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Objective: To determine whether laparoscopic endometrioma resection alters peri-implantation endometrial HOXA-10, HOXA-11, LIF,
ITGB3 and ITGAV mRNA expression.
Design: Case-control study.
Setting: Medical school.
Patient(s): Twenty infertile patients with uni- or bilateral endometrioma, five infertile patients having nonendometriotic benign
ovarian cyst, and five fertile control subjects.
Intervention(s): Mid–luteal-phase endometrial sampling was performed at the time of surgery. Second endometrial biopsies were ob-
tained 3 months after laparoscopic endometrioma resection during the mid-luteal phase of the cycle.
Main OutcomeMeasure(s): Endometrial HOXA-10, HOXA-11, LIF, ITGAV, and ITGB3mRNA expressions were evaluated with the use
of reverse-transcription polymerase chain reaction.
Result(s): Significantly decreased endometrial ITGAV mRNA expression was noted in biopsies obtained from endometrioma and
nonendometriotic cyst groups before surgery. Trends toward decreased endometrial HOXA-10, HOXA-11, LIF, and ITGB3 mRNA
expressions were noted in the endometrioma and nonendometriotic cyst groups before surgery compared with the fertile subjects.
However, the differences failed to show statistical significance. Compared with preoperative values, significantly increased
HOXA-10 (12.1-fold change) and HOXA-11 (17.2-fold change) mRNA expressions were noted in endometrial biopsies obtained
from subjects who were undergoing endometrioma surgery. Fold change in endometrial ITGAV mRNA after endometrioma
surgery was found to be 30.1 and indicated a positive regulation. However, this fold increase was statistically insignificant.
Expressions of these endometrial receptivity markers did not change significantly after surgical removal of nonendometriotic
benign ovarian cysts.
Use your smartphone
Conclusion(s): Laparoscopic endometrioma resection increases peri-implantation endometrial
HOXA-10 and HOXA-11 mRNA expression, suggesting an improvement in endometrial
receptivity. (Fertil Steril� 2015;104:356–65. �2015 by American Society for Reproductive
Medicine.)
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I exclusively due to poor oocyte
quality or embryo development,

but is also the result of mechanical fac-
tors, defective folliculogenesis, reduced
fertilization, and implantation capac-
ity, as well as the abnormal embryo-
genesis that might be possible causes
of endometrioma-associated infertility
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(1–4). Studies fail to show any significant difference between
implantation rates in women with and without endometriosis
after in vitro fertilization (IVF) (5, 6). However, others have
reported that implantation rates of women with
endometriosis were only one-half of those achieved for other
causes of infertility (7, 8). Although the receptivity of eutopic
endometrium of patients having ovarian endometrioma
might not be altered during the window of implantation
(WOI) (9), the underlying mechanisms of endometrioma-
associated infertility remain elusive. However, recent human
and other animal studies with the use of different technolo-
gies have revealed differences in the expression of several
genes and inflammatory cytokines in eutopic endometrium
of women with endometriosis or endometrioma (2, 10, 11).
Genetic research of the endometrium in women with
endometriosis showed abnormal expression of putative
implantation markers, such as homeobox genes, avb3
integrins, and leukemia inhibitory factor (LIF) (12–16).
Differences in gene expression suggest that the eutopic
endometrium of women with endometrioma may appear
histologically normal but in fact may be genetically
abnormal during the WOI.

Different authors have studied the endometrial expres-
sion of homeobox genes, integrins, and LIF (13,16–18) in
endometriosis patients, with controversial results. HOXA-10
gene is an abdominal B class homeobox gene and it is
expressed in the urogenital system (19, 20). HOXA-10–null
female mice are severely subfertile and exhibit anatomic
defects in their reproductive tracts (21). When mouse
endometrium is transfected with a Hoxa10 antisense
oligonucleotide at the time of implantation, the number of
implanted embryos in to the endometrium are significantly
reduced (22). HOXA-10 is initially expressed in the luminal
and glandular epithelium of the endometrium, and later its
expression shifts to the stroma (19, 20). It is thought that
homeobox genes play a physiologic role in endometrial
growth, differentiation, implantation, and decidualization
through regulating stromal cell responsiveness to
progesterone (23). In addition, a number of molecular
biomarkers are regulated by homeobox genes, including
pinopodes and b3 integrin (24–26). Expression of these
genes are significantly higher in the secretory phase leading
up to embryo implantation (27–29). HOXA-10 transcript
levels are down-regulated in the endometrium of patients
having endometriosis (12). In contrast, data regarding the
importance of HOXA-11 gene in implantation are controver-
sial (30, 31).

Integrins are heterodimeric integral membrane proteins
composed of an a chain and b chain. ITGAV gene encodes
the av protein which is a member of the integrin superfamily.
This protein has been shown to heterodimerize with b chain,
and the heterodimer of av and b3 (ITGB3) has been reported to
be a versatile receptor for vitronectin (32, 33). The ITGB3
integrin plays a key role in angiogenesis and facilitates
embryo attachment to the surface of the endometrium.
ITGAV-knockout nonhuman model is lethal in utero with a
presence of large vascular anomalies (32–36).

LIF, a member of the interleukin-6–type cytokine family,
is one of the key markers of endometrial receptivity (37). LIF
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has multiple biologic activities, including proliferation, dif-
ferentiation, and cell survival (37, 38). LIF has also been
linked with infertility in the mouse (39). Expression pattern
of LIF mRNA in endometriosis is variable (40, 41).

To date, it remains to be clarified whether surgical treat-
ment of endometrioma improves reproductive outcome (11,
42). There are no controlled studies investigating the effect of
surgical removal of endometrioma on the expression levels
of homeobox genes, integrins, and LIF in the eutopic
endometrium. We therefore attempted to investigate whether
surgical removal of endometrioma alters the HOXA-10,
HOXA-11, ITGB3, ITGAV, and LIF mRNA expressions in the
eutopic endometrium of infertile women with endometrioma.
We evaluated expression of these five genes in the eutopic
endometrium before and after laparoscopic removal of the
ovarian endometrioma during the midsecretory phase.
MATERIALS AND METHODS
Subjects

This case-control study included 30 subjects: 20 with ovarian
endometrioma, five with nonendometriotic benign ovarian
cyst, and five fertile control subjects with macroscopically
normal pelvic cavities who were undergoing tubal steriliza-
tion or reversal of tubal sterilization and had no evidence of
endometriosis. We evaluated the HOXA-10 HOXA-11, LIF,
ITGB3, and ITGAV mRNA expressions in the endometrial tis-
sues obtained before surgery and respective endometrial
tissues after the laparoscopic ovarian cystectomy during mid-
luteal phase in infertile women with endometrioma and infer-
tile control subjects with benign nonendometriotic ovarian
cyst. In addition, endometrial tissues were obtained from
healthy fertile women before surgery during midluteal phase.
The study protocol was approved by the Institutional Ethical
Committee for Research on Human Subjects.

The presence of endometrioma and nonendometriotic
benign ovarian cyst was diagnosed with a transvaginal ultra-
sonography. The endometrioma was suspected when a diffuse
regular-margined cyst with a low level internal echo, indi-
cating hemorrhagic cyst, was present for at least two cycles,
to exclude the nonendometriotic hemorrhagic cyst. The
benign nonendometriotic ovarian cysts were diagnosed in
the absence of characteristic ultrasonographic appearance
for endometrioma or malignancy. The endometrioma and
nonendometriotic benign ovarian cyst diagnosis was
confirmed with the pathologic evaluation of the surgically
removed specimen. Histologic classification of the specimens
was as follows: endometriotic cyst in 20 cases, serous cyst in
two cases, dermoid cyst in two cases, and mucinous cyst in
one case.

All of the infertile women underwent routine laboratory
and radiologic examinations to diagnose the underlying fac-
tors of infertility. The infertile women had normal early
follicular FSH, LH, E2, TSH, and PRL levels, normal midluteal
P levels indicating the presence of ovulation, normal two
semen analyses evaluated R3 weeks apart and after 3–
7 days of abstinence, and normal hysterosalpingography
with bilateral tubal patency and absence of intrauterine
mass–forming pathology, and the only detectable cause of
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infertility was endometrioma or otherwise unexplained. The
fertile women enrolled as the control groups had at least two
children, and had no history of infertility or habitual abor-
tion. All of the women recruited to the study had regular
menstrual cycles.

The surgical technique involved the aspiration of the cyst
content and the removal of the cyst wall by means of a strip-
ping technique. In all cases, we were able to remove the endo-
metriotic cyst wall from the ovarian tissue. We did not
electrolyze the superficial peritoneal endometriotic implants
accompanying the endometrioma in any of the cases. The ad-
hesions were removed by hydrodissection and/or scissors. All
of the participants were required to meet the inclusion
criteria: 1) presence of pathologic diagnosis of endometrioma
or other benign ovarian cyst in women who underwent lapa-
roscopic ovarian cystectomy; 2) no hormonal medication and
intrauterine contraception use within the past 6 months
before enrollment in the study; and 3) absence of any sys-
temic and/or rheumatologic disease that may lead to an
inflammation. Excluded cases were the ones with: 1) malig-
nant ovarian tumor diagnosed with the pathologic evaluation
of the specimen; 2) previous medication use; 3) previous
endometrial pathology such as Asherman syndrome, endo-
metrial polyp, and submucous fibroids; 4) diagnosis of pelvic
inflammatory disease, deep endometriosis, or hydrosalpinx at
the time of the study; 5) previous abdominal surgery, espe-
cially to ovaries; 6) history of habitual abortion; 7) infertility
etiology other than endometrioma; 8) women with out-of-
date endometrium according to pathologic evaluation; and
9) requirement of electrolysis, in addition to stripping, of
the endometriotic cyst wall owing to densely adherent cyst
wall to the underlying ovarian tissue.
Endometrial Biopsy

All patients, regardless of group, were selected for the present
study on the basis of consistent histologic findings, menstrual
history, and serum P levels. Endometrial biopsies were taken
with the use of a Pipelle from all participants before surgery in
the midluteal phase of the cycle. The endometrial tissue was
divided into two sections, one of which was fixed in 10%
formalin and embedded in a paraffin block, and the other
washed three times with a sterile saline solution to remove
blood, transferred into RNA stabilization buffer, and stored
at �80�C for later analysis. The ones with endometrioma or
nonendometriotic ovarian cyst underwent a second endome-
trial biopsy 3 months after the surgical removal of the cyst
during the WOI. The midluteal phase was calculated as
7–9 days after the ultrasonographic confirmation of ovula-
tion and was confirmed by endometrial histologic dating
and serum P levels. All menstrual cycles studied in the present
study were ovulatory according to midluteal serum P>10 ng/
mL. Endometrial dating was performed by an independent
pathologist experienced in gynecologic pathology. Paraffin-
embedded sections of 4 mm were stained with hematoxylin
and eosin and periodic acid–Schiff stains. Then these speci-
mens were evaluated according to the histopathologic criteria
of Noyes et al. (43). An out-of-date biopsy was defined as a
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lag of R3 days between the chronologic and the histologic
day (44).
RT-PCR

Sample preparation. The tissue samples (R30 mg) were
immediately transferred into RNA stabilization buffer (RNA
Later; Qiagen) to stabilize and protect RNA in tissue and sub-
sequently stored at �80�C until used. Tissue samples were
homogenized in RNA Later with the use of a Tissuelyser
(Qiagen).

Total RNA isolation. Total RNA was isolated with the use of
the RNeasy Mini Kit (Qiagen) from the homogenized tissue
samples. From each sample, RNA quantity and purity was
measured spectrophotometrically with the use of theMaestro-
nano (Maestrogen).

Reverse transcription cDNA synthesis. Complementary
DNA (cDNA) was obtained with the use of the Quantitect
Reverse Transcription Kit (Qiagen). This system consists of
two major steps: reverse transcription (RT) and removing
genomic DNA. Genomic DNA is eliminated by incubating
each RNA sample in Wipeout buffer at 42�C. Following
that, RT mix (1 mL Quantiscript Reverse Transcriptase, 4 mL
Quantiscript RT Buffer, 1 mL RT Primer Mix) and target RNA
at 1 mg concentration in 20 mL total volume were prepared
on ice. The reaction mix was incubated at 42�C for 15 minutes
and then was kept at 95�C for 3 minutes to inactivate RT. The
Quantiscript Reverse Transcriptase used in that system has
high affinity to RNA and was optimized for RNA at a range
of 10 pg–1 mg concentrations.

Expression of HOXA-10, HOXA-11, LIF, ITGAV, and ITGB3

genes according to in-house RT-PCR. Primers used in the
study were designed with the use of Primerdesign. In addition,
standard positive control samples for each gene were synthe-
sized with the use of Primerdesign to analyze polymerase
chain reaction (PCR) reaction efficacy. b-Actin gene (ACTB)
was used as housekeeping gene. The mRNA level of each sam-
ple was normalized to that of the b-actin mRNA level. Real-
time PCR reaction was performed with the use of Quantitect
Probe PCR Kit (Qiagen) and the RotorgeneQ (Qiagen) real-
time PCR device according to the manufacturer's instructions.
Real-time PCR results are expressed as Ct (cycle threshold),
DCt, and DDCt. For calculation of average Ct values, each
endometrial sample was studied three times (Fig. 1).
Sequences and accession numbers of all primers designed to
be used as forward and reverse primers for RT-PCR were:
HOXA-10 (NM_018951): F 50-GGT TTG TTC TGA CTT TTT
GTT TCT-30, R 50-TGA CAC TTA GGA CAA TAT CTA TCT
CTA-30; HOXA-11(NM_005523): F 50-AGT TCT TTC TTC
AGC GTC TAC ATT-30, R 50-TTT TTC CTT CAT TCT CCT GTT
CTG-30; LIF (NM_002309): F 50-GGA GGT CAC TTG GCA
TTC AG-30, R 50-GG AAG AGA ACG AAG AAC CTA CC-30; IT
GAV (NM_002210): F 50-AAA CAG AAT TTG TAA GTT GGC
AGA T-30, R 50-GGT GAC ATT GAG ATG GGT AGT G-30;
ITGB3 (NM_000212): F 50-ACC ATC TCT TTA CCT CCT AAT
TCC-30, R 50-CTG GCT CTA CAA TAG CAC TCT C-30; ACTB
(NM_001101): F 50-GCA AGC AGG AGT ATG ACG AGT-30,
R -50-CAA GAA AGG GTG TAA CGC AAC TAA-30.
VOL. 104 NO. 2 / AUGUST 2015
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FIGURE 1

Average cycle threshold (Ct) values for HOXA-10, HOXA-11, LIF, ITGAV, ITGB3, and ATCB genes. The boxes indicate the mean Ct values and the
bars indicate standard deviations.
Celik. Endometrioma surgery and implantation. Fertil Steril 2015.
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Analysis

The relative gene expression was determined by means of the
2�DDCt comparative method with the use of RT2 Profiler PCR
Array Data Analysis version 5.5 (SA Biosciences). All data
were normalized according to ACTB gene (b-actin) mRNA
content. Fold change (2�DDCt) is the normalized gene expres-
sion (2�DDCt) in the patient group divided the normalized gene
expression (2�DDCt) in the fertile control group. Fold change
>3 indicates positive or up-regulation, and the fold regula-
tion is equal to the fold change. Fold change <2 indicates
negative or down-regulation, and the fold regulation is the
negative inverse of the fold change.

Comparative RNA expression analysis in all groups
versus the fertile control group (calibrator) was performed
as follows:

� Fertile control group: DCt¼ Ct (target gene)� DCt (house-
keeping gene ACTB)

� Patient group: DCt¼ Ct (target gene)� DCt (housekeeping
gene ACTB)

� DDCt ¼ DCt (patient group) � DCt (fertile control group)
� Fold ratio ¼ 2�DDCt
Statistical Analysis

The normality distribution of data was tested with the use of
the Kolmogorov-Smirnoff test, and all variables were skewed
normally. The continuous variables were analyzed by means
of analysis of variance test with post hoc Tukey procedure and
Mann-Whitney U test. The categoric data were analyzed by
means of the Pearson chi-square test. A P value of < .05
was considered to be significant. The results are expressed
as mean � SD. Fold increases were considered to be positive
VOL. 104 NO. 2 / AUGUST 2015
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for transcript overexpression when the corresponding
mRNA level wasR3-fold higher than that of initial transcript
expression, negative if <2-fold, and borderline if between 2-
and 3-fold. The data was analyzed with the use of the Statis-
tical Package for Social Sciences software 19.0 for Windows
package software (SPSS).
RESULTS
The demographic characteristics of the groups were similar.
Each group of patients had normal body mass index. Infer-
tility duration in both groups was similar. The mean ages of
endometrioma and nonendometriotic ovarian cyst patients
were 32.0 � 6.4 and 33.5 � 4.7 years, respectively. All of
them had regular menstrual patterns every 27–32 days. The
fertile women enrolled as the control group were aged 34.8
� 9.1 years and had at least two or three children each. No dif-
ferences in serum concentrations of P were detected among
groups. The mean size of endometrioma was similar to the
mean size of nonendometriotic cysts. In the endometrioma
group, the cysts were bilateral in eight women (40%) and uni-
lateral in twelve women (60%). All cysts were unilateral
(100%) in the nonendometriotic cyst group.

HOXA-10, HOXA-11, LIF, ITGAV, and ITGB3 expression
levels were lower in eutopic endometrium of infertile patients
with endometrioma before the removal of cyst compared with
healthy fertile control subjects (Table 1). However, the differ-
ences failed to show statistical significance, except for IT
GAV. Decline in ITGAV mRNA expression reached statistical
significance (P< .01).

Compared with fertile subjects, surgical removal of endo-
metriomas up-regulated endometrial HOXA-10, HOXA-11,
and ITGAV mRNA expression. However, both endometrial
359
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TABLE 1

HOXA-10, HOXA-11, LIF, ITGAV, and ITGB3 mRNA expression in the BES, AES, BCS, and ACS groups compared with fertile control subjects.

Gene Group Average DCt Average 2LDCt Fold change 95% CI P value Regulation

HOXA10 BES 8.76 0.0023 0.43 0.14–0.72 .14 Down
AES 5.16 0.0279 5.23a 1.39–9.07 .02b Up
BCS 7.54 0.0055 1.03 0.36–1.70 .76 Up
ACS 7.42 0.0058 1.09 0.0001–2.46 .50 Up

HOXA11 BES 7.34 0.0061 0.23 0.0001–0.59 .18 Down
AES 3.23 0.1065 3.99a 0.0001–8.93 .08 Up
BCS 6.41 0.0115 0.43 0.0001–1.30 .79 Down
ACS 6.47 0.0116 0.42 0.0001–1.34 .50 Down

LIF BES 10.67 0.0006 0.29 0.0001–0.61 .09 Down
AES 9.75 0.0011 0.55 0.15–0.95 .14 Down
BCS 9.92 0.0010 0.49 0.15–0.84 .13 Down
ACS 10.37 0.0005 0.26 0.0001–0.56 .07 Down

ITGAV BES 6.74 0.0093 0.09 0.0001–0.18 .01b Down
AES 1.82 0.2828 2.75 0.08–5.42 .20 Up
BCS 4.95 0.0323 0.31 0.11–0.52 .03b Down
ACS 4.16 0.0557 0.54 0.10–0.99 .25 Down

ITGB3 BES 8.69 0.0002 0.87 0.0001–2.77 .61 Down
AES 9.02 0.0019 0.69 0.0001–1.79 .39 Down
BCS 9.61 0.0012 0.45 0.0001–1.19 .23 Down
ACS 10.37 0.0007 0.27 0.0001–0.67 .16 Down

Note: ACS¼ after nonendometriotic cyst surgery; AES¼ after endometrioma surgery; BCS¼ before nonendometriotic cyst surgery; BES¼ before endometrioma surgery; CI¼ confidence interval.
a Fold change value >3 was accepted as positive regulation for the genes studied.
b P<.05.

Celik. Endometrioma surgery and implantation. Fertil Steril 2015.

FIGURE 2

The relative gene expression levels of groups were determined with
the use of the 2�DDCt method. All data were compared with the
fertile control group and normalized to ACTB gene mRNA content.
There were 5.2-fold, 3.9-fold, and 2.7-fold increases in HOXA-10,
HOXA-11, and ITGAV genes, respectively, after endometrioma
surgery.
Celik. Endometrioma surgery and implantation. Fertil Steril 2015.
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LIF and ITGB3 mRNA expression were not changed signifi-
cantly after endometrioma surgery. Compared with fertile
control subjects, fold changes of HOXA-10, HOXA-11, and
ITGAV mRNA after endometrioma surgery were found to be
5.23, 3.99 and 2.75, respectively (Fig. 2; Table 1). Only fold
change increase in HOXA-10 mRNA was found to be statisti-
cally significant (P< .02). Although fold change increase in
HOXA-11 mRNA was >3 (3.99-fold change) this positive
regulation was insignificant (P< .08). Similarly, fold change
of ITGAV integrin was found to be 2.75, indicating insignif-
icant and borderline ITGAV mRNA expression after surgery
(P< .20).

Although benign ovarian cysts were not associated
with a significant change in these markers of endometrial
receptivity, a trend toward decreased endometrial HOXA-
11, LIF, ITGAV, and ITGB3 mRNA expression was noted
in the nonendometriotic cyst group before surgery
compared with the fertile subjects (Table 1). However,
only the decline in ITGAV mRNA reached statistical signif-
icance (P< .03). Expressions of these five markers in the
endometrial samples did not change significantly after sur-
gical removal of nonendometriotic benign ovarian cysts
(Fig. 2).

Compared with preoperative fold change values, signifi-
cantly increased HOXA-10 and HOXA-11 mRNA expressions
were noted in endometrial biopsies obtained from subjects
undergoing endometrioma surgery. Three months after surgi-
cal removal of endometrioma, we found a 12.1-fold increase
in endometrial HOXA-10 mRNA and a 17.2-fold increase in
endometrial HOXA-11mRNA (Fig. 3). These postoperative in-
crements in endometrial HOXA-10 and HOXA-11 mRNA
were statistically significant (P< .008 and P< .035, respec-
tively). Fold change in endometrial ITGAV mRNA after
360
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endometrioma surgery was found to be 30.1, which was >3,
indicating positive regulation. However, this fold increase
was insignificant (P< .10).

Postoperative fold change value of LIF mRNA was found
to be insignificant (1.8 fold change; P< .33). Insignificant
down-regulation in endometrial ITGB3 mRNA (0.79-fold
change; P¼ .37) was found after endometrioma surgery
(Fig. 3).
VOL. 104 NO. 2 / AUGUST 2015
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FIGURE 3

Comparison of preoperative and postoperative fold change values of
HOXA-10, HOXA-11, LIF, ITGAV, and ITGB3 transcripts in women
with endometrioma. There were significant increases in fold change
values for HOXA-10 (12.1-fold; P<.008) and HOXA-11 (17.2-fold;
P<.035) mRNA and positive regulation for ITGAV mRNA (30.1-fold;
P<.10). Insignificant fold change increase in LIF (1.8-fold; P<.33)
mRNA and insignificant down-regulation in ITGB3 mRNA were
detected after laparoscopic endometrioma resection.
Celik. Endometrioma surgery and implantation. Fertil Steril 2015.
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DISCUSSION
According to a review of the literature, controversial results
have been obtained in endometriosis research owing to the
heterogeneity of women suffering from endometriosis. Most
of the studies included patients with different stages of endo-
metriosis, often in the same study group (1). To avoid this
handicap, the inclusion of patients in the present study was
restricted to infertile patients with uni- and/or bilateral endo-
metrioma. It has been emphasized that appropriate control
subjects without the disease are required to study endometrial
receptivity in endometriosis (45). This was done in the present
study with the use of fertile women. On the other hand, it has
been suggested that a normal-appearing hostile endometrial
environment in women with endometriosis could be related
not to the endometriosis itself, but to the infertility (46).
Therefore, we used a third control group of infertile women
with nonendometriotic benign ovarian cyst that may have
clinical and surgical profiles mimicking those of endometrio-
mas. Despite the decreased functional ovarian reserve after
the endometrioma surgery, the pregnancy rate achieved
with the use of IVF was found to be similar to IVF cycles con-
ducted for tubal-factor infertility (42, 47). The only
prospective randomized study evaluating the effect of
surgical removal of endometrioma on pregnancy incidence
did not find an augmentation or attenuation in the
pregnancy rates (42). Nevertheless, spontaneous conception
is possible in �50% of infertile women after the
endometrioma resection, which should not be overlooked
(48).

The changes in blastocyst adhesive behavior that occur at
the implantation time in infertile women having endometri-
osis may arise from changes in the expression or distribution
of integrin receptors (49). To address this possibility, we
examined the expression levels of integrin subunits, avb3,
and ITGAV, before and after endometrioma surgery. We
observed a significant decline in the expression of ITGAV
VOL. 104 NO. 2 / AUGUST 2015
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mRNA in women with endometrioma before surgery
compared with control subjects. Our findings are in agree-
ment with the report of Lessey et al., where a significant
decrease in the expression of integrin is reported in patients
having endometriosis (15). However, other studies did not
confirm these findings (50, 51). After the resection of
endometrioma, we found a 30.1-fold increase in ITGAV
mRNA expression compared with the preoperative values,
indicating positive regulation. Our findings are in agreement
with the results of Lessey and Young (52), who showed return
of normal avb3 levels after treating women with endometri-
osis by means of laser ablation of implants. Taken together,
positive regulation of ITGAV mRNA appears to have func-
tional significance for implantation, and it might be attrib-
uted to the surgical resection of endometrioma.

In contrast, endometrial avb3 integrin mRNA expression
did not change significantly after endometrioma surgery.
Although a trend toward down-regulation of avb3 integrin
mRNA after surgery was detected, it did not reach statistical
significance. It might be speculated that the actual expression
of endometrial avb3mRNA in womenwith endometrioma af-
ter surgery might be suppressed by some unknown factors. It
is well known that expression of endometrial integrins are
mediated by homeobox genes (15). In a recent study, Daftary
et al. demonstrated that HOXA-10 regulates the expression of
b3 integrin through a consensus HOX binding site located 50

of the b3 integrin gene within its regulatory region (24). Sig-
nificant increase detected in endometrial HOXA-10 and
HOXA-11 mRNA expression but inadequate expression of
endometrial avb3 integrin mRNA after endometrioma sur-
gery may seem paradoxic. It is possibly due to the fact that
endometrial HOXA-10 mRNA in women with endometriosis
may be unable to bind directly to the transcription start site
of the avb3 integrin (24, 53). Another possible explanation
for this paradox is P resistance seen in endometrioma. avb3
integrin is expressed in the endometrial epithelium during
the secretory phase of the menstrual cycle (54). This period
is associated with high levels of expression of P and its
target genes, such as HOX genes (55). Alteration in the ratio
of P receptor A to P receptor B may lead to diminished P
response and decreased expression of P-responsive genes in
endometriosis (12, 28). In turn, defective expression of
HOX-linked endometrial avb3 integrin mRNA might persist
after endometrioma surgery. Another possibility is the devel-
opmentally regulated expression pattern of avb3 (32). Most of
the integrin receptors expressed during preimplantation
stages are localized to the interior of the embryo at the late
blastocyst stage, while avb3 is also on the external trophec-
toderm surface suggesting healthy blastocyst is required for
complete activation of avb3 (32). All of the above facts to
some degree might explain why endometrioma surgery does
not increase expression of avb3 mRNA by endometrial cells.

In the present study, infertile women with endometrioma
had lower levels of LIF mRNA expression in endometrium
compared with fertile women. However, the difference failed
to reach statistical significance. Likewise, after endometrioma
resection we detected insignificant up-regulation of endome-
trial LIF mRNA expression. There are controversial reports on
endometrial LIF mRNA expression in women with
361
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endometriosis (40, 41). Our results were consistent with the
results of some studies but incompatible with others.
Confirmation of our results comes from study of LIF in
endometrium of women with endometriosis. Mikolajczyk
et al. (40) assessed LIF expression in uterine flushings and
endometrial samples from both infertile patients with
endometriosis and fertile control subjects and did not find
significant differences between the groups. Conversely,
Dimitriadis et al. (41) reported that LIF staining intensity in
the endometrium is significantly reduced in patients with
endometriosis. Our findings and other results when taken
together suggest that in some patients with endometriosis
there might be a decreased expression of endometrial LIF, but
this defect is not a common feature of patients with
endometrioma. It might be speculated that the actual
expression of LIF mRNA in endometrium of infertile women
with endometrioma might be suppressed by hypermethylation
of LIF gene. However, LIF hypermethylation can not be
related to the endometrioma itself, but to the infertility.
Therefore, insignificant up-regulation of LIFmRNAafter endo-
metrioma surgery may not be surprising. Unfortunately, there
are no studies evaluating hypermethylation status of LIF gene
in patients with endometrioma. Further studies are needed to
investigate the effect of endometrioma onmethylation patterns
of the LIF gene in eutopic endometrium.

The structural and functional changes of the endometrial
tissue during the WOI period are regulated by transcriptional
factors such as homeobox genes. Women with decreased
expression of either of HOXA-10 or HOXA-11 gene during
the WOI have lower implantation rates, as seen in endometri-
osis (13). In the present study, we found that infertile women
with endometrioma have lower HOXA-10 and HOXA-11
mRNA expression in the eutopic endometrium before the
removal of cyst, compared with fertile subjects. But this differ-
ence failed to reach statistical significance. Our findings are in
agreement with the reports of Burney et al. andMatsuzaki et al.
(56, 57). Those authors did not demonstrated down-regulation
of HOXA-10 mRNA expression in patients having endometri-
osis (56, 57). Conversely, other studies in humans have
demonstrated that HOXA-10 expression is down-regulated in
the endometrium of patients with endometriosis (13, 58).

On the other hand, we observed a significant increase in
HOXA-10 and HOXA-11 mRNA expression in women under-
going endometrioma resection compared with preoperative
values. After endometrioma surgery, we observed a 12.1-
fold increase in HOXA-10 mRNA and a 17.2-fold increase
in HOXA-11 mRNA expressions. Before surgery, eutopic
endometrium HOXA-10 transcript levels reached the
threshold value (Ct) at the 30th cycle. After endometrioma
surgery, HOXA-10 transcript levels reached the threshold
value (Ct) at the �27th cycle, suggesting an increase in
HOXA-10 mRNA. ACTB transcript reached the threshold
value (Ct) at the 23rd cycle and surgery did not affect its
expression. These increases in endometrial HOXA-10 and
HOXA-11 mRNA expressions after endometrioma resection
were found to be statistically significant. Our findings are in
good agreement with the results of a many studies. Improve-
ment of fertility and normalization of some receptivity
markers are observed after laser ablation of endometrial
362
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implants (51). Werbrouck et al. (59) demonstrated no signifi-
cant difference between unexplained infertile patients and
surgically treated minimal to mild endometriosis after
controlled ovarian hyperstimulation/intrauterine insemina-
tion treatment. Recently, our group has demonstrated that
laparoscopic stripping of endometrioma decreases the endo-
metrial expression of inflammatory cytokines (11).

However, we do not know whether this increase in endo-
metrial HOXA-10 and HOXA-11 mRNA after endometrioma
surgery is associated with removal of endometrioma or a
consequence of other factors associated with the disease.
Up-regulation of HOXA-10 and HOXA-11 mRNA may not
be a direct result of endometrioma resection but rather an
outcome of surgery-induced stress. To exclude this, in the pre-
sent study all endometrial samples were obtained 3 months
after endometrioma surgery. Moreover, HOXA-10 and
HOXA-11 mRNA expressions did not change significantly
after nonendometriotic cyst resection, suggesting surgical
stress alone does not affect the expression of endometrial
homeobox genes.

One of the possible mechanisms underlying the decreased
implantation rates in endometrioma is P resistance. Attenu-
ated P response in eutopic endometrium of women with endo-
metriosis is a well known feature (60). HOXA-10 gene
regulates stromal cell responsiveness to P (23), which is essen-
tial for the decidualization of endometrial stromal cells and
the establishment of endometrial receptivity (61). Disturbed
P receptor expression in endometriosis may lead to dimin-
ished P response and decreased expression of P-responsive
HOXA-10 and HOXA-11 genes (12, 28). In this sense,
endometrioma surgery might improve P resistance and may
lead to increased endometrial HOXA-10 and HOXA-11
mRNA expression and rehabilitation of endometrioma-
related implantation defect.

Another proposedmechanism is the epigenetic change and
hypermethylation of the HOXA-10 and HOXA-11 genes, re-
sulting in dysregulation of their expression (62). Studies have
demonstrated that the presence of peritoneal endometriosis
might induce aberrant methylation of homeobox genes in the
eutopic endometrium (60, 63). Wu et al. (64) demonstrated
that HOXA-10 was hypermethylated in the endometrium of
womenwith endometriosis. Likewise, in experimental endome-
triosis models, hypermethylation of the 50 promoter region of
HOXA-10 and decreased expression of this gene were demon-
strated in endometrium (62, 63). In addition, chronic
inflammation, which is a main component of endometriosis,
can lead to epigenetic changes (65). A previous study by our
group demonstrated that presence of endometrioma increased
nuclear factor kB–related endometrial inflammation and that
surgical removal of endometrioma decreased this
inflammation (11). Taken together, we can suggest that
interruption of pathologic inflammation in endometrium by
laparoscopic removal of endometrioma may inhibit
hypermethylation of HOXA-10 and HOXA-11 genes and thus
increase their expression.

Some inflammatory conditions with decreased implanta-
tion rates might benefit from surgery. For example, the pres-
ence of hydrosalpinx reduces the receptivity of the
endometrium by decreasing the expression of specific factors
VOL. 104 NO. 2 / AUGUST 2015
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that are increased following salpingectomy (66). In the pres-
ence of hydrosalpinges, the expression of LIF, avb3 integrin,
and HOXA-10 genes in endometrium are significantly
reduced (25, 66, 67). After salpingectomy, HOXA-10 mRNA
levels were similar to those of age-matched fertile control
subjects, indicating that salpingectomy restores HOXA-10
expression (25). Thus, laparoscopic removal of endome-
trioma, similarly to salpingectomy in hydrosalpinx, may
improve endometrial receptivity by increasing the expression
of HOXA-10 and HOXA-11 mRNA.

Eutopic endometrium of women with endometriosis be-
haves differently from endometrium of women without the
disease, and this would explain reduced implantation rates
(46). This hypothesis is supported by the present results that
after endometrioma surgery there were significant differences
in HOXA-10 and HOXA-11, mRNA expression between pa-
tients having endometrioma-associated infertility, infertile
women with benign ovarian cyst, and fertile control subjects.
If homeobox genes are good markers of endometrial
receptivity, then it could be concluded that surgical removal
of endometrioma increases endometrial receptivity, and this
would be clinically valuable. As opposed to this, studies of
oocyte donation demonstrated that endometriosis is not detri-
mental to embryo implantation in oocyte recipients (9, 68).
For this reason, one may suggest that presence of
endometrioma does not significantly impair the endometrial
microenvironment and that there is no need for
endometrioma surgery. But successful implantation after
oocyte donation does not mean that the endometrium is
certainly healthy. It should be remembered that good-
quality oocytes come from healthy donors and may overcome
any endometriosis-associated implantation defect. Moreover,
pretreatment of recipients having endometriosis with GnRH
analogues might improve the subtle endometrial impairment.
The study by Lessey and Young supports our hypothesis (52).
They demonstrated that treatment with GnRH analogues of
women having endometriosis improves fertility (52).

There are some limitations of the present study. The study
population was small in the nonendometriotic cyst and fertile
control groups. Changes in mRNA expression were not
confirmed by protein expression analyses. Moreover, gene
expression was analyzed at only a single time point after sur-
gery. The postoperative endometrial biopsies were performed
in the third post-cystectomy menstrual cycle. This time inter-
val was chosen because the time needed for the normalization
of the endometrium after endometrioma surgery is considered
to be 3 months (11). Daftary et al. (25) reported that endome-
trial HOXA-10 expression was up-regulated to normal levels
4 months after salpingectomy. Performing sequential
monthly biopsies to determine the progressive change would
have been ideal, but this was not possible owing to ethical,
technical, and economic concerns. Therefore, the timing of
optimal improvement in endometrial receptivity markers
after endometrioma resection remains undetermined.

Finally, our results indicate that there is a receptivity
defect within the eutopic endometrium of women with endo-
metrioma that affects fertility regardless of other causes of
infertility, such as defective folliculogenesis, poor oocyte
quality, adhesions, etc. Further studies are needed to clarify
VOL. 104 NO. 2 / AUGUST 2015
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the importance of endometrioma surgery in infertility
outcome and to determine whether endometrioma surgery
may be effectively used to improve pregnancy rates in women
having different-sized endometriomas.
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