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Abstract

A decrease in HOXA10 gene expression in eutopic mid-secretory endometrium

has been found in women with endometriosis-associated infertility. Promoter

hypermethylation of HOXA10 is thought to be the leading mechanism for

epigenetic gene regulation in patients with endometriosis. In our series we doc-

umented significantly higher HOXA10 promoter methylation levels in women

with ovarian endometriomas than in healthy controls during the mid-luteal

phase. Development of epigenetic-based strategies for non-surgical treatment of

infertility related to ovarian endometriomas could be an attractive field of

research in the coming years.

Introduction

Endometriosis is one of the most common benign gyne-

cological conditions causing pain and infertility (1).

Ovarian endometriomas are a frequent manifestation of

the disease and surgical removal is usually offered when

associated with subfertility (2). However, most of the

available literature supports the conclusion that the ovar-

ian reserve is injured by surgical stripping of ovarian

endometriomas (3).

Many studies in the last few years demonstrated that

the abnormal expression of some genes may contribute to

endometriosis-related infertility by altering the endome-

trial milieu, which then becomes unfavorable for embryo

implantation due to toxicity, immune dysfunction,

inflammatory or apoptotic responses (4–7). HOX genes

are developmentally regulated transcription factors that

belong to a multigene family (8). These genes contain a

conserved sequence element of 183 bp, known as the

homeobox (8). HOXA10 has been found to be expressed

in the adult human endometrium and demonstrates a

dynamic temporal pattern of expression through the

menstrual cycle (9). It has been reported that expression

of HOXA10 protein is maximal during the window of

implantation in the human endometrium (luteal phase)

(10). Preclinical and clinical studies demonstrated that

HOXA10 expression is required for endometrial receptiv-

ity. Reduced HOXA10 expression has been observed in

endometrial tissue of infertile women with endometriosis

(11).
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DNA methylation plays an important role in epigenetic

gene regulation. However, it is still unclear whether the

observed decreased expression of the HOXA10 gene in

infertile patients is related to its promoter aberrant meth-

ylation. Wu et al. (12), analyzing a few women with

advanced peritoneal endometriosis, showed that aberrant

methylation of the DNA regulatory sequence was associ-

ated with reduced HOXA10 gene expression in the endo-

metrium. However, patients were selected without

considering the phase of the menstrual cycle. Szczepanska

et al. (13), for the first time in luteal phase, documented

the hypermethylation of DNA as a mechanism responsi-

ble for silencing HOXA10 gene expression in women with

mild peritoneal endometriosis. In this prospective case-

control study, we compared the methylation status of the

HOXA10 gene promoter in the secretory phase eutopic

endometrium of women with ovarian endometriomas

with healthy women.

Material and methods

After the approval of the internal Ethics Committee (ref.

0028/09), women were recruited and written informed

consent was obtained. Endometrial samples were collected

at the time of laparoscopy in 11 women with surgically

and histologically proven cystic ovarian endometriosis but

no gross peritoneal or deep infiltrating endometriosis

(Group A). Samples obtained from 11 healthy fertile

women with at least one previous pregnancy and no pres-

ent or past history of endometriosis were used as a con-

trol group (Group B).

Transvaginal ultrasound and/or pelvic magnetic reso-

nance imaging were used to exclude adenomyosis or

intramural fibroids in all patients and ovarian cystic find-

ings in Group B. Diagnostic hysteroscopy was performed

before endometrial sampling in all patients to exclude

submucous fibroids, endometrial polyps or malforma-

tions. Endometrial specimens were obtained using the

Endoram device (RI-MOS, Modena, Italy) or Novak cur-

ette on days 19–23 of the menstrual cycle. Samples were

split, with a portion sent for histological evaluation.

Genomic DNA was extracted from endometrial tissue

samples using an automated system (BioRobot EZ1,

QIAGEN, Hilden, Germany). For each sample, 1 lg of

genomic DNA was modified with sodium bisulfite

conversion. DNA amplification of a CpG-rich fragment

within the HOXA10 gene promoter in the 5’ region

upstream of the exon 1 (F1) was used, as previously

described (3). The amplified region was analyzed using

pyrosequencing technology, a real-time DNA-sequencing

technique. A sequence primer, identifying 11 CpG sites,

was used. Methylation profile was expressed as percentage

of methylated sites in amplified region.

Data were compared using Student’s t-test. Two-tailed

p-values less than 0.05 were considered significant. The

statistical package SPSS 13.0 (SPCC Inc., Chicago, IL,

USA) was used throughout.

Results

The mean age of women was 34.4 � 5.0 years. There

was no significant difference in mean age between Group

A (34.2 � 5.9 years) and Group B (34.6 � 4.2 years).

Mean body mass index was 22.3 � 1.3 in Group A and

22.5 � 2.1 in Group B (nonsignificant). In Group A,

there were 3/11 smokers (27.3%) and in Group B, 4/11

smokers (36.3%) (nonsignificant). All women experi-

enced spontaneous regular cycles of 26–30 days during

the 12 months before sample collection. Histological

analysis of endometrial samples revealed normal secretive

Table 1. Characteristics of patients in Group A (endometriomas) and Group B (healthy controls).

Group A Group B

Patient No. Age Daya Methylation (%)b Patient No. Age Daya Methylation (%)b

1 32 23 11.0 1 30 20 5.5

2 36 20 16.0 2 34 19 8.0

3 26 23 13.0 3 26 23 11.0

4 42 22 11.0 4 28 21 11.0

5 38 23 16.0 5 28 23 9.0

6 34 23 14.0 6 35 19 10.0

7 36 22 17.0 7 38 21 16.0

8 30 19 15.0 8 35 23 12.0

9 35 19 16.0 9 46 19 7.0

10 34 20 15.0 10 38 23 7.0

11 38 21 9.0 11 39 22 11.0

aDay of the menstrual cycle in which the sample was obtained.
bPercentage of methylation of HOXA10 promoter.
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endometrium in all cases. The mean diameter of en-

dometriomas in Group A patients was 6 cm (range: 4–
9). The women’s age, day of the menstrual cycle in

which the sample was obtained, and detailed methylation

status are shown in Table 1. The mean methylation level

of HOXA10 gene promoter was 13.9 � 2.5 in Group A

and 9.7 � 2.9 in Group B. Methylation levels were sig-

nificantly higher in Group A than in Group B

(p = 0.002).

Discussion

To our knowledge, this is the second report that demon-

strates hypermethylation in the promoter region of

HOXA10 in eutopic secretive endometrium of patients

with endometriosis. In our series we documented a signif-

icant higher HOXA10 promoter methylation level in

women with ovarian endometriomas than in healthy con-

trols during the mid-luteal phase. The aberrant methyla-

tion of HOXA10 during the secretive phase observed in

our study and in the one by Szczepanska et al. (13) could

be one of the mechanisms leading to the well known

abnormal expression of HOXA10 during the window of

implantation in women with endometriosis. On this basis,

endometriosis-related infertility could be considered a

multifactorial disorder with an epigenetic component.

Future studies should take into account other epigenetic

alterations reported to date in endometriosis, including

the aberrant methylation of progesterone receptor-B,

estrogen receptor-b, steroidogenic factor-1, E-cadherin

and aromatase genes (5). Patients should also be selected

taking into consideration that several factors such as life-

style and environmental factors (including diet, nutrition

and smoking) can affect DNA methylation (14).

Concerning therapeutic implications, recent studies on

animal models have demonstrated that heterotopic endo-

metrial tissue could induce aberrant methylation of

HOXA10 in the eutopic endometrium, resulting in

decreased HOXA10 expression (15). If demonstrated in

humans, this finding would confirm the importance of

surgical removal of peritoneal endometriosis in infertile

patients.

However, concerning ovarian endometriomas, which

per se may be detrimental to the ovarian reserve, current

evidence points toward an even lower ovarian reserve

after surgery (2,3). Novel non-surgical strategies to man-

age ovarian cystic endometriosis are advocated to prevent

iatrogenic injury to the follicular reserve and adhesion

formation following surgical excision. Our data, if

confirmed in larger studies, indicate a new target for

developing novel non-surgical ways to treat endometri-

oma-associated infertility. 5-Azacytidine (5-ac) is a

demethylating agent widely used in gene methylation

experiments, including studies on patients with endome-

triosis (14,15). Recently Lu et al. (16) found that

HOXA10 mRNA and protein expression were markedly

upregulated in the eutopic endometrium of patients with

endometriosis after treatment with 5-ac, indirectly sug-

gesting that HOXA10 expression is controlled by methyla-

tion of the promoter. Drugs such as demethylating agents

to reverse aberrant methylation could represent an attrac-

tive field of research to develop new epigenetic-based

strategies for non-surgical treatment of infertility related

to ovarian endometriomas.
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