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HOXA-10 gene expression in ectopic and eutopic endometrium tissues:
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A B S T R A C T

Objective: To compare HOXA-10 gene expression in eutopic endometrium samples, between fertile and
infertile endometriosis patients and the fertile control cases, and in endometrium and endometrioma
specimens, between severe and moderate endometriosis cases.
Study Design: Prospective clinical study included women without infertility and endometriosis (Group 1);
women without infertility but with endometrioma (Group 2); and infertile women with endometrioma
(Group 3). In addition, the Group 2 and 3 cohort were assessed based on the findings obtained during
laparoscopy, based on the (rAFS) scoring, as women with a rAFS score of 16–40 were evaluated in Group
A, whereas those with rAFS score above 40 were considered in Group B. HOXA-10 gene expression was
evaluated in both secretory endometrium tissue and endometrioma specimens.
Results: Eutopic endometrium samples from group 2 (reference gene = 0,680 vs. target gene = 0,362) and
group 3 (reference gene = 0,641 vs. target gene = 0,183) patients revealed a 1,871-fold and 3,509-fold
decrease in HOXA-10 gene expression, respectively, as compared to group 1. Endometrial HOXA-10 gene
expression was 1,778-fold down-regulated in group 3 women (reference gene = 1,510 vs. target gene
= 0,850), when compared to group 2. Both eutopic endometrium and endometrioma tissue samples from
severe endometriosis patients revealed 1,259-fold (reference gene = 1,523 vs. target gene = 1,210) and
1,338-fold (reference gene = 1,274 vs. target gene = 0,952), down-regulation in HOXA-10 gene expressions,
respectively, as compared to moderate cases.
Conclusion: Endometrial HOXA-10 gene expression in women with endometriosis is significantly down-
regulated than in those without endometriosis. Endometriosis patients with infertility have significantly
lower levels of endometrial HOXA-10 gene expression than endometriosis without infertility; thus
decreased expression of this gene may, directly or indirectly, be related with the endometriosis-
associated infertility. Severe endometriosis cases express, in their both endometrium and endometrioma
tissues, significantly lower levels of HOXA-10 gene than moderate endometriosis cases.
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Introduction

Endometriosis is an enigmatic disease affecting approximately
5–10% of reproductive age women [1]. While there is a fair amount
of evidence demonstrating that endometriosis has a negative
impact on fertility, it is still unknown why some patients with
endometriosis are infertile while others are not, in addition to the
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fact that causal association between endometriosis and infertility
has not been clearly defined [1,2]. Instead, a number of
pathogenetic pathways have been postulated to explain the
potential insult to the conception process, including pelvic
adhesions that may disrupt tubal function; the concomitant
presence of pelvic pathologies that is both associated with
endometriosis and infertility, such as adenomyosis and endome-
trial polyps [3–5]; surgery related damage to the ovarian reserve
consequent to the excision of ovarian endometriomas, in particular
for women operated on for bilateral endometrioma cysts [6]; and
chronic inflammatory milieu of the pelvis that may reduce the
quality of the oocyte, and interfere with the fertilization process,
tubal function and the endometrium [1].
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Defective implantation is a relatively novel entity proposed to
enlighten the underlying mechanisms of endometriosis-related
infertility. Numerous studies suggested that endometriosis leads to
implantation defects [7,8], although it remains controversial
whether defective implantation is due to suboptimal oocyte
quality or a compromised endometrial receptivity. Endometrial
receptivity is a complex interaction between conceptus and the
uterine epithelium, involving changes in the expression of genes
related to the attachment of trophectoderm, modification of the
uterine stromal cells, silencing of genes for immune recognition,
activation of genes for nutrient transport into the uterine lumen,
and enhanced signaling for pregnancy recognition, alterations in
membrane permeability, and increased endometrium revasculari-
zation [9]. Changes in endometrial receptivity due to endometri-
osis has been well investigated in the current literature. Several
studies support the idea that endometriosis does not affect
endometrial receptivity, and hence, women with and without
endometriosis reveal comparable implantation rates [10–13],
while others reported that endometriosis decreases the receptivity
of endometrium, thus, hinders the development of oocyte and
embryo, and jeopardize the chances of infertility [8,14,15].
However, those studies that claim the possible detrimental impact
of endometriosis on endometrial receptivity and implantation
rates fail to show the underlying mechanisms of endometriosis-
associated infertility. In this context, several molecules, genes or
inflammatory cytokines that are involved in the implantation
process have been investigated [16,17].

One of the best-recognized sequences of signaling events in
implantation has been defined with homeobox A (HOXA), a
member of the GATA family of transcription factors [18]. HOXA-10
is one gene that is normally up-regulated in the human
endometrium during the window of implantation and its levels
increase dramatically during the mid-secretory phase of the
menstrual cycle [19]. Animal studies demonstrated that HOXA-10-
null mice are severely infertile and represent anatomic defects in
the reproductive systems [20]. Studies regarding the HOXA-10
gene expression patterns in the endometrium of patients with
endometriosis report conflicting results [21–26]. Moreover, it is yet
to be clarified whether there is a relationship between the
prevalence, stage, location and adhesion formation capacity of
endometriosis and HOXA gene expression. Some recent studies
reported endometrial HOXA-10 gene expression variations follow-
ing the surgical treatment of endometrioma lesions, suggesting an
improvement in endometrial receptivity [27]. Given the lack of a
consensus regarding the role of HOXA-10 gene in the process of
implantation in women with endometriosis, relationship between
HOXA-10 gene expression aberrations and implantation failure in
women with endometriosis still remains to be clarified [28,29]. On
the other hand, epigenetic changes in HOXA gene clusters, with
downregulation and hypermethylation of GATA2 and hypomethy-
lation and activation of GATA6, have been postulated to be involved
in progesterone resistance and altered estrogen responses in
endometriosis [30]. Expression profiling studies show that stromal
cells of endometriosis lesions have altered patterns of DNA
methylation, compared to stromal cells in normal endometrium.
Genes found to have differential methylation included examples of
signaling components and transcription factors, such as HOXA
clusters [31], which constituted the rationale for the comparison of
HOXA-10 gene expressions between endometriotic lesions and
native endometrium tissue in this study.

In the present study, we aimed to compare HOXA-10 gene
expression alterations between eutopic endometrium samples
obtained during the secretion period, from fertile and infertile
women with endometriosis and from the fertile control cases, who
were presumed not to have endometriosis. We also attempted to
investigate whether HOXA-10 gene expression within the
endometrium samples and endometrioma specimens, obtained
during surgery, is different between severe and moderate
endometriosis cases.

Materials and methods

This prospective clinical study was performed in a tertiary
referral hospital in the period between October 2014 and
December 2015 after the study protocol was approved by the
Institutional Review Board (IRB date and number: 30.09.2014 -
256).

The study was conducted with a total of 33 patients who were
assigned to either of the three groups, after signed informed
consent forms were obtained from each patient. Group 1 consisted
11 women without infertility or pelvic pain symptoms, as controls,
who were presumed not to have endometriosis and/or endome-
trioma, based on the absence of clinical and/or sonographic
findings suggestive of endometriosis, whereas Group 2 and 3
comprised 11 fertile and 11 infertile women, respectively, who
underwent an endometrioma surgery due to severe dysmenor-
rhea, dyspareunia and chronic pelvic pain, as well as sonographic
evidence of endometrioma.

Patient selection

General inclusion criteria were age �39 years and regular
menstrual periods, lasting from 21 to 35 days. Additional inclusion
criteria for the Group 1 were as follows; having at least two
pregnancies that resulted in birth within the last 5 years,
achievement of their pregnancies within the first 6-month period
of the unprotected sexual intercourse and having no diseases that
would potentially alter endometrial gene expression, such as
leiomyomas, pelvic inflammatory diseases and hydrosalpinges.
The assumption that women in this group had no endometriosis
was based on the absence of infertility or subfertility, dysmenor-
rhea and dyspareunia in the history, absence of pain, tenderness,
rectovaginal nodules and obliteration of the pouch of Douglas in
the pelvic examination and the absence of endometrioma and free
fluid in the pouch of Douglas in the ultrasonographic assessment.
However, it was not visually confirmed whether any endometriotic
lesions existed in this group of women.

Group 2 consisted of patients similar to those in Group 1, in
terms of reproductive potential, with the exception of endome-
trioma status. Women in Group 2 had ultrasonographic evidence of
endometrioma and were destined to surgical intervention due to
complaints such as severe dysmenorrhea, dyspareunia or chronic
pelvic pain. On the other hand, women who conceived by any of the
assisted reproductive techniques (ART), such as ovulation induc-
tion, controlled ovarian stimulation, intrauterine insemination
(IUI) or in vitro fertilization (IVF), and who is still using
contraceptive methods by means of any hormonal methods, were
not included in the Groups 2 or 3.

Group 3 comprised of those who were under treatment
regimens of IUI or IVF, due to failure to conceive in spite of
unprotected sexual intercourse for at least 24 month-period, in
addition to the ultrasonographic evidence of endometrioma.
Women in the Group 3 had been destined to surgical intervention
due to ovarian endometrioma and complaints such as severe
dysmenorrhea, dyspareunia or chronic pelvic pain. Similar to
Groups 1 and 2, women with diseases that would potentially alter
the endometrial gene expression, such as leiomyoma, pelvic
inflammatory disease and hydrosalpinx, were excluded. Moreover,
women with a history of conception, either natural or assisted,
within the last 2 year-period, and those who were under hormonal
suppression therapy, as well as infertility reasons of male factor
(Total progressive motile sperm count <10 � 106), bilateral
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complete tubal obstruction, uterine anomaly or decreased ovarian
reserve, which was described as follicle stimulating hormone (FSH)
>12 mlU/ml or anti-Müllerian hormone (AMH) <0.5 ng/ml and
antral follicle count (AFC) <5, were excluded.

The included patients were assessed in terms of HOXA-10 gene
expression within the endometrium tissue. Also, an additional
group analysis was also performed by classifying the cases in
groups 2 and 3, according to the findings obtained during surgery,
based on the revised American Fertility Society (rAFS) scoring.
Patients with a rAFS score of 16–40 were considered moderate
endometriosis and enrolled in group A (n = 10), whereas those with
a rAFS score above 40, who were considered as severe endometri-
osis cases, were enrolled in group B (n = 12). In these women,
HOXA-10 gene expression was evaluated in both native secretory
endometrium tissue and endometrioma specimens.

Sample collection

Serum FSH and AMH levels were measured between the 2nd
and 4th days of the menstrual cycle in all cases, whereas CA125
levels were measured on the hospital admission day for
endometrioma surgery. Endometrial sampling was performed
after the 18th day and before 24th day of the menstrual cycle;
within the endometrial secretory phase following the ovulation
having been proven by either ultrasonographic demonstration of
corpus luteum or measurements of serum progesterone levels. In
Group 1, endometrium was sampled from all four aspects of the
uterine cavity with a canula after the cervix was visualized at the
dorsal lithotomy position and was infiltrated prilocain hydro-
cloride (Priloc Flacon, Vem, Istanbul, Turkey), 4 ml, at both 5 and 7
o’clock positions. In Groups 2 and 3, endometrial sampling was
performed under general anesthesia, just before the endome-
trioma operation began, without prilocain hydrocloride adminis-
tration and just the same way the Group 1 cases. At least 1 cc
endometrial sample from each case was transported inside the
liquid nitrogen and conserved at the deep freezer at �80 �C, in all
patient groups.

Uni- or bilateral endometrioma cysts were removed by
laparotomic or laparoscopic approach in group 2 and 3 patients.
Table 1
Demographic and clinical characteristics of patients in Groups 1, 2 and 3.

Group 1
(n = 11)

Age (years)a 36 � 3.68
(27-39)

BMI (kg/m2)a 23.88 � 2.88
(19-28)

Duration of marriage (months)a 95.45 � 33.42
(35-145)

Gravidity (n)b 3.36 � 1.56
(2-6)

Parity (n)b 2.63 � 1.02
(2-5)

Endometrioma
diameter (mm)b

– 

AFS scoreb – 

FSH (mlU/ml)a 7.21 � 1.38
(4.8-9.1)

AMH (ng/ml)a 1.84 � 1.06
(0.7-4.21)

CA 125 (U/ml)a 20.15 � 7.06
(7.6-30)

Data are presented as mean � standard deviation (minimum-maximum).
BMI: Body mass index, AFS: American Fertility Society, FSH: Follicle stimulating hormo

a Data were analyzed using Kruskal Wallis test.
b Data were analyzed using Mann Whitney U test.
c Statistically significant.
Additional intraabdominal pathologies, such as adhesions, perito-
neal endometriotic implants or deep rectovaginal endometriotic
nodules were removed, excised or cauterized, if necessary, and all
were noted. In the both groups, severity of endometriosis was
assessed by the rAFS scoring system and groups A and B were
created, accordingly. There were no prior intraabdominal surgery
cases or patient with pelvic inflammatory disease diagnosis, in
groups 2 and 3. Endometrioma specimens obtained from either
groups, by laparotomic or laparoscopic surgeries, were transported
inside the liquid nitrogen and preserved at the deep freezer at
�80 �C.

Analysis of the samples for detection of HOXA-10 expression

RNeasy Mini Kit extraction procedure (Qiagen, Valencia, CA,
USA) was used with column-based, high-sensitivity discrimination
kits to obtain ribonucleic acid (RNA) from the healthy endometri-
um and endometrioma tissue samples stored in the deep-freezer at
�80 �C. The tissues placed in Magna Lyser Green Beads (Roche,
Mannheim, Germany) were homogenized in a lysis RLT buffer
containing β-mercaptoethanol using Thermo Savant FastPrep
FP120 homogenizer. By centrifuging the cell lysate, the RNA is
separated from other cellular macromolecules. The RNA products
were purified with DNAase I, by using Buffer RLT and Buffer RPE
solution in the kit. The quality and accuracy of the RNA products
were checked prior to the gene expression study in terms of quality
with Agilent 2100 Bioanalyzer (Agilent, Palo Alto, USA) and
quantitatively with the Nanodrop ND 1000 Spectrophotometer.

Validation of the relative gene expression with quantitative-
reverse transcription polymerase chain reaction (Q-RT PCR)
(LightCycler): Total RNA (1 mg) was used for the synthesis of c-
deoxyribonucleic acid (cDNA) (First Strand cDNA synthesis kit;
Roche, Mannheim, Germany). Specific gene primers were derived
from IDT. The gene primer sequences for HOXA-10 are as follows:

HOXA-10 F: TACACGAAGCACCAGACACTGGA
HOXA-10 R: ATCCTGCGGTTCTGAAACCAGA
Using sequence dilutions of the beta-globulin gene, standard

curves were obtained (DNA control kit, Roche, Mannheim,
Germany). Fast-Start Master SYBR gren mix was used with 2 mg
Group 2
(n = 11)

Group 3
(n = 11)

p value

33.18 � 5.23
(23-39)

30.54 � 5.87
(23-39)

0.11

24.46 � 3.71
(18.3-31.1)

25.89 � 4.19
(19.3-31.2)

0.89

118 � 50.33
(18-170)

44.45 � 22.31
(12-67)

0.13

2.54 � 0.82
(2-4)

– 0.21

2.09 � 0.3
(2-3)

– 0.11

57.72 � 25.42
(30-110)

50.09 � 14.07
(30-66)

0.44

48 � 26.61
(20-92)

45.18 � 23.9
(20-76)

0.60

8.07 � 266
(2.54-12)

8.06 � 2.55
(4.86-12)

0.34

1.38 � 0.65
(0.50-2.41)

1.54 � 1.09
(0.52-4.03)

0.41

67.73 � 43.03
(7.2-175.9)

55.29 � 48.6
(5.4-172.6)

0.001c

ne, AMH: Anti-müllerian hormone.
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cDNA and 10 pmol/l primer. The amplification schedule was
programmed to be 10 s. at 95 �C; 45 cycles, 5 s. at 55 �C and
72 �C for 10 s. annealing. In the melting curve analysis at the time of
the amplification, the result was generally 0 s. at 95 �C, 10 s. at 65 �C
and 0 s. at 95 �C per cycle. In each assay, the negative control
proceeded with no cDNA-containing water. Each assay contained
duplicated reactions for dilution and recurrence. At each gene
concentration, the kinetic approach was obtained using the basis
software (LightCycler).

Statistical analysis

Statistical analyses were performed using the Statistical
Package for the Social Sciences for Windows 16.0 software (SPSS,
Chicago, IL., USA). Binary and triple group comparisons were made
by Mann Whitney-U and Kruskal-Wallis test, respectively.
Statistical analysis of RNA data was performed by The Relative
Quantification Relative Expression Software Tool (REST) software
(Germany). Values of p < 0.05 were considered statistically
significant.

Results

In our study, median infertility period in Group 3 patients
was 40 months (min-max 24–72). In this group, two women
was administered IUI, whereas four women underwent a total
of six ICSI cycles. Demographic and clinical characteristics of
the patients in the groups 1, 2 and 3 are presented in Table 1.
Demographic and clinical characteristics  of the patients in the
groups A and B are presented in Table 2. Mean and delta-cycle
threshold (CT) values and their comparisons between target
and reference genes are presented in Table 3. In the
endometrium tissue samples, mean CT value was 2,244 in
Group 1 as compared to 2,390 in Group 2 and 2,489 in Group 3.
In the comparison of the mean CT between Group 2 and Group
3, the values were 2,466 and 2,489, respectively. Statistical
analysis of RNA data with REST software revealed a 1,871-fold
and 3,509-fold down-regulation in HOXA-10 gene expression
in the eutopic endometrium samples of group 2 (reference
gene = 0,680 vs. target gene = 0,362) and group 3 (reference gene
= 0,641 vs. target gene = 0,183) cases, respectively, as compared to
group 1 cases. Moreover, endometrial HOXA-10 gene expression
was demonstrated to decrease 1,778-fold in the samples of group 3
women (reference gene = 1,510 vs. target gene = 0,850), when
compared to those of group 2 (Table 3).

In the comparison of native endometrium tissues between
Group A and Group B, mean CT value was 2,488 in Group A, while it
was 24,6 in Group B. Endometrioma tissue sample comparison
Table 2
Demographic and clinical characteristics of patients in Groups A and B.

Group A
(n = 10)

Group B
(n = 12)

p value

Age (years) 30.4 � 7.08
(23-39)

33.08 � 3.87
(25-39)

0.45

BMI (kg/m2) 25.53 � 4
(19.3-31.1)

24.88 � 4.02
(18.3-31.2)

0.82

CA 125(U/ml) 42.05 � 23.41
(7.2-73)

77.7 � 53.18
(5.4-175.9)

0.06

Endometrioma diameter (mm) 55.1 � 17.12
(30-80)

52.91 � 23.54
(30-110)

0.62

AFS score 21.4 � 2.06
(20-25)

67.58 � 10.31
(60-92)

<0.001a

Data were analyzed using Mann Whitney U test. Data are presented as mean �
standard deviation (minimum-maximum).
BMI: Body mass index, AFS: American Fertility Society.

a Statistically significant.
revealed a mean CT value of 2,422 in Group A and 2,429 in Group B.
When compared to Group A, endometrium and endometrioma
tissue samples of the Group B patients revealed 1,259-fold
(reference gene = 1,523 vs. target gene = 1,210) and 1,338-fold
(reference gene = 1,274 vs. target gene = 0,952), decrease in HOXA-
10 gene expressions, respectively (Table 3).

Discussion

In the present study, we demonstrated that HOXA-10 gene
expression in the eutopic endometria of women with endometri-
osis is significantly down-regulated than those without endome-
triosis. Also, our results suggest that endometriosis patients with
infertility have significantly lower levels of HOXA-10 gene
expression than those without infertility; thus decreased expres-
sion of this gene may, directly or indirectly, be related with the
endometriosis-associated infertility. Moreover, more severe endo-
metriosis cases appear to express significantly lower levels of
HOXA-10 gene than moderate cases do.

In patients with endometriosis, the HOXA-10 gene in the
eutopic endometrium was reported to be down-regulated in the
mid-secretory phase when compared with the control group, and
it was extrapolated that embryo implantation decreased due to
alterations of gene expression [21–23,32] In accordance with
these, our results suggest that HOXA-10 gene expression in the
eutopic endometrium samples is 1.8-fold and 3.5-fold down-
regulated in fertile and infertile endometriosis patients, respec-
tively, as compared to the women without infertility and
endometriosis. Our results are compatible with the study by
Matsuzaki et al. [24], which reported significantly lower levels of
HOXA-10 mRNA and protein expression levels in infertile patients
with different types of endometriosis as compared with the
healthy fertile controls. However, it is not known whether similar
HOXA-10 expression alterations emerge in endometriosis patients
without infertility and, to the best to our knowledge, no study
comparing fertile and infertile endometriosis patients with
healthy fertile controls is available in the current English literature.
Our results indicate that the decreased expression of this gene may
directly be related with the endometriosis-associated implanta-
tion failure or may surrogate different, or not yet known,
underlying mechanisms that ultimately deteriorate fertility
potential of the woman. This result may be an important indicator
of the dramatic effect of endometriosis on implantation. Although
some studies [33] reported that the cause of infertility was not an
inappropriate endometrial environment and that uterine recep-
tivity was not affected in IVF cycles with donor oocytes in women
with endometriosis, our results indicate that HOXA-10 expression
in mid-secretory endometrium is not up-regulated in this
population and that the lower the gene expression, the greater
the likelihood of infertility.

Current data available is scarce regarding the impact of
endometrioma resection on the expression of HOX genes and
the associated reproductive outcomes. A case-control study by
Celik et al. [27] compared numerous endometrial gene expessions,
including HOXA-10 and HOXA-11, between two endometrial
sampling, one performed at the time of surgery and the other
obtained 3 months after endometrioma resection. The authors
reported that endometrioma resection increased peri-implanta-
tion endometrial HOXA-10 and HOXA-11 mRNA expression,
suggesting an improvement in endometrial receptivity, and
concluded that endometrioma was associated with endometrial
receptivity defect that affects fertility regardless of other causes of
infertility, such as defective folliculogenesis, poor oocyte quality,
adhesions. However, they did not assess whether reproductive
outcomes improved in line with the increase in the HOXA gene
expressions.



Table 3
Mean and DCT values within and between the patient groups.

GROUP COMPARISONS MEAN CT VALUE STANDARD DEVIATION CV %95 DCT VALUE CVs OF RELATIVE GENE EXPRESSION

HOXA
Gene

Reference Gene Up Regulated Down Regulated

Group 1 vs. Group 2 Group 1 Group 2 Group 1 Group 2 Group 1 Group 2 0,363 0,680 – 1,871
22,44 23,90 1,61 0,36 7,15 1,51

Group 1 vs. Group 3 Group 1 Group 3 Group 1 Group 3 Group 1 Group 3 0,183 0,641 – 3,509
2,244 2,489 1,61 1,14 7,15 4,56

Group 2 vs. Group 3 Group 2 Group 3 Group 2 Group 3 Group 2 Group 3 0,850 1,510 – 1,778
24,66 24,89 1,95 1,14 7,92 4,56

Group A vs. Group Ba Group A Group Ba Group A Group Ba Group A Group Ba 1,210 1,523 – 1,259
24,88 24,61 2,41 0,77 9,69 3,11

Group A vs. Group Bb Group A Group Bb Group A Group Bb Group A Group Bb 0,952 1,274 – 1,338
24,22 24,29 0,49 1,50 2,02 6,19

CV, coefficient of variation; CT, cycle threshold.
a Data represents the comparison of native endometrium tissues between groups A and B.
b Data represents the comparison of endometrioma tissues between groups A and B.

C. Özcan et al. / European Journal of Obstetrics & Gynecology and Reproductive Biology 233 (2019) 43–48 47
Another insufficiently researched issue is whether there is a
relationship between the severity of the disease and gene
expression. Experimental endometriosis studies revealed that
the HOXA-10 gene expression decreased in eutopic endometrium
specimens of endometriosis subjects, and also there was a further
decrease in the gene expression as the severity of the disease,
demonstrated by the serial laparoscopy and sampling procedures,
increased [19]. It is not yet known whether the inferior ART
outcomes are associated with the decreased the expression of the
HOX genes, although the probability of achieving pregnancy with
IVF in the human is assumed to decrease as the stage of
endometriosis increase, [34,35]. In their study investigating the
association between the type of endometriosis lesions and HOXA-
10 gene expression, Matsuzaki et al. [24] reported a more severe
deterioration of HOXA-10 mRNA and protein expression in
women with superficial peritoneal endometriosis as compared
to those with deep infiltrating endometriosis and ovarian
endometriosis. In our study, we investigated whether any
association exists between HOXA-10 gene expression in both
eutopic and ectopic endometrium tissues and the severity of
intraperitoneal disease, which was assessed by the rAFS
classification based on the findings in the surgery. Our results
indicate that HOXA-10 expression in patients with severe disease
was significantly lower than those with moderate cases, in both
endometrium and endometrioma tissues. However, our results do
not reveal any causal relationship between the severity of disease
and the level of the gene expression; hence, it remains awaiting to
be investigated whether the decrease in HOXA-10 gene expres-
sion results in more severe disease or levels of the gene
expression drops as the disease advances.

The specific roles of the HOX genes in the endometrial
receptivity during the implantation window are not fully under-
stood, as there are limitations to the studies made for this purpose.
In-vivo studies can be performed in cycles without pregnancy,
thus, cyclic expressions of endometrial factors are not associated
with subsequent pregnancy. In addition, gene suppression assays
in animals or in vitro cell cultures provide indirect evidence of
human function of these markers. In the present study, there is a
number of limitations, one of which is the lack of an endometrial
dating through pathologic examination that predicts the implan-
tation window period, although it was ensured that all cases were
in secretory phase after ovulation. Furthermore, with the
assumption that the control cases that constitute Group 1 do
not have endometriosis, we did not have the chance to demon-
strate it laparoscopically. While obtaining an endometrial sample
from elective tubal ligation volunteers would have been an
appropriate option, formation of a control group from these
women was waived due to the potential inequality that would have
occured between the groups, given the more advanced ages of the
tubal ligation candidates. On the other hand, lack of evaluation of
the expression of the protein product encoded by the HOXA gene in
endometrial samples may also be considered as a limitation,
because even if the expression of a given gene is altered, the end-
product of that gene may not change at the same level. Another
limitation is the lack of the surveillance of the gene expression
changes and reproductive outcomes after endometriosis surgery,
as mentioned above. Another limitation of our study is that it does
not evaluate the variations in the expression of HOXA-10, as well as
in the fertility outcomes, after endometriosis surgery. This topic
might be one of the main investigation topics of future studies.

In conclusion, HOXA-10 gene expression in women with
endometriosis is significantly lower than in those without.
Moreover, endometriosis patients with infertility have significant-
ly lower levels of HOXA-10 gene expression than those without
infertility; thus decreased expression of this gene may, directly or
indirectly, be related with the endometriosis-associated infertility.
On the other hand, severe endometriosis cases express signifi-
cantly lower levels of HOXA-10 gene than moderate cases.
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