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Plasma Isoflavone Level and Subsequent Risk of Breast
Cancer Among Japanese Women: A Nested Case-Control
Study From the Japan Public Health Center-Based
Prospective Study Group

Motoki Iwasaki, Manami Inoue, Tetsuya Otani, Shizuka Sasazuki, Norie Kurahashi, Tsutomu Miura,
Seiichiro Yamamoto, and Shoichiro Tsugane

Purpose
Because they have large variations in consumption, Asian countries are suitable settings for

studies of the effect of relatively high-dose isoflavone intake on breast cancer risk. Nevertheless,
no prospective study from Asia has assessed blood or urine levels as biomarkers of isofla-
vone intake.

Patients and Methods
A total of 24,226 women ages 40 to 69 years in the Japan Public Health Center-based prospective

study who responded to the baseline questionnaire and provided blood in 1990 to 1995 were
observed to December 2002. During a mean 10.6 years of follow-up, 144 patients newly
diagnosed with breast cancer were identified. Two matched controls for each patient were
selected from the cohort. Isoflavone levels were assessed by plasma level and food frequency
questionnaire, and the odds ratio of breast cancer according to isoflavone level was estimated
using a conditional logistic regression model.

Results

We found a statistically significant inverse association between plasma genistein and risk of breast
cancer, but no association for plasma daidzein. Adjusted odds ratios for the highest versus lowest
quartile of plasma level were 0.34 for genistein (95% Cl, 0.16 to 0.74; P for trend, .02) and 0.71
for daidzein (95% Cl, 0.35 to 1.44; P for trend, .64). Median plasma genistein values in the control
group were 31.9 ng/mL for the lowest and 353.9 ng/mL for the highest quartile groups. Regarding
dietary intake of isoflavones, nonsignificant inverse associations were observed for both genistein
and daidzein.

Conclusion
This nested case-control study found an inverse association between plasma genistein and the

risk of breast cancer in Japan.

J Clin Oncol 26:1677-1683. © 2008 by American Society of Clinical Oncology

anisms.>* Estrogen-dependent mechanisms arise
through the mediation of estrogen receptor a and 3,
owing to the similar chemical structure of isofla-

Soy foods, a traditional staple dish in Asian coun-

tries, are a primary source of isoflavones, such as
genistein and daidzein, which are classified as phy-
toestrogens. Because breast cancer risk is substan-
tially lower in Asian than Western countries,' the
contribution of a high isoflavone intake to low
breast cancer risk has been hypothesized.* This hy-
pothesis has been supported by in vitro studies at
high genistein concentrations and in the majority of
animal studies, which together have demonstrated
various anticancer effects of isoflavones acting via
both estrogen-dependent and -independent mech-

vones to the human estrogen hormone and their
binding affinity to estrogen receptors.»> For this
reason, they have been hypothesized to behave
like selective estrogen receptor modulators. In
contradiction to potential protective effects, how-
ever, genistein exhibits estrogenic properties at low
concentrations, which could theoretically enhance
breast cancer risk.>* In fact, some animal studies
have reported that genistein stimulates tumor devel-
opment and growth.%” Although a recent meta-
analysis found that soy intake was associated with a

© 2008 by American Society of Clinical Oncology 1677
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small reduction in breast cancer risk, the authors concluded that in
view of these risk-enhancing effects, recommendations for high-dose
isoflavone supplementation to prevent breast cancer or its recurrence
were premature.® Phytoestrogen supplements, however, are commer-
cially marketed for use by postmenopausal women as natural and safe
alternatives to hormone replacement therapy. The effect of relatively
high-dose isoflavone on breast cancer risk is now of concern.

Because they have large variations in consumption among indi-
viduals, Asian countries serve as suitable venues for studies of the effect
of relatively high-dose isoflavone intake on breast cancer risk. Despite
this advantage, only a few epidemiological studies on soy or isoflavone
intake and breast cancer risk from Asia have been reported.” In par-
ticular, no prospective study on isoflavone levels in blood or urine
samples has been reported, notwithstanding that, because they are
partly determined by individual differences in absorption and metab-
olism, blood or urine levels might better reflect interperson differences
than dietary assessment. The three nested case-control studies which
have investigated this association in Western populations have been
inconsistent, with one reporting an inverse association with plasma
genistein in the Netherlands,'® the second showing no association
with urinary genistein in the Netherlands,!! and the third finding a
positive association with urine and serum phytoestrogens in the
United Kingdom.'? This inconsistency might be in part explained by
the apparently small variation in isoflavone levels in Western ¢coun-
tries. For example, studies in the Netherlands, which has a high inci-
dence of breast cancer (age-standardized rate per 100,000 world
population, 86.7 in 2002)," reported a median genistein intake of 0.14
mg/d in women ages 49 to 70 years,'* and a median plasma genistein
level of 4.89 ng/mL in the control group of a nested-case control
study.'® In contrast, a study in Japan, where the incidence of breast
cancer is low (age-standardized rate per 100,000 world population,
32.7 in 2002)," reported a median genistein intake of 22.3 mg/d and
median serum level of 90.2 ng/mL."* This substantial variation in
isoflavone levels suggests that the Japanese population represents an
ideal setting for determining whether an association exists at relatively
high levels achievable from dietary intake only.

Herein, to clarify the effect of relatively high-dose isoflavone expo-
sure on breast cancer risk, we conducted a nested case-control study
within a large-scale population-based prospective study in Japan.

Study Population

The Japan Public Health Center—based prospective study, which began
in 1990 for cohort I and in 1993 for cohort II, included 140,420 subjects
(68,722 men and 71,698 women) living in the municipalities supervised by 11
public health centers (PHC). Details of the study design have been described
elsewhere.’® The study protocol was approved by the institutional review
board of the National Cancer Center, Tokyo, Japan.

The study population comprised registered Japanese inhabitants living
in each PHC area, ages 40 to 59 years in cohort I and 40 to 69 years in cohort I1.
In this analysis, one PHC area was excluded since data on cancer incidence
were not available. We thus defined a population-based cohort of 67,426
women {27,389 in cohort I and 40,037 in cohort II) after the exclusion of
ineligible subjects (n = 95).

Questionnaire Survey
A baseline survey was conducted from 1990 to 1994. A total of 55,891
women (83%) returned the questionnaire, which contained questions con-

1678  © 2008 by American Society of Clinical Oncology

cerning demographic characteristics, medical history, menstrual and repro-
ductive history, anthropometric factors, physical activity, smoking and
drinking habits, and diet.

Blood Collection

Subjects voluntarily provided 10 mL of blood during health check-ups
from 1990 to 1995. Blood samples were divided into plasma and buffy layers
and stored at —80°C until analysis. Among respondents to the baseline ques-
tionnaire, a total of 24,996 women (45%}) donated blood.

Follow-Up

All registered subjects were observed from the start of the study period to
December 31, 2002. Data on residential relocation were obtained from resi-
dential registries. Among study subjects (n = 24,996), 1,289 subjects (5.2%)
moved out of the study area and 5 (0.02%) were lost to follow-up within the
study at-risk period.

Selection of Patients and Controls

Incidence data on breast cancer were collected for the Japan Public
Health Center cancer registry through two data sources—major local hospitals
and population-based cancer registries. Death certificates were used to supple-
ment information on cancer incidence. Site of origin and histologic type were
coded by members of our study group (Appendix Al, online only) using the
International Classification of Diseases for Oncology, third edition, code
C500-509. Up to the end of the study period, 144 new breast cancer cases (97 in
cohort Tand 47 in cohort IT) were identified among the 24,226 women (9,689
in cohort I and 14,537 in cohort IT) who had returned the baseline question-
naire, reported no history of breast cancer or ovarian cystoma, and provided
blood samples. Diagnosis was microscopically verified in 98% of patients, and
based on death certificates only in 0.7%. The mortality/incidence ratio
was 0.14.

For each patient, two controls were selected using incidence density
sampling from subjects who were not diagnosed with breast cancer during the
follow-up period when the patient was diagnosed. Control selection was done
without reference to incidence of other cancer sites. Controls were matched
with each patient for age (within 3 years), PHC area, area (city or town and
village), date of blood collection (within 90 days), time of day of blood collec-
tion (within 3 hours), fasting time at blood collection (within 3 hours), and
baseline menopausal status.

Assessment of Dietary Intake

Dietary intakes of genistein and daidzein were assessed by a food fre-
quency questionnaire of 44 items for cohort I and 52 for cohort I1. Isoflavone
intake was defined for this study as the sum of genistein and daidzein intake.
‘We documented the questionnaire assessment of isoflavone intake to be rea-
sonably valid (details in Appendix A1).">"

Laboratory Assay

Plasma levels of isoflavone were analyzed using high-performance liquid
chromatography with a coulometric array detector in accordance with the
modified methods of Gamache and Acworth.'® Concentrations of genistein
and daidzein were determined by linear regression of the peak height for each
standard, and adjusted according to the recovery rate of the internal plasma
standard. The regression coefficient of peak height and concentration calcu-
lated for isoflavones revealed a linearity range of 0 to 0.75 pg/mL, with corre-
lation coefficient values higher than 0.938. Voltametric response for the
standard solution displayed coefficients of variation of 8% for intra- and 11%
for interday variation. Recovery rates of isoflavones in plasma samples ranged
between approximately 73% and 98%. Detection limits were 2.2 ng/mL for
genistein and 2.7 ng/mL for daidzein. Laboratory personnel were blinded to
case-control status when performing the analyses.

Statistical Analysis

Comparison of baseline characteristics, as well as plasma levels and
dietary intake of isoflavones, between cases and controls was evaluated by the
Mantel-Haenszel test using matched-set strata. Spearman’s correlation coeffi-
cients were calculated among plasma levels and dietary intakes of isoflavone
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among control subjects. Using a conditional logistic regression model, we
calculated odds ratios (ORs) and 95% Cls of breast cancer for plasma levels
and dietary intake of isoflavone divided into quartiles based on control distri-
bution. The ORs were adjusted for number of births and age at first birth as
potential confounders. The adjusted ORs were calculated based on a total of
405 subjects with complete information for covariates, Linear trends for ORs
were tested in the conditional logistic regression model using the exposure
categories as ordinal variables. All P values reported are two sided, and signif-
icance level was setat P <C.05. All statistical analyses were performed with SAS
software, version 9.1 (SAS Institute Inc, Cary, NC).

Case subjects and controls had significantly different distribution for
number of births (Table 1). Other characteristics, such as age at men-

Table 1. Characteristics of Patients and Matched Control Subjects at Baseline
Patients Controls
(n = 144) (n = 288)
Characteristic No. % No. % P
:Mean‘age; years e 517 618 :
" Standard deviation A YA e
Family history of breast cancer 2 1.4 2 0.7 .48
- Premenopausal wormen: - 17 0 B8 42 V180 420y
Postmenopausal women
Natural menopause 70 50 140 50 —
Surgical menopause 10 7.2 20 72 —
Mean dge at menopause; years: . 50.0 :49.8 76
SE e o 038 027
Mean age at menarche, years 14.6 1438 33
SEt 0.15 0.10
Mean No. of births - = : 2:3 28 .01
SEt: P R 042 0.09:
Mean age at first birth, years 25.7 25.0 22
SEt 0.30 0.21
Use of exogenous female hormone 4 3.0 208 .10
{current use) . RV : :
Mean height, cm 1817 1514 70
SEt 0.46 0.33
Mean body mass index, kg/m? - 234. . 235" 49
CSEfT B 026 0.18
Smoking (current smoker) 5 3.5 17 59 .23
Alcohol drinking {regular drinker) 18: 13 <260 91 .28
Leisure-time physical activity 30 1 57 20 42
(= once per week}
Vitamin supplement user. 33 24 61 .23 .65
Green tea intake (= five cups per day) 36 26 71 25 42
Mean total energy. intake; kecal/d 1.269.4 1,271.0 41
CSEE o 26.5 ! 719.2 ’
Mean fish and shellfish intake, g/d 45.4 45.7 .75
SE+ 25 1.8
Mean meat intake; g/d- . ) 30.5 © 285 15
SEt. ' : ; 1.7 1.2
Mean vegetable intake, g/d 121.2 1159 .20
SEt 5.7 4.1
Mean fruit intake, g/d 104.8. - 94 79
SE$ . 6.9 4.3
*P for Mantel-Haenszel test with matched-set strata.
tAdjusted for age.
tAdjusted for age and cohort.

arche, age at first birth, body mass index (BMI), alcohol consumption,
or dietary intake did not substantially differ between the two groups.

Plasma genistein was significantly lower among cases than con-
trols whereas plasma daidzein values were similar (Table 2). No sig-
nificant differences between the groups were seen for dietary genistein,
daidzein, or isoflavone intake. Median isoflavone intake in the control
group was 34.8 mg/d (36.1 in cohort I and 29.9 mg/d in cohort II).
Genistein and daidzein were highly correlated for both plasma level
(r = 0.72) and dietary intake (r = 0.99). Correlation coefficients
between plasma and dietary levels were relatively low for both
genistein (r = 0.23) and daidzein (r = 0.31).

We found a statistically significant inverse association between
plasma genistein and the risk of breast cancer (P for trend, .02), but no
statistically significant association for plasma daidzein (P for trend,
.54; Table 3). Adjusted ORs for the highest versus lowest quartile of
plasma level were 0.34 for genistein (95% C1,0.16 to 0.74; P < .01) and
0.71 for daidzein (95% CI, 0.35 to 1.44; P = .34). Moreover, the results
did not change substantially after adjustment for dietary intake of
isoflavone or other potential confounders such as age at menarche,
menopausal status at baseline, age at menopause, height, BMI, and
alcohol consumption. Further, exclusion of cases diagnosed before the
first 3 years of follow-up did not substantially change the results, nor
did the exclusion of subjects who used vitamin supplements or who
provided a nonfasting blood sample (ie, within 6 hours after a meal).
Regarding dietary intake, we observed inverse associations for both
genistein and daidzein but neither was statistically significant (Table
3). In addition, adjusted ORs by isoflavone intake were closely similar
to those by genistein intake (data not shown).

A stratified analysis according to baseline menopausal status
showed no remarkable difference between two strata for either
genistein and daidzein, regardless of whether the values were assessed
by plasma or questionnaire, although the inverse association between
plasma genistein and risk of breast cancer tended to be more stable in
postmenopausal than premenopausal women (Table 4).

In this study, we found a statistically significant inverse association
between plasma genistein and the risk of breast cancer, but no associ-
ation for plasma daidzein. This finding suggests that genistein may

Table 2. Plasma Levels and Dietary Intake of isoflavone in Patients and
Maiched Controls

Patients (n = 144}

Controls (n = 288)

Interquartite Interquartile ’

Parameter Median Range Median Range P*

Plasma level : : . )

Genistein, ng/mL - 131.8° ~ 67.9-2026 . 1445 78.8-255.6 .046

Daidzein, ng/fmL 16.7 -~ 7.034.0 17.9 55408 45
Dietary intake

Genistein, mg/d 199  16.624.0 21.7 16.8-26.1 37

Daidzein, mg/d 125  10.1-148 133 10.3-16.3 36
Isoflavone, mg/dt 326 26.838.7 348 = 27.0424 36

*P for Mantel-Haenszel test with matched-set strata.
tlsoflavone intake = sum of genistein and daidzein intake.
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Table 3. ORs and 95% Cls of Breast Cancer According to Plasma Level and Dietary Intake of Isoflavone
Quartile
Parameter 1 2 3 4 P for trend
\Plaéma level R S R : AR AT e ;
© Median genistein, ng/mL 319 0 1081 190.8- 3539
No. of patients <0, B N ROy 45 i Lot
= No: of controls . pe 72 : ' 2720 T2 - 72‘; E
CEORL S 100 Lo 1.04 e 0465, 07
LU9R%ICL o T Reference Lo 04710151 05710191 " 0.23t00.91 - ,
Adjusted OR* ¢ 100 0.69 CO87 i 034 02
9B% CL e Reference S 036t 1.32 04510167 016100.74. -
- Median daidzein: ng/il: o o 120 970 LBl
No. ofpatients = = o igge : 45" 4450 e 25
“Nooofcontrols i Hagp ST 72 ; Sy /) S
OR = S 00 1eD Siags s ST SRR
B el Reference . ' 0.85102.64 0.80 10261 04110154 R
 Adjusted OR™ 100 80 151 S 0.71 : B4
BW%Cl % Reference - 0.70'10.2.42 0.80t0 2.86 0.35 10 1:44 ‘
Dietary intake
Median genistein, mg/d 16.7 185 229 27.3
No. of patients 1?2 36 37 29
No. of controls 69 75 7 73
OR 1.00 0.78 0.83 0.58 15
95% ClI Reference 0.46 to 1.35 047 to 148 0.30t0 1.12
Adijusted OR* 1.00 0.81 0.92 0.68 21
95% CI Reference 0.46 to 1.45 0.60 to 1.70 0.291t01.18
Median daidzein, mg/d 9.4 114 141 17.1
No. of patients 40 39 35 30
No. of controls 70 74 72 72
OR 1.00 0.91 0.82 © 0.65 21
95% ClI Reference 0.52 t0 1.58 046 to 1.47 0.331t01.27
Adjusted OR* 1.00 0.96 0.94 0.67 34
95% CI Reference 054 to 1.74 0.60 to 1.74 0.33t0 1.39
Abbreviation: OR, odds ratio.
“Adjusted for number of births (0, 1, 2, 3, 4, 5++) and age at first birth (—21, 22-25, 26-29, 30+, nulliparous). Adjusted ORs were calculated based on a total of 405
subjects with complete information of covariates.

play a more important role in the etiology of breast cancer than
daidzein. Our findings are in general agreement with those of a recent
nested case-control study in the Netherlands,'° albeit that our inverse
association occurred at substantially higher plasma concentrations.
For example, median plasma genistein values in the control group of
the Netherlands study were 3.75 ng/mL for premenopausal and 4.89
ng/mL for postmenopausal women.'® In contrast, the median value in
our control group was 144.5 ng/mL, and only 3.2% of control subjects
was under 5 ng/mL. This apparently high level is not surprising con-
sidering that the median value of 353.9 ng/mL in our highest plasma
genistein quartile group, which had a significantly lower risk of breast
cancer than thelowest group, corresponded to a median dietary intake
0f 28.5 mg/d for genistein and 46.5 mg/d for isoflavone, as estimated
by the validation study data. Although some in vivo and in vitro
studies have shown risk-enhancing effects of genistein, our study
suggests that relatively high-dose isoflavones exposure achievable
from dietary intake alone is associated with a decreased rather than
increased risk.

We observed an approximately 65% reduction in breast cancer
risk in the highest plasma genistein quartile group but no decrease in
the other quartiles, indicating that only the highest group benefited

1680  © 2008 by American Society of Clinical Oncology

from risk reduction, The apparent lack of a dose-response relationship
might imply the presence of a threshold level of effect. Interestingly,
this idea contradicts findings in Western populations, in whom in-
verse associations are seen despite materially low levels of isoflavones.
Given the differences in hormonal milieu between the two popula-
tions, the potential protective effect of isoflavones in breast cancer
might act differently between Western and Asian populations: sex
hormone levels are higher in Western than Asian women,'” for exam-
ple, as is the prevalence of obesity.?**! In this regard, a case-control
study in Shanghai found that the inverse association between urinary
isoflavone level and breast cancer risk was stronger among women in
the high BMI, waist-hip ratio, and estradiol level groups and in the low
sex hormone-binding globulin level group than in the respectively
converse low and high groups.”* Alternatively, the apparent lack of a
dose-response relationship might merely reflect uncontrolled con-
founding by other dietary characteristics or risk-lowering behaviors.
The reason for a role for genistein but not daidzein in theetiology
of breast cancer is unclear, but several possibilities can be speculated.
Genistein possesses stronger binding affinity for estrogen receptor
than daidzein.” Purther, a pharmacokinetic study showed higher
plasma levels and a 1.5-fold longer half-life for genistein than daidzein
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Table 4. ORs and 95% Cls of Breast Cancer According to Plasma Level and Dietary Intake of Isoflavone By Baseline Menopausal Status
Quartile
Parameter 1 2 3 4 P for trend
Premenopausal women:
Plasma genis in, ng/mL : : . P b : . :
No: of patlents R S : 24 g A9 2
“No.of controls. . LA o8 : 2 2K :
Adiusted OR* o qag 0Te ‘ 11500 014, 20
95%Cl ‘ s Reference L0310 186 06810450 0.03 to 0.69 ‘ o
Plasma daidzein; ng/mL s s R SRR
i No. of patients - § e AT S e SR O AP
“No. of controls = : e 27 v 45 23 B Sk [ :
*A;usted OR* ~ 1000080 o127 G 049 D a8
Tes%Cl "' Reference : ’,034 t01.88 04810338 016510167 L
Dietary genistein mtake mg/d L . : LR P
No. of patlents S g e 14 ey
100 092 o8 . o082 a3
'95% C ; . " Reference L 0411205 503416218 L021te188
Dxetaryda:dzemmtake'mg/d : S : S Gl e o
No: of patients: * Gk : oo g e e
No:cofcontrols wn o0 SBe 30 32 ptrs o e :
Adjusted OR: e 100 s e D83 e er
S95%Cl o : Reference 04610251 03710234 ST 02210 2.03 .
Postmenopausa! women
Plasma genistein, ng/mL
No. of patients 17 23 25 15
No. of controls 28 41 46 45
Adjusted OR* 1.00 0.54 0.57 0.36 10
95% CI Reference 0.18 to 1.62 0.20 to 1.65 0.12to 1.12
Plasma daidzein, ng/mL
No. of patients 13 23 27 17
No. of controls 40 27 47 46
Adjusted OR* 1.00 2.86 2.06 1.16 95
95% Ci Reference 1.03 to 7.98 0.82 10 5.17 0.43 t0 3.15
Dietary genistein intake, mg/d
No. of patients 20 20 22 18
No. of controls 33 42 35 50
Adjusted OR* 1.00 0.73 0.93 0.52 31
95% CI Reference 0.30 10 1.77 0.38 to 2.27 0.19to 1.42
Dietary daidzein intake, mg/d
No. of patients 19 22 20 19
No. of controls 33 42 36 49
Adjusted OR* 1.00 0.89 0.93 0.64 43
95% Ci Reference 0.38 10 2.10 03810 2.29 0.23 to 1.72
Abbreviation: OR, odds ratio.
*Adjusted for number of births (0, 1, 2, 3, 4, 5+) and age at first birth (—21, 22-25, 26-29, 30+, nulliparous).

after ingestion of baked soybean powder containing closely similar
amounts of the two.”> Moreover, the absence of an association for
plasma daidzein might be attributable to misclassification arising
from the metabolization of this compound. Daidzein can be metabo-
lized by intestinal bacteria to equol and O-desmethylangolites; be-
cause approximately only 30% to 50% of individuals are capable of
equol production, probably due to differences in gut microflora,
daidzein-to-equol metabolizers may have lower plasma daidzein lev-
els than nonmetabolizers.* Equol has been suggested to have greater
biologic activity than daidzein,** and an inverse association between
equol level and breast cancer risk has been reported.” Here, the lowest
plasma daidzein quartile group might conversely have had a lower

www.jco.org

breast cancer risk than the higher groups due to its inclusion of equol
metabolizers, and such misclassification, if present, would lead to a
null result.

Our study has several methodological advantages over previous
studies of isoflavones and the risk of breast cancer. First, the direct
measurement of plasma isoflavone levels provides not only anindex of
intake but also of the absorption and metabolism of isoflavone, an
understanding of which is important to elucidating the mechanisms
by which isoflavones might influence breast cancer development.
Indirect measurement by dietary intake of genistein is likely a major
reason for the present smaller and nonsignificant risk reduction of
breast cancer than by plasma genistein. Exposure assessment using
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blood samples is therefore likely a more sophisticated means of detect-
ing an association. Second, two case-control studies in Australia and
China showed an inverse association between urinary isoflavones and
breast cancer risk.*>*® In view of the retrospective design of these
studies, however, blood or urine levels of isoflavones in breast cancer
cases might have been influenced by metabolic changes after the breast
cancer was detected or by altered eating habits among case subjects. In
our nested case-control study within a prospective cohort, in contrast,
blood samples were collected before cancer diagnosis, obviating any
potential bias due to the presence of cancer. Third, cases and controls
were selected from the same cohort, thereby avoiding the selection
bias inherent to case-control studies.

Several limitations of this study warrant mention. First, we mea-
sured plasma isoflavones only once for each individual. The consump-
tion of soy foods is a personal dietary preference, and intake levels of
most individuals are assumed to be relatively stable over time in Japan,
as suggested by our validation study, which showed high reproducibil-
ity of repeated measurements of genistein intake by food frequency
questionnaire (correlation coefficient = 0.72 for 1-year interval and
0.61 for 5-year interval).'®!” By comparison, plasma isoflavone levels
may reflect short-term rather than long-term intake: isoflavones have
short half-lives in blood (eg, 6 to 8 hours),”>* and plasma levels are
particularly affected by time elapsed since the last meal. To minimize
the attenuation of risk estimates derived from random measurement
errors, we matched fasting time between cases and controls. Second,
despite a reasonably large cohort population (24,226 women) and
long follow-up period (average, 10.6 years), the number of breast
cancer cases was relatively small, reflecting the low incidence rate in
Japan (age-standardized rate per 100,000 world population, 32.7 in
2002)."* The interpretability of our results might therefore be limited,
particularly in stratified analyses. Third, although our cohort subjects
were selected from the general population, subjects were restricted to
the 24,226 women respondents (43%) to the baseline questionnaire
who provided blood samples. Although health check-up examinees in
our previous report had a different sociceconomic status than nonex-
aminees and a more favorable lifestyle profile,”® no apparent differ-
ence in isoflavone intake and breast cancer risk factors was found

between subjects in the subcohort for this study and the original
cohort; median isoflavone intake, for example, was 32.5 and 32.1
mg/d, respectively, and the average number of births was 2.8 and 2.7,
respectively.”® Nevertheless, any extrapolation of the results to the
general population should be done cautiously, particularly in view of a
previous report showing the difficulty of extrapolating relative risk
estimates for a subcohort to an entire cohort. This difficulty might in
fact be inherent to prospective studies in general >

Allowing for these methodological issues, we found an inverse
association between plasma genistein and the risk of breast cancer ina
nested case-control study in Japan, This finding suggests a risk-
reducing rather than a risk-enhancing effect of isoflavones on breast
cancer, even at relatively high concentrations within the rangeachiev-
able from dietary intake alone.
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Epidemiologic studies have shown an inverse association between
isoflavones and breast cancer risk. Because isoflavones bind estrogen
receptors, we hypothesized that polymorphisms in the estrogen recep-
tor genes might modify the association between isoflavone intake and
breast cancer risk. We conducted hospital-based case-control studies
of patients aged 20-74 years with primary, incident, histologically con-
firmed invasive breast cancer, and matched controls from among
medical checkup examinees in Nagano, Japan, and from cancer-free
patients in Sdo Paulo, Brazil. A total of 846 pairs (388 Japanese, 79
" Japanese Brazilians and 379 non-Japanese Brazilians) completed vali-
dated food frequency questionnaires, and provided blood samples.
Five single nucleotide polymorphisms in the estrogen receptor alpha
(rs9340799, rs1913474, and rs2234693) and beta (rs4986938 and
r5$1256049) genes were genotyped. We found no consistent association
between the five single nucleotide polymorphisms and breast cancer
risk among the three populations. In analyses of combinations of iso-
flavone intake and single nucleotide polymorphisms, an inverse asso-
ciation between intake and risk was limited to women with the GG
genotype of the rs4986938 polymorphism for postmenopausal Japanese
(odds ratio for highest versus lowest tertile = 0.47; P for trend = 0.01),
Japanese Brazilians (odds ratio for highest versus lowest median =
0.31) and non-Japanese Brazilians (odds ratio for consumers versus non-
consumers = 0.37) (P for interaction = 0.11, 0.08, and 0.21, respectively).
We found no remarkable difference for the other four polymorphisms.
Our findings suggest that polymorphisms in the estrogen receptor beta
gene may modify the association between isoflavone intake and breast
cancer risk. (Cancer Sci 2009; 100: 927-933)

Soy foods are a traditional staple dish in Asian countries.
They are a primary source of isoflavones such as genistein and
daidzein, which are classified as phytoestrogens. Because breast
cancer risk is substantially lower in Asian than Western countries,
the contribution of a high isoflavone intake to low breast cancer
risk has been hypothesized.” A meta-analysis supported this hypo-
thesis and found a small decrease in breast cancer risk with higher
soy intake.®” On the other hand, a more recent meta-analysis indi-
cated that risk reduction was limited to Asian populations. This
discrepancy might reflect differences in exposure levels and genetic
factors between Asian and Western populations.

Several mechanisms by which isoflavones may reduce the risk
of breast cancer have been proposed.®® The most prominent and

doi: 10.1111/].1349-7006.2009.01118.x
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thoroughly investigated are those mediated via estrogen receptors,
which arise due to the similarity in chemical structures between
isoflavones and human estrogen hormone, and the consequent
binding affinity of isoflavones for estrogen receptors.®” Isofla-
vones can therefore act as estrogen agonists and antagonists com-
peting for estradiol at the receptor complex,™ suggesting in turn
that isoflavones might interact with estrogen receptor genes in the
development of breast cancer. However, the possible joint effect
of isoflavone intake and polymorphisms in the estrogen receptor
genes on the risk of breast cancer has not been investigated.

Here, we conducted hospital-based case-control studies in
Nagano, Japan and Sdo Paulo, Brazil, targeting three populations
with a substantially different intake of isoflavones and distribution
of polymorphisms in the estrogen receptor genes: Japanese living
in Japan, Japanese Brazilians living in S&0 Paulo, and non-Japanese
Brazilians living in S&o Paulo. In a previous report, we found a
non-significant inverse association between isoflavone intake and
the risk of breast cancer in postmenopausal Japanese women but
a statistically significant inverse association in Japanese Brazilians
and non-Japanese Brazilians.® Based on this finding, the present
study tested the hypothesis that polymorphisms in estrogen recep-
tor genes may modify the association between isoflavone intake
and breast cancer risk.

Materials and Methods

Study subjects. These multicenter, hospital-based case-control
studies of breast cancer were designed to determine lifestyle factors
and genetic susceptibility to the risk of breast cancer, and to compare
potential risk factors among Japanese living in Nagano, Japan, and
Japanese Brazilians and non-Japanese Brazilians living in Séo
Paulo, Brazil. Eligible cases were a consecutive series of female
patients aged 20~74 years with newly diagnosed and histologically
confirmed invasive breast cancer. Patients with cancer were recruited
between 2001 and 2005 at four hospitals in Nagano, and between
2001 and 2006 at eight hospitals in S&o Paulo, totaling 405 patients
(98%) in Nagano, and 83 Japanese Brazilians (91%) and 389 non-

""To whom correspondence should be addressed. E-mail: moiwasak@ncc.go.jp
Abbreviations: C), confidence interval; CYP17, cytochrome P450c17; CYP19, aro-
matase; CYP2E1, cytochrome P450 2E1; ESR1, estrogen receptor alpha; ESR2, estro-
gen receptor beta; FFQ, food-frequency questionnaire; NAT2, N-acetyltransferase
2; OR, odds ratio; SNP, single-nucleotide polymorphism.
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Table 1. Single-nucleotide polymorphisms in estrogen receptor genes and their allele frequency

Gene SNP 15 Synonym  Region Major/minor  japanese living  Japanese Brazilians

number

Minor allele frequency among control groups

Non-Japanese

allele in Nagano, living in S&o Paulo, Brazilians living

Japan Brazil in Sdo Paulo, Brazil
Estrogen receptor alpha gene 159340799 Xbal intron 1 AG 0.19 0.20 0.31
r$1913474 intron 3 (@) 0.48 0.48 0.21
r$2234693 Pvull intron 1 TIC 0.45 0.45 0.42
Estrogen receptor beta gene rs4986938 Ault 3-UTR G/IA 0.14 0.13 0.33
rs1256049 Rsal exon 6 G/A 0.30 0.20 0.05

SNP, single-nucleotide polymorphism,

Japanese Brazilians (99%) in Sdo Paulo. In the Nagano study,
eligible controls were selected from medical checkup examinees
in two of the four hospitals and confirmed not to have cancer. One
control was matched for each case by age (within 3 years) and
residential area. Among potential controls, one examinee refused
to participate and two refused to provide blood samples. Eventually,
we obtained written informed consent from 405 matched pairs. In
the study in Sdo Paulo, eligible controls were preferentially selected
from cancer-free patients who visited the same hospital as the index
cases. One control was matched for each patient with cancer by
age (within 5 years) and ethnicity. Among potential controls,
22 patients refused to patticipate (participation rate =96%).
Eventually, we obtained written informed consent from 472 matched
pairs (83 for Japanese Brazilians and 389 for non-Japanese Brazilians).
The study protocol was approved by Comissdo Nacional de Etica
em Pesquisa (CONEP), Brasilia, Brazil and by the institutional
review board of the National Cancer Center, Tokyo, Japan.
Questionnaire. Participants in Nagano were asked to complete
a self-administered questionnaire, while those in Sdo Paulo were
interviewed by trained interviewers using a structured questionnaire.
The two questionnaires contained similar questions concerning
demographic characteristics, medical history, family history of
cancer, menstrual and reproductive history, anthropometric factors,
physical activity and smoking habits. For dietary habits, we used
a semiquantitative food frequency questionnaire (FFQ) (136 items
for the Japanese version and 118 items for the Brazilian version),
which was developed and validated in each population.®-'V In
the FFQ, participants were questioned on how often they
consumed the individual food items (frequency of consumption),
as well as relative sizes compared to standard portions. Daily
food intake was calculated by multiplying frequency by standard
portion and relative size for each food item in the FFQ. Daily
intakes of genistein and daidzein were calculated using a food
composition table of isoflavones developed previously.‘>!%
Isoflavone intake was defined for this study as the sum of
genistein and daidzein intake. Other nutrients were calculated
using the Japanese Standard Tables of Food Composition for the
Japanese version," and the United States Department of Agricul-
ture (USDA) food composition tables for the Brazilian version.!¥
For some Japanese-specific foods in the Brazilian version, the
Japanese Standard Tables of Food Composition? was used.
The validity of isoflavone intake estimated from the Japanese
version of the FFQ was evaluated in a subsample of the Japan

Public Health Center-based Prospective Study by comparing the

estimated intake according to the FFQ to that in four consecutive
seven-day dietary records, one conducted in each of the four sea-
sons. Spearman’s correlation coefficients between energy-adjusted
genistein and daidzein intake estimated from the FFQ and from
dietary records to be 0.59 for genistein and 0.60 for daidzein "
For the Brazilian version, the validity of isoflavone intake estimated
from the FFQ was evaluated in a subsample of the control group

928

of this case-control study by comparing the estimated intake
according to the FFQ to that in two consecutive four-day dietary
records, one each in two seasons. Spearman’s correlation coef-
ficients between energy-adjusted genistein and daidzein intake
estimated from the FFQ and from dietary records were 0.76 for
genistein and 0.76 for daidzein.0P

Genotyping. Genomic DNA samples were extracted from the
peripheral blood using FlexiGene® DNA kits (Qiagen K.K., Tokyo,
Japan) according to the manufacturer’s protocol. We selected five
single nucleotide polymorphisms (SNPs) in the estrogen receptor
alpha (ESRI) gene (rs9340799, rs1913474, and rs2234693) and
estrogen receptor beta (ESR2) gene (rs4986938 and rs1256049),
which were the most frequently studied SNP in relation to breast
cancer risk.!'%2® Genotyping of the five SNPs was performed by a
commercial laboratory (Genetic Laboratory, Inc., Sapporo, Japan)
using TagMan® SNP Genotyping Assays (Applied Biosystems,
Foster City, CA, USA) (Table 1). Patients with cancer and matched
controls were analyzed in the same well by laboratory personnel
unaware of the case-control status. For quality control assessment,
we genotyped six SNPs of four genes (N-acetyltransferase 2
[NAT2], cytochrome P450c17a [CYPI7], aromatase [CYPI9],
and cytochrome P450 2E1 [CYP2EI]) in our laboratory using
about 24% of the samples in the present study. However, SNPs
used in the present study were not included. The concordance
rates between Genetic Laboratory Inc. and our laboratory varied
between 97.6 and 99.5% among the six SNPs.

Statistical analysis. Comparison of baseline characteristics between
cases and controls was evaluated by the Mantel-Haenszel test using
matched-pair strata in each population. Genotype frequencies were
tested for deviation from the Hardy—Weinberg equilibrium with
the 3’-test. Dietary intake of isoflavones was adjusted for total
energy intake by the residual method and divided into median or
tertile categories based on control distribution for Japanese and
Japanese Brazilians, respectively. Because of the small proportion
of consumers, non-Japanese Brazilians were categorized into non-
consumers and consumers of isoflavones. Using a conditional
logistic regression model, we calculated odds ratios (ORs) and
95% confidence intervals (Cls) of breast cancer for isoflavone
intake, SNPs, and the joint effect between isoflavone intake and
genotypes. An unconditional logistic regression model was used
for stratified analyses according to menopausal status. Linear trends
for ORs were tested in the logistic regression model using the
exposure categories as ordinal variables. Tests for the interaction
were performed based on the difference between two likelihood
ratios of the models with and without the interaction terms
between isoflavone intake and the SNP of interest. Adjustments
were made for the following variables, selected mainly on the
basis of comparison of baseline characteristics between patients
with cancer and controls, as potential confounders: menopausal
status, number of births, family history of breast cancer, smoking
status, moderate physical activity in the past 5 years and vitamin
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Table 2. Odds ratios and 95% confidence intervals of breast cancer according to polymorphisms in estrogen receptor genes

Japanese Brazilians living in
S&o Paulo, Brazil

Japanese living in Nagano, Japan

Non-Japanese Brazilians living
in Sdo Paulo, Brazil

No. No. . No.
OR? 95% Cl OR? 95% Cl e OR? 95% Cl
Case Control Case Control Case Control
Estrogen receptor alpha gene (rs9340799)
AA 273 256 1 54 50 1 161 182 1
AG 103 119 0.68 (0.45-1.02) 22 26 0.75 (0.31-1.84) 175 161 1.16 (0.84-1.59)
GG 12 13 0.75 (0.28-1.98) 3 3 0.68 (0.10-4.57) 43 36 1.27 (0.78-2.07)
AG + GG 115 132 0.69 (0.47-1.02) 25 29 0.74 (0.31-1.79) 218 197 1.18 (0.88-1.59)
Estrogen receptor alpha gene (rs1913474)
CcC 100 113 1 25 24 1 237 239 1
cT 192 176 119 (0.81-1.76) .39 34 1.24 (0.55-2.81) 127 122 1.09 (0.80-1.49)
TT 96 99 1.08 (0.70-1.66) i5 21 0.79 (0.28-2.20) 14 18 0.80 (0.38-1.67)
CT+TT 288 275 1.15 (0.80-1.64) 54 55 1.07 (0.51-2.27) 141 140 1.05 (0.78-1.42)
Estrogen receptor alpha gene (rs2234693)
1T 144 115 1 25 22 1 107 122 1
TC 180 196 0.70 (0.49-0.995) 39 43 0.66 (0.29-1.47) 187 194 0.99 (0.68-1.43)
cC 64 77 0.64 (0.40-1.02) . 15 14 0.93 (0.31-2.86) 85 63 1.51 (0.98-2.31)
TC+ CC 244 273 0.68 (0.49-0.96) 54 57 0.71 (0.32-1.54) 272 257 1.15 (0.83-1.61)
Estrogen receptor beta gene (rs4986938)
GG 289 281 1 59 60 1 169 176 1
GA 94 102 0.88 (0.59-1.31) 17 17 1.32 (0.53-3.31) 163 154 1.09 (0.78-1.51)
AA 5 5 1.53 (0.39-6.07) 3 2 0.71 (0.09-5.57) 47 49 0.93 (0.59-1.47)
GA + AA 95 107 0.91 (0.62-1.34) 20 19 1.22 (0.51-2.93) 210 203 1.05 (0.77-1.42)
Estrogen receptor beta gene (rs1256049) '
GG 203 182 1 47 48 1 342 345 1
GA 161 178 0.79 (0.56-1.10) 26 30 0.95 (0.46-1.98) 36 32 1.21 (0.71-2.04)
AA 24 28 0.84 (0.44-1.60) 6 1 4.80 (0.50-46.19) 1 2 0.54 (0.04-6.53)
GA + AA 185 206 0.79 (0.57-1.09) 32 31 1.04 (0.50-2.13) 37 34 1.16 (0.70-1.94)

*Conditional model adjusting for menopausal status (premenopausal, postmenopausal), number of births (0, 1, 2, 3, 4, 5+), family history of breast
cancer (yes, no), smoking status (never, past, current smokers), moderate physical activity in the past 5 years (no, less than 3 days/month, 1-4 dayss
week, more than 5 days/week), and vitamin supplement use (yes, no). ORs and 95% Cls with statistical significance are written in bold letter. Cls,

confidence intervals; OR, odds ratio.

supplement use. We did not include a history of benign breast
disease as a covariate since we regarded it as an intermediate
variable in the causal pathway between isoflavone intake and breast
cancer. All P-values reported are two-sided, and significance level
was set at P < 0.05. All statistical analyses were performed with
SAS version 9.1 software (SAS Institute, Inc., Cary, NC, USA).

Results

We excluded subjects who reported extremely low or high total
energy intake (<500 or 24000 kCal) or had no DNA sample, leaving
388 pairs of Japanese, 79 pairs of Japanese Brazilians and 379 pairs
of non-Japanese Brazilians for inclusion in the present analyses.

Characteristics of patients with cancer and controls are shown
in a previous report (data not shown in table).® For Japanese
women, the proportion of premenopausal women, current smokers,
and vitamin supplement users was higher in cases than in controls,
and patients with cancer tended to have a family history of breast
cancer and history of benign breast disease. Patients with cancer
were less likely than controls to breast-feed, be physically active
and eat vegetables. For Japanese Brazilians, patients with cancer
were less likely than controls to give birth and be physically active,
and more likely to eat vegetables and fruits. For non-Japanese
Brazilians, the proportion of premenopausal women and current
smokers was higher in patients with cancer than controls, while
the proportion of physically active women and vitamin supplement
users was lower. Isoflavone intake substantially varied among
populations, with mean intakes in control subjects of 46.2 mg/day
for Japanese, 23.5 mg/day for Japanese Brazilians, and 4.4 mg/day
for non-Japanese Brazilians.

lwasaki et al.

The distributions of SNPs in the ESRI gene (rs9340799,
rs1913474 and rs2234693) and ESR2 gene (154986938 and
rs1256049) are shown in Tables | and 2. No deviation from the
Hardy—Weinberg equilibrium was observed among the controls
in any population. The prevalence of the minor allele in the
rs9340799 and rs4986938 polymorphisms was lower in the
control group of Japanese and Japanese Brazilians than in that
of non-Japanese Brazilians, while that of the minor allele in
the rs1913474 and rs1256049 polymorphisms was higher in
the control group of Japanese and Japanese Brazilians, We
found a decreased risk of breast cancer among Japanese women
with at least one minor allele of the 1s9340799 or rs2234693
polymorphism in comparison with those with the major allele
homozygote, but not among Japanese Brazilian and non-Japanese
Brazilian women. This decrease was statistically significant for
the rs2234693 polymorphism but not for the rs9340799 poly-
morphism. Stratified analyses by menopausal status showed that
this decreased risk occurred primarily among postmenopausal
Japanese for both SNPs (data not shown). In contrast, no asso-
ciation was observed for the 1s1913474, rs4986938, or rs1256049
polymorphisms in the three populations, regardless of meno-
pausal status.

Analyses of combinations of isoflavone intake and the rs4986938
polymorphism in the ESR2 gene revealed that the risk of breast
cancer significantly decreased with increasing isoflavone intake
only among women with the GG genotype among postmenopausal
Japanese (OR for highest versus lowest tertile = 0.47; 95%CI 0.27—
0.84; P for trend = 0.01), Japanese Brazilians (OR for highest versus
lowest median = 0.31; 95%CI 0.12-0.78), and non-Japanese Bra-
zilians (OR for consumers versus non-consumers = 0,37; 95%C]I
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Table 3. Odds ratios and 95% confidence intervals of breast cancer for combinations of dietary intake of isoflavones and polymorphisms in
estrogen receptor genes among Japanese

All subjects

Premenopausal women

Postmenopausal women

Isoflavone intake (mg/day),

Isoflavone intake (mg/day),

Isoflavone intake (mg/day),

tertile category Pfor tertile category Pfor tertile category P for
trend trend trend
1 2 3 2 3 2 3
Estrogen receptor alpha gene (rs9340799)
AA
No." 109/83 76/90 88/83 54/41 30/31 3319 55/42 46/59 55/64
OR* 1 0.73 0.78 0.32 1 0.68 113 096 1 0.75 0.64 0.15
(95% <) (0.45-1.18)  (0.47-1.29) (0.34-1.35) (0.53-2.39) (0.41-1.34)  (0.36-1.15)
AG + GG
No.t 42/46 42/39 31/47 25/25 22/12 1217 17721 20/27 19/40
OR* 0.52 0.68 0.51 0.75 0.64 1.38 1.13 0.54 0.59 0.56 0.38 0.15
(95% Ch (0.27-0.99) (0.37-1.24) (0.26-1.0%1) (0.31-1.35) (0.59-3.23) (0.39-3.30) (0.26-1.32) (0.26-1.20) (0.18-0.79)
P for interaction=0.39 P for interaction = 0.15 P for interaction = 0.87
Estrogen receptor alpha gene {rs1913474)
(««
No.t 41/38 32/42 27/33 20/16 16/12 13/4 21/22 16/30 14/29
OR* 1 0.68 0.76 0.62 1 1.15 2.39 0.08 1 0.60 0.47 0.09
(95% Cl) (0.34-1.36)  (0.37-1.59) (0.40-3.26) (0.61-9.30) (0.24-1.47)  (0.18-1.21)
CT+TT
No.t 110/ 86/87 92/97 59/50 36/31 32/22 51/41 50/56 60/75
OR* 0.97 0.97 0.84 0.33 0.91 0.86 0.97 099 1.20 1.08 0.80 0.14
(95% Cl) (0.54-1.74) (0.55-1.72) (0.45-1.55) (0.41-2.02) (0.37-2.04) (0.39-2.44) (0.56-2.59) (0.51-2.29)  (0.38-1.68)
P for interaction = 0.69 P for interaction = 0.58 P for interaction = 0.73
Estrogen receptor alpha gene ({rs2234693)
TT
No.' 58/36 38/41 48/38 33/21 12/16 211 25/15 26/25 27127
OR?* 1 0.55 0.68 0.54 1 0.41 1.15 0.77 1 0.79 0.58 0.28
(95% Ci) (0.26-1.16)  (0.32-1.43) (0.15-1.12) (0.43-3.10) (0.32-1.92)  (0.24-1.40)
TC+CC
No.t 93/93 80/88 71/92 46/45 40/27 24/15 47/48 40/61 47177
OR? 0.51 0.52 0.42 0.46 0.64 0.99 0.86 0.39 054 0.42 0.35 0.14
(95% CI) (0.28-0.96) (0.28-0.98) (0.21-0.82) (0.31-1.34) (0.45-2.16) (0.35-2.15) (0.24-1.21) (0.19-0.92) (0.16-0.76)
P for interaction=0.37 P for interaction = 0.08 P for interaction = 0.97
Estrogen receptor beta gene (rs4986938)
GG
No.* 115/86 88/96 86/99 57/46 39/32 32/21 58/40 49/64 54178
OR* 1 0.74 0.65 0.06 1 0.96 1.03 094 1 0.60 0.47 0.01
(95% Ci) (0.47-1.16)  (0.39-1.07) (0.51-1.83) (0.49-2.15) (0.33-1.07)  (0.27-0.84)
GA + AA
No.! 36/43 30/33 33/31 22/20 1311 13/5 14/23 17122 20/26
OR* 0.57 0.78 0.90 0.23 0.80 0.91 1.99 0.20 047 0.80 0.62 0.49
(95% CI) (0.31-1.08)  (0.40-1.50) (0.45-1.82) (0.37-1.72)  (0.35-2.34) (0.62-6.46) (0.21-1.06) (0.36-1.75)  (0.28-1.35)
P for interaction =0.17 P for interaction = 0.48 P for interaction=0.11
Estrogen receptor beta gene (rs1256049)
GG
No.? 85/62 59/62 59/58 43/32 28120 23/12 42/30 31/42 36/46
OR* 1 0.74 0.82 0.16 1 1.05 0.98 080 1 0.56 0.51 0.08
{85% Q) (0.43-1.27)  (0.46-1.48) (0.49-2.27) (0.39-2.47) (0.28-1.13)  (0.26-1.01)
GA + AA
No.! 66/67 59/67 60/72 36/34 24/23 22114 30/33 35/44 38/58
OR* 0.70 0.74 0.61 0.93 0.79 0.78 1.31 0.20 0.50 0.60 0.41 0.35
(95% C) (0.41-1.19)  (0.43-1.27)  (0.35-1.07) (0.39-1.58) (0.36-1.69) (0.55-3.08) (0.24-1.03) (0.31-1.18)  (0.21-0.80)

P for interaction = 0.63

P for interaction = 0.65

P for interaction = 0.31

*No. of patients with cancer/No. of controls.
*Conditional model adjusting for menopausal status (premenopausal, postmenopausal), number of births (0, 1, 2, 3, 4, 5+), family history of breast
cancer {yes, no), smoking status (never, past, current smoker), moderate physical activity in the past 5 years (no, less than 3 days/month, 1-4 days/
week, more than 5 days/iweek), and vitamin supplement use (yes, no). For stratified analyses according to menopausal status, an unconditional
model adjusting for age, area, number of births (0, 1, 2, 3, 4, 5+), family history of breast cancer (yes, no), smoking status (never, past, current
smoker), moderate physical activity in the past 5 years (no, less than 3 days/month, 1-4 days/week, more than 5 days/week), and vitamin
supplement use {yes, no). ORs and 95% Cls with statistical significance are written in bold letter. Cls, confidence intervals; OR, odds ratio.

0.16-0.85) (P for interaction =0.11, 0.08 and 0.21, respectively)
(Tables 3 and 4). Moreover, we found no remarkable difference
in the association between isoflavone intake and breast cancer risk

by the four other polymorphisms.

930

Discussion

In these case-control studies of Japanese, Japanese Brazilians, and

non-Japanese Brazilians, we found that a statistically significant
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Table 4. Odds ratios and 95% confidence intervals of breast cancer for combinations of dietary intake of isoflavones and polymorphisms in

estrogen receptor genes among Japanese Brazilian and non-Japanese Brazilian subjects

Japanese Brazilians living in Sao Paulo, Brazil

Isoflavone intake (mg/day), median category

Non-Japanese Brazilians living in
Sdo Paulo, Brazil

isoflavone intake {(mg/day)

1 2 Non-consumers Consumers
Estrogen receptor alpha gene (rs9340799)
AA
No.} 321 23/29 145/157 16/25
OR* 1 0.36 1 0.68
(95% CI) (0.14-0.95) (0.32-1.43)
AG + GG
No.* 15/18 10/11 198/161 20/36
OR* 0.44 034 1.23 0.61
(95% Cl) (0.14-1.45) (0.09-1.32) (0.89-1.68) (0.33-1.13)

P for interaction = 0.36
Estrogen receptor alpha gene (rs1913474)

P for interaction = 0.52

cC

No.t 13/12 12/12 2131204 24135

OR* 1 0.76 1 0.65

(95% Q1) (0.18-3.18) (0.36-1.19)
CT+TT

No.* 33/27 2128 129/114 1226

OR? 1.25 055 1.13 0.49

(95% Q1) (0.42-3.72) (0.17-1.78) (0.82-1.56) (0.24-1.01)

P for interaction =0.52
Estrogen receptor alpha gene (rs2234693) ,

P for interaction = 0.40

T

No.* 17/12 8/10 97/106 10/16

OR* 1 0.41 1 0.57

(95% C1) (0.10-1.65) (0.22-1.47)
TC+CC

No.* 29/27 25/30 246/212 26/45

OR* 0.65 : 0.36 1.20 0.65

(95% CI) (0.23-1.84) (0.12-1.08) (0.84-1.71) (0.37-1.15)

) P for interaction =0.71
Estrogen receptor beta gene (rs4986938)

P for interaction =0.94

GG

No. 38/30 2130 156/148 13/28

OR* 1 0.31 1 0.37

(95% CI) (0.12-0.78) (0.16-0.85)
GA +AA

No.* 8/9 12/10 156/170 23/33

OR* 0.62 0.97 0.97 0.68

(95% Cb) (0.16-2.35) (0.31-3.01) (0.70-1.35) (0.37-1.24)

P for interaction = 0.08
Estrogen receptor beta gene (rs1256049)

P for interaction =0.21

GG

No.t 27123 20/25 308/286 34/59

OR* 1 0.49 1 0.55

(95% Cl) (0.21-1.17) (0.35-0.90)
GA + AA

No.? 19/16 13/15 35/32 22

OR* 0.97 0.53 1.10 0.84

(95% Q1) (0.36-2.58) (0.18-1.58) (0.64-1.87) (0.10-6.97)

P for interaction =0.89

P for interaction =0.78

*No. of patients with cancer/No. of controls.

*Conditional model adjusting for menopausal status (premenopausal, postmenopausal), number of births (0, 1, 2, 3, 4, 5+), family history of breast
cancer (yes, no), smoking status (never, past, current smokers), moderate physical activity in the past 5 years (no, less than 3 days/month, 1-4 days/
week, more than 5 days/week), and vitamin supplement use {yes, no). ORs and 95% Cls with statistical significance are written in bold letter. Cls,

confidence intervals; OR, odds ratio.

inverse association between isoflavone intake and breast cancer
risk appeared only among women with the GG genotype of the
rs4986938 polymorphism in the ESR2 gene, but the interaction
was not statistically significant. Our findings support the hypothesis

Iwasaki et a/.

that polymorphisms in the ESR2 gene may modify the association
between isoflavone intake and breast cancer risk.

To date, many studies investigating the possible effect of SNPs
in the ESR2 gene on breast cancer risk have focused on the
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154986938 and 151256049 polymorphisms, although their func-
tional importance has yet to be clarified. Here, we found no asso-
ciation between either SNP and the risk of breast cancer, which
is in general agreement with most previous studies.(¢'” In con-
trast, we did see an inverse association between isoflavone intake
and breast cancer risk with the 154986938 polymorphism in three
populations, but only among women with the GG genotype. We
also saw a suggestive interaction in the case-control studies of
Japanese and Japanese Brazilians but not in the case-control study
of non-Japanese Brazilians. Although the reason for the inconsist-
ency in interactions among populations remains unclear, it might
reflect the amount of intake, on the basis that the findings were
relatively consistent among the populations with a high intake
(Japanese and Japanese Brazilians). Moreover, the prevalence of
the GG genotype of the rs4986938 polymorphism among the
control group was higher in Japanese (72.4%) and Japanese Bra-
zilians (75.9%) than in non-Japanese Brazilians (46.4%). This
might partly explain the previous inconsistencies in results for
isoflavone exposure and breast cancer risk between Asian and
Western populations.®

To our knowledge, only two studies have investigated interac-
tions between phytoestrogen exposure and polymorphisms in
the ESR2 gene in the risk of hormone-related diseases.?!?? Hede-
lin et al. reported a significant interaction between phytoestrogen
intake and a promoter SNP in the ESR2 gene (rs2987983) in the
risk of prostate cancer in a population-based case-control study
in Sweden.®® Tsuchiya et al. reported a significant interaction
between urinary genistein level and Rsal polymorphism in the
ESR2 gene in the risk of advanced endometriosis among infertile
Japanese women.®? These findings suggest that isoflavones may
reduce the risk of hormone-related diseases via a mechanism that
involves estrogen receptor beta. Considering that functional data
are not presently available, our finding suggests that the rs4986938
polymorphism, or some other genetic variants in strong linkage dis-
equilibrium with this SNP, modify the protective effect of isofla-
vones on breast cancer. In this regard, we provide further evidence
for a role of isoflavones in the development of breast cancer.

We found a decreased risk of breast cancer among Japanese
women with at least one minor allele of the rs9340799 or 152234693
polymorphism in comparison with those with the major allele
homozygote. Although these are the most frequently studied SNPs,
results have been inconsistent.#?? Most studies have shown no
association between the rs2234693 polymorphism and breast can-
cer risk.“%2% On the other hand, several but not ail studies have
reported that the G allele of the 159340799 polymorphism was
associated with a decreased risk of breast cancer,"8?® which is
consistent with our findings in Japanese women. Since we failed to
observe an overall consistency of findings in our three popula-
tions, however, our findings in Japanese women might be merely
due to chance.

Although interactions between phytoestrogen exposure and poly-
morphisms in the ESRI gene in the risk of breast cancer have not
been investigated, we are aware of two studies examining inter-
actions on circulating sex hormone levels.®? In their study of
125 postmenopausal women in the European Prospective Inves-
tigation of Cancer and Nutrition—Norfolk cohort, Low ef al. reported
that urinary and serum isoflavones were negatively correlated with
plasma estradiol among women with the CC genotype for Pvull
polymorphism in the ESRI gene, but not those with other geno-
types.“®® Moreover, they reported a significant interaction between
urinary lignans and rs9340835 polymorphism in the ESR/ gene,
affecting plasma estrone levels in a cross-sectional study of 1988
healthy postmenopausal women from the same cohort.®¥ Although
these studies imply the presence of gene—nutrient interaction, we
found no remarkable difference in the association between iso-
flavone intake and breast cancer risk by polymorphisms in the
ESRI gene. Further studies based on a comprehensive evaluation
of this gene would clarify this gene—nutrient interaction.

932

Our study has methodological advantages over studies conducted
previously. First, and unique to this study, we assessed gene—nutrient
interactions using three populations with substantially different
isoflavone intakes and allele frequencies of SNPs. For example,
isoflavone intake differed considerably among the three popula-
tions, with median levels (interquartile range) in the control group
of (mg/day) 40.7 (25.8-61.4) among Japanese, 13.4 (7.9-31.1)
among Japanese Brazilians, and 0 (0-0) among non-Japanese
Brazilians. In addition, allele frequency also differed among the
populations, such as that of the G allele of the rs4986938 poly-
morphism in the ESR2 gene, at 0.86 for Japanese, 0.87 for Japanese
Brazilians, and 0.67 for non-Japanese Brazilians. Second, the
overall consistency of findings in the three populations could
allow the results to be more generalized than those from a single
population.

Several limitations of the study also warrant mention. First, die-
tary intake of isoflavones was assessed after the diagnosis of breast
cancer, and therefore, is sensitive to recall bias. Second, although
the substantially high participation rates among both eligible patients
with cancer and controls minimized potential biases related to
control selection, the use of controls from medical checkup exam-
inees and cancer-free patients, whose dietary habits may differ from
those of the general population due to health consciousness or
disease, might have lead to selection bias. For example, isoflavone
intake was higher among women aged 50-69 years in the control
group of the Nagano study (median intake = 46.3 mg/day) than
in participants aged 50-69 years living in Nagano in the 10-year
follow-up survey of the Japan Public Health Center-based Prospec-
tive Study (median intake = 38.8 mg/day), which used a similar
FFQ and had a high response rate. Third, the evaluation of gene—
nutrient interactions was performed in a relatively small number
of patients with cancer. The interpretability of our results might
therefore be limited.

Allowing for these methodological issues, we found a suggestive
interaction between isoflavone intake and the rs4986938 poly-
morphism of the ESR2 gene in the risk of breast cancer in case-
control studies of Japanese and Japanese Brazilians. Our findings
support the hypothesis that polymorphisms in the ESR2 gene may
modify the association between isoflavone intake and breast can-
cer risk. Further, they provide additional evidence that the mech-
anisms by which isoflavones may reduce the risk of breast cancer
might involve estrogen receptor beta.
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Abstract Although epidemiologic studies have shown an
inverse association between isoflavones and breast cancer
risk, little evidence for a dose-response relation is avail-
able. We conducted hospital-based case—control studies of
patients aged 20-74 years with primary, incident, histo-
logically confirmed invasive breast cancer, and matched
confrols from medical checkup examinees in Nagano,
Japan and from cancer-free patients in Sdo Paulo, Brazil. A
total of 850 pairs (390 Japanese, 81 Japanese Brazilians
and 379 non-Japanese Brazilians) completed validated
food frequency questionnaires. The odds ratio of breast
cancer according to isoflavone intake was estimated using a
conditional logistic regression model. We found a statisti-
cally significant inverse association between isoflavone
intake and the risk of breast cancer for Japanese Brazilians
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and non-Japanese Brazilians. For Japanese, a non-signifi-
cant inverse association was limited to postmenopausal
women. In the three populations combined, breast cancer
risk linearly decreased from ‘no’ to ‘moderate’ isoflavone
intake and thereafter leveled off. Compared to non-con-
sumers, adjusted odds ratios (95% confidence interval) for
consumers in increasing quintile intake categories (median
intake in each category: 8.7, 23.1, 33.8, 45.7, and 71.3 mg/
day) were 0.69 (0.44-1.09), 0.54 (0.31-0.94), 0.45 (0.26-
0.77), 0.34 (0.19-0.62), and 0.43 (0.24-0.76), respectively.
Overall, we found an inverse association between dietary
isoflavone intake and risk of breast cancer. Our finding
suggests a risk-reducing rather than risk-enhancing effect
of isoflavones on breast cancer within the range achievable
from dietary intake alone. In addition, women may benefit
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from risk reduction if they consume at least moderate
amounts of isoflavones.

Keywords Breast cancer - Dietary isoflavones
Case—control study - Immigrants

Abbreviations

CI Confidence interval

ER  Estrogen receptor

FFQ Food-frequency questionnaire
OR  Odds ratio

PR Progesterone receptor

Introduction

Soy foods, which are rich in isoflavones, are habitually
consumed by Asian populations in large amounts. Isoflav-
ones, of which genistein and daidzein are major examples,
are classified as phytoestrogens, which are plant-derived
non-steroidal compounds with estrogen-like biological
properties. A high intake of isoflavones has therefore been
hypothesized to contribute to the lower incidence of breast
cancer in Asia than Western countries [1]. This hypothesis is
supported by not only in vitro studies at high genistein
concentrations and the majority of animal studies [2, 3] but
also epidemiological studies [4—10]. In particular, a recent
meta-analysis showed a small decrease in risk of breast
cancer with higher soy intake [1 1] while a more recent meta-
analysis indicated that risk reduction was limited to Asian
populations [12]. In apparent contradiction to potential
protective effects, however, genistein exhibits estrogenic
properties at low concentrations, which could theoretically
enhance breast cancer risk [2, 3], and some animal studies
have in fact reported that genistein stimulates tumor
development and growth [13, 14].

Although research remains insufficient for any compre-
hensive determination of whether isoflavones are protective
or harmful for breast cancer, interest in soy foods and iso-
flavones is nevertheless increasing. This increase may
reflect an expectation of potential benefits in a wide variety
of medical conditions, including cancer of the endometrium
and prostate as well as breast, cardiovascular diseases,
osteoporosis, and menopausal symptoms. In fact, con-
sumption of soy foods in the United States has increased
over the past ten years, against fairly constant intake in
Japan over the past four decades [15]. Moreover, phytoes-
trogen supplements are commercially marketed for use by
postmenopausal women as natural and safe alternatives to
hormone replacement therapy. A dose—response pattern, in
particular the effect of relatively high-dose isoflavones on
breast cancer risk, is thus now of concern. Nevertheless,
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little evidence of any dose-response relationship is avail-
able-—indeed, we do not know the answer to ‘how much
isoflavones is needed?’ This is partly because few studies
have estimated isoflavone intake using a validated food-
frequency questionnaire (FFQ) [4-6, 16, 17], and also
because most studies in Western countries have involved
only a small variation in isoflavone intake [6, 7, 16-20].
Here, to evaluate the dose-response relationship
between isoflavone intake and the risk of breast cancer,
ranging from zero to the relatively high levels achievable
from dietary intake only, we conducted hospital-based
case—control studies in Nagano, Japan and Sdo Paulo,
Brazil, areas with a low and middle incidence of breast
cancer, respectively (age-standardized rate per 100,000
world population, 32.7 and 46.0 in 2002, respectively) {21],
using validated FFQs with relatively high validity in three
populations: Japanese living in Japan, Japanese Brazilians
living in Sdo Paulo, and non-Japanese Brazilians living in
Sdo Paulo. The mortality of breast cancer among these
three populations has increased over the last 20 years, with
that in Japanese Brazilians intermediate between that in
Japanese and Brazilians [22). In addition, because amounts
and variations in isoflavone intake are expected to be high
and large for Japanese, intermediate and relatively large for
Japanese Brazilians, and low and small for non-Japanese
Brazilians, respectively, these populations serve as suitable
venues for studies of the effect of dose-response relations.

Materials and methods
Study subjects

These multicenter, hospital-based case~control studies of
breast cancer were designed to determine lifestyle factors
and genetic susceptibility to the risk of breast cancer and to
compare potential risk factors among Japanese living in
Nagano, Japan, and Japanese Brazilians and non-Japanese
Brazilians living in Sdo Paulo, Brazil. Eligible cases were a
consecutive series of female patients aged 20-74 years
with newly diagnosed and histologically confirmed inva-
sive breast cancer. Cases were recroited between 2001 and
2005 at four hospitals in Nagano, and between 2001 and
2006 at eight hospitals in Sdo Paulo. A total of 405 cases
(98%) participated in Nagano, and 83 Japanese Brazilians
(91%) and 389 non-Japanese Brazilians (99%) in Sio
Paulo. In the study in Nagano, eligible controls were
selected from medical checkup examinees in two of the
four hospitals and confirmed not to have cancer. One
control was matched for each case by age (within 3 years)
and residential area during the study period. Among
potential controls, one examinee refused to participate and
two refused to provide blood samples. Consequently, we
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obtained written informed consent from 405 matched pairs.
In the study in Sdo Paulo, eligible controls were prefer-
entially selected from cancer-free patients who visited the
same hospital as the index cases. One control was matched
for each case by age (within 5 years) and ethnicity during
the study period. Among potential controls, 22 patients
refused to participate (participation rate = 96%). Conse-
quently, we obtained written informed consent from 472
matched pairs (83 for Japanese Brazilians and 389 for non-
Japanese Brazilians). The study protocol was approved by
CONEP (Comissdo Nacional de Ftica em Pesquisa),
Brasilia, Brazil and by the institutional review board of the
National Cancer Center, Tokyo, Japan.

Data collection

Participants in Nagano were asked to complete a self-
administered questionnaire, while in-person interviews
were conducted by trained interviewers using a structured
questionnaire in Sdo Paulo. The two questionnaires con-
tained closely similar questions concerning demographic
characteristics, medical history, family history of cancer,
menstrual and reproductive history, anthropometric factors,
physical activity, and smoking habits. For dietary habits,
we used a semi-quantitative FFQ (136 items for the Japa-
nese version and 118 items for the Brazilian version) which
was developed and validated in each population [23, 24].
Information on estrogen receptor (ER) and progesterone
receptor (PR) status was obtained from medial records.
Hormone receptor status was determined by either enzyme-
linked immunoassay or immunohistochemical assay. Hor-
mone receptor positivity values were determined either as
specified by the laboratory that performed the assay, or in
accordance with the laboratory’s written interpretation
thereof, or both.

Dietary assessment

In the FFQ, participants were questioned on how often they
consumed the individual food items (frequency of con-
sumption), as well as relative sizes compared to standard
portions. Response choices for frequency were never or
less than once/month, 1-3 times/month, 1-2 times/week,
34 times/week, 5-6 times/week, once/day, 2-3 times/day,
4-6 times/day, and 7 times/day or more, and relative sizes
to a standard portion were small (50% smaller than stan-
dard), medium (same as standard), and large (50% larger).
For the Japanese version, white rice intake was determined
in terms of the relative size of the rice bowl used and the
frequency of intake, with the nine choices of less than 1-10
bowls per day. Frequency for miso soup intake was given
in the six choices of almost never, 1-3 times/month, 1-2
times/week, 3-4 times/week, 5-6 times/week, or daily,

while amount was given in nine categories ranging from
less than 1-10 bowls per day, without reference to the
relative size of the bowl used. Daily food intake was cal-
culated by multiplying frequency by standard portion and
relative size for €ach food item in the FFQ. Daily intakes of
genistein and daidzein were calculated using a food com-
position table of isoflavones developed previously [25, 26].
Isoflavone intake was defined for this study as the sum of
genistein and daidzein intake. Other nutrients were calcu-
lated using the Japanese Standard Tables of Food
Composition, 5th ed. for the Japanese version [27] and the
United States Department of Agriculture (USDA) food
composition tables for the Brazilian version [28]. For some
Japanese-specific foods in the Brazilian version, the Japa-
nese Standard Tables of Food Composition, Sth ed. was
used. )

The validity of isoflavone intake estimated from the
Japanese version of the FFQ was evaluated in a subsample
of the Japan Public Health Center-based Prospective Study,
which includes Nagano as one of the study areas. The
estimated intake according to the FFQ was compared to
that in four consecutive 7-day dietary records, one con-
ducted in each the four seasons. Spearman’s correlation
coefficients between energy-adjusted genistein and daidz-
ein intake estimated from the FFQ and from dietary records
were 0.59 for genistein and 0.60 for daidzein [24]. For the
Brazilian version, the validity of isoflavone intake esti-
mated from the FFQ was evaluated in a subsample of the
control group in this case—control study by comparing the
estimated intake according to the FFQ to that in two con-
secutive 4-day dietary records, one each in two seasons.
Spearman’s correlation coefficients between energy-
adjusted genistein and daidzein intake estimated from the
FFQ and from dietary records were 0.76 for genistein and
0.76 for daidzein (unpublished data).

Statistical analysis

We excluded subjects who reported extremely low or high
total energy intake (<500 or > 4000 Kcal), leaving 390
pairs of Japanese, 81 pairs of Japanese Brazilians and 379
pairs of non-Japanese Brazilians for use in the present
analyses. Comparison of baseline characteristics between
cases and controls was evaluated by the Mantel-Haenszel
test using matched-pair strata in each population. Dietary
intake of isoflavones was adjusted for total energy intake
by the residual method and divided into median or tertile
categories based on control distribution for Japanese and
Japanese Brazilians, respectively. Because of the small
proportion of consumers, non-Japanese Brazilians were
categorized into non-consumers and consumers of iso-
flavones. Using a conditional logistic regression model, we
calculated odds ratios (ORs) and 95% confidence intervals
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