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Abstract

Introduction: Unexplained
male infertility (UMI) refers
to a situation where no
underlying cause of male
infertility is defined during
investigations of the couple.
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Introduction

Clinical infertility is defined as the inability of a couple
to achieve pregnancy after 12 months of regular,
unprotected intercourse.! Male-related factors contribute
to approximately 50% of infertility cases.* The initial
step in the laboratory evaluation of male infertility is a
conventional semen analysis, which assesses key sperm
characteristics including motility, morphology, and
viability. Abnormal semen parameters are often indicative
of male subfertility. However, approximately 40% of
men with infertility have normal semen parameters and
receive a diagnosis of unexplained male infertility (UMI),
as the underlying cause of infertility remains unknown.*
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variants associated with UMI in a consanguineous Iranian family.

Results: WES revealed a rare homozygous missense variant
NM_024764.4:c.2126G > A; p.Arg709Gln) located in the extracellular region of CATSPERB
in three affected siblings. This mutation resulted in the substitution of arginine 709 (R) with
glutamine (Q) and co-segregated with the phenotype in other available family members. The
kinematic parameters of sperm motility indicated abnormal hyperactivated movement. In-silico
protein stability analysis suggests that the Arg709GIn (R709Q) alteration reduces the stability of
the CATSPERB protein, potentially compromising causing defects in the overall stability of the

(chr14:2.92088086C > T;

Conclusion: Our findings provide initial evidence supporting the involvement of CATSPERB
variants in UML. This is the first reported genetic variant within the CATSPERB gene associated

UMI is essentially a diagnosis of exclusion, meaning that
conventional male factors, including sperm parameters,
medical histories, and physical examinations, are normal,
with no identifiable reasons found during investigation of
the couple.””

After production, spermatozoa undergo
several processes such as capacitation, zona pellucida
binding, surface protein modifications, and chromatin
decondensation to successfully traverse the cervical
mucus, uterus, and ampullae of the oviducts. Defects
in any of these complex events can lead to male
infertility.® When sperm are exposed to high levels of
bicarbonate in the female reproductive tract, it triggers
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Research Highlights

What is the current knowledge?

o The CatSper channel is essential for sperm
hyperactivation and male fertility.

o Mutations in CATSPERI and CATSPER?2 are linked to
male infertility.

o The CATSPERB variant’s role in human male infertility
has not been previously reported.

What is new here?

o Identification of a rare CATSPERB variant
(chr14:¢.92088086C>T; NM_024764.4:c.2126G>A;
p-R709Q) linked to UMI.

o First clinical evidence implicating CATSPERB variants
in human sperm hyperactivation defects.

o  Findings highlight CATSPERB as a novel genetic factor
for infertility diagnostics.

the activation of soluble adenylate cyclase, resulting
in the production of cyclic adenosine monophosphate
(cAMP) and the activation of protein kinase A (PKA).
PKA induces membrane hyperpolarization through
the phosphorylation of tyrosine residues, subsequently
activating various calcium channels that enable sperm
to acquire hyperactive motility, a significant indicator
of sperm capacitation and an absolute requirement
for successful fertilization. Hyperactivated sperm are
characterized by whip-like, asymmetrical tail bending with
high amplitude which relies on an elevation in calcium
concentration within the sperm cells.”!® Spermatozoa
contain various types of Ca2+-permeable channel
proteins, including voltage-gated Ca** (CaV), cyclic
nucleotide-gated (CNG), transient receptor potential
(TRP), and CatSper channels."" As the principal calcium
ion channel of sperm, CatSper is sperm-specific and the
main gate through which extracellular calcium enters
the sperm flagellum, which is essential for fertility.!?
The heterotetrameric CatSper complex consists of four
distinct pore-forming a subunits (CATSPER1-4) and
five documented auxiliary subunits (CATSPERP, vy, 6, ¢,
and (). CATSPER is the first auxiliary protein identified
for to the CatSper channel. Using a transgenic approach,
CATSPERI1 was purified from mouse testis and found to
contain the CATSPERp subunit."”” Like the CatSper ion
channel principal subunits, CATSPERp was restricted to
the testis and localized to the principal piece of the sperm
tail. The CATSPERP protein is absent in CATSPER1—/-
sperm, suggesting that it is required for trafficking or
formation of a stable channel complex.!” Disruption of
CATSPER genes in mice leads to a lack of CatSper Ca2+
current and a reduction in sperm hyperactivation, while
spermatogenesis remains largely unaffected.”” Genetic
mutations can also occur in UMI cases." The clinical
diagnosis of these channel abnormalities is crucial for
advancing scientific understanding of the significance of
the CatSper complex in human sperm."

Previous reports have identified male infertility cases
associated with defects in CATSPER1, CATSPER?2, and

CATSPER3.">'>!¢ To our knowledge, no previous case
reports have identified genetic abnormalities in the
CATSPERB gene among infertile men suffering from
UMI. This study presents a unique finding of a rare
homozygous missense variant (chrl4:g.92088086C>T;
NM_024764.4:¢.2126G > A; p.R709Q) in the CATSPERB
gene, identified through whole-exome sequencing (WES)
in a consanguineous Iranian family with three affected
siblings diagnosed with UMI.

Materials and Methods

Subjects and clinical investigation

A 36-year-old man was referred to the Infertility and
Reproductive Biomedicine Research Center of Royan
Institute, Tehran, Iran. During genetic consulting, it
was determined that the proband’s parents were first
cousins and two of his brothers also had infertility. A
karyotype analysis was performed on the proband using
peripheral blood samples. Informed consent forms were
authorized by the Institutional Review Board of Royan
Institute Research Center and Royan Ethics Committee
in Tehran, Iran, and signed by each participant (IR.
ACECR.ROYAN.REC.1396.13). In accordance with the
World Health Organization (WHO, 2021) guidelines, two
thorough semen analyses were performed for the affected
individuals. Since standard clinical investigations failed
to identify the cause of the patient's infertility, the family
was selected for the study. Both the proband (IV-1) and
his brothers (IV-4 and IV-6) and their spouses underwent
intracytoplasmic sperm injection (ICSI) to treat their
infertility.

Study of the sperm parameters

To ensure there were no issues with morphology,
protamination, and acrosome integrity of the sperm, the
following tests were performed in addition to routine
semen analysis for the individual IV-6.

Assessment of the sperm morphology

Sperm morphology was assessed using the Papanicolaou
staining method according to the WHO instructions."”
First, the smear was prepared according to the protocol
and stained using the Papanicolaou method. Then,
the morphology of 200 spermatozoa was examined
under a 1000 x oil-immersion lens using phase-contrast
microscopy. Abnormal morphology was assessed in five
randomly selected fields of view, and the percentage of
abnormal morphology was recorded for each field.

Sperm protamine deficiency test by chromomycin A3

Chromomycin A3 (CMA3) staining was used to assess
protamine deficiency. Semen samples were washed twice
in Ca** and Mg**-free phosphate-buffered saline (PBS, pH
7.4). A 50 uL sperm sample was fixed with 50 uL of Carnoy's
fixative solution (methanol/glacial acetic acid, 3:1) at 4 °C
for 5 minutes. A thin smear of the specimen was prepared
and air-dried at room temperature for 30 minutes. The
slide was treated with 100 uL of CMA3 solution (Sigma-
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Aldrich Co., LLGC, St. Louis, MO) for 20 minutes (0.25 mg/
mL in 0.15 M PBS, pH 7.4, containing 10 mM MgCI2).
Microscopic analysis was performed using a fluorescent
microscope with appropriate filters (excitation: 460-495
nm, emission: 510 nm). CMA3 staining was assessed by
distinguishing between spermatozoa that stained bright
yellow-green (CMA3-positive, deficient in protamine)
and those with dull yellow-green staining (CMA3-
negative, complete protamine). The percentage of bright
yellow-green fluorescent sperm was calculated.

Acrosome integrity assessment by PSA-FITC staining

Acrosome integrity was assessed using fluorescein-
conjugated lectin Pisum sativum agglutinin (FITC-
PSA).”” Semen samples were washed twice in Ca?* and
Mg**-free PBS (pH="7.4). The specimens were smeared
on the microscope slide, dried, and fixed in 95% ethanol.
The smears were stained with FITC-PSA (20 pg/mL)
and incubated at 4 "C in the dark for 60 minutes. The
cells were evaluated using fluorescence microscopy
at 1000 x magnification at (excitation: 495-515 nm).
Acrosome integrity was assessed by distinguishing
between spermatozoa that stained bright green (intact
acrosome) and those that did not stain the acrosomal
regions (reacted acrosome). The percentage of sperm with
bright yellow fluorescence was calculated for each slide.

WES and bioinformatics analysis

Genomic DNA was extracted from peripheral blood
samples of the studied family members (III-1, III-2,
IV-1, IV-4, and IV-6) using the salting out method.
DNA integrity and purity were assessed through gel
electrophoresis and NanoDrop (Thermo Fisher Scientific,
USA), respectively. Individuals III-1, III-2, IV-1 and IV-4
were selected for WES. The Agilent SureSelect Human
All Exon V5 library preparation kit (Agilent, USA) was
employed for exome capture. Paired-end reads of 150
base pairs were generated using the Illumina HiSeq 2500
platform and sequenced on lanes of a HiSeq 2500 flow
cell. The resulting BCL files were converted to FASTQ
format using the built-in Illumina bcl2fastq2 software.
Quality control was performed on the FASTQ files using
FastQC, followed by trimming using Trimmomatic."® The
trimmed FASTQ files were then mapped to the UCSC
reference human genome assembly GRCh37 (hgl9)
using the Burrows—-Wheeler Aligner (BWA) package
version 0.7.17-r1188, generating a SAM file.” The SAM
format files were converted to BAM format and sorted
using SAMtools version 0.1.18. PCR duplicates were
marked using Picard tools version 1.107. GATK 4.1.1.1
was utilized for additional processing steps such as base
quality recalibration.® Variant calling was conducted
using HaplotypeCaller.”> The resulting multi-individual
VCEF file was annotated using ANNOVAR.* A filtration
strategy was applied to the annotated variants following
the guidelines of the American College of Medical
Genetics and Genomics (ACMG).* Finally, the shortlisted
candidate variants were visualized using IGV 2.5.”

Co-segregation and sporadic screening of the candidate
variant by Sanger sequencing

The oligonucleotide =~ primers flanking  the
candidate variant were designed using PerlPrimer
software: the forward primer sequence was
5'-CCAAGTCTCTTCTGTTTAATCTCC-3',
and the reverse primer sequence was
5'-GAACCAAGGATAAAGTCAGTCAG-3'.%¢
Polymerase chain reaction (PCR) was performed to
amplify the target DNA region in the available family
members (II-2, III-1, IV-1, IV-4, and IV-6) using the
designed primers and Taq DNA polymerase Master Mix
(Ampliqon, Odense, Denmark). Sanger sequencing of the
amplicons was performed by Macrogen (Seoul, Korea).
The sequencing chromatograms were analyzed using
CodonCode Aligner v. 5.1.5 software.” Additionally, the
CATSPERB mutation was studied in 39 Iranian men with
UMI by Sanger sequencing.

Sperm hyperactivation test

Sperm motility parameters were evaluated using the
HFTCASA Computer Aided Semen Analysis System
(Hooshmand Fanavar Tehran, Co., Ltd.). The sperm
suspension (10 pL) was placed on a slide using a 22 x 22
mm? coverslip (preparation depth of 20 um), and the
temperature was maintained at 37 °C using a temperature-
controlled stage. At least five microscopic fields and a
minimum of 300 sperm were analyzed. The following
parameters were assessed: curvilinear velocity (VCL,
um/s), straight-line velocity (VSL, um/s), the amplitude
of lateral head displacement (ALH, pm, measuring the
magnitude of the lateral displacement of the sperm head
about the average path), path velocity (VAP, pm/s),
angular displacement (MAD, D), wobble: VAP/VCL
(WOB, %), straightness (STR, %), and beat cross frequency
(BCF, Hz). Sperm were considered hyperactivated when
presenting VCL>150 um/s, LIN<50% and ALH>3.5
Hm‘ZS

Conservation study and structural in silico modelling

The evolutionary conservation profile of the CATSPERB
protein was analyzed using the Clustal Omega and ConSurf
databases.?* As the crystal structure of CATSPERB is not
available in the Protein Data Bank (PDB), its predicted
3D structure was obtained from the AlphaFold protein
structure database, a revolutionary Al system developed
by DeepMind that predicts protein structures from
amino acid sequences with unprecedented accuracy.”
The overall stereochemical quality of each residue in
the obtained model was assessed using PROCHECK,
which analyzed the Ramachandran plot to evaluate the
protein's structural integrity.** The generated model
was further validated using the ERRAT server, a tool
that assesses protein structure quality by analyzing non-
bonded atomic interactions and identifying regions that
may require refinement. This step ensured the selection
of the most reliable structure. Model optimization was
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performed using Chimera 1.16 software, and molecular
energy minimization was conducted using the YASARA
energy minimization server.”>** The 3D structures were
visualized and analyzed using the PremPS database.”

Protein stability prediction

Changes in the stability of the CATSPERB protein
due to the R709Q variant were evaluated by MUpro,
[-Mutant, and PremPS prediction tools. The results from
all servers were reported as AAG values. In most cases,
a negative AAG indicates that a single point mutation
is destabilizing; however, for PremPS, a positive AAG
denotes a destabilizing mutation.***® Additionally, the
PremPS tool was used to calculate and visualize the non-
covalent interactions between residue number 709 with
other residues in the native and mutant CATSPERB
protein.

Protein-protein interaction (PPI) network construction
and pathway enrichment analyses

Pathway enrichment analyses using the Metascape
database were conducted to identify the biological
mechanisms associated with the CATSPERB gene. The
CATSPERB protein was then analyzed using the STRING
database (https://string-db.org/) to construct a protein-
protein interaction (PPI) network. The PPI network was
then visualized using Cytoscape (3.10.2).

Accession
Thevariant(chr14:g.92088086C>T;NM_024764.4:c.2126G>
A; p.Arg709Gln) was submitted to ClinVar under accession
number SCV004176793 for UML

Results
Clinical findings
The affected siblings (IV-1,1V-4,and IV-6) in the pedigree

B)

Homozygousmu'tantlllll[]lll}lll!llr

Heterozygous mutant /VW\[&MN V\I\A/\p

were the result of a consanguineous marriage, and all had
primary infertility (Fig. 1A). Their medical histories and
physical examinations showed no notable abnormalities.
The proband's karyotype was normal (Table 1). The
spouses of the affected did not show any notable
infertility-related criteria. Following semen analyses,
both the proband (IV-1) and the siblings (IV-4 and IV-
6) were diagnosed with UMI (Table 2). Fortunately, the

Table 1. Clinical investigations and medical history for three patients with
uml

Clinical investigations Patients

IV-1 (Proband) V-4 IV-6
Agely) 36 30 26
History of infertility (y) 15 7 2
Cigarette NO NO NO
Alcohol NO NO NO
Addiction NO NO NO
Varicocele NO NO NO
Hydrocele NO NO NO
Hernia NO NO NO
Cryptorchidism NO NO NO
Vasectomy NO NO NO
Vasoepididymostomy NO NO NO
Orchiectomy NO NO NO
Allergy NO NO NO
Testes size (cm) 3.5x3 3.5x4 3.5x3
Testes volume (cc) 22 23 22
Testes shape Normal Normal Normal
Vas deferens Normal Normal Normal
Epididymis Normal Normal Normal
Karyotype Proband: 46, XY - -

Spouse: 46, XX - -
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Fig. 1. (A) The pedigree of a consanguineous family with UMI and the identified variant. Affected individuals are represented by purple squares, and the
proband is indicated by a black arrow. DNA samples from the individuals (II-2, 1lI-1, V-1, IV-4, and IV-6) were collected (shown by red asterisk signs).
Individuals (1I-2, 111-1, IV-1, and IV-4) were selected for performing exome sequencing, and segregation analysis was performed on (l1-2, lll-1, IV-1, V-4,
and |V-6) that are shown by red asterisk signs. Sanger sequencing validation results of the intended variant are shown by “WT” for the wild-type allele and
“M” for the mutant allele. (B) An example of Sanger sequencing confirming the segregation of the CATSPERB variant with the phenotype in individuals I1I-1
(heterozygous) and 1V-6 (homozygous). The variant position (c.G2126A) highlighted in a rectangle changes the arginine 709 (R) residue into glutamine (Q).
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Table 2. Analysis of semen in three patients with UMI

Semen analysis IV-1 (Proband) V-4 V-6 Normal range (WHO, 2021)
Macroscopic evaluation
Viscosity Normal Normal Normal Normal
pH 7.8 7.8 8 7.2-8.0
Semen parameters Volume 7.2 4 4 1.5-7 ml
Liquefaction time 20 20 20 15-30 min
Color light-yellow white-gray white-gray -
Microscopic evaluation
Sperm number Total sperm counts 840 576 276 39.0 or more million
Total motility 56.8 79.6 67.6
Rapid progressive motility 18.6 19.1 30.6
Progressive motility 28.9 24.8 28.7
Sperm motility
Total progressive 47.5 43.9 59.3 32 or more %
Non-progressive motility 9.3 35.7 8.3
Non-motile 43.2 20.4 324 68 or less %
Normal morphology 8 5 7 4.0 or more %
Abnormal morphology 92 95 93 96.0 or less %
Double head 1 - 1
Sperm morphology (%) Giant head ’ ! >
Pin head 5 4 -
Short tail - 6
Coiled tail 6 - 7
Cytoplasm (ERC) 6 1 -

ICSI procedure proved successful for all three affected
individuals.

Study of the sperm parameters

The results of the Papanicolaou staining test revealed
normal morphology of sperm cells (Fig. 2A). The
integrity of the acrosome, a crucial structure involved in
fertilization, was assessed using the FITC-PSA staining
test, which confirmed that about 78% of the acrosomes
in the evaluated sperm samples were intact (Fig. 2B).
Furthermore, assessment of sperm protamine content
using CMA3 staining indicated that about 74% of sperm
cells were completely protaminated, suggesting proper
DNA packaging within the sperm nuclei (Fig. 2C).
Collectively, these findings provide strong evidence that
the assessed sperm parameters, including morphology,
protamine content, and acrosome integrity, are within
normal ranges.

Identification of the CATSPERB mutation

DNA from two affected brothers (IV-1, IV-4) and
their parents (III-1, II-2) underwent WES, with an
average coverage of 100X. Approximately 95% of the
total reads passed the quality filter (Q>30). Common
variants (MAF>0.05) identified in publicly available
databases were excluded. Consequently, A homozygous
exonic single-nucleotide variant in the CATSPERB gene
(chr14:g.92088086C > T; NM_024764.4:c.2126G > A;

p-R709Q) was identified in the two affected brothers (IV-1
and IV-4) (Fig. 3). The Franklin platform (https://franklin.
genoox.com/) classified this variant as likely pathogenic
according to the ACMG guidelines. The candidate variant
replaces R709 with Q and is located in the extracellular
region of the CATSPERB protein. This variant is rare in
public genomic databases such as GnomAD, ExAC, and
the 1000 Genomes Project. There is no record for this
variant in the Iranome database. The WES results were
confirmed by subsequent Sanger sequencing segregation,
which demonstrated the homozygous status of the
¢.G2126A mutation in the three affected brothers (IV-
1, IV-4, IV-6) and heterozygous status in the parents
(ITI-1, II-2). Additionally, the CATSPERB mutation co-
segregated with the disease in healthy family members
(Fig. 1B). Amino acid conservation profile study using
the Clustal Omega and ConSurf databases revealed that
asparagine 709 is a highly conserved residue (Fig. 4).

CATSPERB variant screening in a sporadic Iranian
cohort

The CATSPERB mutation (c.2126G>A) was studied
in 39 Iranian men with UMI who had normal physical
examinations and normal karyotype to evaluate
whether this mutation can explain the decline in sperm
hyperactivation ability in the population or is privet for
this family (Fig. S2). No homozygous or heterozygous
patients with the CATSPERB (c.2126G>A) mutation
were found in this group.
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Fig. 2. Sperm parameter analysis. (A) Sperm morphology test evaluated by Papanicolaou staining (light microscopy, x 10 um eyepiece magnification).
Sperm with normal morphology were observed (green arrow). (B) The acrosome integrity was assessed using the FITC-PSA staining. Sperm with intact
(purple arrow) and reacted acrosome (blue arrow) were observed. (fluorescent microscopy, x 10 ym eyepiece magnification). (C) CMAS3 staining of sperm
cells to evaluate chromatin protamination. Bright yellow-green stained sperm cells indicate deficient protamination (yellow arrow). Yellowish stained sperm
cells show normal protamination content (red arrow) (fluorescent microscopy, x 10 ym eyepiece magnification).
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Fig. 3. The rare CATSPERB variant position. (A) A schematic representation of the CATSPERB genetic map derived from UCSC (hg19) shows its locus
on chromosome 14. (B) CATSPERB transcript exons (E1-E27) are indicated by gray boxes and exon number 19 (E19) is colored purple, while the intronic
regions are represented by gray lines. (C) The CATSPERB protein has 1116 residues and includes extracellular, transmembrane, and cytoplasmic regions.
Our variant occurs in residue 709 in the extracellular domain. The nucleotide sequences of the natural and mutant residues are represented by purple dotted
arrows. TM: transmembrane.
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Fig. 4. CATSPERB conservation study results. (A) Multiple sequence alignments performed using the Clustal Omega server revealed that the R709
residue, indicated by a purple arrow, is highly conserved across eukaryote species. (B) The amino acid residues of CATSPERB colored based on
conservation scores produced by the ConSurf database.
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Hpyperactivation analysis

To establish the potential effect of CATSPERB mutation
in the hyperactivation movement of the sperm that are
normal in the fields of motility, count, morphology,
acrosome integrity, and chromatin protamination,
the Kinematic characteristics of human sperm were
evaluated. The results shown in Fig. 5 indicate that this
parameter showed that the sperm hyperactivated motility
parameters (VCL and ALH) are abnormal.

In silico modelling

The model was constructed by the AlphaFold server;
the quality-checking analysis results are as follows: the
ERRAT overall quality factor for the model was 90.5039%.
The Ramachandran plot from the PROCHECK analysis
showed that 90.7%, 8.9%, and 0.3% of the residues were
located in the favored, additional allowed, and generously
allowed regions, respectively, and only 0.1% were in
the disallowed regions (Supplementary file 1, Fig. S1 ).
Therefore, the model obtained from the AlphaFold server
was reliable and suitable for subsequent analysis.

Protein stability and interaction prediction for the
CATSPERB mutant

Three web-based tools, I-Mutant, MUpro, and PremPS,
were employed to enhance and refine the accuracy of
protein stability prediction. As depicted in Table 3, the
AAG values obtained from all prediction tools consistently
suggest a decrease in the stability of the mutant protein.
Moreover, analysis of the PremPS database on the PDB
file obtained from the AlphaFold database revealed
the loss of several non-covalent bonds in the mutant
CATSPERB protein that were originally present in the

A) VCL
\..
S
<2
B) VAP

Table 3. Folding free energy (AAG) and mutant CATSPERB stability
situation

Servers AAG (kcal/mol) Stability

I-Mutant -1.11 Stability Decreased
Mupro -1.2788872 Reduced Stability
PremPS 0.95 Destabilizing

wild-type form. Specifically, the missense mutation
disrupted a hydrophobic bond with W711, an ionic bond
with D532, and polar bonds with D532, G534, F535, and
W711, as well as van der Waals bonds with D532, G534,
and F535. Interestingly, a new hydrophobic bond formed
with residue Q705 in the mutant, but not in the wild-type
(Fig. 6). These intricate alterations in the bonding pattern
provide valuable insights into the potential functional
implications of the mutation within the CATSPERB
protein associated with UMI.

CATSPERB PPI network construction and pathway
enrichment analysis

The CATSPERB protein name was used to construct a
PPI network with the STRING database. The PPI string
construction results showed that CATSPER1, CATSPER?2,
CATSPER3, CATSPER4, CATSPERD, CATSPERE,
CATSPERG, CATSPERZ, EFCABY, and HSPA2 interact
with CATSPERB. The Metascape database identifies
enriched pathways associated with the CATSPERB gene,
including sperm motility and taxes, sperm capacitation
and spermatogenesis (Fig. 7).

Discussion
Sperm cells once released into the lumen of the

Sperm dynamic parameters Definition

Calculated value Normal range for hyperactivation

VSL (um/s) Straight line velocity {9789 -——an

VCL (um/S) Curvilinear (actual) path velocity 26.04 VCL 2150
ALH (um/S) Amplitude of lateral head displacement  0.94 ALH 2 3.5
LIN (%) Linearity (VSL/A/CL) 43.99 < 50%
VAP (um/s) Average path velocity 22.28 -—-en

BCF (Hz) Beat cross frequency 3.05 ———an

MAD (D) Angular displacement 12.46 —menn

STR (%) Straighness (VSL/VAP) 51.67 ——--

WOB (%) Wobble (VAP/VCL) 51.67 -

Figure 5. Sperm dynamic parameters related to individual IV-6. (A) Schematic representation of sperm kinematic characteristics as measured by
the HFTCASA Computer Aided Semen Analysis System, illustrating dynamic motility parameters assessed in this study. (B) Quantitative kinematic
characteristics of spermatozoa from individual V-6, showing values related to motility parameters.
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Fig. 6. (A) Native (R709) and (B) Mutant (R709Q) CATSPERB residues interactions.
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Fig. 7. PPl Network and Pathways Enrichment. (A) CATSPERB PPI Networks constructed (B) Metascape database pathways associated with CATSPERB.

seminiferous tubules are structurally complete but
remain functionally immature. During their transit
through the epididymis, sperm cells undergo essential
maturation processes that are vital for them to acquire
their functionalities.*® Ca** is crucial for sperm motility,
capacitation, the acrosome reaction, sperm-egg fusion,
and the induction of the fertilization wave in eggs during
mammalian fertilization.”” The capacitation process
includes three Ca’**-mediated events: initial activation,
hyperactivation of motility, and engagement of a protein
kinase cascade. It enables the sperm to fertilize the egg
once it reaches the female reproductive tract. Changes
in intracellular Ca*, cAMP, and pH levels are necessary
for these processes to occur. Male infertility can result
from genetic abnormalities that affect any of these
processes.”® During sperm capacitation, the CatSper
channel, which is a Ca**-permeant channel, causes sperm
hyperactivation and mediates the predominant Ca*-
carrying current in mouse epididymal spermatozoa.'
The CatSper complex is expressed in the testis and is
primarily localized to the principal piece of the sperm
tail.' The extracellular domain of the CATSPERB subunit
potentially modulates the channel through external
signals such as ligands and cell-cell communication
during sperm maturation in the epididymis and/or in
the female reproductive tract.” Genetic abnormalities can

frequently impact spermatogenesis or sperm function,
leading to male infertility.* In this study, WES identified
a rare homozygous exonic variant in the extracellular
domain of CATSPERB  (chr14:g.92088086C>T;
NM_024764.4:c.2126G>A; p.R709Q) in three affected
siblings (IV-1, IV-4, IV-6) with UMI in an Iranian
family. The variant was successfully validated and co-
segregated with the UMI phenotype. Arginine is a larger,
positively charged residue, whereas glutamine is smaller
and uncharged. The R709Q mutation results in the loss
of a positive charge and a smaller side chain, potentially
disrupting interactions with other molecules or residues.
This assumption is supported by findings from the PremPS
database, which provide additional insights into the impact
of the R709Q mutation. The mutant residue displayed an
altered interaction profile compared to the native residue.
The presence of multiple non-covalent interactions, such
as polar, van der Waals, ionic, and hydrophobic bonds,
in the native residue suggests a more intricate network
of molecular associations. These interactions are crucial
for stabilizing protein structures and facilitating various
biological processes. The disruption of these interactions
caused by the R709Q mutation could lead to functional
consequences. The mutant residue's interaction profile
was limited to a single hydrophobic bond with Q705. This
specific interaction, absent in the native residue, indicates
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a difference in mode of engagement between the native
and mutant forms. These results, based on the potential
role of the mouse CATSPERB subunit in protein stability,
suggested that the R709Q mutation may significantly
impact the overall structure and function of the CatSper
complex.'

The CatSper complex genes in knock-out mice affect
sperm hyperactivation but do not affect sperm production
or morphology. This suggests that this complex does not
affect spermatogenesis in mice but is important for sperm
hyperactivation.”” Sperm from knocked-out Catsperl
mice are unable to fertilize intact eggs, but fertilization
occurs in those oocytes whose outer layers have been
enzymatically removed. Furthermore, in WT sperm cells,
depolarization induces an increase in intracellular Ca*,
whereas it does not in spermatozoa lacking Catsperl.
CatSperb is absent in sperm from mice lacking CatSperl,
suggesting that the expression of CatSperb and Catsperl
is linked. CatSper-knockout males show poor sperm
motility and are sterile. The targeted knock-out of
Catsper2, Catsper3, and Catsper4 in mice lacking the
hyperactivated motility required for fertilization and
their phenotype was the same as that of Catsperl knock-
out animals. Altogether, CATSPER genes appear to have
similarly essential roles in sperm hyperactivation and
fertility.'®* Interestingly, the affected individuals in our
studied pedigree produced sperm with normal counts
and morphology. Furthermore, other sperm parameters,
such as DNA condensation and acrosome integrity, were
normal. Remarkably, the CASA parameters showed that
the sperm problems in the affected individuals under
study were associated with hyperactivation. Sperm lacking
the CatSper current were unable to respond to CatSper
activation by progesterone, resulting in fertilization
failure during in vitro fertilization (IVF) procedures.®
However, despite this challenge, individuals from this
pedigree were able to achieve a successful pregnancy by
undergoing ICSI procedures. This suggests a potential
compensatory role for CatSper in sperm hyperactivation.
Exploring the underlying molecular mechanisms behind
the absence or reduced functionality of the CatSper
channel could provide valuable insights into potential
therapeutic interventions. Targeting these mechanisms
may offer promising strategies for the treatment of male
infertility associated with CatSper channel dysfunction.
Despite the novel findings reported in this study, several
limitations should be considered. The small sample size
and genetic analysis performed on a single family limit the
generalizability of these findings to a broader population.
Additionally, functional validation experiments to
directly confirm the biological impact and molecular
function of the CATSPERB R709Q variant were not
conducted. Future studies involving larger cohorts and
comprehensive functional assays are necessary to better
understand the pathogenic role of this variant and its
contribution to UMI.

Conclusion

This study reports, for the first time, a mutation in the
CATSPERB subunit of CatSper associated with UMI. The
potential absence of the CatSper Ca** current due to the
R709Q mutation in the CATSPERB subunit in sperm
from the affected individuals resulted in failed sperm
hyperactivation. However, the individuals achieved
successful pregnancies through ICSI. Further research is
needed better to understand the implications of CatSper
deficiency on male fertility and to explore potential
therapeutic approaches.
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