
ENDOMETRIOSIS

Polymorphisms in ESR1, ESR2 and HSD17B1 genes are associated with
fertility status in endometriosis

MERIT LAMP1,2, MAIRE PETERS1,3, EVA REINMAA2,3, KADRI HALLER-KIKKATALO1,4,5,
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Abstract
Objective. To investigate whether polymorphisms in genes involved in biosynthesis and signalling of sex steroids influence
susceptibility to endometriosis and to infertility associated with it.
Materials and methods. Patients with endometriosis (n¼ 150) and fertile controls (n¼ 199) were genotyped for
polymorphisms in oestrogen receptor genes ESR1 (rs2234693 – T/C single nucleotide polymorphism (SNP), dinucleotide
(TA)n repeat) and ESR2 (dinucleotide (CA)n repeat), progesterone receptor gene PGR (rs10895068 – G/A SNP, 306-bp
Alu-insertion), 17b-hydroxysteroid dehydrogenase type 1 gene HSD17B1 (rs605059 – A/G SNP), and aromatase gene
CYP19A1 (rs10046 – C/T SNP, (TTTA)n tetranucleotide repeat, 3-bp TCT insertion/deletion polymorphism).
Results. The HSD17B1 A/G SNP A allele increased overall endometriosis risk and the risk of stage I–II disease, while ESR1
longer (TA)n repeats only correlated with susceptibility to stage I–II endometriosis. When considering patients’ fertility
status, HSD17B1 A/G SNP A allele and ESR1 longer (TA)n repeats were associated with endometriosis accompanied by
infertility, while ESR2 shorter (CA)n repeats were linked with endometriosis without infertility. Other polymorphisms were
distributed similarly among patients and controls.
Conclusions. Genetic variants in ESR1, ESR2, and HSD17B1 genes could modify susceptibility to endometriosis and might
influence the fertility status in endometriosis patients.

Keywords: Aromatase, endometriosis, infertility, oestrogen receptor, polymorphism, progesterone receptor, 17b-hydroxysteroid
dehydrogenase type 1

Introduction

Endometriosis is a chronic gynaecological disease

defined by the presence of endometrial-like tissue

outside the uterine cavity. Primary symptoms include

dysmenorrhoea, chronic pelvic pain, and infertility.

The prevalence of endometriosis varies from 6%

among fertile women to 45% in infertile women

undergoing laparoscopy [1,2]. Despite its relatively

high prevalence, the aetiology and pathogenesis of

endometriosis are not fully understood. In general, it

is considered to be a sex hormone-dependent disease

[3] influenced also by genetic factors [4]. Therefore,

associations with several genes involved in biosynth-

esis and signalling pathways of steroid hormones have

been studied [5]. These genes could also affect female

fertility, yet their possible role in the development of

endometriosis-associated infertility has received little

attention and is quite unknown thus far.

Sex steroids, oestrogen and progesterone, are

mainly produced in the ovaries and they regulate the

growth of endometrial tissue, basically by stimulating
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and inhibiting cell proliferation, respectively. In

addition, oestrogen plays an important role in the

regulation of cyclic gonadotropin release and in

folliculogenesis [6]. The effects of these hormones

are mediated via oestrogen receptors ERa and ERb,

and progesterone receptors PR-A and PR-B. ERa and

ERb are encoded by two genes, ESR1 on chromo-

some 6q25.1 and ESR2 on chromosome 14q23.2,

respectively. ER isoforms show partially overlapping

but also unique functions and expression patterns in

human tissues. In the reproductive tract ERa is

primarily expressed in the uterus, whereas ERb is

more expressed in the ovary [7]. In tissues coexpres-

sing ERa and ERb, cellular response to oestrogens

depends on the ERa/ERb ratio, since ERb tends to

inhibit ERa-mediated gene expression [7]. The PR-A

and PR-B isoforms are both encoded by the PGR gene

on chromosome 11q22–q23, using separate promo-

ters and translational start sites. PR-B contains an

additional 165 amino acids at the N terminus and acts

mostly as a transcriptional activator, while PR-A

represses the transcriptional activity of PR-B and of

other steroid receptors [8]. ER and PR isoforms are all

expressed in normal endometrium as well as in

endometriotic lesions [9,10], and genetic polymorph-

isms in their respective genes could alter relative

expression levels of receptor subtypes, thus modifying

tissue sensitivity to sex steroids.

Two key enzymes in oestrogen biosynthesis are

cytochrome P450 aromatase and 17b-hydroxysteroid

dehydrogenase type 1 (17b-HSD1). Aromatase cata-

lyses the conversion of testosterone and androstene-

dione to oestradiol and oestrone, respectively, and

17b-HSD1 converts oestrone to the biologically more

active oestradiol. Aromatase is encoded by the

CYP19A1 gene on chromosome 15q21.1, and 17b-

HSD1 by the HSD17B1 gene on chromosome

17q11-q21. Both enzymes are expressed in the

ovaries, but normal human endometrium contains

only low levels of 17b-HSD1 and no aromatase.

However, in eutopic and ectopic endometrium of

women with endometriosis, both enzymes are sig-

nificantly up-regulated [11,12], suggesting the im-

portance of these enzymes and of local oestrogen

production in the pathogenesis of endometriosis.

Several polymorphisms in these five genes (ESR1,

ESR2, PGR, CYP19A1, and HSD17B1) have been

associated with different oestrogen-dependent dis-

eases [13–16], including endometriosis [5]. In addi-

tion, ESR1 and CYP19A1 genetic variants have been

shown to influence reproductive processes and to

correlate with unexplained infertility in females [17–

19]. However, the role of these genes in endome-

triosis-associated infertility has not been investigated.

Based on the literature we chose nine polymorphisms

for our study: within the ESR1 gene, a T/C single

nucleotide polymorphism (SNP) in intron 1 and a

(TA)n microsatellite repeat in the promoter region; in

the ESR2 gene, a (CA)n repeat polymorphism in

intron 5; in the PGR gene, a G/A SNP in the promoter

region and a 306-bp Alu-insertion in intron 7; in the

CYP19A1 gene, a (TTTA)n repeat and a 3-bp (TCT)

insertion/deletion (Ins/Del) polymorphism in intron

4, and a C/T SNP in the 30 untranslated region (UTR)

of exon 10; and in the HSD17B1 gene, an A/G SNP in

exon 6 (Ser312Gly). As previous association studies

have produced inconsistent results in different popu-

lations, we wished to evaluate possible associations

between endometriosis and these genetic variants in

Estonian women, as well as study their role in

endometriosis-associated infertility.

Materials and methods

Subjects

The study was approved by The Ethics Review

Committee on Human Research of the University of

Tartu and informed consent was obtained from each

participant. One hundred and fifty women (18–45

years of age) with surgically and histologically

confirmed endometriosis were recruited into the

study from Tartu University Hospital’s Women’s

Clinic and Nova Vita Clinic between February 2005

and February 2008. The disease stages according to

the American Society for Reproductive Medicine

revised classification system [20] were as follows:

stage I (minimal) – 53 patients, stage II (mild) – 39

patients, stage III (moderate) – 36 patients, and stage

IV (severe) – 22 patients. Peripheral blood samples

and a clinical data questionnaire were collected for

each participant. For the control population, 199

women (30–50 years of age) with proven fertility (at

least two children) and no medical history of

endometriosis were enrolled in the study. Their

DNA samples and medical data were obtained from

the Estonian Genome Center, University of Tartu.

SNP and Alu-insertion genotyping

Three SNPs (ESR1 T/C, PGR G/A, and HSD17B1

A/G) were detected by PCR-RFLP (restriction

fragment length polymorphism) analysis and one

(CYP19A1 C/T) by allele-specific PCR. The PGR

Alu-insertion was also determined using PCR.

Genomic DNA was extracted from peripheral

EDTA-blood by the salt precipitation method [21].

PCR reactions were carried out in a final volume of

15 ml containing 50 ng genomic DNA, 0.25 mM

dNTP, 2.5 mM MgCl2, 16 PCR buffer (Solis

BioDyne, Tartu, Estonia), 10 pmol of each primer,

and 0.8 U of Hot Start thermostable DNA polymer-

ase HOT FIREPol (Solis BioDyne). Exceptions to

the contents of the PCR reaction mix were made for

the HSD17B1 A/G SNP, which also contained 2.5 ml

of 106 Solution S (Solis BioDyne), and for the
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CYP19A1 C/T allele-specific PCR in which lower

concentrations of reverse primers (5 pmol) and

MgCl2 (1.5 mM) were used. The PCR reaction

parameters consisted of an initial denaturation at

958C for 15 min, followed by 34 cycles of 958C for

30 s, 53–678C for 30 s and 728C for 30–80 s, with a

final extension at 728C for 7 min. For RFLP analysis,

PCR products were digested with the appropriate

restriction enzyme (MBI Fermentas, Vilnius, Lithua-

nia) at 378C overnight (Table I). All PCR products

and restriction fragments were separated by electro-

phoresis on a 2% agarose gel containing 10 mg/ml

ethidium bromide and visualised under UV

transillumination.

Microsatellite genotyping

Three microsatellite repeats: ESR1 (TA)n, ESR2

(CA)n, and CYP19A1 (TTTA)n, and the 3-bp Ins/

Del polymorphism lying 50 bp upstream from the

(TTTA)n tract were genotyped using automated

fragment analysis as described previously [17,19].

PCR was performed as explained above (for details

see Table I). For confirmation of the number of

repeats obtained by automated analysis, direct

sequencing was performed on at least 10 cases

homozygous for different lengths of each of the three

microsatellite repeats.

Statistical analysis

Data were analysed using SPSS 17.0 (SPSS Inc.,

Chicago, IL) for Windows (Microsoft Corp.,

Redmond, WA). Student’s t test, Mann–Whitney

test and Pearson w2-test were used where appropriate

to compare general characteristics of patients and

controls, and genotype frequencies in both groups. In

the analyses of microsatellites, all alleles were

designated as short (S) or long (L) either according

to the naturally occurring bimodal distribution in

case of the ESR1 (TA)n and CYP19A1 (TTTA)n

repeats, or using the median number of repeats as the

cut-off in case of the ESR2 (CA)n locus. For a more

detailed analysis, patients were further subdivided

based on disease severity: (a) stage I–II, and (b) stage

III–IV endometriosis; or based on their fertility

status: (c) patients who suffered from infertility (a

patient was considered infertile if she had not

conceived after 1 year of contraceptive-free inter-

course), and (d) patients who were fertile or had not

tried to conceive yet. The effects of various genotypes

on disease risk were assessed by logistic regression

analyses, with possible confounding factors like

height and smoking status (revealed by the analyses

of general characteristics) included in the model (age

at menarche was not included since this data was not

available for all subjects). Significance level was set at

p� 0.05 and was corrected for multiple testing using

the Bonferroni–Holm method.

Results

General characteristics

Compared to the control group, women with

endometriosis were younger and taller, had lower

mean body mass index (BMI) and mean age at

menarche, and were less likely to be active smokers

(Table II). Of the 150 endometriosis patients, 104

(69.3%) were infertile: 53 women (51.0%) had

primary and 51 women (49.0%) had secondary

infertility. When patients were classified based on

Table I. Forward (F) and reverse (R) primer sequences, temperatures of PCR annealing and duration (in seconds) of extension steps,

enzymes used in RFLP analyses and DNA fragment sizes after restriction.

Polymorphism Primer sequences (50 ! 30)

Annealing

(8C)

Extension

(s)

Restriction

enzyme Allele

DNA

fragment

sizes (bp)

ESR1 T/C,

(rs2234693)

F: CTGCCACCCTATCTGTATC 53 80 PvuII C 1361

R: ACCCTGGCGTCGATTATCG T 935þ 426

HSD17B1 A/G,

(rs605059)

F: GACCCTGCGCTACTTCACCACCG 67 30 Bsh1236I A 263þ 81

R: TCTATCTTAATTAGCCACCCACAGCT G 186þ81þ77

PGR G/A,

(rs10895068)

F: GAATGGGCTGTACCGAGAGG 56 30 NlaIV A 186

R: CACAAGTCCGGCACTTGAGT G 131þ 55

CYP19A1 C/T,

(rs10046)

F: TTCTGGCTAACTGTCTGATCA 62 30

R1: GATGAGAAATGCTCCAGAGTA

R2: GATGAGAAATGCTCCAGAGTG

PGR Alu Ins/Del F: GCCTCTAAAATGAAAGGCAGAAAGC 56 40

R: GCGCGTATTTTCTTGCTAAATGTCTG

ESR1 (TA)n F: AGACGCATGATATACTTCACC 59 30

R: TAMRA-CCTACAACTCGATCTTCTCG

ESR2 (CA)n F: FAM-GAGGTAAACCATGGTCTGTACC 59 30

R: GTTGAATGAGTGGGCCTCCCT

CYP19A1 (TTTA)n,

3-bp Ins/Del

F: JOE-GGTAAGCAGGTACTTAGTTAGCTA 59 30

R: CAAGGTCGTGAGCCAAGGTC

Endometriosis 427
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disease severity, infertility was more frequent among

women with stage I–II endometriosis (84.8%) than in

those with stage III–IV disease (44.8%) (w2-test,

p5 0.0005).

SNPs and Ins/Del polymorphisms

All genotype frequencies (Table III) were in Hardy–

Weinberg equilibrium. We noted no significant

differences in genotype frequencies between patients

and controls for the ESR1 T/C SNP, the PGR G/A

SNP, the PGR Alu Ins/Del polymorphism, the

CYP19A1 C/T SNP, or the CYP19A1 3-bp Ins/Del

polymorphism. The distribution of these genotypes

remained similar also in the subgroups of stage I–II

and stage III–IV endometriosis, as well as in patients

with and without infertility (data not shown).

The HSD17B1 AA and AG genotypes were more

common among women with endometriosis (84.7%)

than in the control group (72.9%) (Table III),

and were associated with a higher disease risk

(OR¼ 2.39, p¼ 0.003) (Table IV). However, when

patients were divided according to disease severity,

the AA and AG genotypes were only more frequent

among patients with stage I–II endometriosis

(90.2%; OR¼ 3.89, p¼ 0.001), while in women with

stage III–IV disease, their frequency (75.9%) was

similar to the control group (Table IV). Likewise,

when patients were divided based on their fertility

status, the AA and AG genotypes were more frequent

in patients with infertility (88.5%; OR¼ 3.32,

p¼ 0.001), whereas among patients who did not

complain of infertility their frequency (76.1%) was

similar to the control group (Table IV). All these

associations remained significant also after

Bonferroni–Holm correction.

Microsatellite repeats

In the ESR1 gene, the number of TA repeats varied

between 11 and 26 in the endometriosis group, and

between 9 and 27 in the control group (Figure 1A).

The median of biallelic mean repeat lengths (the

arithmetic mean of two alleles) was 17.8 among

patients and 17.0 in controls. After designating all

alleles short (S,� 17 TA repeats) or long (L,4 17 TA

repeats), the LL and SL genotypes were more

frequent in women with endometriosis (70.0%) than

in controls (56.8%) (Table III), and seemed to

increase the overall disease risk (OR¼ 1.79,

p¼ 0.014) (Table IV). However, further analyses

revealed that the LL and SL genotypes were only

more frequent among patients with stage I–II

endometriosis (73.9%; OR¼ 2.38, p¼ 0.003),

whereas in the group of stage III–IV disease their

frequency (63.8%) was similar to controls (Table IV).

Similarly, subdividing patients based on their fertility

status showed that these genotypes were significantly

Table II. General characteristics of endometriosis patients and

controls.

Patients,

(n¼150)

Controls,

(n¼199)

p-

value

Age (years; mean+SD) 32.1+ 6.1 39.8+5.3 50.0005*

Height (cm; mean+SD) 167.2+ 5.7 165.4+5.4 0.002*

BMI (kg/m2; mean+SD) 22.0+ 3.3 22.5+1.8 50.0005{

Menarche{ (years;

mean+SD)

13.0+ 1.4 13.5+1.4 0.003{

Smoking (%, n)

Active smokers 14.0 (21) 30.8 (61) 50.0005x

Non/past smokers 86.0 (129) 69.2 (137)

*t test.
{Mann–Whitney test.
{Patients n¼ 113.
xw2-test.

Table III. Genotype frequencies in endometriosis patients and

controls.

Polymorphism

Patients,

% (n)

Controls,

% (n)

p-

value*

ESR1 T/C

TT 23.3 (35) 29.6 (59) 0.210

CT 50.7 (76) 51.3 (102)

CC 26.0 (39) 19.1 (38)

HSD17B1 A/G

GG 15.3 (23) 27.2 (54) 0.029

AG 56.0 (84) 46.7 (93)

AA 28.7 (43) 26.1 (52)

PGR G/A

GG 86.7 (130) 82.4 (164) 0.352

AG 13.3 (20) 17.6 (35)

AA 0.0 (0) 0.0 (0)

PGR Alu Ins/Del

DelDel 70.0 (105) 77.4 (154) 0.096

InsDel 28.7 (43) 19.6 (39)

InsIns 1.3 (2) 3.0 (6)

CYP19A1 C/T

TT 28.0 (42) 37.7 (75) 0.130

CT 54.0 (81) 44.2 (88)

CC 18.0 (27) 18.1 (36)

CYP19A1 Ins/Del

InsIns 54.7 (82) 51.3 (102) 0.344

InsDel 38.0 (57) 36.7 (73)

DelDel 7.3 (11) 12.1 (24)

ESR1 (TA)n

SS 30.0 (45) 43.2 (86) 0.041

SL 44.0 (66) 35.2 (70)

LL 26.0 (39) 21.6 (43)

ESR2 (CA)n

SS 48.7 (73) 36.7 (73) 0.026

SL 29.3 (44) 29.1 (58)

LL 22.0 (33) 34.2 (68)

CYP19A1 (TTTA)n

SS 34.7 (52) 35.2 (70) 0.748

SL 50.0 (75) 46.7 (93)

LL 15.3 (23) 18.1 (36)

*w2-test.
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more common in those who suffered from infertility

(74.0%; OR¼ 2.19, p¼ 0.004), whereas in patients

without infertility their frequency (60.9%) was similar

to the control group (Table IV). After Bonferroni–

Holm correction, only the associations with stage I–II

disease and endometriosis with infertility remained

significant.

The number of CA repeats in the ESR2 gene

ranged from 14 to 26 in patients and from 15 to 27 in

controls (Figure 1B). The median of biallelic mean

Table IV. Combined genotype frequencies in controls and different subgroups of patients and their adjusted odds ratios (OR).

Study group

HSD17B1 A/G ESR1 (TA)n ESR2 (CA)n

AAþAG,

% (n)

GG*,

% (n)

OR

(95% CI){
LLþSL,

% (n)

SS*,

% (n)

OR

(95% CI){
SS,

% (n)

SLþLLa,

% (n)

OR

(95% CI){

Controls 72.9 (145) 27.1 (54) – 56.8 (113) 43.2 (86) – 36.7 (73) 63.3 (126) –

All patients 84.7 (127) 15.3 (23) 2.39 (1.35–4.21) 70.0 (105) 30.0 (45) 1.79 (1.12–2.83) 48.7 (73) 51.3 (77) 1.65 (1.06–2.56)

Stage I–II 90.2 (83) 9.8 (9) 3.89 (1.79–8.45) 73.9 (68) 26.1 (24) 2.38 (1.35–4.21) 44.6 (41) 55.4 (51) 1.41 (0.84–2.38)

Stage III–IV 75.9 (44) 24.1 (14) 1.42 (0.71–2.86) 63.8 (37) 36.2 (21) 1.22 (0.67–2.23) 55.2 (32) 44.8 (26) 2.10 (1.15–3.81)

With infertility 88.5 (92) 11.5 (12) 3.32 (1.65–6.68) 74.0 (77) 26.0 (27) 2.19 (1.28–3.73) 40.4 (42) 59.6 (62) 1.18 (0.72–1.96)

Without

infertility

76.1 (35) 23.9 (11) 1.38 (0.64–2.96) 60.9 (28) 39.1 (18) 1.19 (0.61–2.30) 67.4 (31) 32.6 (15) 3.56 (1.78–7.10)

*Reference genotype.
{OR adjusted for height and smoking status.

Figure 1. Allele frequencies of the ESR1 (TA)n, ESR2 (CA)n and CYP19A1 (TTTA)n repeat polymorphisms in endometriosis patients and

controls.
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repeat lengths was 21.5 among patients and 22.0 in

controls. After designating all alleles short (S,� 22

CA repeats) or long (L,4 22 CA repeats), the SS

homozygous genotype occurred more frequently in

the endometriosis group (48.7%) than in the control

group (36.7%) (Table III), and was even more

frequent among women with stage III–IV disease

(55.2%) (Table IV). Although the SS genotype

seemed to increase the overall endometriosis risk

(OR¼ 1.65, p¼ 0.028) and the risk of stage III–IV

disease (OR¼ 2.10, p¼ 0.015) (Table IV), after

Bonferroni–Holm correction, neither of these asso-

ciations remained statistically significant. However,

subdivision of patients according to the fertility status

revealed a correlation between the SS genotype and

endometriosis without infertility (OR¼ 3.56,

p5 0.0005) (Table IV), which remained significant

also after correcting for multiple testing. Among

infertile patients the frequency of this genotype

(40.4%) was similar to controls (36.7%).

The number of TTTA repeats in the CYP19A1

gene ranged from 7 to 12 in patients and from 7 to

13 in controls (Figure 1C). The median of biallelic

mean repeat lengths was 9.0 in both groups. When all

alleles were designated short (S,� 9 TTTA repeats)

or long (L,4 9 TTTA repeats), no significant

differences in genotype frequencies were observed

between patients and controls (Table III). The

distribution of genotypes remained similar also when

patients were subdivided based on disease stage or

fertility status (data not shown).

Discussion

Endometriosis is a sex hormone-dependent disease

with a genetic background and several candidate

genes for its risk and pathogenesis have been

investigated [4]. In the present study, we explored

whether polymorphisms in five genes involved in

oestrogen biosynthesis and sex steroid signalling

might be associated with susceptibility to endome-

triosis as well as with infertility in these women in an

Estonian population.

Assessment of the clinical data gathered on study

subjects revealed a positive association between

endometriosis and height, while BMI, age at me-

narche, and active smoking were negatively corre-

lated with disease risk. Similar findings have been

reported previously [22]. Within the patients group,

women with stage I–II endometriosis were more

likely to suffer from infertility than those with stage

III–IV disease. However, this association could be

due to ascertainment bias, since mild endometriosis,

which might be asymptomatic, is often discovered by

chance when a diagnostic laparoscopy is performed

on women suffering from infertility.

Of the nine polymorphisms analysed in this

study, we found evidence of an association with

endometriosis or infertility for three of them: the

ESR1 (TA)n, ESR2 (CA)n, and HSD17B1 A/G SNP.

In the ESR1 gene, we investigated two polymorph-

isms: a T/C SNP in intron 1 and a (TA)n repeat site

in the promoter region, both of which have been

associated with endometriosis previously, although

with conflicting results [5]. In the present study on

Estonian women, we found no association between

the T/C SNP and endometriosis, which is in

agreement with other prior studies [23,24]. However,

we did find an association between endometriosis

and the ESR1 (TA)n microsatellite repeat. Although,

the LL and SL genotypes did not correlate with the

overall risk of endometriosis, they did increase

significantly the risk of stage I–II disease as well as

the risk of endometriosis with infertility. Conversely,

in Greek and Korean women shorter ESR1 (TA)n

repeats have been reported to correlate with suscept-

ibility to endometriosis in general and with the risk of

stage I–II disease, respectively [23,25]. Instead, in

Taiwanese Chinese women an association was found

between the risk of stage III–IV endometriosis and

three specific alleles, one shorter repeat (14 TA) and

two longer repeats (18 and 24 TA) [26]. In a

previous study by our group on the effect of ESR1

gene variants on the outcome of ovarian stimulation

in infertile women, no association was observed

between endometriosis and the T/C SNP or the

(TA)n locus, and conversely, shorter (TA)n repeats

were found to correlate with a higher risk for

unexplained infertility [19]. In part it contradicts

our current results, however, it is difficult to directly

compare our prior findings with the present study

due to differences in sample size and control group

selection (fertile women in this study and women

with tubal factor infertility in the previous one).

The association we observed between ESR1 (TA)n

and infertility in endometriosis patients is in agree-

ment with a previous study by Ayvaz et al. [18]. They

compared fertile women and patients with unex-

plained infertility undergoing ovarian stimulation for

in vitro fertilisation (IVF), and found longer ESR1

(TA)n repeats to be associated with a higher risk for

infertility and with a lower oocyte fertilisation rate in

IVF procedures. Likewise, other polymorphisms of

the ESR1 gene have been found to influence fertility

in different populations [27] and the outcome of IVF

[19,28]. Therefore, it is possible that the ESR1 (TA)n

repeat is actually more related to female infertility,

and the association we observed with stage I–II

disease is a reflection of a higher frequency of

infertility in this group. In previous studies on the

role of ESR1 genetic variants in endometriosis, the

fertility status of study subjects has not been

reported. But if the (TA)n locus is related with

infertility, it is possible that differences in fertility

status could be one of the causes for discrepancies in

study results. However, more detailed analyses of the
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ESR1 gene and its flanking regions should be carried

out to investigate their role in endometriosis and

infertility.

In the ESR2 gene, we investigated a (CA)n

microsatellite repeat in intron 5 and found that

women homozygous for alleles with fewer CA repeats

were more frequent among patients than controls.

The SS genotype was especially common in women

with stage III–IV endometriosis. Still, correcting for

multiple testing rendered these results statistically

insignificant, which is in accordance with a previous

study by our group, where no correlation between

this microsatellite and endometriosis was found [19].

However, subdividing patients based on their fertility

status revealed an interesting association which

remained significant also after Bonferroni–Holm

correction. Compared to the fertile control group,

the SS genotype was considerably more frequent in

patients who did not suffer from infertility, while

among infertile patients its frequency was similar to

controls.

The impact of the (CA)n tract on the ESR2 gene

function is not clear, but the number of CA repeats

might modify gene function. Although the CA repeat

length is not directly correlated with transcriptional

activity [29], we cannot exclude that this micro-

satellite might affect some posttranscriptional pro-

cesses which influence ERb expression [30]. Several

investigators have reported significant up-regulation

of ERb and down-regulation of ERa expression in

endometriotic tissue compared to eutopic endome-

trium [11,31], which leads to a decrease in normal

ERa/ERb ratio and suggests that oestrogenic effects

on endometriotic lesions are at least to some extent

mediated via ERb. A recent study demonstrated that

high levels of ERb suppress the expression of ERa in

endometrial and endometriotic stromal cells via

binding to classic and non-classic DNA motifs in

alternatively used ERa promoters [32]. The authors

hypothesised that this significant decrease in ERa/

ERb ratio might lead to the suppression of proges-

terone receptor expression and to progesterone

resistance which has been observed in endometriosis.

In addition, ERb was shown to regulate cell cycle

progression, suggesting it could contribute to the

proliferation of endometriotic lesions. However,

further studies on ERb and on the effects of the

(CA)n repeat are needed to clarify their role in the

development of endometriosis.

Within the HSD17B1 gene, we genotyped an A/G

SNP in exon 6 (Ser312Gly). Although this amino

acid change does not seem to cause any changes in

the catalytic or immunological properties of the 17b-

HSD1 enzyme [33], this SNP has been associated

with circulating oestradiol levels [34]. In the only

prior study investigating its role in endometriosis, the

AA and AG genotypes correlated with an increased

disease risk and with its severity, being more frequent

in women with stage III–IV endometriosis [35]. Also

in our study, the AA and AG genotypes increased the

overall disease risk, but were more prevalent among

patients with stage I–II endometriosis, while their

frequency in women with stage III–IV disease was

similar to controls. These two studies were per-

formed on different populations and had different

sample sizes, but the discrepancy in findings could

also be due to differences in the fertility status of the

study subjects. The Tsuchiya et al. study [35]

enrolled only infertile patients and controls, while

we used both fertile and infertile patients and only

fertile controls. In fact, further analysis of our data

showed that the AA and AG genotypes were

significantly more prevalent among infertile patients,

but occurred with a similar frequency in controls and

in patients who did not complain of infertility. Since

most of the women with stage I–II endometriosis

were infertile, the observed correlation between this

SNP and stage I–II disease might actually reflect an

association with infertility in these patients. By

combining our results with the findings from the

previous study, in which also the control group

consisted of infertile women [35], we suggest that the

HSD17B1 A/G SNP is associated not simply with

endometriosis or infertility, but more specifically with

endometriosis accompanied by infertility. Whether

this is true and which could be the molecular

mechanisms behind it, remains to be elucidated by

future studies.

We found no association between endometriosis

and polymorphisms in the progesterone receptor

gene PGR or the cytochrome P450 aromatase gene

CYP19A1. In the PGR gene we studied two

polymorphisms: a G/A SNP in the promoter region,

and PROGINS, which consists of a single amino acid

substitution in exon 4 (Val660Leu), a silent point

mutation in exon 5 (His770His), and a 306-bp

Alu-insertion in intron 7. We genotyped only the

presence of the Alu-insertion, since it is in very

strong linkage disequilibrium with the two SNPs

[13,36]. Although both, the G/A SNP and

PROGINS, influence the function of progesterone

receptors [13,37], we found no association between

these polymorphisms and endometriosis nor endo-

metriosis-associated infertility in the Estonian popu-

lation. This result conflicts with some previous

studies, which showed the Alu-insertion to increase

disease risk [38,39]. However, it is in agreement with

other prior studies [40], including the largest one

conducted thus far by Treloar et al. [36], where no

correlation between endometriosis and PGR poly-

morphisms was observed.

Within the CYP19A1 gene, we analysed three

polymorphisms: a (TTTA)n repeat and a 3-bp

Ins/Del polymorphism in intron 4, and a C/T SNP

in the 30 UTR of exon 10. Homozygosity for longer

(TTTA)n tracts and for the T allele has been
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associated with elevated aromatase activity [15,41].

However, in studies on endometriosis, a long allele

(TTTA)10 as well as the shortest (TTTA)7-Del allele

and C allele have been found to increase disease risk

[42–44]. Also a previous study by our group reported

shorter (TTTA)n repeats to be more prevalent in

infertile endometriosis patients and in women with

unexplained infertility compared to the control group

with tubal factor infertility [17]. However, in the

present study, with a larger sample size and different

control group selection, we observed no association

between CYP19A1 polymorphisms and endometrio-

sis or infertility in these patients. This finding is in

agreement with two prior studies, where no correla-

tion between CYP19A1 genetic variants and endo-

metriosis was found [45,46]. Although CYP19A1 is

a good candidate gene for the pathogenesis of

endometriosis, the discrepancies in study results

obtained thus far suggest, that most likely these

three polymorphisms are not associated with

endometriosis.

As mentioned earlier, we found the ESR1 (TA)n

repeat, the HSD17B1 A/G SNP, and the ESR2 (CA)n

repeat to be more likely associated either with

endometriosis with or without infertility, rather than

the disease in general. Since only a part of endo-

metriosis patients suffer from infertility, it is possible

that different genes and mechanisms are involved not

only in the pathogenesis of stage I–II and III–IV

disease, like has been suggested previously [23], but

also in the development of endometriosis with and

without infertility. If this is true, discrepancies in the

results of genetic association studies in endometriosis

could be caused, among other reasons, by differences

in the fertility status of study subjects. Therefore, we

feel that this aspect deserves more attention and

should be examined more thoroughly in future

studies.

In the present study, we used women from

the Estonian Genome Center as a control group

representative of the general population. We chose

fertile women without any history of endometriosis to

reduce the possibility of including undiagnosed

cases, and to be able to explore the role of genetic

variants not only in the development of endome-

triosis, but also in infertility associated with it. Since

surgery is needed for the definite exclusion of

endometriosis, our control group might have con-

tained some women with asymptomatic endometrio-

sis, which means that we may have missed some

weaker associations. On the other hand, in this case

the correlations that we did observe could actually be

even stronger.

In conclusion, we showed that polymorphisms in

the HSD17B1 and ESR2 genes could influence

susceptibility to endometriosis with and without

infertility, respectively, while the ESR1 gene might

be more related with infertility. Associations with

PGR and CYP19A1 polymorphisms are unlikely in

the Estonian population. Further studies are needed

though, using larger cohorts and including women

with different fertility status, to clarify the role of

ESR1, ESR2 and HSD17B1 genes in the pathogen-

esis of endometriosis and infertility associated with it.
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