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Uncovering the genetic basis of
hyperphosphatasia with impaired
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identification of a novel biallelic nonsense
mutation in PIGO gene
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ABSTRACT

Background: Glycosylphosphatidylinositol (GPI) is a glycolipid containing phosphatidylinositol related to the
protein surfaces by covalent attachment. Inherited GPI deficiencies have various phenotypic chrematistics,
which range from intellectual disability to dysmorphic features, epilepsy, and other severe anomalies.

Methods: Molecular diagnosis was performed using whole exome sequencing (WES) followed by Sanger
sequencing.

Results: WES revealed a novel homozygous nonsense variant (c.250C>T; p.GIn84Ter) in the exon 2 of the phos-
phatidylinositol glycan anchor biosynthesis class Ogene that might explain the disease phenotype in the patient.

Conclusion: This study will help in proper genetic counselling of the family and help in genotype-phenotype

correlation in the future.
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Introduction

Glycosylphosphatidylinositol (GPI) is a glycolipid
containing phosphatidylinositol that covalently attaches
proteins to the plasma membrane (cell surface). In
forming GPI-anchored proteins (GPI-APs), almost
26-30 genes are involved (1,2). The GPI-APs group
include different receptors, enzymes having hydrolytic
nature, adhesion molecules, immune system-associated
proteins, and complement regulatory proteins (1,2).
Disease-causing variants have been identified in
various components of the GPI-anchored-synthesis
pathway, thus causing diverse phenotypes referred to
as congenital disorders of glycosylation (1). Inherited
GPI deficiencies include features such as epilepsy,
ID, dysmorphic facial features, and multiple organ
anomalies depending on the gene involved and the
position of the identified variant. Pathogenic sequence
variants in different genes have been reported in the
GPI biosynthesis, such as the phosphatidylinositol

glycan anchor biosynthesis class O (PIGO), PIGV,
PIGW, PGAP2, PGAP3, and the PIGY reported to cause
hyperphosphatasia with mental retardation syndrome
(HPMRS; MIM # 614749, Table 1) also known as
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Mabry syndrome (2-5). Herein, we report a proband
(the first case from the Pakistani population) with
epileptic encephalopathy caused by a novel disease-
causing variant in the P/GO gene.

Subjects and Methods

For the present study, a family with an autosomal
recessive (AR) inheritance pattern was recruited
from the Khyber Pakhtunkhwa province of Pakistan
(Figure 1A). The patient was evaluated by taking a
medical history and performing biochemical tests at
a local government hospital. Consent in written form
was obtained from the participants for the genetic
analysis in compliance with the Helsinki Declaration.
The University of Education, Lahore, Pakistan’s
Institutional Review Board approved the current study.
Blood samples were collected and processed further
for DNA extraction and quantification using standard
methods (6). WES was performed using DNA from the
proband (IV-1). WES and variants filtering steps were
performed as described earlier (7). Standard-screening
principles were used to search for different functional
variants associated with the patient phenotype (8).
The genes already reported in the Online Mendelian
Inheritance in Man and literature (PUBMED) were
given priority. Prioritized disease-causing variants
were Sanger sequenced for segregation analysis
(9,10). The pathogenic nature of the identified variant
was calculated using different tools. The Exome
Aggregation Consortium (ExAC) and genomAD
were searched to see if the variant was reported in
the general population. Amino acid conservation was
determined using NCBI-HomoloGene.

Protein modelling

The structure sequence of PIGO full length was retrieved
from the Protein Data Bank. The protein modelling
was executed according to the previously outlined
methodology (11,12). Figures were made using the
Py-Molecule molecular viewer (https://pymol.org/)
(Figure 2A and B) (13).

Results

Clinical description

The proband (boy: IV-1) was the first child of a healthy
Pakistani Pashto-speaking family. Pregnancy was
unremarkable, and he was born with vaginal delivery
having an average birth weight. Shortly after birth,
features such as feeding difficulties, severe axial
hypotonia, and muscular dystrophy were observed. He
could not recognize his parents and did not establish eye
contact presenting the features of global developmental
delay (GDD). The proband also showed frequent
seizures and drooling. He is on several antiepileptic
drugs like phenobarbitone and topiramate. Recurrent
episodes with pneumonia were observed in the second
year of life, which led to respiratory insufficiency,
and a gastrostomy tube was used to fulfil the
feeding difficulties. Serum alkaline phosphatase was
unremarkable; however, slightly in the upper ranges,
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i.e., 235,247, 263, and 257 U/l (Normal range: 96-297
U/1). His younger brother is healthy with no epileptic or
any other complications.

Molecular investigation

WES was performed as described earlier (14). Screening
and filtering different homozygous and compound
heterozygous variants manifested a novel homozygous
stop gain variant (c.250C>T; p.GIn84Ter) in the exon
2 of PIGO (NM 032634.4) located on chromosome
9p13.3-9p13.3. The variant was also screened in EXAC,
genomAD, and 145 control exomes (Figure 1B), and
the variant was not observed in the homozygous state
using both databases. The GIn84 amino acid was also
conserved across different species (Figure 1C).

Protein modelling

3D modelling of the mutated PIGO and wild-type
PIGO was performed (15). Their structural comparison
showed that the mutated PIGO protein would result in
a more minor, non-functional protein that loses its main
domains. Thus, the mutated PIGO will not perform a
proper function.

Discussion

In this study, we report an affected child having GDD,
severe epileptic seizures, 1D, and little elevation of
ALP. We performed WES and identified a biallelic stop
gain variant (c.250C>T; p.GIn84Ter) residing in the
transmembrane domain of the protein (Figure 1B) of the
PIGO, thus expanding the clinical and variant spectrum
of PIGO-related pathogenesis. To date, disease-causing
variants in the PIGO gene have only been reported in
a few studies, including seven females and two males
from six families (1-5,16). If the mRNA molecule coding
for a protein avoids degradation through the nonsense-
mediated decay pathway, the resulting truncated protein
may exhibit a distinct structural formation that deviates
from the full-length version of the protein, which can
lead to improper functioning and potential cellular
dysfunction.

Kuki et al. (17) and Nakamura et al. (3) reported
patients that possessed missense variants in the alkaline
phosphatase domain (core domain). They showed more
progressive and severe phenotypes than the affected
individuals reported by Krawitz et al. (2) and in the
present study. The mild neurodevelopmental feature in
our patient can be associated with the location of the
variant identified in the transmembrane domain. Thus,
the position of a variant in the protein might play a
role in the diverse phenotypic presentation. Similarly,
Nakamura et al. (3) reported that severe phenotypes
might be associated with the location of variants
identified in the specific PIGO domain, such as the
core domain. These observations might lead toward
genotype-phenotype correlation associated with PIGO-
pathogenesis. However, more substantial evidence and
functional analysis are required to elucidate phenotype—
genotype correlations and to prove such a hypothesis.
Neurological dysfunction in the affected individual
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M.mulatta (XP_001091501.1) DALRFDFAQPQHSHVPREP
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Figure 1. (A) Pedigree of the present family along with genotype. (B) Surface expression of CD16 antigen. (C) Exons and domains of
the PIGO and location of the identified variant. (D) Conservation of GIn84 across different species.

Wild Type Mutant
(b)

(a)
ATV L

Figure 2. Comparison of Wild Type and Mutant Protein Structures. (A) Representation of the
wild-type protein structure. (B) Representation of the mutant protein structure. The structural
differences between the wild type and mutant proteins include loss of 3/4" amino acid residues.

reported here and in the patients said previously (4,17) animal models (21-24). Identification of such variants
is complex and thus cannot be related to alkaline will help build a database that might lead to future
phosphatase impairment. therapeutic interventions and help conduct clinical trials

(25,26). We revealed that homozygous loss-of-function
variants in P/IGO cause hyperphosphatemia with impaired
intellectual development syndrome-2. Furthermore,
novel variant identification for rare genetic disorders
and making a database will help add such variants to the
newborn screening program. In addition, preimplantation
genetic testing for aneuploidies, noninvasive prenatal
testing, and PGT-M can be employed for parents wishing
to have future pregnancies (27-30). Identification of

Recent research and technological advancement have
compelled scientists to think outside the box and develop
a better understanding of neurodevelopmental disorders
and their etiological bases (18-20) Given the complex
nature of such disorders, any theoretical model designed
to explain the disease pathogenesis will depend on
advanced functional studies involving novel disease-gene
identification, cohort studies, and available studies using
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additional families and functional studies are required
to understand the cellular role of PIGO associated with
neurodegeneration.

Conclusion

In conclusion, we have detected a novel homozygous
variant in the PIGO gene in an affected individual
having mild epileptic encephalopathy, along with
slightly increased serum alkaline phosphatase levels
and decreased CD16 expression but normal CD59 and
CD24 expression. Furthermore, we suggest a genotype-
phenotype correlation concerning the association
between the location of the identified variant in the
transmembrane domain and milder clinical phenotypes.

List of Abbreviations

EXAC The Exome Aggregation Consortium

PIGO Phosphatidylinositol glycan anchor biosynthesis
class O

Funding

None.

Declaration of conflicting interests
The authors of this article have no affiliations with or
involvement in any organization or entity with any financial
interest or non-financial interest in the subject matter or
materials discussed in this manuscript.

Consent for publication
The consent for publication for this case was obtained from
the parents.

Ethical approval

Ethical approval was granted by the Institutional Research
Board of the University of Education, Lahore, Pakistan (UE/
S&T/2019/222).

Author details

Anam Nayab?, Shagufta Andleeb? Shah Zeb**, Hafiza Yasmin

Manzoor®, Zamrud Zehri®, Arif Mahmood’, Hammal Khan®,

Muhammad Umair?, Ahmed Wagas?

1. Department of Biotechnology, Fatima Jinnah Women'’s
University, Rawalpindi, Pakistan

2. Department of Zoology, Division of Science and Technology,
University of Education, Lahore, Pakistan

3.Institute for Advanced Study, Shenzhen University,
Shenzhen, People’s Republic of China

4. College of Physics and Optoelectronics Engineering,
Shenzhen University, Shenzhen, People’s Republic of China

5. Department of laboratory, Carle Foundation Hospital,
Urbana, IL, USA

6. Department of Gynecology and Obstetrics, Civil Hospital
Quetta, Quetta, Pakistan

7. Center for Medical Genetics and Hunan Key Laboratory of
Medical Genetics, School of Life Sciences, Central South
University, Changsha, China

8.Department of Biosciences,
Islamabad, Islamabad, Pakistan

9. Department of Life Sciences, School of Science, University
of Management and Technology (UMT), Lahore, Pakistan

COMSATS  University

References

1. Kinoshita T, Fujita M, Maeda Y. Biosynthesis, remodelling
and functions of mammalian GPl-anchored proteins:

27

10.

11.

12.

13.

recent progress. J Biochem.
https://doi.org/10.1093/jb/mvn090

Krawitz PM, Murakami Y, Hecht J, Kriger U,
Holder SE, Mortier GR, et al. Mutations in PIGO,
a member of the GPl-anchor-synthesis pathway,
cause  hyperphoshyperphosphatasia  with  mental
retardation. Am J Hum Genet. 2012;91:146-51.
https://doi.org/10.1016/j.ajhg.2012.05.004

Nakamura K, Osaka H, Murakami Y, Anzai R, Nishiyama
K, Kodera H, et al. PIGO mutations in intractable epilepsy
and severe developmental delay with mild elevation of
alkaline phosphatase levels. Epilepsia. 2014;55(2):e13-7.
https://doi.org/10.1111/epi.12508

Zehavi Y, von Renesse A, Daniel-Spiegel E, Sapir Y, Zalman
L, Chervinsky |, et al. Homozygous PIGO mutation
associated with severe infantile epileptic encephalopathy
and corpus callosum hypoplasia, but normal alkaline
phosphatase levels. Metab Brain Dis. 2017. https://doi.
org/10.1007/s11011-017-0109-y

Tanigawa J, Mimatsu H, Mizuno S, Okamoto N, Fukushi
D, Tominaga K, et al. Phenotype-genotype correlations
of PIGO deficiency with variable phenotypes from
infantile lethality to mild learning difficulties. Hum
Mutat. 2017;38(7):805-15. https://doi.org/10.1002/
humu.23219

Umair M, Rafique A, Ullah A, Ahmad F, Ali RH, Nasir A,
et al. Novel homozygous sequence variants in the GDF5
gene underlie acromesomelic dysplasia type-grebe
in consanguineous families. Congenit Anom (Kyoto).
2017;57(2):45-51. https://doi.org/10.1111/cga.12187

Hayat A, Hussain S, Bilal M, Kausar M, Almuzzaini B,
Abbas S, et al. Biallelic variants in four genes underlying
recessive osteogenesis imperfecta. Eur J Med Genet.
2020;63(8):103954. https://doi.org/10.1016/j.ejmg.
2020.103954

Younus M, Ahmad F, Malik E, Bilal M, Kausar M, Abbas S,
et al. SGCD homozygous nonsense mutation (p.Arg97%*)
causing limb-girdle muscular dystrophy type 2F (LGMD2F)
in a consanguineous family, a case report. Front Genet.
2019;9:727. https://doi.org/10.3389/fgene.2018.00727

Umair M, Bilal M, Ali RH, Alhaddad B, Ahmad F,
Abdullah, et al. Whole-exome sequencing revealed
a nonsense mutation in STKLD1 causing non-
syndromic pre-axial polydactyly type A affecting
only the upper limb. Clin Genet. 2019;96(2):134-39.
https://doi.org/10.1111/cge.13547

Ullah A, Umair M, Majeed Al, Abdullah, Jan A, Ahmad W.
A novel homozygous sequence variant in GLI1 underlies
first case of autosomal recessive pre-axial polydactyly.
Clin Genet. 2019;95(4):540-1. https://doi.org/10.1111/
cge.13495

Umair M, Palander O, Bilal M, Almuzzaini B, Alam
Q, Ahmad F, et al. Biallelic variant in DACHI,
encoding dachshund homolog 1, defines a novel
candidate locus for recessive postaxial polydactyly
type A. Genomics. 2021;113(4):2495-502.
https://doi.org/10.1016/j.ygeno.2021.05.015

Umair M, Khan A, Hayat A, Abbas S, Asiri A, Younus M,
et al. Biallelic missense mutation in the ECEL1 underlies
distal arthrogryposis type 5 (DAS5D). Front Pediatr.
2019;7:343. https://doi.org/10.3389/fped.2019.00343

Ahmad F, Ahmed |, Nasir A, Umair M, Muhammad D,
ShahzadS, etal. Adisease-causingnovelmissense mutation
in the ST14 gene underlies autosomal recessive ichthyosis

2008;144:287-94.


https://doi.org/10.1093/jb/mvn090
https://doi.org/10.1016/j.ajhg.2012.05.004
https://doi.org/10.1111/epi.12508
https://doi.org/10.1007/s11011-017-0109-y
https://doi.org/10.1007/s11011-017-0109-y
https://doi.org/10.1002/humu.23219
https://doi.org/10.1002/humu.23219
https://doi.org/10.1111/cga.12187
https://doi.org/10.1016/j.ejmg.2020.103954
https://doi.org/10.1016/j.ejmg.2020.103954
https://doi.org/10.3389/fgene.2018.00727
https://doi.org/10.1111/cge.13547
https://doi.org/10.1111/cge.13495
https://doi.org/10.1111/cge.13495
https://doi.org/10.1016/j.ygeno.2021.05.015
https://doi.org/10.3389/fped.2019.00343

14.

15.

16.

17.

18.

19.

20.

21.

22.

with hypotrichosis syndrome in a consanguineous
family. Eur J Dermatol. 2018;28(2):209-16.
https://doi.org/10.1684/ejd.2017.3210

Umair M, Ballow M, Asiri A, Alyafee Y, al Tuwaijri

A, Alhamoudi KM, et al. EMC10 homozygous
variant  identified in a family with global
developmental delay, mild intellectual disability,

and speech delay. Clin Genet. 2020;98(6):555-61.

https://doi.org/10.1111/cge.13842

Nayab A, Alam Q, Alzahrani OR, Khan R, Sarfaraz S, Albaz
AA, et al. Targeted exome sequencing identified a novel
frameshift variant in the PGAM2 gene causing glycogen
storagediseasetype X.EurJMed Gent.2021;64(9):104283.
https://doi.org/10.1016/j.ejmg.2021.104283

Xue J, Li H, Zhang Y, Yang Z. Clinical and genetic
analysis of two Chinese infants with Mabry
syndrome. Brain Dev. 2016;38(9):807-18.
https://doi.org/10.1016/j.braindev.2016.04.008

Kuki |, Takahashi Y, Okazaki S, Kawawaki H, Ehara E,
Inoue N, et al. Vitamin B6-responsive epilepsy due to
inherited GPI deficiency. Neurology. 2013;81:1467-469.
https://doi.org/10.1212/WNL.0b013e3182a8411a

Ngstvik M, Kateta SM, Schénewolf-Greulich B, Afenjar
A, Barth M, Boschann F, et al. Clinical and molecular
delineation of PUS3 associated neurodevelopmental
disorders. Clin Genet. 2021;100(5):628-33.
https://doi.org/10.1111/cge.14051

Royer-Bertrand B, Jequier Gygax M, Cisarova K,
Rosenfeld J, Bassetti JA, Moldovan O, et al. De novo
variants in CACNALE found in patients with intellectual
disability, developmental regression and social cognition
deficit but no seizures. Mol Autism 2021;12:69.
https://doi.org/10.1186/s13229-021-00473-3

Khan A, Molitor A, Mayeur S, Zhang G, Rinaldi B,
Lannes B, et al. A homozygous missense variant in
PPP1R1B/DARPP-32 is associated with generalized
dystonia. Mov Disord. 2021;37(2):365-74.
https://doi.org/10.1002/mds.28861

Wagas A, Abbas S, Nayab A, Shaheen S, Latif M, Rafeeq
MM, et al. Biallelic variant in the tRNA methyltransferase
domain of the AIkB homolog 8 causes syndromic
intellectual disability. Front Genet. 2022;13:878274.
https://doi.org/10.3389/fgene.2022.878274

Scala M, Drouot N, MacLennan SC, Wessels MW, Krygier
M, Pavinato L, et al. Truncating variants in De novo
truncating NOVA2 variants affect alternative splicing

28

23.

24,

25.

26.

27.

28.

29.

30.

and lead to heterogeneous neurodevelopmental
phenotypes. Hum Mutat. 2022; 43(9):1299-313.
https://doi.org/10.1002/humu.24414

Umair M, Khan MF, Aldrees M, Nashabat M, Alhamoudi
KM, Bilal M, et al. Mutated VWAS is associated with
developmental delay, microcephaly, scoliosis and play a
novelroleinearlydevelopmentandskeletalmorphogenesis
in Zebrafish. Front Cell Dev Biol. 2021;9:736960.
https://doi.org/10.3389/fcell.2021.736960

Meng T, Chen X, He Z, Huang H, Lin S, Liu K, et
al. ATP9A deficiency causes ADHD and aberrant
endosomal recycling via modulating RAB5 and
RAB11  activity. Mol  Psychiatry.  2023;6:1-13.
https://doi.org/10.1038/s41380-022-01940-w

Alfadhel M, Nashabat M, Saleh M, Elamin M, Alfares
A, Othaim AA, et al. Long-term effectiveness of
carglumic acid in patients with propionic acidemia
(PA) or methylmalonic acidemia (MMA): a randomized
clinical trial. Orphanet J Rare Dis. 2021;16(1):422.
https://doi.org/10.1186/s13023-021-02032-8

Alfadhel M, Umair M, Almuzzaini B, Alsaif S,
AlMohaimeed SA, Almashary MA, et al. Targeted
SLC19A3 gene sequencing of 3000 Saudi newborn: a pilot
study toward newborn screening. Ann Clin Transl Neurol.
2019;6(10):2097-2103. doi: 10.1002/acn3.50898.
https://doi.org/10.1002/acn3.50898

Alyafee Y, Al Tuwaijri A, Alam Q, Umair M, Haddad S,
Alharbi M, et al. Next generation sequencing based
non-invasive prenatal testing (NIPT): first report
from Saudi Arabia. Front Genet. 2021a;12:630787.
https://doi.org/10.3389/fgene.2021.630787

Alyafee Y, Alam Q, Tuwaijri AA, Umair M, Haddad S,
Alharbi M, et al. Next-generation sequencing-based
pre-implantation genetic testing for aneuploidy (PGT-A):
first report from Saudi arabia. Genes. 2021b;12:461.
https://doi.org/10.3390/genes12040461

Alyafee Y, Al Tuwaijri A, Umair M, Alharbi M,
Haddad S, Ballow M, et al. Non-invasive prenatal
testing for autosomal recessive disorders: a
new promising approach. Front Genet 2022.
https://doi.org/10.3389/fgene.2022.1047474

Ullah A, Gull A, Umair M, Irfanullah, Ahmad W.
Homozygous sequence variants in the WNT10B gene
underlie split hand/foot malformation. Genet Mol Biol.
2018;41(1):1-8. doi: 10.1590/1678-4685-GMB-2016-
0162.


https://doi.org/10.1684/ejd.2017.3210
https://doi.org/10.1111/cge.13842
https://doi.org/10.1016/j.ejmg.2021.104283
https://doi.org/10.1016/j.braindev.2016.04.008
https://doi.org/10.1212/WNL.0b013e3182a8411a
https://doi.org/10.1111/cge.14051
https://doi.org/10.1186/s13229-021-00473-3
https://doi.org/10.1002/mds.28861
https://doi.org/10.3389/fgene.2022.878274
https://doi.org/10.1002/humu.24414
https://doi.org/10.3389/fcell.2021.736960
https://doi.org/10.1038/s41380-022-01940-w
https://doi.org/10.1186/s13023-021-02032-8
https://doi.org/10.1002/acn3.50898
https://doi.org/10.3389/fgene.2021.630787
https://doi.org/10.3390/genes12040461
https://doi.org/10.3389/fgene.2022.1047474

