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A B S T R A C T

Purpose: Asthenozoospermia (ASZ) is a condition characterized by reduced sperm motility in semen affecting
approximately 19% of infertile men. Major risk factors, particularly gene mutations, still remain unknown. The
main aim of the present study was to identify novel genes and mutations that may influence human sperm
motility.
Methods: Whole-exome sequencing (WES) was performed on a large pedigree of infertile men (n= 5) followed
by bioinformatics analyses. Candidate pathogenic variants were screened in a control cohort of 400 ancestry-
matched Iranian fertile men, 30 unrelated men with idiopathic ASZ, and public databases.
Results: A rare mutation in GFPT2 gene (c.1097G > A; p.Arg366Gln) located in the SIS 1 domain was segre-
gated with the phenotype and was consistent with autosomal recessive inheritance. The in silico analyses re-
vealed that the mutation might affect the function of SIS 1 domain and abolish its carbohydrate-binding ability.
Conclusion: Homozygosity of the GFPT2 p.Arg366Gln mutation was associated with increased levels of reactive
oxygen species (ROS) in spermatozoa and decreased sperm motility.

1. Introduction

Infertility is a condition identified as inability to get pregnant after
at least one year of regular unprotected sexual intercourse (Pfeifer
et al., 2015). This reproductive disorder affects 15% of couples, with
male infertility attributing to approximately 50% of all recorded cases
(Agarwal et al., 2015). The causes of male infertility are semen
anomalies, impaired spermatogenesis or spermiogenesis, and genital
tract obstruction (Matzuk and Lamb, 2008). Various factors are in-
volved in male fertility, sperm motility being considered one of the
most important ones (kumar Mahat and Arora, 2016). Studies have
indicated that sperm motility is associated with three main factors in-
cluding: flagellar ultrastructure, phosphorylation and glycolysis medi-
ated by ATP, and metabolic pathways such as cAMP-dependent protein
kinase and calcium signaling pathway (Pereiraa et al., 2014). Genetic

variations in genes related to these biological pathways can profoundly
influence male fertility. Accordingly, The World Health Organization
(WHO) has categorized spermatozoa as progressive motile (PR), non-
progressive motile (NP), and immotile (IM). Poor sperm motility is
diagnosed when total motility (PR+NP) is< 40% or progressive
motility (PR) is< 32%. Asthenozoospermia (ASZ), which is character-
ized by reduced sperm motility, is considered as an isolated disorder,
combined with other sperm anomalies or syndromic associations
(Luconi et al., 2006). Isolated ASZ accounts for 19% of male infertility;
however, ASZ is also detected in nearly 64% of infertile men with oli-
gozoospermia “low level of sperm” or teratozoospermia “sperm mor-
phological abnormalities” (Curi et al., 2003).

ASZ is of multifactorial etiology and may result from prolonged
sexual abstinence, sperm dysfunction, varicocele, genital tract infec-
tions, and genetic factors, as well as unhealthy lifestyle (Zuccarello
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et al., 2008). The underlying causes of ASZ have not been identified in
most cases although genetic factors are thought to be important (Bracke
et al., 2018). In mice more than fourteen genes are associated with
altered sperm motility (Matzuk and Lamb, 2008); only few of these
genes, however, have been shown to be associated with human ASZ
(Bracke et al., 2018). Genetic studies have identified mutations in
sperm-specific ion exchanger, channels and structural proteins (i.e.
SLC26A8 (MIM #608480) encoding anion transporter, CATESPER1-2
(MIM #606389 and MIM #607249) encoding cation channel and
SEPT12 (MIM #611562) encoding protein subunits of the annulus
(Avenarius et al., 2009; Dirami et al., 2013; Kuo et al., 2012).

Assisted reproduction technology (ART) can be used for patients
affected with ASZ. However, the ART outcomes while utilizing low-
motility spermatozoa compared to normal-motility spermatozoa show
significant reductions in the rates of fertilization and pregnancy and in
embryo qualities (Bhilawadikar et al., 2013). Understanding the genetic
etiology of ASZ not only increases ART success but also prevents the
transmission of causal mutations to offspring. Genetic studies of male
infertility can prove difficult in some cultures since it may be con-
sidered a social stigma. Because of the heterogeneous nature of in-
fertility (Krausz et al., 2015), candidate gene approaches have not been
particularly successful (Gilissen et al., 2012). Family-based whole-
exome sequencing (WES) has led to the identification of the causal
mutation in a number of families with male infertilities involving the
genes DNAH1 (MIM #603332) and SPAG17 (MIM #616554) (Amiri-
Yekta et al., 2016; Xu et al., 2017).

In the present study, family-based WES was applied to uncover
underlying mutations in two consanguineous families suffering from
ASZ with zero progressive motile spermatozoa and high concentrations
of spermatozoal reactive oxygen species (ROS). A homozygous missense
variant in GFPT2 was identified as the pathogenic candidate. In silico
analyses demonstrated that this variant in GFPT2 affected SIS 1 func-
tion.

2. Material and methods

2.1. Subjects

Two consanguineous Iranian families with five infertile men un-
derwent investigation at the Infertility Clinic & Reproductive
Biomedicine Research Center of Royan Institute, Tehran, Iran (Fig. 1).
All infertile men were subject to complete andrological examinations
with respect to their medical history, current well-being as well as
hormonal and semen analyses. Serum concentrations of follicle

stimulating hormone (FSH), luteinizing hormone (LH) and testosterone
were evaluated using Elecsys and Cobas e411 analyzers (Roche, Ger-
many). After 2–7 days of sexual abstinence, semen samples were col-
lected and analyzed in compliance with WHO guidelines. After lique-
faction of samples within 30min at 37 °C, seminal plasma quality in

Fig. 1. Pedigree of multiplex consanguineous family with asthenozoospermia. Black and white squares represent infertile and fertile men respectively. The proband is
indicated by a red arrow. Affected men who underwent whole exome sequencing are indicated by a red asterisk. +/+ indicates reference genotype, +/− indicates
heterozygosity for the mutation and −/− indicates homozygous mutation genotype. (For interpretation of the references to colour in this figure legend, the reader is
referred to the web version of this article.)

Table 1
Personal medical history and physical examination of five patients in the ped-
igree with asthenozoospermia.

Medical history III-2 III-6 III-9 III-13 III-16

Infectious medical history – – – – –
Cryptorchidism – – – – –
Surgical scar – – – – –
Toxic/heat exposure – – – – –
Vasectomy – – – – –

Physical examination
General appearance N N N N N
Testis volume & position N N N N N
Epididymis volume & position N N N N N
Hydrocele, varicocele, cyst N N N N N
Vas deferens N N N N N
Scortum N N N N N
N(Normal)

Table 2
Semen and hormone analysis of five p[patients in the pedigree with astheno-
zoospermia.

Semen parameters III-2 III-6 III-9 III-13 III-16

Volume (N: 2–7 CC) 2 6 4 5 6
PH (N:7.2–8) 7.8 7.7 7.8 7.7 7.8
Sperm count

(N: > 20×106/m)l
72 32 45 56 38

Sperm motility, Total
(N: 40–100%)

12 13.5 14.9 11 10

Rapid progressive; Class A 0 0 0 0 0
Non-motile: Class D

(N: 0–60%)
88 86.5 85.1 81 90

Normal morphology
(N:4–100)

5 7 10 5 4

Hormone analysis
LH (N:7.2–7 CC) 4.5 5.98 4.7 4.8 5.08
FSH(N: 2–10 mIu/ml) 2.6 3.81 4.6 3.5 2.58
Testosterone

(N:>2.4 ng/ml)
5.1 5.4 4.1 4.3 5.35
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terms of volume, pH, viscosity, and leukocytes count were determined.
Furthermore, the spermatozoa concentration, motility and morphology
were also analyzed by a computer-assisted semen analyzer (CASA)
system.

Genetic screening was done for all patients using karyotyping and Y
chromosome microdeletions (YCMD) test. Karyotype analysis was car-
ried out on lymphocytes collected from the peripheral blood, using
standard G-banding technique and the YCMD test was conducted by
multiplex PCR assay. A 5ml blood sample was taken from each man
and 31 available family members for genomic DNA extraction. All in-
dividuals who agreed to participate in this study submitted the in-
formed consent. This study was approved by the Institutional Review
Board of the Royan Institute Research center and Royan Ethics
Committee, Tehran, Iran.

2.2. Whole-exome sequencing and bioinformatics analyses

Genomic DNA (gDNA) was extracted from peripheral blood lym-
phocytes using the standard salting-out method. Three samples of gDNA
(III-2, III-13 and III-16) were subject to WES. Then, the following steps
were taken. First, 1 μg DNA was sheared to 120–200 bp fragments by
sonication and exome capture was carried out using the Agilent
SureSelect Human All Exon 1.2 kit. Additionally, paired-end sequencing
was applied on the illumina HiSeq 2000 platform by TruSeq v3
chemistry. Read files (Fastq) were generated from the sequencing
platform via the manufacturer's proprietary software. Reads were
aligned to human reference genome (hg19) with the Burrows-Wheeler
Aligner (BWA) package version 0.7.10 (Li and Durbin, 2009). The du-
plicate read pairs, were marked using Picard version 1.107. The addi-
tional BAM file manipulations were conducted by Samtools 0.1.18. Base
quality recalibration was performed using GATK's covariance

Fig. 2. Schematic representation of the variant filtering process of WES-based
identified variants. In the first step, common variants (minor allele frequency
(MAF) > 0.01) were filtered. In the second step, intronic, 5‘UTR and 3‘UTR
were excluded. After excluding non-pathogenic variants, novel/rare and shared
variants were selected.

Fig. 3. Location and conservation of GFPT2
mutation. (A) Schematic of the human
GFPT2 gene; the position of coding exon is
demonstrated by green boxes. (B) CLDN2
protein structure, p.Arg366Gln located in
coil structure in SIS 1 domain. (C) Sequence
electropherogram of coding exon of CLDN2
amplified from genomic DNA of affected,
normal and obligate carrier family mem-
bers. Site of mutation marked by black
arrow and heterozygous missense mutation
is indicated by black asterisk. (For inter-
pretation of the references to colour in this
figure legend, the reader is referred to the
web version of this article.)

M. Askari, et al. Gene 699 (2019) 16–23

18



recalibration (McKenna et al., 2010). SNP and indel variants were
called and annotated by haplotype caller (DePristo et al., 2011) and
ANNOVAR for each sample (Wang et al., 2010). Both dbSNP release
138 and ExAC database were used to obtain novel and rare variants
with frequency<0.005. Also, novel/rare variants were filtered out
against an in-house database containing variants from 400 exomes of
fertile men. In both coding and splice site regions, variants were
prioritized based on being nonsynonymous, indel and putative splice
site. Notably, variants shared by the three cases were retained for fur-
ther analysis. In order to determine the severity of the effect of candi-
date variants, in silico analysis was done using Sift, PolyPhen2, mutation
taster and HOPE (Venselaar et al., 2010).

2.3. Sanger sequencing validation and segregation analyses

Validation and segregation of GFPT2 (NM_005110.3) variant, lo-
cated on exon 12, were made by PCR-amplified gDNA from three pa-
tients (namely, III-2, III-13 and III-16) and their family members (Fig. 1)
as well as 30 idiopathic ASZ ones. Thermo cycler standard conditions
were optimized for amplification of forward (5’-TTCAATACTATGAGA
GGTCGGG-3′) and reverse (5-CAGTGTCTGGTCCTAGACTG-3′) primers

which had been designed by PerlPrimer software. The 296-bp ampli-
cons were Sanger sequenced with Macrogen (Seoul, Korea). The data
were aligned with human reference genome (hg19/b37) and analyzed
by Sequence Scanner (Version 1.0).

2.4. In silico prediction 3D structure of native and mutant type of GFPT2
protein

A homology model of wild and mutant GFPT2 was developed by the
program Phyre2 (Kelley et al., 2015) and the effects of altered residues
on the protein structures was visualized by program PyMol viewer
(DeLano, 2002). Molecular dynamic (MD) simulations were carried out
using the GROMACS 5.1.4 package and GROMACS 54A7 force field
(Van Der Spoel et al., 2005). All the systems were primarily solvated in
SPC/E water mode and neutralized with counter ions in cubic boxes
with length of 7.7 nm (Hoover, 1985; Parrinello and Rahman, 1981).
The temperature was set at 310 K using the Nose–Hoover algorithm
with a 0.1 ps coupling constant (Mark and Nilsson, 2001; Nosé and
Klein, 1983). The pressure was maintained at 1 bar with a isotropic
Parrinello–Rahman algorithm with a 0.5 ps coupling (Parrinello and
Rahman, 1981). All MD simulations were performed under periodic

Fig. 4. Conservation and in silico analysis of GFPT2 mutation. (A) Multiple sequence alignment shows conservation amino acid (p.R366) across species (conserved
amino acid is shown by black arrow). (B) Molecular view of the p.Arg366Gln. The protein is colored dark blue and purple, the side chains of both the wild-type and
the mutant residue are shown colored green and red respectively. (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article.)
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boundary conditions. A 1.2 nm distance cut-off was considered during
calculating the short-range electrostatic interactions and the van der
Waals interactions. The long range electrostatic interactions were cal-
culated using the Particle Mesh Ewald (PME) algorithm (Darden et al.,
1993). The drastically descent algorithm and a tolerance of 500 kJmol
−1 nm −1 were used for energy minimization of each simulation
system. All systems were equilibrated for 500 ps using the NVT en-
semble. NPT equilibration was applied to each system at 1 bar of
pressure. To settle water molecules around the peptide, position re-
straints with a spring constant of 1000 kJmol −1 nm −2 were placed on
all heavy atoms of the protein. The bond lengths and angles of all atoms
were constrained using the LINCS algorithm. A time step of 2 fs was
considered, and a neighbor list was updated every 10 steps. Finally
simulations was run for 10 ns for native and mutated protein (Hess
et al., 1997).

2.5. Evaluation of reactive oxygen species (ROS) levels

After 2–5 days of sexual abstinence, ROS levels were assessed in
both seminal fluids and washed sperm suspensions. Two categories
were determined in the present study. The first group consisted of one
patient from the targeted family (III-9). The second consisted of patients
with a spermogram similar to those of the first group but with a

different genotype for the candidate variant. ROS levels in seminal fluid
and washed sperm suspensions were obtained for each sample. The ROS
levels of the washed sperm suspensions were compared between the
ASZ cases with homozygous wild type alleles and the ones with
homozygous mutant alleles.

2.6. ROS measurement

In order to obtain seminal plasma and washed sperm suspensions,
liquefied semen was centrifuged at 300g for 7min. Then, the seminal
plasma was separated and the remaining pellet was washed with
phosphate-buffered saline (PBS) and re-suspended in 1ml of PBS.
Chemiluminescence assay used to assess the ROS levels in each aliquot
with 400 μl of seminal plasma and washed sperm. The test tubes also
contained 10 μl of luminol (5 mM). The negative control consisted of
400 μl of PBS and 10 μl of luminol. A positive control was prepared by
topping up luminol with 50 μl of hydrogen peroxide (30%; 8.8M). ROS
production was measured by luminol-dependent chemiluminescence in
luminometer (Sirius, Berthold Detection Systems GmbH, and
Pforzheim, Germany), through an integrated mode for 15min. The re-
sults were expressed as RLU/s. All the samples were measured in du-
plicates and the average of the readings were reported.

3. Results

3.1. Clinical investigation

After the proband (III-16) was referred for ART, a large con-
sanguineous family with male infertility was identified. His parents
were immediate cousins and four ASZ men were found in the third
generation (Fig. 1). The complete andrological examination of all af-
fected members of this family exhibited similar features to those with
normal testes, vas deferens and epididymis sizes. In addition, none of
them had a history of genital tract infection or any other chronic dis-
eases such as diabetes (Table 1). The hormone levels in all affected men
were within the normal range (Table 2). They showed a normal chro-
mosomal karyotype (46; XY) and a negative SRY testing (Supplemen-
tary Table 1). Despite the normal sperm count, sperm motility analysis
showed that the rapid progressive sperm (Grad A) was zero and the
total sperm motility was< 15%. It was also observed that the percen-
tage of amorphous sperm was> 70% in each affected cases. It should
be noted that none of the affected individuals had leukocytospermia
(Table 2).

3.2. Identification of a missense GFPT2 variant

WES screening was carried out on extracted DNA samples from the
proband and two affected family members (III-2 and III-13). A
minimum of 96.92% of the on-target regions with at least 20× were
read and a total of 30.57 Gigabase of sequence data from three cases
were generated at high quality. WES data analyses identified 240,455
variations, filtered on the basis of four delineated steps (Fig. 2). The
variants with a frequency of> 0.05 in dbSNP and ExAC were excluded,
then, the remaining 37,482 variants were further analyzed. In all
samples, 5336 variations indicating serious consequences in coding
sequences were observed. Comparison between variants of three cases

Fig. 5. Stability analysis of secondary structure. (A) The time evolutions of
root-mean square deviations (RMSD) of the C-α atoms as a function of time for
the native GFPT2 and its mutant. (B) The root-mean square fluctuation (RMSF)
of the C-α atoms as a function of residue for the 355–377 residues of the native
GFPT2 and its mutant.

Table 3
ROS measurement of seminal plasma and spermatozoa in patients with asthenozoospermia.

Samples Genotype for c.1097G > A Sperm count (106/ml) PMN (106/ml) RLU/S/106 (seminal fluid) RLU/S/106 (spermatozoa)

Patient1(III-9) AA 32 – 1.6 203.9
Pataint2 GG 37 – 11.7 0.2
Pataint3 GG 34 – 21.3 1.6
Pataint4 GG 32 – 26.6 5.1
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and those of in-house database revealed 37 shared private variants. The
analyses using an autosomal recessive mode of inheritance in the
pedigree was prioritized. After these steps, a homozygous shared mis-
sense variant was identified in GFPT2 (c.1097G > A) causing conver-
sion of arginine to glutamine at position 366 (Fig. 3A&B). This variant
was not observed in the homozygous state in our in-house databases nor
in public databases. Analysis of the exome dataset using the Homo-
zygosity Mapper algorithm showed that the GFPT2 c.1097G > A var-
iant is located on a region of homozygosity of chromosome 5p15.1
(Supplementary Fig. 1). Segregation analyses indicated that fertile
parents are heterozygous for the variant and 11 fertile men showed
their genotype status to be homozygote for the wild type allele or
heterozygote for the missense variant. The results were consistent with
the expected pattern for recessive inheritance (Fig. 3C and supple-
mentary Table 2).

3.3. In silico analysis predicts the deleterious effect of GFPT2 mutation on
protein function

The GFPT2 p.R366Q variant was predicted as “probably damaging”
by Polyphen2, “deleterious” by Sift and “disease causing” by mutation
taster (supplementary Table 3). Multiple alignments, using CLUSTALW
indicated that arginine is not only conserved in several species but also
is located within a highly conserved domain annotated as sugar iso-
merase SIS 1 in UniProt (Fig. 4A). Furthermore, the analyses conducted
by HOPE software suggested that the charge of residue 366 was lost by
this mutation resulting in failed interactions with other molecules. The
wild-type residue forms a salt bridge with a glutamic acid at position
363. There was also a possible loss of protein interactions due to the
smaller size of mutant amino acid compared to wild-type residue
(Fig. 4B). Thus, the mutation introduced an amino acid with different
properties in SIS 1 domain, which were predicted to damage this do-
main and lose its function.

3.4. Population study

Sanger sequencing in 30 Iranian infertile men with idiopathic ASZ
revealed one homozygous patient with GFPT2 (c.1097G > A) variant.

3.5. Prediction of GFPT2 missense variant on secondary structure stability

The stability of the native and mutant structure of the GFPT2 were
assessed by molecular dynamics simulation on the homology modeling
results. The root mean square deviation (RMSD) analysis was per-
formed to investigate the equilibrium state of the native and mutant
GFPT2. The RMSD analysis of the GFPT2 in native and mutant struc-
tures were illustrated in Fig. 5A. The enzymes reached a plateau after
5 ns and maintained it until the end of simulation time.

The root mean square fluctuation (RMSF) analysis was conducted
for all the residues in each simulation complex. In order to analyze
flexibility, RMSF values of wild type and mutant GFPT2 are calculated.
High fluctuation can be noticed in the residues 355–377 of mutant
protein (Fig. 5B).

The dictionary of secondary structure of protein (DSSP) analysis was
performed to assess the impact of the mutation on the entire secondary
structure of the GFPT2. As indicated in supplementary Fig. 3, the sec-
ondary structures were more preserved in native GFTP2 than those of
the mutated state of the GFPT2. The helical structure of residues 354 to
367 turned into coils in simulation time in the mutated state. However,
the helical structure of this region is conserved in the native state until
the end of simulation time (shown in Fig. 4B).

3.6. Measurement of ROS levels

Our results indicated a difference in ROS levels between the seminal
fluids and the washed sperm suspensions of the case III-9. The

evaluation based on comparison of different samples of the washed
sperm suspensions indicated that the ROS level in the sample with
homozygous mutation was higher than those of homozygous wild type
alleles. Notably, no difference was observed in ROS levels among all
seminal fluid samples (Table 3).

4. Discussion

Approximately half of the ASZ cases with unknown etiology are
believed to have genetic abnormalities (Bracke et al., 2018) although
the genetic basis of ASZ is unclear. In this study, we identified a rare
homozygous missense mutation (NM_005110.3; c.1097G > A) in the
GFPT2 gene causing a missense change (p.Arg366Gln) in a highly
conserved residue located in the SIS 1 domain. The GFPT2 mutation
was considered to be the likely pathogenic variant contributing to ASZ.
Co-segregation analyses indicated that five affected men in this large
multiplex family carry the homozygous mutation and WES dataset of
three cases revealed that the variant (c.1097G > A) resided in the
large homozygous region. Furthermore, the GFPT2 variant
(c.1097G > A) in its homozygous status in men was found neither in
public databases (ExAC, gnomAD and Iranome) nor in our in-house
database. The absence of c.1097G > A variant in 400 ancestry-mat-
ched fertile men provided further support for causality of the GFPT2.
Interestingly, the presence of GFPT2 causative variant in the popula-
tion-based Iranian ASZ patient group suggested that we could explain
2.8% of the unrelated ASZ cases by analyzing this gene. Finally, in silico
analyses predicted that the p.R366Q variant would cause structural
instability in mutant GFPT2 compared with the native protein. We
concluded that the enzyme achieved higher total numbers of RMSD in
the mutant structure than the native structure (Supplementary Fig. 2).

GFPT2 is a rate-limiting enzyme in hexosamine biosynthesis, which
not only controls the flux of glucose within hexosamine pathway but
also regulates the N- and O-linked glycosylation of proteins (Oki et al.,
1999). GFPT2 belongs to class II of L-glutamine-dependent amido-
transferase family (GATs), which employ their N-terminal cysteine to
cleave the glutamine amide bonds and transfer the amide nitrogen to
the substrate. The GFPT2 protein has two enzymatic domains, the N-
terminal glutaminase domain, which hydrolyzes glutamine to gluta-
mate and ammonia, and the C-terminal synthase domain with its two
synthase domains (SIS 1 & SIS 2), which transfers ammonia to F6P and
forms homotetramers (Durand et al., 2008). Since p.R366Q is located
on the SIS 1 domain with a catalytic action as an isomerase (http://
www.uniprot.org/), this variant may affect the function of the GFPT2
protein. To our knowledge, homozygous loss of function (LOF) muta-
tions in GFPT2 have not yet been linked to human diseases. However,
short nucleotide polymorphisms (SNPs) in GFPT2, which increase
GFPT2 mRNA levels, have been associated with type 2 diabetes and
chronic renal insufficiency (ZHANG et al., 2004). Additionally, ectopic
GFPT2 expression in lung adenocarcinoma has been shown to elevate
O-linked glycosylation of oncofetal fibronectin, which in turn affects
the induction of epithelial-mesenchymal transition (Alisson-silva et al.,
2013).

High-throughput genomic studies have highlighted the protective
function of GFPT2 against H2O2 toxicity (Zitzler et al., 2004). Miura
et al. demonstrated that GFPT overcame the toxicity of methylmercury
through enhancement of ROS production in yeasts (Miura et al., 1999).
There is now little doubt that high concentrations of ROS can affect
male fertility (Jedrzejowska et al., 2012). Multitude studies have de-
monstrated that genetic variations in the protective genes against ROS
damage such as NOS (MIM # 163729), NRF2 (MIM # 600492), and
SOD (MIM # 147450) are associated with male infertility (Buldreghini
et al., 2010; Yu and Huang, 2015). In line with these studies, we
evaluated ROS concentrations in seminal fluids and spermatozoa from
our cases and detected higher ROS levels only in mutant spermatozoa.
The results indicated that the p.R366Q variant probably had a sig-
nificant effect on the sperm function by increasing ROS concentrations.
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According to the literature, depletion of GFPT may reduce the cellular
pool of uridine diphosphate N-acetylglucosamine (UPD-GlcNAc) and
hyaluronan synthesis (Oikari et al., 2016). Hyaluronan is considered an
important factor in controlling oxidative stress and modifying sperm
motility and velocity (Bansal and Bilaspuri, 2010; Sariözkan et al.,
2015). These reports support our hypothesis that the mutated GFPT2
can increase the ROS levels, which in turn induces either peroxidation
of unsaturated fatty acids or phosphorylation of axoneme proteins
(Sariözkan et al., 2015). Both mechanisms can eventually decrease
sperm motility (Agarwal et al., 2014).

5. Conclusion

Our findings demonstrated that six infertile men with ASZ carried
mutations in GFPT2. On the basis of the current clinical investigations
and genetic assessments, we postulate that elevated ROS levels and
reduced sperm motility in ASZ infertile men are associated with
homozygosity for a missense mutation in the GFPT2. Although high
ROS concentrations have been associated with impaired fertility, there
is controversy over selecting patients to test for ROS or antioxidant
treatment. Therefore, our results may be helpful not only in enhancing
our understanding of the genetic etiology of sperm motility but also in
improving the diagnostic and therapeutic approaches.

Supplementary data to this article can be found online at https://
doi.org/10.1016/j.gene.2019.02.060.
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