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Certain polyphenols inhibit the activity of aromatase, a critical enzyme in estrogen synthesis that is coded by the
CYP19A1 gene. Consumption of polyphenol-rich foods and beverages, thus, may interact with CYP19A1 genetic
polymorphisms in the development of endometrial cancer. The authors tested this hypothesis in the Shanghai
Endometrial Cancer Study (1997–2003), a population-based case-control study of 1,204 endometrial cancer cases
and 1,212 controls. Dietary information was obtained by use of a validated food frequency questionnaire. Geno-
types ofCYP19A1 at rs28566535, rs1065779, rs752760, rs700519, and rs1870050 were available for 1,042 cases
and 1,035 controls. Unconditional logistic regression models were used to calculate odds ratios and their 95%
confidence intervals after adjustment for potential confounding factors. Higher intake of soy foods and tea con-
sumption were both inversely associated with the risk of endometrial cancer, with odds ratios of 0.8 (95% confi-
dence interval: 0.6, 1.0) for the highest versus the lowest tertiles of intake of soy and 0.8 (95% confidence interval:
06, 0.9) for ever tea consumption. The association of single nucleotide polymorphisms rs1065779, rs752760, and
rs1870050 with endometrial cancer was modified by tea consumption (pinteraction < 0.05) but not by soy isoflavone
intake. The authors’ findings suggest that tea polyphenols may modify the effect of CYP19A1 genetic polymor-
phisms on the development of endometrial cancer.
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Abbreviations: QC, quality control; SECS, Shanghai Endometrial Cancer Study; SNP, single nucleotide polymorphism.

The incidence rate of endometrial cancer in Asian countries,
such as China, is substantially lower than that in Western coun-
tries, and incidence of the disease has been found to increase
when Asian women emigrate to the United States (1). One
possible explanation is that certain lifestyle factors, particularly
diets commonly consumed in Asian countries that include
soy and tea, foods and beverages rich in certain polyphenols,
may confer some protection against endometrial cancer (2, 3).

Animal and cell culture studies have suggested that dietary
polyphenols may have a preventive effect on cancers (4, 5).

Furthermore, certain polyphenols, such as isoflavones from
soy foods, are classified as phytoestrogens because they have
a structure similar to steroid hormones and weak estrogenic or
antiestrogenic activity. Evidence frommany in vitro and in vivo
observations suggests that phytoestrogens may reduce the risk
of hormone-related cancers (2, 6), possibly by interfering with
the synthesis, metabolism, and signal transduction of steroid
hormones (2, 7, 8). Epidemiologic studies have suggested that
polyphenols from soy foods and tea may reduce the risk of
some cancers (9–15), including endometrial cancer (12–15).
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Recent studies have found that tea polyphenols, as well as
isoflavones, moderately inhibit the activity of aromatase
(CYP19A1) (16, 17), the crucial enzyme converting andro-
stenedione and testosterone to estrone and estradiol, respec-
tively. Genetic variations in the CYP19A1 gene have been
shown to alter aromatase activity and affect hormone levels
(18, 19), possibly influencing the pathogenesis of endome-
trial cancer (20–23). We hypothesized that isoflavones and
tea polyphenols may interact with polymorphisms in the
CYP19A1 gene in the development of endometrial cancer
and tested this hypothesis in the Shanghai Endometrial Can-
cer Study (SECS).

MATERIALS AND METHODS

The SECS is a population-based case-control study of
1,204 incident cases diagnosed between the ages of 30
and 69 years from 1997 to 2003 and 1,212 age frequency-
matched controls. Cancer cases were identified through the
population-based Shanghai Cancer Registry. A total of
1,454 eligible endometrial cancer cases were identified dur-
ing the study period, and 1,204 (82.8 percent) completed an
in-person interview. Cases were confirmed by medical chart
review. The median interval between diagnosis and inter-
view for cases was 5.6 months. Controls were randomly
selected from the general population of Shanghai by use
of the Shanghai Resident Registry and matched to cases
according to the age distribution (in 5-year intervals) of
endometrial cancer cases in 1996. Women with a history of
cancer or hysterectomy were not eligible. Of the 1,629 eli-
gible women identified, 1,212 (74.4 percent) participated in
the study. The study protocols were approved by the insti-
tutional review boards of all institutes involved in the study,
and written informed consent was obtained from all subjects.

Study participants were interviewed in person by trained
interviewers. Weight, height, and circumferences of the
waist and hips were measured according to a standardized
protocol at the time of interview. A structured questionnaire
was used to elicit detailed information on demographic fac-
tors, menstrual and reproductive history, hormone use, prior
disease history, physical activity, tobacco and alcohol use,
weight history, and family history of cancer. Regular smok-
ers were defined as women who had ever smoked at least
one cigarette per day for 6 months or more, while alcohol
drinkers were defined as women who had ever drunk alco-
holic beverages at least three times a week for at least 6
months. Similarly, tea drinkers were defined as women
drinking tea at least three times per week for 6 months or
longer. Tea drinkers were also asked to provide the age at
which they started to drink tea regularly, the total number of
years they drank tea, and the usual frequency, amount, and
major types of tea consumed. Participants were asked if they
had engaged in regular exercise/sports (at least once a week
for at least 3 months) during the preceding 5 years. Usual
dietary habits over the preceding 5 years were assessed by
use of a validated, quantitative food frequency question-
naire, which included 71 food items and covered more than
85 percent of the commonly consumed foods in Shanghai
(24). During the interview, each participant was first asked
how frequently she consumed a specific food or group of

foods (per day, week, month, year, or never), followed by
a question on how many liang (50 g) were consumed per
unit of time (day, week, month, or year) during the preced-
ing 5 years, ignoring any recent dietary changes. For sea-
sonal foods, each participant was asked to describe her
consumption during the month(s) when the food was avail-
able. The average daily intake of each seasonal item was
estimated by calculating the percentage of months that the
food was on the market over a 1-year period. Total soy food
intake was measured by soy protein intake and was esti-
mated by multiplying the amount of soy food consumed
with the amount of protein in that food according to the
Chinese food composition tables (25).

Of the study participants, 857 cases and 837 controls
donated a blood sample, and 282 cases and 286 controls
provided a buccal cell sample. Among those who provided
a buccal cell sample, 189 cases and 198 controls provided
samples using a mouthwash method, and 93 cases and 88
controls provided samples using a buccal swab method.
Because of the very low DNA yield of the buccal swab
method, we did not include buccal swab DNA samples in
the genotyping. In addition, DNA from blood samples do-
nated by 19 control subjects was not available because of
their use in previous studies. Thus, DNA samples from
1,046 (857 blood and 189 buccal cell) cases (86.9 percent)
and 1,035 (837 blood and 198 buccal cell) controls (85.4
percent) were included in the genotyping study. Genotyping
success rates were between 98.1 percent and 99.6 percent.

The samples were processed on the same day as collec-
tion, typically within 6 hours, at the Shanghai Cancer In-
stitute. The buffy coat (white blood cell) and the buccal cell
pellet samples were stored at �70�C. Genomic DNA was
extracted from buffy coat fractions or buccal cells by using
a QIAmp DNA mini kit (Qiagen, Inc., Valencia, California)
following the manufacturer’s protocol. The allelic discrim-
ination of the CYP19A1 polymorphisms at rs28566535
(originally named hcv1664178), rs1065779, rs752760, and
rs1870050 was assessed with the ABI PRISM 7900 Se-
quence Detection System (Applied Biosystems, Inc., Foster
City, California) using TaqMan Assay-on-Demand kits also
obtained from Applied Biosystems, Inc. The CYP19A1
rs700519 polymorphism was genotyped using an MGB
Eclipse (3# hybridization-triggered fluorescence reaction)
assay (Epoch Biosciences, Bothell, Washington). (A de-
tailed lab protocol has been described elsewhere (23).)

The laboratory staff was blind to the identity of the sub-
jects. Quality control (QC) samples were included in the
genotyping assays. Each 384-well plate contained four wa-
ter, eight Centre d’Etude du Polymorphisme Humain
(CEPH) (http://www.cephb.fr/cephdb/) 1347-02 DNA, eight
blinded QC DNA, and eight unblinded QC DNA samples.
The concordance rates for the quality control samples were
97.4 percent for rs752760 and rs1870050, 98.7 percent for
rs700519, and 100 percent for rs1065779 and rs28566535.
In addition, the DNA of Chinese samples that were used in
the HapMap (n ¼ 45) and Perlegen (n ¼ 24) projects was
purchased from Coriell Cell Repositories (Coriell Institute,
Inc., Camden, New Jersey) and genotyped for single nucle-
otide polymorphisms (SNPs) rs752760, rs1870050, and
rs700519. The consistency rate was 100.0 percent for all
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TABLE 1. Comparison of cases and controls by selected demographic factors, major risk factors, and

CYP19A1 genotypes, Shanghai Endometrial Cancer Study, 1997–2003

Subjects with genotyping data
p value*

Cases (n ¼ 1,042) Controls (n ¼ 1,035)

Demographic factors

Age at diagnosis (years)y 54 (48, 61) 54 (48, 62) 0.71

Education � high school (%) 40.5 39.7 0.41

Marital status, married (%) 87.0 87.6 0.94

Nongenetic risk factors

Regular smoker (%) 3.2 3.5 0.69

Regular alcohol consumption (%) 3.1 5.5 <0.01

First-degree relative with any cancer (%) 35.3 29.1 <0.01

Family history of hormone-related female
cancers (%)z 5.3 3.4 0.03

Menopausal status (%) 56.7 61.7 0.02

Age at menarche (years)y 14 (13, 16) 15 (13, 16) <0.01

Age at menopause (years)y 50.3 (48.6, 52.5) 49.5 (47.3, 51.1) <0.01

Years of menstruationy 33.2 (30.1, 36.0) 31.4 (28.1, 34.2) <0.01

No. of pregnanciesy 3 (2, 4) 3 (2, 4) <0.01

Oral contraceptive use, ever (%) 18.3 25.0 <0.001

Hormone replacement therapy use, ever (%) 4.7 4.3 0.62

No regular exercise (%) 71.8 66.3 0.05

Intensity of physical activities (metabolic
equivalent tasks)y 9.49 (7.30, 12.95) 10.82 (7.85, 13.65) <0.001

Diagnosis of diabetes (%) 15.0 6.9 <0.01

Body mass index (kg/m2)y 25.3 (22.9, 28.2) 23.4 (21.4, 25.9) <0.0001

Total caloric intake (kcal/day)y 1,739 (1,473, 2,048) 1,711 (1,424, 2,14) 0.03

Total fruit and vegetable intake (g/day)y 509.8 (341.6, 699.0) 488.3 (338.3, 684.1) 0.75

CYP19A1 genotypes

rs28566535 (%)

AA 41.9 43.8

AC 46.0 45.6

CC 12.1 10.6 0.46

rs1065779 (%)

GG 31.9 30.8

GT 51.5 48.1

TT 16.6 21.2 0.03

rs752760 (%)

TT 35.5 39.3

TC 49.5 45.0

CC 15.0 15.7 0.12

rs1870050 (%)

AA 55.8 47.5

AC 37.7 42.3

CC 6.5 10.2 <0.01

rs700519 (%)

CC 75.4 75.4

CT 23.1 22.6

TT 1.5 2.0 0.68

* For a v2 test (categorical variables) or a t test (continuous variables).

y Median (25th, 75th percentiles).

z Breast, endometrial, and ovarian cancers.
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threeSNPswhen comparedwith thedata fromHapMap (http://
www.hapmap.org) and/or Perlegen (http://genome.perlegen.
com). The other two SNPs, rs1065779 and rs28566535, were
not genotyped in either of these two databases.

For statistical analysis, chi-squared tests were used to
evaluate case-control differences in the distribution of gen-
otypes. Multivariate analyses were performed to adjust for
potential confounding variables, including age (continuous
variable), education (no formal education, elementary, mid-

dle school, high school, college), menopausal status, years
of menstruation (<25, <30, <35, �35 years), number of
pregnancies (0, 1, 2, 3, 4, �5), body mass index (by quin-
tile), alcohol consumption (never/ever), diagnosis of diabe-
tes (never/ever), physical activity in metabolic equivalent
tasks (METs) (by quintile), total energy intake (by quintile),
and total fruit and vegetable intake (by quintile). Logistic
regression models were used to estimate odds ratios and
their 95 percent confidence intervals. Haplotypes for all

TABLE 2. Association of soy food and tea consumption with endometrial cancer risk, Shanghai

Endometrial Cancer Study, 1997–2003

No. of
cases

(n ¼ 1,204)

No. of
controls

(n ¼ 1,212)

Odds
ratio*

95%
confidence
interval

Odds
ratioy

95%
confidence
interval

Soy protein (g/day)z

<7.1 384 404 1.0 1.0

7.1–13.3 429 405 1.0 0.8, 1.2 1.0 0.8, 1.2

>13.3 391 403 0.8 0.6, 1.0 0.8 0.6, 1.0

ptrend 0.06 0.07

Tea consumption

Never 845 834 1.0 1.0

Ever 359 378 0.8 0.6, 0.9 0.8 0.6, 1.0

Primarily green tea 322 343 0.8 0.6, 0.9 0.8 0.6, 0.9

Primarily black tea 21 25 0.7 0.4, 1.3 0.7 0.4, 1.3

Other types of tea 16 10 1.5 0.6, 3.6 1.5 0.6, 3.5

Amount of tea consumed
(g/year)

Never 845 834 1.0 1.0

�1,500 180 189 0.8 0.6, 1.0 0.8 0.6, 1.0

>1,500 167 171 0.8 0.6, 1.0 0.8 0.6, 1.0

ptrend 0.03 0.03

Years of tea
consumption

Never 845 834 1.0 1.0

1–10 78 118 0.6 0.4, 0.8 0.6 0.4, 0.8

11–20 106 96 1.0 0.7, 1.3 1.0 0.7, 1.3

>20 175 164 0.8 0.7, 1.1 0.8 0.6, 1.1

ptrend 0.13 0.11

Frequency of tea
consumption
(times/week)

Never 845 834 1.0 1.0

1–6 46 32 1.2 0.8, 2.0 1.2 0.8, 2.0

7 294 328 0.7 0.6, 0.9 0.7 0.6, 0.9

>7 19 17 0.8 0.4, 1.7 0.8 0.4, 1.7

ptrend 0.0063 0.0062

* Adjusted for age, education, menopausal status, years of menstruation, number of pregnancies, diagnosis of

diabetes, alcohol consumption, body mass index, physical activity, energy intake, and total fruit and vegetable

intake.

y Additionally adjusted for tea consumption (for soy protein intake) or soy protein intake (for tea-related

items).

zSoy protein: protein from soymilk, tofu, soy bean sprouts, fresh soybeans, and other soy products.
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five SNPs were constructed on the basis of their chromo-
somal position (SNP1, rs1065779; SNP2, rs700519; SNP3,
rs28566535; SNP4, rs752760; SNP5, rs1870050) via a
Bayesian approach using PHASE software (26, 27). Be-
cause of the significant interaction of SNPs rs1065779,
rs752760, and rs1870050 with tea consumption in the risk
of endometrial cancer, haplotypes were reconstructed on
the basis of these three SNPs (rs1065779, rs752760,
rs1870050). The differences of haplotype frequencies be-
tween cases and controls were tested with 100 times of
permutation (28). The haplotype data were analyzed by
weighted haplotype probability. Logistic regression was
used to assess the association of endometrial cancer risk
with each haplotype under dominant, recessive, and additive
genetic models. Stratified and joint association analyses
were performed to evaluate whether intakes of soy food
and tea modified the associations of CYP19A1 genotypes
with endometrial cancer risk. The likelihood ratio test

was conducted to formally test multiplicative interactions.
p values of less than 0.05 (two-sided probability) were in-
terpreted as statistically significant.

RESULTS

Selected demographic and risk factors were compared
between cases and controls as shown in table 1. Cases and
controls were similar in age, marital status, and education.
There were no significant differences between cases and
controls with respect to use of hormone replacement ther-
apy, cigarette smoking, or total fruit and vegetable intake.
Compared with controls, cases were significantly more
likely to have a younger age at menarche, an older age at
menopause, a greater number of years of menstruation,
a first-degree relative with any cancer or a hormone-related
female cancer, and a higher body mass index; to be

TABLE 3. Association of CYP19A1 genotypes with endometrial cancer risk, stratified by dietary soy

protein and tea intake status, Shanghai Endometrial Cancer Study, 1997–2003

CYP19A1
genotype

Low intake High intake

pinteractionNo. of
cases

No. of
controls

Odds
ratio*

95%
confidence
interval

No. of
cases

No. of
controls

Odds
ratio*

95%
confidence
interval

Soy proteiny

Rs28566535

AA 139 138 1.0 297 314 1.0

AC 146 154 1.0 0.7, 1.4 332 316 1.1 0.9, 1.4

CC 45 44 1.1 0.6, 1.8 81 65 1.3 0.9, 1.9 0.46

ptrend 0.86 0.21

Rs1065779

GG 101 107 1.0 229 210 1.0

GT 167 154 1.3 0.9, 1.9 365 341 0.9 0.7, 1.2

TT 59 74 0.9 0.6, 1.5 112 144 0.7 0.5, 1.0 0.45

ptrend 0.92 0.05

Rs752760

TT 115 126 1.0 250 265 1.0

TC 157 146 1.1 0.8, 1.6 351 302 1.2 0.9, 1.6

CC 54 50 1.0 0.6, 1.7 100 106 0.9 0.6, 1.3 0.85

ptrend 0.87 0.89

Rs1870050

AA 179 155 1.0 387 323 1.0

AC 127 138 0.8 0.6, 1.2 256 288 0.8 0.6, 1.0

CC 19 30 0.5 0.3, 1.0 47 73 0.6 0.4, 0.9 0.92

ptrend 0.04 <0.01

Rs700519

CC 245 244 1.0 528 530 1.0

CT 73 78 1.0 0.7, 1.5 164 154 1.1 0.8, 1.4

TT 5 11 0.3 0.1, 1.1 10 9 1.2 0.4, 3.1 0.40

ptrend 0.09 0.64

Table continues
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premenopausal, nulliparous, or diagnosed with diabetes;
and to consume more total energy. Cases were less likely
to be physically active, to drink alcohol, or to use oral con-
traceptives. There were no appreciable differences between
subjects included in the present study and those included in
the parent study (data not shown).

The distribution of all five SNPs was consistent with
Hardy-Weinberg equilibrium among controls (data not shown
in the table). The frequencies of the genotypes were sig-
nificantly different between cases and controls for SNPs
rs1065779 and rs1870050 (table 1).

High intake of soy protein was associated with a de-
creased risk of endometrial cancer, with an odds ratio of
0.8 (95 percent confidence interval: 0.6, 1.0) for the highest
versus the lowest tertile of intake (table 2). Compared with

non-tea drinkers, tea drinkers had a 20 percent (odds ratio¼
0.8, 95 percent confidence interval: 0.6, 0.9) reduced risk of
endometrial cancer. Of 737 tea drinkers, 665 (90.2 percent)
drank primarily green tea and 46 (6.2 percent) drank mainly
black tea. Excluding the 72 women who drank primarily
non-green tea did not change the results substantially.
Among tea drinkers, we did not observe a significant dose-
response association when frequency, amount, or duration
of tea consumption was considered. Soy intake and tea con-
sumption were not significantly correlated in this population
(data not shown).

We evaluated the joint effect of diet and CYP19A1 genetic
polymorphisms on endometrial cancer risk (table 3). Soy
protein intake did not significantly interact with any of the
five CYP19A1 SNPs. We estimated the amount of soy

TABLE 3. Continued

CYP19A1
genotype

Low intake High intake

pinteractionNo. of
cases

No. of
controls

Odds
ratio*

95%
confidence
interval

No. of
cases

No. of
controls

Odds
ratio*

95%
confidence
interval

Teaz

Rs28566535

AA 301 307 1.0 132 144 1.0

AC 331 321 1.0 0.8, 1.3 146 147 1.2 0.9, 1.8

CC 90 75 1.3 0.9, 1.9 36 34 1.1 0.6, 2.0 0.60

ptrend 0.35 0.40

Rs1065779

GG 211 226 1.0 117 90 1.0

GT 382 322 1.3 1.0, 1.7 148 171 0.6 0.4, 0.9

TT 126 153 0.9 0.6, 1.2 45 65 0.5 0.3, 0.8 0.01

ptrend 0.75 <0.01

Rs752760

TT 261 257 1.0 103 134 1.0

TC 344 319 1.0 0.8, 1.3 161 127 1.7 1.2, 2.6

CC 108 102 0.9 0.6, 1.3 46 53 1.0 0.6, 1.7 0.04

ptrend 0.63 0.29

Rs1870050

AA 389 326 1.0 176 149 1.0

AC 266 303 0.8 0.6, 1.0 115 123 0.9 0.6, 1.3

CC 50 61 0.8 0.5, 1.2 15 42 0.2 0.1, 0.5 0.01

ptrend 0.04 <0.01

Rs700519

CC 533 527 1.0 240 247 1.0

CT 170 159 1.1 0.8, 1.5 67 73 0.8 0.6, 1.3

TT 12 15 0.6 0.3, 1.4 3 5 0.7 0.1, 3.7 0.89

ptrend 0.93 0.39

* Adjusted for age, education, menopausal status, years of menstruation, number of pregnancies, diagnosis of

diabetes, alcohol consumption, body mass index, physical activity, caloric intake, and total fruit and vegetable

intake.

yHigh and low levels of intake were classified by the 33rd percentile of intake.

zNever and ever.
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TABLE 4. Odds ratios of CYP19A1 haplotypes with endometrial cancer risk, stratified by tea consumption, Shanghai Endometrial Cancer Study, 1997–2003

Haplotypes
(no. of

minor alleles)

Cases
(%) (n ¼
1,042)

Controls
(%) (n ¼
1,035)

All subjects Non-tea drinkers Tea drinkers

Dominant Recessive Additive Dominant Recessive Additive Dominant Recessive Additive

Odds
ratio*

95%
confidence
interval

Odds
ratio*

95%
confidence
interval

Odds
ratio*

95%
confidence
interval

Odds
ratio*

95%
confidence
interval

Odds
ratio*

95%
confidence
interval

Odds
ratio*

95%
confidence
interval

Odds
ratio*

95%
confidence
interval

Odds
ratio*

95%
confidence
interval

Odds
ratio*

95%
confidence
interval

Haplotype 1y

GCACA (1) 26.2 27.8 1.2 1.0, 1.4 0.7 0.5, 1.0 1.0 0.9, 1.2 1.1 0.8, 1.4 0.7 0.5, 1.2 1.0 0.8, 1.2 1.5 1.1, 2.2 0.8 0.4, 1.5 1.2 0.9, 1.6

GCCTA (1) 14.1 16.0 1.2 1.0, 1.5 2.2 1.1, 4.6 1.2 1.0, 1.5 1.1 0.8, 1.4 2.3 0.9, 6.0 1.1 0.9, 1.5 1.7 1.2, 2.6 2.3 0.7, 7.6 1.7 1.2, 2.4

GCATC (1) 9.6 8.7 0.9 0.7, 1.2 0.8 0.3, 2.3 0.9 0.7, 1.2 0.9 0.6, 1.2 1.6 0.4, 6.9 0.9 0.7, 1.2 1.0 0.6, 1.7 0.1 0.01, 1.4 0.9 0.6, 1.4

TCATC (2) 15.6 12.3 0.7 0.6, 0.9 0.4 0.2, 0.8 0.7 0.6, 0.9 0.8 0.6, 1.1 0.6 0.2, 1.7 0.8 0.6, 1.1 0.6 0.4, 0.9 0.2 0.1, 0.7 0.6 0.4, 0.8

TCACA (2) 8.3 8.5 1.1 0.8, 1.4 0.7 0.2, 2.0 1.0 0.8, 1.3 1.1 0.8, 1.6 0.5 0.1, 2.0 1.0 0.8, 1.4 0.9 0.5, 1.5 0.8 0.1, 6.7 0.9 0.5, 1.4

TTCTA (3) 7.6 8.8 1.3 1.0, 1.6 0.7 0.2, 2.2 1.2 0.9, 1.6 1.3 0.9, 1.7 1.0 0.2, 4.2 1.2 0.9, 1.7 1.2 0.8, 2.0 1.1 0.7, 1.8

Haplotype 2z

GTA (0) 18.6 15.8 1.4 1.1, 1.7 1.7 0.9, 3.0 1.3 1.1, 1.6 1.3 0.9, 1.7 1.5 0.8, 3.1 1.2 1.0, 1.6 2.0 1.3, 3.0 2.6 0.9, 7.8 1.8 1.3, 2.6

GCA (1) 29.2 27.8 1.2 1.0, 1.4 0.7 0.5, 1.0 1.0 0.9, 1.2 1.0 0.8, 1.3 0.8 0.5, 1.2 1.0 0.8, 1.2 1.5 1.0, 2.2 0.7 0.4, 1.4 1.2 0.9, 1.6

TTA (1) 16.4 15.0 1.1 0.9, 1.4 1.8 1.0, 3.2 1.2 1.0, 1.6 1.2 0.9, 1.6 2.3 1.1, 4.7 1.3 1.0, 1.6 1.0 0.6, 1.5 0.9 0.3, 2.8 1.0 0.7, 1.4

GTC (1) 9.8 11.1 0.8 0.6, 1.1 0.8 0.3, 2.2 0.9 0.7, 1.1 0.8 0.6, 1.1 1.4 0.4, 4.9 0.8 0.6, 1.1 1.0 0.6, 1.6 0.1 0.02, 1.4 0.9 0.5, 1.4

TTC (2) 15.5 20.1 0.7 0.6, 0.9 0.3 0.2, 0.6 0.7 0.6, 0.8 0.8 0.6, 1.1 0.4 0.2, 0.9 0.8 0.6, 1.0 0.5 0.3, 0.8 0.2 0.1, 0.5 0.5 0.4, 0.7

TCA (2) 10.3 10.0 1.1 0.8, 1.4 0.7 0.3, 1.7 1.0 0.8, 1.3 1.1 0.8, 1.5 0.5 0.2, 1.4 1.0 0.7, 1.3 0.9 0.6, 1.6 1.8 0.3, 11.5 1.0 0.6, 1.6

* Adjusted for age, education, menopausal status, years of menstruation, number of pregnancies, diagnosis of diabetes, alcohol consumption, body mass index, physical activity, caloric intake, soy protein intake,

and total fruit and vegetable intake.

y In the order of single nucleotide polymorphisms rs1065779, rs700519, rs28566535, rs752760, and rs1870050 based on their chromosome position.

z In the order of single nucleotide polymorphisms rs1065779, rs752760, and rs1870050.
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isoflavone intake by using the Chinese food composition
tables (25) and assessed its association with endometrial
cancer risk and its potential modifying effect on the gene-
cancer association. We found that intake of isoflavones was
inversely related to endometrial cancer risk but that it did
not modify the gene-disease association (data not shown).

We found that tea consumption significantly modified the
association of endometrial cancer risk with three SNPs:
rs1065779 (pinteraction ¼ 0.01), rs752760 (pinteraction ¼
0.04), and rs1870050 (pinteraction ¼ 0.01). The most notable
finding was that SNPs rs1065779 and rs1870050 were re-
lated to a reduced risk of endometrial cancer only among
women who drank tea regularly. Additionally adjusting for
soy protein intake did not materially change the results (data
not shown).

We present in table 4 the results of association analyses
among the common (frequency: >5 percent) CYP19A1 hap-
lotypes (for all five SNPs and only those three SNPs that
significantly interacted with tea consumption—rs1065779,
rs752760, and rs1870050). A global significant difference
in haplotype frequencies was found for both the five-SNP and
the three-SNP haplotypes (p < 0.05). Haplotypes TCATC and
TTC were related to a reduced risk of endometrial cancer,
and the associationsweremore pronounced among tea drinkers.
For haplotypes GCCTA and GTA, conversely, a positive asso-
ciation with endometrial cancer was observed (table 4).

We conducted further exploratory analyses by grouping
women together by the number of minor alleles of these
SNPs that they carried. In a comparison of women with
no or one minor allele in the diplotype derived from all five

SNPs or three SNPs (rs1065779, rs752760, and rs1870050),
the risk of endometrial cancer decreased with an increasing
number of minor alleles (table 5). This reduction in risk was
stronger among tea drinkers than among non-tea drinkers,
although the interaction tests were significant only for the
three-SNP–based diplotype (pinteraction ¼ 0.02).

DISCUSSION

In this population-based case-control study, we found that
dietary consumption of soy foods and tea was inversely
associated with endometrial cancer risk. Three polymor-
phisms (rs1065779, rs752760, and rs1870050), in both sin-
gle marker and haplotype analyses, were found to be related
to the risk of endometrial cancer, and their effects were
modified by tea consumption.

Our findings of an inverse association of endometrial
cancer with intakes of soy food and tea are consistent with
those of previous studies (12–15, 28), including our earlier
reports from subsets of the SECS (12–15). Soy foods are
rich in isoflavones, which have estrogenic or antiestrogenic
properties due to the similarity of their structure to that
of estradiol (7, 8). It has been suggested that these phytoes-
trogens, as well as tea polyphenols, decrease estrogen
biosynthesis and produce antiestrogenic effects through
lowering the activity of aromatase (16, 17, 29, 30). In addi-
tion to this antiestrogenic effect, polyphenols also have
other anticarcinogenic properties, such as an antioxidant
effect (31).

TABLE 5. Association of number of minor alleles in CYP19A1 diplotypes with endometrial cancer risk, the Shanghai Endometrial

Cancer Study, 1997–2003

No. of minor
alleles in
diplotypes

All subjects Non-tea drinkers Tea drinkers

No. of
cases

No. of
controls

Odds
ratio*

95%
confidence
interval

No. of
cases

No. of
controls

Odds
ratio*

95%
confidence
interval

No. of
cases

No. of
controls

Odds
ratio*

95%
confidence
interval

Diplotype 1y

0–2 362 323 1.0 239 228 1.0 123 95 1.0

3 342 354 0.9 0.7, 1.1 238 235 1.0 0.8, 1.3 104 119 0.6 0.4, 0.9

4 209 195 0.9 0.7, 1.2 153 128 1.1 0.8, 1.5 56 67 0.6 0.4, 1.0

>4 129 163 0.8 0.6, 1.0 98 115 0.9 0.6, 1.2 31 48 0.5 0.3, 0.8

ptrend 0.08 0.64 <0.01

pinteraction 0.14

Diplotype 2z

0–1 254 199 1.0 158 139 1.0 96 60 1.0

2 407 404 0.8 0.6, 1.0 300 274 1.0 0.7, 1.3 107 130 0.5 0.3, 0.7

3 317 339 0.7 0.6, 0.9 221 232 0.8 0.6, 1.1 96 107 0.5 0.3, 0.8

4–5 64 93 0.5 0.4, 0.8 49 61 0.7 0.4, 1.1 15 32 0.2 0.1, 0.5

ptrend <0.001 0.08 <0.001

pinteraction 0.02

* Adjusted for age, education, menopausal status, years of menstruation, number of pregnancies, diagnosis of diabetes, alcohol consumption,

body mass index, physical activity, caloric intake, soy protein intake, and total fruit and vegetable intake.

yDiplotype 1: in the order of single nucleotide polymorphisms rs1065779, rs700519, rs28566535, rs752760, and rs1870050 based on their

chromosome position.

zDiplotype 2: in the order of single nucleotide polymorphisms rs1065779, rs752760, and rs1870050.
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Aromatase is a crucial enzyme catalyzing three consecu-
tive hydroxylation reactions converting C19 androgens to
aromatic C18 estrogenic steroids, namely, androstenedione
and testosterone to estrone and estradiol, respectively. The
CYP19A1 gene codes aromatase, and its transcription is
regulated by tissue-specific promoters (32). The SNPs
rs1870050 and rs752760 are located in the first exon, close
to promoter I.1, the major promoter for the placenta. The
SNP rs28566535 is located in the first exon close to pro-
moter I.4, which is the promoter for adipose tissue, bone,
and skin. The SNP rs1065779 is located in intron 9, 53 base
pairs upstream of exon 10, which may affect transcription or
expression of aromatase. The SNP rs700519 (Arg264Cys) is
located in exon 7. By causing an amino acid change from
arginine to cysteine, this SNP may result in a change of
enzyme activity. Previous studies have found that variants
in the CYP19A1 gene lead to altered aromatase activity and
estrogen levels (18, 19, 33), which are related to risk of
hormone-related cancers (34, 35), including endometrial
cancer (21, 22). We also found that several polymorphisms,
SNPs rs1065779, rs752760, and rs1870050, were associated
with risk of endometrial cancer (23), suggesting that these
polymorphisms may play a critical role in the development
of endometrial cancer.

In this study, we observed significant interactions
between three CYP19A1 genetic polymorphisms and tea
consumption. Although these findings are new, they are bio-
logically possible. It has been shown that green tea catechins
and black tea polyphenol theaflavins decrease aromatase
enzyme activity (17, 31). Our finding that the associations
of rs1065779, rs752760, and rs1870050 with endometrial
cancer are more pronounced in tea drinkers is in agreement
with these results. It is possible that SNPs rs1065779 and
rs752760, two polymorphisms close to the promoter for
the placenta, may play an important role in the pathogenesis
of endometrial cancer. SNP rs1065779, through its effect
on transcription or the expression of aromatase, may also
be involved in the carcinogenesis of endometrial cancer.
The tea and single SNP interactions were also confirmed
in the haplotype analyses. Of note, these interactions were
most evident under the recessive model. Given that the func-
tionality of SNPs and associated haplotypes is not well
understood and that the genetic regulation of aromatase
has not been extensively studied in endometrial carci-
noma, further studies with a more comprehensive SNP cov-
erage of the CYP19A1 gene are needed to evaluate our
findings.

Wedid not observe a significant interaction between intake
of soy foods and any of the five polymorphisms in the
CYP19A1 gene. These results are not surprising, because
previous studies have relatively consistently found that the
inhibitory activity of isoflavones on aromatase, if any (30,
36–38), wasmuchweaker than that of other polyphenols (30,
37–40). On the other hand, in vitro studies have found that
soy isoflavones can inhibit the activity of 17b-hydroxysteroid
dehydrogenase type I (17b-HSD1), a key enzyme in catalyz-
ing estrone to the biologically more active estradiol (2, 41,
42). We have previously reported from the same study that
soy consumption may interact with polymorphisms in
the 17b-HSD1 gene in relation to endometrial cancer risk

(43). Taken together, these findings suggest that isoflavones
and tea polyphenols may modify the associations of genetic
polymorphisms in different estrogen-related genes with en-
dometrial cancer risk.

As with all case-control studies, the possibility for recall
bias could not be completely eliminated. We tried to mini-
mize recall bias by shortening the interval between diagno-
sis and interview for cases and by asking participants to
ignore any dietary change over the preceding year. Further-
more, it is unlikely that recall bias would depend on an
individual’s genotype. In this study, we collected informa-
tion on tea consumption according to the amount of tea
leaves used, because Chinese people drink tea by putting
loose tea leaves in a cup and repeatedly adding water using
the same tea leaves. Variability in the amount of water added
to the tea may have introduced measurement errors with
regard to tea consumption. Likewise, soy intake was also
subject to measurement errors. Misclassification of tea and
soy consumption, which is most likely to be nondifferential,
may bias the results toward the null. Although we adjusted
for many potential confounding factors, we still cannot ex-
clude the possibility that residual confounding or related
dietary patterns may partially explain our results. Finally,
we included only five polymorphisms in this study. These
SNPs were chosen on the basis of literature review of
published data and the potential functionality of the SNPs.
Thus, our study is not as comprehensive as other studies
that have applied the haplotype-tagging SNP approach (44,
45). Therefore, we cannot exclude the possibility that
there may be other polymorphisms that interact with die-
tary polyphenols and that these unstudied polymorphisms
may be responsible for the gene-tea interaction observed
in this study.

Strengths of this study included the population-based
study design, high response rate, high DNA sample donation
rate, and the low frequency of hysterectomy in the popula-
tion (3.6 percent), which minimized the selection bias.
The homogeneous ethnic background (>98 percent Han
Chinese) of the study participants avoided potential con-
founding from ethnicity. The large sample size enabled us
to explore potential gene-environment interactions.

In summary, this population-based study suggests that
consumption of soy food and tea was related to a reduced
risk of endometrial cancer. Tea consumption may interact
with genotypes of the CYP19A1 gene in the etiology of endo-
metrial cancer.
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