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Abstract

Background: Differences in sex hormone levels among populations might contribute to the variation in breast
cancer incidence across countries. Previous studies have shown higher breast cancer incidence and mortality
among Japanese Brazilians than among Japanese. To clarify the difference in hormone levels among populations,
we compared postmenopausal endogenous sex hormone levels among Japanese living in Japan, Japanese
Brazilians living in the state of S&o Paulo, and non-Japanese Brazilians living in the state of Sao Paulo.

Methods: A cross-sectional study was conducted using a control group of case-control studies in Nagano,
Japan, and Sao Paulo, Brazil. Participants were postmenopausal women older than 55 years of age who
provided blood samples. We measured estradiol, estrone, androstenedione, dehydroepiandrosterone sulfate
(DHEAS), testosterone and free testosterone by radioimmunoassay; bioavailable estradiol by the ammonium
sulfate precipitation method; and sex hormone-binding globulin (SHBG) by immunoradiometric assay. A total
of 363 women were included for the present analyses, comprising 185 Japanese, 44 Japanese Brazilians and
134 non-Japanese Brazilians.

Results: Japanese Brazilians had significantly higher levels of estradiol, bioavailable estradiol, estrone, testosterone
and free testosterone levels, and lower SHBG levels, than Japanese. Japanese Brazilians also had significantly higher
levels of bioavailable estradiol, estrone and DHEAS and lower levels of SHBG and androstenedione than non-
Japanese Brazilians. Levels of estradiol, testosterone and free testosterone, however, did not differ between
Japanese Brazilians and non-Japanese Brazilians. These differences were observed even after adjustment for known
breast cancer risk factors. We also found an increase in estrogen and androgen levels with increasing body mass
index, but no association for most of the other known risk factors.

Conclusions: We found higher levels of estrogens and androgens in Japanese Brazilians than in Japanese and

levels similar to or higher than in non-Japanese Brazilians. Our findings may help explain the increase in the
incidence and mortality rate of breast cancer among Japanese Brazilians.
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Background

The incidence and mortality rate of breast cancer vary
considerably across countries and regions [1]. Although
Japan has a lower risk for female breast cancer than
Western countries, the incidence has gradually increased
over the past 30 years [2,3]. The incidence and mortality
rates in Japanese immigrants living in the United States
and Brazil have approximated those in the host country
[4-8]. For example, the mortality rate of first-generation
Japanese immigrants to Sdo Paulo, Brazil, increased
from 1979 to 2001, with rates being intermediate
between Japanese living in Japan and Brazilians living in
the state of Sao Paulo [6].

Many epidemiologic studies have indicated that endo-
genous sex hormones, particularly estrogens, play an
important role in the etiology of breast cancer [9]. A
pooled analysis of nine prospective studies showed that
higher estrogens and their androgen precursors were
associated with a higher risk of breast cancer in postme-
nopausal women [9]. Differences in sex hormone levels
among populations might therefore contribute to the
variation in breast cancer incidence across countries and
regions. Clarification of the difference in sex hormone
levels among populations and their determinants might
help our understanding of the etiology and prevention
of breast cancer.

A relatively large number of epidemiological studies
have examined sex hormone levels among ethnic groups
and factors associated with sex hormone levels [10-16].
To our knowledge, however, no study has investigated
sex hormone levels among Japanese Brazilians. In addi-
tion, although previous studies consistently showed that
body weight and obesity were associated with higher
estrogen levels in postmenopausal women [10-12,15],
findings regarding other factors that influence circulating
sex hormone levels have been inconsistent [10-14,16].

We have conducted a cross-sectional study using a
control group of case-control studies in Nagano, Japan,
and Sio Paulo, Brazil. The present study compared post-
menopausal endogenous sex hormone levels among
Japanese living in Japan, Japanese Brazilians living in
Sdo Paulo and non-Japanese Brazilians living in Sdo
Paulo, and examined factors associated with these levels.

Methods

Study participants

Participants were postmenopausal women who were
enrolled as controls in multicenter, hospital-based, case-
control studies of breast cancer. In addition to determin-
ing lifestyle factors and genetic susceptibility to the risk
of breast cancer, the protocols of these studies were also
designed to compare potential risk factors among Japa-
nese living in Nagano, Japan, and Japanese Brazilians and
non-Japanese Brazilians living in the state of Sdo Paulo,
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Brazil. Details of this study have been described pre-
viously [17]. The study protocol was approved by Comis-
sdo Nacional de Etica em Pesquisa, Brasilia, Brazil, and
by the institutional review board of the National Cancer
Center, Tokyo, Japan.

Briefly, eligible cases were a consecutive series of
female patients ages 20 to 74 years with newly diag-
nosed and histologically confirmed invasive breast can-
cer. Inhabitants of the state of Sio Paulo were recruited
and asked their ethnicity. Japanese and their descen-
dants were defined as Japanese Brazilians, and Cauca-
sian, black and mixed ethnicity populations were
defined as non-Japanese Brazilians. A total of 405 indivi-
duals (98%) participated in Nagano, and 83 Japanese
Brazilians (91%) and 389 non-Japanese Brazilians (99%)
participated in Sdo Paulo. In the study in Nagano, eligi-
ble controls were selected from among medical checkup
examinees in two of the four hospitals and were con-
firmed not to have cancer. One control was matched for
each case by age (within 3 years) and by residential area.
Among potential controls, one examinee refused to par-
ticipate and two refused to provide blood samples. In
the study in Sao Paulo, eligible controls were preferen-
tially selected from among cancer-free patients who vis-
ited the same hospital as the index cases. One control
was matched for each case by age (within 5 years) and
by ethnicity. Among potential controls, 22 patients
refused to participate (participation rate, 96%). Conse-
quently, we obtained written, informed consent from a
total of 877 matched pairs (405 for Japanese, 83 for
Japanese Brazilians and 389 for non-Japanese Brazilians).

Of 877 controls, we selected postmenopausal women
over 55 years of age who provided blood samples and
reported an energy intake between 500 and 4,000 kcal.
Menopausal status was determined by self-report, and
energy intake was assessed using a food frequency ques-
tionnaire (FFQ). The present study included a total of
382 women comprising 185 Japanese, 46 Japanese Brazi-
lians and 151 non-Japanese Brazilians.

Data collection

Participants in Nagano were asked to complete a self-
administered questionnaire, while in-person interviews
were conducted in Sio Paulo by trained interviewers
using a structured questionnaire. The two question-
naires contained closely similar questions concerning
demographic characteristics, medical history, family his-
tory of cancer, menstrual and reproductive history,
anthropometric factors, physical activity, smoking habits
and dietary factors assessed by FFQ.

Participants in Nagano provided blood samples at the
time they returned their self-administered questionnaire,
and those in Sao Paulo provided blood samples at the
time of the interview. Blood samiples were divided into
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serum aliquots in Nagano and into plasma aliquots and
buffy coat layers in Sdo Paulo. All blood samples were
shipped to the Epidemiology and Prevention Division,
Research Center for Cancer Prevention and Screening,
National Cancer Center, Tokyo, Japan, and stored at
-80°C until analysis.

Laboratory analysis

We used a radioimmunoassay method to measure estra-
diol, estrone, androstenedione, dehydroepiandrosterone
sulfate (DHEAS), testosterone and free testosterone in
serum for the Nagano participants and in plasma for the
S&o Paulo participants. The following kits were used:
estradiol (DSL-4800 Ultra-Sensitive Estradiol Radioim-
munoassay Kit; Diagnostic System Laboratories, Inc.,
Webster, TX, USA), estrone (DSL-8700 Estrone Radio-
immunoassay Kit; Diagnostic System Laboratories, Inc.),
androstenedione (DPC - Androstenedione; Diagnostic
Products Corporation, Llanberis, UK), DHEAS (DPC -
DHEA-S Kit, Diagnostic Products Corporation), testos-
terone (DPC . Testosterone Kit; Diagnostic Products
Corporation) and free testosterone (DPC - Free Testos-
terone Kit; Diagnostic Products Corporation). Bioavail-
able estradiol (free and albumin-bound estradiol) was
measured using the ammonium sulfate precipitation
method. Sex hormone-binding globulin (SHBG) was
measured by immunoradiometric assay (IRMA) using
Spectria SHBG IRMA (Orion Diagnostica, Espoo, Fin-
land). The kit for estrone was applicable to serum sam-
ples only, although other kits or methods were
applicable to both serum and plasma samples. We
therefore measured estrone levels in both serum and
plasma from the same women over 50 years of age (1 =
38) and calibrated estrone levels in plasma on the basis
of a regression function, although the two levels were
highly correlated (correlation coefficient = 0.94) and the
percentage difference was relatively small (mean = -4%;
95% confidence interval, -9% to 1%). Lower detection
limits (LODs) were 5 pg/mL for estradiol, 15 pg/mL for
estrone, 6.25 nM/L for SHBG, 0.1 ng/mL for androste-
nedione, 5 pg/dL for DHEAS, 0.05 ng/mL for testoster-
one and 0.4 pg/mL for free testosterone. Measurement
values below the LOD were assigned half the value of
the LOD if measurable values below the LOD were not
available. The intra-assay coefficients of variation were
6.5% for estradiol at a mean concentration of 24.9 pg/
mL (n = 12), 10.6% for bioavailable estradiol at a mean
concentration of 48.1% (n = 10), 5.6% for estrone at a
mean concentration of 101.7 pg/mL (n = 10), 4.7% for
SHBG at a mean concentration of 104.6 nM/L (1 = 10),
9.4% for androstenedione at a mean concentration of
1.33 ng/mL (n = 10), 5.2% for DHEAS at a mean con-
centration of 75 ug/dL (1 = 10), 4.5% for testosterone at
a mean concentration of 0.83 ng/mL (# = 10) and 11.6%
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for free testosterone at a mean concentration of 5.4 pg/
mL (n = 10). Interassay coefficients of variation were
9.7% for estradiol at a mean concentration of 28.0 pg/
mL (n = 8), 11.9% for bioavailable estradiol at a mean
concentration of 52.3% (1 = 9), 11.1% for estrone at a
mean concentration of 90.1 pg/mL (n = 8), 5.5% for
SHBG at a mean concentration of 124.0 nM/L (n = 10),
9.8% for androstenedione at a mean concentration of
1.10 ng/mL (» = 20), 5.3% for DHEAS at a mean con-
centration of 92.5 ug/dL (n = 20), 7.7% for testosterone
at a mean concentration of 0.90 ng/mL (# = 20) and
9.0% for free testosterone at a mean concentration of
6.4 pg/mL (n = 10). All hormone assays were performed
by a commercial laboratory (Mitsubishi Kagaku Bio-
Clinical Laboratories, Tokyo, Japan).

Statistical analysis

We excluded a total of 19 participants with estrone
values >125 pg/ml, estradiol values >75 pg/mL or tes-
tosterone values >125 ng/dL (indicating postmenopausal
hormone use), leaving 185 Japanese, 44 Japanese Brazi-
lians and 134 non-Japanese Brazilians for inclusion in
the present analyses.

All hormone values were natural log-transformed to
produce approximately normal distributions. Geometric
mean hormone levels according to the three popula-
tions, known breast cancer risk factors and lifestyle fac-
tors were calculated using multivariate regression
analysis. The following variables were used for adjust-
ment: age, ethnic group, age at first menarche, age at
menopause, number of births, age at first birth, height,
body mass index (BMI), smoking status, alcohol drink-
ing habits and physical activity during the past 5 years.
Analysis of covariance was used to test for differences in
mean hormone levels across the three populations,
known breast cancer risk factors and lifestyle factors.
For comparisons among the three populations, Japanese
Brazilians living in Sdo Paulo were used as the reference
group. Linear trends for mean hormone levels were
tested in the multivariate regression model using cate-
gories of each factor as ordinal or continuous variables.
All P values reported are two-sided, and the statistical
significance level was set at P < 0.05. All statistical ana-
lyses were performed using SAS software version 9.1
(SAS Institute, Inc., Cary, NC, USA).

Results

The characteristics of the study populations are pre-
sented in Table 1. Japanese participants had a later
menarche, fewer births and lower BMI, and they
smoked less, drank more and were physically more
active than the other two populations. On the other
hand, non-Japanese Brazilians had earlier ages at meno-
pause and at first birth, more births and greater BMI,
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Table 1 Characteristics of study populations

Japanese living in Japanese Brazilians living in Non-Japanese Brazilians living in P for

Nagano, Japan Sdo Paulo, Brazil Séo Paulo, Brazil difference

Number of participants 185 44 134
Mean age (£SE), yr 62.8 (0.40) 638 (0.82) 63.6 (047) 037
P 031 Reference 084
Family history of breast cancer, n 17 92) 5(14) 14 (10.5) 092
(%)
I'g 068 Reference 098
History of benign breast disease, 11 (6.0 4(9.) 8 (6.0) 046
n (%)
P 065 Reference 062
Mean age at first menarche (+SE), 139 (0.12) 132 (0.26) 133 {0.15) <0.01
yr
P <001 Reference 0.75
Mean age at menopause (£SE), yr 50.0 (0.34) 50.8 (0.69) 48.2 (040) <0.01
P 029 Reference <001
Nulliparous, n (%) 17 ©92) 5(114) 15(11.2) 055
P 058 Reference 081
Number of births (more than four 6 (36) 12 (30.8) 57 (47.9) <0.01
bitths), n (%)®
P <001 Reference <001
Mean age at first birth (xSE), yrb 26.2 (0.34) 265 (0.72) 236 (041) <001
P 065 Reference <0.01
Breast feeding (yes), n (%)° 154 (93.3) 35 (89.7) 107 (89.9) 0.72
P? 027 Reference 061
Mean height (£SE), cm 152.9 (0.43) 151.8 (0.89) 157.1 {052) <0.01
P 0.29 Reference <0.01
Mgan body mass index (+SE), kg/ 234 (0.28) 247 (0.57) 270 (0.34) <001
m
p? 0.04 Reference <001
Smoking (ever smoker), n (%) 6 (3.3) 7 (15.9) 38 (284) <0.01
p? <0.01 Reference <001
Alcohol drinking (drinker), n (%) 67 (36.2) 5014 25 (18.7) <001
P2 <0.01 Reference 063
Physical activity in past 5 years 85 (46.5) 19 (43.2) 26 (194) <0.01
(yes), n (%)
P <0.01 Reference <001

?p values for comparison with Japanese Brazilians living in Sdo Paulo, Brazil; "Among parous women only.

and they smoked more and were taller and physically
less active than the other two populations. Japanese Bra-
zilians had an earlier menarche, more births and greater
BMI, and they smoked more, drank less and were physi-
cally less active than Japanese, but they had later ages at
menopause and first birth, fewer births and lower BMI,
and they smoked less and were shorter and physically
more active than non-Japanese Brazilians.

Because of an insufficient amount of sampled blood,
we did not measure the levels of the following hor-
mones: estradiol for 17 participants; bioavailable estra-
diol, estrone or SHBG for two participants each; or
androstenedione for one participant. The proportion of
participants with levels below the LOD were 0.9% for
estradiol, 3.6% for estrone, 0% for bioavailable estradiol

and SHBG, 0.6% for androstenedione and DHEAS, 24%
for testosterone and 69% for free testosterone.

Adjusted hormone levels varied significantly across the
three populations for all hormones (Table 2). Japanese
Brazilians had significantly higher levels of estradiol,
bioavailable estradiol, estrone, testosterone and free tes-
tosterone, and lower SHBG levels, than Japanese,
whereas levels of androstenedione and DHEAS did not
differ between the two populations (Table 2). Similar
results were seen for analyses stratified by BMI (under
and over 25), except for androstenedione level, which
did not differ between Japanese Brazilians and Japanese
whose BMI was under 25, but androstenedione level
was significantly lower among Japanese Brazilians than
among Japanese whose BMI was over 25 (Table 3).
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Table 2 Adjusted geometric mean hormone levels in three populations®
Japanese living in Japanese Brazilians living in Sa0 ~ Non-Japanese Brazilians living in P for
Nagano, Japan Paulo, Brazil Sao Paulo, Brazil difference
Estradiol, pg/mL
Age-adjusted 9.0 138 155 <001
(95% CI) (86 t0 94) (125 to 15.3) (146 to 16.5)
P <0.01 Reference 0052
Multivariate® 97 143 155 <001
{95% Cly (8.7 to 10.9) (125 to 164) (140 to 17.1)
' <0.01 Reference 028
Bioavailable estradiol, %
Age-adjusted 231 306 229 <001
(95% Cl) (22.1 to 24.1) (280 to 334) (217 to 24.1)
P <0.01 Reference <001
Multivariate® 237 302 206 <001
(95% Cl) (216 10 26.0) (270 to 338) (190 to 223)
P <0.01 Reference <001
Estrone, pg/mL
Age-adjusted 230 403 34 <0.01
(95% Cl) (22,0 to 24.0) (368 to 44.1) (324 to 359)
P <0.01 Reference <001
Multivariate® 238 411 333 <001
(95% C) (215 to 26.3) (36.5 to 46.3) (306 to 364)
P <0.01 Reference <0.01
Sex hormone-binding
globulin, nM/L
Age-adjusted 74.1 543 60.2 <0.01
(95% (I (694 to 79.1) (475 to 62.0) (55.8 to 65.1)
~ <001 Reference 018
Multivariate® 684 530 707 001
(95% Cli) (59.5 to 78.5) (44.9 t0 62.4) (626 t0 79.7)
P <001 Reference <001
Androstenedione, ng/mL
Age-adjusted 065 0.56 104 <0.01
(95% CN (0.60 to 0.70) (047 to 0.66) (0.95 to 1.15)
7~ 0.12 Reference <0.01
Multivariate® 0.73 060 1.00 <0.01
(95% CY) (061 to 0.88) (048 to 0.76) (0.85 10 1.18)
P 0.06 Reference <001
DHEAS, pg/dL
Age-adjusted 506 580 445 003
(95% (1) (46.3 to 554) (482 t0 69.8) (400 to 494)
P 0.19 Reference 001
Multivariate® 57.2 63.1 467 004
(95% i) (466 t0 70.2) (494 to 80.6) (392 t0 55.8)
P 038 Reference 002
Testosterone, ng/mL
Age-adjusted 0.02 011 018 <0.01
{95% C)) (0.02 to 0.03) (0.07 t0 0.17) (0.14 to 0.24)
P <001 Reference 006
Multivariate® 003 010 0.14 <001
{95% Cl) (0.02 t0 0.04) (0.06 to 0.20) (0.09 to 022)
P <001 Reference 038

Free testosterone, pg/mL
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Table 2 Adjusted geometric mean hormone levels in three populations® (Continued)
Age-adjusted 021 039 044 <001
(95% Ci) 0.19 t0 0.23) (0.33 to 0.46) (040 to 0.48)
P~ <001 Reference 018
Multivariate® 022 039 039 <0.01
(95% Cl) {0.19 to 0.26) (032 t0 047) (0.34 to 045)
P~ <001 Reference 092

DHEAS, dehyroepianrosterone sulfate; 95% €I, 95% confidence interval; *P values for comparison with Japanese Brazilians living in Sao Paulo, Brazil; PAdjusted for
age (continuous), age at first menarche (continuous), age at menopause (continuous), number of births (0, 1, 2 or 3, 4+), age at first birth (<22, 23 to 26, 227 yr,
nulliparous), height (continuous), body mass index (continuous), smoking (never smokers, past smokers, current smokers), alcohol drinking (nondrinkers,
occasional drinker, regular drinkers), and physical activity in past 5 years (no, s2 days/wk, 23 days/wk).

Japanese Brazilians had significantly higher levels of
bioavailable estradiol, estrone and DHEAS, and lower
levels of SHBG and androstenedione, than non-Japanese
Brazilians. Levels of estradiol, testosterone and free tes-
tosterone, however, did not differ between Japanese Bra-
zilians and non-Japanese Brazilians (Table 2). Similar
results were obtained when analyses were stratified by
BMI (under and over 25), except for estrone and
DHEAS. Levels of estrone were significantly higher
among Japanese Brazilians than among non-Japanese
Brazilians in individuals with a BMI under 25, but
estrone levels did not differ between the two popula-
tions in individuals whose BMI was over 25, while
DHEAS level did not differ regardless of BMI (under or
over 25) (Table 3).

We further examined associations between endogenous
sex hormone levels and known breast cancer risk factors
or lifestyle factors (Table 4). BMI was significantly asso-
ciated with higher estradiol, bioavailable estradiol,
estrone, androstenedione, testosterone and free testoster-
one levels, as well as lower SHBG levels, but was not
associated with DHEAS levels. Stratified analyses by
study site (that is, the study in Nagano vs. the study in
Sdo Paulo) showed similar results for the two study sites.
No statistically significant associations were observed
between sex hormone levels and family history of breast
cancer, history of benign breast disease, age at first
menarche, age at menopause, parity, number of births,
age at first birth, breast-feeding, height, smoking, alcohol
drinking or physical activity during the past 5 years
except for the following. We found a significantly higher
level of SHBG among women who had a later age at
menopause and among shorter women. We also observed
a significantly higher level of DHEAS among women who
had more births and a significantly lower level of testos-
terone among physically more active women. In stratified
analyses by study site, however, we did not observe any
findings which were consistent between the sites.

Discussion
In this cross-sectional study among postmenopausal
Japanese, Japanese Brazilian and non-Japanese Brazilian

women, we found significant differences in endogenous
sex hormones among the three populations even after
adjustment for known breast cancer risk factors. In par-
ticular, levels of estrogen and androgen in Japanese Bra-
zilians were higher than levels in Japanese and were
similar to or higher than levels in non-Japanese Brazi-
lians. This pattern was observed for women with BMI
values under and over 25. We also confirmed an
increase in estrogen and androgen levels and a decrease
in SHBG levels with increasing BML

As an initial comment, several methodological limita-
tions of this study should be considered. First, our find-
ings might be subject to the difference in study methods
between Japan and Brazil, albeit that the two studies
were conducted under a similar protocol. For example,
we used serum samples for Japanese and plasma sam-
ples for both Japanese Brazilians and non-Japanese Bra-
zilians. In this regard, we measured estrone levels in
both serum and plasma from the same participants (n =
38). Although both levels were highly correlated (corre-
lation coefficient = 0.94) and the percentage difference
was relatively small (mean = -4%; 95% confidence inter-
val, -9% to 1%), we used corrected values for the present
study because the kit for estrone was applicable to
serum samples only. Concurrently, we compared estrone
levels among the three populations using crude values
and observed the same results. The difference in blood
samples is therefore unlikely to have affected the differ-
ence in sex hormone levels between the two popula-
tions. Given that blood collection methods also differed
between the Japan and Brazil study sites, in addition to
the types of blood samples used, we cannot exclude the
possibility that our findings were affected by these dif-
ferences. Another example is the difference in question-
naire data and data collection methods between Japan
and Brazil. If such differences led to exposure misclassi-
fication, this might explain the observed absence of
associations between sex hormone levels and known
breast cancer risk factors or lifestyle factors. Second,
although at least more than 96% of participants
had detectable levels of estradiol, estrone, bioavailable
estradiol, SHBG, androstenedione and DHEAS, the
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Table 3 Adjusted geometric mean hormone levels? of three populations with stratification by body mass index®

Japanese living in Japanese Brazilians living in Sdo  Non-Japanese Brazilians living in P for
Nagano, Japan Paulo, Brazil Sao Paulo, Brazil difference

Estradiol, pg/mL
Low (BMI < 25) 95 142 150 <0.01
P <0.01 Reference 060
High (BMI 225) 82 122 145 <0.01
P~ <0.01 Reference 0.06

Bioavailable estradiol, %
Low (BM! <25) 224 287 179 <0.01
P <0.01 Reference <0.01
High (BMI > 25) 256 325 234 <001
P~ <0.01 Reference <001

Estrone, pg/mL
Low (BMI < 25) 225 404 321 <0.01
P~ <0.01 Reference <001
High (BMI =25) 232 384 34.2 <001
P~ <0.01 Reference 0.19

Sex hormone-binding

globulin, nM/L
Low (BMI < 25) 76.6 623 858 003
P~ 0.04 Reference <001
High (BMI >25) 596 438 59.5 003
P 002 Reference 0.02

Androstenedione, ng/mL
Low (BMI < 25) 0.64 063 091 003
P~ 050 Reference 0.02
High (BMI 225) 0.76 051 1.05 <0.01
e 003 Reference <0.01

DHEAS, pg/dL
Low (BMI < 25) 518 64.7 48.7 021
P~ 013 Reference 0.11
High (BMI 225) 546 522 434 0.29
P 081 Reference 032

Testosterone, ng/mL
Low (BMI < 25) 0 007 013 <001
P~ <0.01 Reference 027
High (BMI 225) 0.04 0.15 018 <0.01
e <001 Reference 069

Free testostercne, pg/mL
Low (BMI < 25) 018 032 031 <0.01
P~ <001 Reference 090
High (BMI >25) 0.26 046 0.48 <0.01
P~ <0.01 Reference 085

BMI, body mass index; DHEAS, dehyroepianrosterone sulfate; *Adjusted for age (continuous), age at first menarche (continuous), age at menopause {continuous),
number of births (0, 1, 2 or 3, 4+), age at first birth (<22, 23 to 26, 227, nulliparous), height (continuous), BMI (continuous}, smoking (never smokers, past

smokers, current smokers), alcohol drinking (nondrinkers, accasional drinkers, regular drinkers) and physical activity in the past 5 years (no, <2 days/wk, 23 days/
wk); PThe total participants in the low and high BMI groups were 199 and 156, respectively; P values for comparison with Japanese Brazilians living in Sao Paulo,

Brazil.

proportion of participants with levels below the LOD
was relatively high for testosterone (24%) and free tes-
tosterone (69%). Our findings for testosterone and free
testosterone should therefore be interpreted cautiously.
Third, since our study included only a small number of

Japanese Brazilians (# = 44), the findings might be due
to chance and should be interpreted with caution.

We found higher circulating levels of estrogen and
androgen in Japanese Brazilians than in Japanese, which
were not accounted for by differences in the prevalence
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Table 4 Adjusted geometric mean hormone levels by breast cancer risk factors and lifestyle-factors®

Breast cancer  Participants, Estradiol, Bioavailable Estrone, Sex Androstenedione, DHEAS, Testosterone, Free

risk and n pg/mL estradiol, % pg/mL  hormone- ng/mL Hg/dL  ng/mL testosterone,

lifestyle binding pg/mL

factors globulin,

nM/L

Family history

of breast cancer
No 327 139 27 326 66.2 084 527 009 034
Yes 36 13.8 21.2 316 746 0.80 514 0.05 036
P for 090 0.18 057 012 0.66 0.83 0.08 040
difference

History of

benign breast

disease
No 339 139 226 325 66.9 084 529 009 0.34
Yes 23 143 220 335 690 078 521 0.08 031
P for 069 068 067 075 061 092 072 038
difference

Age at first

menarche, yr
<12 101 13.7 229 316 66.7 083 495 0.08 033
130r14 166 139 222 324 652 083 54.8 009 034
15+ 96 139 226 336 69.7 085 533 0.08 035
P for trend 0381 081 0.18 05 0.78 043 0.99 060
P for 0.70 047 030 024 068 029 0.83 039
trend®

Age at

menopause, yr
<48 116 140 230 326 64.5 089 570 008 034
49 to 51 108 140 220 333 702 078 516 0.09 034
52+ 139 136 225 321 67.0 0.80 485 0.09 033
P for trend 047 0.65 068 057 020 Q.05 0.66 0.75
P for 080 006 093 002 032 051 059 100
trend®

Parity
Parous 326 138 220 323 67.5 0.80 484 0.08 033
Nulliparous 37 137 233 329 67.2 087 580 0.10 034
P for 0.89 0.28 073 095 042 0.11 0.51 0.86
difference

Number of

births*
1 32 13.7 206 328 69.6 077 43.7 0.10 030
2or3 219 134 222 316 678 0.79 439 0.08 032
4+ 75 147 223 332 658 0.86 56.0 0.08 035
P for trend 0.27 026 071 0.55 0.38 0.046 0.76 020

Age at first

birth®, yr
<22 79 13.2 213 315 709 0.80 440 0.09 031
2310 269 138 139 215 333 68.1 0.78 467 0.07 033
27+ 109 14.7 223 331 643 0.84 522 0.10 032
P for trend 6.09 029 052 0.16 047 0.11 040 089
P for 0.10 032 0.53 037 058 039 047 081
trendl®

Breast-feeding®
No 27 143 232 335 634 082 469 0.09 033
Yes 296 137 219 322 676 031 472 0.08 032
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Table 4 Adjusted geometric mean hormone levels by breast cancer risk factors and lifestyle-factors® (Continued)

P for 059 033 053 047 087 096 085 087
difference

Height, cm
<1509 107 138 223 322 694 084 547 0.09 034
151 to 126 143 221 334 67.2 0.81 519 0.08 034
156.9
157+ 124 137 232 322 638 085 517 0.09 034
P for trend 083 031 099 0.16 091 054 071 086
P for 062 0.07 0.65 001 033 096 047 072
trend®

BMI, kg/m?
<249 199 133 209 311 753 077 511 0.07 030
2510299 116 145 24.2 322 60.2 0.79 484 0.09 034
30+ 40 155 264 384 512 115 653 0.16 0.50
P for trend 0.01 <0.01 <001 <0.01 0.01 021 0.01 <001
P for <001 <001 <001 <001 <001 013 001 <001
trend®

Smoking
Never 310 132 24.3 320 629 0.80 535 0.09 035
smoker
Past 37 136 237 324 623 077 514 0.06 038
smoker
Current 14 149 200 332 76.3 0.94 528 0.12 029
smoker
P for 048 0.06 091 028 0.55 0.95 043 028
difference

Alcohol

drinking
Nondrinker 266 14.0 220 327 699 0.85 494 0.10 034
Occasional 39 14.1 235 324 63.7 0.82 591 0.08 034
drinker
Regular 58 135 222 324 67.1 083 498 0.08 034
drinker
P for 0.76 048 0.97 042 0.89 029 048 098
difference

Physical activity

in past 5 years
No 231 140 25 328 66.7 084 522 0.11 034
<2 days/ 63 138 221 321 675 0.79 506 0.05 033
wk
23 days/ 68 135 233 321 66.8 085 558 0.07 035
wk
P for trend 046 048 058 095 097 0.56 002 0.60

DHEAS, dehyroepianrosterone sulfate; BMI, body mass index; *Adjusted for age (continuous), ethnic group (Japanese, Japanese Brazilians, non-Japanese Brazilians
{Caucasian, mixed, Black), age at first menarche (continuous), age at menopause (continuous), number of births (0, 1, 2 or 3, 4+), age at first birth (522, 23 to 26,
=27 yr, nulliparous), height (continuous), BMI (continuous), smoking (never smokers, past smokers, current smokers), alcohol drinking {nondrinkers, occasional
drinkers, regular drinkers) and physical activity in the past 5 years (no, <2 days/wk, 23 days/wk); ®Continuous variables; ‘Among parous women only.

of known breast cancer risk factors. This hormonal pro-
file in Japanese Brazilians is consistent with the higher
incidence and mortality rate of breast cancer in this
population [4-6]. For instance, the age-adjusted inci-
dence per 100,000 population for breast cancer among
first-generation Japanese Brazilians from 1969 to 1978
was 24, while the incidences among Japanese from 1973
to 1977 were 12.7 in Osaka and 17.5 in Miyagi [4]. The
standard mortality ratio for breast cancer among first-

generation Japanese Brazilians from 1999 to 2001 on the
basis of age-specific rates for Japanese in 2000 was 139
[5].

We also found higher circulating levels of bioavailable
estradiol and estrone in Japanese Brazilians than in non-
Japanese Brazilians, although levels of estradiol, testos-
terone and free testosterone did not significantly differ
between the two populations. In the Multiethnic Cohort
Study, Japanese Americans had significantly higher
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estradiol levels than Caucasians and a slightly higher risk
factor-adjusted incidence of breast cancer [10,18].
Although previous studies have shown lower incidence
and mortality rates of breast cancer among Japanese Bra-
zilians than among non-Japanese Brazilians [4-6], our
findings suggest that the recent incidence and mortality
rates among Japanese Brazilians might be similar to or
higher than those of non-Japanese Brazilians.

The significant difference in sex hormone levels
between Japanese Brazilians and Japanese might be
determined by long-term exposure to environmental
and lifestyle factors in Brazil. These differences were
observed even after adjustment for known breast cancer
risk factors, including BMI, which is a major determi-
nant of estrogen levels in postmenopausal women.
Although diet is one environmental factor that substan-
tially differs between Japan and Brazil, the present study
did not take into account dietary factors because we
used different FFQ in the case-control studies in Nagano
and S3o Paulo. Given that the report from the World
Cancer Research Fund and American Institute for Can-
cer Research in 2007 showed no convincing or probable
dietary risk factors for breast cancer [19], however, the
difference in sex hormone levels between the two popu-
lations might not be explained by dietary factors only.

We observed an increase in estrogen and androgen
levels and a decrease in SHBG levels with increasing
BML Our findings are in general agreement with those
of previous studies, and these associations have been
consistently observed among both Asian and Western
populations [10-13,15]. On the other hand, the deter-
minants of sex hormone levels in postmenopausal
women have not been firmly established, notwithstand-
ing a relatively large number of epidemiological studies
[10-14,16]. In the present study, we found a higher
level of SHBG among women who had a later age at
menopause and among shorter women. We also
observed a higher level of DHEAS among women who
had more births and a lower level of testosterone
among physically more active women. In addition to
the lack of consistency in these findings between the
two study sites (that is, the study in Nagano vs. the
study in Sdo Paulo), our findings are inconsistent with
those of previous studies, which found no significant
associations among age at menopause, height and
SHBG level, for example, or number of births and
DHEAS level [12-14]. Higher physical activity levels
were associated with lower levels of both estrogen and
androgen [11,16], while another study reported no
such association [10]. Given this lack of consistency
with previous studies, our findings might be explained
by multiple comparisons.
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Conclusions

We found that levels of estrogen and androgen in Japa-
nese Brazilians were higher than those in Japanese and
similar to or higher than levels in non-Japanese Brazi-
lians. Our findings may explain the previously observed
increase in the incidence and mortality rate of breast
cancer among Japanese Brazilians.
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Abstract Previous studies showing the presence of
antibodies against tumor-associated antigens in healthy
individuals suggest that antibody-dependent cell cytotox-
icity (ADCC) might play a role in the development of breast
cancer. We hypothesized that functional polymorphisms in
fragment ¢ gamma receptor (FcgR) genes were associated
with breast cancer risk. We conducted hospital-based case—
control studies of patients aged 20-74 years with invasive
breast cancer, and matched controls from medical checkup
examinees in Nagano, Japan and from cancer-free patients
in S3o Paulo, Brazil. A total of 869 pairs (403 Japanese, 80
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Japanese Brazilians and 386 non-Japanese Brazilians) were
genotyped for two single nucleotide polymorphisms
(SNPs): a histidine (H)/arginine (R) polymorphism at
position 131 of FcgRIIa (FcgRIIa H131R) and a valine (V)/
phenylalanine (F) polymorphism at position 158 of
FcgRIlla (FcgRINla F158V). We found no statistically sig-
nificant association between either of the two SNPs and
breast cancer risk regardless of population. In analyses of
the three populations combined, adjusted odds ratio (OR)
was 0.93 [95% confidence interval (CI) 0.66-1.32] for
women with the R/R versus H/H genotype of the FcgRIla
H131R polymorphism and 1.04 (95% CI 0.69-1.57) for the
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V/V versus F/F genotype of the FcgRIIla F158V polymor-
phism. On combination of the two SNPs, compared to
women with both the R/R genotype of the FcgRIIa HI31R
polymorphism and F/F genotype of the FcgRIlla F158V
polymorphism, the adjusted OR for women with both the H/
H and V/V genotype was 0.68 (95% CI 0.37-1.27). In
conclusion, our findings suggest that ADCC might not play
a major role in the etiology of breast cancer.

Keywords Fragment ¢ gamma receptor gene -
Single nucleotide polymorphism - Breast cancer -
Case—control study - Immigrants

Abbreviations
ADCC  Antibody-dependent cell cytotoxicity
CI Confidence interval

FcgR  Fragment ¢ gamma receptor
HER2 Human epidermal growth factor receptor 2
MUC1 Epithelial mucin

NK Natural killer
OR QOdds ratio
SNP Single nucleotide polymorphism

Introduction

Breast cancer is the most common malignancy in women in
Japan and many other parts of the world [1, 2]. Although
sex hormones, particularly estrogens, play an important
role in the etiology of breast cancer [3], present knowledge
has proved insufficient to allow the disease to be overcome,
and the identification of other important etiological factors
thus requires further study.

It has been hypothesized that the immune system recog-
nizes malignant cells as foreign agents and eliminates them.
Although several epidemiological studies have supported
this hypothesis, only a few studies have investigated the role
of the immune system in the etiology of breast cancer [4-6].
Natural killer (NK) cells are large granular lymphocytes that
mediate innate immunity against pathogens and tumors.
Natural cytotoxicity is believed to play an important role in
host anti-cancer defense mechanisms. In their cohort study of
3,625 participants in Japan with 1 1-year follow-up, e.g., Imai
and colleagues [5] showed that high cytotoxic activity of
peripheral blood lymphocytes was associated with a
decreased risk of total cancer, while Dewan et al. [6] recently
reported that NK activities of peripheral blood mononuclear
cells from breast cancer patients were significantly lower
than those of healthy individuals.

NK cells are also capable of mediating antibody-depen-
dent cell cytotoxicity (ADCC) against antibody-coated
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targets via the expression of a low-affinity receptor for IgG
[fragment ¢ gamma receptor (FcgR) III]. Many kinds
of autoantibodies against tumor-associated antigens have
been investigated, some of which are also detected in
healthy control sera [7]. Anti-epithelial mucin (MUC1)
antibodies, e.g., are frequently detected in healthy
individuals, particularly in women during pregnancy and
lactation [8, 9]. Notably, Forsman and colleagues [10]
reported that serum from multiparous women, but not nul-
liparous women or men, contained antibodies which selec-
tively mediated ADCC against established mammary
carcinoma cell lines. Given that breast cancer risk is higher
in nulliparous than multiparous women, this finding sug-
gests that ADCC might play a role in the development of
breast cancer.

Immune effector cells, including NK cells, recognize
antibodies bound to target cells through FcgRs and elicit
ADCC activity, which can be modulated by FcgR gene
polymorphisms. At least two functional FcgR gene
polymorphisms that may affect the killing function of
immune effector cells have been identified: a histidine
(H)/arginine (R) polymorphism at position 131 of
FcgRIla (FcgRIla H131R) and a valine (V)/phenylalanine
(F) polymorphism at position 158 of FcgRIlla (FcgRIlla
F158V) [11-14]. The H allele of the FcgRIla HI31R
polymorphism has higher binding efficiency to human
IgG2 than the R allele, and confers enhanced phagocytic
activity [13, 14]. The V allele of the FcgRIlla FI158V
polymorphism has higher affinity for human IgG than the
F allele and cells bearing this allele mediate ADCC more
effectively than those with the F allele [11, 12]. In fact,
ADCC is a potential anti-tumor mechanism behind tar-
geted therapy with the humanized monoclonal antibody
trastuzumab for human epidermal growth factor receptor
2 (HER2)-positive breast cancer [15]. FcgR gene poly-
morphisms have, therefore, been suggested to modulate
the clinical efficacy of trastuzumab-based therapy in
patients with metastatic HERZ2-positive breast cancer
[16].

In addition to this putative effect of polymorphisms in
the FcgR gene in modulating ADCC activity, roles in
several other mechanisms in the immune system have been
suggested, with FcgRs on leukocytes also modulating
phagocytosis, clearance of immune complexes, superoxide
generation, degranulation, cytokine production, and regu-
lation of antibedy production [17].

To better understand the role of the immune system in
the etiology of breast cancer, we tested the hypothesis
that polymorphisms in the FcgR gene are associated with
the risk of breast cancer using data from hospital-based
case—control studies in Nagano, Japan and Sdo Paulo,
Brazil.
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Materials and methods

Study subjects

We conducted multicenter, hospital-based case—control
studies of breast cancer in Japan and Brazil. In addition to
determining lifestyle factors and genetic susceptibility to
the risk of breast cancer, the protocols of these studies
were also designed to compare potential risk factors
among Japanese living in Nagano, Japan, and Japanese
Brazilians and non-Japanese Brazilians living in Sio
Paulo, Brazil [18, 19]. Eligible case patients were a
consecutive series of female patients aged 20-74 years
with newly diagnosed and histologically confirmed inva-
sive breast cancer. Case patients were recruited between
2001 and 2005 at four hospitals in Nagano, and between
2001 and 2006 at eight hospitals in Sdo Paulo. A total of
405 case patients (98%) participated in Nagano, and 83
Japanese Brazilian (91%) and 389 non-Japanese Brazilian
case patients (99%) in Sdo Paulo. In the Nagano study,
eligible control subjects were selected from medical
checkup examinees in two of the four hospitals who were
confirmed not to have cancer. One control subject was
matched for each case patient by age (within 3 years) and
residential area during the study period. Among potential
controls, one examinee declined participation and two
declined the provision of blood samples. Consequently,
we obtained written informed consent from 405 matched
pairs. In the Sdo Paulo study, eligible control subjects
were preferentially selected from cancer-free patients who
visited the same hospital as the index patients. One con-
trol was matched with each case by age (within 5 years)
and ethnicity during the study period. Among potential
control subjects, 22 patients declined participation (par-
ticipation rate = 96%). Consequently, we obtained written
informed consent from 472 matched pairs (83 for Japa-
nese Brazilians and 389 for non-Japanese Brazilians). The
study protocol was approved by CONEP (Comissio
Nacional de FEtica 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 those in Sdo Paulo were
given in-person interviews conducted by trained inter-
viewers using a structured questionnaire. The two ques-
tionnaires contained closely similar questions concerning
demographic characteristics, medical history, family his-
tory of cancer, menstrual and reproductive history,
anthropometric factors, physical activity, and smoking
habits.

Information on estrogen receptor (ER) and progesterone
receptor (PR) status was obtained from medical 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.

Participants in Nagano provided blood at the time they
returned their self-administered questionnaire, and those in
S&o Paulo at the time of interview. Blood samples were
divided into serum aliquots in Nagano and into plasma
aliquots and buffy layers in Sdo Paulo. All blood samples
were shipped to the Epidemiology and Prevention Divi-
sion, Research Center for Cancer Prevention and Screen-
ing, National Cancer Center, Tokyo, Japan and stored at —
80°C until analysis.

Genotyping

Genomic DNA samples were extracted from peripheral
blood using Qiagen FlexiGene® DNA Kits (Qiagen KK,
Tokyo, Japan) according to the manufacturer’s protocol.
We genotyped two single nucleotide polymorphisms
(SNPs), namely FcgRIIa HI3 IR (rs1801274) and FegRIlla
F158V (1s396991) by TagMan® SNP Genotyping Assays

- (Applied Biosystems, Foster City, CA, USA). Cases and

matched controls were analyzed in the same well by lab-
oratory personnel who did not know the case—control sta-
tus. The quality of genotyping was assessed by duplicate
quality control samples (n = 140), with concordance rates
of 100% for FcgRIla H131R and 99% for FcgRIIla F158V.

Statistical analysis

We excluded subjects whose DNA samples were not
available, leaving a total of 869 pairs (403 Japanese, 80
Japanese Brazilians and 386 non-Japanese Brazilians).
Comparison of baseline characteristics between cases and
controls was evajuated by the Mantel-Haenszel test using
matched-pair strata in each population. Genotype frequen-
cies were tested for deviation from the Hardy—Weinberg
equilibrium with the Chi-square test. Odds ratios (ORs) and
95% confidence intervals (CIs) of breast cancer for SNPs
and their combination were calculated using a conditional
logistic regression model. Stratified analyses according to
menopausal status and parity were calculated using an
unconditional logistic regression model. Tests for interac-
tion were performed based on the difference between two
likelihood ratios of the models with and without the inter-
action terms. Associations between SNPs and hormone
receptor-defined breast cancer were assessed by an uncon-
ditional polytomous logistic regression model. The Wald
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test was used to test the null hypothesis that estimates were
equal across hormone receptor-defined breast cancer sub-
types. In addition to matching factors, the following vari-
ables were adjusted for as potential confounders: family
history of breast cancer (yes, no), history of benign breast
disease (yes, no), age at menarche (continuous), meno-
pausal status and age at menopause [premenopausal
women, age at menopause for postmenopausal women
(<45, 46-49, 50-51, >52) for the three populations com-
bined, (<47, 48-49, 50-51, >52) for Japanese, (<47, 48-49,
50-52, >53) for Japanese Brazilians, and (<43, 44-47,
48-50, >51) for non-Japanese Brazilians], number of births
(0, 1, 2, 3, >4), age at first birth (<21, 22-24, 25-26, >27,
nulliparous for the three populations combined; <23,
24-25, 26-27, >28, nulliparous for Japanese; <24, 25-26,
27-28, >29, nulliparous for Japanese Brazilians; and <18,
19-21, 22-24, >25, nulliparous for non-Japanese Brazil-
ians), breast feeding (yes, no, nulliparous), body mass index
(BMI) (continuous), alcohol drinking (no, occasional, reg-
ular drinkers), smoking status (never, past, current smok-
ers), 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). All reported
P values are two-sided, and significance level was set at
P < 0.05. All statistical analyses were performed with SAS
software version 9.1 (SAS Institute, Inc., Cary, NC).

Results

Characteristics of case patients and control subjects have
been described elsewhere [18, 19]. For Japanese, the pro-
portion of premenopausal women, current smokers, and
vitamin supplement users was higher in cases than in
controls; and cases tended to have a family history of breast
cancer and history of benign breast disease. Cases were less
likely than controls to breast-feed and be physically active.
For Japanese Brazilians, cases were less likely than con-
trols to give birth and be physically active. For non-Japa-
nese Brazilians, the proportion of premenopausal women
and current smokers was higher in cases than in controls,
whereas the proportion of physically active women and
vitamin supplement users was lower (data not shown).

Allele frequencies of the SNPs among controls in each
population are presented in Table 1. Genotype frequencies
of each SNP were consistent with the Hardy-Weinberg
equilibrium. The prevalence of the minor allele in the
FcgRIla H131R polymorphism was lower in the Japanese
and Japanese Brazilian controls than in the non-Japanese
Brazilian controls, while that of the minor allele in the
FegRIlla F158V polymorphism was similar among the
three populations.

ORs for breast cancer by SNP are shown in Table 2.
We found no statistically significant association between
either of the two SNPs and breast cancer risk regardless of
population. Further, no statistically significant association
was observed in analyses of the three populations com-
bined: adjusted ORs were 0.93 (95% CI 0.66-1.32) for
women with the R/R versus H/H genotype of the FcgRIla
H131R polymorphism and 1.04 (95% CI 0.69-1.57) for
the V/V versus F/F genotype of the FcgRIIla FI58V
polymorphism.

We next calculated adjusted ORs according to the
combination of the two SNPs (Table 3). Overall, we found
no significant association. However, compared to women
with both the R/R genotype of the FcgRIla HI31R poly-
morphism and the F/F genotype of the FcgRIlla F158V
polymorphism, the adjusted OR for women with both the
H/H and V/V genotype was 0.68 (95% CI 0.37-1.27). In
contrast, adjusted ORs were 1.90 (95% CI 0.42-8.69) for
women with both the R/R and V/V genotype and 1.63
(95% C10.73-3.66) for women with both the H/R and V/V
genotype.

We performed further stratified analyses by menopausal
status. The association between the two SNPs and risk did
not substantially differ between two strata regardless of
population (data not shown). Moreover, stratified analyses
by parity (nulliparous and parous) to determine whether
parity modified the association between the two SNPs and
risk showed no remarkable difference for either of the two
SNPs (data not shown).

The association between these two SNPs in the FcgR
gene and the risk of hormone receptor-defined breast can-
cer is shown in Table 4. Information on the combined ER
and PR status of the breast tumor was available for 730
cases (84%). The following subtypes were used for

Table 1 Minor allele frequencies of single nucleotide polymorphisms among control groups

Minor allele  Japanese living in Nagano, Japan

Japanese Brazilians living
in Sdo Paulo, Brazil

Non-Japanese Brazilians living
in Sdo Paulo, Brazil

Minor allele P value® Minor allele P value® Minor allele P value®
frequency frequency frequency
FcgRIla HI3IR R 0.20 0.36 0.19 0.15 0.53 0.52
FcgRIIla FI58V  V 0.25 0.86 0.29 0.51 0.29 0.53

4 Hardy—Weinberg equilibrium
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Table 3 Odds ratio (OR) and 95% confidence interval (CI) for breast cancer according to combination of FegRITa H131R and FcgRIIla FIS8V
polymorphisms among three populations combined

FcgRIlla F158V

P for interaction

F/F FIV ViV
FcgRIla H131R

R/R

No. of cases/no. of controls 83/82 37/41 6/3

OR® 1.00 0.77 1.90

95% CI (0.41-1.42) (0.42-8.69)
H/R

No. of cases/no. of controls 158/176 145/141 25/12 0.15

OR? 0.90 1.10 1.63

95% CI (0.59-1.38) 0.71-1.70) (0.73-3.66)
H/H

No. of cases/no. of controls 190/190 169/155 28/41

OR? 0.95 1.15 0.68

95% Cl (0.60-1.48) (0.73~1.82) (0.37-1.27)

* Conditional model adjusting for family history of breast cancer (yes, no), history of benign breast disease (yes, no), age at menarche
(continuous), menopausal status and age at menopause [premenopausal women, age at menopause for postmenopausal women (<45, 4649,
50-51, >52)], number of births (0, 1, 2, 3, >4), age at first birth (<21, 22-24, 25-26, >27, nulliparous), breast feeding (yes, no, nulliparous), body
mass index (continuous), alcohol drinking (no, occasional, regular drinkers), 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)

Table 4 Odds ratios (ORs) and 95% confidence intervals (Cls) of hormone receptor-defined breast cancer according to genetic polymorphism
among three populations combined

No. of ER+/PR+ ER+/PR— ER—/PR— Unknown P for
controls - hetero-
No. of OR* 95% CI No. of OR® 95% CI No. of OR* 95% CI No. of OR* 95% CI geneity®
cases cases cases cases
FcgRIla HI3IR
H/H 399 192 1.00 72 1.00 88 1.00 37 1.00
H/R 338 146 1.10 (0.82-1.47) 41 0.70 (0.44-1.10y 71 0.92 (0.63-1.35) 65 1.12 (0.69-1.84) 0.71
R/R 132 37 091 (0.56-1.46) 18 0.88 (0.46-1.68) 29 0.92 (0.53-1.59) 37 1.20 (0.67-2.15)
H/R + R/R 470 183 1.06 (0.80-1.41) 59 0.73 (0.48-1.13) 100  0.92 (0.64-1.33) 102 1.15 (0.71-1.84) 0.28
FcgRIlla F158V
F/F 448 191 1.00 62 1.00 84 1.00 73 1.00
1 YAY 337 153 1.09 (0.83-1.43) 48 1.06 (0.69-1.62) 87 143 (1.01-2.02) SO 0.81 (0.54-1.24) 0.42
\7A% 56 22 0.82 (0.47-1.45) 13 1.63 (0.82-3.24) 11 096 (0.47-196) 11 0.96 (0.46-2.02)
F/V + V/V 393 175 1.05 (0.81-1.37) 61 1.1S (0.77-1.71) 98 1.36 (0.97-1.90) 61 0.84 (0.56-1.24) 0.41

* Unconditional model adjusting for age (continuous), study population (Japanese living in Nagano, Japan; Japanese Brazilians living in Sdo
Paulo, Brazil; non-Japanese Brazilians living in Sdo Paulo, Brazil), family history of breast cancer (yes, no), history of benign breast disease (yes,
no), age at menarche (continuous), menopausal status and age at menopause [premenopausal women, age at menopause for postmenopausal
women (<45, 46-49, 50-51, >52)], number of births (0, 1, 2, 3, >4), age at first birth (<21, 22-24, 25-26, >27, nulliparous), breast feeding (yes,
no, nulliparous), body mass index (continuous), alcohol drinking (no, occasional, regular drinkers), 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)

> P for the null hypothesis that estimates were equal across hormone receptor-defined breast cancer subtypes

modeling in an unconditional polytomous logistic regres-
sion model: positive for both receptors (ER+/PR+), ER-
positive and PR-negative (ER+/PR—), negative for both

receptors (ER—/PR—), and unknown. QOverall, we found no
remarkable difference in risk by hormone receptor-defined
subtype.
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Discussion

In these case—control studies, we found no statistically
significant association between either of the two SNPs
examined and breast cancer risk. Although we expected
that women harboring the favorable H/H genotype of the
FegRIla H131R polymorphism and V/V genotype of the
FcgRIlla F158V polymorphism would show more potent
ADCC activity, as mentioned in “Introduction” [11-14],
no statistically significant decrease in risk was seen, albeit
that the adjusted OR was 0.68. To our knowledge, this is
the first study to test the hypothesis that functional SNPs in
the FcgR gene are associated with the risk of breast cancer.
Our findings do not support this hypothesis and suggest that
ADCC might not play a major role in the etiology of breast
cancer.

We observed that the prevalence of the minor allele in
the FcgRIla H131R polymorphism was lower in the Jap-
anese and Japanese Brazilian controls than in the non-
Japanese Brazilian controls, while that of the minor allele
in the FcgRIIla F158V polymorphism was similar among
the three populations, which is in general agreement with
previous studies {16, 20, 21]. Although prevalence differed
between the populations, no association was found for
FegRIla H131R polymorphism regardless of population.

Several possible explanations for the observed absence
of associations with breast cancer risk can be considered.
First, we examined two SNPs, namely the FcgRIla HI131R
and FcgRIIIa F158V polymorphisms. Although differences
in the level of phagocytic or cytotoxic activities among
genotypes of FcgRIIa H131R and FcgRIlla F158V have
been suggested [11-14], the absence of associations indi-
cates that they might not be large enough to contribute to a
difference in breast cancer risk among genotypes.

Second, FcgRs are expressed on leukocytes and are
composed of three distinct classes: FcgRI, FcgRIl, and
FcgRIII. The latter two are further divided into FcgRlla,
FcgRIIb, and FcgRlIlc, and FcgRIMa and FcgRIIIb. FegRI
exhibits high affinity for IgG and can bind to monomeric
IgG, whereas FcgRIT and FcgRIII show weaker affinity for
monomeric and hence can only interact effectively with
multimeric immune complexes. FcgRIla and FcgRIIla
activate FcgRs expressed on monocytes/macrophages and
on both monocytes/macrophages and NK cells, respec-
tively. Given that FcgRI exhibits high affinity for IgG, and
that FcgRIIc on NK cells also induced ADCC [17, 22}, the
two SNPs in the FcgR gene we examined might not nec-
essarily be the major determinants of inter-individual var-
iation in ADCC or phagocytosis.

Third, although our study included a total of 869 pairs, it
may not have had sufficient statistical power to detect a
small increase or decrease in the risk of breast cancer. In
fact, this study had approximately 80% statistical power,

with a two-sided « error level of 5% and a proportion in the
‘heterozygous and minor homozygous’ group of 35% to
detect a true OR of 1.32 or 0.74 for breast cancer among
the ‘heterozygous and minor homozygous’ versus ‘major
homozygous’ groups. While our findings, therefore, sug-
gest that the two SNPs examined are not associated with an
approximately 30% or greater increase or decrease in the
risk of breast cancer, they cannot deny the possibility of a
smaller increase or decrease in risk. In addition, analyses
for the combination of FcgRIla HI31R and FcgRIlla
F158V polymorphisms showed a lower risk of breast
cancer among women with the two favorable genotypes
(H/H and V/V), albeit without statistical significance. This
is partly because of the small proportion of women with
these two favorable genotypes (5%), mandating a larger
sample size.

Fourth, as a methodological issue, analyses for the
three population combined might be subject to misclassi-
fication due to the difference in study methods between
Japan and Brazil, albeit that the two studies were con-
ducted under a similar protocol. For example, the control
group in Japan was selected from medical checkup ex-
aminees with matching for age (within 3 years) and resi-
dential area, whereas that in Brazil was selected from
cancer-free patients with matching for age (within
5 years) and ethnicity. If such difference leads to mis-
classification, this might also explain the observed absence
of associations.

Although we found no overall association between these
two SNPs in the FcgR gene and breast cancer risk, they
might nevertheless be associated with breast cancer risk
among specific subgroups. Analyses for the combination of
the two SNPs showed a lower risk of breast cancer among
women with the two favorable genotypes (H/H and V/V),
which might be explained by the difference in ADCC.
However, the reason for the higher risk of breast cancer
among women with the R allele of the FcgRIla H131R
polymorphism and V/V genotype of the FcgRIlla FI158V
polymorphism compared to those with both the R/R and F/
F genotype is unclear. The adjusted ORs were not statis-
tically significant, and these findings might merely be due
to chance given the small number of subjects in these
groups.

Hormonal milien substantially differs between pre-
menopausal and postmenopausal women, and previous
studies have suggested differences in several risk factors
between premenopausal and postmenopausal breast cancer
[23, 24]. In addition, the age-specific breast cancer inci-
dence rate in Japan shows a unique pattern: while rates in
Western countries continue to increase after menopause,
those in Japan increase before age 50 years but decrease or
flatten after 50 years [25]. In this regard, although we were
particularly interested in stratified analysis by menopausal
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status in this study, we found no remarkable difference for
either of the two SNPs examined regardless of population.

Given that the presence of antibodies against tumor-
associated antigens is essential for the induction of ADCC,
the association between polymorphisms in the FcgR gene
and breast cancer risk might be more prominent among
women with antibodies against tumor-associated antigens
than in those without these antibodies. Although antibodies
against most tumor-associated antigens are found in only
0-3% of healthy individuals, anti-MUC]1 antibodies are
found in 23.3% for IgG (weighted average of five studies)
and 53% for IgM (weighted average of two studies) [7]. It
is known that women develop MUCI and anti-MUC1
antibodies during pregnancy and breast-feeding, presum-
ably due to changes within the breast or uterus that alter
MUCI expression, glycosylation, or shedding [8]. More-
over, serum from multiparous women contained antibodies
which selectively mediated ADCC against established
mammary carcinoma cell lines [10]. In this regard, how-
ever, our stratified analyses showed no association between
the two SNPs in the FcgR gene and risk of breast cancer
regardless of parity. Further studies using information on
the presence of antibodies against tumor-associated anti-
gens will clarify the association between polymorphisms in
the FcgR gene and breast cancer risk.

Previous studies have shown that risk factors such as
parity and BMI differ among breast cancer subtypes
defined by ER or PR status [23, 26]. We, therefore,
examined whether the association of the two SNPs in the
FcgR gene differed across subtypes, but found no signifi-
cant difference in risk. On the other hand, given that ADCC
is a potential anti-tumor mechanism behind targeted ther-
apy with the humanized monoclonal antibody trastuzumab
for HER2-positive breast cancer [15], the two SNPs in the
FcgR gene might be more closely associated with the risk
of HER2-positive breast cancer. Moreover, gene expres-
sion profiling in tumor tissues suggests that breast cancers
may be divided into molecular subtypes consisting of two
ER+ types (luminal A and B) and three ER— types
[HER2-expressing, basal-like, and unclassified (normal-
like)], with distinctive clinical outcomes (27, 28]. It is,
therefore, of particular interest to test the hypothesis that
the association of the two SNPs in the FcgR gene might
differ by HER?2 status or molecular subtype. However, the
present study was not designed to collect tumor tissues or
information on HER2 status at the start of recruitment.
Further large studies are required to test this hypothesis.

In conclusion, we found no statistically significant
association between two SNPs in the FcgR gene and breast
cancer risk. Our findings suggest that ADCC might not
play a major role in the etiology of breast cancer. Further
studies are needed to clarify the role of the immune system
in the etiology of breast cancer.
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