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Abstract
Purpose The study aims to investigate first the presence of Syncytin 2 and its receptor, MFSD2, in human sperm, and second 
whether the expressions of Syncytin 1, Syncytin 2, and their receptors, SLC1A5 and MFSD2, differ between normozoosper-
mic, asthenozoospermic, oligozoospermic, and oligoasthenozoospermic human sperm samples.
Methods The localization patterns and expression levels of syncytins and their receptors were evaluated in normozoospermic 
(concentration = 88.9 ± 5.5 ×  106, motility = 79.2 ± 3.15%, n = 30), asthenozoospermic (concentration = 51.7 ± 7.18 ×  106, 
motility = 24.0 ± 3.12%, n = 15), mild oligozoospermic (concentration = 13.5 ± 2.17 ×  106, motility = 72.1 ± 6.5%, n = 15), 
moderate oligozoospermic (concentration = 8.4 ± 3.21 ×  106, motility = 65.1 ± 8.9%, n = 15), severe oligozoospermic (con-
centration = 2.1 ± 1.01 ×  106, motility = 67.5 ± 3.2%, n = 15), and oligoasthenozoospermic (concentration = 5.5 ± 3.21 ×  106, 
motility = 18.5 ± 1.2%, n = 15) samples by immunofluorescence staining and western blot.
Results Syncytins and their receptors visualized by immunofluorescence showed similar staining patterns with slight staining 
of the tail in all spermatozoa regardless of normozoospermia, asthenozoospermia, oligozoospermia, or oligoasthenozoo-
spermia. The localization patterns were categorized as equatorial segment, midpiece region, acrosome, and post-acrosomal 
areas. The combined staining patterns were also detected as acrosomal cap plus post acrosomal region, the midpiece plus 
equatorial segment, and midpiece plus acrosomal region. However, some sperm cells were categorized as non-stained. Both 
syncytin proteins were most intensely localized in the midpiece region, while their receptors were predominantly present in 
the midpiece plus acrosomal region. Conspicuously, syncytins and their receptors showed decreased expression in astheno-
zospermic, oligozoospermic, and oligoasthenozoospermic samples compared to normozoospermic samples.
Conclusion The expression patterns of HERV-derived syncytins and their receptors were identical regardless of the sper-
matozoa in men with normozoospermia versus impaired semen quality. Further, asthenozoospermia, oligozoospermia, and 
oligoasthenozoospermia as male fertility issues are associated with decreased expression of both syncytins and their receptors.
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Introduction

Membrane fusion is a fundamental process in multicellu-
lar organisms important for many events in reproduction, 
immune reactions, and neurotransmission [1]. Therefore, 
understanding the mechanism of membrane fusion is essen-
tial to understanding several biological processes that can 
lead to disease [2]. Despite the common features of mem-
brane fusion across different organisms, tissue-specific 
mechanisms of membrane fusion may vary and have not 
been fully elucidated [1, 3, 4].

During fertilization, a series of membrane fusion events 
are required to ensure this process and placenta formation. It 
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occurs through the interaction of spermatozoa and the cumu-
lus-oocyte complex, adhesion, attachment, penetration of 
spermatozoa into the zona pellucida, and membrane fusion 
of oocyte and sperm cells. In fact, mammalian fertilization 
has been extensively studied for many years to discover key 
factors to elucidate the molecular mechanisms underlying 
sperm and oocyte fusion [3]. In recent years, especially 
the discovery of the clustered regularly interspaced short 
palindromic repeat-knock out (CRISPR-KO) system has 
enabled the efficient screening and investigation of genes 
responsible for male fertility in vivo [5]. Four essential fac-
tors of the sperm and oocyte fusion have been identified; 
CD9 and JUNO are expressed in oocytes while modulating 
female fertility, whereas IZUMO1 and fertilization-affecting 
membrane protein (FIMP) regulate fusion in sperm [6–8]. 
In addition to these molecules, other molecules have been 
identified that participate in membrane fusion on oolemma 
(integrins, GPI-1-associated protein) and spermatozoa (dis-
integrin and a metalloprotease (ADAM) [8–10]. Integrins 
have also been described to participate in sperm-oocyte 
adhesion [11, 12]. The use of CRISPR-Cas9 technology has 
led to the recent identification of six new factors as essen-
tial factors required for mammalian fertilization: sperm 
oocyte fusion required protein 1 (SOF1), sperm acrosome 
membrane–associated protein 6 (SPACA6), transmembrane 
protein 95 (TMEM95), fertilization influencing membrane 
protein (FIMP), and dendrocyte expressed seven transmem-
brane protein domain-containing 1 and 2 (DCST1/2) [5, 
6, 13]. However, the details of sperm-oocyte interactions 
remain a relative mystery despite many decades of research 
and new discoveries of many candidate molecules.

Human endogenous retroviruses (HERVs) are RNA 
viruses that can infect the human germline [14–17]. They 
first entered the primate genome between 25 and 40 million 
years ago, reviewed by our group [18] and others [15, 16, 
19–21]. The HERV family is a class 1 viral fusion protein, 
akin to those found in viruses such as coronaviruses, influ-
enza viruses, Ebola virus, Lassa virus, and human immu-
nodeficiency virus [22]. HERVs make up about 8% of the 
human genome [14]. Although most of these viruses have 
been eliminated through mutations and deletions, some 
members have been evolutionarily conserved and maintain 
their expressions. Among these genes, particularly two key 
genes have been determined to induce cell–cell fusion and 
placenta formation in humans [23]. These genes encode 
HERV-W Env glycoprotein (Syncytin 1) [19, 24–26] and 
HERV-FRD Env glycoprotein (Syncytin 2) [27]. Syncy-
tin 1 is introduced in human syncytiotrophoblasts, and its 
fusogenic activity is demonstrated in cytotrophoblasts [24]. 
It induces syncytium formation in placenta by interacting 
with the D-Type mammalian retrovirus receptor (ASCT2, 
SLC1A5, neutral amino acid transporter) [25, 28]. Therefore, 
Syncytin 1 is increasingly expressed in syncytiotrophoblast 

cells throughout pregnancy [24, 25, 29]. On the other hand, 
Syncytin 2 (HERV-FRD) is another member of the HERV 
family with fusogenic activities as a placental membrane 
protein [27, 30]. While syncytins induce cell fusions, their 
physiologic roles may go beyond that, for instance Syncytin 
1 may also regulate the production of inflammatory media-
tors [31]. Syncytin 2 differs from Syncytin 1 by having an 
immunosuppressive domain that potentially plays a role in 
the protection of fetus from the maternal immune system 
[27, 30] and by interacting with a different receptor, major 
facilitator superfamily domain containing 2 (MFSD2), to 
mediate cell–cell fusion [32].

Altered expressions of syncytin proteins and their recep-
tors were reported in various placental pathologies such 
as preeclampsia [33, 34], intrauterine growth restriction 
(IUGR) [35–37], and gestational diabetes mellitus [38, 39]. 
In addition to their fusogenic activity in placenta, syncytins 
are involved in cell fusion events in bone marrow (osteo-
clasts) [40], various cancers [41–49], and in different cell 
lines such as muscle [50], endometrial [45], colorectal [51], 
and breast tumor [52].

Considering the well-studied fusogenic activity of syn-
cytin proteins, Bjerregaard and colleagues investigated the 
presence of Syncytin 1 and its receptor in human gametes 
[53]. The study revealed that Syncytin 1 is expressed at both 
mRNA and protein levels in human spermatozoa. The locali-
zation of Syncytin 1 is mainly observed in the acrosomal 
region or equatorial segment of spermatozoa together with 
mild expression in the midpiece and the tail. Its receptor, 
SLC1A5, is expressed in the acrosomal and tail regions of 
spermatozoa. Interestingly, Syncytin 1 expression is not 
detected in human oocytes, while its receptor SLC1A5 is 
present in oocytes [53]. However, samples with only normal 
semen quality were included. In line with this study, Enoiu 
and colleagues investigated Syncytin 1 and other membrane 
fusion proteins in spermatozoa from men experiencing total 
fertilization failure during IVF by immunofluorescence [54]. 
The authors reported a similar localization pattern with pre-
vious study by Bjerregaard and colleagues that Syncytin 1 
was present predominantly in the acrosomal cap region and 
also slightly in the midpiece and tail regions of human sperm 
[54]. Bergallo and colleagues also showed that there are sev-
eral retroviral mRNAs including Syncytin 1 in the human 
sperm, although in low amounts [55]. However, to the best 
of our knowledge, there is only one study available regard-
ing the presence of Syncytin 2 in human sperm showing 
that Syncytin 2 is transcribed in spermatozoa, although at 
lower levels than Syncytin 1 by real-time PCR experiments 
at mRNA level [55]. Thus, no information is currently avail-
able on the localization patterns of Syncytin 2 or the exist-
ence of its receptor in human gametes.

One of the most serious social problems faced by 
developed countries today is the decreasing fertility rate. 
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Impairment of male fertility may occur in the case of insuf-
ficient number of motile sperm, unsuccessful sperm-zona 
pellucida interaction, incomplete acrosome reactivity, and 
insufficiency of sperm function such as oocyte penetration 
[56]. However, assessment of male infertility potential is 
based on standard semen analysis (total sperm number, 
total and progressive motility, vitality, sperm concentration, 
sperm morphology) [57]. According to the World Health 
Organization, men whose sperm parameters are below nor-
mal values are considered to have male factor-related infer-
tility [58]. Oligozoospermia is a male reproductive problem 
characterized by low sperm counts, and the sperm concen-
trations that drop below 15 million sperm per milliliter in 
the semen sample. Severe oligozoospermia is often accom-
panied by poor sperm motility, viability, and morphology 
reflecting qualitative and quantitative defects in spermato-
genesis [59–61]. Natural fertility prospects are also poor 
with extreme oligozoospermia [59, 60]. In addition, there is 
an increased incidence of total fertilization failure and a low 
fertilization rate during conventional in vitro fertilization 
treatments involving men with poor sperm motility [62, 63]. 
Given the high fusogenic potential of syncytin proteins, our 
study aimed to investigate first the presence of Syncytin 2 
and its receptor, MFSD2, in human sperm, and then, to eval-
uate whether the protein localization patterns and expression 
levels of syncytins and their receptors differ between nor-
mozoospermic, asthenozoospermic, oligozoospermic, and 
oligoasthenozoospermic human sperm samples.

Materials and methods

Selection of study samples

After routine semen analyses at the Andrology Labora-
tory, Department of Urology, Akdeniz University School 
of Medicine, Antalya, Turkey, the leftover de-identified 
semen samples were studied. Normozoospermic (concen-
tration = 88.9 ± 5.5 ×  106, motility = 79.2 ± 3.15, n = 30), 
asthenozoospermic (concentration = 51.7 ± 7.18 ×  106, 
motility = 24.0 ± 3.12, n = 15), oligozoospermic, and oli-
goasthenozoospermic (concentration = 5.5 ± 3.21 ×  106, 
motility = 18.5 ± 1.2%, n = 15) human sperm samples were 
included in the study. Oligozoospermia was further classified 
as mild oligozoospermia (between 10 and 15 million sperm/
mL), moderate oligozoospermia (between 5 and 10 million 
sperm/mL), and severe oligozoospermia (less than 5 million 
sperm/mL) [64]. The comparisons of mild oligozoospermic 
(concentration = 13.5 ± 2.17 ×  106, motility = 72.1 ± 6.50%, 
n  = 15),  moderate oligozoospermic (concentra-
tion = 8.4 ± 3.21 ×  106, motility = 65.1 ± 8.9%, n = 15), and 
severe oligozoospermic (concentration = 2.1 ± 1.01 ×  106, 
motility = 67.5 ± 3.2%), n = 15) sperm samples were also 

performed. The average ages of the patients in the normo-
zoospermic, asthenozoospermic, mild oligozoospermic, 
moderate oligozoospermic, severe oligozoospermic, and oli-
goastenozoospermic groups were 38.00 ± 1.48, 36.00 ± 1.08, 
37.00 ± 2.55, 35.00 ± 1.88, 38.00 ± 1.53, and 36.00 ± 1.15, 
respectively. However, there was no statistically significant 
age difference between the patient groups (p = 0.357). The 
samples were collected by masturbation into sterile wide 
mouth plastic jars following 2–5 days of sexual abstinence. 
Samples were allowed to liquefy at room temperature; then, 
sperm concentrations and motility were assessed according 
to WHO criteria 2010 [65]. Patients with ages of 18–40, 
sperm count not less than 1 million, the duration of sexual 
abstinence not less than 2 days or more than 5 days, have 
no known health problem, cancer, urogenital or genetic 
disease, no drug used continuously that can affect sperm 
parameters recently, those who have not received any treat-
ment or surgery in the past due to the male factor, no chroni-
cal use of cigarettes, alcohol, and addictive substances were 
included in the study. All studies were approved by Ethi-
cal Committee of Akdeniz University School of Medicine 
(2012-KAEK-20).

Preparation of sperm samples 
and immunofluorescence staining

The preparation of sperm samples was carried out simi-
larly as previously reported [66–68]. A sufficient amount 
of saline-imidazole (SAIM) solution was added to the fresh 
semen and centrifuged at 500 g for 18 min. After discard-
ing the supernatant, 1–2 ml of SAIM solution was added 
to the pellet and resuspended. Small drops of suspension 
were placed on Poly-L-lysine-coated slides drawn with 
pap-pen, and 5% PB-sucrose (PBS + sucrose) solution was 
dripped onto it, paying attention to the absence of excessive 
sperm under the microscope. The slides were kept at + 4 °C 
overnight. The next day, the solution on the slides was 
removed, fixation solution was dripped onto the slides and 
kept at room temperature for 20 min. The excess solution 
was removed, and PB-sucrose solution was dripped 3 times 
on the slides. In the last step, the PB-sucrose solution was 
removed, and the slides were dried at room temperature.

Slides were washed three times with PB-sucrose at room 
temperature and blocked with 3% bovine serum albumin 
(BSA) for 1 h at room temperature. Primary antibodies (syn-
cytin 1, syncytin 2, SLC1A5 and MFSD2) were diluted with 
0.1% BSA and incubated at + 4 °C overnight (Table 1). Sam-
ples were washed three times with PB-sucrose at room tem-
perature and incubated with secondary antibodies for 45 min 
at room temperature (Table  1). Following the washing 
step, slides were incubated with fluorescein isothiocyanate 
(FITC)-labeled Avidin D (Vector Laboratories) diluted in 
PB-sucrose for 30 min at room temperature. After washing 
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with PB-sucrose, DAPI solution was added and the slides 
were kept in the dark for 10 min, washed with PB-sucrose 
solution three times for 5 min and mounted with antifade 
solution. Samples were left in the dark for 1–2 h and exam-
ined using a fluorescent microscope (Olympus BX61 Fully 
Motorized Fluorescence Microscope). At least 200 sperm 
cells were counted from each patient, and sperm cells were 
categorized according to their staining patterns as previously 
described [69].

Protein extraction from semen samples

The volume, concentration, and motility of freshly collected 
semen samples were calculated. Up to 10 ml of PB-sucrose 
solution was added to the tubes containing semen samples, 
centrifuged at + 4 °C, 2500 rpm for 10 min. The pellets of 
sperm samples were resuspended in lysis buffer and pro-
tease inhibitor cocktail (Sigma-Aldrich, MO, USA), further 
incubated, and homogenized by using a sonicator. After 
1 h of incubation at + 4 °C, samples were centrifuged for 
15.000 g at + 4 °C. The supernatants were collected, and 
stored at − 20 °C.

SDS‑PAGE and Western blotting

Immunoblotting of semen samples was carried out as 
previously described [70]. The protein concentration was 
determined by a detergent compatible protein assay (Bicin-
choninic Acid Kit for Protein Determination BCA1-1KT, 
Sigma). Samples (50 µg) were loaded on 10% Tris–HCl gels, 
electrophoretically separated, and electroblotted onto PVDF 

membrane (Bio-Rad Laboratories, CA, USA). The mem-
branes were blocked with 5% non-fat dry milk in Tris buff-
ered saline (TBS) containing 0.1% Tween 20 (TBS-T) for 1 h 
to reduce non-specific binding. The membranes were incu-
bated at + 4 °C overnight with primary antibodies (Table 1), 
washed in TBS-T for 1 h then incubated with horseradish 
peroxidase (HRP) conjugated secondary antibodies for 1 h 
at room temperature. Following the final wash in TBS-T, the 
membranes were incubated with the Super Signal Chemilu-
minescence (CL)-HRP substrate system (Thermo Scientific, 
USA) for 5 min and the signals on the membranes were 
transferred to the hyperfilm (Amersham Biosciences; Buck-
inghamshire, England) in the dark room. Protein levels of 
syncytin 1, syncytin 2, SLC1A5, and MFSD2 were com-
pared semiquantitatively with ImageJ 1.46 (NIH) analysis 
by normalizing to GAPDH.

Statistical analysis

All data was exported directly to the SigmaStat® 3.5 (Systat 
Software; San Jose, USA) program. The data obtained from 
patients with different impaired semen quality groups were 
compared with the data obtained from normozoospermic 
patient groups. The quantitative data was submitted to nor-
mality tests by the Kolmogorov–Smirnov test. Data were 
compared using one-way ANOVA followed by Holm–Sidak 
post hoc test for the data passed the normality test; other-
wise, the Kruskal–Wallis test was followed by Dunn’s test. 
All data were expressed as mean ± SEM and statistical sig-
nificance was defined as p < 0.05.

Table 1  Primary and secondary antibodies used for immunofluorescence (IF) staining and Western blot

IF Western Blot
Company/ Catolog no Dilution Dilution

seidobitn
A

yra
mirP

Syncytin 1 Santa Cruz Biotechnology, Inc./

sc50369

1:50 1:1000 (in TBS-T)

Syncytin 2 Bioss/ bs15466R 1:50 1:500 (in TBS-T)

SLC1A5 Abcam/ ab58690 1:100 1:500 (in TBS-T)

MFSD2 Santa Cruz Biotechnology, Inc./ 

sc135305

1:100 1:1000 (in 5% non-fat dry 

milk)

GAPDH Santa Cruz Biotechnology, Inc./ 

sc25778

1:2000 (in 5% non-fat dry 

milk)

Se
co

nd
ar

y 
A

nt
ib

od
ie

s Biotinylated anti-

rabbit

Vector Laboratories/ BA-1000 1:400

HRP-conjugated 

anti-rabbit

Vector Laboratories/ PI-1000 1:2000 (in 5% non-fat dry 

milk)
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Results

Immunolocalization of Syncytin 1 and its receptor 
SLC1A5 in normozoospermic, asthenozoospermic, 
oligozoospermic, and oligoasthenozoospermic 
human sperm samples

Detailed immunocytochemical analysis revealed similar 
localization pattern for Syncytin 1 and SLC1A5 with a 
slight staining of the tail in all spermatozoa. Both proteins 
were also localized in the regions of (1) the equatorial 
segment, (2) the acrosomal cap, (3) the post acrosomal 
region, (4) the acrosomal cap plus post acrosomal region, 
(5) the midpiece plus equatorial segment, (6) the mid-
piece region, and (7) the combined midpiece plus acroso-
mal region (Fig. 1). Comparison of the expression these 
patterns between normozoospermic, asthenozoospermic, 
oligozoospermic (mild, moderate, severe), and oligoasthe-
nozoospermic samples revealed differences with varying 
percentages. There was a decreased percentage of Syncy-
tin 1 immunoreactivity in the equatorial segment, the acro-
somal cap, the midpiece plus equatorial segment, only the 
midpiece region, and the combined midpiece plus acroso-
mal region of asthenozoospermic and oligoasthenozoo-
spermic sperm samples when compared to normozoosper-
mic sperm samples (p < 0.001) (Fig. 2a, b, g). A significant 
decrease was detected in the percentage of sperm with the 
post acrosomal region and the acrosomal cap plus post 

acrosomal region staining patterns in the oligoasthenozoo-
spermic sperm samples compared to the normozoospermic 
sperm samples (p < 0.05) (Fig. 2g). On the other hand, we 
found a significant decrease in the percentage of acrosomal 
cap, only the midpiece region, the combined midpiece plus 
acrosomal region staining patterns and unstained sperm 
in oligoasthenozoospermic sperm samples compared to 
asthenozoospermic sperm samples (p < 0.001) (Fig. 2g).

Regarding oligozoospermic sperm samples, we detected 
a decreased percentage of Syncytin 1 immunoreactivity in 
the equatorial segment, the acrosomal cap, the midpiece 
plus equatorial segment, only the midpiece region, and the 
combined midpiece plus acrosomal region of all oligozoo-
spermic sperm samples when compared to normozoosper-
mic sperm samples (p < 0.001) (Fig. 2a, c, i). On the other 
hand, a significant decrease was observed in both moderate 
and severe oligozoospermia groups compared to the mild 
oligozoospermia group especially in the midpiece region 
and combined midpiece plus acrosome region staining pat-
terns (p < 0.001) (Fig. 2i). The decrease in the severe oli-
gozoospermia was also statistically significant for the per-
centages of midpiece region and combined midpiece plus 
acrosome region staining compared to the percentages for 
moderate oligozoospermia (p < 0.001). In addition, a sig-
nificant decrease was determined in the staining patterns of 
the midpiece plus equatorial segment, and the percentage 
of non-stained sperm in the severe oligozoospermia group 
compared to the mild and moderate oligozoospermia patient 
groups (p < 0.001) (Fig.  2i) even though no significant 

Fig. 1  Immunofluorescence staining patterns of syncytins and their 
receptors. a The equatorial segment, b the acrosomal cap, c the post 
acrosomal region, d the acrosomal cap plus post acrosomal region, 

e the midpiece plus equatorial segment, f the midpiece region, g the 
combined midpiece plus acrosomal region, h non-stained sperm. 
Green: FITC; blue: DAPI. The scale bars represent 50 µm
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differences were found between the mild and moderate 
oligozoospermia groups for these localization patterns 
(p > 0.05) (Fig. 2i).

SLC1A5 immunoreaction was significantly decreased in 
the equatorial segment, the acrosomal cap, the midpiece plus 
equatorial segment, only the midpiece region, and the com-
bined midpiece plus acrosomal region of asthenozoospermic 

and oligoasthenozoospermic sperm samples compared to the 
normozoopermic sperm samples (p < 0.001) (Fig. 2d, e, h). 
Moreover, there was a significant decrease in the percent-
age of the midpiece region and the combined midpiece plus 
acrosomal region staining patterns in oligoasthenozoosper-
mic sperm samples compared to asthenozoospermic sperm 
samples (p < 0.001) (Fig. 2h). In contrast, no significant 

Fig. 2  Immunofluorescence localization of Syncytin 1 (a, b, c) and 
its receptor SLC1A5 (d, e, f) in normozoospermic, asthenozoosper-
mic, and oligozoopermic human sperm samples. The percentage (%) 
of immunofluorescence staining patterns for Syncytin 1 (g, i) and 
SLC1A5 (h, j). Eq, equatorial segment; Acr, acrosomal cap; Post Acr, 
post acrosomal region; Acr + Post Acr, acrosomal cap and post acro-

somal region; Mp + Eq, midpiece region and equatorial segment; Mp, 
midpiece region; Mp + Acr, midpiece region and acrosomal cap; NS, 
non-stained sperm. Green: FITC; blue: DAPI. The scale bars repre-
sent 50 µm. p values indicate the statistical comparisons between the 
sperm samples with normozoospermia and different patient catego-
ries. #p < 0.05, *p < 0.001
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difference was observed in the percentage of the post acro-
somal region, the acrosomal cap plus post acrosomal region 
staining patterns and the percentage of non-stained sperm 
between these patient categories (p > 0.05) (Fig. 2h).

Similarly, a statistically significant decrease in SLC1A5 
expression was detected for the percentage of equatorial seg-
ment, the acrosomal cap, only the midpiece region, and the 
combined midpiece plus acrosomal region staining patterns 
in all of the oligozoospermic sperm samples compared to 
the normozoospermic samples (p < 0.001) (Fig. 2d, f, j). 
When the subcategories of oligozoospermic patients were 
compared, a significant decrease was determined in both 
moderate and severe oligozoospermia patient groups com-
pared to the mild oligozoospermic patient groups in the mid-
piece region and combined midpiece plus acrosome region 
localization patterns (p < 0.001) (Fig. 2j). The decreased 
percentage of staining patterns in the midpiece region and 
combined midpiece plus acrosome region were also statisti-
cally significant in the severe oligozoospermia compared to 
moderate oligozoospermia (p < 0.001) (Fig. 2j). In fact, there 
were no statistically significant differences in the percentage 
of staining patterns for post acrosomal region, the acrosomal 
cap plus post acrosomal region, and the percentage of non-
stained sperm (p > 0.05) (Fig. 2j).

Immunolocalization of Syncytin 2 and its receptor 
MFSD2 in normozoospermic, asthenozoospermic, 
oligozoospermic, and oligoasthenozoospermic 
human sperm samples

Syncytin 2 and its receptor MFSD2 proteins were detected 
in (1) the equatorial segment, (2) the acrosomal cap, (3) 
the post acrosomal region, (4) the acrosomal cap plus post 
acrosomal region, (5) the midpiece plus equatorial segment, 
(6) the midpiece region, and (7) the combined midpiece plus 
acrosomal region (Fig. 1) in the sperm samples from nor-
mozoospermic, asthenozoospermic, oligozoospermic (mild, 
moderate, severe), and oligoasthenozoospermic patients 
(Fig. 3). As observed in Syncytin 1 and SLC1A5, a slight 
staining of the tail were also noted for Syncytin 2 and its 
receptor MFSD2 in all spermatozoa. The immunoreaction 
of Syncytin 2 was found to be most prominent in the mid-
piece region of human sperm among the different staining 
patterns. In contrast, MFSD2 immunoreaction was predomi-
nantly observed in the combined midpiece plus acrosomal 
region as well as in the midpiece region of sperm.

When asthenozoospermic and oligoasthenozoospermic 
sperm samples were compared to the normozoospermic 
sperm samples by means of Syncytin 2 immunoreactiv-
ity, there was a decreased percentage of staining patterns 
in the equatorial segment, the acrosomal cap, the mid-
piece plus equatorial segment, only the midpiece region, 
and the combined midpiece plus acrosomal region of 

asthenozoospermic and oligoasthenozoospermic sperm 
samples (p < 0.001) (Fig. 3a, b, g). A significant decrease 
was detected in the percentages of sperm stained for post 
acrosomal region (p = 0.003) and the acrosomal cap plus 
post acrosomal regions (p = 0.034) compared to the nor-
mozoospermic groups in the only oligoasthenozoospermic 
patient group (Fig. 3g). A significant decrease in the per-
centage of sperm with acrosomal cap, the midpiece region 
and the combined midpiece plus acrosomal region staining 
patterns was detected in oligoasthenozoospermic samples 
compared to asthenozoospermic sperm samples (p < 0.001) 
(Fig. 3g). In contrast, we observed no significant difference 
in the percentage of the non-stained sperm between these 
patient groups (p > 0.05) (Fig. 3g).

Syncytin 2 immunoreaction was significantly decreased 
in the equatorial segment, the acrosomal cap, the midpiece 
plus equatorial segment, only the midpiece region, and the 
combined midpiece plus acrosomal region of all oligozoo-
spermic sperm samples with different subcategories when 
compared to normozoospermic sperm samples (p < 0.001) 
(Fig. 3a, c, i). However, a significant decrease was observed 
particularly in the percentages of midpiece region and com-
bined midpiece plus acrosome region in both moderate and 
severe oligozoospermia groups compared to the mild oligo-
zoospermia patient group (p < 0.001) (Fig. 3i). The statisti-
cal evaluation was also indicated a significant decrease in 
severe oligozoospermia samples compared to moderate oli-
gozoospermia samples for these staining patterns (p < 0.001) 
(Fig. 3i). Furthermore, there was a significant decrease in 
percentage of the post acrosomal region and the acrosomal 
cap plus post acrosomal region in severe oligozoospermic 
sperm samples compared to normozoospermic sperm sam-
ples while no difference was detected in the mild or mod-
erate oligozoospermic sperm samples (p < 0.001) (Fig. 3i). 
As observed with asthenozoospermic and oligoasthenozoo-
spermic sperm samples, we found no statistically significant 
difference in the percentage of non-stained sperm between 
different oligozoospermic patient subcategories and normo-
zoospermic patient groups (p > 0.05) (Fig. 3i).

A statistically significant decrease in MFSD2 
immunoreaction was observed in the equatorial segment 
(p < 0.001), the acrosomal cap (p < 0.001), the midpiece 
plus equatorial segment (p < 0.001), only the midpiece 
region (p < 0.001), and the combined midpiece plus 
acrosomal region (p < 0.001) in asthenozoospermic and 
oligoasthenozoospermic sperm samples and all of the 
oligozoospermic patient subcategories compared to the 
normozoospermic sperm samples (Fig. 3d, e, f, h, j). On the 
other hand, there was a statistically significant decrease in 
the percentage of the acrosomal cap, the midpiece region 
and the combined midpiece plus acrosomal region staining 
patterns in oligoasthenozoospermic samples compared to 
asthenozoospermic sperm samples (p < 0.001) (Fig. 3h). A 
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significant decrease was also determined in the acrosomal 
cap, the midpiece region and combined midpiece plus 
acrosome region staining in both moderate and severe 
oligozoospermia patient groups compared to patients 
with the mild oligozoospermia (p < 0.001) (Fig.  3j). In 
addition, there was a significant decrease in the percentage 
of equatorial segment and the midpiece plus equatorial 
segment in the sperm samples from severe oligozoospermia 

group compared to samples from mild oligozoospermia 
(p = 0.018, p = 0.0145, respectively). We found a significant 
decrease in the post acrosomal region (p = 0.015) and the 
acrosomal cap plus post acrosomal region staining patterns 
(p = 0.002) in severe oligozoospermic sperm samples 
compared to normozoospermic sperm samples while no 
statistical difference was analyzed in mild and moderate 
oligozoospermic sperm samples (p > 0.05) (Fig.  3j). In 

Fig. 3  Immunofluorescence localization of Syncytin 2 (a, b, c) and 
its receptor MFSD2 (d, e, f) in normozoospermic, asthenozoosper-
mic, and oligozoopermic human sperm samples. The percentage (%) 
of immunofluorescence staining patterns for Syncytin 2 (g, i) and 
MFSD2 (h, j). Eq, equatorial segment; Acr, acrosomal cap; Post Acr, 
post acrosomal region; Acr + Post Acr, acrosomal cap and post acro-

somal region; Mp + Eq, midpiece region and equatorial segment; Mp, 
midpiece region; Mp + Acr, midpiece region and acrosomal cap; NS, 
non-stained sperm. Green: FITC; blue: DAPI. The scale bars repre-
sent 50 µm. p values indicate the statistical comparisons between the 
sperm samples with normozoospermia and different patient catego-
ries. #p < 0.05, *p < 0.001

104 Journal of Assisted Reproduction and Genetics (2023) 40:97–111



1 3

contrast, there was no statistically significant difference 
between patient groups in the percentage of non-stained sperm 
for either men with oligozoospermia, asthenozoospermia or 
oligoasthenozoospermia (p > 0.05) (Fig. 3h, j).

Protein expression levels of syncytin proteins 
and their receptors in normozoospermic, 
asthenozoospermic, oligozoospermic, 
and oligoasthenozoospermic human sperm samples

Western blot analysis of Syncytin 1 (60 kDa) and its recep-
tor SLC1A5 (54 kDa) showed a statistically significant 
decrease in the asthenozoospermic, mild, moderate, and 
severe oligozoospermic and oligoasthenozoospermic sperm 
samples compared to the normozoospermic sperm samples 
by ImageJ analysis (p < 0.001) (Fig. 4a, b). When patient 
groups were compared to each other, we found a statistically 
significant decrease in both Syncytin 1 and SLC1A5 pro-
tein expression in oligoasthenozoospermic sperm samples 
compared to asthenozoospermic sperm samples (p < 0.001) 
(Fig. 4a, b). On the other hand, Syncytin 1 protein expres-
sion was significantly decreased in both moderate and severe 
oligozoospermic sperm samples compared to the mild oli-
gozoospermic group (p < 0.001) (Fig. 4a, b). The statisti-
cally significance decrease was also observed between in 

severe oligozoospermic sperm samples compared to moder-
ate oligozoospermic sperm samples (p < 0.001) (Fig. 4a, b). 
SLC1A5 protein expression was decreased only in the severe 
oligozoospermic sperm samples compared to the mild oli-
gozoospermic sperm samples (p = 0.024), but no significant 
difference was found between severe oligozoospermic sperm 
samples versus moderate oligozoospermic sperm samples 
or moderate oligozoospermic sperm samples versus mild 
oligozoospermic sperm samples (p > 0.05).

Syncytin 2 (59  kDa) and MFSD2 (60  kDa) protein 
expressions were found to be significantly decreased in the 
asthenozoospermic, mild, moderate, and severe oligozoo-
spermic and oligoasthenozoospermic sperm samples com-
pared to the normozoospermic sperm samples as observed 
for Syncytin 1 and its receptor (p < 0.001) (Fig. 4a, c). A sta-
tistically significant decrease in both Syncytin 2 and MFSD2 
protein expression was observed in oligoasthenozoospermic 
sperm samples compared to asthenozoospermic sperm sam-
ples (p < 0.001) (Fig. 4a, c). When oligozoospermic patient 
groups were compared among themselves, Syncytin 2 pro-
tein expression showed a significant decrease in both the 
moderate and severe oligozoospermic groups compared to 
the mild oligozoospermic group (p < 0.001) (Fig. 4a, c). In 
addition, a significant decrease was determined in the severe 
oligozoospermic sperm samples compared to the moderated 

Fig. 4  Western blot analysis of Syncytin 1 (60  kDa), Syncytin 2 
(59 kDa), SLC1A5 (54 kDa), and MFSD2 (60 kDa) proteins in the 
human sperm samples (a). The expression of GAPDH (37 kDa) was 
used to confirm equivalent amounts of total proteins loaded per lane. 
The optical density (OD) values of relevant proteins were normalized 

to the OD values of GAPDH bands and then graphed (b, c). N, nor-
mozoospermia; A, asthenozoospermia; MIO, mild oligozoospermia; 
MO, moderate oligozoospermia; SO, severe oligozoospermia; OA, 
oligoasthenozoospermia. #p < 0.05, *p < 0.001
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oligozoospermic sperm samples (p < 0.001) (Fig. 4a, c). 
Even though MFSD2 protein expression was decreased 
significantly in severe oligozoospermic group compared 
to mild oligozoospermic group (p < 0.001), and also severe 
oligozoospermic sperm samples compared to moderate 
oligozoospermic sperm samples, no significant difference 
was observed between mild and moderate oligozoospermic 
patient groups (p > 0.05) (Fig. 4a, c).

Discussion

Here, we demonstrate the detailed expression profiles of 
syncytin proteins and their receptors in normozoospermic, 
asthenozoospermic, oligozoospermic (mild, moderate, 
severe), and oligoasthenozoospermic human sperm sam-
ples and revealed a significant decrease in the expression 
of syncytin 1, syncytin 2, and their receptors, SLC1A5 and 
MFSD2, in the patients with asthenozoospermia, oligozoo-
spermia, and oligoasthenozoospermia. Although the pres-
ence of Syncytin 1 [53–55] and its receptor SLC1A5 [53] 
was reported in human sperm, the potential contributions of 
altered syncytin protein levels to sperm parameters such as 
reduced sperm motility and low sperm count or both were 
not demonstrated previously. Considering the dramatic 
increase of male infertility all over the World [71], unveiling 
the underlying mechanisms that could potentially contrib-
ute to reduced fertility is critical to understand, and then to 
improve the fertility outcomes.

Bjerregaard and colleagues indicated that a strong Syn-
cytin 1 expression was present in the sperm acrosome or 
the equatorial segment and a weak staining pattern was 
observed in the midpiece and tail regions [53]. Recently, 
a similar expression pattern was also reported by Enoiu 
and colleagues with visible diffusion to the entire head in 
all sperm samples [54]. While the expression of Syncytin 
1 in the acrosome, equatorial segment, midpiece, and tail 
regions of sperm is similar to the previous studies, here, 
we demonstrated that there is a more complex expression 
profile of Syncytin 1 suggesting a heterogeneity in human 
spermatozoa.

In addition to its crucial role in placentation, Syncytin 
1 appears to play a role in fertilization and implantation. 
Among the other endogenous retroviruses, the higher level 
of Syncytin 1 transcript in human sperm [55] supports 
the potential role of Syncytin 1 in oocyte-sperm fusion. 
Syncytins and their receptors were present in the equato-
rial segment which has considerable functional impor-
tance to fertilization. The equatorial segment is crucial as 
it remains intact after the acrosome reaction, underlies the 
domain of the plasma membrane involved in fusion with the 
oocyte membrane, and is the site where breakdown of the 
sperm nuclear envelope is initiated after fertilization [72]. 

Interestingly, the percentage of the positively stained sperm 
samples for the equatorial segment staining pattern were 
significantly decreased in patients with asthenozoospermia, 
all oligozoospermia patient subcategories (mild, moderate, 
severe), and oligoasthenozoospermia for syncytins and their 
receptors. In fact, the molecular basis of sperm-egg recogni-
tion is unknown, but is likely to require interactions between 
receptor proteins displayed on their surface [7]. Since the 
percentages of the unstained sperm were also striking, the 
competence or development potential of syncytin-expressing 
or non-expressing sperm should be investigated further by 
utilizing mouse homologous conditional knockout models 
of syncytins and their receptors to investigate whether they 
will be functionally related to male infertility. Therefore, 
the best way to reveal these molecular mechanisms is pos-
sibly to design mouse/animal models with partial or com-
plete absence of syncytin 1, syncytin 2, or their receptors in 
gametes, and test them for fertilization capacity.

Furthermore, the expression of Syncytin 1 in the trophec-
toderm directly beneath the inner cell mass of human blasto-
cysts [73] suggests that Syncytin 1 may play role in embryo 
implantation. The decreased expression of Syncytin 1 and 
its receptor may cause failure by negatively affecting ferti-
lization and embryo growth and can be used as important 
biomarker molecules in the development of new strategies 
in IVF treatments. A recent study by Enoiu and colleagues 
investigated the fusion proteins including Syncytin 1 in sper-
matozoa from men in couples experiencing total fertilization 
failure during IVF [54]. However, the study reported that 
there were not any significant changes in the expression of 
Syncytin 1 between the total fertilization failure and control 
groups [54]. However, the number of spermatozoa express-
ing Syncytin 1 was found to be higher in the control group 
compared with total fertilization failure even though it was 
not statistically significant. Thus, high expression profile of 
Syncytin 1 may contribute to successful gamete membrane 
fusion, an important step in fertilization.

To the best of our knowledge, no information was avail-
able on the localization pattern of Syncytin 2 or its receptor 
in human gametes. Previously, Syncytin 2 has been shown 
transcribed in spermatozoa, although the transcription level 
was lower than Syncytin 1 [55]. However, we report here 
for the first time that Syncytin 2 is preferentially expressed 
in the midpiece and combined midpiece plus acrosomal 
regions. This high expression pattern associated with the 
sperm midpiece where mitochondria are located might indi-
cate a metabolism related function of these proteins. Taken 
together, our data demonstrating the presence of Syncytin 
2 and its receptor in human sperm further support the idea 
that Syncytin 2 might also contribute to gamete fusion dur-
ing fertilization.

Unfortunately, there is only one study in the existing lit-
erature related to syncytins and its receptors in the oocyte 
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reporting that Syncytin 1 receptor, ASCT-2, was expressed 
in oocytes with different stages of oocyte maturation includ-
ing germinal vesicle (GV) and MI and MII stages [53]. The 
study with 80 oocytes indicated that there was a significantly 
higher expression of Syncytin 1 receptor in mature MII stage 
oocytes compared to the immature GV stage. Although 
the expression of Syncytin 1 was not present in any of the 
oocytes examined by quantitative RT-PCR [53], it seems 
that the mRNA level of Syncytin 1 receptor increases as 
the oocytes mature from the GV to the MII stage. There-
after, one can speculate that the presence of the Syncytin 
1 receptor on the oocytes may be utilized in pharmaceuti-
cal or culture related interventions as an indicator of the 
developmental competence of the oocytes [53]. However, 
the question still remains whether the fusogen Syncytin 1 
and its receptor could be involved in membrane fusion of 
the human gametes since Syncytin 1 is present and localized 
at the right place in spermatozoa and Syncytin 1 receptor is 
present in the mature oocytes.

Syncytins, as noted, belong to an endogenous retrovirus 
family and can function as a true retroviral envelope protein 
[74–76]. Syncytin therefore has the ability to block its own 
receptor if co-expressed with its receptor [76]. In this study, 
we found that syncytin 1, syncytin 2, and their receptors 
were expressed in similar localization patterns on sperma-
tozoa from different patient groups, but their percentages in 
these patterns were different. Therefore, it can be speculated 
that co-expression of Syncytin 1 and its receptor SLC1A5 or 
Syncytin 2 and its receptor MFSD2 on spermatozoa inhibit 
membrane fusion at the designated sites and act as a regula-
tor of syncytins.

The most important function of the acrosome reaction is 
to induce changes in the sperm membrane [77]. Although 
SPACA6, TMEM95, SOF1, FIMP, and DCST1/DCST2 have 
been shown among the new proteins required for sperm-
oocyte fusion that occurs after the acrosome reaction, the 
importance and roles of these protein interactions are not 
clear [8]. However, studies suggested that the previously dis-
covered tetraspanins CD9 and CD81 both play an important 
role in fertilization [78] and participate in membrane fusion 
as regulators of fusion platforms for membrane fusion to 
occur [79]. Cell–cell fusion following the acrosome reac-
tion is facilitated by the interaction of the oocyte plasma 
membrane with a highly localized area of the sperm plasma 
membrane lining the equatorial segment [9]. The demon-
stration of syncytin 1, Syncytin 2 and their receptors on the 
equatorial segment of spermatozoa all together conforms to 
this model proposed by Nixon and colleagues [9].

Furthermore, it is known that any structural or func-
tional acrosomal abnormality can disrupt sperm fusion and 
ultimately cause infertility. Studies have shown that intra-
cytoplasmic insemination with sperm containing acrosomal 
abnormalities does not lead to successful fertilization even 

in the absence of fertilization barriers, as the oocyte cannot 
be activated efficiently [80, 81]. Our immunofluorescence 
staining results showed that both syncytin 1, Syncytin 2 
and their receptors were significantly reduced in the acro-
some region in the asthenozoospermic, oligozoospermic and 
oligoasthenozoospermic sperm samples compared to nor-
mozoospermic sperm samples. Syncytin 1 has been previ-
ously reported to have a tendency to gather at the equatorial 
segment following progesterone-induction of the acrosome 
reaction suggesting a translocation of Syncytin 1 to the equa-
torial segment during the acrosome reaction and a potential 
involvement in this biological process [54]. It is likely that 
high expression of syncytins and their receptors may facili-
tate gamete membrane fusion, while low levels or absence 
of these proteins may suggest IVF treatments. Therefore, 
our study may have a significant impact on both clinical 
and research investigations of male fertility status and may 
advance our understanding of the role of these proteins in 
human health and fertility. The lower amount of these fusion 
proteins in patients with impaired semen quality may be an 
important marker for the evaluation of a man's reproductive 
potential with fertility implications.

Key events, including motility, capacitation, and acroso-
mal exocytosis, are important in the acquisition of fertiliza-
tion ability by spermatozoa [82]. Low sperm count and/or 
quality is present in 90% of couples with fertility problems 
[83]. Oligozoospermic men have a very high rate of defec-
tive sperm-zona pellucida interactions, consistent with low 
natural fertility or low fertilization rates in conventional 
IVF [84]. On the other hand, the relationship between the 
degree of motility and the reproductive outcomes should 
also be emphasized. Sources of variability in sperm motil-
ity are found at different levels such as between sperm cells, 
ejaculates (from the same individual) and individuals [85]. 
It is also known that oxidative stress increases in samples 
with low sperm motility [86], and motility shows an inverse 
relationship with DNA fragmentation [87, 88]. Although 
controversial, extensive damage to sperm DNA can result in 
poor fertilization or embryo development rates and increased 
miscarriage rates [89–92]. In line with this, our data regard-
ing the decreased expression of these fusogenic proteins 
and their receptors in the patients with asthenozoospermia, 
oligozoospermia, and oligoasthenozoospermia may lead to 
reduced fertilization success due to the inadequate interac-
tion that occurs during the gamete membrane fusion. In fact, 
syncytins and their receptors were significantly decreased 
in the men with oligoasthenozoospermia compared to other 
groups. Therefore, the decrease in both concentration and 
motility may have also worsened the fertilization potential 
by causing a decrease in sperm function and its success in 
the female reproductive system. Thus, syncytins and their 
receptors might also clinically reflect the quality of semen 
samples.
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It is also of note that even though Bjerregaard and col-
leagues reported that Syncytin 1 was present in all samples by 
quantitative RT-PCR analysis, protein levels varied between 
donors [53]. Therefore, further studies with large cohort sizes 
and specific patient groups such as male versus female factor 
infertility may offer further insight into whether differential 
expression of syncytins and their receptors adversely affects 
fertilization, implantation and embryo growth. On the other 
hand, we used immunofluorescence staining technique to 
visualize the different localization patterns in human sperm. 
The techniques itself include steps such as fixation and per-
meabilization that can affect cell morphology and/or pro-
duce artifacts. Since we used the washed semen samples, the 
sperm preparation does not reflect the whole sperm popula-
tion, and in men with impaired semen quality, the number of 
mature spermatozoa thus selected is usually high. Moreover, 
the ejaculated semen contains not only spermatozoa but also 
round cells (mainly leucocytes and immature germ cells) 
whose concentration is often high in infertile patients with 
altered semen parameters [93]. Although western blot is vali-
dated as a highly specific method to detect the total proteins 
extracted from cells, the ability of this technique to detect 
syncytins and their receptors in such human semen samples 
may be limited. Thus, this possible interference needs to be 
further evaluated. In addition, it still remains to be answered 
whether or not syncytins and their receptors have important 
roles in oocyte-sperm fusion in humans, and whether these 
retroviral proteins alter pregnancy, implantation, IVF miscar-
riage rates, and male fertility potential in infertility treatments 
in the clinics. Therefore, our results may have a significant 
impact on clinical decision making in the context of reduced 
fertility, infertility, and sperm physiology studies as these 
proteins might potentially play a variety of roles in sperm 
biology and function.
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