Journal of
INTERNATIONAL
MEDICAL RESEARCH

Prospective Clinical Research Report

Journal of International Medical Research
° 48(4) 1-15
Serum and follicular © The Author(s) 2019

Article reuse guidelines:

ﬂ u id I eve I S Of Se roto n i n ’ sagepub.com/journals-permissions

DOI: 10.1177/03000605 19879330

kisspeptin, and brain-derived journals.sagepub.com/home/imr
. . ®SAGE

neurotrophic factor in

patients undergoing in vitro

fertilization: an observational

study: Neurohormones in

patients receiving IVF

Jézsef Bédis', Endre Sulyok?,
Tamas Készegi3’5, Viktéria Prémusz'2 ©®,
Akos Varnagy'* and Miklés Koppan*

Abstract

Objective: This study aimed to examine the effect of interactions between serotonin (5-HT),
brain-derived neurotrophic factor (BDNF), and kisspeptin on the reproductive potential in
women receiving in vitro fertilization (IVF).

Methods: Paired serum and follicular fluid (FF) samples were obtained from 30 consecutive
patients receiving IVE. Primary and secondary outcome measures were the rate of chemical/
clinical pregnancy and the number of mature oocytes and embryos, respectively. Serum and FF
5-HT, BDNF, kisspeptin, and platelet-activating factor (PAF) levels were measured by enzyme-
linked immunosorbent assay.

Results: In response to ovarian hyperstimulation, serum 5-HT and kisspeptin levels significantly
increased, whereas serum BDNF and PAF levels remained unchanged. These factors were detected
in FF, but they were unrelated to serum levels. FF 5-HT and BDNF levels were positively correlated.

“*Department of Obstetrics and Gynaecology, Medical
School, University of Pécs, Pécs, Hungary

'MTA-PTE Human Reproduction Scientific Research SSzentégothai Research Centre, Pécs, Hungary

Group, University of Pécs, Pécs, Hungary Corresponding author:

2Doctoral School of Health Sciences, Faculty of Health Viktéria Prémusz, Doctoral School of Health Sciences,
Sciences, University of Pécs, Pécs, Hungary Faculty of Health Sciences, University of Pécs, H 7621
3Department of Laboratory Medicine, Medical School, Pécs, Vorosmarty u 4., Pécs, Hungary.

University of Pécs, Pécs, Hungary Email: premusz.viktoria@pte.hu

Creative Commons Non Commercial CC BY-NC: This article is distributed under the terms of the Creative

G Commons Attribution-NonCommercial 4.0 License (http://www.creativecommons.org/licenses/by-nc/4.0/) which
permits non-commercial use, reproduction and distribution of the work without further permission provided the original work is
attributed as specified on the SAGE and Open Access pages (https://us.sagepub.com/en-us/nam/open-access-at-sage).


https://orcid.org/0000-0002-4059-104X
mailto:premusz.viktoria@pte.hu
http://uk.sagepub.com/en-gb/journals-permissions
http://dx.doi.org/10.1177/0300060519879330
journals.sagepub.com/home/imr

Journal of International Medical Research

Serum kisspeptin levels were negatively correlated with FF BDNF and serum and FF PAF levels.
Women who were pregnant had significantly lower FF BDNF levels compared with women who
were not pregnant (21.96112.75 vs 47.63+£52.90 pg/mL). Multivariate stepwise linear regression
and logistic regression analyses showed that only 5-HT and kisspeptin improved IVF outcome.
Conclusions: This study indicates a role of serotoninergic mechanisms in success of IVF, but the
contribution of interacting neuropeptides requires additional investigation.
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Introduction

Serotonin (5-HT) regulates the hypotha-
lamic—pituitary—gonadal axis and 5-HT is
involved in female reproduction. Previous
studies have shown that 5-HT axons termi-
nate on gonadotropin-releasing hormone
(GnRH) neurons in the hypothalamus'
and 5-HT regulates GnRH gene expression
and GnRH secretion®’ by activating spe-
cific 5-HT receptors. GnRH then acts on
pituitary gonadotropins to stimulate the
synthesis and release of follicle-stimulating
hormone (FSH) and luteinizing hormone
(LH).** FSH and LH are responsible for
controlling steroidogenesis, folliculogenesis,
and oogenesis in female ovaries.*> Along
with their crucial role in the control of
reproductive function, hypothalamic neuro-
peptides and neurotransmitters are inti-
mately involved in the regulation of
energy homeostasis, and emotional and
feeding behaviour.®?

Approximately 4% of patients with IVF
take a selective serotonin reuptake inhibitor
(SSRI)."” The use of SSRIs before or during
pregnancy is associated with reduced
infertility treatment efficiency and an
adverse pregnancy outcome.'''? Although
the mechanisms of unfavorable actions of

SSRIs on reproductive outcome have not
been clearly established, 5-HT or elements
of the 5-HT pathway appear to be implicat-
ed. In addition to serotoninergic regulation
of ovarian function at the hypothalamic
level, direct involvement of 5-HT in intra-
ovarian regulation has also been shown.
Previous studies showed that 5-HT was
detected in follicular fluid (FF) and it stim-
ulated progesterone production in bovine
luteal cells'*'* and in human granulosa
cells.® Further evidence for the involvement
of 5-HT in the reproductive process is indi-
cated by the complex interrelationship
between 5-HT and neuropeptides (brain-
derived neurotrophic factor [BDNF],
kisspeptin).'®'® These neuropeptides play
an important role in hypothalamic or intra-
ovarian regulation of reproduction.

The present study was performed to
examine the function of the neuroendo-
crine-reproductive axis in women undergo-
ing IVF treatment. This study aimed to (1)
investigate the response patterns of 5-HT,
BDNPF, and kisspeptin to ovarian hypersti-
mulation, (2) to assess the relationship
between serum and FF levels of these hor-
mones, (3) to determine whether changes, if
any, in these hormone levels are related to
platelet activation or they are independent
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of platelets, and (4) to establish the
effects of 5-HT, BDNF, and kisspeptin
individually or in combination on repro-
ductive performance.

Methods

Patients

This cross-sectional, observational, clinical
study was carried out between 1 September
2016 and 1 December 2016 in the Assisted
Reproduction  Unit, Department of
Obstetrics and Gynaecology, University of
Pécs, Pécs, Hungary. The STROBE guide-
line for cross-sectional studies was used to
ensure the reporting of this study.?® The
study comprised 30 consecutive patients
who were indicated for fertility treatment
(IVF). Eligible patients were recruited
according to the date of the fertility consul-
tation. They did not have metabolic or vas-
cular diseases (obesity, diabetes mellitus,
metabolic syndrome, fatty liver disease, and
atherosclerosis), or psychiatric drug therapy.
Enrolment of patients into the IVF procedure
was approved by two independent physi-
cians.”! Superovulation treatment, fertiliza-
tion methods, and embryo selection were
performed according to standard protocols
as described in our previous publication.*

Collection of blood serum and FF

Blood samples were obtained from the
patients before the stimulated cycle on the
21st day of their menstrual cycle and in
the morning of follicle puncture, before
sedation. The collected FF was centrifuged
for 10 minutes at 252 x g. The supernatants
were frozen and stored at —80°C for future
analysis.

Laboratory measurements

Hormone measurements were performed
using commercially available enzyme-linked
immunosorbent assay kits. Kits for 5-HT

were produced by IBL International
GmbH (Hamburg, Germany). The intra-
and interassay coefficients of variation
(CVs) for 5-HT were 3.8% to 6.6% and
9.4% to 18.1%, respectively, with a detec-
tion limit of 2.68 ng/mL. BDNF Human
kits were used (RayBiotech, Peachtree
Corners, GA, USA) with intra- and interas-
say CVs of <10% and <12%, respectively,
and a detection limit of 80 pg/mL.
Kisspeptin 54 Human kits were provided
by Peninsula Laboratories International
(San Carlos, CA, USA). The intra- and
interassay CVs of kisspeptin were <10%
and <15%, respectively, with a detection
limit of 3 ng/mL. For human PAF Kkits
(Abbexa Ltd, Cambridge, UK), the intra-
and interassay CVs were <10% and
<12%, respectively, with a detection limit
of 50 pg/mL.

Ethical approval and consent to
participate

The study was reviewed and approved by
the Human Reproduction Committee of
the Hungarian Medical Research Council
(5273-2/2012/EHR). Signed informed con-
sent was obtained from all patients who
participated in the study. The investigation
conforms to the principles outlined in the
Declaration of Helsinki.

Statistical analysis

Statistical analyses were performed using
IBM SPSS 22.0 software (IBM Corp.,
Armonk, NY, USA). Normality of data
distribution was tested by the
Kolmogorov—Smirnov test. Depending on
distribution, either the Student’s t-test or
Mann—Whitney U-test was used to com-
pare continuous variables. The association
between two continuous variables was
tested by using Spearman’s or Pearson’s
correlation coefficients. Multiple linear or
logistic regression models were used to
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identify the variables independently associat-
ed with IVF outcome parameters (number of
oocytes, number of embryos, chemical/clini-
cal pregnancy). Data are expressed as mean
+ standard deviation and p < 0.05 was con-
sidered statistically significant.

Results

Clinical characteristics of the patients

The clinical parameters of the patients are
shown in Table 1. The patients had the fol-
lowing main diagnoses of infertility: male
factors, damaged or blocked Fallopian
tubes, other female factors, combined
male and female factors, severe endometri-
osis, and unexplained infertility.

Evaluation of serum and FF hormone
levels during IVF

In response to ovarian hyperstimulation,
there was a significant increase in serum 5-
HT and kisspeptin levels (p<0.01), whereas
serum BDNF and PAF levels remained
unchanged (Table 2). FF 5-HT and
BDNF levels were markedly low, while
those of kisspeptin and PAF were similar
to their serum levels. When patients with
(n=7) and without (n=23) clinical preg-
nancies were compared, ovarian hypersti-
mulation did not result in significant
differences in either serum or FF levels of
5-HT and kisspeptin. However, pregnant
patients had significantly lower FF BDNF
levels compared with patients who were not
pregnant (p=0.026). Additionally, serum
and FF PAF levels appeared to be reduced
in pregnant patients, but this did not reach
statistical significance.

Correlations between serum and FF
hormone levels during IVF

To examine the possible contribution of cir-
culating serum to FF hormone Ilevels,

we investigated the relationship between
individual hormone levels that were mea-
sured simultaneously in serum and FF.
Interestingly, there were no correlations
between serum and FF levels of 5-HT, kiss-
peptin, BDNF, and PAF. Even when the
patients of the pregnant group were ana-
lyzed separately, there were no significant
associations between FF and serum hor-
mone levels.

Univariate linear regression analysis of
hormonal interactions showed a significant
positive correlation between FF BDNF
and 5-HT levels (R=0.377, p=0.040),
but FF BDNF Ilevels were inversely related
to serum Kkisspeptin levels (R =-0.42,
p=0.022). Serum and FF PAF levels were
negatively related to FF kisspeptin levels
(R=-045, p=0.013 and R=-0.43,
p=0.018, respectively) (Table 3).

Table 4 shows the association between
some selected clinical/laboratory variables
and hormone levels that we measured in
this study. We found that 5-HT levels
were negatively affected by the age of the
patients (R=-0.371, p=0.043) and estra-
diol levels (R =—0.388, p=10.041), and pos-
itively affected by the number of IVF cycles
(R=0.379, p=0.043). Serum or FF BDNF
levels were directly related to the number of
IVF cycles (R=0.469, p=0.010) and FSH
dosage (R=0.362, p=0.049). However,
kisspeptin and PAF were independent of
these variables.

The effects of clinical and hormonal
parameters on the outcome measures in
our patients with IVF were also evaluated.
The numbers of oocytes, matured oocytes,
and embryos, as well as serum human cho-
rionic gonadotropin (hCG) levels on day
12 and clinical pregnancy, were used as
indices of outcome. We found that serum
and FF BDNF levels significantly negative-
ly affected these outcome measures
(oocytes: R=-0.384, p=0.038; mature
oocytes: R=-0.432, p=0.017; embryos:
R=-0.384, p=0.036). However, serum
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Table 1. Clinical characteristics of the patients.
Pregnancy- Pregnancy-
negative positive
All patients group group Intergroup
Characteristics (n=30) (n=23) (n=7) difference
Age, years 347+4.6 35.8+4.1 31.0+45 0.019
Nulligravid, n (%) 18 (60) 14 (60.9) 4 (57.1) 0.141
Nulliparous, n (%) 24 (80) 20 (87.0) 4 (57.1) 0.334
Duration of infertility, years 42+2.1 21.0£13.2 176169 0.266
Body mass index, kg/m? 23.9+43 23.7+4.6 244+£33 0.532
Cause of infertility, n (%)
Poor semen quality 7 (23.3) 5(21.7) 2 (28.6) 0.974
Tubal factor 5(16.7) 3 (13.0) 2 (28.6)
Endometriosis 4(133) 3 (13.0) I (14.3)
Other female factor 3 (10.0) 3 (13.0) 0
Combined male-female factor 4 (13.3) 4 (174 0
Unexplained 7 (23.3) 5(21.7) 2 (28.6)
No. of stimulation procedures initiated previously, n (%)
Cycle 0 Il (36.7) 7 (30.4) 4 (57.1) 0.127
Cycle | 9 (30.0) 6 (26.1) 3 (42.9)
Cycle 2 7 (23.3) 7 (30.4) 0
Cycle 3 3 (10.0) 3 (13.0) 0
Cycle 4 0 0 0
Serum estradiol, pmol/L 1402.3 £950.3 13193+ 1011.9 1706.7+659.4 0.236
Total dose of gonadotropin, 1U 2106.4+976.1 0.8+0.2 0.8+0.2 0.532
Duration of stimulation, days 10.9+£2.6 4.1 £ 1.1 13.6£1.0 0.266
No. of retrieved oocytes 524323 48+25 6.6+5.0 0.598
No. of matured oocytes (metaphasis Il) 4.2+2.7 3.8+22 57+40 0311
No. of Grade | embryos 2714 24412 36£1.9 0.174
No. of transferred embryos (fresh only) 1.9 +0.7 1.8+0.8 20£0.6 0.666
hCG on day 12, U 279.0 £ 6545 11.8+289 1118.9+£954.7 <0.001
No. of chemical pregnancies, n (%) 8 (26.6) I 7
No. of clinical pregnancies, n (%) 7 (23.3) 0 7

Numbers in bold indicate significance. hCG=human chorionic gonadotropin.

and FF 5-HT, kisspeptin, and PAF levels
appeared to be independent of the outcome.
Furthermore, there were significant nega-
tive associations of the FSH dosage for
hyperstimulation with the number of
mature oocytes (R=-0.422, p=0.020),
the number of embryos (R=-0.434,
p=0.017), and hCG levels on day 12
(R=-0.399, p=0.032). Similarly, serum
hCG levels were negatively related to
maternal age (R=-0.388, p=0.038) and
to the number of IVF cycles (R =—-0.402,

p=0.034). Serum estradiol levels and the
patients’ body mass index did not affect
the outcome measures (Table 5).

Further evaluation of the results by using
multivariate  stepwise linear  regression
showed (Model 1, R*=0.336) that the
number of oocytes, as the dependent variable,
was significantly affected by post-stimulation
serum 5-HT levels (f=0.447, p=0.015) and
FF 5-HT levels (f=-0.433, p=0.016), as
well as by the hyperstimulation-induced
increase in serum kisspeptin levels (Model 2,
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Table 5. Hormonal and clinical parameters affecting reproductive potential during in vitro fertilization

(n=30).
Mature
Oocyte oocyte Embryo hCG levels (IU)
number number number on day 12
Hormonal parameters
5-HT (ng/mL)
|
0.246 0.197 0.190 0.161
p 0.189 0.296 0.314 0.403
2
0.327 0.306 0.256 0.062
p 0.078 0.100 0.172 0.751
3
R —0.261 —0.305 -0.170 -0.227
p 0.163 0.101 0.370 0.237
Kisspeptin  (ng/mL)
|
—0.101 —0.184 —0.009 0216
p 0.594 0.330 0.964 0.262
2
0.310 0.252 0.307 —0.154
p 0.096 0.179 0.099 0.425
3
R 0.153 0.099 0.192 0.129
p 0.420 0.603 0.310 0.504
BDNF  (ng/mL)
|
—0.080 —0.229 —0.041 —0.245
p 0.675 0.224 0.830 0.200
2
0.109 0.124 0.116 -0.178
p 0.566 0514 0.541 0.355
3
—0.381 —0.432 —0.384 —0.322
p 0.038 0.017 0.036 0.088
PAF  (ng/mL)
|
0.003 0.084 0.142 0.131
p 0.988 0.659 0.453 0.499
2
0.004 0.084 0.141 0.147
p 0.982 0.659 0.459 0.447
3
0.002 0.082 0.137 0.129
p 0.991 0.668 0.470 0.503

(continued)
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Table 5. Continued.

Mature
Oocyte oocyte Embryo hCG levels (IU)
number number number on day 12

Clinical parameters
Age (years)

R —0.255 —0.258 —0.250 —0.388

p 0.173 0.169 0.182 0.038
BMI (kg/m?)

R 0.067 0.096 0.087 —0.017

p 0.723 0.615 0.647 0.929
No. of cycles

R —0.027 —0.193 —0.059 —0.402

p 0.889 0315 0.763 0.034
E2 (pmol/L)

R 0.303 0.309 0.218 0.182

p 0.117 0.110 0.264 0.353
FSH dosage

R —0.321 —0.422 —0.434 —0.399

p 0.084 0.020 0.017 0.032
hCG levels (IU) on day 12

R 0.214 0.277 0.294 1.000

p 0.266 0.146 0.122

Numbers in bold indicate significance. 5-HT=serotonin, BDNF=brain-derived neurotrophic factor, PAF=platelet-acti-
vating factor, BMI=body mass index, E2=estradiol, FSH=follicle-stimulating hormone, hCG=human chorionic gonado-

tropin, R=correlation coefficient.

Numbers I, 2, and 3 designate serum samples before (I) and after ovarian hyperstimulation (2), and follicular fluid

samples (3).

R?=0.159, f=0.398, p=0.029). When clini-
cal pregnancy was considered as the depen-
dent variable, multivariate logistic regression
showed (Model 3, R>=0.595) significantly
elevated serum S5-HT levels in pregnant
women (ff =1.028, p=0.047) and a tendency
for a lower FSH dosage (f=0.997, p=0.076)
compared with non-pregnant women.

Discussion

The present study showed that in patients
undergoing IVF, serum 5-HT and kisspep-
tin levels were significantly increased in
response to ovarian hyperstimulation,
whereas BDNF and PAF levels remained
unchanged. All of these hormones/factors

were detected in FF, but FF levels were
unrelated to serum levels. Furthermore, a
significant positive correlation was found
between FF 5-HT and BDNF levels, and
serum kisspeptin levels were negatively cor-
related with FF BDNF and with serum and
FF PAF levels. Importantly, multivariate
stepwise linear regression and logistic
regression analyses showed that only S-HT
and kisspeptin affected outcome measures
(oocyte number, clinical pregnancy).

The role of 5-HT in human reproduction
has received renewed interest because of
widespread use of SSRIs in women of repro-
ductive age.'®1%232% SSRI use is associated
with the potential of reproductive failure.
However, the neuroendocrine mechanism(s)
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of SSRI-induced reproductive dysfunction is
not clearly defined.

Recent discoveries of the interactions of
5-HT and neuropeptides have allowed fur-
ther insight into serotoninergic regulation
of reproduction.'”?>2® A possible role of
BDNF has been established. The brain is
the major source of BDNF production,
although several peripheral tissues, includ-
ing vascular endothelium, smooth muscle
cells, and activated mononuclear white
blood cells, also contribute. Transport of
BDNF is achieved by platelets, and in
response to platelet activation, BDNF is
released into the plasma together with
5-HT. Feedforward regulation has been
demonstrated between BDNF and 5-HT
release.?’ °

With regard to BDNF and its receptor in
reproduction, neurotrophic tyrosine kinase
B (TrkB) has been detected in the
ovaries and it is thought to modulate ovar-
jan function.’’ The autocrine/paracrine
BDNF/TrkB signaling system is required
for folliculogenesis, oocyte maturation,
implantation, and early embryo and placen-
tal development.'®!”323* In women under-
going IVF, circulating estradiol levels are
positively associated with BDNF levels.
BDNF that is secreted by cumulus and
granulosa cells is responsive to hCG, LH,
and to a lesser extent, FSH stimulation.?¢*’
A recent study showed that serum BDNF
levels before initiation of the IVF cycle pre-
dicted pregnancy outcome.*® This study
also showed that patients who became preg-
nant had significantly reduced BDNF levels
compared with those who did not become
pregnant. Our study showed a significant
negative effect of BDNF levels on the
number of oocytes and embryos and on
the rate of chemical and clinical pregnancy.
The significant association between FF 5-
HT and FF BDNF Ilevels can be regarded
as evidence for an indirect contribution of
BDNF to improvement of reproductive
potential via stimulating 5-HT production.

Interestingly, neither 5-HT nor BDNF
levels were related to PAF levels, which sug-
gested that their release was independent of
platelet activation.

The hypothalamus-based kisspeptin/
KISS IR signaling system is a major posi-
tive regulator of reproduction.®® Kisspeptin
and its receptors are expressed in the ovary
and they are thought to be implicated in the
regulation of follicular maturation, oocyte
survival, embryo implantation, and placen-
tation.'®" Interestingly, ovarian-derived
kisspeptin and BDNF are assumed to
act together to promote oocyte survival,'”
and low neurotrophic receptor tyrosine
kinase 2/KISS 1R signaling in oocytes
causes premature ovarian failure.*' In our
clinical setting, FF kisspeptin levels were
not correlated with FF BDNF, but 5-HT
and kisspeptin levels had a beneficial effect
on the number of oocytes and on the rate of
clinical pregnancy. These findings are con-
sistent with recent observations, which
showed that kisspeptin-54 administration
in a single dose or in repeated doses
improved oocyte maturation by inducing a
controlled LH surge in women at high risk
of ovarian hyperstimulation syndrome.***?

Study limitations

Only a limited number of patients with
IVF were included in our study. Therefore
we could not create homogenous subgroups
according to the causes of infertility.
Furthermore, only a few individual bio-
markers were selected and measured in
our study. Therefore, we were not able to
examine the complex network of interrelat-
ed biologically active compounds relevant
to the success of IVF. Further randomized,
controlled studies with a larger sample size
of patients with homogenous diagnoses
need to be conducted to better define the
concept of “brainwork in the ovary”.
Moreover, a more reliable diagnostic test
needs to be developed to assess the IVF
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success rate and to introduce more targeted
therapy to improve efficiency of IVF.

Conclusions

In patients undergoing IVF, we evaluated
serum and FF levels of 5-HT, kisspeptin,
BDNF, and PAF. There is a positive corre-
lation between FF BDNF and FF 5-HT
levels, and inverse correlations between
serum kisspeptin levels and FF BDNF and
serum and FF PAF levels. Importantly, only
5-HT and kisspeptin affect outcome meas-
ures (oocyte number, clinical pregnancy).
These observations suggesting that ovarian
5-HT, BDNF, and kisspeptin act in concert
to improve reproductive potential need to be
further substantiated in the future.

List of abbreviations

5-HT serotonin

BDNF brain-derived neurotrophic factor
BMI body-mass index

CV coefficient of variation

FF follicular fluid

FSH follicle-stimulating hormone
GnRH gonadotropin-releasing hormone
hCG human chorionic gonadotropin
IVF in vitro fertilization

LH luteinizing hormone

PAF platelet-activating factor

SSRI serotonin reuptake inhibitor

TrkB tyrosine kinase B

OHS ovarian hyperstimulation
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