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Abstract A variety of factors affect the development of

endometriosis, including hormonal status and genetic fac-

tors. The growth of endometriosis is stimulated by local

estrogen production in conjunction with circulating estro-

gen. The CYP19 gene encodes a steroid aromatase that

catalyses the conversion of C-19 androgens to estrogens.

This study investigated whether polymorphisms of the

CYP19 gene are associated with the risk of advanced

endometriosis in Korean women. Blood samples were

collected from 224 female patients with endometriosis of

stages III and IV, as diagnosed by both pathologic and

laparoscopic findings, and from a control group comprising

of 188 women undergoing laparoscopic surgery or lapa-

rotomy for nonmalignant lesions. Single-nucleotide poly-

morphisms, restriction fragment length polymorphisms,

and tetranucleotide tandem repeat polymorphisms were

discriminated by the polymerase chain reaction (PCR).

Haplotype analysis was also performed. CYP19 115T>C,

240G>A, and 1531C>T polymorphisms and [TTTA]n te-

tranucleotide repeat polymorphisms in the CYP19 gene

and their haplotypes were not significantly associated with

the risk of endometriosis. The risk of endometriosis also

did not increase significantly with the number of higher

risk alleles of the CYP19 gene. In conclusion, our findings

suggest that CYP19 genetic polymorphisms are not asso-

ciated with advanced-stage endometriosis in Korean wo-

men.

Keywords CYP19 gene polymorphism � Haplotype �
Estrogen-metabolizing gene � Advanced-stage

endometriosis

Introduction

Endometriosis is one of the most common gynecologic

disorders, but its etiology and pathogenesis remain obscure.

There is increasing evidence that endometriosis is inherited

as a complex genetic trait, implying that multiple gene loci

interact with both each other and the environment to pro-

duce the phenotype disease (Kennedy 1997). Recent ge-

netic studies have found an association between the

development of endometriosis and the polymorphisms of

several genes (Cramer et al. 1996; Baranova et al. 1997;

Watanabe et al. 2001; Chang et al. 2002; Wieser et al.

2002; Hur et al. 2005), including the genes related to

estrogen metabolism (Georgiou et al. 1999; Kitawaki et al.

2001; Kado et al. 2002).

The growth of endometriosis increases with the level of

estrogen. Endometrial implants contain estrogen, proges-

terone, and androgen receptors (Lessey et al. 1989; Pre-

ntice et al. 1992; Bergqvist and Fernö 1993), as well as

aromatase, an enzyme that catalyses the conversion of
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androgens to estrogens. Ectopic endometriotic implants

respond to ovarian hormonal changes. Local estrogen

production in conjunction with circulating estrogen stim-

ulates the growth of endometriosis, which is mediated by

the estrogen receptor (Kitawaki et al. 1997).

Aromatase is a member of the cytochrome P450 enzyme

family and is encoded by the CYP19 gene. CYP19 is one of

the essential enzymes for the biosynthesis of estrogen,

which converts androgens into estrogens, androstenedione

into estrone, and testosterone into estradiol. Although en-

dometriotic implants express aromatase, endometrial tissue

from uterine-disease-free women does not exhibit aroma-

tase activity (Kitawaki et al. 1999; Bulun et al. 2004). In

contrast, aromatase enzyme activity and increased mRNA

levels are readily detectable in endometriosis (Bulun et al.

2005). We speculated that the onset or growth of endo-

metriosis might be associated with an aberrant transcription

of CYP19.

The CYP19 gene has several polymorphisms: a

[TTTA]n tetranucleotide repeat polymorphism in intron 4

(Healey et al. 2000; Kristensen et al. 2000), a 115T>C

polymorphism in exon 2 (Trp39Arg) (Miyoshi et al. 2000),

a silent 240A>G polymorphism at codon 80 in exon 3

(Siegelmann-Danieli and Buetow 1999), a 790C>T poly-

morphism in exon 8 (Arg264Cys) (Toda et al. 1990;

Kristensen et al. 2000; Lee et al. 2003), and a 1531C>T

polymorphism in the 3¢ untranslated region of exon 10

(Sourdaine et al. 1994). CYP19 gene polymorphisms are

reportedly associated with estrogen-dependent diseases,

such as uterine myoma, endometriosis, breast cancer, and

endometrial cancer (Hirose et al. 2004; Bulun et al. 2005;

Paynter et al. 2005).

The development of endometriosis depends on estrogen,

and several features of this disease can be explained by the

overproduction of estrogen. Endometriosis is currently

treated using hormones that aim to lower the circulation

level of estrogen. Genetic polymorphisms in the estrogen-

synthesizing or estrogen-metabolizing enzymes may be

responsible for interindividual variations in the levels and

the activity of circulating estrogen, and may play an

important role in interindividual variations in endometri-

osis by altering the local estrogen production or circulation

levels of estrogen.

We evaluated whether the 115T>C, 240G>A, and

1531C>T polymorphisms and their haplotypes and also

[TTTA]n tetranucleotide repeat polymorphisms in CYP19

are associated with the risk of endometriosis.

In this study, we have investigated the potential

influence of CYP19 polymorphisms in Korean women

with and without endometriosis to assess the risk of

individual genotypes or haplotypes that alter metaboliz-

ing capabilities for estrogen in the development of

endometriosis.

Material and methods

Subjects

The study protocol was approved by the Institutional Re-

view Board on the Use of Human Subjects in Research at

Ewha Womans University and informed consent was ob-

tained from each patient. The endometriosis patients had

undergone laparotomy or laparoscopy from the Obstetrics

and Gynecology Department at Ewha Womans University

Hospital. The patients consisted of 224 unrelated Korean

women and were diagnosed as advanced-stage endometri-

osis (stages III and IV) by both pathological and laparo-

scopic findings according to the revised American Fertility

Society classification of endometriosis (American Fertility

Society 1985). The 188 women undergoing laparoscopic

surgery or laparotomy for nonmalignant lesions, such as

benign ovarian cyst, were included in the control group.

Blood samples were collected for DNA extraction.

115T>C genotyping

Polymerase chain reaction (PCR) with confronting two-pair

primers (Hirose et al. 2004) was used for the 115T>C

polymorphism, with the amplification for CYP19 being

achieved using primers forward 1: 5¢-ATCTGTACTGTA-

CAGCACC-3¢ and reverse 1: 5¢-ATGTGCCCTCATAA

TTCCG-3¢ (Bioneer, Seoul, Korea) for the C (Arg) allele

and forward 2: 5¢-GGCCTTTTTCTCTTGGTGT-3¢ and

reverse 2: 5¢-CTCCAAGTCCTCATTTGCT-3¢ (Bioneer,

Seoul, Korea) for the T (Trp) allele. Genomic DNA (30–

100 ng) was added to 25 ll of reaction medium with

0.15 mM deoxynucleotide triphosphates, 25 pmol of each

primer, 5 units of AmpliTaq Gold, and 2.5 ll of GeneAmp

10· PCR buffer, including 15 mM MgCl2 (Perkin-Elmer,

Foster City, CA, USA). All PCR amplifications were car-

ried out using a GeneAmp 9600 thermal cycler (Perkin-

Elmer). Amplification conditions were 10 min of initial

denaturation at 95�C, followed by 30 cycles of 1 min at

95�C, 1 min at 54�C, and 1 min at 72�C and 5 min of final

extension at 72�C. The amplified DNA was visualized on

2% agarose gel with ethidium bromide staining. The

genotypes were distinguished as follows: a 200-bp band for

the T allele, a 264-bp band for the C allele, and a 427-bp

common band.

240A>G genotyping

For determination of the 240A>G polymorphism at po-

sition Val80 in CYP19, a 188-bp PCR product was gen-

erated. The PCR was carried out in a 25-ll reaction

mixture containing 200 ng genomic DNA, 2.0 mM

MgCl2, 250 lM deoxy-NTPs, 0.5 lM of each primer, and
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0.5 U Taq DNA polymerase. The primer sequences were

as follows: forward, 5¢-AGTAACACAGAACAGTTGCA-

3¢; reverse, 5¢-TCCAGACTCGCATGAATTCTCCGTA-3¢
(Bioneer). A mismatch (G instead of A) was introduced in

the reverse primer to create a restriction site for the Rsa1

enzyme. All PCR amplifications were carried out using a

GeneAmp 9600 thermal cycler (Perkin-Elmer). After an

initial denaturation at 95�C for 5 min, 35 cycles of

amplification with denaturation at 95�C for 30 s, anneal-

ing at 56�C for 30 s, and extension at 72�C for 30 s were

performed, followed by a final extension step of 7 min at

7�C. The PCR product was digested overnight with 5 U

Rsa1 followed by size separation and visualization of the

restriction fragments by electrophoresis on 1% agarose

gels stained with ethidium bromide and viewed by UV

illumination. The presence of the G variant in CYP19

resulted in digestion of the 188-bp amplicon to two

smaller fragments of 164 bp and 24 bp. Only one 188-bp

fragment was seen in subjects with the AA genotype. In

subjects with the GA genotype, two bands of 188 bp and

164 bp were seen, whereas in those subjects homozygous

for the G variant (GG), only one 164-bp PCR fragment

was present.

CYP19 1531C>T genotyping

CYP19 C1558-T genotyping for polymorphisms were

carried out by PCR as described by Tofteng et al. (2004)

with minor modifications. A 190-bp DNA fragment,

including the polymorphic site in exon 10, was amplified

by PCR. Because there are no naturally occurring restric-

tion sites capable of discriminating the C to T transition,

we introduced a recognition site in the wild-type allele for

the restriction enzyme Bsp1286 I by altering one nucleo-

tide (C to G) close to the 3¢-end of the forward primer.

DNA samples were amplified with the forward primer: 5¢-
TAG AGA AGG CTG GTC AGT GCC-3¢, reverse primer

5¢-CTC TGG TGT GAA CAG GAG CA-3¢ (Bioneer). PCR

was performed in a final volume of 50 ll, consisting of

DNA (0.1 g) dNTP (0.2 mM each) (Perkin-Elmer) MgCl2

(2.5 mM), each primer (1.0 lM for CYP19 C1558-T), Taq

polymerase (1.25 U) (Perkin-Elmer), reaction buffer, and

2% DMSO. Amplification was performed with an initial

denaturation at 9�C for 2 min, followed by 30 cycles of

amplification performed at 95�C for 30 s, 61�C for 30 s,

and 72�C for 30 s, and a final extension at 7�C for 7 min,

using a GeneAmp 9600 thermal cycler (Perkin-Elmer). The

PCR products were digested for 12 h at 37�C with Bsp1286

I (New England BioLabs Inc., Beverly, MA, USA), fol-

lowed by size separation and the visualization of restriction

fragments by electrophoresis on 2.5% agarose gels stained

with ethidium bromide. Wild-type alleles with the restric-

tion site (cleavage to 169 bp+21 bp) were denoted C,

variant alleles (uncleaved product) without the restriction

site were denoted T (190 bp).

Tetranucleotide repeat polymorphism [TTTA]n

genotyping

The CYP19 VNTR in intron 4 [TTTA]n alleles were

determined by introducing 100 ng of genomic DNA in a

PCR reaction mixture containing 10· PCR buffer, 200 lM

dNTPs, 2.0 mM MgCl2, and 0.35 U Taq DNA polymerase

(Life Technologies Ltd., Gaithersburg, Scotland, UK) to a

15-ll total reaction volume, using 0.3 lM of the following

primers: forward 5¢-GCA GGT ACT TAG TTA GCT AC-

3¢, reverse 5¢-TTA CAG TGA GCC AAG GTC GT-3¢. All

PCR amplifications were carried out using a GeneAmp

9600 thermal cycler (Perkin-Elmer). The amplification

parameters were as follows: 3 min for initial denaturation

at 94�C, 30 s at 94�C, 35 s at 55�C, 7�C for 30 s—these

steps were repeated for 30 cycles—final extension step at

72�C for 10 min. CYP19 were analyzed in 8% and 10%

polyacrylamide gels (29:1 ratio of acrylamide to bis-

acrylamide), respectively, and were silver stained. Geno-

types were identified by UV densitometry (Gel-Doc 2000

system, Bio-Rad Laboratories Inc., Hercules, CA, USA).

Statistical analysis

Among control subjects, the genotype frequencies for

each CYP19 marker were examined for deviation from

the Hardy-Weinberg equilibrium (HWE) using the X2 test.

The haplotype combination at CYP19 115T>C, 240A>G,

and 1531C>T in the individuals was inferred using the

maximum likelihood estimation method with the Haplo-

type program (http://www.people.fas.harvard.edu/~junliu/

Haplo/docMain.htm) (Niu et al. 2002). The differences in

the distribution of the genotypes, haplotypes, and diplo-

type distributions between the groups were assessed by a

Chi-square test. Logistic regression models were used to

estimate odds ratios (ORs) and 95% confidence intervals

(CIs) for CYP19 genotypes and to evaluate their inter-

action with endometriosis. The potential confounding

factors that affect endometriosis risk, such as age and

body mass index (BMI), was adjusted for using logistic

models in the estimation of ORs. Adjustments for these

factors did not produce substantial changes in the results.

We reported the results with and without adjustments for

these factors. All analyses were conducted using the

Statistical Package for the Social Sciences version 12.0

(SPSS Inc., Chicago, IL, USA). Pairwise linkage dis-

equilibrium (LD) between four CYP1B1 polymorphic loci

was assessed using the Haploview program (version 3.2,

available at http://www.broad.mit.edu/mpg/haploview/

index.php).
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Results

We determined the frequency of the 115T>C, 240A>G,

and 1531C>T polymorphisms of the CYP19 gene among

188 healthy control subjects in the Korean women. The

distributions of the 115T>C, 240A>G, and 1531C>T

genotypes were in Hardy-Weinberg equilibrium, and the

genotype frequencies did not differ significantly between

the endometriosis and control groups (Table 1). Using the

homozygous wild genotype as a reference group for each

polymorphism, the ORs did not differ significantly between

the homozygous variant genotype and the heterozygous-

plus-homozygous variant genotype, even after adjusting for

age and BMI (Table 2). Individual haplotypes and diplo-

types of single-nucleotide polymorphisms (SNPs) were

determined using the Haplotyper program. Analysis of the

115T>C, 240A>G, and 1531C>T SNPs revealed only six

of the eight possible haplotypes. The most common hap-

lotype and diplotype were TGT and TAC/TGT, respec-

tively. The distribution, frequencies, and risks of the

estimated haplotype combinations are listed in Table 3.

The haplotype and diplotype combinations were not sig-

nificantly associated with the risk of endometriosis. Sig-

nificant linkage disequilibrium among the three CYP19

SNPs is evident in Table 4.

There were 8.85±2.29 repeats (mean±SD). The most

frequent allele was [TTTA]11, followed by [TTTA]7 and

[TTTA]7–3 ([TTTA]7 with an additional 3-bp deletion) in

both groups. We found no significant association between

the [TTTA]n repeat polymorphisms and endometriosis

(Table 5). Dividing the number of [TTTA]n repeats into

two groups (S, up to 7 repeats; L, 813 repeats) resulted in no

significant differences between the S and L groups (Ta-

ble 6). Strong linkage disequilibrium was observed between

the T genotype of 408C>T and [TTTA]n with n=813

(correlation coefficient of 0.621, p<0.0001) (Table 7).

Discussion

Estrogen is a sex steroid that significantly affects the

development of endometriosis, and, hence, genes control-

ing the synthesis of estrogen, such as CYP19, are strong

candidates for disorders associated with estrogen exposure,

including endometriosis. CYP19 polymorphisms can

potentially change gene expression and, thereby, affect

sex-steroid action. In the present study, which is the first to

investigate the association of CYP19 115T>C, 240A>G,

and 1531C>T polymorphisms with endometriosis, we

identified 115T>C, 240A>G, and 1531C>T polymorphisms

and [TTTA]n tetranucleotide repeat polymorphisms in the

CYP19 gene, and found that none of these polymorphisms

or their haplotypes were significantly associated with the

risk of endometriosis.

A case–control study found that the CYP19 115T>C

(Trp39Arg) polymorphism is significantly associated with

breast cancer risk, in that this risk is significantly lower in

carriers of the variant Arg (C) allele than in noncarriers in

premenopausal Japanese women (Miyoshi et al. 2000;

Hirose et al. 2004). Functional genomic studies performed

with the Trp39Arg variant and the double variant Arg39-

Cys264 revealed a slight decrease in both the activity and

quantity of allozyme protein for the Arg (C) allele, whereas

double variant Arg39Cys264 allozymes showed significant

decreases in the activity and levels of immunoreactive

protein when compared with the wild-type enzyme (Ma

et al. 2005). The presence of Trp39Arg in a Japanese

population resulted in a less active aromatase protein

(Miyoshi et al. 2000; Nativelle-Serpentini et al. 2002). In

our study, the C genotype of the 115T>C polymorphism

tended to decrease the risk of endometriosis, but this did

not reach statistical significance. Because the allele fre-

quency of the C variant of the 115T>C polymorphism is

only 4.5% (17 cases) in Koreans, we cannot compare the

Table 1 The distribution of each of the 115T>C, 240A>G, and 1531C>T CYP19 genotypes

Genotype Number (%) p value Allele Number (%) p value

Control Endometriosis Control Endometriosis

115T>C TT 172 (91.5%) 213(95.5%) 0.07 T allele 359 (95.5%) 436 (97.8%) 0.07

TC 15(8.0%) 10 (4.5%) C allele 17 (4.5%) 10 (2.2%)

CC 1 (0.5%) 0 (0%)

240A>G AA 54 (28.7%) 61 (27.4%) 0.66 A allele 203 (54.0%) 234 (52.5%) 0.67

AG 95 (50.5%) 112 (50.2%) G allele 173 (46.0%) 212 (47.5%)

GG 39 (20.7%) 50 (22.4%)

1531C>T CC 37 (19.7%) 43 (19.3%) 0.99 C allele 166 (44.1%) 197 (44.2%) 0.99

CT 92 (48.9%) 111(49.8%) T allele 210 (55.9%) 249 (55.8%)

TT 59 (31.4%) 69 (30.9%)
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effect of this allele with the results from studies performed

on other ethnic groups.

In our study, a synonymous polymorphism 240A>G

(codon 80) in exon 3 (A genotype carrier) did not affect the

risk of endometriosis development. The 240A>G poly-

morphism was associated with breast cancer in postmen-

opausal Caucasian women, and the serum estradiol

concentrations were higher in women with the AA geno-

type than in those with the GG genotype. All of our sub-

jects were premenopausal, whereas the other breast cancer

and hormone studies involved postmenopausal women,

and, hence, the differing results might be due to the cir-

cumstances and role of the CYP19 enzyme in estrogen

metabolism differing with the menopausal status.

For the CYP19 1531C>T transition in the 3¢ untranslated

region of exon 10, women with the T allele had significantly

lower levels of testosterone, androstenedione, DHEA, and

DHEAS. A significantly greater estrone:androstenedione

ratio supports the hypothesis that the T allele elevates aro-

matase activity (Haiman et al. 2002). The variant T allele

was previously suggested to be associated with a high

estrogen profile because it was correlated with tumor aro-

matase mRNA levels. The variant T allele is associated with

alternative promoter use (Somner et al. 2004), and Kris-

tensen et al. (2000) found that it was more frequent in breast

cancer cases than in their controls. Other studies have found

no association between the 1531C>T polymorphism and

breast cancer risk, and the present study found that the

CYP19 1531C>T polymorphism is not associated with the

risk of endometriosis. Our results are consistent with the

recent study by Travis et al. (2004) suggesting the absence

of an association between the CYP19 1531C>T polymor-

phism and plasma estradiol concentrations in postmeno-

pausal women.

We found a tetranucleotide tandem repeat polymor-

phism that varies from 7 to 13 repeats in intron 4, and with

an additional 3-bp deletion, although no data exist on the

functionality of either the tetranucleotide repeat or the

Table 3 Frequencies of diplotypes and the risk of endometriosis (115T>C, 240A>G, and 1531C>T CYP19 genotypes)

Diplotype Number (%) OR (95% CI) p value Adj. OR (95% CI)

Age, BMI

p value

115T>C, 240A>G, 1531C>T Total Control Endometriosis

TAC/TAC 59 (14.6%) 21 (11.2%) 38 (17.5%) 1

TAC/TAT 33 (8.1%) 16 (8.5%) 17 (7.8%) 0.59 (0.25–1.40) 0.23 0.56 (0.23–1.34) 0.19

TAC/TGC 5 (1.2%) 3 (1.6%) 2 (0.9%) 0.37 (0.06– 2.38) 0.29 0.36 (0.05–2.34) 0.28

TAC/TGT 154 (38.0%) 74 (39.4%) 80 (36.9%) 0.60 (0.32–1.11) 0.10 0.62 (0.33–1.16) 0.14

TAC/CGT 13 (3.2%) 10 (5.3%) 3 (1.4%) 0.17 (0.04–0.67) 0.01 0.18 (0.04–0.73) 0.02

TAT/TAT 8 (2.0%) 6 (3.2%) 2 (0.9%) 0.18 (0.03–0.99) 0.05 0.19 (0.04–1.05) 0.06

TAT/TGT 38 (9.4%) 17 (9.0%) 21 (9.7%) 0.68 (0.30–1.57) 0.37 0.74 (0.32–1.70) 0.47

TGC/TGT 7 (1.7%) 2 (1.1%) 5 (2.3%) 1.38 (0.25–7.75) 0.71 1.61 (0.28–9.21) 0.59

TGT/TGT 80 (19.8%) 34 (18.1%) 46 (21.2%) 0.76 (0.37–1.45) 0.41 0.80 (0.40–1.62) 0.54

TGT/CGT 8 (2.0%) 5 (2.7%) 3 (1.4%) 0.33 (0.07–1.53) 0.16 0.20 (0.04–1.16) 0.07

Total 405 (100%) 188 217

Haplotype Number (%) OR (95% CI) p value Adj. OR (95% CI)

Age, BMI

p value

115T>C, 240A>G, 1531C>T Total Control Endometriosis

TAC 323 (39.3%) 145 (38.6%) 178 (39.9%) 1 – – –

TAT 89 (10.8%) 45 (12.0%) 44 (9.9%) 0.80 (0.50–1.27) 0.34 0.80 (0.50–1.28) 0.80

TGC 15 (1.8%) 5 (1.3%) 10 (2.2%) 1.63 (0.55–4.87) 0.38 1.67 (0.55–5.04) 1.67

TGT 368 (44.8%) 166 (44.1%) 202 (45.3%) 0.99 (0.73–1.34) 0.95 1.03 (0.76–1.39) 1.03

CAC 25 (3.0%) 15 (4.0%) 10 (2.2%) 0.54 (0.24–1.25) 0.15 0.48 (0.20–1.14) 0.48

CGT 2 (0.2%) 0 (0%) 2 (0%) NA NA NA NA

Total 822 (100%) 376 (100%) 10 (0.2) – – – –

Table 4 Linkage disequilibrium (LD) between CYP19 polymor-

phisms in the Korean populations for the 115T>C, 240A>G, and

1531C>T genotypes

CYP19 LOD D’(D’ confidence bounds) r2

115T>C –240A>G 2.97 0.87 (0.47–0.97) 0.02

115T>C–1531C>T 4.02 0.82 (0.51–0.94) 0.03

240A>G–1531C>T 73.76 0.90 (0.85–0.94) 0.57
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deletion polymorphisms. The different genetic variants

may lead to alternate splicing patterns and mRNA tran-

scripts, which could, ultimately, modify the activity of the

resulting protein. On the other hand, the intratumoral aro-

matase activity tended to be higher in carriers of the lon-

gest CYP19 alleles than in carriers of all other CYP19

allele variants. The [TTTA]10 allele was found to be

associated with endometriosis (Arvanitis et al. 2003), and

several studies have failed to show associations between

[TTTA]n repeat polymorphisms (including the 3-bp I/D

polymorphism) and the risks of breast cancer and endo-

metriosis (Probst-Hensch et al. 1999; Healey et al. 2000). A

Japanese study found no significant association between

[TTTA]n repeat polymorphisms and endometriosis, but

patients carrying the D/D genotype were more frequent in

the endometriosis group than in their control group (Kado

et al. 2002), especially in subgroups with a chocolate cyst.

The present study found that advanced-stage endometriosis

was not associated with [TTTA]n repeat polymorphisms

(including the 3-bp I/D polymorphism), despite the severity

of endometriosis in our patients being similar to that in the

Japanese study. Differences in the distributions of te-

tranucleotide repeats or deletion polymorphisms might be

responsible for different results in association studies.

In present study, the CYP19 [TTTA]n polymorphisms

were in linkage disequilibrium with the 1531C>T poly-

morphism (correlation coefficient of 0.621, p<0.0001), and

the number of repeats was highest in women with the TT

genotype (11 repeats), which is consistent with a Danish

study (Tofteng et al. 2004).

Our finding of the absence of an association between

CYP19 polymorphisms and the risk of endometriosis is

consistent with a Japanese study finding no association

between the Arg264Cys polymorphism and endometriosis

(Tsuchiya et al. 2005). The CYP19 gene appears to have a

limited number of common haplotypes and many very rare

haplotypes. The haplotype associated with the risk of

endometrial cancer in postmenopausal women is also sig-

nificantly associated with the ratios of estrone to andro-

stenedione and estradiol to testosterone, which are products

and substrates of the enzyme aromatase that are encoded by

CYP19 (Paynter et al. 2005). However, in our study, we

found no association between haplotype and the risk of

endometriosis, which might be due to the different men-

strual status of our subjects.

The strengths of this study include the relatively large

number of endometriosis cases and the use of Korean fe-

male subjects, who are considered to be genetically

homogenous.

Table 5 CYP19 intron 4

[TTTA]n repeat allele

frequencies in endometriosis

and controls

CYP19 Group OR (95% CI) p value

Repeat number Control alleles (n=376) Endometriosis alleles (n=448)

[TTTA]7–TCT 81 (21.5%) 97 (21.7%) 1

[TTTA]7+TCT 116 (30.9%) 129 (28.8%) 0.93 (0.63–1.37) 0.71

[TTTA]11 134 (35.6%) 159 (35.5%) 1.95 (0.49–7.78) 0.35

[TTTA]12 38 (10.1%) 54 (12.1%) 1.19 (0.71–1.97) 0.51

Others 7 (1.95%) 9 (2.0%) 1.070 (0.37–3.01) 0.78

Table 6 The distribution of the CYP19 intron 4 [TTTA]n repeat allele frequencies and ORs of the individual genotypes. The OR of the SS

genotype was considered as the reference

CYP19 repeat Group OR (95% CI) p value ORAdj (95% CI) P Adj value

Controls (n=188) Endometriosis (n=224)

SS 50 (26.6%) 55 (24.6%) 1

SL 97 (51.6%) 116 (51.8%) 1.09 (0.68–1.74) 0.73 1.10 (0.68–1.77) 0.70

LL 41 (21.8%) 53 (23.7%) 1.18 (0.67–2.06) 0.57 1.21 (0.69–2.14) 0.50

SS+SL 147 (78.2%) 171(76.3%) 1 1 1 1

LL 41 (21.8%) 53 (23.7%) 1.11 (0.70–1.77) 0.66 1.14 (0.71–1.82) 0.56

Table 7 Association between two polymorphisms in the CYP19

gene tetranucleotide repeat in intron 4 and CYP19 1531C>T

CYP19 repeat number CYP19 408C>T

CC CT TT

SS 60 36 9

SL 14 158 41

LL 6 10 78
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In conclusion, endometriosis does not appear to be

associated with CYP19 polymorphisms, and, hence, the

genotypes and haplotype frequencies of these polymor-

phisms are probably not useful markers for predicting

susceptibility to endometriosis.
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