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Abstract

Objectives: This study aimed to investigate whether a
growth factor and a cytokine midkine (MK) can be a new
biomarker for the diagnosis and treatment of unexplained
female infertility (UFI) cases.
Methods: Serum (S), follicle fluid (FF), and cumulus cells
(CCs) of the patients aged 20–42 years, diagnosed with male
factor (MF) and UFI were used. Patients underwent Intra-
cytoplasmic Sperm Injection (ICSI). The anti-Müllerian
hormone (AMH) and MK levels with other hormone levels
(FSH, LH, E2, PRL, INHB, TSH), the oocyte and embryo
qualities, the fertilization and pregnancy rates, and cumulus
cells (Cell number and ultrastructure, apoptosis rate) were
evaluated. Student-T-test was performed and p<0.05 was
considered statistically significant.
Results: The lowest numbers of CCs were found at UFI
(p<0.05). The lowest apoptosis rate with the highest CC
viability rate was evaluated at MF (p<0.05). The lowest AMH
and MK levels (S, FF) were detected at UFI in comparison to
MF (p<0.05). MK and AMH levels of non-pregnant subjects
were much lower than pregnant subjects (p<0.05). In
addition, these levels were lower in the subjects above 35
age (p<0.05). Structural analysis of CCs showed that the

number of lytic cells with cell remnants and apoptotic
bodies was higher in non-pregnant subjects. It seems
that MK did not show any resistance to both AMH and
apoptosis.
Conclusions: MK can not be accepted as a new biomarker
for the diagnosis and treatment monitoring of UFI cases.
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Introduction

Anti-Müllerian hormone (AMH) is a gonadal hormone that is
a member of the growth and differentiation superfamily of
transforming growth factor beta with a weight of 140 kDa, in
a disulfide-linked homodimeric glycoprotein structure [1].

Antral follicles in size up to 8 mm in the ovaries
(pre-antral and small antral follicles) are released by gran-
ulosa cells, preventing the development of primordial folli-
cles, thus it is involved in maintaining the ovarian reserve.
Since it is not affected by gonadotropins even though it is
released from the ovaries, and the levels are minimally
changed or unchanged during the menstrual cycles, it is
accepted as the most reliable and commonly used marker
in the clinic via the elimination of other biomarkers origi-
nated from ovaries as estradiol [1, 2]. It was also shown to
contribute to the definitive diagnosis of common female
diseases with poor ovarian response, polycystic ovarian
syndrome (PCOS) [2, 3].

However, in recent studies, the changes in AMH levels
interindividual and intraindividual have led to questioning
the reliability of AMH in the determination of ovarian
reserve [4–19]. In these studies, AMH levels were changed
due to (1) the biological variation and age (Antral follicle
number, especially in young women in the menstrual cycle)
[4, 5], (2) the ethnic group [6], (3) the overweight [7], (4)
vitamin D levels [8], (5) the AMH receptor and AMH poly-
morphisms [9], (6) the genetic variants [10], (7) the smoking
[11], (8) the contraceptive use [12], (9) the pregnancy [13], (10)
different AMH detection tests [14–19]. AMH is a good
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indicator of oocyte quantity, but in no case does it reflect
oocyte health or the chance of pregnancy [13]. It seems that
age is still the strongest parameter in the determination of
success rates with fertility treatments [13].

Midkine (MK), a 13 kDa-weighted growth factor with
cytokine actions, is a member of the pleiotrophin/heparin-
bound growth-relatedmolecule family. MK is involved in the
growth, survival, repair, migration, and reproduction of the
organism [20–30,50]. MK can be detected in the mid-
gestation phase of embryogenesis at high levels and then
decreases in adults [20]. This protein is expressed by a
variety of cells under physiological and pathological condi-
tions [21]. The inhibition of the MK gene in the treatment of
several diseases such as immunity and blood pressure-
related diseases and cancer resulted in a successful prog-
nosis [20–22]. In addition, MK can be used to treat several
cases of burns, tissue damage, or tissue loss tomake recovery
and/or regeneration [23–25].

There is a limited number of studies on MK in repro-
ductive health [26–29,50]. MK is secreted from the theca and
granulosa cells of large follicles. MK leads to the estradiol
release and the proliferation of granulosa cells in growing
follicles [7–10]. It is also shown that granulosa cells can
secrete MK without any effect of FSH [26–28,50]. MK leads to
the proliferation of primordial germ cells via the increase of
mitotic pathways. The deficiency at MK and pleiotrophin
(PTH) genes lead to a decrease in the interval of the oestrus
stage via decreasing the number of follicles and this gene
deficiency can also cause vaginal disorders [26–28,50]. It was
shown that MK levels can be affected by vitamin D levels as
same as AMH. The deficiency in immunomodulator vitamin
D levels increases MK levels markedly [29]. The study done
by Sakcak et al. (2023) showed that serum MK level was
significantly higher in pregnant women with pre-eclampsia
because of the contribution of MK in complicated inflam-
matory processes leading to pre-eclampsia [30].

Unexplained female infertility (UFI) is defined as the
pregnancy failure of a woman having healthy ovaries with a
normal or low ovarian capacity and regular menstrual
cycles with no apparent defect that can be diagnosed despite
unprotected intercourse for one year [31, 32]. Exclusion
criteria for UFIwere determined and summarized as (1) PCOS,
(2) congenital adrenal hyperplasia, (3) androgen-secreting
tumors, (4) Cushing syndrome, (5) male infertility, (6) tubal
pathologies, (7) anovulation, (8) hyperprolactinemia,
(9) hypothalamic menstruation (amenorrhea), (10) previ-
ous ovarian surgery, (11) ovarian tumors, (12) uterine
anatomical disorders, (13) intraperitoneal adhesions, (14)
endometriosis and other pelvic pathologies, (15) thyroid
dysfunction and diabetes, (16) repeated pregnancy losses
and (17) autoimmune diseases [31, 32]. AMH and AMH

receptor II (AMHRII) gene variants have also been shown to
be effective in normal estrogenic and normal ovulation
stages in unexplained cases of infertility [33].

Differences in AMH levels seen in healthy individuals
according to variables such as the biological variation
described above may create ambiguities in identifying and
monitoring pathological conditions such as UFI. For these
reasons, besides healthy individuals, additional and/or new
biomarkers are needed to determine the correct ovarian
reservemarkerswith their cut-off values and test techniques
that can be used safely in clinics nationally and interna-
tionally for the identification and monitoring of UFI. This
study aimed to investigate whether serumMK protein levels
can be used as a new biomarker in the evaluation of ovarian
capacity and oocyte quality in patients diagnosed with UFI
undergoing Intracytoplasmic Sperm Injection (ICSI) and
whether there was a connection with AMH.

Materials and methods

Patient profile

This was a single-centered, prospective study. The study was carried
out following the provisions of the Helsinki Declaration and started
after the approval of the Biruni University Non-Interventional Ethics
Committee (No: 2017/5-1).

The study proceeded at Memorial Şişli Hospital In Vitro Fertiliza-
tion (IVF) Center with 270 women aged 20–45 years grouped as a male
factor (n=90, control group) and UFI (n=90). These women
were diagnosed according to the criteria of the Rotterdam Consensus
Conference in 2004 determined by the Council of Europe Human
Reproduction and Embryology Association and the American Repro-
ductive Medicine Association.

Inclusion criterias in UFI

Women between the age of 20–42 years old who fails to achieve preg-
nancy despite unprotected intercourse for one year, although they have
a normal or low ovary capacity, healthy ovaries, and regular menstrual
cycles, were included in this study.

Exclusion criterias in UFI

Significant, identifiable diseases and cases (PCOS, congenital adrenal
hyperplasia, androgen-secreting tumors, Cushing syndrome, male
infertility, tubal pathologies, anovulation, hyperprolactinemia, hypo-
thalamic menstruation (amenorrhea), previous ovarian surgery,
ovarian tumors, uterine anatomical disorders, intraperitoneal adhe-
sions, endometriosis, other pelvic pathologies, thyroid dysfunction and
diabetes, other hormonal disorders, recurrent pregnancy loss, and
autoimmune diseases), the usage of vitamin D and any other medica-
tions, hypovitaminosis D and hypervitaminosis D cases were excluded
from the study because it’s known that they can change AMH levels [29].
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Patient samples and main outcome criteria

Demographic data, fertilization rate, embryo number, embryo quality,
MI-MII, and GV oocyte ratios, and antral follicle count (AFC) were
evaluated in patients undergoing ICSI [34–37]. Ultrasonographic antral
follicle count was done on the third day of the menstrual cycle. 12 days
after the transfer, human chorionic gonadotropin beta (hCGβ) was
examined by Electrochemiluminescence immunotest (ECLIA) and those
who had exponentially increased (hCGβ) levels after two days were
considered pregnant. The blood taken on the third day of the menstrual
cycle from healthy individuals and patients is separated into a
serum. Follicule-stimulating hormone (FSH), luteinizing hormone
(LH), estradiol (E2), prolactin (PRL), thyroid stimulating hormone (TSH),
and AMH levels were investigated by using ECLIA, and inhibin B (INHB)
with MK levels were detected by using enzyme-linked immunosorbent
test (ELISA). MK and AMH levels were also evaluated in follicle fluid
(FF) taken on the day of oocyte pick-up (OPU). In addition, the number of
CCs was counted by hemocytometry and viable, dead and apoptotic
CC indexes were evaluated by flow cytometry, and the ultrastructure of
CCs was evaluated by transmission electron microscopy (TEM) on the
day of OPU. All the remaining products were destroyed after the
experiments.

Serum isolation from blood

The blood of healthy individuals and patients taken on the third day of
the menstrual cycle was put into yellow-capped vacuum tubes with clot
activator and acrylic-based gel. The tube, whichwas gently reversed 5–6
times and mixed gently, was centrifuged at 1,500 g for 10 min.

Cumulus cell and follicular fluid isolation

Follicle fluids containing follicles reaching 15 mm in diameter were
taken by using sterile needles from each patient individually. Then, the
follicles were removed from the follicle fluid. According to CCs, oocytes
were evaluated as firs-degree immature, second-degree intermediary,
third-degree mature, fourth-degree postmature, and fifth-degree atretic
[34]. After the follicles were removed from the follicle fluid, 40 IU/mL
hyasewas applied for 10 min to remove CCs around the oocyte. Three CC
layers were left. CCs removed from the oocyte were centrifuged for
10 min at 2,000 rpm with the hyase-containing medium and the super-
natantwas discarded. Thus, erythrocyte, leukocyte,mediumwith hyase,
and residual follicular fluid were removed. Cells were counted by using
a hemocytometer. After FFs were centrifuged at 300 g for 15 min, the
upper liquid was taken into 1 mL cryo tubes for use in ECLIA and ELISA
processes. The vitrificationwas applied and stored in the liquid nitrogen
tank [35, 36].

Transmission electron microscopy

The first step of the ultrastructural analysis with TEM was performed
with thefirst fixation by keeping the cells collected on the OPU at 4 °C for
30 min in 2.5 glutaraldehyde [35, 37]. After washing three times for 5 min
with PBS, samples were kept at 4 °C for 30 min with 1 % osmium tetra-
oxide (OsO4) for the second fixation. Then, the third fixation with 1 %
uranyl acetate was done at 4 °C for 15 min. CCs were embedded into the
white part of an egg and incubated in 70 % ethanol for two days.

Following hardening, the ascending degrees of ethanol (70 %, 90 %,
96 %, and two times 100 % ethanol) were applied at room temperature
for 10 min. Then, they were kept in 1/1 and 1/3 ratios of propylene
oxide/embedding medium (EMBed 812 kit, EMS, Hatfield, PA, USA) for
50 min, and in pure embedding medium for 70min, respectively. They
were embedded in capsules filled with pure embedding medium and
stored in an oven at 60 °C for 18 h. The capsules were cut into 65–70 nm
thickness by ultramicrotome and these thin sections were transferred
onto the nickel grids. Finally, 5 %uranyl acetate for 15 min andReynold’s
solution for 5 min was applied. Samples were examined with the
transmission electron microscope (JEOL JEM-1011 Peabody, MA, USA)
and photographs were taken at different magnifications.

Flow cytometry

Viable, dead, and apoptotic CC ratios were determined by using a
commercial kit based on cytometric Annexin-V-Fluorescent isothiocy-
anate/propidium iodide (Anneksin-V-FITC/PI) double staining. Some
minor changes were made to the method proposed by the kit
(FITC Annexin V Apoptosis Detection Kit II; BD 556570, BD Sciences, San
Jose, CA, USA) [38]. Cumulus cells were washed, and a binding buffer
consisting of 4-(2-hydroxyethyl)-1-piperazinethanesulfonic acid buffer
(HEPES), sodium chloride, and calcium chloride was added. CCs were
incubated with 5 µL Anneksin V-FITC and 5 µL PI at 22 °C and in the dark
for 15 min. Then, measurements were taken on the flow cytometry
device (BD Biosciences, FACS Calibur, USA). As a result of the device
analysis, histograms were evaluated. At histograms, the left lower
part (Annexin V−, PI−) and the left upper part were shown as viable
cells and dead cells, respectively. In addition, the right lower part
(Anneksin V+, PI−)and right upper part (Anneksin V+, PI+) indicated
early apoptotic cells and late apoptotic cells, respectively. Total apoptotic
cell ratios were evaluated by summing up early and late apoptotic cell
ratios.

MK levels by ELISA

The evaluation of total protein levels in serum and FFs was performed
using the commercial protein kit (Quick Start™ Bradford Protein Assay
1; Bio-Rad Laboratories, Inc. Munich, Germany) based on the Bradford
method ELISA process. MK protein levels in serum and FFs were
determined using the commercial ELISA kit (CDYELISA; Cellmid
Limited, Sydney, Australia) by making some changes following the
manufacturer’s instructions [38]. One hundred µL of test samples, pos-
itive controls (One of them is lysate from T98 glioblastoma cells which is
highly expressed MK, the other one is included in the ELISA kit) and the
MK standards (0, 25, 50, 100, 250, 500, 750 and 1.000 pg/mL) were added
into MK-coated 96-well microplates. Standards, controls, and samples
were placed in wells in triplicate. They were kept at room temperature
for 2 hwith continuous shaking in the orbital shaker. After each step, the
except for stopper solution application, four washes were performed
with the wash buffer provided by the kit. Then detector antibody
(100 µL/well) was added to the wells and they were incubated for 1 h
at room temperature with continuous shaking in the orbital shaker.
100 µL of streptavidin-peroxidase solution was added per well and they
were kept at room temperature for 30 min. After, they were incubated
with 100 µL of substrate solution at room temperature in the dark with
continuous shaking on the orbital shaker for 10 min. After detecting
the blue color, 100 µL of stopping solution was added without pouring
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the substrate solution out. When the yellow color formation was
observed indicating that the reaction was stopped, they were measured
at a wavelength of 450 nm using an ELISAmicroplate reader (Multiskan
GO UV/Vis; Thermo Scientific Corporation, Germany) within 3 min.

AMH levels by ECLIA

AMH levels were done using the ECLIA-based commercial kit (Roche
Diagnostics GmbH, Germany, catalog number: 06331076 190). After 50 µL
of serum and FFs were placed into the well coated with monoclonal
antibody specific for mammalian AMH, and labeled with ruthenium
complex. Then, biotinylated monoclonal antibody was added and they
were incubated for 9 min. Streptavidin-coated microparticle was added
and allowed to bind to a biotinylated antibody for 9 min. All operations
were carried out using the Roche Cobas e601 device.

The detection of other hormone levels

The ECLIA-based commercial kits provided by Roche Diagnostics GmbH
(Germany) used for the detection of FSH (Catalog number: 11775863 122),
LH (Catalog number: 11732234 122), PRL (Catalog number: 03203093 190),
E2 (Catalog number: 06656021 190), TSH (Catalog number: 11731459 122)
and hCG (Catalog number: 03271749 190) and The ELISA based com-
mercial kit provided fromNovus Biologicals (USA) used for the detection
of INH B (Catalog number: NBP2-66432).

Statistical analysis

The resultswere evaluated for statistical significance using the IBMSPSS
Statistics (Version 25) program. The Student-t-test was performed.
Results are shown as means ± standard deviation (SD). p<0.05, p<0.01,
p<0.001 values were considered statistically significant.

Results

Patient profile

The demographic data is shown in Table 1. In comparison to
the control group (male factor), it’s seen that fertilized oocyte
number, fertilization percentage, embryo number, and good
quality embryo number with the pregnancy rate were lower
in the UFI group.

Flow cytometry analysis

In comparison to the control group, the UFI group had lower
total cumulus cell number and viable cumulus cell rate,
however, they had higher early and late apoptotic cell rates
meaning that higher total apoptotic cell rates and higher
dead cell rates (Table 2).

Hormone levels with midkine levels

It’s clearly shown in Table 3 that the UFI group has higher
sE2, sPRL, sINHB, sTSH levels in comparison to the control
group. However, sMK andffMK levels with sAMH andffAMH
levels were lower in the UFI group.

The analysis of AMH and MK levels by
pregnancy outcome

Table 4 showed that the UFI group has lower sAMH and
ffAMH with sMK and ffMK levels in comparison to the con-
trol group both in the pregnancy-positive and pregnancy-
negative groups. However, these levels detected in the

Table : The demographic data.

Variables The control
group (n=)

The UFI
group (n=)

Age . ± . . ± .a

BMI . ± . . ± .

Endometrium thickness, mm . ± . . ± .

AFC . ± . . ± .a

Oocyte number . ± . . ± .

GV . ± . . ± .a

MI . ± . . ± .a

MII . ± . . ± .a

Fertilized oocyte number . ± . . ± .

Fertilisation rate, %  ± .  ± .a

Embryo number . ± . . ± .

Good quality embryo number (day ) . ± . . ± .a

Pregnancy rate (Sac+), % . ± . . ± .a

Results are shown as means ± SD. ap<., bp<., and cp<.
statistically significant compared to the control group, p>. not
statistically significant compared to the control group. AFC, antral follicle
count, BMI, body mass index, GV, germinal vesicle (blocked oocyte
maturation at the prophase stage of meiosis), MI, () meiotic metaphase,
MII, () meiotic metaphase.

Table : The apoptotic index of cumulus cells.

Variables The control
group (n=)

The UFI
group (n=)

Number of cumulus cells . ± . . ± .a

Viable cell rate, % . ± . . ± .b

Early apoptotic cell rate, % . ± . . ± .a

Late apoptotic cell rate, % . ± .z . ± .a,z

Total apoptotic cell rate, %d
. ± . . ± .c

Dead cell rate, % . ± . . ± .a

Results are shown as means ± SD. ap<., bp<. and cp<.
statistically significant compared to the control group. dPercentage of total
apoptotic cells is indicated in the table as the sum of early and late apoptotic
cell percentages.
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pregnancy-positive group were much higher than in the
pregnancy-negative group.

The analysis of AMH and MK levels by age in
pregnancy-negative individuals

The UFI group has lower sAMH andffAMHwith sMK andffMK
levels in comparison to the control group both in the
pregnancy-positive and pregnancy-negative groups. However,

these levels detected in the group aged over 35 were much
lower than in the group aged equal and under 35 (Table 5).

Ultrastructural evaluation of cumulus cells
of non-pregnant subjects in terms of age

The control group of non-pregnant subjects

According to the results obtained from non-pregnant sub-
jects (n=40) in the control group at age 35 and under age 35,
some of the CCs lost cell integrity due to disrupted cell
membranes. Lytic cells were frequently seen in this group.
Vacuolization in the cytoplasm was also detected in some
cells. Mild mitochondria damage was detected in the same
group. Few lipid droplets were also seen (Figure 1A). Subjects
aged over 35 diagnosed as a male factor has also lipid
droplets as well as the control group at age 35 and under age
35. Lytic cells with cell remnants were much higher than
the control group at age 35 and under age 35. Apoptotic
bodies were also detected in the same group (Figure 1C).
The number of vacuoles detected in this group was much
higher than in the control group at age 35 and under age 35
(Data not shown). In addition, severemitochondria damage
characterized by cristae damage, and the loss of mito-
chondria shape was also detected in the same group
(Figure 1C).

Table : The hormone andMKprotein analysis of serum and follicle fluid.

Variables The control group (n=) The UFI group (n=)

sFSH, mIU/mL . ± . . ± .d

sLH, mIU/mL . ± . . ± .d

sLH/sFSH . .d

sE, pg/mL . ± . . ± .a

sPRL, ng/mL . ± . . ± .a

sINH B .±. . ± .a

sTSH, mIU/L . ± . . ± .b,c

sAMH, ng/mL . ± . . ± .a

sMK, pg/mL . ± . . ± .a

ffAMH, ng/mL . ± . . ± .d

ffMK, pg/mL . ± . . ± .a

Results are shown as means ± SD. ap<., bp<., and cp<.
statistically significant compared to the control group, dp>. is not
statistically significant compared to the control group. s, serum, ff, follicle
fluid.

Table : The analysis of AMH and MK levels by pregnancy-positivity and pregnancy-negativity.

Pregnancy (+) (n=) Pregnancy (−) (n=)

Variables The control group (n=) The UFI group (n=) The control group (n=) The UFI group (n=)

sAMH, ng/mL . ± . . ± .a . ± . . ± .a,C

sMK, pg/mL  ±  ±d  ±   ± 
a,B

ffAMH, ng/mL . ± . . ± .a . ± . . ± .a,B

ffMK, pg/mL  ±   ± 
a

 ±   ± 
a,C

Results are shown as means ± SD. ap<., bp<., and cp<. statistically significant compared to the control group; Ap<., Bp<. and Cp<.
statistically significant compared to the pregnancy negative group at the UFI group, dp>. is not statistically significant compared to the control group. s,
serum, ff, follicle fluid.

Table : The analysis of AMH and MK levels by age in pregnancy-negative individuals.

Variables Pregnancy (−) (n=)

Age≤ (n=) Age> (n=)

The control group (n:) The UFI group (n:) The control group (n:) The UFI group (n:)

sAMH, ng/mL . ± . . ± .a . ± . .±.d,A
sMK, pg/mL  ±   ± 

c
 ±   ± 

a,C

ffAMH, ng/mL . ± . . ± .a . ± . . ± .b,A

ffMK, pg/mL  ±  ±d  ±   ± 
d,C

Results are shown as means ± SD. ap<., bp<., and cp<. were statistically significant compared to the control group, Ap<., Bp<. and
Cp<.were statistically significant compared to the group aged above  at the UFI group; dp>. is not statistically significant compared to the control
group. s, serum, ff, follicle fluid.
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The UFI group of non-pregnant subjects

Due to the results obtained from non-pregnant subjects
(n=40) in the UFI group at age 35 and under age 35, the same
ultrastructural changes were observed as well in the control
group at the same age, however, the number of lytic cells
with cell remnants and mitochondria with mild damage
was much higher in this group (Figure 1B). Although the
alterations of ultrastructure in the UFI group consisting of
patients aged above 35 were very similar to the UFI group
aged 35 andunder age 35, the higher number of lytic cells and
cell remnants with the presence of apoptotic bodies and
severe mitochondria damage have briefly described the
differences between these two groups (Figure 2D).

Ultrastructural evaluation of cumulus cells
of pregnant subjects in terms of age

The control group of pregnant subjects

Due to the results obtained from pregnant subjects in the
control group at age 35 and under age 35, some of the CCs
have cell integrity, intact nuclei and continuous cell mem-
branes, and healthy, intact mitochondria (Intact outer and
inner membranes, oval shape). Some CCs of the control
group were found to have lipid droplets in different sizes. In
addition, vacuoles were rarely seen (Figure 2A). Patients
aged over 35 diagnosed as a male factor have the almost
same structure except for frequently seen vacuolization in

Figure 1: The evaluation of transmission
electron micrographs of cumulus cells of
non-pregnant patients: (A) male factor,
age≤35, (B) UFI, age≤35, (C) male factor,
age>35, (D) UFI, aged 35. The original
magnification of all micrographs is ×7,500,
except for a small micrograph at d (×10k). ab,
apoptotic body, cr, cell remnant, er,
endoplasmic reticulum, lc, lytic cell, ld, lipid
droplet, mi, mitochondria, n, nucleus, nu,
nucleolus, v, vacuole.

Figure 2: The evaluation of transmission
electron micrographs of cumulus cells of
pregnant patients: (A) male factor, age≤35,
(B) UFI, age≤35, (C) male factor, age>35,
(D) UFI, age>35. The original magnification of
all micrographs is ×7,500, except for a small
micrograph at c (×10k). ab, apoptotic body, cr,
cell remnant, lc, lytic cell, ld, lipid droplet, mi,
mitochondria, n, nucleus, nu, nucleolus, v,
vacuole.
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the cytoplasm, and the presence of mild mitochondria
damage. In addition, lytic cells and cell remnants were also
rarely observed (Figure 2C).

The UFI group of pregnant subjects

According to the results obtained from pregnant subjects in
the UFI group at age 35 and under age 35, The integrity of the
cell and nucleus membranes was also preserved in the UFI
groups as the control group (Figure 2B). Although there were
not many cells, in some cells, vacuoles of various sizes were
also observed. These vacuoles were much higher than the
control group. In addition, some of the cells were found to
have lipid droplets of varying sizes. In addition, a greater
number of lytic cells were also seen in this group than in the
control group (Figure 2C). In comparison to the patients aged
35 and under, vacuoles in different sizes in the cytoplasm
and lytic cells with cell remnants, and mild mitochondria
damage were observed slightly higher in many cells of the
patients aged over 35 (Figure 2D).

Discussion

In our study, we investigated whether MK levels can be
evaluated as a biomarker for ovarian reserve in female
unexplained infertility caseswith its relationship of cumulus
cell and Anti-Müllerian Hormone or not. An oocyte interacts
with the surrounding somatic cells during folliculogenesis
resulting in the release of the oocyte from a quiescence state
to ovulation, fertilization, and zygote formation. At the later
step of folliculogenesis, when the follicle cavity is formed
granulosa cells differentiate into cumulus and mural gran-
ulosa cells and finally, they formed the cumulus-oocyte
complex (COC) [39]. Bidirectional communication between
the oocyte and cumulus cell is very important for the oocyte
at the gain of competence. Cumulus cells involve in meiotic
arrest and cytoplasmicmaturation. The cumulus cells export
cyclic AMP, calcium, other metabolites, and some signals for
the control of transcription in the enclosed oocyte [39].
Growth factors were secreted by oocytes for the promotion
of cumulus cell differentiation and proliferation and the
maintenance of their differentiated state with the preven-
tion of their transition to mural granulosa cells. The
exchange of these compounds via gap junctions which
connect their membranes is vital for this process [39].

A programmed cell death named apoptosis is started by
physiological stimulation. Apoptosis is essential for the
maintenance of tissue homeostasis and the elimination of
defective/damaged cells without the presence of an inflam-
matory response. But pathological processes i.e. neoplasms,

the treatment resistance with anti-neoplastic agents (The lack
of apoptosis), organ-tissue atrophy, and hypoplasia (The
excess of apoptosis) can also be triggeredbyapoptosis [40–42].
Apoptosis occurs during follicular development (Ovarian
follicular atresia, luteal regression) [43]. Follicles that will
not ovulate undergo atresia via apoptosis and this is
important for fertility. Besides, granulosa cells go also
apoptosis in follicular growth. Atresia can be seen at any
phase of folliculogenesis, however, the antral stage is when
most follicles undergo apoptosis. GCs, the first apoptotic
cell population in atretic follicles, start follicular atresia,
however, growing healthy follicles don’t show apoptotic GCs.
The number of apoptotic GCs gradually increases in atretic
follicles [44].

Although apoptosis is a normal, healthy physiological
process during dominant follicle selection, dominant folli-
cles can prevent ovulation and decrease oocyte quality.
Consequently, apoptosis occurs in GCs and affects pregnancy
outcomes negatively after IVF [40–43]. When the de-
mographic data in our study were examined, we found that
although the number of oocytes was similar in the groups,
theM2 oocyte ratio and fertilization rate were low in the UFI
group. Likewise, PR was found to be low. This situation
reflects the characteristics of the UFI group. In our study, we
found the apoptotic index to be high in the UFI group. Bosco
et al. showed that the DNA Fragmentation Index (DFI),
a marker of oocyte competence, is higher in arrested
embryos than in the transferred blastocysts [40, 41]. İdil et al.
investigated granulosa cell apoptosis in patients with
unexplained infertility (Mean age: 32.20 ± 4.24) and tubal
factor (Mean age: 32.40 ± 1.40). They found that the apoptosis
rate was significantly higher in the unexplained infertility
group [45]. Fan et al. performed a study with 164 women
aged 21–46 years undergoing IVF/ICSI cycles and they found
that worse ovarian response was strictly correlated with a
high apoptosis rate of mural granulosa cells, with fewer egg
and embryo numbers in IVF/ICSI, as well as with age. In
addition, they also concluded that the early apoptosis rate of
cumulus cells might also influence clinical pregnancy [46].
Lee et al. performed a study with 34 patients aged ranging
from 26 to 44 years who suffered from unexplained infer-
tility and tubal factor. They found that apoptosis is higher in
unfertilized oocytes than in fertilized oocytes [47]. However,
in contrast to previous studies by Bosco et al. (2017), İdil et al.
(2004), and Fan et al. (2019), no difference was found in the
incidence of cumulus cell apoptosis according to embryo
quality in their study. In our current study, the total
apoptotic rate of cumulus cellswith the death rates in the UFI
group was higher than in the control group. Ultrastructure
evaluation of these CCs also showed that the number of
cumulus cells with apoptotic appearance, and lytic cumulus

704 Ergüven et al.: Midkine and unexplained infertility



cells with cell remnants was higher in the UFI group than the
control group. Regardless of the group type, it’s observed
that the number of lytic cumulus cells with cell remnants
and apoptotic bodies increased. In addition, although severe
mitochondria damage was observed in all non-pregnant
subjects, the number of damaged mitochondria was higher
in the UFI group aged over 35. In addition, all of this was
correlated with lower fertilized oocyte number, lower
fertilization percentage, lower embryo number, lower good
quality embryo number, and lower pregnancy rate in this
current study. In addition, MK levels were higher in preg-
nant subjects than in non-pregnant subjects. MK levels of
non-pregnant and pregnant subjects aged above 35 were
much lower than other non-pregnant and pregnant subjects
aged equally and under 35. This structural scheme also
explains the reason damaged CC cells had lower MK levels
and that CCs could not show resistance to apoptotic progress
triggered by age and other reasons via increasing MK levels.

In the evaluation of findings of the hormones that were
analyzed in the present study, the FSH and LH values were
similar in both groups. However basal PRL, INHB, TSH, and
E2 values were found to be statistically higher in the UFI
group compared to the control group. We found that AMH
and MK values were lower in both FF and serum for all
groups. In addition, AMH and MK values were found to
decrease in the pregnancy-negative group and the group
aged above 35 for all groups.

There are many factors as hormones, growth factors,
and cytokines [FSH, E2, inhibins and Insulin‐like Growth
Factor (IGF)‐I, Epidermal Growth Factor (EGF), basic Fibro-
blast Growth Factor (bFGF), Interleukin‐1β (IL‐1β) and
Interleukin‐6 (IL‐6)] in folliculogenesis [40, 41]. These factors
can interact with each other and they are produced by GCs.
Therefore, they can direct the follicles to apoptosis or sur-
vival [40, 41]. Bosco et al. found that the cumulus cells of
oocytes that can produce blastocysts have a higher protein
kinase B/DFI ratio. They concluded that the relationship
between apoptosis and survival molecules can be used as a
marker to select the best oocytes [40]. Ikeda et al. previously
reported that the application ofMK to the in vitromaturation
(IVM) culture of bovine cumulus-enclosed oocytes (CEOs) led
to the enhancement of the developmental competence to the
blastocyst stage after IVF and they concluded that the effect
of MKmight bemediated by its action uponmural granulosa
cells and cumulus cells that closely surround the oocyte [48].
Ikeda et al. matured denuded oocytes (DOs) in IVM medium
with or without MK (200 ng/mL) in the presence or absence
of isolated cumulus cells, after that they were fertilized
in vitro. They searched the effects of MK on the develop-
mental competence of DOs to the blastocyst stage. In addi-
tion, they also prepared the conditioned media of granulosa

cells cultured with or without 200 ng MK and searched their
effects on the IVM of DOs during their acquisition of devel-
opmental competence to the blastocyst stage after IVF. They
found that MK increases the developmental competence of
bovine oocytes via cumulus and granulosa cells. In their
study, they showedMK-induced suppression of the apoptosis
of cumulus cells at the IVM process of CEOs. MK may pro-
mote the production of some putative soluble factor(s) in
part by its anti-apoptotic effects on cumulus cells [48]. In our
current study, the levels of a survival factor of MK both in
serum and follicularfluidwere significantly lower than in the
control group. When we tried to correlate these levels with
apoptosis, we didn’t get what we expected.We presumed that
MK levels in UFI which significantly higher apoptosis was
detected would be higher than in the control group.

Hirota et al. searched the alterations of MK levels at the
FF and luteinized granulosa cells (LGC) taken from women
aged between 33 and 41 years and diagnosed for tubal factor
and/ormale factor undergoing IVF and embryo transfer [49].
They detected MK protein in FF and they found that both
granulosa cells and theca cells of large follicles expressedMK
mRNA. In the current study, we also detected MK protein in
FF and these levels were much higher than the levels
detected in serum. In the same study by Hirota et al., the
promotion of BrdU uptake in LGC by MK was also detected
meaning that the proliferation index of CCs was positively
correlated with MK levels. In our current study, we also
detected a positive correlation between the proliferation of
CCs and MK levels that lower MK levels found in the UFI
group had also lower CCs’ proliferation index in comparison
to the control group.

Bersinger et al. investigated 13 cytokine levels in serum
and follicle fluid of patients with an average age of 35.3 going
under stimulated IVF cycle with conventional gonadotropin
and patients with an average age of 34.2 going natural IVF
cycle diagnosed as a male factor, tubal factor, and unex-
plained infertility [50]. They found that IL-4, TNF-α, and
Interferon gamma-induced protein 10 levels were lower in
the FF than serum, but IL-6,-8,-10,-18, monocyte chemo-
attractant protein-1, VEGF ve leukemia inhibitory factor
levels were higher in the FF than serum [50]. Up to now, no
study investigated MK levels in serum and follicular fluid in
unexplained infertility cases was found. In the current
study, MK levels with AMH levels were found lower in UFI
cases in comparison to the control group both in serum and
FF. However, MK levels found in FF were significantly much
more higher than MK levels in serum.

In the same study, it was found that the concentration of
most of these markers in serum increased more in the
stimulated IVF cycles than in the natural cycle groups, but
this increase was not found in follicular fluid [50]. Taken
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together, they concluded that the follicular defense system is
not affected by gonadotropin stimulation, and follicular
hormone concentrations are affected by exogenous gonad-
otropins, but follicular cytokines are not affected. In parallel
with this study, we also found thatMK levels examined in the
current studywere not affected by gonadotropin stimulation
in terms of the comparison of the UFI group with the control
group.

The study done by Somigliana et al. emphasized that
fecundity decreases and ends with age, discerning between
unexplained infertility and age-related infertility becomes
more and more difficult day by day with the increase of the
woman’s age [51]. They showed by using a mathematical
model that the rate of false positive diagnoses of unex-
plained infertility increases rapidly after 35 years of age. In
addition, they also concluded that older women erroneously
diagnosed with unexplained infertility may receive inap-
propriate therapies during Assisted Reproductive Technol-
ogies processes. In our current study, the AMH levels of the
UFI group in serum and follicle fluids both in the pregnancy-
positive group and the pregnancy-negative group were
lower than in the control group. The same results were also
observed for the MK levels. When we evaluated pregnancy
negativity in terms of age, we detected that the AMH andMK
levels of the UFI group in serum and follicle fluids in women
aged over 35 were significantly lower than those aged equal
and under 35. Our results may be interpreted that we got
these results due to the decrease of cumulus cell number
with the oocyte number and/or the increase in apoptosis of
CCs which secrete MK and AMH. Consequently, MK does not
help to overcome the problem of discriminate age-related
infertility and unexplained infertility.

Nikiforov et al. used two different IVM mediums that
were supplemented with and without recombinant human
midkine to assess the improvement of in vitromaturation of
oocytes [52]. They found that the addition of midkine
improved the maturation rate (34 vs. 27 %). Although the
detailed mechanism of action and signaling pathways acti-
vated by MK are currently unknown, MK acts indirectly on
cumulus cells and triggers the secretion of factors acting on
the oocyte which are important for the healthy maturation
of oocyte [52].

The limitations of the study could be listed as follows: (1)
other female-related infertility diseases such as a tubal fac-
tor, endometriosis, and PCOS could be evaluated and
compared to UFI, (2) a multicentered study could be done to
increase heterogeneity, (3) the number of patients could be
increased, (4) immunohistochemistry study could be applied
to evaluate the levels of MK in cumulus cells, (5) genetic
evaluation could be added to understand the way of MK
activity in DNA and RNA levels.

We concluded that MK does not contribute to the pro-
gression of UFI and it can not be accepted as a new
biomarker for unexplained female infertility.
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