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ABSTRACT

Brain-derived neurotrophic factor (BDNF) plays a role in the
development of various non-neuronal tissues, as the reproductive
system. BDNF transcript and protein has been detected in testis and
sperms. The present work aimed to assess the possible involvement of
BDNF mRNA expression in sperm functions, hormonal profile and
oxidative stress in male infertility. Semen samples from 106
individuals attended the Andrology Outpatient Clinic, Mansoura
University Hospital were included in the present study. They were
grouped into normozoospermia (n= 31), asthenozoospermia (n= 24),
astheno-teratozoospermia (n= 25) and Oligo-astheno-teratozoospermia
(n= 26). Reverse transcription-PCR (RT-PCR) for brain-derived
neurotrophic factor (BDNF) mRNA expression was done for semen
samples. The present study demonstrated that BDNF mRNA
expression was significantly decreased in the infertile samples
compared with the normozoospermic group. BDNF mRNA
expression was significantly positively correlated to testosterone
levels (r= 0.337, p= 0.0004) while, negatively correlated to follicle-
stimulating hormone (FSH) (r= - 0.5, p <0.0001) and malondialdehyde
(MDA) /sperm levels (r= - 0.735, p<0.0001). Also, the study showed
significant positive correlation (p<0.0001) between BDNF mRNA
expression and sperm motility, velocity, linear velocity and linearity
index. Stepwise multiple regression analysis showed that sperm
morphology and alpha glucosidase may be possible determinants that
influence changes of BDNF expression. BDNF mRNA may directly
affect sperm functions and may be implicated in the pathophysiology
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of infertility. Furthermore, BDNF may have protection against
oxidative stress.

Keywords: Brain-Derived Neurotropic Factor (BDNF) mRNA
expression, Infertility, Sperm function, Oxidative stress.

INTRODUCTION

Neurotrophins and their receptors have been shown to be
expressed during testicular development in the germ cells and also in
somatic cells; Sertoli and Leydig cells in fetal and adult testicles, in
both rodents and humans (Miiller et al. 2006 and Perrard et al. 2007)
suggesting that neurotrophins play critical roles in testicular
development and spermatogenesis (Seifer et al., 2002 and Zheng et
al.,, 2011). Both the mRNAs encoding BDNF and neurotrophic
tyrosine kinase receptor, type 2 (Ntrk2) and the corresponding
proteins have been detected in ejaculated bull sperm. The BDNF
protein was found in the head, neck, and tail of the sperm cells,
whereas Ntrk2 was strongly localized in the acrosome (Li et al., 2012,
Wang et al., 2013). Furthermore, BDNF/ Ntrk2 signaling affected
sperm viability, mitochondrial activity, and apoptosis (Li et al., 2012).

Spermatozoa are particularly susceptible to oxidative injury due to
the abundance of plasma membrane polyunsaturated fatty acids.
Seminal reactive oxygen species (ROS) is believed to be one of the
main factors in the pathogenesis of sperm dysfunction and sperm
DNA damage in male infertility (Zalata et al., 1998 and Zini et al.,
2009).

The aim of the present work is to assess the role of BDNF mRNA
in sperm functions, and the relation between sperm BDNF mRNA
expression and the hormonal profile and oxidative stress in male
infertility.

MATERIALS AND METHODS

A total of 106 men were included in the current study. Blood and semen
samples were obtained from men attending the Andrology Outpatient
Clinic, Mansoura University Hospital. Informed consent was obtained
from all participants. They were grouped into control (normozoospermia,
N) (n=31), asthenozoospermia (A) (n= 24), astheno-teratozoospermia
(AT) (n= 25), and oligo-astheno-teratozoospermia (OAT) (n= 26)
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according to the recommendation of WHO (2010). Sil-select gradient
(Fertipro, Belguim) has been performed on the pellet of spermatoztoa to
select spermatozoa only and avoid contamination with pus cells. Sperm
parameters are detected by Computer assisted semen analysis (Autosperm
Fertipro, Belguim) (Hinting et al.,, 1988). Acrosine activity of
spermatozoa by gelatinolysis test was performed. Th halo formation rate,
the percentageof halo formation and the acrosin activity index were
determined by evaluating 100 spermatozoa (Henkel et al., 1995). Both
Seminal Malondialdehyde (MDA) (Draper et al., 1993) and alpha-
glucosidase (Guerin et al., 1986) were analyzed by colorimetric methods.
The results of MDA were calculated as MDA per nmoles 108 spermatozoa
(Zalata et al., 2004). FSH, Estradiol, LH, testosterone & Prolactin were
measured by ELISA. All procedures were performed according to the
manufacturer’s instructions. Sperm morphology was evaluated by phase
contrast microscope and Sperm Mac stain (Fertipro, Belguim). The study
was approved by the Ethical Committee of Medical Faculty in Mansoura
University.

Reverse transcription-PCR for brain-derived neurotrophic factor
(BDNF) mRNA expression: Semen samples were collected, and total
RNA was extracted using RNeasy mini kit (Qiagen, cat no. 74104) as
described in the manufacturer's instructions. The purity of RNA was
checked at 260 nm wusing the Nanodrop spectrophotometer,
NanoPhotometer® P-Class (Implen, Germany). The absence of RNA
degradation was confirmed by electrophoresis on a 1.5% agarose gel
electrophoresis containing ethidium bromide. First-strand cDNA was
generated by using Maxima First Strand cDNA Synthesis Kit (Thermo
Scientific, U.S.A). Brain-derived neurotrophic factor and B-actin were
amplified using a PTC-200 thermal cycler (MJ Research, Essex, UK).
Primers were prepared in accordance with a previous study
(Kerschensteiner et al, 1999). Primer sequences were as follows:

25




Adel A. Zalata , Amany Atwa , Naglaa MoRhtar , Mohamed Khaled

Primer Sequence Product References
length
(bp)
Brain F:5- AGC GTG AAT GGG CCC (Kerschensteiner
Derived AAG GCA -3 et al., 1999)
geur"tmph’c R: 5"- TGT GAC CGT CCC GCC 363
actor CGA CA-3’
(BDNF)
B-actin F:5- GAC CTG ACT GAC TAC (Ma et al., 2002)
CTC ATG A-3’
R:5- TGA TCT CCT TCT GCA 403
TCC TGT C -3°

The cycle profile was as follows: initial denaturation at 94°C for 5
minutes, followed by 40 cycles of denaturation at 94°C for 30
seconds, annealing at 60°C for 1 minute and elongation at 72°C for 1
minute, and a final incubation at 72°C for 10 minutes.

Detection of the amplified RT-PCR products:

The PCR products were electrophoresed on 2% agarose gel stained
with ethidium bromide and DNA was visualized via light UV
Transilluminator (Model TUV-20, OWI. Scientific, Inc. 800 242-
5560) and photographed under fixed conditions (the distance, the light
and the zoom). The results were analyzed with scion image ® release
Alpha 4.0.3.2. software for windows ® which performs bands
detection and conversion to peaks. Area under each peak was
calculated in square pixels and used for quantification. Brain-derived
neurotrophic factor (BDNF) mRNA expression level was determined
by calculating the ratio between the square pixel values of the target
bands in relation to the control bands B-actin, housekeeping gene for
Rt-PCR ( Figurel).

Statistical analysis was done by using MedCalc® program version
10.0.1 (Schoonjans et al., 1995).

RESULTS

Table (1) showed semen parameters in all studied groups expressed
as median and range. Sperm function tests including acrosine activity
index, halo diameter, halo percent, and alpha-glucosidase activity
showed statistical significant difference between fertile and all
infertile groups as shown in (table 2). The hormonal profile showed
significant increase in FSH levels in AT and OAT groups compared
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with N control group. However, there was significant decrease of
testosterone in OAT compared with N group (table 3). The current
work showed that BDNF mRNA expression levels were positively
correlated to testosterone levels (r= 0.337, p= 0.0004) while,
negatively correlated to FSH (r= - 0.5, p= <0.0001) and MDA/ 10%x
sperm levels (r= - 0.735, p= <0.0001).

Table (1): Semen parameters of all studied groups (median and

range)
Semen parameters group(N) group group group
n =31 (A) (AT) (OAT)
n =24 n =25 n =26
Volume (ml) 3.5 3.5 35 35
2-7 1-7.5 1.5-8.2 1-9.2
Concentration (million / 75.73 53.06 29.87 9.07
ml) 44.8-96.0 24.96- 29.8- 3.1-
67.2 53.33 18.84
Grade A meotility (%) 53 33 14 4
36-60 14-42 0-28 0-24
Grade A+B motility (%) 61 38 28 17.5
51-67 31-45 2-42 4-39
Velocity (nm/sec) 70 50.6 37.6 27.05
63.4-86.6 31.8- 17.6- | 8.8-37.2
85.3 69.9
Linear velocity (pm/sec) 60.1 27.25 194 114
42.9-70.7 18.1- 8.1- 1.3-20.8
66.2 314
Linearity index (pm/sec) 77.94 56.04 59.54 42.35
67.67-86.32 | 37.18- | 31.44- 14.77-
77.64 54.26 5591
Normal morphology 54 43.5 12 3
(%) 42-64 30-64 2-22 0-18
WBCs ( million / ml) 0.6 0.6 0.6 0.7
0.4-0.9 04-3.6 | 0.6-44 | 0.4-48
Round cells 24 24 2.5 24
0.3-3.4 1.6-44 | 1456 | 04-64
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Table (2): Sperm functions of all studied groups (median and
range)

Sperm N) (A) (AT) (OAT)
functions n =31 n =24 n =25 n =26
Halo 17.4 15.2% 14.3* 10.4%*
12.8-24.7 11.1-18.4 9.4-16.8 9-14.6
Halo percent 75 62% 42% 12%
63-90 44-80 8-82 6-66
Acrosine- index | 12.72 10.01* 5.41%* 1.22*
8.98-20.25 | 5.5-13.98 0.94-11.07 0.55-9.57
o-glucosidase 74.8 41.2% 34.1* 24.45%
45.4-90.7 29.6-50.6 22.9-46.5 18.4-42.2

* Significant at p<0.05 comparison between the infertile groups and
control group (N).

Table (3): Blood Hormones of all studied groups (median - range)

Blood hormone Group (N) | Group (A) | Group Group
n =31 n =24 (AT) (OAT)
n =25 n =26
F.S.H (mIU/ml) 6.2 6.3 7.2% 9.8+
3.9-9.6 4.5-9.8 5.3-9.4 6.4-22
LH (mIU/ml)
6.4 6.2 6.3 6.45
4.5-9.3 4.2-7.5 3.4-9.7 3.1-12.4
Prolactin (ng/ml)
5.4 6.95 5.9 4.5
3.5-8.6 2.5-114 2.3-124 2.4-10.8
Estradiol (pg/ml) 28 33 32 31
24-45 20-55 22-88 20-123
Testosterone
(ng/ml) 789 850 754 536.5%*
506-1106 543-1254 559-1077 301-1200

n = number of cases
* Significant at p<0.05 comparison between the infertile groups and
control group (N).
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Analysis of variance revealed that sperm BDNF mRNA expression
was significantly decreased from A, AT and OAT samples as
compared with N control group (p<0.0001) (Figure 1, table 4). While,
MDA/lngsperm levels were significantly increased in infertile

groups compared to fertile group (table 4).

Table (4): MDA nmole / 10%x sperm levels and BDNF mRNA
expression levels in all studied groups (median and range)

Variable Group (N) Group (A) Group (AT) | Group
n =31 n =24 n =25 (OAT)
n =26
BDNF 2.29 1.74% 1.29%* 0.74*
1.72-2.7 1.37-2.18 0.91-1.75 0.42-1.2
MDA nmole/ | 24.45 34.17* 58.32* 286.82*
10%x sperm 12.22-76.79 20.13-143.72 21.75-166.45 | 77.6-
1264.96

n = number of cases

* Significant at p<0.05 comparison between the infertile groups and

control group (N).

363 bp band

M

Figure 1 Expression analysis of BDNF mRNA from semen by RT-
PCR. Lanes 1&5: normal fertile sample; lanes 2: Asthenozoospermia
(A), lanes 3: Astheno-teratozoospermia (AT), lane 4: Oligo-astheno-
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teratozoospermia (OAT). M= 100 bp DNA ladder. The 363 bp bands
represent amplification of BDNF; the 403 bp band represents the
internal control B actin (lane 6).

However, BDNF mRNA expression was positively correlated to
sperm motility, velocity, linear velocity, linearity index, and normal
morphology and a- glucosidase activity using all samples as one
group (table 5). Stepwise multiple regression analysis was done to
detect factors which may influence changes of BDNF mRNA
expression where sperm morphology (F-ratio 5.1, p<0.0001) and a-
glucosidase activity (F-ratio 2.4, p=0.02) were found to be possible
determinants.

Table (5): Correlation of BDNF mRNA expression and sperm
characters of all studied groups (n=106)

Variable BDNF mRNA expression
Grade A motility (%) r=0.78*
Grade A+B motility (%) r=0.8*
Velocity (um/sec) r=0.7%
Linear velocity (um/sec) r=0.75%
Linearity index (pum/sec) r=0.76*
Normal morphology (%) r=0.8*
WBCs ( million / ml) r=-0.27%
a-glucosidase (U/L) r=0.75%

r =Correlation Coefficient  * significant at p<0.05
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DISCUSSION

The neurotrophin family of proteins promotes the survival and
differentiation of nerve cells and is thought to play an important role
in development of reproductive tissues. Little is known about the
influence of sex hormones on neurotrophin expression (Mirabella et
al., 2006).

Results from this study confirmed the expression of BDNF mRNA
from sperms that was in agreement with other studies (Aquila et al.
2005) where BDNF and the Ntrk2 were found to be expressed in
ejaculated bovine sperm. In accordance with results from this study, a
clinical study has shown that the levels of BDNF mRNA in the sperm
and BDNF protein in the seminal plasma of a group of
oligoasthenozoospermic men were lower than those from a fertile
group, indicating that the decreases in the abundance of BDNF and its
mRNA transcript may be involved in the pathogenesis of male
infertility (Zheng et al. 2011).

Also, it is suggested that the BDNF/Ntrk2 system may promote the
survival of testicular cells (Moon et al. 2005, Li et al. 2012, and
Wang et al., 2013). The mechanism of action occurs by binding of
BDNEF to its receptor inducing Ntrk2 autophosphorylation that initiate
several complex intracellular signal transduction cascades include
Ras-mitogen-activated protein kinase (MAPK) pathway, the
phosphatidylinositol ~ 3-kinase (PI3K)-Akt pathway and the
phospholipase C  (PLC)/Ca’+ pathway. Activation of the
phospholipase C (PLC)/Ca’+ pathway leads to the release of calcium
from the endoplasmic reticulum with activation of a calcium-
calmodulin-dependent kinase II (Grande et al., 2010). Change in
these signaling pathways due to low BDNF expression may mediate
BDNF-promoted modifications of morphology. This subsequently
may explain the results from this study where low BDNF expression
may lead to abnormal morphology and hence abnormal functions
causing infertility due to changes in the biological responses that are
critical for cell survival and morphogenesis.

BDNF is an endothelial survival factor, deficiency of which results
in reduced endothelial cell-cell contacts and apoptosis (Donovan et
al., 2000). Animal models have demonstrated that apoptosis is the
underlying mechanism of germ cell death during normal
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spermatogenesis (Sinha-Hikim et al., 1998). Thus, presence of higher
rates of apoptosis could be another explanation for infertility in groups
(A, AT & OAT) where BDNF levels were low. This was in line with
increased rate of apoptosis that has been observed in testicular
biopsies from infertile men with varying degrees of testicular
insufficiency (Jurisicova et al., 1999), and it was found that BDNF
promoted apoptosis of bovine sperm occurs through Ntrk2 binding (Li
et al., 2012). This could be explained on the basis of that BDNF/Ntrk2
signaling pathway stimulates pro-survival signals (Douma et al.,
2004) and modulates the cell death machinery directly by
phosphorylating and thereby inhibiting the protein BAD, a pro-
apoptotic member of the Bcl-2 family (Bonni et al., 1999). A
possible explanation of how low BDNF mRNA expression could
relate to infertility is that BDNF has been identified as a key
component of the hypothalamic pathway that controls energy
homeostasis (Pedersen, 2011) not only in the brain, but also in
peripheral tissues where it might contribute to the overall maintenance
of energy balance (Ukropec et al., 2008). Expression of BDNF leads
to phosphorylation of AMP-activated protein kinase (AMPK) and
acetyl-coA carboxylase [ (ACCPB), as well as increases in
mitochondrial fatty acid oxidation (Matthews et al., 2009). Blocking
the BDNF/Ntrk2 signaling pathway affects sperm mitochondrial
activity and viability (Li et al., 2012) leading to reduced sperm energy
and function.

In the current study, the decreased testosterone levels in OAT may
depress BDNF mRNA expression. The interaction between androgen
and BDNF could be explained by the indirect effect of androgen via
increasing the levels of the angiogenic factor vascular endothelial
growth factor (VEGF), leading to an increase vascular network and
endothelial cell synthesis of BDNF (Goldman and Chen, 2013). Also
it is found that BDNF mRNA expression is decreased in skeletal
muscles in aged rats due to decrease in the circulating androgens
(Ming et al. 1999). This correlated decrease in testosterone and BDNF
levels could outline the critical roles of both testosterone and BDNF in
testicular development and spermatogenesis and formation of fully
mature sperm. However, BDNF is expressed in the accessory glands
of rat and it is found to be down-regulated by androgen hormones
(Mirabella et al., 2006). The current study showed increased MDA
level in seminal plasma of infertile groups associated with decreased
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BDNF mRNA expression; this was in agreement with the idea that
BDNF has a protective effect against oxidative burden (Mattson et al.,
1995). It was found that BDNF prevents the accumulation of
peroxides and increases antioxidant enzymes in hippocampal neurons.
Oxidative stress often leads to a loss of cell function, apoptosis, or
necrosis. Elevated reactive oxygen species (ROS) production by
spermatozoa has been associated with oligozoospermia (Aitken &
Buckingham, 1992 and Zalata et al., 1995) and was characterized by
the presence of chromatin degradation in mature spermatozoa
(Barroso et al., 2000 and Ollero et al., 2001). Furthermore, BDNF
is known to up-regulate antioxidants and block the development of
oxidative stress (Mattson et al., 2002; Boutahar et al., 2010).

In conclusion, this study demonstrates decreased sperm BDNF
mRNA expression together with increased MDA levels from infertile
groups. Being an endothelial survival protein, BDNF expression in
ejaculated sperm can modulates the cell death machinery and it affects
the mitochondrial activity, energy homeostasis and viability of the
sperm. Increased oxidative stress from infertile groups may outline the
antioxidant role of BDNF. It is notable that decreased testosterone and
BDNF mRNA levels highlight their importance in spermatogenesis
and sperm maturation. Thus, BDNF could be considered as a potential
significant regulator of sperm physiology and hence could play a role
in the pathophysiology of male infertility.
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