Cancer Causes Control

Table 1 Charactenstics of breast cancer case subjects and their matched controls

Charsctenstic Cases (n = 403)* Controls (n = 403)* P for difference”
Age (years), mean (SD) 53.7 (0.52) 539 (0.51) 0.62
Age at menarche (years), mean (SE) 134 (0.09) 132 (0.08) 0.14
Age at first childbirth (years), mean (SE) 26.8 (0.19) 2%6.4 (0.17) 0.11
Age at menopause (years), mean (SE)® 49.0 (0.29) 494 (0.26) 0.10
Number of live births, mean (SE) 1.9 (0.05) 20 (0.05) 0.04
Height (cm), mean (SE) 1554 (0.29) 155.6 (0.29) 0.88
Body-mass index (kg/m®), mean (SE) 29 021 230 (0.16) 0.08
Total lipid concentration in serum (%: w/w), mean (SE) 0.617 (0.01) 0.632 (0.01) 0.005
Recent fish consumption (g/day), mean (SE)* 877 275 94.7 (297 008
R getabl ption (g/day), mean (SE)* 256.6 (8.09) 3108 (10.3) 0.0001
Recent meat consumption (g/day), mean (SE)* 582 (1.96) 576 (2.04) 056
Recent fruit consumption (g/day), mean (SE) 287.9 (10.7) 2817 (10.2) 086
Recent total energy wntake (kcal/day), mean (SE)* 1882 (27.3) 1949 (27.7 0.07
Recent alcohal intake (one day per week or mare), n (%) 74 (26.6) 101 (30.6) 0.50
Premenopausal women, n (%) 183 (45.4) 141 (35.0) <0.0001
Previous benign breast diseases, n (%) 46 (1200 30 (7.5) 0.04°
Previous breast feeding, n (%) 317 (80.9) 331 (82.1) 0.64°
Breast cancer in & first-degree relative, n (%) 31 (7.8) 23 (5.7) 0.48°
Previous breast cancer screening, » (%) =0.0001%

1-2 times in the past five years 2 23.9) 78 (19.5)

3-4 times in the past five years 41 (10.7) 64 (16.0)

One or more times per year in the past five vears 62 (16.1) 215 (53.8)
Education (college degree or higher), n (%) 21 (5.3) 85 (21.1) <00001°
Smoking status, n (%) <0.0001°

Former 50 (12.5) 8 (2.0)

Current 34 (8.5) 23 (5.7)
Physical activity (moderate, >1/weck, past 5 years), n (%) 91 (22.9) 127 (31.5) 0.053°

* Sample size varied among variables because of missing information. Percentages were calculated among case or control subjects who provided

answers

Y Wilcoxon rank-sum test for continuous variables, Cochran-Mantel-Haenszel test based on rank scares for categorical variables

© Postmenopausal women only
4 For 391 matched pairs

© Subjects with unknown or missing values were excluded from analysis

variables, positive or inverse associations with breast
cancer were seen for a history of breast cancer screening,
number of live births, menopausal status, educational level,
smoking status, history of benign breast disease, vegetable
consumption, and serum total lipid concentration,

Median serum organochlorine concentrations were not
as high among cases as among controls (Table 2). All or-
ganochlorines, including o,p-DDT and mirex, were
detected in 100% of serum samples, except for 14 PCB
peaks. Based on comparison of median values, average
total PCBs among control participants consisted of the
following PCB congeners: 153 (23.5%). 180 (13.4%), 138
(12.0%), 187187 (6.7%). 118 (6.2%), 164/163 (5.0%), 170
(4.4%), 74 (3.7%), 99 (3.4%), 146 (3.0%), 156 (2.2%), 194
(1.9%), 198/199 (1.8%), 183 (1.6%). 177 (1.3%), 105
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(1.2%), 203 (1.1%), and the remaining PCBs. PCB77 was
not detected in any serum sample.

Table 3 shows that none of the serum organochlorines,
including DDTs, p,p'-DDE, and total PCBs, was associated
with an increased risk of breast cancer. In fact, risk was
inversely associated with serum concentrations of cis-no-
nachlor, mirex and total PCBs, but not with those of the
other compounds. For example, adjusted ORs (95%Cls;
P-values for trend) of breast cancer nisk for the highest vs,
lowest quartile of exposure for total PCBs, mirex, and cis-
nonachlor were 0.33 (0.14-0.78, P for trend = 0.008), 0.40
(0.19-0.84; P for trend = 0.02), and 0.41 (0.19-0.91; P for
trend = 0.07), respectively. Adjustment for possible con-
founding variables attenuated the results for o,p’-DDT,
p.p-DDT, and p,p’-DDE and widened the 95% CI range for
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Table 2 Lipid-adjusted serum organochlonine concentrations (ng/g
lipid) in breast cancer case subjects and matched controls

Compound Median (interquartile range) P for
Cases (n = 403) Controls (n = 403) difference”
o,p'-DDT 1.5 (1.0,23) 1.6 (1.1,27) 0.02
p.p'-DDT 93 (6.2, 15 99 (72,16 0,03
p.p'-DDE 360 (190, 620) 370 (220, 660)  0.10
rrans-Nonachlor 22 (15, 30) 23 (17,32 0.02
cis-Nonachlor 35 (23,50 39 (27,549 0.004
Oxychlordane B2 (59, 11) B.6 (6.6, 11) 0.02
HCB 27 (22, 33) 27 (23.34) 0.22
Mirex 1.9 (15, 25) 2.1 (1.6, 2.8) <0.0001
p-HCH 65 (41, 110) 64 (41, 110} 075
Total PCBs" 170 (120, 220) 180 (140, 240) 0.004

* Wilcoxon rank-sum test

" Sum of the 41 PCB peaks (International Union of Pure and Applied
Chemistry numbers 17, 28, 51, 52/69, 43/49, 48/47, 44, 74, 66, 77, 90/
101, 99, 123, 118, 114, 105, 126, 146, 153, 164/163, 138, 128/162,
167, 156, 169, 182/187, 183, 183, 174, 177, 180, 170, 189, 202, 201,
198199, 196, 203, 194, 208, 206, and 209)

every compound, whereas the results for mirex and the
PCBs were substantially changed. The main contributors to
these changes were adjustment for history of breast cancer
screening and smoking status. Additional analyses in the
349 complete pairs showed no substantial changes in ORs,
indicating that these attenuations of estimates were not
caused by either (or both) the reduced sample size or
nonuniform lack of data.

Additional conditional logistic analysis for 34 individual
PCB congeners (7 congeners were not analyzed here
because of their lower detection frequency) showed no
association with risk for any congener. To the contrary,
half were associated with a significant decrease in risk:
adjusted ORs (95% Cls; P-values for trend) for the highest
vs. lowest quartile of exposure for PCB 153, 138, and 180,
for example, were 0.40 (0.18-0.91; P for trend = 0.04),
0.61 (0.28-1.35; P for trend = 0.29), and 0.29 (0.13-0.66;
P for trend = 0.004), respectively, In addition, the adjusted
OR (95% CI; P-value for trend) for the highest vs. lowest
quartile of exposure for PCB 48/47 was 0.45 (0.17-1.19;
P for trend = 0.06). With regard to Wolff et al.'s func-
tional groupings of PCBs [21] also, adjusted ORs (95%
Cls; P-values for trend) for the highest vs. lowest quartile
of exposure for PCB Group 1A (sum of PCB 44, 43/49 and
52/69), Group 1B (sum of PCB 90/101 and 182/187),
Group 2A (sum of PCB 74, 66, 105 and 118), Group 2B
(sum of PCB 128/162, 138 and 170), and Group 3 (sum of
PCB 99, 153, 180, 196 and 203) were 0.53 (0.25-1.09;
P for rend = 0.06), 0.28 (0.12-0.65; P for trend = 0.005),
0.82 (0.35-195; P for trend = 0.94), 028 (0.12-0.65;

P for trend = 0.07), and 0.40 (0.18-0.91; P for trend =
0.03), respectively.

Further, no significant association was seen between
serum organochlorines and an increased risk of breast can-
cer by hormone-receptor subtype (Table 4), The decrease in
risk with increased serum concentration of rrans-nonachlor
or cis-nonachlor was greater in ER—PR~— than ER+PR+
cases (P for heterogeneity = 0.01 or 0.04, respectively). A
significanl association was seen between increased serum
concentrations of mirex or total PCBs and decreased risk of
ER+PR — breast cancer, and this subtype was more sensi-
tive to mirex than the ER+PR+ or ER—PR— subtypes
(P for heterogeneity = 0.007 or 0.004, respectively).

Stratified analysis showed different patterns of associa-
tion by menopausal status (Table 5). Postmenopausal
women had a statistically significant decrease in breast
cancer risk with increased serum concentration of trans-
nonachlor. In contrast, point estimates of ORs for o,p’-DDT
or p,p’-DDT were higher than 1.0 among postmenopausal
women, albeit the trends were not linear. A marginal
decrease in risk with increased serum concentrations of
o,p-DDT or p,p'-DDT was observed in premenopausal
women but did not reach statistical significance. These
associations are not shown in Table 3. Serum mirex or total
PCBs were inversely associated with breast cancer risk
regardless of menopausal status. Similar pattems were
observed on stratification by the median age of controls
(data not shown).

Discussion

In this study, we found no increase in the nsk of breast
cancer among women with higher serum concentrations of
any organochlonne, including DDTs and PCBs. To the
contrary, we found statistically significant inverse associ-
ations between risk and total PCBs, cis-nonachlor, and
mirex. This finding contrasts with that of the Seveso Italy
study, which reported an association between breast cancer
risk and an organochlorine, 2,37 8-tetrachlorodibenzo-p-
dioxin [22]. Our findings suggest that, as in other countries,
organochlorines are not related to an increased risk of
breast cancer in Japan, a low-incidence country. Our lack
of association with DDE is consistent with the null results
of a nested case—control study of associations between
serum DDE and PCBs and breast cancer risk in Asian
women by Krieger et al. [15] (50 pairs), whereas our sta-
tistically significant inverse association for PCBs 1s not
consistent with the null result for PCBs in most previous
studies. Krieger et al. [15] also showed an insignificant
positive association between serum DDE and breast cancer
in white and black women, which is inconsistent with the
majority of previous studies [6, 23]. The interethnic
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concentrabion

Table 3 Odds ratios (ORs) and 95% confidence intervals {CIs) of breast cancer according to quartiles of serum lipid-adjusted organochiorine

Compound Quartile median No. of No. of Simple OR* Adjusted OR*"®
ay's lpd) = ) (403 matched pairs) (349 matched pairs)
OR 95% C1 OR 95% 1
o,p"-DDT 0.90 103 Bl 1.00 ({referent) 1.00 (referent)
1.3 100 104 0.72 0.47-1.10 0.57 0.25-1.29
20 122 109 0.81 0.54-1.22 113 0.53-2.38
41 8 109 0.51 0.33-0.81 0.67 0.30-1,52
P for wend 0.007 D48
p.p'-DDT 56 136 100 1.00 (referent) 1.00 (referent)
85 79 101 053 0.35-0.80 0.58 0.27-125
120 97 95 0.68 0.45-1.03 0,99 0.47-2.07
230 91 107 0.55 0.35-0.84 0.58 0.27-1.25
P for trend 0.06 033
p.p'-DDE 160 116 97 1.00 (referent) 1.00 (referent)
300 89 9 0.75 0.51-1.11 0.47 0.24-0.92
490 107 103 0.84 0.57-1.26 0.99 0.48-2.02
1100 91 104 0.68 0.44-1.06 1.02 0.46-2.26
P for trend 0.17 046
trans-Nonachlor 13 126 89 1.00 (referent) 1.00 (referent)
20 89 103 0,52 0.34-0.81 0.69 0.33-1.46
27 96 104 0.54 0.34-0.84 0.72 0.33-1.57
4] 92 107 0.50 0.32-0.79 0.49 0.22-1.06
P for trend 0.02 0.08
cis-MNonachlor 20 132 94 1.00 (referent) 1.00 (referent)
i3 98 107 0.58 0.38-0.87 0.51 0.25-1.06
47 20 9 0.56 0.36-0.86 0.69 0.33-1.47
70 83 106 0.45 0.28-0.71 041 0.19-091
P for wend 0.002 007
Oxychlordane 54 128 100 1.00 (referent) 1.00 (referent)
7.8 2 95 0.66 0.43-1.02 073 0.35-1.51
97 ™ 93 057 0.37-0.89 0.60 0.28-1.31
15 106 15 0.63 0.41-0.97 0.65 0.31-1.38
P for trend 0.09 0.33
HCB 20 107 95 1.00 (referent) 1.00 (referent)
25 92 86 0.90 0.59-1.38 0.67 0.32-1.37
30 110 120 0.77 0.50-1.17 091 0.43-1.92
38 94 102 0.75 0.47-1.20 0.95 0.43-2.11
P for trend 018 0,90
Mirex 1.4 130 B7 1.00 (referent) 1.00 (referent)
19 109 98 0.73 0.50-1.08 0.56 0.28-1.13
24 86 112 0.50 0.34.0.75 0.60 0.30-1.19
35 18 106 0.48 0.32-0.73 0.40 0.19-0.84
P for trend 0.0003 002
fi-HCH 26 96 98 1.00 (referent) 1.00 (referent)
52 100 102 101 0.66-1.53 0.81 0.39-1.72
82 99 9 1.12 0.71-1.78 072 0.31-1.69
160 108 112 1.00 0.61-1.62 1.04 0.43-2.52
P for trend 091 0.63
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Table 3 continued

Compound Quartile median No. of No. of Simple OR* Adjusted OR™®
(ng/g lipid cases controls
gg lipid) (403 matched pairs) (349 matched pairs)
OR 95% C1 OR 95% Cl1
Total PCBs 110 126 99 1.00 (referent) 1.00 (referent)
160 96 85 0.82 0.53-1.26 0.79 0.36-1.72
200 102 116 0.61 0.40-0.92 0.57 0.28-1.15
290 79 103 0.48 0.30-0.77 0.33 0.14-0.78
P for trend 0.002 0.008

" Cases and controls were matched for age and area

" Adjusted for total lipid concentration in serum (<0).5409%, 0.5409-0.6144%, 0.6145-0.701%, or >0.702%); body-mass index (<20.93, 20.93-
22.50, 22.6-24.88, or >24.88 kg/m”), menopausal status and age at menopause (premenopause, <48, 48-50, 51-52, or =53 years); smoking
status (never, former, or current); fish consumption (<54.9, $4.9-82.2, 824-115.4, or >115.9 g/day); vegetable consumption (<177.27, 177.27-
2602, 261.2-378.3, or =379.1 g/day); family history of breast cancer in a first-degree relative (yes or no): age at first childbirth (nulliparous,
<25, 25-26, 27-28, >29 years)}—Ordinal vanable; parity (nulliparous, 1, 2, or =3); age at menarche (<12, 12, 13, 14, or =15 years); history of
breast cancer screening (never, 1-2 times in the past five years, 34 times in the past five years, or one or more times per year in the past five

years); and history of breast feeding (yes or no)

Subjects with missing values in any of the variables included in the models were not used, nor was the corresponding subject in the matched

case—control pair

variation between Caucasian and Asian women suggested
by Krieger et al, [15] has not been confirmed.

Our null finding for p,p-DDE is consistent with the
results of a previous meta-analysis [23] and inconsistent
with our marginal decrease in nsk of ER+PR+ breast
cancer or breast cancer in premenopausal women for o,p’-
DDT. This difference in effects between p,p-DDE and
o,p/-DDT might be partly explained as follows. First, p,p'-
DDE is androgenic but only weakly estrogenic or negative,
whereas o,p’-DDT is the most estrogenic of all DDT-
related compounds [9]. Second, it is unclear whether serum
p.p'-DDE represents o,p-DDT intake because most serum
p,p/-DDE results from p,p-DDE intake, because of the
slow conversion of ingested DDT to p,p'-DDE in humans
[24]. The association of breast cancer risk with the specific
serum levels of o,p-DDT, p,p’-DDT, or p,p-DDE was
not always consistent, but in some analyses showed simi-
lar pattemns owing to the correlation of their serum
concentrations (Spearman correlation coefficient among
controls = 0.57-0.86). Further, no previous study with a
small sample size has found an increased risk of breast
cancer in relation to o,p’-DDT exposure [17, 25]. In addi-
tion, the lack of association with p,p-DDT is consistent
with the majority of previous studies [17, 20, 25-40],
including three nested case-control studies [26-28],
whereas other studies found significant or marginal inverse
[41, 42] or positive [43-47] associations.

Our inverse association between serum total PCBs and
breast cancer is inconsistent with the majority of previous
studies, which had null results [10]. This difference may be
due in part to the lower blood levels of total PCBs in our
subjects than in any previous population studied (mean,

median, or geometric mean in controls 257.1-2885.8 ng/g
lipid) [10, 16, 46] and to the lower sex hormone levels in
Asian women [48]. Given that some PCB congeners did
not show the same risk pattern as total PCBs, the effect of
total PCBs might also depend on the congener pattern. The
inverse associations were consistent across Wolff et al.’s
functional PCB groups, except for Group 2A (moderately
persistent; potentially antiestrogenic and immunotoxic,
dioxin-like PCBs); but despite the lack of association for
this group, the association of total PCBs with decreased
risk remained because the major components of total PCBs
were PCB 153 and 180 (Group 3). At least two prospective
studies which found inverse associations for total PCBs
also found inverse associations for the PCBs of Group 3
(enzyme inducers) [28, 42].

Among other agents, no increase in the nisk of breast
cancer was seen for serum levels of chlordane-related
compounds. This finding is in general agreement with
previous studies [28, 29, 32, 39, 42, 45, 47, 49, 50], as
follows. Oxychlordane's lack of association or only insig-
nificant inverse association with breast cancer is consistent
with most previous studies [28, 29, 32, 45, 49, 50], with a
significant inverse association seen in a recent nested case—
control study in postmenopausal women only [42]. An
inverse association for cis-nonachlor was also found in two
case—control studies, bul was insignificant in both [29, 49],
whereas a third case—control and a prospective study
reported no association [42, 45]; while trans-nonachlor’s
lack of association is consistent with previous studies
[28, 32, 39, 42, 47, 50].

In contrast to the consistency of findings between the
present and past studies for chlordane-related compounds,
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Table 4 Adjusted odds ratios (ORs) and 95% confidence intervals (Cls) of hormone receptar-defined breast cancer according to lipid-sdjusted
organochlorine concentration in serum

Compound Quartile median  Adjusted ORs* P for heterogeneity

(ng/g lipnd) . =

ER—-PR— (75 cases) ER+PR— (64 cases) ER+PR+ (203 cases)
OR 95% C1 OR 95% CI OR 95% C1 P F F

o.p'-DDT 0.90 1.00 (referent) 1.00 (referent) 1.00 (referent)

13 1.00 0.41-241 0.59 0.23-1.56 0.69 0.38-1.27

20 1.43 0.61-3.35 1.15 0.49-2 68 0.93 0.51-1.69

41 0.96 0.37-247 0.78 0.30-2.04 0.55 0.28-1.08

P for trend 0.79 0.82 0.12 098 040 038
p.p’-DDT 56 1.00 (referent) 1.00 (referent) 1.00 (referent)

BS 0.60 0.26-1.36 1.42 0.58-3.47 0.68 0.37-1.26

12 0.66 0.28-1.54 1.26 0.50-3.19 0.99 0.54-1 .81

23 0.53 0.23-1.25 0.94 0.36-2.49 0.91 0.48-1.72

P for trend 0.25 0.60 0.96 D64 059 024
p.p'-DDE 160 1.00 (referent) 1.00 (referent) 1.00 (referent)

300 0.68 0.29-1.58 0.40 0.16-1,00 0.68 0.37-1.26

490 0.81 0.35-1.92 0.70 0.30-1.62 0.93 0.51-1.67

1100 1.06 0.42-2.64 0.49 0.19-1.27 0.95 0.49-1 85

P for trend 0.55 0.40 0.75 024 031 0.72
trans-Nonachlor 13 1.00 (referent) 1.00 (referent) 1.00 (referent)

20 0.64 0.28-1 .44 0.93 0.37-2.31 0.66 0.35-1.23

27 0.48 0.19-1.17 1.11 0.42-292 0.81 0.42-1.56

41 0.26 0.10-0.69 0.53 0.18-1.52 0.79 0.41-1.54

P for trend 0.006 0.17 0.73 029 027 o001
cis-Nonachlor 20 1.00 (referent) 1.00 (referent) 1.00 (referent)

i3 1.10 0.49-2 45 0.90 0.37-2.18 0.55 0.30-1.02

47 0.63 0.25-1.56 0.72 0.28-1.89 0.85 0.45-1.60

70 0.35 0.13-0.95 0.57 0.21-1.52 0.70 0.36-1.36

P for wend 0.01 D.22 0.50 n.31 D46 004
Oxychlordane 54 1.00 (referent) 1.00 (referent) 1.00 (referent)

78 1.12 0.49-2.55 114 0.47-274 0.68 0.36-1.27

9.7 0.54 0.21-1.38 0.81 0.31-213 0.73 0.39-1.40

15 0.60 0.24-1.53 0.49 0.18-1.37 0,83 0.43-1.57

P for trend 0.17 0.08 0.717 068 013 025
HCB 20 1.00 (referent) 1.00 (referent) 1.00 (referent)

25 0.81 0.35-1.89 0.75 0.30-1.87 0.62 0.33-1.15

30 0.80 0.34-1 .88 1.05 0.43-2.53 1.01 0.55-183

k] 0.80 0.31-204 0.58 0.21-1.56 1.03 0.53-2.00

P for trend 0.64 0.33 0.65 067 022 044
Mirex 14 1.00 (referent) 1.00 (referent) 1.00 (referent)

19 0.86 0.36-2.04 043 0.19-1.00 089 0.50-1.60

24 0.97 0.41-2.29 0.30 0.13-0.71 0.46 0.25-0.86

35 0.69 0.27-1.75 0.10 0.03-0.32 0.57 0.29-1.10

P for trend 0.43 <0.0001 0.049 0004 0007 050
p-HCH 26 1.00 (referent) 1.00 (referent) 1.00 (referent)

52 1.86 0.79-4.38 221 0.86-5.67 1.09 0.58-2.04

82 0.79 0.30-2.11 1.45 0.55-3.86 1.29 0.67-2.47

160 1.19 0.43-3.25 0.91 0.30-2.80 1.10 0.54-2.24

P for trend 077 0.29 0.90 052 027 o7
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Table 4 continued

Compound Quartile median  Adjusted ORs" P for heterogeneity

{n, lipid)

&/g lipid ER—-PR— (75 cases)  ER+PR— (64 cases)  ER+PR+ (203 cases)
OR 95% Cl OR 95% CI OR 95% Cl I F P

Total PCBs 110 1.00 (referent) 1.00 (referent) 1.00 (referent)

160 1.09 0.47-2.58 0.62 0.25-1.56 1.20 0.64-225

200 0.68 0.29-1.58 0.35 0.14-0.88 0.80 0.44-1 45

290 0.38 0.13-1.05 0.20 0.07-0.59 0.54 0.26-1.11

P for wend 0.03 0.003 0.055 041 0.10 0.46

* Cases were stratified by combined estrogen and progesterone receptor status. Each analysis used 381 controls, ORs were adjusied for age
(continuous); residential area (urban or rural); total lipid concentration in serum (<0.5409%, 0.5409-0.6144%, 0.6145-0.701%, or =0.702%),
body-mass index (<2093, 20.93-22.59, 22.6-24.88, or >24.88 kg/m’); menopausal status and age at menopause (premenopause, <48, 48-50,
51-52, or =53 years); smoking status (never, former, or current); fish consumption (<54.9, 54.9-82.2, 82.4-115.4, or =115.9 g/day); vegetable
consumption (<177.27, 177.27-260.2, 261.2-378.3, or =379.1 g/day); menopausal status and age at menopause (premenopause, <48, 48-50,
51-52, or =53 years); smoking status (never, former, or current); family history of breast cancer in  first-degree relative (yes or no); age at first
childbinth (nulliparous, <25, 25-26, 27-28, >29 years)—Ordinal variable; parity (nullip . 1, 2, or 23); age at menarche (<12, 12, 13, 14, or
=15 years); hustory of breast cancer screening (never, 1-2 times in the past five years, 3-4 times in the past five years, or one¢ or more limes per

year in the past five years); and history of breast feeding (yes or no)

® P value for heterogeneity in odds ratios berween ER—PR— and ER+PR—
¢ P value for heterogeneity in odds ratios between ER+PR— and ER+PR+
4 P value for heterogeneity in odds ratios between ER—PR— and ER-+PR+

however, our finding of an inverse association between
mirex and breast cancer risk is inconsistent with past
studies. Four previous hospital-based case—control studies
in the US have assessed this association, with null results
[29, 45, 51, 52], although one reported a borderline asso-
ciation in a group with no history of lactation (OR = 2.42,
95% CI (0.98-4.32) [52]. A second noted a higher range of
mirex exposure (mean 0.037 ng/g serum among controls
[52]) than that seen here, likely because of the history of
use of this agent in the US versus no use in Japan [53].
Furthermore, Asian women have lower sex hormone levels
[48] and higher dietary intake of phytoestrogens [54, 55]
than Caucasian women in Western countries. These dif-
ferences may partly explain why these previous results
were not reproduced here.

The lack of association, in our study, of breast cancer
risk with serum concentration of HCB or fi-HCH is con-
sistent with the majority of previous studies of HCB [29,
33, 35, 37, 45, 46, 49, 52, 56-58] and -HCH [17, 28, 29,
31, 32, 35, 41, 43, 45, 47, 49, 59, 60], respectively.
Moreover, a recent nested case—control study of HCB in
postmenopausal women reported a significant inverse
association [42]. In contrast, several case-control studies
found positive associations between breast cancer risk and
HCB [30, 61] or f-HCH [33, 37, 44], and also observed
much higher blood concentrations of HCB (mean 0.79 ppb
[61]; mean 0.11 pg/g lipid [30]) or f~HCH (mean 0.31 mg/l
[44]) in breast cancer patients.

Many of our findings by hormone-receptor subtype are
inconsistent with previous studies. Of interest, we found no

significant increase in the risk of organochlorines on
ER+PR+ breast cancer, which 1s suggested to be the most
sensitive breast cancer to estrogen-related nsk factors
[62, 63]. Indeed, several organochlorines were inversely
associated with ER+PR— or ER—PR— breast cancers,
although these associations did not always agree with
previous studies. In contrast to our results for total PCBs in
breast cancer subtypes, most previous studies found no
difference in risk by hormone receptor status [15, 28, 32,
39, 47, 49, 51, 56, 57, 64-68)]. On the other hand, inverse
associations between PCBs and ER—PR— breast cancer
[34] or ER— breast cancer in postmenopausal women [42]
have also been reported. Our findings of inverse associa-
tions between ER+PR— breast cancer and serum total
PCBs or mirex are also inconsistent with previous studies
[51, 67]. In addition, the inverse association between frans-
nonachlor and ER—PR— breast cancer is consistent with a
recent prospective study of ER— breast cancer in post-
menopausal women [42], whereas the majority of other
studies reported a null finding (28, 32, 39, 49-51]. Further,
our inverse association between cis-nonachlor and ER—
PR— breast cancer is inconsistent with the two previous
studies of this nisk, which observed no association [42, 49].
Finally, our finding of marginal inverse associations of
ER-+PR+ breast cancer with mirex or o,p'-DDT may be
inconclusive, because no previous study has found them.
Stratification by menopausal status showed several dif-
ferent patterns of association between breast cancer and
organochlorines. Similar patterns were seen on stratifica-
tion by median age, suggesting that those by menopausal
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Table § Adjusted odds ratios (ORs) and 95% confidence mtervals (ClIs) of breast cancer according to quartiles of serum lipid-adjusted
organochlonne concentration by menopausal status

Compound Quarul d Adjusted OR*
(ng/g lipid) o
Premenopause Postmenopause
(164 cases; 134 controls) (193 cases; 247 controls)
OR 95% C1 OR 95% C1
o.p"-DDT 050 1.00 (referent) 1.00 (referent)
1.3 0.46 022-098 1.07 0.44-265
20 0.60 0.27-1.34 1.63 0.71-375
4.1 0.46 0.17-1.26 1.03 044242
P for wend 0.26 0.71
pp'-DDT 56 1.00 (referent) 1.00 (referent)
8BS 0.54 0.25-1.16 1.53 0.64-3.68
12 0.39 0.17-0.88 2.26 0.95-535
23 0.45 0.17-1.17 1.55 0.68-3.52
P for wend 0.08 0.67
p.p'-DDE 160 1.00 (referent) 1.00 (referent)
300 0.64 0.30-1.36 (.58 0.24-1.40
490 0.57 0.28-1.20 1.09 047-2.57
1100 0.92 0.32-2.63 0.89 0.38-2.08
F for trend 072 D81
trans-Nonachlor 13 1.00 (referent) 1.00 (referent)
20 0.54 0:26-1.16 0.54 0.20-1.40
27 0.88 0.36-2.15 0.40 0.15-1.08
4] 0.78 0.31-197 0.35 0.13-0.93
P for wend 0.67 0.06
cis-Nonachlor 20 1.00 (referent) 1.00 (referent)
i3 0.67 0.32-1.39 0.49 0.20-1.23
47 0.78 0.32-1.93 0.52 0.20-1.32
70 .53 0.20-1.42 0.42 0.16-1.06
P for trend 021 0.15
Oxychlordane 54 1.00 (referent) 1.00 (referent)
78 0.57 0.26-1.27 0.90 0.36-2.27
97 0.72 0.30-1.71 0.46 0.17-1.24
15 1.01 041-247 0.50 0.19-1.32
P for trend 094 0.11
HCB 20 1.00 (referent) 1.00 (referent)
25 1.05 0.52-2.13 0.53 0.20-1.39
30 0.95 044206 0.9 0.38-2.17
38 0.88 0.30-2.58 0.77 0.32-1.87
P for wend 0.80 0.95
Mirex 14 1.00 (referent) 1.00 (referent)
19 0.84 0.39-1.83 0.44 0.19-1.02
24 0.43 0.19-0.98 0.29 0.13-0.66
35 0.28 0.10-0.75 0.36 0.16-0.85
P for rend 0.005 0.06
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Table § continued

Compound Quartile median Adjusted OR®
(n lipad)
&g lip Premenopause Postmenopause”
(164 cases: 134 controls) (193 cases: 247 controls)
OR 95% C1 OR 95% C1
fi-HCH 26 1.00 (referent) 1.00 (referent)
52 2.06 0.98—4.32 1.21 0.44-331
82 1.69 0.72-3.97 1.02 0.37-281
160 0.63 0.21-1.90 0.93 0.33-2.60
P for trend 0.71 0.58
Total PCBs 110 1.00 (referent) 1.00 (referent)
160 1.62 0.73-3.60 0.53 '0.21-1.35
200 0.45 021-099 047 0.20-1.15
290 0.31 0.08-1.16 0.30 0.12-0.75
P for trend 0.04 0.01

* Adjusted for age (continuous); residential area (urban or rural); total lipid concentration in serum (<0.5409%, (.5409-0.6144%, 0.6145-
0.701%, or =0.702%); body-mass index (<2093, 20,93-22.59, 22.6-24.88, or >24.88 kg/m?); smoking status (never, former, or current); fish
consumption (<54.9, 54.9-82.2, 82.4-115.4, or =115.9 g/day), vegetable consumption (<177.27, 177.27-260.2, 261 .2-378.3, or >379.1 g/day});
smoking status (never, former, or current); family history of breast cancer in a first-degree relative (yes or no); age at first childbirth (pulliparous,
<25, 25-26, 27-28, =29 years)—Ordinal vanable; parity (nulliparous, 1, 2, or =3), age at menarche (<12, 12, 13, 14, or =15 years), history of
breast cancer screening (never, 1-2 times in the past five years, 34 times in the past five years, or one or more times per year in the past five

years); and history of breast feeding (yes or no)

® Additonally adjusted for age at menopause (<48, 48-50, 51-52, or =53 years)

status might rather have resulted from the difference in age
or period, at least in part, in addition to the difference in
endogenous estrogen levels between menopausal statuses.
Age may be a critical determinant of the association
between serum organochlorines and breast cancer risk, as
suggested by the most recent study [09], because the
human body burden of persistent organochlorines is posi-
tively correlated with age, and has historically decreased in
Japan [12] as well as in the US [53] and Norway [28], at
the least. On this basis, age-stratified analysis may be
essential to any risk evaluation of highly persistent
substances.

Our study has four main strengths. First, owing to their
biological persistence, serum concentrations of organochl-
orines reflect long-term cumulative exposure to the
compounds and their individual differences, allowing a
greater degree of certainty about the exposure at risk.
Second, because surgery may change the blood levels of
organochlorines, blood samples were collected from case
patients before surgery [70], Third, our use of measurement
methods with low LODs allowed us to detect serum
o,p-DDT in serum with adequate frequency (100%) and
directly assess its association with breast cancer. The
inadequate LODs and subsequent low detection frequencies
in most previous studies prevented them from explicitly
assessing this association, notwithstanding the greater
estrogenicity of o,p-DDT than p,p'-DDT and p,p'-DDE [6].

Although some PCBs with a value between 0 and the LOD
were assigned the LOD value, additional analysis showed
that any subsequent misclassification was inconsequential.
Even when we assigned no value (e.g. LOD/2 or LOD) for
individuals with a PCB level below the LOD to ensure that
values between 0 and the LOD were retained, the results for
total PCBs were not substantially changed. The PCB
congeners, including those with nondetectable values, made
only a minor contribution to total PCBs, Fourth, almost all
invited subjects participated in the study, likely eliminating
the possibility of nonresponse bias. Moreover, our null
result for DDE is consistent with the majority of previous
nested case—control studies, although a certain discrepancy
between the results of prospective and case—control studies
has been noted [6, 23].

Several limitations of the study also warrant mention,
First, although we considered a large number of covariates
in all analyses, the observational design of the study means
that unmeasured or residual confounding could not be
completely excluded. Because serum concentrations of
organochlorines are highly correlated with each other and
can be correlated with unmeasured substances, the asso-
ciations observed here might not always have represented
the direct effect of organochlorines. As examples, the
results for frans-nonachlor, cis-nonachlor, and oxychlor-
dane, which are impurities or metabolites of chlordane,
showed a similar but not always consistent pattern, whereas
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their serum concentrations were highly correlated (Spear-
man correlation coefficient among controls = 0.83-0.97).
Further, PCB48/47 and 51, which are usually not detected
in biological samples. were frequently detected in serum.
This may suggest the possibility of sample contamination
during sampling or sample storage. In addition, although
the substantially high participation rates among both eli-
gible cases and controls minimized potential biases related
to control selection, the use of controls from medical
checkup examinees, whose distribution of risk factors for
breast cancer may differ from the general population due to
greater health consciousness, might have led to selection
bias. This possibility is heightened by the lack of differ-
ences between patients and controls in the distibution of
several established risk factors for breast cancer (family
history, reproductive factors, etc.). Finally, samples col-
lected from cases post-diagnosis may less likely reflect
serum levels at the time relevant to carcinogenesis than
those collected prospectively in cohort studies.

Conclusions

In conclusion, our results do not support the hypothesis that
higher serum organochlorine concentrations increase the
risk of breast cancer in Japanese women., Overall, the
present study suggests that breast cancer nsk in Japan, a
low-incidence country, is similar to that in western coun-
tries in terms of organochlorine exposure.
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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 gen 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 Sao Paulo, Brazil. A total of B46 pairs (388 Japanese, 79
lapanese Brazilians and 379 non-Japanese Brazilians) completed vali-
dated food frequency qu ires, and provided blood sampl
Five single nucleotid P in the estrogen receptor alpha
(rs9340799, rs1 9134?4\, arld rs2234693) and beta (rs4986938 and
rs1256049) 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 Sd 2009)

hi.

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
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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 conseguent
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 receplor
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 Sio Paulo, and non-Japanese
Brazilians living in Sdo 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 Sdo
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 Sdo Paulo, totaling 405 patients
(98%) in Nagano, and 83 Japanese Brazilians (91%) and 389 non-

""To whom cofrespondence should be d. E-mall: i k@ncc.go.p
Abbreviations: Cl, confidence Interval; CYP17, cytochrome PA50c1 7 CYP1S, aro-
matase, CYP2E1, cytochrome PAS0 2E1; ESR1, estrogen receptor alpha; ESR2, estro-
gen receptor beta; FFQ, food-frequency questionnalire; NAT2, N-acetyhransferase
2. OR, odds ratio; SNP. single-nuclectide polymorphism
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Table 1. Single-nucleotide poly hisms in q

ptor genes and their allele frequency

Minor allele frequency amang control groups

= SNP rs Synonym  Region  RIOTMINGT  japaneseliving  Japanese Brazllians Non-Japanese
number allele in Nagano, living in 530 Paulo, Brazilians living
lapan Brazil in S80 Paulo, Brazil

Estrogen receptor alpha gene  rs9340799 Xbal intron 1 AG 0.19 0.20 031
rs1913474 Intron 3 T 0.48 0.48 01
rs2234693 Puull intron 1 TIC 045 045 0.42
Estrogen receptor beta gene  rs4986938 Aull 3-UTR G/A 014 0.13 033
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,
cligible 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 Sio Paulo, cligible 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 participate (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 Comissio Nacional de Ftica
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 S3o 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 semiguantitative 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.™'" In
the FFQ, participants were questioned on how ofien 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 lable 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 J
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. S an’s correlation coefficients between energy-adjusted
genistemn 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

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 cormrelation coef-
ficients between energy-adjusted genistein and daidzein intake
estimated from the FFQ and from dietary records were .76 for
genistein and 0.76 for daidzein.""

Genotyping. Genomic DNA samples were extracted from the

ipheral blood using FlexiGene® DNA kits (Qiagen K.K., Tokyo,

apan) according to the manufacturer’s protocol. We selected five
single nucleotide polymorphisms (SNPs) in the estrogen receptor
alpha (ESRI) gene (rs9340799, 151913474, and rs2234693) and
estrogen receptor beta (ESR2) gene (rs4986938 and rs1256049),
which were the most frequently studied SNP in relation to breast
cancer risk."**" Genotyping of the five SNPs was performed by a
commercial laboratory (Genetic Laboratory, Inc., S: . 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], eytochrome P450c]7a [CYPI7], aromatase [CYPI9],
and cytochrome P450 2E1 [CYP2E!)) 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 vared
between 97.6 and 99.5% among the six SNPs,

Statistical analysis. Comparison of baseline charactenistics between
cases and controls was evaluated by the Mantel-Haenszel test using
matched-pair strata in cach ion. Genotype ics were
tested for deviation from the Hardy-Weinberg equilibrium with
the 7 -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. Lincar 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 85% confidence intervals of breast cancer according to polymorphisms in estrogen receptor genes

Japanese Brazillans living In
S&o Paulo, Brazil

Japanese living in Nagano, Japan

Non-lapanese Brazilians living
in S30 Paulo, Brazil

No. No. No.
OR' 95% CI OR" 95% CI e OR' 95% Cl
Case Control Case Control Case Control
Estrogen receptaor alpha gene (rs9340793)
AR 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) a3 36 127 (0.78-2.07)
AG + GG 115 132 0.69 (0.47-1.02) 25 29 074  (0.31-1.79) 218 197 118 (0.88-1.59)
Estrogen receptor alpha gene (rs1913474)
cC 100 113 1 25 24 1 237 239 1
cT 192 176 1.19 (0.81-1.76) 39 34 1.24 (0.55-2.81) 127 122 1.09  (0.80-1.49)
TT 9 L] 1.08 (0.70-1.66) 15 21 079  (0.28-2.20) 14 18 0.80  (0.38-167)
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)
TT 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)
2 64 7 0.64 (0.40-1.02) 15 14 093  (0.31-2.86) 85 63 151 (0.98-2.31)
TC+CC 244 273 0.68 (0.49-0.96) 54 57 0.7 (0.32-1.54) 272 257 115  (0.83-1.61)
Estrogen receptor beta gene (rs4986938)
GG 289 281 1 59 60 1 169 176 i
GA 94 102 0.88 {0.59-1.31) 17 17 132 (0.53-3.31) 163 154 1.09  (0.78-1.51)
AR 5 5 1.53 (0.39-6.07) 3 2 0.71 (0.09-5.57) a7 as 093 (0.59-1.47)
GA + AA 99 107 0.97 (0.62-1.34) 20 19 1.22 (0.51-2.93) 210 203 105 (0.77-1.42)
Estrogen receptor beta gene (rs1256049)
GG 203 182 1 a7 48 1 342 345 1
GA 161 178 0.79 (0.56-1.10) 26 30 0485 (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 (0.04-5.53)
GA + AA 185 206 0.79 (0.57-1.09) 32 kR 1.04 (0.50-2.13) 37 34 1.16 (0.70-1.84)

'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.

supplement use. We did not include a history of benign breast
disease as a covarate 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.

Iwasaki et al

The distributions of SNPs in the ESR] gene (rs9340799,
rs1913474 and rs2234693) and ESR2 gene (rs4986938 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
r§9340799 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 rs9340799 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 rs1913474, 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%C1 0.12-0.78), and non-Japanese Bra-
zilians (OR for consumers versus non-consumers = 0.37; 95%Cl
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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 g lap

All subjects Premenopausal women Postmenopausal women
Isoflavane intake (mg/day), Isoflavone intake (mg/day), Isoflavone intake (mg/day),
tertile category Pfor tertile category P for tertile category Plor
trend trend trend

1 2 3 1 2 3 L 2 3
Estrogen receptor alpha gene (rs9340799)
Al
No." 109/83 76/90 B8/83 s54/41 30131 33nsg 55/42 46/59 55/64
oR* 1 0.73 0.78 0.32 1 0.68 1.13 096 0.75 0.64 0.15
(95% CI) (0.45-1.18)  (047-1.29) (0.34-1.35) (0.53-239) (0.41-1.34) (0.36-1.15)
AG + GG
No.' a4 4239 3147 25125 2n2 2n 1721 20127 1940
OR! 0.52 0.68 0.51 0.75 0.64 138 1.13 054 059 0.56 0.38 015
(95% C1) (0.27-0.99) (0.37-1.24) (0.26-1.01) (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)
cc
No.' 4138 3242 27733 20016 1612 134 2122 16730 14729
OR* 1 D.68 0.76 0.62 1 1.15 239 oos 1 0.60 047 0.09
(95% Ci) (0.34-1.36) (0.37-1.59) (0.40-3.26) (0.61-9.30) (0.28-1.47) (0.18-1.27)
CT+TT
No." 110091 Bomay 92197 59/50 361 32022 51/91 50/56 [
OR' 097 0.97 084 03Iz oM 0.86 0.97 093 120 108 0.80 0.14
(95% CI) (0.54-1.74) (0.55-1.72) (0.45-1.55) (0.41-202) (037-2.04) (0.39-2.44) (0.56-2.59) (0.51-2.29) (0.38-1.68)

P for interaction = 0.69 P tor interaction = 0.58 P for interaction = 0.73
Estragen receptor alpha gene (rs2234693)
T
No.'! 58736 3841 48738 313 12116 21m 2515 26/25 Faral
OR' 1 0.55 0.68 0.54 1 0.4 1.15 077 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." 93/93 B0/88 7182 46/45 4027 24n5 47/48 40161 A7
OR* 0.51 0.52 0.42 046 064 0.99 0.86 039 054 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 =037 P for interaction = 0.08 P for interaction = 0.97
Estrogen receptor beta gene (rs4986938)
GG
No.'! 115/86 B8/96 86/99 57/46 39732 EFTrd] 58/40 49/64 5478
OR' 1 0.74 0.65 0.06 1 0.96 1.03 0.94 1 0.60 0.47 0.01
{95% CI) (0.47-1.18)  (0.39-1.07) (0.51-1.83) (0.49-2.15) (0.33-1.07)  (0.27-0.84)
GA + AA
No." 3643 30133 EETEY] 22120 1311 1355 14/23 17122 20126
OR' 057 0.78 0.90 023 080 091 1.9% 0.20 047 080 0.62 045
(95% C) (0.31-108) (040-1.50) (045-182) (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 5a/62 59/58 43732 28/20 23n2 4230 31/42 36/46
OR* 1 0.74 0.82 0.16 1 1.05 0.58 080 1 0.56 051 0.08
{95% CI) (0.43-1.27) (046-1.48) (0.49-2.27) (039-247) (0.28-1.13)  (0.26-1.01)
GA + AA
No.' 66/67 59/67 6072 36/34 24/23 224 3033 35/4a 38/58
OR* 0.70 0.74 061 093 073 0.78 .3 020 050 0.60 0.41 0.35
(95% CN) (0.41-1.19) (043-1.27) (035-1.07) (0.39-158) (0.36-1.69) (0.55-3.08) (0.24-103) (0.31-1.18)  (0.21-0.80)

P for interaction = 063 P tor interaction = 0.65 P for interaction = 0.31

"No. of patients with cancerMo. of controls.

‘Conditional model adjusting for menog | status (p ssal pausal), number of births (0, 1, 2, 3, 4, 5+), family history of breast
cancer (yes, no), smoking status (never, past, current smaker), ‘moderate physical activity in the past 5 years tno. less than 3 days/month, 1-4 days/
week, more than 5 days/week), 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 daysimonth, 1-4 days'week, more than 5 daysiweek), and vitamin
supplement use (yes, no). ORs and 95% Cls with statistical significance are written in bold letter. Cs, confidence intervals; OR, odds ratio.

0.16-0.85) (P for interaction =0.11, 0.08 and 0.21, respectively)  Discussion

(Tables 3 and 4). Moreover, we found no remarkable difference

in the association between isoflavone intake and breast cancer risk  In these case-control studies of Japanese, Japanese Brazilians, and
by the four other polymorphisms. 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 isofl and poly hi in

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

ey k

Japanese Brazilians living in S30 Paulo, Brazil

Isoflavone intake (mg/day), median category

Non-Japanese Brazilians living in
Sao Paulo, Brazil

Isoflavone intake (mg/day)

1 2 Non-consumers Consumers
Estrogen receptor alpha gene (rs9340799)
AA
No." 321 23729 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 10 198/161 20/36
OR* 0.44 034 1.23 0.61
(95% CI) (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.! 13/12 1212 2131204 24135

OR* 1 0.76 1 0.65

(95% CI) (0.18-3.18) (0.26-1.19)
CT+TT

No.'! 3327 21128 129/114 12126

OR' 1.25 0.55 113 0.49

(95% ClI) (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. 17112 8/10 97/106 1016

OR' 1 0. 1 0.57

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

No. 2927 25130 246/212 26/45

OR! 065 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 =071
Estrogen receptor beta gene (rs4986938)

P for interaction = 0,94

GG

No.! 3830 2130 156/148 13728

OR' 1 0.31 1 0.37

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

No.' 8/9 12N 156/170 23733

OR* 0.62 0.97 0.97 0.68

(95% C1) (0.16-2.35) (0.31-3.01) (0.70-1.35) (0.37-1.29)

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

P for interaction =0.21

GG

No.' 27123 20025 308/286 34/59

OR' 1 0.49 1 0.55

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

No. 19/16 13115 3532 22

OR’ 0.97 0.53 1.10 0.84

(95% €1) (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  that polymorphisms in the ESR2 gene may modify the association

risk appeared only among women with the GG genotype of the
rs4986938 polymorphism in the ESR2 gene, bul the interaction
was not statistically significant. Our findings support the hypothesis

Iwasaki et al.

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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rs4986938 and rs1256049 polymmsms, 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 rs4986938 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 polym isms in
the ESR2 gene in the risk of hormone-related diseases,“'* Hede-
lin er 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 er al. reported a significant interaction
between urinary genistein level and Rsal polymorphism in the
ESR2 gene in the nisk 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 vaniants 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 rs2234693
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.'"**® On the other hand, several but not all studies have
reported that the G allele of the rs9340799 polym ism was
associated with a decreased risk of breast cancer,"** 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 ESR/ 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
polymor{ldlism in the ESR] gene, but not those with other geno-
types.® Moreover, they re a significant interaction between
unnary 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.

Our study has methodological advantages over studies conducted
previously. First, and unique to this study, we assessed utrient
interactions using three ations with substantially different
isoflavone intakes and allele frequencies of SNPs, For example,
isoflavone intake differed considerably among the three popula-
tions, with median levels (interquantile 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 O (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 resulis 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 10
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 5069 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

ollow-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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