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Abstract

Purpose To evaluate the relationship of clinical pregnancy rates with bone morphogenetic proteins 2-4-7 (BMP 2, 4, 7), growth
differentiation factor 9 (GDF 9), and Emmprin levels in follicular fluid of intracytoplasmic sperm injection patients.

Methods Follicular fluid of 77 patients who underwent ICSI procedure was collected during the oocyte retrieval procedure. And
follicular fluid levels of BMP 2, BMP 4, BMP 7, GDF 9, and Emmprin (Basigin) were measured and compared for clinical
pregnancy rates.

Results Follicular levels of BMP 4 was significantly higher whereas Emmprin levels were lower in patients who had achieved
clinically diagnosed pregnancy compared with those who did not achieve clinical pregnancy after ICSI procedure (P = 0.007 and
P =0.035, respectively). BMP 2, BMP 7, and GDF 9 levels were comparable for both groups.

Conclusion Clinical pregnancy rates after ICSI may be associated with follicular fluid levels of Emmprin and BMP 4. Follicular
levels of Emmprin and BMP 4 can be used as a marker (as markers for predicting ICSI outcomes) for a better ICSI outcome.
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Introduction

Since the 1990s, the effect of follicular microenvironment on
the development of the oocyte and the quality of embryo has
been extensively investigated [1]. It has been shown that the
quality of the oocyte and embryo strongly depends on
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hormonal and growth factors found in follicular fluid [2].
However, the mechanism of action of these molecules is not
entirely understood.

Among the growth factors, bone morphogenetic proteins
(BMPs) and growth differentiation factor 9 (GDF 9), members
of the transforming growth factor beta (TGF-beta) superfam-
ily, have critical roles in oocyte and follicular maturation
[3-5]. Mutations affecting the function of these proteins lead
to dysregulated signaling, thus interfering with the success of
human conception [6].

BMP 4 along with BMP 7 is produced by ovarian stromal
cells and theca cells and thought to enhance the transition from
primordial to primary follicles [4]. BMP 4 correlates with the
increasing size of primary and secondary follicles as well as
with the increasing number of primary follicles [7]. BMP 2
acts as a heterodimer with BMP 7 in the process of
folliculogenesis [8, 9]. GDF 9 in conjunction with BMPs
functions in oocyte maturation too [10].

Emmprin (extracellular matrix metalloproteinase induc-
er), also called Basigin (CD147), is a transmembrane gly-
coprotein belonging to the immunoglobulin superfamily
[11]. Lack of Emmprin has been shown to be related with
infertility in both male and female mice [11, 12]. Emmprin
plays roles in oocyte maturation, fertilization, implanta-
tion, and early embryonic development [11, 13].
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In the present study, we compared the levels of BMP 2, 4,
and 7, GDF 9, and Emmprin proteins measured in the follic-
ular fluid samples between those with and without clinical
pregnancy after intracytoplasmic sperm injection-embryo
transfer (ICSI-ET) procedure.

Materials and methods

This study was the continuation to our previously published
study with the title of “Follicular fluid levels of Cathepsin B,
relaxin and AMH?” [14]. The follicular fluid samples used in
the previous study have been preserved for the purpose of
conducting future research in our institution. Follicular fluid
samples were collected in tubes containing heparin by cardiac
puncture. Samples were removed by centrifugation for 10 at
2000 x rpm. The samples were maintained at — 80 °C before
performing assays. These samples were thawed to measure the
levels of BMP 2, 4, and 7, GDF 9, and Emmprin. Institutional
review boards approved the study and informed consent forms
had been obtained from all participants included in the study.
All procedures performed in this study were in accordance
with the 1964 Helsinki declaration and its later amendments
or comparable ethical standards.

Study population

The study analyzed the follicular fluid samples of 79 patients
who underwent ICSI procedure in the Infertility Clinic of
Istanbul University School of Medicine (Istanbul, Turkey)
between March and December 2012. The follicular fluid sam-
ples had been obtained from women with a tubal factor or
unexplained infertility. These women did not have a history
of poor response to controlled ovarian hyperstimulation
(COH) or ovarian surgery, endometriosis, hydrosalpinx, and
ovulatory disorders including polycystic ovary syndrome. All
women also had antral follicle count (AFC) > 5 and their ages
were less than or equal to 39 years. The study population was
divided into two groups based on the presence of clinical
pregnancy after in vitro fertilization (IVF) procedure. Group
1 consisted of women who achieved clinical pregnancy and
group 2 consisted of women who did not achieve clinical
pregnancy.

Controlled ovarian hyperstimulation

GnRH antagonist protocol with a daily 225-300 IU of recom-
binant follicle stimulating hormone (FSH) (Puregon
(Schering-Plough, NJ, USA) or Gonal-f (EMD Serono, MA,
USA)) was started on the third day of the cycle for COH. Oral
contraceptive pills were not utilized before the COH cycle.
Starting dose of the gonadotropins was determined for every
patient individually on the basis of the patients’ antral follicle
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count, body mass index (BMI), and response to prior stimu-
lation regime. To prevent premature LH surge, when the lead-
ing follicle reached 14 mm in diameter and the serum estradiol
levels reached > 600 pg/mL, daily cetrorelix (Cetrotide;
Serono, Geneva, Switzerland; 0.25 mg, SC) injection had
been administered until the human chorionic gonadotropin
(hCQ) injection day.

Ovarian follicular development and oocyte retrieval

Follicular development was followed up at one-to-three-day
interval vaginal ultrasonography. hCG was administered
when three or more follicles reached 17 mm in diameter to
achieve follicular maturation. Oocyte retrieval was performed
under general anesthesia with a 17-guage needle 35 to 36 h
after the hCG injection. Follicles, 14 mm and larger, were
retrieved and the number of oocytes was recorded. ICSI was
performed after denudation and a 2-h incubation of the
oocyte—corona complexes.

Embryo transfer and luteal phase support

In accordance with the Turkish legislation of elective single
embryo transfer (SET); to the patients <35 years old and in
their first two IVF attempts, one embryo was transferred. Two
embryos were transferred to the patients who were older than
35 years old or had two or more failed IVF attempts. Grade-1/
2 embryos were transferred. The transfer took place either on
day 2 or day 3. The number of grade-3 embryos was recorded
to be evaluated. Vaginal progesterone was administered for
luteal phase support on the first morning after the oocyte re-
trieval and continued until the 12th week of pregnancy if
pregnancy is achieved.

Follicular fluid aspiration

Each follicle was recovered in a different tube during individ-
ual aspiration. To avoid contamination from blood, flush me-
dium, or mixed follicular fluid, only the first retrieved leading
follicle’s fluid was collected. Thus, one follicular fluid sample
per patient was used for analysis. Samples were centrifuged at
2000g for 10 min, and the supernatants were stored at — 80 C
for further analysis.

Assessment of fertilization, embryo quality,
and pregnancy

Fertilization results were assessed 18 h after ICSI for the
appearance of two distinct pronuclei and two polar bodies.
Cleavage was evaluated 24 h after fertilization. Embryo
quality was assessed on the second day of fertilization and
graded as follows: grade I, symmetric blastomeres and no
fragmentation; grade II, blastomeres different in size and
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shape with <25% fragmentation; and grade III, blasto-
meres different in size and shape with >25% fragmenta-
tion. Blood levels of b-hCG were measured on the 14th
day after embryo transfer. Biochemical pregnancy was
considered when the b-hCG level was >5 mIU/mL.
Clinical pregnancy was confirmed by the presence of a
fetal heartbeat using vaginal ultrasound at 6 weeks of
amenorrhea.

Determination of BMP 2, BMP 4, BMP 7, GDF 9,
and Emmprin levels in follicular fluid

Protein content of the follicular fluid was measured by the
Bradford method to prevent potential bias owing to different
volumes of the follicular fluid [15].

Human BMP 2, BMP 4, BMP 7, EMMPRIN/CD147,
and GDF 9 enzyme-linked immunosorbent assay (ELISA)
kit (Hangzhou Eastbiopharm Co. Ltd., China) was used
for the quantitative measurement. Samples and standards
were added to appropriate wells which are pre-coated with
antihuman monoclonal antibody before incubation. Biotin
was added to all wells and combined with streptavidin-
HRP to form immune complex and then carry out incu-
bation again and washing to remove the uncombined en-
zyme. Then chromogen solutions A and B were added
when the color of the liquid changes into blue. At the
effect of acid, the color finally becomes yellow. Optical
density was read on a standard automated plate reader at
450 nm (Thermo Scientific Microplate Reader). BMP 2-4-
7 levels were expressed as ng/mL and Emmprin and GDF
9 levels were expressed as ng/L. The detection range was
2-16 ng/mL for BMP 2, 7.5-480 ng/mL for BMP 4,
0.75-24 ng/mL for BMP 7, 100-3200 ng/L for
EMMPRIN, and 75-4800 ng/L for GDF 9.

Statistical analyses

The assumption of normality was made using the Shapiro-
Wilk test. The Mann-Whitney U test was used to evaluate
non-normally distributed data, which is reported as medi-
an (minimum-maximum), and the Student ¢ test was used
to evaluate normally distributed dada which is reported as
mean + standard deviation. The Box-Cox transformation
was applied to make the distributions more symmetric.
The natural algorithm was used for Emmprin and GDF
9 and inverse transformation was used for BMP 2-4-7.
The association between pregnancy results and the protein
levels was modeled by logistic regression analysis. P val-
ue of <0.05 was considered the threshold for statistical
significance. All analyses were carried out in R Version
3.5.2 (R Core Development, 2018).

Results

A total of 79 follicular fluid samples were examined. Of
these, 23 (29.1%) were the ones obtained from women
who achieved clinical pregnancy and the remaining 56
(79.9%) were the ones obtained from women who did
not. Characteristics of these patients are presented in
Table 1. The groups did not differ in terms of age, BMI,
duration of infertility, day-3 FSH, and estradiol levels
(Table 1).

Table 2 shows the comparisons of levels of BMP 2, 4,
and 7, Emmprin, and GDF 9 between the groups. The
median BMP 4 level was significantly higher in women
who achieved clinical pregnancy than in those who did
not (P=0.03), whereas the median Emmprin level was
significantly lower in women who achieved clinical preg-
nancy compared with those who did not (P<0.001). The
levels of other proteins studied were similar between the
groups.

BMP 4 was found to be associated with the probability of
pregnancy (P =0.03). Area under the curve (AUC) of BMP 4
for prediction of pregnancy was found to be 0.61 (95% con-
fidence interval 0.45-0.78; P = 0.43). Sensitivity and specific-
ity of BMP 4 with a 0.14 cut-off level were 0.52 and 0.67,
respectively.

Emmprin was not found to be associated with the prob-
ability of pregnancy (P=0.15). However, when trans-
formed levels of BMP 4 and Emmprin were included to-
gether in logistic regression, AUC was found to be 0.70
(95% confidence interval 0.55, 0.84; P=0.03). A thresh-
old of 0.14 had a sensitivity of 67% and specificity of
67% (Fig. 1; receiver operating characteristic (ROC)
curve of combined BMP 4 and Emmprin levels for pre-
diction of pregnancy).

Pearson correlation analysis was performed to assess cor-
relations between BMP 2, BMP 4, BMP 7, GDF 9, and
Emmprin levels and age as well as BMI. Neither age nor
BMI showed a correlation with any of these markers (corre-
lation coefficient for age =—0.04, 0.03, 0.03, 0.02, and 0.24,
respectively, P> 0.05 for all; correlation coefficient for
BMI=-0.01, 0.02, —0.14, 0.02, and —0.10, respectively,
P> 0.05 for all).

Table 3 shows the comparison of the number and the
maturity of the oocytes between the groups. The number
of oocytes, metaphase II (MII) oocytes, and MII oocyte
rate was significantly higher in the pregnancy group
(P <0.05); however, the number of transferred embryos
and fertilization rate were comparable between groups
(P>0.05).

We also compared the proteins’ levels between those
with a tubal factor and those with unexplained infertil-
ity. No differences were observed between them
(P>0.05 for all).
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Table 1 Characteristics of the patients
Pregnant (n =23) (mean + std) Non-pregnant (n = 56) (Mean = std) P value

Age (years) 31.55+4.76 33.12+4.67 0.21
BMI (kg/m?) 25.1+32 25.6+23 0.76
Period of infertility(months) 87.90+47.69 85.18+60.58 0.85
Day-3 serum FSH(mIU/mL) 7.64+4.55 9.11+4.87 0.27
Day-3 serum E2 (pg/mL) 46.84+£20.91 68.67 +89.14 0.28
Gonadotropin doses (IU) 2175+£192.3 2250+£268.32 0.86
Number of transferred embryos (grade 1/2) 1.56+1.15 1.46+1.71 0.18
Day of Embryo Transfer 0.92

Day 2 10 (43.5) 34 (60.7)

Day 3 13 (57.1) 22(39.3)
Discussion Cunha et al. observed increases in the sizes of primary and

In this study, we found that the follicular fluid samples of
women who achieved clinical pregnancy had a higher BMP
4 level and a lower Emmprin level when compared with those
who did not achieve clinical pregnancy. The combination of
BMP 4 with Emmprin predicted clinical pregnancy with a
sensitivity of 67% and a specificity of 67% at a cut-off level
of 0.14.

BMPs and GDF are members of the TGF-beta superfamily
[3, 4]. BMPs are usually found in heterodimer forms: BMP 2/
BMP 7, BMP 2/BMP 6, BMP 4/BMP 7, and BMP 15/GDF 9
[8, 9, 16, 17]. These forms are biologically more active than
their respective homodimers in the regulation of cellular func-
tions [8, 9, 17].

BMP 4 is synthesized by theca cells and acts on the gran-
ulosa cells and oocytes in a paracrine manner [18]. Tanwar
and McFarlane revealed that BMP 4 protein is detectable in all
stages of follicular development and thus may facilitate the
transition from primordial to primary follicle [19]. Nilsson
and Skinner revealed that the injection of BMP 4 into the
ovaries of rats increased the number of developing primary
follicles and decreased the number of primordial follicles [20].
They also showed that after adding a neutralizing BMP 4
antibody to the culture medium, the ovaries became smaller
in size, the number of oocytes and primordial follicles dimin-
ished, and cellular apoptosis increased. In another study,

secondary follicles following the treatment with 100 ng/mL
BMP 4 for a duration of 6 days in in vitro culture medium [7].
On the contrary, some studies on bovine and ovine species
claimed that BMP 4 does not affect the primordial primary
follicle transition process [7, 21].

The mechanism of action of BMP 4 in follicles is not fully
understood. However, Childs et al. suggested that BMP 4 is
likely to reduce apoptosis in human granulosa cells, prevent
their premature differentiation, and protect their steroidogenic
properties [22]. The fact that our study showed higher BMP 4
levels in women who achieved clinical pregnancy compared
with those who did not support the existing literature regard-
ing the role of BMP 4 in follicular development. Our study
revealed an association between the BMP 4 level and clinical
pregnancy (P =0.03); additionally, we found that BMP 4 to-
gether with Emmprin predicts clinical pregnancy with a sen-
sitivity of 67% and a specificity of 67% at the cut-off level of
0.14. Accumulating evidence suggests that the amount of
BMP 4 in follicular fluid would be a good marker in
predicting ICSI outcomes. Although the existing literature
suggests the positive effects of those cytokines on follicular
maturation and implantation, our study could only point the
possibility of predicting clinical pregnancy by using these
markers; because of transferring only grade 1 or 2 embryos,
we could not speculate on embryo development. Therefore,
with our study results, it is not possible to elicit a comment on

Table 2 Comparison of the

follicular levels of the proteins Non-pregnant (n=67) Pregnant (7 =23) P value
between the groups median (min-max) median (min-max)
BMP 2 (ng/mL) 1.3 (0.6-6.9) 1.2 (0.8-2.1) 0.64
BMP 4 (ng/mL) 41.2 (22.5-186.8) 47.3 (34.9-205.8) 0.03*
BMP 7 (ng/mL) 2.9 (1.5-11.9) 3.1(1.7-3.8) 0.96
Emmprin (ng/L) 183 (16-1329) 116 (29-778) 0.00%
GDF 9 (ng/L) 315 (35-2640) 287 (75-694) 0.81

*P<0.05

@ Springer



J Assist Reprod Genet (2019) 36:1127-1133

1131

o
-

y —

0.6 0.8
| l

1

True positive rate
04

0.2
L

0.0

| | \ \ T \
0.0 0.2 0.4 0.6 0.8 1.0

False positive rate

Fig. 1 ROC curve of BMP 4 + Emmprin for prediction of pregnancy

the relationship between the levels of these proteins and em-
bryo development/embryo quality.

Emmprin (Basigin) is a member of the immunoglobulin
superfamily which acts as a cell surface glycoprotein (11).
Several studies revealed that Emmprin plays roles in angio-
genesis, neuronal signaling, tumorogenesis, and wound
healing as well as follicular maturation and embryo implanta-
tion [23-26].

The complete physiologic mechanism of Emmprin in fol-
licular growth and corpus luteum formation is not clear.
However, it was hypothesized that Emmprin inducts matrix
metalloproteinases which can facilitate the process of follicu-
lar development, ovulatory rupture, and luteinization [27].
Kuno et al. reported that Emmprin null mutant oocytes have
significantly reduced fertilization [11]. And also, Smedts and
Curry showed an ovarian Emmprin increase during luteal for-
mation and function in rats [28].

In our knowledge, this is the first study that evaluates the
human follicular fluid levels of Emmprin. Although several
studies revealed an Emmprin increase during follicular growth
and corpus luteum in animal models, we found a lower level
of Emmoprin in the follicular fluid samples from women who
achieved clinical pregnancy after ICSI-ET. We may explain
this difference in two ways. First, this may be related to the use
of different methods in the measurement of Emmprin. In

previous studies, Emmprin was evaluated with
immunohistologic staining; however, we measured the levels
of the Emmprin in the follicular fluid samples. Second, this
difference may have resulted from the relation between
Emmprin and luteinization. In a rat model, Smedts and
Curry revealed that the Emmprin mRNA levels increase in
post ovulatory luteinization [28]. And also, Chang et al. re-
ported high Emmprin expression in early CL (day 1-3) in the
mouse ovary; however, 615 days after hCG stimulation,
Emmprin expression decreases [13]. In our study, follicular
fluid samples were obtained during oocyte retrieval. If the
luteinization of the follicles is the reason of the higher
Emmoprin levels, follicular Emmprin levels can be used for
assessing the early luteinization of the patients who undergo
IVF treatment.

Decreased fertility in Emmprin null mutant oocytes and
Emmprin localization in granulosa and theca cells in pre-
ovulatory stage showed that Emmprin is effective in
folliculogenesis and oocyte maturation [11, 28]. As to BMP
4, increasing primordial primary follicle transition and reduc-
ing apoptosis in granulosa cells indicate the positive effect of
BMP 4 on oocyte maturation [4, 22, 29]. In our study, higher
rates of MII oocytes in the pregnancy group supported the
hypothesis that BMP 4 and Emmprin might be effective in
folliculogenesis and oocyte maturation.

Beside BMP 4 and Emmprin, we also studied BMP 2-7-9
and GDF 9. Some of the previous studies showed the associ-
ation of follicular development and fertilization capacity with
those proteins (8, 9, 21, 22). Our study is the first study that
evaluated those proteins in human follicular fluid, and no sig-
nificant differences were determined for clinical pregnancy
rates. Additionally, some studies revealed that BMP 2/BMP
7 and GDF 9/BMP 15 heterodimers are more active and more
potent in follicular development [8, 9]. Thus, evaluating BMP
2/BMP 7 and GDF 9/BMP 15 heterodimers can be more rea-
sonable instead of evaluating homodimers. However, Peng
et al. showed that the levels of heterodimers in follicular fluid
were too low to be detectable [9]. Thus, we did not evaluate
the levels of heterodimers in our study samples.

The main limitation of our study is that since only day-2 or
day-3 embryos were transferred in the study groups, we did
not have data regarding day-5 embryos.

In conclusion, our findings suggested that the levels of
Emmprin and BMP 4 in follicular fluid may be used as

Table 3 Comparison of oocytes

in pregnant and non-pregnant Pregnant (n=23) Non-pregnant (n = 56) P
patients
N of oocytes 10.00 £ 6.85 5.96+3.94 0.002
N of MII oocytes 8.65+5.63 4.58+3.36 0.001
MII oocyte rate (%) 88.98+10.19 78.14+£23.30 0.04
N of transferred embryos (grade 1/2) 1.56 1.15 146+ 1.71 >0.05
Fertilization rate (%) 81+18.39 76.25+21.79 >0.05
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markers in predicting ICSI outcomes. Further research studies
are needed to better understand the importance of these
markers in the prediction of ICSI outcomes.
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