). To date, no study has investigated the potential
chemopreventive effects of a combination of Se and green tea
on biomarkers relevant to CRC risk in human subjects.
The development of CRC is a process that often occurs over
decades, and as a result the use of incidence and mortality end
points in clinical trial is not always feasible given the cost and
time frame. The progression of CRC involves disruptions of
multiple signalling pathways and mechanisms. Therefore, it is
crucial to identify molecular biomarkers in the cell signalling
network that are altered during the process of CRC, but can be
regulated by agents(18). Using biomarkers can assess the effects
of an agent across several biological levels (molecular and
cellular) in interventional or preventive trials and might provide
insights into the efﬁcacy of an agent. Se has been shown to
mediate its anti-cancer effect via increasing selenoprotein
expression and acetylation of histone H3 (Ac-H3), reducing
inﬂammation and WNT activation(19). Se deﬁciency, genetic
variation in the selenoprotein genes, inﬂammation, activation
of WNT and NF-κB pathways, reduced histone acetylation
and overexpression of DNA methyltransferase 1 (DNMT1) are
all implicated in increasing risk of CRC(20). Green tea has
anti-inﬂammatory effects, and may play a role in reducing
WNT signalling and in inhibiting methylation of DNMT1(13).
The aim of the current study was to examine the potential
effects of supplementation of Se using Brazil nuts and green tea
extract (GTE) capsules alone and in combination on biomarkers
related to the mechanism of action of these bioactive substances
in human subjects.

Methods
Subjects, recruitment and randomisation
In total, sixty-one people aged 52–75 years, considered at risk
for CRC by virtue of their age, were recruited by advertisement
for this open-label, parallel, randomised-controlled intervention
study. Individuals with a plasma Se level exceeding 1·36 µmol/l
(108 µg/l) were excluded to ensure that participants with a high
background Se status were not included in the study. This level
was just a bit higher than the median point of the Australian
population(21). It has previously been shown that CRC risk is
reduced in subjects with a baseline plasma Se of >1·3 µmol/l(22,23).
Exclusion criteria included evidence of active bowel disease
(e.g. colitis or malabsorption), previous bowel surgery, previous
adenoma removal, allergy or intolerance to nuts or green tea
products and use of warfarin or antiplatelet agents (such as
aspirin). In all, ﬁfteen male and seventeen female healthy
volunteers met criteria for randomisation.

Participants were randomly assigned to groups (1:1:1) via a
computer-generated randomisation sequence. Allocation concealment was achieved by keeping codes in a sealed envelope
by a person who was not in contact with study subjects, and
codes were disclosed after the study. Participants were
instructed to maintain their usual diet during the study but to
avoid consuming green tea-related food or drinks (limited
to <3 cups of black tea) and Se-rich foods such as octopus,
crab and tuna, liver and kidney, or additional Brazil nuts and
other nuts. It was impossible to blind participants because of
the nature of the intervention (especially the Brazil nuts), but
all data curation, checking, measurements and data analysis
were conducted by researchers blinded to treatment allocation
of subjects.
The study was approved by the Flinders Clinical Research
Ethics Committee (reference no. 308/12; Flinders Medical
Centre), and the trial registration number is ACTRN12613000097741.
All volunteers provided their written informed consent for
participation in the present study and for biopsies to be used
exclusively for this study.

Selenium supplement
Brazil nuts (supplied by Charlesworth) were chosen for the
study because they are one of the richest known food sources
of bioavailable Se. We used six Brazil nuts for the intervention.
The Se content of Brazil nuts was measured by SA Pathology;
the average Se content of each Brazil nut was 2·7 µg Se/g,
and the average weight of each nut was 3 g, somewhat lower
than that reported by Thomson et al.(24), who reported average
Se concentration and weight of 6·4 µg Se/g and 4 g, respectively.
Thus, six Brazil nuts were required in this study to provide
approximately 48 µg Se/d, a level close to that previously used
(50 µg Se/d) by Thomson et al.(24).

Green tea supplement
GTE capsules were chosen because they are more convenient
than drinking the volume of green tea needed to deliver the
required dosage. GTE capsules were supplied by NOW Foods.
A capsule of green tea contained 200 mg of ‘(-)-epigallocatechin3-gallate’ (EGCG), a key bioactive compound in green tea;
four capsules contain 800 mg EGCG, which is equivalent to
8–16 cups of green tea(25). Previous studies have reported that
intake of GTE containing 400 mg EGCG up to 2000 mg EGCG is
safe in human trials(26). Crew et al.(27) observed that 1200 mg
EGCG/d could be used as the upper safety limit for future
long-term human intervention trials.

Study protocol
Subjects were randomly assigned to a 6-week supplementation
period, preceded by a run-in period of 4 weeks, with either Se
in the form of Brazil nuts, GTE capsules or a combination of
Brazil nuts and GTE. The intervention was pragmatic, and
allowed participants to re-adjust the remainder of their diet as
they desired. Of the thirty-two subjects who participated, thirty
completed the study, nine consumed Brazil nuts (48 µg Se/d),
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ten consumed GTE (800 mg EGCG/d) and eleven consumed a
combination of Brazil nuts (48 µg Se/d) and GTE (800 mg
EGCG/d) for 6 weeks. Peripheral blood samples were collected
at baseline (week 0) and at the end of the intervention
(week 6). Four rectal biopsy samples were obtained at baseline
and at the end of the intervention. Blood samples were used to
measure change in plasma Se levels, markers of inﬂammation
and glucose homoeostasis as well as markers for liver, renal
and thyroid functions. Rectal biopsies were used to measure
gene and protein expressions associated with selenoproteins,
WNT signalling pathway, inﬂammation, histone acetylation,
methylation and cell proliferation.

Blood sampling and plasma selenium and
biochemistry measurements
Blood samples were collected according to a standardised
protocol in 10-ml EDTA-coated tubes. Samples were centrifuged for 10 min (3000 g) at 48°C, and the plasma samples
were stored at −80°C until analysis. Blood biochemistry was
measured by SA Pathology.

Processing of biopsies
Rectal biopsies were obtained at ﬂexible sigmoidoscopy using
biopsy forceps; two biopsy specimens were placed in RNAlater
(Applied Biosystems/Ambion, Ambion, Inc.) solution at −4°C
for 24 h and then stored at −80°C for rectal gene expression
analysis, and two more biopsy specimens were formalin ﬁxed
and embedded in parafﬁn for immunohistochemical analysis.

RNA isolation and complementary DNA synthesis
Total RNA (approximately 30 mg) was extracted from rectal
biopsy samples using the TRIzol method (Invitrogen). The
concentration and purity of total RNA were estimated using a
NanoDrop ND-1000 UV–Vis spectrophotometer (ThermoFisher
Scientiﬁc). First-strand complementary DNA (cDNA) (20 µl) was
synthesised from 0·3 µg total RNA for each sample using a
QuantiTect Reverse Transcription Kit (Qiagen).
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Quantitative real-time RT-PCR
PCR was performed in triplicate on a Rotor-Gene 3000 Cycler
(Corbett). Oligonucleotide primers were designed using Primer
Express software version 1.5 (Applied Biosystems) on the basis
of sequences from the GeneBank data base (Table 1). The PCR
reaction was determined in a 20-μl ﬁnal volume containing 6 μl
of diluted 1:30 cDNA and 2× QuantiTect SYBR Green PCR Kit
(Qiagen). The primer concentration for each gene was 10 μM
(forward and reverse primer). The cycling protocol was similar
to that described by us previously(28,29). The speciﬁcity of PCR
was conﬁrmed by melting curve analysis of the ampliﬁed PCR
products. For each PCR run, a non-template reaction was
included as negative control.
Cycle thresholds were determined using the relative quantitation analysis module in Rotor-Gene 3000 Series software. The
ampliﬁcation efﬁciency of each primer pair was estimated from
a real-time PCR dilution curve generated using serial dilutions of
cDNA. Quantitative real-time PCR analysis was then performed
using Q-Gene software(30), with the ampliﬁcation efﬁciency
applied to the relative concentration analyses of both the genes
of interest and the housekeeping gene (β-actin). Gene of
interest expression data were normalised by dividing by the
corresponding levels of β-actin for each sample.

Immunohistochemistry
Immunohistochemistry (IHC) was carried out by staining
formalin-ﬁxed, parafﬁn-embedded, 4-µm rectal biopsy samples
with Ki-67 mouse monoclonal primary antibody (M7248;
DakoCytomation) and Ac-H3 rabbit polyclonal primary antibody (H3 (Lys9/Lys14), no. 9677; Cell signalling). The detailed
procedures for immunohistochemical analysis have been
reported previously(31). In brief, after antigen retrieval, sections
were incubated with Ki-67 antibody (1:1000) and Ac-H3 antibody (1:5000) overnight after incubation in 3 % H2O2 for 20 min.
A level-2 Ultra Streptavidin detection system (Signet Laboratories, Inc.) was used to detect positive staining. Visualisation
was performed using DAB chromogen (Covance Laboratories),
followed by counter-staining with haematoxylin. The negative

Table 1. Oligonucleotide primers
Gene

Gene accession no.

Primers

Primer sequence 5′–3′

SePP

NM_005410

β-Catenin

X87838.1

NF-κB

ENSG00000109320

c-Myc

ENSG00000136997

Cyclin D1

ENST00000535993

DNMT1

XM_017218

β-Actin

NM_001101

Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense
Sense
Antisense

TTACTGTGAAAAGAAATGTGGAACTG
AAAGCTCACTGCTGCCAAGGG
TGGAATGCAAGCTTTAGGAC
GAAAGAATTCCAGCTGCACAG
CCTCCACAAGGCAGCAAATAG
CTGAGTTTGCGGAAGGATGTCT
CACCAGCAGCGACTCTGA
GATCCAGACTCTGACCTTTTGC
CACCAGCAGCGACTCTGA
ATTGGA AATGAA CTTCACATCTG
GCACCTCATTTGCCGAATACA
TCTCCTGCATCAGCCCAAATA
TTCTACAATGAGCTGCGTGTG
ATAGCAACGTACATGGCTGG

SePP, selenoprotein P; DNMT1, DNA methyltransferase 1.

Product size (bp)
78
192
85
102
161
75
140
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control consisted of sections and reagents without the primary
antibodies. Positive staining was identiﬁed by a reddish brown
precipitate in the nucleus for Ki-67 and acetyl histone H3.
All sections were examined by an experienced observer, who
was blinded to the intervention groups. The sections were
evaluated by Leica DMLA light microscope (Microsystems). The
IHC evaluation was made by counting Ki-67- and Ac-H3-stained
cells; a total of ten random microscopic ﬁelds per sample (about
total 1500–2000 cells) were selected from each subject and
counted at 40× magniﬁcation as described previously by
others(32,33). The proliferation and histone acetylation indices
were calculated as the percentage of Ki-67- or Ac-H3-stained
cells in ten visualised ﬁelds divided by the total number of
epithelial cells in ten ﬁelds, reported as a mean proliferation
index (%) or a mean Ac-H3 index (%).

Statistical analysis
Stata software (version 14.1; StataCorp LP) was used for the
analysis. Outcome variables were checked for normality by
constructing a histogram and performing skewness and kurtosis
tests. Descriptive statistics, mean values and standard deviation
before (baseline) and after treatment, or mean values with their
standard error mean for change between baseline and the end
of treatment, were reported. Mixed-effect models were used to
estimate the mean difference within group over time, as well as
the difference in mean change between groups. Baseline value,
age and sex were adjusted in all models. C-reactive protein
(CRP) and thyroxine (T4) were highly right-skewed, and their
log-transformed results are also reported. Statistical analyses
were two-sided, and a P value of <0·05 was considered to be
statistically signiﬁcant for within-group and between-group
comparisons.

Results
Subject characteristics and compliance
A total of thirty-two participants met inclusion criteria and
participated in the study. The participant ﬂow diagram is illustrated in Fig. 1. Characteristics of subjects at recruitment are
summarised in Table 2; there were no signiﬁcant differences in
the characteristics between treatment groups. Their mean age
was 64 years, ranging from 52 to 76 years, and Se levels were
≤1·36 µmol/l. Of thirty-two participants, thirty completed the
intervention study (thirteen males and seventeen females).
One participant withdrew after 1 week of GTE supplementation
because of abdominal discomfort perceived to be due to the
GTE, whereas the other from the combination group complained of a sore anus after sigmoidoscopy and was unwilling
to continue the study. The remaining thirty participants
tolerated both Brazil nuts and GTE. There was very good
compliance among those completing the study as all participants consumed the provided Brazil nuts or GTE capsules,
judged by counting the number of Brazil nuts and GTE
capsules at the end of the supplementation period.

Effect of intervention on blood biochemistry
Plasma Se levels signiﬁcantly increased by 22·5 % from baseline
in subjects consuming Brazil nuts (from 1·29 (SD 0·14) to 1·58
(SD 0·18) µmol/l) and by 19·3 % in subjects consuming the
combination of Brazil nuts and GTE (from 1·35 (SD 0·15) to 1·61
(SD 0·26) µmol/l), respectively, P < 0·001 (Table 3). Plasma Se
levels did not change in those consuming GTE only. There were
no signiﬁcant disturbances in plasma glucose or CRP in any of
the participants. A signiﬁcant fall in creatinine levels (from)
(70·3 (SD 12·3) to 65·9 (SD 13·9) µmol/l) was observed in subjects

Enrolment
Assessment (n 61)

After measuring plasma Se

Assessed as eligible (n 32)
- Plasma Se ≤1.36 µmol/I

Randomised (n 32)

Allocated to Se (n 9)

Allocated to GTE (n 11)

Allocated to Se + GTE (n 12)

Intervention

Received allocated intervention (n 9)

Received allocated intervention (n 10)
- n 1 withdrew due to abdominal discomfort

Analysis
Analysis (n 30)

Fig. 1. CONSORT diagram of patient disposition. GTE, green tea extract.

Received allocated intervention (n 11)
- n 1 withdrew due to anal pain
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Table 2. Characteristics of subjects at recruitment
Brazil nuts (Se)
Mean
No. of subjects
Male/female
Age (years)
Weight (kg)
Plasma Se (µmol/l)

SD

GTE
Mean

9
5/4
63·3
90·9
1·27

Se + GTE
SD

Mean

11
5/6
6·9
14·2
0·09

66·5
83·9
1·25

SD

P

8·8
10·8
0·14

NS
NS
NS

12
5/7
6·9
22·4
0·13

62·4
82·2
1·29

GTE, green tea extract; NS, no significant difference between the intervention groups.

consuming the combination of Brazil nuts and GTE, P < 0·001
(Table 3). Urea level was signiﬁcantly increased in subjects
consuming Brazil nuts (from 6·0 (SD 1·5) to 6·6 (SD 1·4) mmol/l
after intervention), P < 0·005. There was no signiﬁcant difference in triiodothyronine (T3), T4 and thyroid-stimulating
hormone levels between baseline and after intervention in any
of the intervention groups.

Effect of intervention on gene expression
Changes in rectal gene expressions of selenoprotein P (SePP),
DNMT1, β-catenin, c-Myc, cyclin D1 and NF-κB are shown in Fig.
2. At the end of the 6-week intervention, levels of SePP mRNA
were signiﬁcantly increased by 89 and 91 %, respectively, from
baseline in subjects consuming Brazil nuts or consuming the
combination of Brazil nuts and GTE, P < 0·05, but not in subjects
consuming GTE alone. Expression of DNMT1 mRNA was
signiﬁcantly reduced from baseline by 30 and 35 %, respectively,
in subjects consuming GTE or the combination of Brazil nuts and
GTE, P < 0·05. NF-κB mRNA was also signiﬁcantly reduced from
baseline by 44 and 46 %, respectively, in these two groups,
P < 0·05, but DNMT1 and NF-κB were unchanged in subjects
consuming Brazil nuts. Signiﬁcantly reduced expression of
β-catenin was also observed in subjects consuming Brazil nuts or
consuming the combination of Brazil nuts and GTE; the reduction in these two group was 28 and 40 %, respectively, P < 0·05,
but no signiﬁcant change in β-catenin was found in subjects
consuming GTE. There were no signiﬁcant effects observed for
any of the three interventions on c-Myc and cyclin D1 mRNA
expressions comparing baseline with completion of intervention.
There was no interaction between Brazil nuts and GTE, and the
effects of the combination of Brazil nuts and GTE on gene
expression were not signiﬁcantly different compared with each
intervention given alone.

Effect of intervention on histone acetylation and
cell proliferation
Rectal Ac-H3 was not affected by any intervention. There was
no signiﬁcant effect of any intervention on cell proliferation,
although all three interventions showed a trend towards
reduced cell proliferation (Fig. 3).

Discussion
In this study, we tested the potential effects of supplementation
of Brazil nuts and GTE alone or in combination on genetic and

epigenetic biomarkers related to CRC development in human
subjects (>50 years of age). The results show that a 6-week
intervention with Brazil nuts or GTE alone affected gene
expressions associated with selenoproteins, WNT signalling,
inﬂammation and DNA methylation. However, the combination
of Brazil nuts and GTE did not appear to have any additional
effect compared with either of these agents alone. Our ﬁndings
indicate that supplementation of Se or green tea may play a role
in reducing the risk for CRC through regulation of these biomarkers, but that there were no obvious synergistic interactions.
In total, thirty-two of sixty-one subjects – that is, 53 % –
considered for the study had plasma Se levels ≤1·36 µmol/l.
Therefore, this population might be at increased risk of developing a number of chronic diseases, including CRC(22) and
could beneﬁt from increasing Se intake. It is interesting that six
Brazil nuts (providing approximately 48 µg Se/d) signiﬁcantly
increased plasma Se levels, conﬁrming it is a good food source
of Se(24). Se, through the selenoproteins, plays a key role in the
ability of intestinal epithelial cells to respond to microbial and
oxidative challenges; a combination of modest Se deﬁciency
and SNP in selenoprotein genes can impair the protective role
in the gastrointestinal tract(34). SePP, the major plasma selenoprotein, is a useful biomarker of Se status(35). Genetic variants of
SePP(36) or decreased SePP mRNA have been reported in CRC
patients(37). We previously showed that 150 µg/d Se from
Se-enriched milk protein or Se-enriched yeast signiﬁcantly
increased rectal SePP gene expression(29). It has been reported
that 75 µg Se/d is required for full expression of SePP and other
plasma Se biomarkers(38). We, however, found that as little as
48 µg/d Se from Brazil nuts was sufﬁcient to raise rectal SePP
mRNA, suggesting that Brazil nuts are as effective as other Se
supplements.
Se has a wide range of pleiotropic effects, ranging from
antioxidant and anti-inﬂammatory effects to enhancing the
production of active thyroid hormone. However, increasing Se
intake is complicated because a number of recent clinical trials
have indicated that supplementation of people who already
have adequate intake with additional Se might increase their
risk of type 2 diabetes(39). Our data showed that supplementation of six Brazil nuts to individuals with plasma Se level
≤1·36 µmol/l did not affect plasma glucose levels, indicating
that increasing Se intake in people with low Se status is unlikely
to increase the risk of type 2 diabetes. Se-containing enzymes
can inﬂuence thyroid hormone metabolism, and Se regulates
immune response. We did not observe signiﬁcant effects of Se
on thyroid-stimulating hormone, T3 and T4. Moreover, there
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Table 3. Se status and blood clinical chemistry at baseline (‘0 weeks’) and after intervention (‘6 weeks’)†
(Mean values and standard deviations for values before and after treatment; mean values with their standard errors, within group change after treatment and between group difference in change in mean
are derived from mixed effect models; mean change and 95 % confidence intervals)
Between group difference
Brazil nuts (Se)

Se + GTE

Mean

SD/SEM

Mean

SD/SEM

Mean

SD/SEM

1·29
1·58
0·28

0·14
0·18
0·05

1·20
1·25
0·05

0·27
0·19
0·06

1·35
1·61
0·26

0·15
0·26
0·08

<0·001*
4·8
4·8
0·01

0·42
1·0
0·5
0·24

4·6
4·8
0·17

0·96
1·7
2·0
0·34

1·3
1·4
0·12

0·36
0·42
0·54
0·13

0·85

0·003*
1·95
1·96
0·01
0·98
5·0
4·9

4·9
4·9

−0·24, 0·19

−0·22

−0·71

0·77
0·63
0·13

5·2
4·8

−0·20

−0·94, 0·55
0·61

−0·67, 0·42
0·66

−10·05, −1·06
0·02*

−1·66, −0·14

−0·12

−0·63, 0·17

−5·55

0·02*

−0·27, 0·82
0·32

−0·23
0·26

−8·86, 0·39

−0·90

−0·98, 0·67
0·72

−0·56, 0·26

−4·23

−0·66, 0·53

−0·15

0·07

−1·49, 0·07

0·27

−0·06

0·47

−3·41, 6·05

0·00, 0·42

0·84

−1·22, 0·48

−0·15

0·08

0·34
0·5
0·8

−0·34, 0·50

1·32

0·21

0·40

0·58
1·4
1·4
0·27

1·58
1·41
−0·13

−0·37

95 % CI

0·046*

−0·51, 0·71

0·10

0·72
12·3
13·9
2·13

Mean change

0·75

−1·09, 0·66

0·08

0·36
1·07
1·11
0·18

−0·47, 0·79

0·16

Se + GTE v. GTE

0·84

0·63
1·04
1·00
0·13

5·9
5·6
−0·25

0·12
0·6
0·5

−0·02

0·036*
2·3
2·3
0·31

2·36
2·64
0·28

1·7
1·9
0·36

70·3
65·9
−4·45

0·87
1·22
1·51
0·26

−0·46, −0·01

0·85
15·3
13·8
1·31

6·6
6·6
−0·05

−0·23

0·62

0·21
0·19
−0·02

0·40
1·5
1·4
0·22

95 % CI

0·93
0·94
0·77
0·12

73·0
74·1
1·10

Mean change

0·04*
0·8
0·6
0·22

1·9
1·9
−0·03

0·08
16·2
13·6
1·16

95 % CI

0·62
1·1
1·0
0·13

−0·12
0·09
0·21

0·51

6·0
6·6
0·66

4·6
4·7
0·11

0·33
0·51
0·62
0·20

73·8
73·6
−0·22

0·7
0·7
0·10

Se + GTE v. Se

Mean change

0·002*

0·10
0·7
1·1
0·36

GTE v. Se
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Se (µmol/l)
0 weeks (SD)
6 weeks (SD)
0 weeks v.
6 weeks (SEM)
P
Glucose (mmol/l)
0 weeks (SD)
6 weeks (SD)
0 weeks v.
6 weeks (SEM)
P
CRP (mg/l)
0 weeks (SD)
6 weeks (SD)
0 weeks v.
6 weeks (SEM)
P
ln(CRP)
0 weeks (SD)
6 weeks (SD)
0 weeks v.
6 weeks (SEM)
P
Creatinine (µmol/l)
0 weeks (SD)
6 weeks (SD)
0 weeks v.
6 weeks (SEM)
P
Urea (mmol/l)
0 weeks (SD)
6 weeks (SD)
0 weeks v.
6 weeks (SEM)
P
TSH (pmol/l)
0 weeks (SD)
6 weeks (SD)
0 weeks v.
6 weeks (SEM)
P
T3 (mmol/l)
0 weeks (SD)
6 weeks (SD)

GTE

−0·40

−0·93, 0·13
0·14

0·9
0·6
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0·35
0·86
0·21
0·60
0·94

GTE, green tea extract; CRP, C-reactive protein; TSH, thyroid-stimulating hormone; T3, triiodothyronine; T4, thyroxine.*P value<0·05.
† Note that the plasma Se levels measured at baseline are not the same as those measured at the time of recruitment (see Table 2), as time elapsed between recruitment and commencement in the study.

0·25

−0·16, 0·04
2·67
2·66
0·00

1·00

0·20
0·17
0·05

2·66
2·67
0·01

0·56

0·14
0·15
0·02

2·81
2·76
−0·04

0·25

0·19
0·18
0·04

0·01

0·81

−0·09, 0·11

−0·05

0·34

−0·15, 0·05

−0·06

0·22

−2·62, 0·60
−1·01
−2·47, 0·85
−0·81
−1·46, 1·86
0·20
3·5
2·8
0·69
16·8
16·1
−0·81

0 weeks v.
6 weeks (SEM)
P
T4 (mmol/l)
0 weeks (SD)
6 weeks (SD)
0 weeks v.
6 weeks (SEM)
P
ln(T4)
0 weeks (SD)
6 weeks (SD)
0 weeks v.
6 weeks (SEM)
P

14·6
14·6
0·00

0·68

2·9
2·5
0·68

14·4
14·6
0·20

0·96
−0·01
0·13
−0·06

Mean
SD/SEM

Mean

Brazil nuts (Se)

2·0
2·1
0·34

0·19

−0·35

0·10

0·21

0·05

0·87

−0·48, 0·57

−0·31

0·24

−0·83, 0·21

−0·36

0·17

−0·87, 0·15

95 % CI
Mean change
95 % CI
Mean change
SD/SEM

Mean

GTE

SD/SEM

Se + GTE

GTE v. Se

95 % CI

Mean change

Se + GTE v. GTE
Se + GTE v. Se

Between group difference

Table 3. Continued
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were no adverse changes in blood markers related to liver or
renal function (any changes remained within the normal range).
Therefore, Se supplementation from Brazil nuts appears to be a
safe and cost-effective way to increase Se levels, speciﬁcally in
subjects at the lower side of normal Se status.
The aberrant activation of the WNT signalling pathway and
subsequent β-catenin/Tcf-lymphoid enhancer factor complex
formation are key elements involved in colonic carcinogenesis.
Se deﬁciency does not only reduce synthesis of selenoproteins
but also affects the expression of signalling pathways associated
with carcinogenesis. Animal studies have shown that moderate
Se deﬁciency can activate the WNT pathway(40,41) and promote
inﬂammatory neoplastic transformation(42). WNT, therefore, has
been considered as a promising target for cancer prevention
and treatment(43–45). In the current study, we found that supplementation of Brazil nuts alone or in combination with GTE
signiﬁcantly reduced rectal β-catenin gene expression, although
no signiﬁcant changes in two of the β-catenin target genes
(c-Myc and cyclin D1) were observed. Although GTE alone had
no effect on WNT signalling, GTE has been reported to inhibit
the WNT/β-catenin pathway in vitro by promoting GSK-3β- and
PP2A-independent β-catenin phosphorylation/degradation(46).
These are the ﬁrst data from humans to suggest that Se affects
β-catenin expression, which is consistent with the data from
our previous study in the CRC rat model(29).
Activation of inﬂammation biomarkers NF-κB is linked to
multiple aspects of oncogenesis, including the control of
apoptosis, cell cycle, differentiation, angiogenesis and cell
migration. Brazil nut consumption is reported to decrease
inﬂammatory biomarkers of IL-1, IL-6, TNF-α and interferon-γ in
blood samples of healthy volunteers(47). Synthetic organoselenium(48) or EGCG(49) can inhibit COX-2, NF-κB and β-catenin in
colon cancer cells. We found that GTE alone or in combination
with Brazil nuts signiﬁcantly reduced NF-κB mRNA expression.
In a recent study, 113 men diagnosed with prostate cancer were
randomised to consume six cups of brewed GTE, black tea
extract or water before radical prostatectomy. The results
showed that NF-κB was signiﬁcantly decreased only in men
consuming GTE. Moreover, thirty-two of thirty-four men taking
GTE had EGCG detected in prostate tissue(50). Although we
did not observe a signiﬁcant effect of Se on inﬂammation,
the anti-inﬂammatory property of GTE appears to be consistent.
Epigenetic mechanisms play a pivotal role in gene expression; EGCG from green tea can affect various epigenetic
mechanisms such as DNMT inhibition and histone modiﬁcations via histone deacetylase (HDAC)(51,52). Naturally occurring
organoselenium compounds can also act as HDAC inhibitors
because they share structural features with the HDAC inhibitor
of butyrate (a SCFA)(53). Consistent with previous in vitro and
in vivo studies, we found that GTE alone or in combination
signiﬁcantly reduced the expression of DNMT1 mRNA. EGCG
can reactivate methylation-silenced tumour suppressor genes in
cancer cell lines(49) by inhibiting DNMT1(54). This is the ﬁrst
study to show that GTE can modulate DNMT1 mRNA in human
subjects. As GTE has an acceptable safety proﬁle, further
research on its action as an inhibitor of DNA methylation is
warranted. In contrast to the ﬁnding from our previous animal
study, we did not ﬁnd Brazil nuts or the combination to affect
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Fig. 2. Effects of supplementation of Brazil nuts (selenium), green tea extract (GTE) and the combination of Brazil nuts and GTE on rectal selenoprotein P (SePP) (a),
NF-κB (b), β-catenin (c), c-Myc (d), cyclin D1 (e) and DNA methyltransferase 1 (DNMT1) (f) mRNA expressions. Values are means with their standard errors
represented by vertical bars. *P < 0·05. , Before; , after.

rectal Ac-H3 expression, although reduced staining of Ac-H3
was observed in colon tumours, compared with rectal biopsies
(unpublished data). Previous studies have suggested that
4–6 weeks of dietary intervention proved adequate to induce
changes in biomarkers or stabilise epithelial kinetics(29). It is yet
to be tested whether a longer intervention of Brazil nuts is
required to see changes in AC-H3 protein expression.
The strategy of combining chemopreventive agents at low
doses or combining dietary agents is being increasingly investigated. Brazil nuts and GTE appear to exert their protective
effects via different mechanisms. However, contrary to our
hypothesis and the results of our previous animal study(17), the
effect of the combination of Se and GTE on all measured biomarkers was not greater than that of either Se or GTE alone.
There are several explanations for the gap between preclinical
and clinical research. First, the main end point of the animal
study was tumour outcome; second, the animal study was a
long-term study; third, the forms and doses of Se and GTE used

in this human intervention were different to that used in the
animal studies; and, ﬁnally, there might be species differences
in the way these genes are regulated by Se or GTE. Factors such
as host genetic susceptibility, epigenetic modiﬁcation and gut
microbiota proﬁle might also play roles in the potential effect of
the combination of Se and GTE. Furthermore, ﬁndings from
animal studies are not always replicated in human trials, and
this combination is not as promising as that predicted from
animal studies.
The strengths of this study include the following: (1) to our
knowledge, this is the ﬁrst randomised clinical trial to test the
effects of supplementation with Brazil nuts and GTE, alone and
in combination, on biomarkers related to risk for CRC in human
subjects; (2) adherence to the intervention was very good with
conﬁrmation of compliance with Brazil nut consumption from
the rise in Se levels; (3) no side-effects were seen; (4) the
intervention is feasible; and (5) we linked the intervention to
perceived mechanisms of action of these agents.
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Fig. 3. Effects of supplementation of Brazil nuts (selenium), green tea extract (GTE) and the combination of Brazil nuts and GTE on acetylated histone H3 (Ac-H3) (a)
and Ki-67 expression (c). Representative sections of immunohistochemical staining for Ac-H3 (b) and Ki-67 (d) in the rectal epithelial cells show typical nuclear
staining. Values are means with their standard errors. , Before; , after.

Our study had several potential limitations: (1) we were unable
to examine the EGCG levels in blood and assess the bioavailability
of EGCG in the target organ of rectal biopsies; (2) because of the
limitation of biopsy samples, we only measured gene expression
of selenoproteins, WNT signalling pathway, inﬂammation and
methylation, and could not, therefore, correlate changes in gene
expression with changes in protein expression; (3) we did not
control total dietary intake of Se or EGCG but tested the interventions in a pragmatic sense without artiﬁcial manipulation of the
diet; and (4) lack of measurement of large-scale gene expression,
and thus the potential effects of Brazil nuts and GTE alone or
in combination on other gene expressions, particularly other
β-catenin target genes, are unknown.
This is the ﬁrst study to examine the potential effects of Brazil
nuts and GTE alone or in combination on biomarkers related to
risk for CRC. Our results suggest that supplementation of
Brazil nuts or GTE might reduce risk for CRC by regulating
genes associated with selenoproteins (SePP), WNT signalling
(β-catenin), inﬂammation (NF-κB) and methylation (DNMT1),
but the combination did not have additional effects on these
biomarkers. These ﬁndings, combined with the excellent safety
proﬁle of the interventions and the very low cost, should
encourage further investigations on these agents as potential
chemopreventive agents for CRC.
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