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Abstract
Mitofusin 2 is a kind of mitochondria membrane protein that has been implicated in mainte-

nance of mitochondrial morphology and function. However, the expression and function of

mitofusin 2 in human sperm are not well described at present. The aim of this study was to

explore the location of mitofusin 2 in human sperm and to discover its relationship to human

sperm functions likemotility and cryoprotective potentials. Our result showed thatmitofusin 2 is

specifically localized in the 5–7 lmmidpiece between the neck andmain part of human sperm

tail. The expression level of mitofusin 2 in human sperm was significantly different between the

normozoospermia and asthenozoospermia groups (P< 0.05); meanwhile, the sperm of the

asthenozoospermia group had a lower mitochondrial membrane potential (P< 0.05), but the

results of TUNEL assay did not show significant difference between the two groups.

Furthermore, we found that the expression level of mitofusin 2 in the freeze-resistant group

(cryo-survival rate >40%) was significantly higher than that of the freeze-intolerant group (cryo-survival rate �40%) (P<0.05). These

results demonstrate that the expression level of mitofusin 2 is related to motility and cryoprotective potentials of human sperm.

Mitofusin 2 may play a crucial role in the function of human sperm, which needs further research to discover the mechanism.
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Introduction

Mitochondria play an essential function in eukaryotic cells.
Mitochondria in human sperm have extensive morpholog-
ical heterogeneity, and the exact function of them before
and during fertilization process remains controversial.
Although it is widely accepted that sperm mitochondria
are eliminated at the early embryo stages to maintain
maternal mitochondrial inheritance,1 Luo et al.2 found
that mitochondria DNA could be transmitted to offspring
if it occasionally remained and entered the zygote in mice.
Mitochondria not only provide energy for sperm motility,
but also participate in various sperm functions, including
calcium homoeostasis, generation of reactive oxygen

species, and apoptotic pathway.3–5 Moreover, during differ-
ent stages of spermatogenesis, the number, morphology,

and location of mitochondria in spermatogenic cells are

changing obviously with varying expression of mitochon-

drial marker proteins.6–8

Mitofusin 2 (MFN2) is a kind of mitochondria mem-
brane protein that has been demonstrated involved in
maintenance of mitochondrial morphology and function,
such as energy metabolism, cell apoptosis, and intracellular
signaling.9 All the functions of MFN2 are critical factors
influencing the quality of sperm. The expression of MFN2
in sperm has been investigated in animal models. In mice,
MFN2 was present in the midpiece of the tail in caput and
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cauda epididymal sperm and co-localized with themeiosis-
specific nuclear structural 1 (MNS1) to the sperm flagellum,
indicating that they may play an integral role in mouse
sperm flagellar structure and function.10 Moreover,
the presence of MFN2 in boar sperm was found to be
expanded from midpiece to the principal piece after in
vitro capacitation and in vitro acrosome reaction, suggesting
that MFN2 participated in the modulation of boar sperm
mitochondrial function.11

Sperm cryopreservation has been widely used in assis-
ted reproductive technology (ART). Preservation of sperm
vitality for longer periods is achieved by cooling and freez-
ing. However, freezing and thawing have obvious damage
on the structure and function of sperm, including sperm
motility, vitality, and fertilizing ability.12,13 Speculatively,
this impairment may be related to changes in the expres-
sion and location of sperm MFN2. In this regard, it was
reported that cryopreservation-induced alterations in
boar sperm mitochondrial function were concomitant
with a progressive extension of MFN2 location from the
apical zone of the midpiece to the whole midpiece.14

Furthermore, HEK293 cells were protected against cold
stress-induced injury with increased expression of MFN2
and mitochondrial fusion.15

However, the expression and function of MFN2 in
human sperm are not well described at present. In this
study, we explored the location of MFN2 in human sperm
and found that the expression level of MFN2 was related
to human sperm motility and cryoprotective potentials,
suggesting that MFN2 may play a crucial role in the func-
tion of human sperm.

Materials and methods

Semen collection

Semen samples were obtained from patients undergoing
routine semen analysis for couple infertility at the reproduc-
tive center of Tongji Medical College or consenting donors at
Hubei human sperm bank of China, with written informed
consent to allow use of the remaining semen for research
purposes. Semen samples were collected by masturbation
after three days of sexual abstinence. Ethical approval for
human study was obtained from the institutional review
board of Tongji medical college.

Sperm motility analysis

Semen analysis was evaluated according to World Health
Organization guidelines.16 Immediately after receiving the
semen samples, an aliquot was taken to perform the sperm
motility analysis (fresh semen sample, MF). After the semen
sample was liquefied completely by a water bath at 37�C,
10 lL of semen sample was put on a Makler counting
chamber (Sefi Medical Instruments, Israel) and observed
using a microscope (XSZ-D2, Chongqing Optical
Instruments, China). Sperm motility was classified as per-
centage of motile sperm. Two independent observers
counted the percentage of motile sperm for each sample
with three replicates, and we took the average as the
final result.

Semen cryopreservation

In addition of cryoprotectant, the semen cryopreservation
was processed with programmed freezing protocol. Frozen
samples were stored in liquid N2 for 24 h. After this, the
samples were thawed by a water bath at 37�C for 10 min.
Then, samples were immediately analyzed to determine
the sperm motility (frozen-thawed semen sample, MT).
Comparing the sperm motility of frozen-thawed semen
sample with fresh sample, we calculated the cryo-survival
rates (CSRs) of the semen sample by the following equation

CSR %ð Þ ¼ MT

MF
� 100

We performed strict quality control once a week to
ensure the accuracy of the results.

Immunofluorescence

The expression and location of MFN2 were determined by
immunofluorescence; 50 lL of the normal semen samples
were spread onto polylysine-coated microscope slides and
left to air-dry for 15 min. Then the samples were fixed in 4%
paraformaldehyde. After being washed with phosphate-
buffered saline (PBS) (Hyclone, Utah, USA), the samples
were permeabilized for 20 min with 0.2% Triton X-100
(Sigma, St. Louis, USA) in PBS at 37�C. Afterward, the
slides were washed three times with PBS and were blocked
with 1% BSA for 30 min at room temperature. Then sperm
sample were incubated with polyclonal rabbit anti-MFN2
(1:200, Santa Cruz, TX, USA) primary antibodies overnight
at 4�C. After being washed thoroughly with PBS the follow-
ing day, the samples were incubated with FITC-conjugated
goat anti-rabbit (1:100, Boster, Wuhan, China) secondary
antibodies for 1 h at 37�C. As negative controls, samples
were incubated with rabbit serum instead of primary anti-
bodies. Nuclei were stained with 1% PI. Finally, the slides
were mounted in an antifading mounting solution and
observed with a confocal scanning microscope (FV500,
Olympus, Tokyo, Japan).

Sperm protein extraction

The samples were washed with ice-cold PBS for two times
and concentrated by centrifugation respectively. Sperm pel-
lets were homogenized by sonication in 100 lL of RIPA
lysis buffer (BIOTEKE, Beijing, China), containing 1%
protease inhibitor Cocktail (Calbiochem, CA, USA). After
lysis for 1 h at 4�C, the samples were centrifuged at
12,000 r/min for 5 min. Sperm protein concentrations
were determined by BCA protein assay (BIOTEKE,
Beijing, China). The supernatants were collected and
stored immediately at �80�C until use.

Western blot analysis

Sperm protein samples were diluted in 4� loading buffer
(Solarbio, Beijing, China) containing dithiothreitol (DTT) and
bromophenol blue. The protein samples were separated by
sodium dodecyl sulfate-polyacrylamide gel electrophoresis
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(SDS-PAGE) and were boiled for 5 min before being trans-
ferred to SDS-polyacrylamide gel (20 lg per lane). Then the
gels were transferred to nitrocellulosemembranes. After being
blocked with TBST (125 mM NaCl, 25 mM Tris-HCl, pH 8.0,
0.1% Tween 20) containing 5% BSA (Merk, Darmstadt,
German), the membranes were incubated with monoclonal
mouse anti-MFN2 (1:400, Abcam, MA, USA) and polyclonal
rabbit anti-GAPDH (1:10,000, Abcam, MA, USA) primary
antibodies at 4�C overnight. After being washed with
TBST, the membranes were incubated with horseradish
peroxidase-conjugated anti-mouse (1:1000, Santa Cruz, TX,
USA) or anti-rabbit (1:5000, Santa Cruz, TX, USA) secondary
antibodies. The reaction was developed with the ECL kit
(Pierce Chemical, Rockford, USA) according to the manufac-
turer’s directions. The band density was quantified using
AlphaEaseFC software.

Detection of human sperm mitochondrial
membrane potential

JC-1 is most widely used for (MMP) mitochondrial mem-
brane potential detection, which shows potential-
dependent accumulation in mitochondria.17 In sperm
with high MMP, JC-1 gathers in mitochondrial matrix to
form J-aggregates and shows red fluorescence, while JC-1
maintains monomeric form and shows green fluorescence
in sperm with low MMP. Semen samples were centrifuged
at 700 g for 4 min to remove the seminal plasma, and a
pellet of 6� 105 sperm was labeled with JC-1 reagent (JC-
1 MMP Detection Kit, Beyotime, Shanghai, China) for 20
min at 37�C. After washing, human sperm was analyzed
for MMP on a flow cytometer (BD Bioscience, MD, USA) or
observed by fluorescence microscope (IX71, Olympus,
Tokyo, Japan).

Detection of human sperm apoptosis

To investigate the sperm apoptosis, an in situ cell death
detection Kit (Roche, Mannheim, Germany) was used for
the terminal deoxynucleotidyl transferase-mediated dUTP
nick end labeling (TUNEL) staining according to the man-
ufacturer’s instructions. Briefly, smears were dried and
fixed in 4% paraformaldehyde in PBS for 1 h at room tem-
perature. After washing with PBS for three times, the slides
were incubated with 0.3% H2O2 in methanol for 1 h to
quench endogenous peroxidase activity and permeabi-
lized using 0.1% Triton X-100 for 5 min at 4�C. After
that, the samples were incubated with 50 lL TUNEL
reaction mixture in a humidified chamber at 37�C for
1 h and washed in PBS. Then, we visualized the POD
retained in the immune complex using a DAB (3, 3-dia-
minobezidine tetrahydrochloride) detection kit (DAKO,
Glostrup, Denmark). At last, samples were dehydrated
in ethanol, cleared in xylene (Sigma, St. Louis, USA),
and mounted. The slides were assessed under an optical
microscope (Olympus, Tokyo, Japan). For each sample, at
least 200 sperm nuclei were counted. A negative control
(sample was treated with 50 lL of labeled solution
without terminal transferase instead of TUNEL reaction
mixture) was also performed.

Statistical analysis

Data are presented as mean� SD. Statistical analyses were
performed using either a t-test or a one-way analysis of
variance (ANOVA) when appropriate (significance was
set at P<0.05). Statistical analysis was carried out using
SPSS 17.0 software.

Results

The expression and location of MFN2 in human sperm

Immunofluorescence was used to examine the localization
of MFN2 in normal human sperm. The results showed that
the expression of MFN2 was specifically localized in the
midpiece of the sperm tail and that the 5–7 lm midpiece
between the neck and main part was positive but all
other parts of human sperm tail were negative for MFN2
(Figure 1). So the localization pattern of MFN2 was consis-
tent with that of mitochondria in human sperm.

MFN2 expression level analysis in human sperm with
asthenozoospermia

A total of 10 patients with clinical asthenozoospermia and
10 healthy fertile men were included in this study. All the
participants had no diagnosed diseases related to mito-
chondrial quality and no history of smoking and alcohol
intake. Mean ages were 30.2 years (range: 27–35) for asthe-
nozoospermia patients and 29.6 years (range: 26–32) for
healthy fertile men, with no significant difference between
the two groups. The parameters of their semen samples are
listed in Table 1. The average sperm motility of the asthe-
nozoospermia patients was 22.22%, which was significant-
ly lower than that of healthy fertile men (P<0.0001). And
there is no difference in sperm concentration between the
two groups. As determined by Western blot, the expression
of MFN2 (protein level) in sperm of patients with astheno-
zoospermia was lower than that in healthy fertile men
(Figure 2).

Sperm MMP analysis in human sperm with
different motility

The results of flow cytometry and JC-1 immunofluores-
cence showed that the sperm of asthenozoospermia
group had a lowerMMP (P< 0.05), indicating high percent-
age of potential apoptosis (Figure 3(a) to (d)). Therefore, we
used TUNEL assay to detect sperm apoptosis. However,
our result showed that there were no significant differences
in the rate of sperm apoptosis in asthenozoospermia and
normozoospermia group (Figure 3(e) and (f)).

Relationship of MFN2 expression level to
cryoprotective potentials

According to the CSRs, normal semen samples were divid-
ed into two groups: freeze-resistant group with cryo-
survival rate over 40% and freeze-intolerant group with
cryo-survival rate lower than 40%. Western blot analysis
showed the presence of MFN2 in both groups which was
in accordance with immunofluorescence staining results
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(Figure 4(a)). Quantitative analysis of MFN2 expression
level was determined by gray intensity analysis of the
Western blot bands. The expression level of MFN2 in
freeze-resistant group was significantly higher than that
of freeze-intolerant group (P< 0.05) (Figure 4(b)).

Discussion

MFN2 not only plays an important role in mitochondrial
fusion to maintain mitochondrial morphology, it has also

been demonstrated to be associated with the regulation of
mitochondrial function like cell respiration and intracellular
signal transduction in mammalian cells.18,19 However, few
studies about the expression and function of MFN2 in
human sperm have been reported recently. In this study, we
detected the expression and location ofMFN2 in human sperm
and confirmed that MFN2 was specifically localized in the
5–7 lm midpiece between the neck and main part of human
sperm, which was in line with the distribution of mitochon-
dria, suggesting that MFN2 may be related to sperm motility.

Figure 1. The expression and location of MFN2 in human sperm. (a) Representative images from confocal scanning microscope showMFN2 localizes in the midpiece

of human sperm (green). The head of sperm is indicated by PI staining (red) of the nuclei. The bright field is shown in adjacent left panel. Scale bar: 50 um. (b) Negative

control for MFN2 immunofluorescent staining. (A color version of this figure is available in the online journal.)

Table 1. Semen parameters of the men from different groups (normozoospermia or asthenozoospermia).

Group Volume (mL)

Sperm concentration

(3106/mL)

Total motility

(%)

Progressive

motility (%) Immotility (%)

Normozoospermia (n¼10)

Min 2.2 17.743 44.34 39.00 22.58

Max 5.4 182.68 77.42 67.00 55.66

Mean 4.13 99.01 64.44 53.00 35.56

SD 1.05 61.85 11.26 9.75 11.26

Asthenozoospermia (n¼10)

Min 2.2 26.44 5.68 3.41 32.72

Max 4.5 154.32 34.60 25.00 94.32

Mean 3.31 84.71 22.22a 15.40b 74.51c

SD 0.77 49.04 9.25 6.75 16.80

Note: aP<0.0001, bP<0.0001, cP<0.0001, compared with normozoospermia group.
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To explore the relationship of MFN2 to sperm motility,
we investigated the expression level of MFN2 in human
sperm with different motility. The results of Western blot
showed that the expression level of MFN2 in sperm of
patients with asthenozoospermia was lower than that of
healthy fertile men. Furthermore, we found that the
sperm of asthenozoospermia had obviously decreased
MMP when compared with sperm of normozoospermia.
However, the results of TUNEL assay did not show any
significant difference in the sperm apoptosis between
both groups. Normally, mitochondrial morphology is
maintained by a dynamic balance of fusion and fission.
Mitochondrial fusion plays a crucial role in the mainte-
nance of a tubular mitochondrial network. Disruption of
fusion results in mitochondrial dysfunction, like increasing
mitochondrial fission and rapid fragmentation of mito-
chondria.19–21 Increasing evidence has identified that cells
lacking MFN2 have low levels of mitochondrial fusion with
a series of severe cellular defects, including poor cell
growth, decreased cellular respiration, and MMP.19,22

Based on the distribution and function of MFN2 in

Figure 3. Sperm mitochondrial membrane potential (MMP) analysis for men with different sperm motility. (a) Representative flow cytometry plots for asthenozoo-

spermia group; (b) Representative flow cytometry plots for normozoospermia group; (c) Representative images from fluorescence microscope show different sperm

MMP in normozoospermia group (left) and asthenozoospermia group (right). Sperm with high MMP show red fluorescence, and sperm with low MMP show green

fluorescence. Scale bar: 50 um. (d) Quantitative analysis of sperm MMP in normozoospermia group and asthenozoospermia group, indicated by percentage of sperm

with red fluorescence. Figures show representative results from 10 independent replicates. Error bars represent the standard error of the mean.*P＜0.05. (e) TUNEL

staining in normozoospermia group (left) and asthenozoospermia group (right). Brown stained sperm shows positive for apoptosis, and light colored sperm indicates

negative for apoptosis. (f) Quantitative analysis of sperm apoptosis in normozoospermia group and asthenozoospermia group, indicated by percentage of brown

stained sperm. Figures show representative results from 10 independent replicates. Error bars represent the standard error of the mean.*P>0.05. (A color version of

this figure is available in the online journal.)

Figure 2. MFN2 expression levels in groups with different sperm motility.(a)

Western blot analysis of MFN2 expression level in normozoospermia group (1–3)

and asthenozoospermia group (4–6). (b) Quantitative analysis of MFN2 expres-

sion differences by gray intensity analysis with AlphaEaseFC software. GAPDH

was utilized as an internal control to estimate the total protein content of sam-

ples. Figures show representative results from 10 independent replicates. Error

bars represent the standard error of the mean. *P＜0.05.
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human sperm, we have hypothesized that spermMFN2 not
only serves to promote fusion to keep the tubular mito-
chondrial structure, but also activates oxidative phosphor-
ylation to trigger mitochondrial energization, as it works in
other types of cells to optimize mitochondrial function.

Although cryopreservation is the most efficient method
for long-term preservation of human sperm, the freeze-
thawing process could influence the sperm quality parame-
ters, sperm functions, and DNA integrity.23–26 It was widely
reported that freezing-thawing could result in decrease in
sperm vitality, motility, and percentage of sperm with
normal morphology.27,28 It was also verified that freezing-
thawing procedure of sperm can greatly decrease DNA
integrity and condensation,26,29,30 and DNA fragmentation
was associated with male infertility and sperm parameters
defects.29,31 Themechanisms underlying the increase of DNA
fragmentation in human sperm after cryopreservation are
still unclear, but oxidative stress appears to be a possible
mechanism.32,33 It has been previously reported that oxida-
tive stress is related to DNA damage after cryopreservation
of human sperm.34,35 Moreover, reactive oxygen species
(ROS) are associated with poor semen quality and defective
function of human sperm.36,37 In fact, cold stress can signif-
icantly influence cell metabolism, ROS release, and mito-
chondrial energy efficiency in mammalian cells.38,39 All of
these changes are related to mitochondrial function, indicat-
ing that mitochondrial dysfunction is one of the major causes
for cold-induced cell injury. In particularly, MFN2 also plays
a key protective role against cold stress, as evidenced by a
high rate of cold stress-induced cell death in MFN2 silenced
HEK293 cells.15 We used Western blot to evaluate the differ-
ences of MFN2 expression levels between the freeze-resistant

and freeze-intolerant human sperm samples. Our result
showed that the expression level ofMFN2was closely related
to CSRs of human semen samples, revealing that MFN2 has
protective effects on mitochondrial function as well as sperm
survival during cold stress. Presumably, sperm MFN2 may
function to reduce the production of ROS and increase the
ATP efficiency to resist the cold-induced injury and to
improve the vitality after cryopreservation. However, the
mechanism behind this protective potential of MFN2 needs
to be elucidated by further investigations.

In conclusion, our study showed that MFN2 expression
is related to motility and cryoprotective potentials of
human sperm. Therefore, it is suggested that MFN2 could
be a new target for the mechanism research of asthenozoo-
spermia. MFN2 may also serve as a protein marker predict-
ing the ability of human sperm to sustain cryopreservation.
Nevertheless, we need to recognize that our data are pre-
liminary, so the specific role of MFN2 in human sperm
remains to be explored deeply.
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