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Abstract

Background Hydrocephalus is one of the most common pathophysiological disabilities with a high mortality rate,
which occurs both congenitally and acquired. It is estimated that genetic components are the etiology for up to

40% of hydrocephalus cases; however, causal mutations identified until now could only explain approximately 20%
of congenital hydrocephalus (CH) patients, and most potential hydrocephalus-associated genes have yet to be deter-
mined. This study sought to find causal variations in a consanguineous family with four affected children diagnosed
with hydrocephalus.

Material and methods |n this study, we evaluated twenty-five members of an extended family consisting

of a nuclear family with four affected children resulting from a consanguineous couple and eighteen of their rela-
tives, including one hydrocephalus case. The mother of this family was experiencing her 15th week of pregnancy,
and cytogenetic evaluation was performed using amniocentesis to identify fetal chromosomal abnormalities. We
conducted whole-exome sequencing (WES) on the genomic DNA of the proband to detect the CH-causing variants,
followed by confirmation and segregation analysis of the detected variant in the proband, fetus, and family members
through Sanger sequencing.

Results Following the bioinformatic analysis and data filtering, we found a homozygous variant
[NM_001243766.2:c.74G>A:p.W25X] within the protein O-mannose beta-1,2-N-acetylglucosaminyltransferase

1 (POMGNT1) gene confirmed by Sanger sequencing in the proband and segregated with the hydrocephalus

in the family. The variant was described as pathogenic and regarded as a nonsense-mediated mRNA decay (NMD)
due to the premature stop codon, which results in a truncated protein.

Conclusion The results of the current study broadened the mutational gene spectrum of CH and our knowledge
of the hydrocephalus etiology by introducing a novel homozygous variant within the POMGNT1 gene, which had
never been previously reported solitary in these patients.
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Introduction

Hydrocephalus is a complicated and poorly understood
condition affecting any age, from fetal development to
adulthood [1]. Hydrocephalus is approximately 4.65 per
10,000 live births and is seen in about 6.4 million indi-
viduals worldwide [2]. This pathophysiological condition
may be congenital or develop due to trauma, infection,
venous occlusion, tumors, or cerebrospinal fluid (CSF)
buildup in the ventricular space due to under-absorption,
over-production, or a blockage of CSF flow [3]. Accord-
ing to epidemiological studies and reports of familial
congenital hydrocephalus (CH), genetic components
are estimated to be the etiology for up to 40% of hydro-
cephalus cases [2, 4]. Although over 100 genes have been
described to be mutated in syndromic hydrocephalus
cases, few causal mutations have been identified, which
only could explain approximately 20% of CH patients [5,
6]. Among these candidate genes, eight mutated genes
follow the Mendelian inheritance pattern and are related
to non-syndromic hydrocephalus. The X-linked type of
the non-syndromic hydrocephalus includes L1ICAM and
AP1S2 mutations and autosomal recessive hydrocephalus
associated with CCDC88C, MPDZ, TRIM71, SMARCCI,
PTCHI1, and SHH mutations [7, 8].

Ultrasound examination is an essential first-line screen-
ing approach to help us identify CH in the fetus. How-
ever, due to the genetic heterogeneity and non-specific
phenotype of CH in the fetal period, ultrasound alone
is not enough to make a prenatal diagnosis and distin-
guish the causes of CH [9]. Next-generation sequencing
(NGS) clinical application allows specific early interven-
tions for the identified CH after birth. Besides, it pro-
vides optimal birth management because the molecular
characterization of CH has fundamental implications
in the clinical setting [10-12]. Whole-exome sequenc-
ing (WES) could improve the prenatal diagnostic yield
and expand our knowledge concerning the etiologies of
CH by sequencing all DNA coding parts [11, 13]. In this
study, we evaluated twenty-five members of an extended
family consisting of a nuclear family with four affected
children and eighteen of their relatives that also included
one hydrocephalus case. We carried out whole-exome
sequencing in an infant of the nuclear family (proband)
to detect the CH-causing variants, followed by confir-
mation of the identified variant in the proband and seg-
regation analysis in his family members through Sanger
sequencing. We finally ended up with a novel patho-
genic nonsense variant [NM_001243766.2:c.74G>A:p.
W25X] within the POMGNT1 gene at the homozygous
state that was confirmed and segregated in the proband’s
family members. Clinical genetic evidence indicates that
all POMGNT1 variants listed in genetic databases are
linked to the various phenotypes of congenital muscular
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dystrophy dystroglycanopathy (MDDG), such as type
A-3 (congenital with brain and eye anomalies), type B-3
(congenital with impaired intellectual development), type
C-3 (limb-girdle), and retinitis pigmentosa-76 (RP76)
[14, 15]. In addition to the abnormalities mentioned
above, compound heterozygous variants of POMGNT1,
alongside other variations, have also been reported
in congenital nervous system disorders and a handful
of hydrocephalus cases [16]. However, other than the
above-mentioned abnormalities, these variants have not
been described as pathogenic in other neuropathogenic
conditions. This study is the first report of this exonic
POMGNTT1 variant solitary in CH patients, expanding
the variant spectrum of the POMGNT1 gene and high-
lighting their potential in the CH pathogenicity.

Material and methods

Ethical considerations and informed consent

The Islamic Azad University, Tehran Medical Sciences
Branch approved the study, and all the experiments were
conducted following the standard ethical protocols of the
institutional and national research committee. Informed
consent was obtained from all participants in this inves-
tigation and parents as the proband’s legal guardians to
publish any potentially identifiable data in this article.

Clinical characteristics of the proband and patients

A consanguineous couple with four affected children
for evaluation of familial CH was referred to our prena-
tal diagnosis department, Noorgene Genetic & Clinical
Laboratory, Ahvaz, Iran (ClinVar-Organization: https://
www.ncbi.nlm.nih.gov/clinvar/submitters/508856/).
Ventriculomegaly and functional deficits were diagnosed
and confirmed in all four children (aged from 4 days to
15 years at the evaluation time). Stuttering and dysarthria
were clinically recognized in this family’s first and second
children, and seizure was also present in the third child,
as in the first (Table 1). The parents were healthy, and no
further cases were known in the extended family except
for a male paternal cousin who suffered from hydroceph-
alus and recurring seizures. The asymptomatic parents
were the first cousin, and the 30-year-old woman was
in her fifth pregnancy at 15 weeks of gestation (Fig. 1).
The proband was an affected 4-day-old boy who shared
a phenotype of CH and multiple congenital anomalies.
The proband’s head circumference at birth ranged from
324 to 331 mm, and he was born through an unevent-
ful delivery at 39th weeks of gestation with 2602 + 100 gr
birth weight (Table 2). A standard ultrasound proband
screening at the 22nd week of pregnancy revealed mod-
erate-to-severe hydrocephaly and dilated bilateral lateral
ventricles with 66 mm biparietal diameter (BPD) and
245 mm abdominal circumference (AC). Ultrasound of
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Table 1 Clinical findings of the proband and his family members
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Children’s gender Current age HC at birth Clinical features
Female 15 years 43 cm Stuttering
Dysarthria
Seizure
Male 11 years 36.cm Mild-moderate mental retardation
Stuttering
Dysarthria
Seizure
Female 6 years 39.5cm Mild-moderate mental retardation
Seizure
Short neck
Male 4 days 33.1cm Cleft Palate
Short neck
Parenchymal atrophy of lateral/third
ventricles (last ultrasound screening)
Abbreviations: HC: Head circumference; cm: centimeter
1 2 3 4 5 6
I
1 2 3 4 5 7 |8 9 10 11
n O O O
1 2 3 4 5 6 7 8 9 10 11 | |12
III <> ®|G/A G/A
15 wks
46, XY
v
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N

Fig. 1 Pedigree of the nuclear family with four affected siblings and extended family members. On the pedigree, the genotypes
of the consanguineous parents and their afflicted offspring for the c.74 G>A variation are displayed. The afflicted proband is denoted by the arrow.

Abbreviations: Wks: Weeks; A: Adenine; G: Guanine

the proband at 27 weeks of gestation exhibited dilatation
of the cerebral posterior horns bilaterally (12 mm [left],
29 mm [right]) and agenesis of the corpus callosum. The
last screening at 34 weeks of gestational age revealed
90 mm BPD, 324 mm head circumference, 304 mm AC,
and the parenchymal atrophy of lateral and third ventri-
cles was measured at 13 and 33 mm, respectively. The
couple wanted to find out the etiology of their children’s
consecutive histories of hydrocephalus. We offered a

whole-exome sequence for this couple. The parents also
requested genetic testing for their fetus in the present
pregnancy.

Prenatal cytogenetic analysis

The first-trimester ultrasound screening revealed no
sonographic abnormalities, and the fetus had normal
heartbeats with a regular nuchal translucency (NT)
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Table 2 Prenatal anatomical data of the proband

Profile Maternal age: 24 years Fetal gender: Male Type of pregnancy: Singletons
Details Gestational age (weeks, days)
22w, 3d+ 1w 27w, 3d+ 1w 34w, 2d+ 1w
Presentation Cephalic Cephalic Cephalic
Placental location Posterior-Grade 1 Posterior-Grade 1 Posterior-Grade 2
HC 245 mm 273 mm 324 mm
FHR 147 b/m 150 b/m 148 m
AF 54 mm 57 mm
Fetal weight 558 mm gr+1-60 gr 1132 mm gr+1-60 gr 2507 gr+1-60 gr
BPD 66 mm 74 mm 90 m
AC 176 mm 230 mm
FL 39 mm 52 mm 68 m
Lvw 29 mm 29 mm 32mm
Reports Moderate Hydrocephaly Moderate-to-Severe Hydrocephaly Moderate-to-Severe Hydrocephaly

Abbreviations HC: Head circumference; FHR: Fetus Heart Rate; AFl: Amniotic Fluid Index; F. wt; AC: Abdominal Circumference; FL: Femur Length; LVW: Lateral

Ventricular Width; and mm: millimeter

measurement (1.5 mm). Following genetic consulta-
tion at 15 weeks of gestation, we performed an amnio-
centesis procedure using a freehand technique with an
ultrasound guide and a 20-gauge needle. A 20 ml of
amniotic fluid was collected and divided into two parts;
12 ml of amniotic fluid was transferred to the cytoge-
netic section of our laboratory to place in culture, and
the rest (8 ml) was used for fetal molecular testing. Fol-
lowing centrifugation, amniotic fluid was subjected to
in situ Amniomax-II Complete Medium containing
Fetal Bovine Serum, Gentamicin, and L-Glutamine for
six days at 37 °C (5% CO2). Before the cells were har-
vested, semi-confluent cells were treated with colchi-
cine (final concentration of 75 ng/mL) and incubated at
37 °C for about 20 min to arrest the cells in metaphase.
After removing the mitogen-containing media, the
cells were thoroughly rinsed with pre-warmed PBS and
treated with trypsin for more detachment. In continu-
ation, the cells were treated with 2 mL of pre-warmed
0.075 mM hypotonic KCI solution dropwise. The chro-
mosomes were then fixed with the methanol acetic acid
fixative (with the 3:1 ratio of methanol and glacial ace-
tic acid) and washed two times by repeated aspiration,
fresh fixative resuspension, and centrifugation. Finally,
metaphase spreads were prepared by dropwise appli-
cation of cell suspension onto clean glass slides. After
air-dried for 24 h, the glass slides were incubated with
0.025% trypsin for 1 min and stained with 10% Giemsa
solution for about 5 min. The G-banded chromosomes
were prepared as described elsewhere [17, 18]. Finally,
the metaphase spreads were photographed using Zeiss
Imazer.Z2 microscope equipped with GenASIs Case

Data Manager system (version 7.2.2.40970, ASI, Carls-
bad, CA, USA).

Whole-exome sequencing

Firstly, genomic DNA was extracted based on the salting-
out standard protocol from the whole blood of all nuclear
family members, proband, and fetus-amniotic fluid cells.
Proband genomic DNA was used for WES. Exon capture
and enrichment were performed on genomic DNA using
the Agilent SureSelectXT Human All Exon V8 (Agilent,
Santa Clara, CA) and whole coding regions sequenced
on an Illumina HiSeq2000 sequencer (Illumina, Inc., San
Diego, CA, USA) with an average depth of 100x. The
raw whole-exome sequencing data were examined using
a cori7 central processing unit and the Linux operating
system (Ubuntu 20.04). Various in silico prediction tools
and bioinformatics resources were then used to give
additional support for the found variations according to
the following steps:

Quality control (QC) of the read lengths was sur-
veyed using the FastQC tool (version 0.11.9) based
on GC content~50% and a Phred value=20. The
Trimmomatic software (version 0.36) removed low-
quality and adapter-contaminated reads.

Sequence reads precisely were mapped to the human
reference genome (GRCh37/hgl9) with Burrows—
Wheeler Aligner (BWA) aligning tool (Version 2.4.0),
and outputs were generated in Sequence Alignment/
Map (SAM) file format. Conversion of the SAM file
to the Binary Alignment Map (BAM) file was con-
ducted through the Picard tool.
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The local realignment of insertion/deletions (indels),
base quality score recalibration (BQSSR), single-
nucleotide variants (SNVs)/indels calling, and data
compression was performed and filed in variant call
format (VCF) using a combination of Genome analy-
sis toolkit Haplotypecaller (GATK HC) and VarScan
mpileup-2snp protocol.

The outpouring VCF file was annotated employing
Gene Ontology Reference Genome Project, multiple
association network integration algorithm (Gene-
MANTIA), protein analysis through evolutionary rela-
tionships (PANTHER), and Ensembl variant effect
predictor (Ensembl VEP).

The annotated variants were filtered using the R pro-
gramming command-line software by the following steps:

The minor allele frequencies (MAFs) of all known
variants were annotated according to the dbSNP,
1000 Genome Project, Exome Sequencing Project
(ESP), Genome Aggregation Database (gnomAD),
Iranome (https://www.iranome.ir/), and Exome
Aggregation Consortium (ExAC) databases.
Synonymous, deep intronic, and less conserved vari-
ants were excluded using Combined Annotation
Dependent Depletion (CADD) PHRE and GERP
scores.

The potential or known genes involved in the CH
pathogenesis were distinguished from genes not
relating to the CH based on the provided clinical/
paraclinical findings through the phenotype-based
prioritization (Phenolyzer) tool and the human phe-
notype ontology (HPO) (https://hpo.jax.org/).

The remaining variants were evaluated and classified
considering the American College of Medical Genet-
ics and Genomics/Association for Molecular Pathol-
ogy (ACMG/AMP) rules [19].

Finally, the depth of reads for each variant was scru-
tinized using the Integrative Genomics Viewer (IGV)
software.

Variant confirmation and family segregation

Genomic DNA was extracted based on the salting-
out standard protocol from the whole blood of the
proband and all family members and from the fetus’s
amniotic fluid cells. The primer sequences covering the
WES-identified variant in the proband were designed
through Primer3 web-based software (https://bioin
fo.ut.ee/primer3-0.4.0/). The OligoAnalyzer Tool was
employed to examine the features and quality of the
Forward-primer (POMGNTI1-EX2-F-248: CTG GTC
CCT TCA GAT TCC TGA AG) and Reverse-primer
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(POMGNTI1-EX2-R-248: TGA TTT AGT GGG GAG
GAA GCT G). Subsequently, Sanger sequencing was car-
ried out following the PCR amplification for the region
harboring the WES-identified variant to validate the
potential causal variant in the proband, his family mem-
bers, and the fetus.

The PCR reaction was performed using the FlexCycler
Thermocycler. PCR reaction for the identified variant was
optimized to amplify the desired region as follows: 1 pl of
DNA (concentration: 50 ng/uL) was used as a template
in 12.5 ul reaction mixture (containing dNTPs, 1X PCR
buffer, MgCl,, and Taq polymerase), 0.5 pl of each primer
(concentration: 20 uM), and 10 pl of distilled water (the
total volume of the reaction solution: 25 pL). The PCR
procedure for the desired region included the initial
denaturation at 94 °C for 5 min, followed by 35 cycles of
the next steps: denaturation at 94 °C for 1 min, annealing
at 61 °C for 45 s, elongation at 72 °C for 1 min, and final
elongation at 72 °C for 4 min. After the PCR reactions,
6 pl of PCR product was loaded on 2% Agarose gel inx 1
Tris—borate—EDTA buffer (PAYA PAZHOOHESH, Iran)
stained with DNA-safe stain. Electrophoresis was run at
115 voltages for 50 min. The gel was then inserted into a
gel documentation system (under UV light) and analyzed
by UV-pro software. The amplicons generated in PCR
reactions were sequenced by the Sanger method (using
the inclined primers and PCR conditions) and analyzed
on an ABI3130XL Genetic Analyzer (USA) to validate
PCR amplification and WES results. Eventually, Sanger
sequencing files were assembled and aligned through the
Codoncode aligner software (version 9.0.1).

Results

Prenatal cytogenetic results

Following the culture of the amniotic fluid and prepa-
ration of the G-banded chromosomes, 20 metaphase
spreads were assessed. According to the findings, there
were no cytogenetic abnormalities, and the chromo-
somes had a normal appearance with no cleavage or
aneuploidy. Furthermore, there were no signs of known
chromosomal aberrations associated with hydrocepha-
lus or other congenital anomalies. The 46, XY karyotype
revealed that the fetus was male. Figure 2 presents the
karyogram of G-banded chromosomes.

Exome sequencing results and segregation analysis

After performing the filtering steps, we ended
up with a novel pathogenic homozygous variant
[NM_001243766.2:c.74G>A:p.W25X] within the
POMGNT1 gene, which was absent from public data-
bases and not documented in the Genome Aggregation
Database (gnomAD; https://gnomad.broadinstitute.org),
National Center for Biotechnology Information Single
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Fig. 2 Chromosomal analysis of amniotic cells. According to the results, no cytogenetic abnormalities were present, and the chromosomes
seemed normal, without any cleavage or aneuploidy. It should be noted that the lack of chromosomal aberration does not rule out the presence
of gene abnormalities. Even in cases where the karyotype appears to be normal, low-level mosaicism and other subtle genetic alterations may exist

outside the scope of the preparation

Nucleotide Polymorphism Database (dbSNP; www.ncbi.
nlm.nih.gov/SNP), Human Gene Mutation Database
(HGMD; www.hgmd.cf.ac.uk/ac/), 1000 Genomes Pro-
ject database (http://www.internationalgenome.org/
1000-genomes-browsers/), ~ Ensembl  (http://grch37.
ensembl.org/index.html), ESP (https://evs.gs.washington.
edu), ExAC (https://exac.broadinstitute.org), and Ira-
nome (http://www.iranome.ir) (Table 3). Segregation
analysis confirmed this variant in the proband’s family
members (Fig. 3). Sanger sequencing demonstrated the
homozygous state of the c.74G>A substitution in the
proband (TAG/TAG) and his affected siblings (TAG/
TAG), as well as the heterozygous state in the parents
(TGG/TAG). In contrast to other family members,
Sanger sequencing of the fetus revealed no changes in
the ¢.74G, and he had a homozygous state for the wild
type (G) in this position (TGG/TGG). In conclusion, the
POMGNTT1 variant was segregated with hydrocephalus
in this family, which could be considered the proband
disease-causing.

Variant analysis

Based on prediction tools including Mutation Taster,
CADD, and DANN, the nonsense ¢.74G>A:p.W25X vari-
ant was predicted to be disease-causing, deleterious, and
higher probably damaging, respectively (Table 4). It was

classified as a pathogenic variant (class 1) according to the
ACMG recommendations based on the following rules:
PVS1, PM2, and PP3 [19]. Notably, the PP4 criteria can
also be applied, as our patient’s clinical symptoms were
compatible with the previously reported patients caused
by pathogenic variants in the POMGNT1 gene. The
variant’s pathogenicity was predicted using the Muta-
tion Taster simulations (https://www.genecascade.org/
MutationTaster2021/) as “Deleterious” and regarded as a
nonsense-mediated mRNA decay (NMD) due to prema-
ture termination and resulting truncated protein (Class
“A; with a score of 1.00 out of 1.00). The Taster simula-
tions predicted that the amino acid sequence would be
changed, and protein features (might be) affected because
of truncated protein. In addition, the Ensemble Variation
Predictor (VEP) analysis, which uses a combination of
algorithms such as SIFT and PolyPhen-2, described the
pathogenicity of this variant as “Damaging” (http://www.
ensembl.org/). FATHMM-MKL and PROVEAN also
predicted the c.74G>A:p.Trp25Ter (Termination) altera-
tion as a “Damaging” variant. We also applied pathogenic
mutation prediction (PMut) analysis for predicting the
pathology score of our variant (https://mmb.irbbarcelo
na.org/PMut/), which showed a total of 19 variations
for Tryptophan at p.25 of POMGNT1 protein. Accord-
ing to the analysis outputs, all substitutions at p.25 were
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Table 3 Characteristics of the identified POMGNT1 variant in this study

Gene HGNC symbol: POMGNT1

Ensembl version: ENSGO0000085998.15

Genomic location: chr1 (hg38):46188681-46220305

Cytogenetic location: 1p34.1

Ensembl transcript ID: ENST00000371992.1
GenBank transcript ID: NM_001243766
Q8WZA1

Transcript coordinates

UniProt peptide
Identified Variant
Variant length: 1 bp
Consequence: nonsense, stop-gained-NMD
Allele origin: germline
RefSeq: NM_001243766.2:c.74G>A:p.25W*
Alteration position
gDNA: g.22558G>A
cDNA: cDNA.725G>A
CDS: c.74G>A
Exon: 2/23
AA: Trp25Ter
Original gDNA
Altered gDNA
Original cDNA
Altered cDNA

wt-AA sequence

Sequence snippet

mu-AA sequence

Type: single-nucleotide variant, Zygosity: Homozygous

Chromosome: chr1: 46197748 C>TN/A (Assembly GRCh38)

GCGGAGCTGGTACCTTACCTIG]IG AAGTATAAACTGACAAACC

GCGGAGCTGGTACCTTACCTIAIG AAGTATAAACTGACAAACC

GCGGAGCTGGTACCTTACCTIG]G AAGTATAAACTGACAAACC

GCGGAGCTGGTACCTTACCTIAIG AAGTATAAACTGACAAACC

wt-AA sequence: MDDWKPSPLI KPFGARKKRS WYLT[WIKYKLT
mu-AA sequence: MDDWKPSPLI KPFGARKKRS WYLT*

Abbreviations HGNC: HUGO Gene Nomenclature Committee; CDS: Coding sequence; W: Tryptophan; Ter: Termination; AA: Amino Acid; wt; wild type; and mu: mutated

*: An asterisk [*] stands for a stop codon

inferred pathogenically and predicted to result in a “Dis-
ease” phenotype with an average score of 0.76 out of 1.00
(76%). Besides, a CADD-PHRED score of 36 indicates
this variant is among the top 0.1% of most deleterious
substitutions possible, and a DANN score of 1 further
predicts this variant to be damaging.

On the other hand, evolutionary conservation scan-
ning was carried out through the UCSC genome
browser (https://genome.ucsc.edu/), indicating that
Tryptophan (W) at position-25 of the POMGNT1
protein sequence is moderately conserved among dif-
ferent species and matching alignments as follows, all
identical in Ptroglodytes, as well as partly conserved
in Mmulatta, Fcatus, Mmusculus, Ggallus, Trubripes,
and Xtropicalis. These findings are substantiated by
the outputs derived from the PhastCons100way_ver-
tebrate (1.00), PhastCons30way_mammalian (1.00),
PhyloP100way_vertebrate (4.69), PhyloP30way_mam-
malian (1.026), and SiPhy_29way_logOdds (14.56) data-
sets (Table 4). Conservation analysis for the p.25W was
also performed by the ConSurf server (https://consurf.
tau.ac.il/), which described p.25W as a buried residue
based on the neural network algorithm. Furthermore,

the I-Mutant2.0 server (https://folding.biofold.org/),
which computes the AAG values of variations (DG
“new protein”—DG “wild type”), determined that
the p.Trp25Ter alteration reduces the stability of the
POMGNT1 protein (AAG= — 2.00 kcal/mol, AAG<O0:
decrease stability).

The ¢.74G>A variant results in a premature stop codon
which can lead to nonsense-mediated mRNA decay
(NMD) or a truncated protein, indicating a loss of func-
tion. Introducing a premature stop codon leads to a trun-
cated protein missing the remainder of the typical protein
sequence. This can impact protein stability and function
in several ways. The truncated protein will miss criti-
cal functional domains in the C-terminus. Interactions
with binding partners may also be reduced or abolished.
Furthermore, the truncation can disrupt correct protein
folding, impairing protein stability. Nonsense-mediated
decay of the mRNA may also reduce the overall expres-
sion levels of the protein. Structural modeling showed
this variant localized to the stem region, truncating the
entire catalytic domain, which could be associated with
a complete loss of enzyme activity in functional assays
(Fig. 4).
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Fig. 3 Nuclear family’s sequencing chromatographs and agarose gel electrophoresis. Sanger sequencing demonstrated that both parents were
carriers of the c.74 G>A variant in the POMGNT1 gene and confirmed the homozygous G>A alteration in the proband. Abbreviations: A: Adenine; G:
Guanine; C: Cytosine; T: Thymine; L: Ladder; P: Proband; F: Father; M: Mother; and NTC: No-Template Control

Table 4 Outputs of in silico analysis and pathogenic prediction tools

Analysis Tools and in silico parameters Score (Criteria) Result/Classification
Pathogenicity PMut 0.76 Pathogenic/D
Mutation Taster 1.00 Disease causing/Class A (NMD)
CADD-PHRED 36.0 Deleterious/Class A (NMD)
DANN 1.00 Damaging/Higher Probably
BayesDel 0.66 Deleterious/Strong
ACMG rules PVS1, PM2, PP3 Pathogenic/Class |
Conservation PhastCons100way_vertebrate 1.000 Conserved/buried residue
PhastCons30way_mammalian 1.000
phyloP100way_vertebrate 4.699
phyloP30way_mammalian 1.026
SiPhy_29way_logOdds 14.56

Protein stability

[-Mutant 2.0

ANG: —0.2 kcal/mol

AAG < —0.5/destabilizing mutation

Abbreviations PMut: Pathogenic Mutation prediction; D: Deleterious; NMD: Nonsense-Mediated mRNA Decay; ACMG/AMP; American College of Medical Genetics and
Genomics/Association for Molecular Pathology
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Discussion

Hydrocephalus is a central nervous system malformation
that can occur at any age and result in severe pathologi-
cal outcomes [20]. The most common findings in these
patients are genetic factors, which can be seen in 40% of
cases of hydrocephalus [21]. The etiology of CH in the
prenatal or postnatal period cannot be identified and dis-
tinguished solely by ultrasound due to genetic heteroge-
neity and non-specific CH phenotypes [22, 23]. Since only
20% of patients possess known mutated genes, indicating
that many pathogenic factors hidden in genes have gone
undiscovered [6, 14]. The development of molecular test-
ing methods has made it possible to use WES as a quick
and accurate method for identifying the causal variants of
congenital disorders [11]. In this research, we looked at
an extended family group that included a nuclear family
with four affected children from a consanguineous cou-
ple and eighteen of their relatives. We applied WES on
the proband’s genome, followed by segregation analysis
using Sanger sequencing in the fetus and family members
to identify the variants that cause CH. The identified var-
iant was searched against several major public genomic
databases and resources to determine its novelty. These

included the gnomAD, which aggregates data from vari-
ous large-scale genome sequencing projects and was
queried (https://gnomad.broadinstitute.org). The dbSNP,
a repository for variations including single-nucleotide
polymorphisms and multi-nucleotide polymorphisms for
human and model organism genomes (www.ncbi.nlm.
nih.gov/SNP), and the HGMD, an archive of germline
mutations and disease-causing variants maintained by
Cardiff University, were also checked (www.hgmd.cf.ac.
uk/ac/). In addition, the 1000 Genomes Project database
containing common human genetic variations, as well
as the publicly accessible genome browser and variation
database hosted by EMBL-EBI called Ensembl (http://
grch37.ensembl.org/index.html), were evaluated. Further
resources consulted included the NHLBI ESP database
(https://evs.gs.washington.edu) and the ExAC database
(https://exac.broadinstitute.org). Finally, the Iranome
database cataloging genetic variations identified in the
Iranian population was searched (http://www.iranome.
ir). The pathogenic POMGNT1 variant identified in
the proband had not previously been reported as a soli-
tary variant in CH patients. This variation was found in
all affected children in the homozygous state and the
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parents in the heterozygous state. In contrast, this variant
was not identified in any of the fetus’ haplotypes, and he
was completely healthy, unlike other family members.
POMGNT1 gene (chro.1p34.1, ENSG00000085998,
OMIM:606822) encodes an integrin membrane protein,
and O-linked-mannose beta-1,2-N-acetylglucosami-
nyltransferase 1 (type II transmembrane protein) exclu-
sively catalyzes the transfer of N-acetylglucosamine
residues to alpha-O-linked terminal mannoses, which
considered as an essential for the proper functioning of
the a-dystroglycan (a-DG) [24]. The a-DG is a subunit of
the dystrophin-associated protein complex (DAPC) that,
in the glycosylated state, plays a vital function in main-
taining the integrity of muscles, brain cell function, and
neurological development [25]. Genetic variants affect-
ing the POMGNT1 gene and transcripts regions can
decrease the vital function of the POMGNT1 protein and
cause hypo-glycosylation of the a-DG, followed by severe
neuromuscular impairments [26]. Numerous SNPs and
more than 12 transcripts have been presented for the
POMGNT1 gene. Various forms of congenital muscu-
lar dystrophy dystroglycanopathy (MDDG) associated
with POMGNT]1 variants, including a severe congenital
type of muscular dystrophy with brain and eye anoma-
lies which were known earlier as Walker—Warburg syn-
drome (WWS) or muscle—eye—brain disease (MEB;
OMIM:253280), a less severe congenital form with men-
tal retardation (OMIM:613151), and a milder limb—girdle
form with or without normal intellect (OMIM:613157)
also known as LGMDR15 and LGMD2O, have been
reported singly or in combination with other genetic or
acquired syndromes/abnormalities [15]. POMGNT1
gene product consists of the cytoplasmic tail (1-37 resi-
dues), transmembrane domain (38—58 residues), and the
remaining lumenal region, including carbohydrate-bind-
ing stem domain and catalytic domain, localized in the
Golgi apparatus (Fig. 4) [27]. However, different protein
isoforms have been identified as POMGNT1 gene prod-
ucts due to the existence of distinct spliced transcript
variants. The canonical isoform of the POMGNT]1 pro-
tein includes 646 amino acids. The POMGNT1 transcript
variant-2 (ENST00000371992.1, NM_001243766.2) uses
an alternate splice site in the CDS, compared to vari-
ant-1 (ENST00000371984.8, NM_017739.4) and encodes
the isoform 2 of POMGNT1 protein (Q8WZA1-2,
ENSP00000361060.1, NP_001230695.2). This isoform
is longer (748-amino acids) and has different 5 and 3’
UTRs, as well as C-terminus compared to the isoform-1
(Q8WZA1-1, ENSP00000361052.3, NP_060209.4) [28].
There are 23 exonic regions in the POMGNT1 tran-
script variant-2 (the first coding region begins from the
2nd exon), annotated with 12 domains, features, and
9617 variant alleles (https://www.ensembl.org/). Here,

(2024) 25:38

Page 10 of 13

we identified a homozygous nonsense variant within
the exon 2 of the POMGNT]1 gene in a consanguineous
pedigree with multiple members affected by CH. This
variation leads to the TGG>TAG replacement at c.74
in the mutated-CDS (mut-CDS). Considering that the
stop codon is located at the c.2247 in wild-type-CDS
(wt-CDS), this alteration causes a premature stop codon
leading to NMD, stalling translation after tryptophan
encoding, and a truncated protein product lacking enzy-
matic function. Topologically, the protein area affected
by this nonsense variant belongs to the cytoplasmic tail
(Metl to Arg37), which NMD effects lead to the place-
ment of a premature stop codon at p.25 in the mu-pro-
tein sequence instead of p.749 in the wt-protein sequence
(https://www.uniprot.org/). In silico analyses overwhelm-
ingly predict this variant to be deleterious, and ACMG
criteria classify that as pathogenic. The truncated pro-
tein will likely have reduced stability and impaired inter-
actions, ultimately resulting in loss of regular activity.
According to the role of the POMGNT1 enzyme in trans-
ferring N-acetylglucosamine residues to alpha-O-linked
terminal mannose molecules (glycosylation) and subse-
quently the stability of vital proteins, the variant ¢.74G>A
could lead to a premature stop codon (p.W25X), which
causes the POMGNT1 enzyme to be truncated after only
25 amino acids. This truncated enzyme lacks the glycosyl-
transferase functional domain, which could not efficiently
glycosylate specific proteins such as a-DG. The extracel-
lular a-DG is an essential glycoprotein that connects the
extracellular matrix (ECM) to the intracellular cytoskel-
eton in various tissues, including the brain. The a-DG
links brain basement membranes (basal laminae) sur-
rounding ventricles to the astroglial endfeet via laminin
binding. Impaired cell-matrix adhesion in the brain is
believed to disrupt basal laminae structures that line
fluid-filled cavities (ventricles) in the brain. This physi-
cal disturbance compromises the basement membrane’s
ability to act as a barrier and maintain fluid equilibrium.
Over time, dysfunction and disruption of these ventricle-
lining basal laminae contribute to abnormal accumula-
tion of CSF within the ventricles, leading to ventricles
enlarging and compressing surrounding brain structures,
followed by hydrocephalus phenotypes and neurological
manifestations. However, further in vitro functional stud-
ies are needed to conclusively determine the molecular
consequences and correlate with the observed patient
phenotype. Biallelic pathogenic variants in POMGNT1
have previously been associated with muscle—eye—brain
disease and Walker—Warburg syndrome, characterized
by congenital muscular dystrophy and structural brain,
as well as eye anomalies. Hydrocephalus has occasionally
been reported as part of these syndromes but not as an
isolated manifestation. The critical difference between the
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phenotype associated with this novel variant and other
POMGNT1 variants lies in the specificity and severity
of the presentation. Previous research has shown that
POMGNTT1 variants near the 5’-terminus are associated
with more severe neurodevelopmental malformations
than variants near the 3’-terminus. The novel variant
identified in this study is characterized by its association
solely with hydrocephalus, without the broader range of
symptoms typically associated with MDDG types A-3,
B-3, C-3, or RP76. The isolated hydrocephalus presenta-
tion in patients with the novel POMGNT]1 variant can
be attributed to the specific nature of the mutation and
its impact on the protein’s function. The premature stop
codon introduced by the variant probably leads to a loss
of function in a critical region of the POMGNT]1 protein
that is specifically important for the normal development
of the brain’s ventricular system. This truncated protein
may disrupt the normal glycosylation of a-DG, crucial for
maintaining the brain’s structural integrity and prevent-
ing cerebrospinal fluid accumulation that characterizes
hydrocephalus. Our study is the first to link an isolated
POMGNT1 variant to CH without muscular dystrophy.
These findings expand the mutation spectrum associated
with hydrocephalus and further highlight the importance
of POMGNTT1 in CNS development.

According to clinical genetic evidence, all POMGNT1
variants reported in genetic databases are associated
with MDDG?’s different phenotypes, including type A-3
(congenital with brain and eye anomalies), type B-3 (con-
genital with impaired intellectual development), type
C-3 (limb-girdle), and Retinitis pigmentosa phenotype
(https://www.omim.org/entry/606822#allelicVariants).
A recent Dongmei Fei et al. study reported a compound
heterozygous pathogenic variant [c.919C>T:p.Arg307Ter
and c.1100del:p.Phe369fs] in FKTN gene (NM_006731.2)
along with two compound heterozygous likely patho-
genic variants including [c.1449 14-50insACAACG
and ¢.1490G>C:p.Argd97Pro] in the POMGNT1 gene
(NM_017739.3), and [c.2690+1G>A and c.1447C>T:p.-
Arg483Cys] within the LAMB1 gene (NM_002291.2)
in three fetuses with hydrocephalus [16]. They inferred
that their reported POMGNT1 variants near the 30
terminus were characterized only by hydrocephalus in
fetuses, consistent with previous research results, which
had shown more severe neurodevelopmental malforma-
tions for the POMGNT]1 variants near the 50-terminus
compared to the POMGNT1 variants near the 30 ter-
minus (29). For the first time, this study introduces the
novel homozygous variant [NM_001243766.2:c.74G>A:p.
W25X] within the POMGNT1 gene in hydrocephalus
patients, which is indexed with an Accession number
“RCV002466682.2” on the ClinVar database (https://
www.ncbi.nlm.nih.gov/clinvar/RCV002466682.2/).
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While this study identified a novel pathogenic variant
in POMGNT1 associated with isolated congenital hydro-
cephalus, expanding knowledge in this area, certain limi-
tations must be acknowledged. Assessing the variant’s
effect through in vitro functional analyses was beyond
the initial scope but remains an important avenue for
future investigation. Additionally, segregation of the vari-
ant within a single family precludes determining its com-
plete prevalence in unrelated individuals. Furthermore,
the study did not investigate other potential genetic
causes of hydrocephalus in the family, which could have
contributed to the observed phenotype. Addressing these
limitations through additional analyses could provide
deeper mechanistic insights. Replicating findings in more
extensive, diverse cohorts would help establish generaliz-
ability. Nonetheless, this work broadened the mutational
spectrum and advanced the understanding of hydro-
cephalus etiology by examining candidate genes through
unbiased genomic approaches like WES.

Conclusion

In the present research, the homozygous POMGNT1
variant identified in the proband was novel, resulting in
a truncated protein segregating with hydrocephalus in
family members. According to the clinical and bioinfor-
matics analysis, this variant was regarded as an NMD
with high pathogenicity. In conclusion, the results of
this study highlight the destructive potential of variation
affecting the buried residue (p.W25) on the neural net-
work and expand the mutational gene spectrum of CH,
which can improve understanding of CH etiology and
genetics counseling. However, further in vitro functional
studies are needed to conclusively determine the molecu-
lar consequences and correlate with the observed patient

phenotype.
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