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Background: This study was planned to measure bone morphogenetic
protein 2 (BMP-2) levels in the endometrial samples of unexplained
infertility (UEI) cases who had a history of unsuccessful in vitro fer-
tilization - embryo transfer (IVF-ET) and therefore decided to have
frozen-thawed embryo transfer (FET). Methods: Thirty patients di-
agnosed with UEI and decided to transfer frozen-thawed embryo
transfer were included in the study. The UEI patients were selected
among the patients whose previous IVF-ET trials were unsuccessful
and were scheduled for FET this time. Thirty participants in the con-
trol group were selected among patients diagnosed with polycystic
ovary syndrome (PCOS) and scheduled for FET. Serum total testos-
terone, fasting insulin, follicle-stimulating hormone and luteinizing
hormone levels were measured. Homeostatic model assessment -
insulin resistance (HOMA-IR) Formula was used for calculating in-
sulin resistance. Endometrial samples were collected by pipelle dur-
ing oocyte pick-up, washed three times with a sterile saline solution
to remove blood and transferred into RNA stabilization buffer un-
til analysis. Endometrial BMP-2 concentrations were measured by
enzyme-linked immunosorbent assay. Results: Serum total testos-
terone, insulin levels and HOMA-IR of patients in the control group
were significantly higher than the UEI group. BMP-2 levels in the
endometrial supernatants of UEI patients were found to be about 2
times lower than the patients in the control group (984.5 (350) pg/mg
wet tissue vs. 1720 (318) pg/mg wet tissue, p < 0.000, Z = –6.6). A
strong and significant positive correlation was found between en-
dometrial thickness, estradiol levels measured on HCG day and BMP-
2 levels. A positive and significant correlation was found between en-
dometrial BMP-2 levels and serum luteinizing hormone (LH), fasting
insulin, glucose, testosterone, HOMA-IR and mature oocyte counts.
Conclusion: BMP-2 is associated with UEI and mechanistically it may
be useful to study this further to determine is this is causal or merely
a biomarker.
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1. Introduction
Despite one year of unprotected intercourse of a woman

with normal ovulation and tubal functions and a man with
normal semen analysis the absence of conception is called un-

explained infertility [1]. In the light of this definition, we
should consider that mechanisms other than tubal, ovulatory
and semen parameters are responsible for the etiology of un-
explained infertility (UEI) [2]. However, the range of data
that we can ascribe to etiology is so wide that we have to in-
cludemany disorders involving edocrinological, immunolog-
ical, genetic and reproductive physiology [3]. This is one of
the main factors that make it difficult to find a solution to
the problem. Interestingly, the endometrium, which has a
critical importance in embryo implantation, has not been ad-
equately studied in UEI cases [2, 4]. One of the main reasons
for this is that we do not have a non-invasive method other
than ultrasonography (USG) to evaluate the endometrium
[5]. On the other hand, endometrium evaluation with USG
is a method with low sensitivity is about 30% [6]. We have
very little data about what kind of changes occur in histo-
morphological and molecular levels in the endometrium of
UEI cases. The fact that endometrial sampling is an invasive
method is the main reason for very few studies on this sub-
ject.

Failure of implantation despite healthy embryo transfer in
UEI cases undergoing fertilization - embryo transfer (IVF-
ET) generated the hypothesis that theremay be a defect in the
genes or growth factors that regulate endometrial receptivity.
In addition to the presence of a decidua resulting from differ-
entiation of endometrial stromal cells, adequate expression of
steroid hormones and their receptors, cytokine and receptiv-
ity genes is required for successful implantation [7, 8]. The
bone morphogenetic protein 2 (BMP-2) is one of the critical
growth factors involved in embryo implantation. It belongs
to the transforming growth factor-beta (TGF-β) superfamily
and plays a role in endometrial proliferation and differentia-
tion as well as embryo navigation [9, 10]. BMP-2 expression
in endometrial cell is regulated by progesterone and critical
for implantation and decidualization. Gradual expression of
BMP-2 and its receptor in the endometrial stromal cells dur-
ing early pregnancy indicates a possible link between BMP-2
expression and stromal cells differentiation [9, 10]. In exper-
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imental models with BMP-2 ablation (BMP-2d/d), both the
implantation zone and decidua formation are almost com-
pletely blocked, and the animal becomes absolutely infertile
[9]. In literature review, we could not find a study on en-
dometrial BMP-2 levels of UEI patients who underwent IVF-
ET. The aim of this study is to measure BMP-2 levels in en-
dometrial samples of patients scheduled for IVF-ET with a
diagnosis of UEI.

2. Materials andmethods
2.1 Patient and control selection

This study was planned to measure BMP-2 levels in the
endometrial samples of UEI cases who had a history of unsuc-
cessful IVF-ET and therefore decided to have frozen-thawed
embryo transfer (FET). When the sample size was calcu-
lated with the GPower 3.1 (http://www.gpower.hhu.de/)
program, the total mean of two groups compared based on
the Mann-Whitney test with the effect size of 6%, power of
80% and 0.1 type 1 error, was found to be at least 54 patients.
Hence, 30 patients diagnosed with UEI and 30 control par-
ticipants decided to frozen-thawed embryo transfer were in-
cluded in the study. Unexplained infertility iwas defined as
the absence of conception despite a year of unprotected in-
tercourse, not explained by anovulation, tubal factor or male
factor infertility. Hysterosalpingogram, mid-luteal proges-
terone and semen analysis, which are standard examinations,
were performed in all couples. Endometrial thickness and
antral follicle count were evaluated by ultrasonographic ex-
amination. Semen samples analysis of each group of partic-
ipants was made according to the definition in the “WHO
laboratory manual for the examination and processing of hu-
man semen” (fifth edition, 2010). The diagnosis of UEI is
made when tubal patency, normal ovulatory function and
normal semen analysis were established. The UEI patients
participating in the study were selected among the patients
whose previous IVF-ET trials were unsuccessful and were
scheduled for FET this time. Thus, it was possible to take
the endometrium samples of the patients under anesthesia by
pipelle during oocyte pick-up. By performing endometrial
sampling and OPU (oocyte pick-up) in the same session, no
extra burdenwas placed on the patient in terms of both finan-
cial and anesthesia application. All of the participants in UEI
groupwere required tomeet the inclusion criteria: (1) clinical
and laboratory diagnosis of UEI; (2) no hormonal medication
or intrauterine device use within the past 3 months; and (3)
absence of any gyencological or systemic disorders that may
affect endometrial receptivity. Excluded cases were the ones
with: (1) previous medication use; (2) endometrial pathology
such as Asherman syndrome, endometrial polyp, submucous
and/or intramural fibroids; (3) presence of pelvic inflamma-
tory disease, endometriosis/endometrioma, or hydrosalpinx;
(4) history of habitual abortion; (5) infertility etiology other
than UEI.

We selected the control group patients among 30 pa-
tients diagnosed with polycystic ovary syndrome (PCOS)

and scheduled for FET. The fact that the control group had
anovulatory PCOS gave us two different advantages. (i) Fre-
quent application of FET to prevent ovarian hyperstimula-
tion syndrome (OHSS) in these cases facilitated us in terms of
endometrial sampling, (ii) the control group was prevented
from overlapping with the UEI group because the cases were
anovulatory. All PCOS participants in the control group
were subjected to progesterone induced withdrawal bleeding
to determine their secretory phases. Preopertaive blood sam-
ples were taken from both groups of subjects for complete
hormonal assays and insulin analysis. In addition to demo-
graphics characteristics ofwomen in PCOS and control group
age, body mass index (BMI) (kg/m2), total testosterone,
fasting glucose, insulin, serum follicle-stimulating hormone
(FSH) and luteinizing hormone (LH) levels were also mea-
sured. Serum glucose levels were measured in autoana-
lyzer by using photometric method (Roche Diagnostic c501,
Tokyo, Japon). The fasting serum insulin, LH, FSH, testos-
terone, estrogen and progesterone levels were measured in
autoanalyzer by using electrochemiluminescence immunoas-
say (Roche Diagnostic c601, Tokyo, Japon). Homeostatic
model assessment [HOMA-IR] Formula was used for cal-
culating insulin resistance [11]. This study was conducted
in accordance with the Declaration of Helsinki. Ethical ap-
proval was obtained from the local Ethics Committee of the
Beykoz University (2020/4). Written informed consent was
obtained from all participants at the time of enrollment.

2.2 Endometrial tissue sampling

Endometrial samples were obtained from 30 subjects with
UEI and 30 PCOS subjects undergoing OPU. Since all em-
bryos would be frozen in patients in the UEI and control
group, endometrial sampling was performed with a pipelle
cannula following OPU. Each endometrial tissue was rinsed
with 1x phosphate-buffered saline (PBS) to remove excess
blood and subsequently weighted as wet weight. Then, the
clean endometrial samples were homogenized in 1 mL of 1
× PBS and stored overnight at a temperature≤–20 ◦C. After
2 freeze–thaw cycles were performed to break the cell mem-
branes, the homogenates were centrifuged for 5 minutes at
5000 g to get supernatant.

2.3 BMP-2 determination in the supernatant of endometrial
tissues by enzyme-linked immunosorbent assay

In womenwith UEI and control participants, endometrial
BMP-2 concentrations weremeasured by enzyme-linked im-
munosorbent assay (ELISA). This immunoassay kit (Quan-
tikine, BMP-2 Immunoassay, R&D Systems, Minneapolis,
MN, USA) allows for in vitro quantitative determination of
human BMP-2 concentrations in cell culture supernatant,
bone extracts, serum, plasma, other biological fluids, and tis-
sue extracts. All endometrial samples were assayed according
to the manufacturer’s instructions and were tested in dupli-
cate by personnel blinded to each patient’s group. The opti-
cal density of each well was determined using a microplate
reader. No interference and no cross-reactivity were ex-
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pected based on the manufacturer’s instructions. The results
of BMP-2 concentrations were divided by the weights of en-
dometrial tissue.

2.4 Statistical analysis
The Statistical Package for Social Sciences, version 21.0

(SPSS Inc., Chicago, IL, USA) was used for statistical anal-
ysis. BMP2 and other individual group parameters were
assessed with one-sample Kolmogorov–Smirnov Z test and
were found to be abnormally distributed. Hence, statistical
comparisons between groups were performed by nonpara-
metric Mann-Whitney U test. Spearman’s correlation anal-
ysis was used for detecting correlation between BMP-2 and
other parameters. Data are presented as median (range). For
all comparisons, statistical significance was defined by p <

0.05.

3. Results
The demographic and laboratory findings of the patients

are shown in Table 1. The patients in theUEI group and con-
trol group were found to be similar in terms of age and body
mass index values. Serum total testosterone, LH (luteiniz-
ing hormone) and estradiol levels of patients in the control
group were significantly higher than the UEI group. simi-
larly, fasting insulin, glucose andHOMA-IR levels of the con-
trol group were found to be significantly higher than the UEI
group. The number of total oocytes, MII oocytes and 2PN
embryos in the control group were significantly higher than
in the UEI group. The probable reason for the difference be-
tween the two groups in metabolic and hormonal markers
may be that the patients in the control group were selected
from PCOS patients.

The mean BMP-2 level was significantly lower in the en-
dometrium of women with UEI compared to control cases.
BMP-2 levels in the endometrial supernatants of UEI patients
were found to be about 2 times lower than the patients in the
control group (984.5 (350) pg/mg wet tissue vs. 1720 (318)
pg/mg wet tissue, p < 0.000, Z = –6.6). A strong and sig-
nificant positive correlation was found between endometrial
thickness, estradiol levels measured on hCG day and BMP-2
levels. A positive and significant correlation was found be-
tween BMP-2 levels and serum LH levels in the UEI group.
A positive and significant correlation was found between en-
dometrial BMP2 levels and fasting insulin, glucose, testos-
terone, HOMA-IR and mature oocyte counts. There was no
significant correlation between other hormonal and repro-
ductive parameters and BMP-2 levels in the UEI and control
groups (Table 2).

4. Discussion
The main result we found in our study is a significantly

lower BMP-2 levels in the endometrium of UEI patients. De-
creased endometrial BMP-2 levels inUEI cases without tubal,
ovulatory and male factor infertility may be one of the un-
derlying causes of subfertility due to UEI. In order for this
idea to be better understood, we need to explain the role of

BMP-2 in implantation in more detail. BMP-2 is an essential
growth factor that is released from endometrial stromal cells
(ESC) and contributes to decidualization by acting paracrine
on the same cell [9, 10, 12]. ESC cells contain BMP mem-
brane receptors (BMPRs) type I and type II. BMP-2 phos-
phorylates smad-1 in the cytoplasm by attaching to both re-
ceptors in the cell membrane [8, 13]. Smad-1p then inter-
acts with smad-4 to form smad-4p. Smad-4p enters the nu-
cleus of the ESC and initiates implantation by increasing the
expression of homeobox A10 (HOXA 10) and leukemia in-
hibitory factor (LIF), the main genes involved in decidual-
ization [7, 13]. When compared with the patients in the
control group, we found 2-fold decreased endometrial bmp-
2 levels in patients in the UEI group. This significant de-
crease in BMP-2 levels may lead to insufficient decidualiza-
tion and negatively affect the implantation of the transferred
embryos. Sinclair et al. [13] reported that in the case of de-
creased BMP-2 levels or resistance to BMP-2, HOXA 10 and
LIF gene expression decreased. Although receptivity genes
were not evaluated in our study, we can argue that the signif-
icant reduction in BMP-2may contribute to UEI-related sub-
fertility by disrupting receptivity gene expression and subse-
quent decidualization [12].

Another critical finding we obtained in our study is the
positive correlation between endometrial BMP-2 levels and
LH, estradiol and endometrial thickness. This finding is im-
portant in that it supports the close relationship of BMP-2
synthesis and release with estrogen synthesis. Estrogen is
critical for establishment of blastocyst attachment, implan-
tation, and proliferation [14]. The lack of difference be-
tween the UEI and the control group in terms of endome-
trial thickness and estradiol levels on the day of hCG sug-
gests that the decrease in BMP-2 levels in UEI cases occurs
by a different mechanism. An example of this idea is that en-
dometrial stromal cells of patients with myoma secrete less
BMP-2 than those without fibroids. Similarly, myomas se-
crete TGF-β3 and block BMP-2 from acting through ESC
[13]. When these findings and our findings are evaluated
together, significantly lower endometrial BMP-2 levels in
UEI cases may be due to the presence of a neglected small
myoma, intrauterine adhesions, endometrial polyp or peri-
toneal or ovarian endometriosis/endometrioma rather than
hormonal factors [15, 16]. For this reason, we recommend
that ovaries, fallopian tubes, endometrium and myometrium
should be evaluated in detail, as well as HSG, semen analy-
sis and ovulatory evaluation in patients with UEI with re-
current implantation failure. Lower BMP-2 levels in UEI
cases may indicate the presence of a non-clinical pathology
located in the intrauterine cavity or cervical canal. Similar to
the decrease in BMP-2 secretion in the presence of fibroids
[13], lesions located in the cavity or in the cervical canal may
impair BMP-2 secretion or the interaction between BMP-2
and endometrial stromal cells. Hysteroscopic evaluation of
UEI cases may be important in this respect. Chiofaloa et al.
[17] reported that office hysteroscopy is a highly effective di-
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Table 1. Demographic and clinical characteristics of UEI and control groups.
UEI (n = 30) Control (n = 30)

Z p
Median (Range) Median (Range)

Age (year) 26 (11) 22.5 (14) –0.05 0.5
BMI (kg/m2) 26 (7) 25.5 (14) –0.5 0.5
Infertility duration (month) 65 (74) 60 (60) –0.3 0.7
IVF-ET attempt 2 (4) 1.5 (5) –0.6 0.5
Total rFSH dose 2525 (2700) 2509.5 (3100) –1 0.3
Endometrial thickness (mm) 10 (3) 10 (3) –0.6 0.5
FSH (IU/L) 7 (2.1) 6.9 (4) –0.4 0.6
LH (IU/L) 5 (3.2) 8.05 (2) –6.6 0.000*
E2 (pg/mL) 49 (38) 49 (9) –0.1 0.000*
P4 0.27 (1.05) 0.23 (1.05) –0.1 0.8
E2 on hCG day 1914.5 (5845) 1635.5 (6164) –1.5 0.1
P4 on hCG day 0.8 (0.8) 0.87 (1.5) –0.7 0.4
Total oocyte 9 (8) 12 (19) –2.6 0.007*
MII oocyte 3 (19) 7.5 (15) –2.6 0.007*
2 PN 3 (13) 7 (11) –3.06 0.002*
BMP-2 984.5 (350) 1720 (318) –6.6 0.000*
Insulin 6.98 (9.7) 12.3 (12.8) –3.4 0.001*
HOMA-IR 1.12 (5.9) 3.44 (8.86) –3.7 0.000*
Glucose 89 (8) 90 (11) –1.4 0.1
Testosterone 0.4 (0.9) 0.85 (0.9) –4.3 0.000*

*: depicts p < 0.05.
BMI, bodymass index; IVF-ET, in vitro fertilization - embryo transfer; FSH, follicle-stimulating
hormone; LH, luteinizing hormone; P4, progesterone; E2, estradiol; hCG, human chorionic
gonadotropin; MII, oocyte maturation; PN, pronuclear; BMP-2, bone morphogenetic protein-
2; HOMA-IR, homeostatic model assessment - insulin resistance.

Table 2. Spearman’s correlations between BMP-2 and other
parameters.

Correlation (r) p-value

Age (year) 0.1 0.4

BMI (kg/m2) –0.07 0.5

Infertility duration (month) 0.03 0.8

IVF-ET attempt –0.009 0.9

Total rFSH dose –0.15 0.2

Endometrial thickness (mm) 0.88 0.01*

FSH (IU/L) –0.05 0.6

LH (IU/L) 0.75 0.000*

E2 (pg/mL) 0.07 0.5

P4 0.04 0.7

E2 on hCG day 0.70 0.02*

P4 on hCG day 0.14 0.2

Total oocyte 0.23 0.06

MII oocyte 0.27 0.03*

2 PN 0.33 0.01*

Insulin 0.45 0.000*

HOMA-IR 0.41 0.001*

Glucose 0.26 0.04*

Testosterone 0.49 0.000*

*: depicts p < 0.05.

agnostic and therapeutic intervention for the management
of cervico-isthmic and intrauterine adhesions, as well as for
small polyps. Further, surgical removal of these lesions de-
tected in hysteroscopy may contribute positively to receptiv-
ity [15, 16]. Unlu et al. [16] reported that myomectomy has
a favorable effect on endometrial home box gene expression.
Celik et al. [15] reported that surgical removal of endometri-
oma improves endometrial receptivity suggesting that there
is a functional link between reptoductive tractus lesions and
endometirum receptivity. When our findings and literature
data are evaluated together, we can conclude that decreased
BMP-2 levels inUEI casesmay coexist with other pathologies
[13, 15, 16]. Surgical treatment of these pathologies may lead
to improvement in endometrial receptivity in UEI cases, but
this idea needs to be confirmed by further studies.

We do not have sufficient data on how metabolic pa-
rameters affect receptivity in UEI cases. Since our con-
trol group patients were selected among those with PCOS,
we evaluated serum insulin, testosterone and HOMA-IR in
both groups. High testosterone, insulin and HOMA-IR val-
ues we found in control group may cause subfertility di-
rectly or indirectly [18]. The positive correlation between
BMP-2 and HOMA-IR, testosterone and fasting insulin lev-
els suggests that metabolic parameters may affect endome-
trial receptivity in UEI cases. For this reason, we can say
that the synthesis and release of BMP-2 from endometrial
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stromal cells can be affected by the metabolic parameters in
women with UEI. This data is important in terms of pro-
viding clues that the subfertility-causing effects of metabolic
diseases such as PCOS are through BMP-2 [19]. Similarly,
disturbed metabolic parameters may have an effect on BMP-
2 release and leading to subfertility in UEI patients. How-
ever, although there was no significant difference between
estrogen and progesterone levels measured on hCG day be-
tween the two groups in our study, the lower BMP-2 levels
in the UEI group suggests that BMP-2 was regulated differ-
ently in this patient group. This paradoxical situation needs
to be clarified because it is a known fact that both estrogen
and progesterone stimulate synthesis and release of receptiv-
ity molecules [18].

5. Conclusions
Expression levels of BMP-2, one of the most important

regulators of the endometrium at the implantation stage,
were significantly lower in UEI cases. Endometrial BMP-
2 is associated with UEI and mechanistically it may be use-
ful to study this further to determine is this is causal or
merely a biomarker. Finding the underlying reason for the
significanlty lower endometrial BMP-2 levels and arranging
treatment accordinglymay improve reproductive outcome in
women with UEI.
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