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We evaluated the interactive effect of polymorphisms in the sex
hormone-binding globulin (SHBG) gene with soy isoflavones, tea
consumption, and dietary fiber on endometrial cancer risk in a
population-based, case-control study of 1,199 endometrial cancer
patients and 1,212 controls. Genotyping of polymorphisms was performed by using TaqMan (Applied Biosystems, Foster City, CA)
assays (rs6259) or the Affymetrix MegAllele Targeted Genotyping
System (Affymetrix, Inc., US) (rs13894, rs858521, and rs2955617).
Dietary information was obtained using a validated food frequency
questionnaire. A logistic regression model was employed to compute adjusted odds ratios (ORs) and 95% confidence intervals
(CIs). We found that the Asp327 Asn (rs6259) polymorphism was
associated with decreased risk of endometrial cancer, particularly
among postmenopausal women (OR = 0.79, 95% CI = 0.62–1.00).
This single nucleotide polymorphism (SNP) modified associations
of soy isoflavones and tea consumption but not fiber intake with
endometrial cancer, with the inverse association of soy intake and
tea consumption being more evident for those with the Asp/Asp
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genotype of the SHBG gene at Asp327 Asn (rs6259), particularly
premenopausal women ( P interaction = 0.06 and 0.02, respectively,
for soy isoflavones and tea intake). This study suggests that gene–
diet interaction may play an important role in the etiology of endometrial cancer risk.

INTRODUCTION
Sex steroid hormones play a central role in the development
of endometrial cancer. It has been suggested that sex hormonebinding globulins (SHBG) modulate the bioavailability of sex
hormones to the target tissues by binding with the circulating
sex hormones (1,2). SHBG also functions as an active regulator of the steroid-signaling system in target cells (3,4). Several
epidemiologic studies have consistently shown that high blood
levels of SHBG are associated with reduced endometrial cancer
risk in postmenopausal women (5,6).
Production and clearance of SHBG are influenced by many
stimulatory and inhibitory factors. For example, a functional
genetic variant in the SHBG gene, Asp327 Asn (rs6259), has
been shown to result in a decrease in the clearance rate of
SHBG, an increase in the half-life of the protein (7), and
an elevated blood level of SHBG (7–11), particularly among
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postmenopausal women (9–11). Dietary fiber has been observed
to affect circulating levels of SHBG (12), although the results
have not been consistent (13).Soy foods and their constituents,
isoflavones, may also stimulate the production of SHBG
(14–16).
A recent report showed a significant interactive effect of
isoflavone intake and SHBG genetic polymorphisms on circulating SHBG levels (17). In our previous studies, we have also
found that soy food intake and tea consumption interact with
several estrogen-related genes such as UGT1, HSD17β1, and
CYP19A1 in endometrial cancer (18–20). We hypothesized that
these dietary factors may interact with SHBG polymorphisms
in the development of endometrial cancer and tested this hypothesis in the Shanghai Endometrial Cancer Study (SECS),
a population-based, case-control study conducted in Shanghai,
China.

MATERIALS AND METHODS
Study Subjects
Details of the SECS have been described elsewhere (21,22).
Briefly, this study included 1,199 incident endometrial cancer
cases diagnosed between 30 and 69 yr of age from 1997 to
2003 and 1,212 age-frequency, matched, community controls.
Through the population-based Shanghai Cancer Registry, 1,449
eligible endometrial cancer cases were identified during the
study period, of which 1,199 cases (82.7%) completed in-person
interviews.
Controls were randomly selected from the general population of Shanghai using the Shanghai Resident Registry and were
matched to cases according to the age distribution of endometrial cancer cases in 1996. Women with a history of cancer or
hysterectomy were not eligible. Of the 1,629 eligible women
contacted, 1,212 (74.4%) participated in the study. The study
protocols were approved by the institutional review boards of
all institutes involved in the study; and written, informed consent was obtained from all participants prior to participation in
the study.
Study participants were interviewed in person by trained retired medical professionals. A structured questionnaire was used
to elicit detailed information on demographic factors, menstrual
and reproductive history, hormone use, prior disease history,
physical activity, tobacco and alcohol use, weight, and family
history of cancer. Tea drinkers were defined as women drinking
tea at least 3 times per week for 6 mo or longer. Anthropometrics
were also taken at the time of the interview.
Information on usual dietary intake during the 5 years preceding the interview was collected using a validated, quantitative, food-frequency questionnaire that covers more than 85% of
foods commonly consumed in Shanghai (23). Specific nutrient
intakes, including soy isoflavones and dietary fiber intake, were
estimated by using the nutrient content listed in the Chinese
Food Composition Tables (24).
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SNP Selection, Identification and Genotyping
Haplotype-tagging SNPs (htSNPs) were chosen using the
pairwise tagging approach (25). This method (Tagger, Paul de
Bakker, http://www.broad.mit.edu/mpg/tagger/) has been implemented in the HapMap project (http://www.hapmap.org). We
used HapMap Han Chinese (HCB) data for the htSNPs search.
The htSNPs selection criteria were the following: the SHBG
gene and the 5 kb upstream and downstream regions, the r 2
cutoff = 0.9, and a MAF ≥ 0.05. A total of 4 htSNPs (rs13894,
rs858521, rs6259, and rs2955617) were identified for genotyping. We last accessed HapMap for htSNP selection on December
21, 2005.
Of the study participants who completed an in-person interview, 850 cases and 853 controls donated a blood sample, and
280 cases and 274 controls provided a buccal cell sample (187
cases and 186 controls provided samples using a mouthwash
method, and 93 cases and 88 controls provided samples using a
buccal swab method). Due to the very low DNA yield of the buccal swab method, we did not include buccal swab DNA samples
in the genotyping. In addition, DNA samples from 19 control
subjects who donated a blood sample were used up in other studies. Thus, DNA samples from 1,037 cases (86.5%, 850 blood,
and 187 buccal cell) and 1,020 controls (84.2%, 834 blood, and
186 buccal cell) were included in the genotyping study. SHBG
genotyping data were obtained from 1,028 cases and 1,016 controls, a success rate of 99.1% and 99.6%, respectively.
Genomic DNA was extracted from buffy coat fractions or
buccal cells using a QIAamp DNA mini kit (Qiagen, Valencia, CA) following the manufacturer’s protocol. Genotyping for
rs6259 (Asp327 Asn) was conducted using the TaqMan genotyping assay (Assay ID: 11955739 10; Applied Biosystems,
Foster City, CA) in ABI PRISM 7900 Sequence Detection
Systems (Applied Biosystems) as described previously (22).
SNPs rs13894, rs858521, and rs2955617 were genotyped with
Affymetrix MegAllele Targeted Genotyping System by using a
Molecular Inversion Probe (MIP) method (26) at the Vanderbilt
Microarray Shared Resource following the manufacturer’s protocol, as a part of large genotyping effort including 1,737 SNPs.
Briefly, 2.01 ug of genomic DNA was annealed to the assay
panel overnight at 58◦ C. Following annealing, the samples were
split into 4 equal aliquots. Each aliquot was gap filled with each
of the 4 different aliquots receiving a different dNTP. The dNTP
was ligated to produce a padlocked probe and then digested
with exonucleases. The padlocked probe was then cleaved at
a specific cleavage site and inverted. This inverted probe was
the substrate for two rounds of PCR. After passing quality control, the samples were hybridized. Following hybridization, the
arrays were washed, stained, detected via the scanner, and analyzed by Affymetrix protocol.
The laboratory staff was blind to the identity of the subjects.
Quality control (QC) samples were included in the genotyping
assays. For SNP rs6259 genotyping, each 384-well plate contained 4 water, eight CEPH 1347-02 DNA, 8 blinded QC samples, and 8 unblinded QC samples. The blinded and unblinded
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QC samples were taken from the second tube of study samples included in the study. The agreement of the genotypes
determined was 98.7% among the duplicate samples. In addition, we genotyped 45 DNA samples from the Chinese participants used in the International HapMap project as an additional
quality control. The genotypes of the samples generated from
our study were compared to data downloaded from HapMap
(http://www.hapmap.org). The concordance rates between the
data generated in our lab and the data from the HapMap database
was 100%. We included 39 blinded QC samples and 12 HapMap
DNA samples in the Affymetrix MegAllele Targeted Genotyping System as a QC procedure. The average consistency
rates were 99.6% for both QC samples and HapMap DNA
samples.
Statistical Analyses
Chi-squared statistics were used to evaluate case-control differences in the distribution of genotypes. Haplotypes for the
4 SNPs were constructed based on their chromosome position
(rs13894-rs858521-rs6259-rs2955617) via a Bayesian approach
using PHASE software (27,28). Logistic regression models were
used to estimate odds ratios (ORs) and 95% confidence intervals (CIs) with adjustment for potential confounding variables.
Covariates adjusted for included age (continuous variable),
education (no formal education, elementary/middle school,
high school, college), menopausal status (premenopausal, postmenopausal), years of menstruation (<25, <30, <35, ≥35 yr),
number of pregnancies (0, 1, 2, 3, 4, ≥5), diagnosis of diabetes
(ever, never), body mass index (by quintile), alcohol consumption (never, ever), oral contraceptive use (ever, never), physical
activity in metabolic equivalent tasks (METs) (by quintile), and
total energy intake (by quintile). Dietary polyphenol-cancer risk
associations did not change substantially by additionally adjusting for total fruit and vegetable intake; thus, these results were
not presented in the tables. Interactions of dietary factors with
SHBG polymorphisms are evaluated in logistic regression analyses using the likelihood ratio test by comparing the model
including the main effects only with that including both the
main effects and the interaction terms. All statistical tests were
based on 2-tailed probability.
RESULTS
The distribution of alleles of SHBG polymorphisms among
cases and controls is summarized in Table 1. All 4 SNPs were
consistent with Hardy-Weinberg equilibrium among controls
(P > 0.05). Slightly more cases carried the rs6259 Asp/Asp
genotype than did controls (71.1% and 68.0% for cases and
controls, respectively; P = 0.07). Women with the Asp/Asn or
Asn/Asn genotype at rs6259 had a slightly lower risk of endometrial cancer compared to women with the Asp/Asp genotype (ORage−adjusted = 0.86, 95% CI = 0.72–1.04). Genotype
frequencies of rs13894, rs858521, and rs2955617 were similar
among cases and controls, and no significant associations were

observed for these polymorphisms with the risk of endometrial
cancer.
Based on observed genotyping data, the estimated common
haplotype (≥3%) frequencies for the SNPs are also shown in Table 1. The estimated frequency of the SHBG haplotypes was not
significantly different between cases and controls (P = 0.45).
Compared with the most common haplotype, a nonsignificant
inverse association was observed for other major haplotypes,
particularly for the haplotype CCAG, the only common haplotype containing the variant allele of SNP rs6259 (as presented
in Table 1).
Associations between SHBG polymorphisms and endometrial cancer risk stratified by menopausal status are presented
in Table 2. The inverse association between SNP rs6259 and
endometrial cancer appeared to be confined to postmenopausal
women (ORage−adjusted = 0.79, 95% CI = 0.62–1.00 for postmenopausal women and ORage−adjusted = 1.02, 95% CI = 0.75–
1.37 for premenopausal women), although the P value for
the interaction test was not significant (P = 0.19). Similarly,
haplotype CCAG was associated with an 18% decreased risk
of endometrial cancer compared with the CCGG haplotype
among postmenopausal women (95% CI = 0.65–1.03). Haplotype TCGG, on the other hand, was related to lower risk of
endometrial cancer among premenopausal women (OR = 0.63,
95% CI = 0.39–1.01) compared with the CCGG haplotype.
The potential joint effects of SHBG genotype and dietary
factors on endometrial cancer risk are evaluated in Table 3
and Table 4. Dietary fiber intake was associated with a slightly
lower risk of endometrial cancer regardless of SHBG genotype.
The inverse associations of soy isoflavones and tea consumption with endometrial cancer were more evident among women
with the Asp/Asp genotype (Table 3). These association patterns appeared to be more pronounced among premenopausal
women (Table 4). Among premenopausal women, the adjusted
OR for women with the Asp/Asp genotype was 0.48 (95% CI
= 0.30–0.78) for the highest tertile intake of soy isoflavones
(Ptrend < 0.01), whereas the corresponding OR was 0.95 (95%
CI = 0.50–1.79) for Asn allele carriers (Ptrend = 0.50) compared with women with the Asp/Asp genotype who were in the
lowest tertile of intake. Similarly, the protective effect of tea consumption on endometrial cancer was more pronounced among
premenopausal women with the Asp/Asp genotype (Pinteraction =
0.02).

DISCUSSION
In this large-scale, case-control study, we found that the
SHBG rs6259 polymorphism was associated with the risk of endometrial cancer among postmenopausal women and modified
diet–endometrial cancer associations among premenopausal
women.
Endometrial cancer is a sex hormone-related disease. Sex
hormone-binding globulin (SHBG) plays a role in endometrial
carcinogenesis, possibly by modulating the bioavailability of
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TABLE 1
Genotype and Haplotype Frequencies of the SHBG Gene and Associations With Endometrial Cancer, the Shanghai Endometrial
Cancer Study, 1997–2003a
Genotype

Location

Position

Cases

Controls

rs13894
C/C
C/T
T/T
P for HWEb
rs858521
C/C
C/G
G/G
C/G, G/G
P for HWEb
rs6259
G/G
G/A
A/A
G/A, A/A
P for HWEb
rs2955617
G/G
G/T
T/T
G/T, T/T
P for HWEb
Haplotypesc
CCGG
CGGT
CCGT
CCAG
TCGG
Others

Flanking

Chr. 17
7470627

1028
968
60
0
0.34
1027
554
420
53
473
0.02
1028
731
283
14
297
0.02
1025
311
528
186
714
0.14
Case
833
557
415
338
78
19

1001
936
65
0
0.29
1003
547
397
59
456
0.24
1016
691
302
23
325
0.13
1002
317
504
181
685
0.43
Control
811
574
421
368
103
23

Boundary

Exon 8

3’UTR

Frequency in Cases
37.9
25.3
18.4
15.2
2.9
0.3

Chr. 17
7470872

Chr. 17
7477252

Chr. 17
7479510

Frequency in Controls
36.0
25.3
17.9
17.1
3.2
0.4

P for
χ 2 Test

Age-Adjusted
ORs (95% CI)

0.54

1.00
0.89 (0.62–1.28)

0.96

1.00
1.04 (0.87–1.25)
0.89 (0.60–1.31)
1.02 (0.86–1.22)

0.79

0.07

0.13

0.65

0.53
P for χ 2 test

0.37

1.00
0.89 (0.73–1.07)
0.58 (0.29–1.13)
0.86 (0.72–1.04)

1.00
1.07 (0.88–1.30)
1.05 (0.81–1.35)
1.06 (0.88–1.28)

P for
Trend

0.96

0.07

0.66

ORs (95% CI)d
1.00
0.95 (0.81–1.10)
0.96 (0.81–1.13)
0.89 (0.75–1.07)
0.74 (0.54–1.01)
0.80 (0.44–1.49)

a

Abbreviations are as follows: SHBG, Sex Hormone-Binding Globulin; OR, Odds Ratio; CI, Confidence Interval; Chr, Chromosome. P
for 100 times permutation test = 0.45. b Hardy–Weinberg Equilibrium. c The order of single nucleotide polymorphism rs13894, rs858521,
rs6259, and rs2955617 is based on their chromosome position. d Not adjusted for any variables.

circulating sex hormones (1,2). Increased production of SHBG,
caused either by genetic variations in the SHBG gene or dietary
factors, may result in an increase in the levels of inactive, bound
sex hormones and a decrease in the concentration of active, unbound, or free hormones. Higher levels of SHBG have been associated with lower postmenopausal endometrial cancer risk (5,6).
SHBG is coded by the SHBG gene, which is located in chromosome 17p12-p13 (29). Several genetic variations in the SHBG
gene, such as a common missense single nucleotide polymorphism in exon 8 (Asp327 Asn, rs6259) and a functional pentanucleotide repeat polymorphism (TAAAA)n in the 5’promoter
region, have been shown to alter circulating levels of SHBG and
influence the pathogenesis of estrogen-related cancers (9). In our

Asian study population, we evaluated 4 haplotype tagging SNPs
in the SHBG gene chosen based on a minor allele frequency ≥
0.05 and r 2 ≥.90. We found that the rs6259 polymorphism was
associated with a reduced risk of endometrial cancer among
postmenopausal women. Our finding is biologically plausible.
The Asp327 Asn polymorphism is a nonsynonymous SNP (G
to A) at nucleotide 5790 in exon 8 of the SHBG gene, which
results in an amino acid substitution of asparagine for aspartic
acid at residue 327 (Asp327 Asn, rs6259) in the SHBG polypeptide. This change generates an additional N-linked carbohydrate
chain attached to the SHBG molecule, resulting in a decrease
in the clearance rate of this protein. In our previous reports, we
found that the 327 Asn variant was associated with 12% higher
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TABLE 2
Association of SHBG genotypes and haplotypes with the risk of endometrial cancer by menopausal status, the Shanghai
Endometrial Cancer Study, 1997–2003a
Premenopausal Women
SHBG Genotype
rs13894
C/C
C/T
rs858521
C/C
C/G, G/G
rs6259
G/G
G/A, A/A
rs2955617
G/G
G/T
T/T
P for Trend
Haplotypesc
CCGG
CGGT
CCGT
CCAG
TCGG
Others

Postmenopausal Women

Cases/Controls

OR (95% CI)

Cases/Controls

OR (95% CI)

P for Interaction

418/356
26/29

1.00b
0.76 (0.44–1.32)

550/580
34/36

1.00b
1.02 (0.63–1.65)

0.49

237/203
207/183

1.00b
0.97 (0.73–1.27)

317/344
266/273

1.00b
1.06 (0.84–1.33)

0.60

314/281
127/113

1.00b
1.02 (0.75–1.37)

417/410
170/212

1.00b
0.79 (0.62–1.00)

0.19

131/120
232/190
81/76

1.00b
1.11 (0.81–1.53)
0.98 (0.66–1.47)
0.96

180/197
296/314
105/105

1.00b
1.04 (0.80–1.34)
1.10 (0.78–1.54)
0.60

350/316
243/235
175/161
147/129
32/46
7/7

1.00d
0.93 (0.74–1.18)
0.98 (0.76–1.28)
1.03 (0.78–1.36)
0.63 (0.39–1.01)
0.90 (0.31–2.60)

483/495
314/339
240/260
191/239
46/57
12/16

1.00d
0.95 (0.78–1.16)
0.95 (0.76–1.17)
0.82 (0.65–1.03)
0.83 (0.55–1.24)
0.77 (0.36–1.64)

0.44

a

Abbreviations are as follows: SHBG, sex hormone-binding globulin; OR, odds ratio; CI, confidence interval. b Age adjusted
ORs. c The order of SNP rs13894, rs858521, rs6259, and rs2955617 is based on their chromosome position. d Unadjusted ORs.

plasma levels of SHBG (11) and a reduced risk of endometrial
cancer (22) and breast cancer (11) only among postmenopausal
women. The null association between the Asp327 Asn polymorphism and SHBG levels and between this polymorphism and
endometrial cancer risk among premenopausal women may be
explained by the confounding effect of high levels of estrogen
on the SHBG genotype–phenotype association.
Dietary fiber intake has been linked to reduced risk of endometrial cancer (30), possibly through modification of SHBG
levels (12,13). In this study, we observed a weak inverse association between dietary fiber intake and cancer risk among both
women with the Asp/Asp genotype and women who were Asn
carriers. On the other hand, the protective effect of tea consumption on endometrial cancer was observed only among women
with the Asp/Asp genotype, particularly among premenopausal
women. We previously reported an interaction of tea consumption with the CYP19A1 gene and endometrial cancer risk, which
may be attributable to the inhibitory effects of tea polyphenols
on aromatase activity (20). Although the mechanism underlying
the modifying effect of tea on the SHBG gene and endometrial
cancer association is unclear, such diet–gene interactions could

be due to the effect of tea polyphenols on estrogen metabolism.
Further studies are warranted on this issue.
Intake of isoflavones has been consistently shown to increase SHBG levels in postmenopausal women (31–33), including in an intervention study (31). However, it has also
been suggested that intake of soy protein supplements, with
and without isoflavones, decreases concentrations of SHBG in
postmenopausal women (34). In a recent report from a study
of postmenopausal European women, isoflavones were found
to increase SHBG levels in a dose-response manner among
women carrying the Asn variant, suggesting that the effect of
isoflavones on hormone-related diseases may be modified by
SHBG (17). In the current study, we found that the Asp327 Asn
polymorphism modified the effect of soy food on endometrial
cancer risk. The soy food effect was predominantly seen among
premenopausal women who carried the Asp/Asp genotype, a
group of women who presumably have a high level of estrogen exposure. Soy food consumption was inversely, but much
more weakly, associated with endometrial cancer risk among
postmenopausal Chinese women, and this association was not
modified by the Asp327 Asn polymorphism. Our findings appear
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TABLE 3
Association of dietary factors with endometrial cancer risk by SHBG genotypes at rs6259, the Shanghai Endometrial Cancer
Study, 1997–2003a
Asp/Asp
Genotype

All Subjects
Cases/
Controls

Factor
≤ 9.0
9.1–12.7
>12.7
P for Trend

394/404
417/405
388/403

≤ 21.3
21.4–40.3
>40.3
P for Trend

404/404
407/405
388/403

Never
Ever

842/834
357/378

ORs (95%CI)

Cases/
Controls

Asp/Asn and Asn/Asn
Genotype

ORs (95%CI)

Cases/
Controls

Dietary fiber intake (g/day, by tertile)
1.00
237/223
1.00
93/104
0.93 (0.75–1.16)
264/242
0.94(0.70–1.25)
101/106
0.76 (0.59–0.97)
230/226
0.79(0.57–1.10)
103/115
0.03
0.16
Soy isoflavone intake (mg/day, by tertile)
1.00
247/226
1.00
94/104
0.87 (0.71–1.08)
263/232
0.90(0.68–1.18)
92/114
0.76 (0.61–0.96)
221/233
0.69(0.51–0.94)
111/107
0.02
0.02
Tea consumption
1.00
527/465
1.00
192/230
0.78 (0.64–0.94)
204/226
0.67(0.52–0.86)
105/95

ORs (95%CI)

P for
Interaction

1.00
0.95 (0.59–1.52)
0.72 (0.43–1.22)
0.22

0.99

1.00
0.71 (0.45–1.11)
0.88 (0.55–1.42)
0.60

0.34

1.00
1.19 (0.80–1.76)

0.03

a
Abbreviations are as follows: SHBG, sex hormone-binding globulin; OR, odds ratio; CI, confidence interval. Adjusted for age, education,
menopausal status, years of menstruation, number of pregnancies, oral contraceptive use, alcohol consumption, diagnosis of diabetes, body mass
index, physical activity, and caloric intake.

TABLE 4
Joint effect of soy protein intake and tea consumption on SHBG genotypes at rs6259, stratified by menopausal status, the
Shanghai Endometrial Cancer Study, 1997–2003a
Premenopausal Women With Genotyping Data

Cases/
Controls

Asp/Asp
OR
(95% CI)

≤ 9.0
9.1–12.7
>12.7
P for trend

140/136
163/117
138/141

1.00
1.06 (0.67–1.67)
0.64 (0.39–1.05)
0.17

≤ 21.3
21.4–40.3
>40.3
P for trend

155/136
169/133
117/125

1.00
0.93 (0.61–1.43)
0.48 (0.30–0.78)
<0.01

Never
Ever

286/251
155/143

1.00
0.65 (0.44–0.94)

Asp/Asn,
Asn/Asn OR
(95% CI)

Postmenopausal Women With Genotyping Data
P
for
Interaction

Cases/
Controls

Asp/Asp
OR
(95% CI)

Dietary fiber intake (g/d, by tertile)
0.88 (0.49–1.58)
0.54
190/191
1.00
1.43 (0.79–2.59)
202/231 0.82 (0.57–1.19)
0.76 (0.41–1.41)
196/200 0.85 (0.56–1.29)
0.18
0.64
Soy isoflavone intake(mg/d, by tertile)
1.08 (0.61–1.92)
0.06
186/194
1.00
0.71 (0.41–1.24)
187/213 0.84 (0.58–1.22)
0.95 (0.50–1.79)
215/215 0.83 (0.56–1.22)
0.50
0.36
Tea consumption
0.84 (0.55–1.27)
0.02
434/444
1.00
1.24 (0.73–2.09)
154/178 0.73 (0.51–1.02)

Asp/Asn,
Asn/Asn OR
(95% CI)

P
for
Interaction

0.80 (0.50–1.28)
0.60 (0.37–0.96)
0.56 (0.34–0.92)
0.18

0.71

0.76 (0.47–1.22)
0.56 (0.35–0.91)
0.63 (0.39–0.99)
0.45

0.97

0.68 (0.49–0.93)
0.64 (0.41–1.01)

0.52

a
Abbreviations are as follows: SHBG, sex hormone-binding globulin; OR, odds ratio; CI, confidence interval. Adjusted for age, education,
years of menstruation, number of pregnancies, oral contraceptive use, diagnosis of diabetes, alcohol consumption, body mass index, physical
activity, and caloric intake.
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to be contradictory to the findings of the European study (17)
but are biologically plausible. Isoflavones have both antiestrogenic and estrogen-like effects depending on the endogenous
estrogen level (35). Among premenopausal women, particularly
those with the Asp/Asp genotype, endogenous estrogen levels
are high. In this group of women, soy isoflavones may act as an
estrogen antagonist and reduce the risk of endometrial cancer.
Conversely, among 327 Asn carriers or postmenopausal women,
biologically available estrogen levels are low, and isoflavones
may therefore have little antiestrogenic effect or may even have
an estrogen-like effect. More studies are needed to test this hypothesis and verify our findings.
To our knowledge, this is the first study to evaluate diet–
SHBG gene interaction with endometrial cancer risk in a large,
population-based, case-control study. The strength of the study
includes the population-based design, the relatively high participation rate (82.7% for cases and 74.4% for controls), high DNA
sample donation rates, and the low frequency of hysterectomy in
the study population. The relatively homogeneous ethnic background (>98% Han Chinese) of our population also decreases
the potential confounding effect of ethnicity for genotyping data,
and the application of the haplotype tagging SNP approach in
SNP selection made it possible to capture all potentially functional markers common in the SHBG gene.
As with all case-control studies, the potential for recall bias
could not be eliminated. Because neither study participants nor
interviewers were aware of our diet and endometrial cancer
hypothesis, any misclassification is likely to be nondifferential
and result in an underestimation of the diet–disease association. Finally, given that multiple genes are involved in estrogen
biosynthesis and metabolism (9,36), the confounding and/or
modifying effects of other genes also cannot be excluded.
In summary, we found that the SHBG rs6259 polymorphism
reduces the risk of endometrial cancer, and the reduced risk is
dependent on endogenous hormone levels, and interacts with
dietary polyphenol intake.
ACKNOWLEDGMENTS
We thank Dr. Fan Jin for her contributions to implementing
the study in Shanghai, Drs. Ji-Rong Long and Qing Wang, and
Ms. Regina Courtney for their contributions to the genotyping
and Ms. Bethanie Hull for her assistance in the preparation of
this article. This study would not have been possible without the
support of all of the study participants and research staff of the
Shanghai Endometrial Cancer Study.This work was supported
by United States Public Health Service Grant R01CA92585
from the National Cancer Institute.
REFERENCES
1. Hammond GL: Potential functions of plasma steroid-binding proteins.
Trends Endocrinol Metab 6, 298–340, 1995.
2. Selby C: Sex hormone binding globulin: origin, function and clinical significance. Ann Clin Biochem 27, 532–541, 1990.

3. Fortunati N, Becchis M, Catalano MG, Comba A, Ferrera P, et al.: Sex
hormone-binding globulin, its membrane receptor, and breast cancer: a
new approach to the modulation of estradiol action in neoplastic cells. J
Steroid Biochem Mol Biol 69, 473–479, 1999.
4. Kahn SM, Hryb DJ, Nakhla AM, Romas NA, and Rosner W: Sex hormonebinding globulin is synthesized in target cells. J Endocrinol 175, 113–120,
2002.
5. Potischman N, Hoover RN, Brinton LA, Siiteri P, Dorgan JF, et al.: Casecontrol study of endogenous steroid hormones and endometrial cancer. J
Natl Cancer Inst 88, 1127–1135, 1996.
6. Lukanova A, Lundin E, Micheli A, Arslan A, Ferrari P, et al.: Circulating
levels of sex steroid hormones and risk of endometrial cancer in postmenopausal women. Int J Cancer 108, 425–432, 2004.
7. Cousin P, Dechaud H, Grenot C, Lejeune H, and Pugeat M: Human variant
sex hormone-binding globulin (SHBG) with an additional carbohydrate
chain has a reduced clearance rate in rabbit. J Clin Endocrinol Metab 83,
235–240, 1998.
8. Cousin P, Calemard-Michel L, Lejeune H, Raverot G, Yessaad N, et al.:
Influence of SHBG gene pentanucleotide TAAAA repeat and D327N polymorphism on serum sex hormone-binding globulin concentration in hirsute
women. J Clin Endocrinol Metab 89, 917–924, 2004.
9. Dunning AM, Dowsett M, Healey CS, Tee L, Luben RN, et al.: Polymorphisms associated with circulating sex hormone levels in postmenopausal
women. J Natl Cancer Inst 96, 936–945, 2004.
10. Haiman CA, Riley SE, Freedman ML, Setiawan VW, Conti DV, et al.:
Common genetic variation in the sex steroid hormone-binding globulin
(SHBG) gene and circulating SHBG levels among postmenopausal women:
the multiethnic cohort. J Clin Endocrinol Metab 90, 2198–2204, 2005.
11. Cui Y, Shu XO, Cai Q, Jin F, Cheng JR, et al.: Association of breast
cancer risk with a common functional polymorphism (Asp327 Asn) in the
sex hormone-binding globulin gene. Cancer Epidemiol Biomarkers Prev
14, 1096–1101, 2005.
12. Tymchuk CN, Tessler SB, and Barnard RJ: Changes in sex hormone-binding
globulin, insulin, and serum lipids in postmenopausal women on a low-fat,
high-fiber diet combined with exercise. Nutr Cancer 38, 158–162, 2000.
13. Bhargava A: Fiber intakes and anthropometric measures are predictors
of circulating hormone, triglyceride, and cholesterol concentrations in the
women’s health trial. J Nutr 136, 2249–2254, 2006.
14. Dai Q, Franke AA, Yu H, Shu XO, Jin F, et al.: Urinary phytoestrogen
excretion and breast cancer risk: evaluating potential effect modifiers endogenous estrogens and anthropometrics. Cancer Epidemiol Biomarkers
Prev 12, 497–502, 2003.
15. Mousavi Y and Adlercreutz H: Genistein is an effective stimulator of sex
hormone-binding globulin production in hepatocarcinoma human liver cancer cells and suppresses proliferation of these cells in culture. Steroids 58,
301–304, 1993.
16. Watanabe S, Terashima K, Sato Y, Arai S, and Eboshida A: Effects of
isoflavone supplement on healthy women. Biofactors 12, 233–241, 2000.
17. Low YL, Dunning AM, Dowsett M, Luben RN, Khaw KT, et al.: Implications of gene-environment interaction in studies of gene variants in breast
cancer: an example of dietary isoflavones and the D356N polymorphism in
the sex hormone-binding globulin gene. Cancer Res 66, 8980–8983, 2006.
18. Deming SL, Zheng W, Xu WH, Cai Q, Ruan ZX, et al.: UGT1A1 genetic polymorphisms, endogenous estrogen exposure, soy food intake and
endometrial cancer risk. Cancer Epidemiol Biomarker Prev 17, 563–570,
2008.
19. Dai Q, Xu WH, Long JR, Courtney R, Xiang YB, et al.: Interaction of
soy and 17β-HSD1 gene polymorphisms in the risk of endometrial cancer.
Pharmacogenet Genomics 17, 161–167, 2007.
20. Xu WH, Dai Q, Xiang YB, Long JR, Ruan ZX, et al.: Interaction of soy
food and tea consumption with CYP19A1 genetic polymorphisms in the
development of endometrial cancer. Am J Epidemiol 166, 1420–1430, 2007.
21. Xu WH, Zheng W, Xiang YB, Ruan ZX, Cheng JR, et al.: Soya
food intake and risk of endometrial cancer among Chinese women in

SOY FOOD, TEA, SHBG GENETIC POLYMORPHISM AND ENDOMETRIAL CANCER

22.

23.

24.
25.
26.

27.

28.

29.

Shanghai: population based case-control study. BMJ 328, 1285–1288,
2004.
Kataoka N, Cai Q, Xu WH, Xiang YB, Cai H, et al.: Association of endometrial cancer risk with a functional polymorphism (Asp327Asn) in the
sex hormone-binding globulin gene. Cancer 109, 1296–1302, 2007.
Shu XO, Yang G, Jin F, Kushi L, Liu D, et al.: Validity and reproducibility of
food frequency questionnaire used in the Shanghai Women’s Health Study.
Euro J Clin Nutr 58, 17–23, 2004.
Yang YX, Wang GY, and Pang XC (eds.): China Food Composition Tables
2002. Beijing, China: Beijing University Medical Press, 2002.
de Bakker PI, Yelensky R, Pe’er I, Gabriel SB, Daly MJ, et al.: Efficiency
and power in genetic association studies. Nat Genet 37, 1217–1223, 2005.
Hardenbol P, Yu F, Belmont J, Mackenzie J, Bruckner C, et al.: Highly
multiplexed molecular inversion probe genotyping: over 10,000 targeted
SNPs genotyped in a single tube assay. Genome Res 15, 269–275, 2005.
Stephens M, Smith NJ, and Donnelly P: A new statistical method for
haplotype reconstruction from population data. Am J Hum Genet 68, 978–
989, 2001.
Stephens M and Donnelly P: A comparison of Bayesian methods for haplotype reconstruction from population genotype data. Am J Hum Genet 73,
1162–1169, 2003.
Berube D, Seralini GE, Gagne R, and Hammond GL: Localization of the
human sex hormone-binding globulin gene (SHBG) to the short arm of
chromosome 17 (17p12–p13). Cytogenet Cell Genet 54, 65–67, 1990.

743

30. Goodman MT, Wilkens LR, Hankin JH, Lyu LC, Wu AH, et al.: Association
of soy and fiber consumption with the risk of endometrial cancer. Am J
Epidemiol 146, 294–306, 1997.
31. Pino AM, Valladares LE, Palma MA, Mancilla AM, Yanez M, et
al.: Dietary isoflavones affect sex hormone-binding globulin levels in
postmenopausal women. J Clin Endocrinol Metab 85, 2797–2800,
2000.
32. Duncan AM, Underhill KE, Xu X, Lavalleur J, Phipps WR, et al.: Modest
hormonal effects of soy isoflavones in postmenopausal women. J Clin
Endocrinol Metab 84, 3479–3484, 1999.
33. Oh HY, Kim SS, Chung HY, and Yoon S: Isoflavone supplements exert
hormonal and antioxidant effects in postmenopausal Korean women with
diabetic retinopathy. J Med Food 8, 1–7, 2005.
34. Mackey R, Ekangaki A, and Eden JA: The effects of soy protein in
women and men with elevated plasma lipids. Biofactors 12, 251–257,
2000.
35. Hwang CS, Kwak HS, Lim HJ, Lee SH, Kang YS, et al.: Isoflavone metabolites and their in vitro dual functions: they can act as an estrogenic agonist
or antagonist depending on the estrogen concentration. J Steroid Biochem
Mol Biol 101, 246–253, 2006.
36. Westberg L, Baghaei F, Rosmond R, Hellstrand M, Landen M, et al.: Polymorphisms of the androgen receptor gene and the estrogen receptor beta
gene are associated with androgen levels in women. J Clin Endocrinol
Metab 86, 2562–2568, 2001.

