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ABSTRACT

Introduction and aim. This study presents a case of opsismodysplasia in a family, characterized by skeletal dysplasia and neu-
rological complications in two consecutive neonates.

Description of the case. Genetic analysis revealed that the father carries a likely benign/variant of uncertain significance (VUS)
in exon 14 of the INPPLT gene (c.1706C>T, p.Thr569Met), while the mother carries a pathogenic variant in exon 15 (c.1809del,
p.Trp604GlyfsTer17). These variants follow an autosomal recessive inheritance, confirming carrier status. Additionally, the fa-
ther is a carrier of a likely pathogenic variant in the CYP17A1 gene (OMIM*609300), specifically in exon 6 (c.1040G>A, p.Ar-
g347His, heterozygous), affecting 17,20-lyase activity and associated with isolated 17,20-lyase deficiency. Targeted sequencing
and Sanger validation elucidated the genetic basis of the condition, emphasizing the importance of genetic testing and coun-
selling in families with a history of genetic disorders. The detected variants in the INPPL1 gene disrupt SHIP2 protein function,
contributing to the observed abnormalities.

Conclusion. This study underscores the significance of early genetic diagnosis for reproductive counselling and timely inter-
vention. Further research into opsismodysplasia’s genetic mechanisms may lead to improved management and therapies for
affected individuals. Overall, this case highlights the critical role of genetic analysis in diagnosing and managing rare genetic
disorders, offering insights into personalized care and family planning.
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Introduction
Recurrent pregnancies resulting in offspring with con-
genital anomalies pose significant clinical challenges and
necessitate thorough investigation to elucidate the un-
derlying etiology.! We present a case of two consecutive
pregnancies with offspring exhibiting similar skeletal de-
formities and neurological anomalies, despite uneventful
antenatal periods and negative prenatal screenings.
Opsismodysplasia (OMIM#258480) is a rare genet-
ic disorder characterized by severe skeletal abnormali-

ties and distinct facial features. It is primarily caused by
homozygous or compound heterozygous mutations in
the inositol polyphosphate phosphatase like 1 (INPPL1I)
gene (OMIM*600829) located on chromosome 11q13.°
First described by Zonana et al. in 1977 and later des-
ignated under its current name by Maroteaux in 1984,
opsismodysplasia presents a complex array of clinical
manifestations, posing significant challenges to affect-
ed individuals and their caregivers.* Individuals with
opsismodysplasia often exhibit facial dysmorphism, in-
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cluding microcephaly, delayed ossification, a prominent
brow, enlarged fontanels, and flattened vertebrae. Addi-
tionally, they may display distinct craniofacial features
such as a depressed nasal bridge, diminutive nose, for-
ward-facing nasal openings (anteverted nares), elongat-
ed philtrum, and increased distance between the eyes
(hypertelorism), accompanied by protruding eyes (ex-
ophthalmos). These facial characteristics contribute to
the clinical diagnosis of opsismodysplasia.®

Beyond facial features, individuals with opsismo-
dysplasia typically present with skeletal abnormalities
such as rhizomelic micromelia, characterized by ex-
tremely short long bones, as well as abbreviated hands
and feet. Other skeletal manifestations include slender
thorax, profound platyspondyly, and delayed bone mat-
uration, often leading to significant functional impair-
ment. Respiratory infections are a common concern,
with fatalities resulting from respiratory failure docu-
mented within the initial years of life. However, extend-
ed survival has also been reported, underscoring the
variable clinical course of the disorder.

Radiographic examinations play a crucial role in the
diagnosis of Opsismodysplasia, revealing characteristic
skeletal abnormalities such as abbreviated long bones,
delayed epiphyseal ossification, pronounced platyspon-
dyly, and metaphyseal cupping. Additionally, distinctive
abnormalities in the metacarpals and phalanges are of-
ten observed, further aiding in the clinical assessment of
affected individuals.

The recurrence of similar congenital anomalies in
two consecutive pregnancies despite negative prenatal
screenings underscores the complexity of this case. The
absence of identifiable genetic or environmental factors
highlights the limitations of current diagnostic modal-
ities in elucidating rare and multifactorial conditions.
The presence of periventricular leukomalacia in the first
child and underdeveloped gyration with corpus callo-
sum aplasia in the second child suggests a potential neu-
rological basis for the observed anomalies.

Aim

This study presents a case of opsismodysplasia in a fam-
ily, characterized by skeletal dysplasia and neurological
complications in two consecutive neonates.

Description of the case

A detailed family history was taken to identify patterns of
inheritance and assess the likelihood of the disorder be-
ing passed on. However, the family’s medical history did
not reveal any notable anomalies. The first child, a female
born in April 2015 via Lower Segment Cesarean Section
(LSCS) in PrayagRaj, Uttar Pradesh, India, presented with
global developmental delay, microcephaly, tented upper
lip, cortical thumbs, bilateral congenital talipes equino-
varus, overlapping fingers, retrognathia, hypotonia, and

respiratory difficulties. Imaging studies revealed periven-
tricular leukomalacia on MR, indicative of cerebral white
matter injury. Despite extensive investigations including
karyotyping, biochemical assays, and TORCH screen-
ings, the underlying cause remained elusive. Tragically,
the child succumbed to complications after 35 days of life.
The second child, a male born in 2023, exhibited sim-
ilar skeletal deformities including acyanotic heart disease
with an atrial septal defect (ASD) of 3.5 mm. Imaging
studies revealed a small brain with underdeveloped gyra-
tion and corpus callosum aplasia on MRI, consistent with
neurological abnormalities observed in the first child.
Despite negative prenatal screenings and unremarkable
antenatal evaluations, the child experienced respiratory
difficulties and passed away after 30 days of life.

Investigations

Extensive investigations were conducted for both chil-
dren, encompassing karyotyping, biochemical assays
including complete blood count, renal and liver func-
tion tests, erythrocyte sedimentation rate, ultrasound
imaging, and TORCH screenings. Additionally, imag-
ing studies including X-rays and MRI were performed
to assess skeletal and neurological abnormalities.

An Indian family presenting with a clinical diag-
nosis of Opsismodysplasia was enrolled in this Case
study, comprising parents and affected siblings. Ethi-
cal approval was obtained from the Institutional Ethical
Committee at Banaras Hindu University. The research
methodology involved targeted sequencing, specifically
capturing and sequencing the protein-coding regions of
the genome or genes. This approach enhances the iden-
tification of mutations within exonic regions, which are
typically more clinically actionable compared to varia-
tions in non-coding regions.

Sample collection and DNA extraction

Blood samples were collected from the family members
(parents), and genomic DNA was extracted using Pure
Link Genomic DNA mini-Kit (Cat No. K1820-01) stan-
dard protocols. The DNA samples were isolated for tar-
geted gene capture using a custom capture kit.

Sequencing and data analysis

Sequencing of the captured libraries was performed on
the NextSeq 1000 and 2000 Systems Illumina platform,
achieving a mean coverage of >80-100X. The obtained
sequences were aligned to the human reference genome
(GRCh37/hg19) using the BWA program and analyzed
using Picard and GATK version 3.6 to identify variants
relevant to the clinical indication.®”

Variant annotation and filtering
Gene annotation of the identified variants was conducted
using the VEP program (Version 102.0) against the En-
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sembl release 87 human gene model. Clinically relevant
mutations were annotated using published variants in lit-
erature and databases such as ClinVar, OMIM, GWAS,
HGMD, and SwissVar. Common variants were filtered
based on allele frequency in population databases includ-
ing 1000 Genome Phase 3, ExAC, EVS, dbSNP147, 1000,
an internal Indian population database. Genetic varia-
tions that are present in a significant proportion of the
general population, usually with a minor allele frequency
(MAF) above a certain threshold (e.g., >1%).%°

Variant interpretation

Non-synonymous and splice site variants found in the
clinical exome panel consisting of 8332 genes were utilized
for clinical interpretation. Silent variations that did not re-
sult in any change in amino acid in the coding region were
not reported. The effect of non-synonymous variants was
assessed using multiple algorithms such as PolyPhen-2,
SIFT, Mutation Taster2, Mutation Assessor, and LRT.*12

Validation and clinical interpretation

Validation of identified variants by Sanger sequencing
3500 Series Genetic Analyzers with BigDye™ Termina-
tor v3.1, was recommended to rule out false positives.
It was advised to sequence the variants in both affected
and unaffected family members to validate their signifi-
cance (Tables 1 and 2). Genetic counseling was also rec-
ommended for further guidance and interpretation of
the genetic findings.'"*

Table 1. Sanger sequencing analysis results for father’s
INPPL1 gene

Gene name

INPPL1 (Exon 15)
Variation detected inNGS ~ chr11:71943374C>T (HET); ¢.1706C>T; p.Thr569Met
Sanger validation result

Present (Heterozygous)

In the Table 1, the Sanger sequencing analysis results
for the father’s INPPL1 gene are provided. The detected
variation corresponds to a substitution of cytosine with
thymine at nucleotide position 1706 in exon 15 of the
INPPLI gene, resulting in the amino acid change from
threonine to methionine at codon 569 (p.Thr569Met).
The Sanger validation confirms the presence of this vari-
ant in a heterozygous state.

Table 2. Sanger sequencing analysis results for mother’s
INPPL1 gene

Gene name INPPLT (Exon 15)

Variation detected in NGS  chr11:71943766delC (HET); ¢.1809del; p.Trp604GlyfsTer17
Sanger validation result ~ Present (Heterozygous)

In the Table 2, the Sanger sequencing analysis re-
sults for the mother’s INPPL1 gene are outlined. The de-
tected variation corresponds to a deletion at nucleotide
position 1809 in exon 15 of the INPPLI gene, resulting

in a frameshift mutation leading to the substitution of
tryptophan at codon 604 with glycine and a premature
termination codon (p.Trp604GlyfsTer17). The Sanger
validation confirms the presence of this variant in a het-
erozygous state.

NGS result and variant confirmation

NGS analysis identified a heterozygous mis-
sense variation in exon 14 of the INPPL1 gene
(chr11:71943374C>T), resulting in the amino acid sub-
stitution of Methionine for Threonine at codon 569
(p. Thr569Met; ENST00000298229, Table 3). The variant
lies in the catalytic domain of the SHIP2 protein, and
missense mutations in this domain have been report-
ed to inactivate the phosphatase function of the protein.
This variant was detected in the father of the patient.
Based on the evidence, this INPPLI variation was clas-
sified as a likely benign variant, warranting correlation
with the clinical symptoms Figures 1 and 2."

Table 3. Pathogenic variant identified in the mother and
likely benign/VUS variant in father of the patient are
presented, the patient’s father carries a likely benign/VUS
variant in exon 14 (c.1706C>T, p.Thr569Met), while the
patient’s mother carries a pathogenic variant in exon 15
(c.1809del, p.Trp604GlyfsTer17), these variants follow an
autosomal recessive mode of inheritance

Disease Patient’s father Patient’s mother
Opsismodysplasia Carrier Carrier
(OMIM#258480) Mode of Inheritance: AR Mode of Inheritance: AR

Gene: INPPLT (OMIM*600829) ~ Gene: INPPLT (OMIM*600829)

Exon 14, ¢.1706C>T, Exon 15, ¢.1809del,
p.Thr569Met p.Trp604GlyfsTer17

(lassification: likely benign Classification: pathogenic

Isolated 17,20-lyase ~ Carrier Non-carrier

deficiency Gene: CYP17A1 (OMIM*609300)

(OMIM#202110), Exon 6, ¢.1040G>A,

17-alpha- p.Arg347His, Heterozygous

hydroxylase/17,20-

lyase deficiency (lassification: likely pathogenic

(OMIM#202110)

Mode of inheritance: AR
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Fig. 1. The figure depicts the sequence chromatogram

and alignment illustrating the observed variation in exon
15 of the INPPL1 gene (chr11:71943766delC; c.1809del;
p.Trp604GlyfsTer17), the variation is identified in a
heterozygous state in the mother
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Fig. 2. The figure displays the sequence chromatogram
and alignment, highlighting the variation identified

in exon 14 of the INPPL1 gene (chr11:71943374C>T;
¢.1706C>T; p.Thr569Met), this variation was detected in a
heterozygous condition in the father of the patient

ACMG classification of p. Trp604GlyfsTer17 mutation
The p.Trp604GlyfsTer17 mutation identified in exon 15
of the INPPLL1 gene is classified as likely pathogenic ac-
cording to ACMG guidelines. This classification is sup-
ported by strong evidence including the presence of a
frameshift resulting in a premature termination codon
(PVS1), absence from control populations (PM2), and
multiple lines of computational evidence supporting a
deleterious effect (PP3, PM4, Table 4).

Table 4. Variant interpretation based on prediction tools
and ACMG classification

Variant Prediction tools SIFTa  ClinVar ACMG

mutation taster classification
(pathogenicity)

¢.1706C>T (p.Thr569Met) in Likely benign Likely  Variant of uncertain

INPPL1 exon 14 benign  significance (VUS)

€.1809del Pathogenic Pathogenic  PVS1, PM2, PP3,

(p.Trp604GlyfsTer17) in PM4

INPPL1 exon 15

c.1706C>T (p.Thr569Met) in INPPL1 exon 14:
ClinVar support the Likely Benign pathogenicity of
the ¢.1706C>T (p.Thr569Met) variant, and it is classi-
fied as likely benign in the Leiden Open Mutation Da-
tabase. Multiple in-silico analysis tools, such as SIFT
(Sorting Intolerant From Tolerant) and Mutation Tast-
er, support a likely benign or VUS classification, in-
dicating that ACMG PP3 is not met. While the PM2
criterion is fulfilled due to the variant’s extreme rarity
(GMAF=0.00060), the PM1 criterion is not applicable
as there is no evidence of a mutational hotspot.

c.1809del (p.Trp604GlyfsTer17) in INPPL1 exon
15: Predicted as pathogenic by various tools and sup-
ported by ClinVar. ACMG classification includes PVS1
(null variant in a gene where loss of function is a known
mechanism of disease), PM2 (absent from controls),
PP3 (multiple lines of computational evidence), and
PM4 (protein length changes due to frameshift).

Discussion

The presented case involves a family with two consec-
utive neonates affected by Opsismodysplasia, a rare ge-
netic disorder characterized by skeletal dysplasia and
neurological complications. Genetic analysis revealed
that the patient’s father carries a likely benign/variant
of uncertain significance (VUS) in exon 14 of the INP-
PL1I gene (c.1706C>T, p.Thr569Met), while the patient’s
mother carries a pathogenic variant in exon 15 of the
INPPLI gene (c.1809del, p.Trp604GlyfsTer17). These
variants follow an autosomal recessive mode of inheri-
tance, confirming the parents’ carrier status for this con-
dition and this variant requires further confirmation
due to its unclear classification.

Additionally, the father was found to be a carri-
er of a likely pathogenic variant in the CYPI17AI gene
(OMIM*609300), specifically in exon 6 (c.1040G>A,
p-Arg347His, heterozygous), which affects 17,20-lyase
activity. Isolated 17,20-lyase deficiency is primarily as-
sociated with mutations in the CYP17A1 gene, which
encodes for the enzyme cytochrome P450 17a-hydrox-
ylase/17,20-lyase. This enzyme plays a crucial role in
steroid hormone biosynthesis, specifically in the pro-
duction of glucocorticoids and sex steroids. The iden-
tification of pathogenic variants to clinically significant
variants and subsequent validation by Sanger sequenc-
ing provides valuable insights into the genetic basis of
opsismodysplasia in this family. The variants detected in
the INPPLI gene, particularly in exon 14 and exon 15,
are known to disrupt the function of the SHIP2 protein,
leading to the characteristic skeletal and neurological
abnormalities observed in opsismodysplasia.'”

The detection of these variants underscores the im-
portance of genetic testing and counselling in families
with a history of genetic disorders."® By identifying car-
rier status in parents, healthcare providers can offer in-
formed reproductive counselling to mitigate the risk of
passing on genetic conditions to future offspring. Addi-
tionally, early detection of genetic disorders allows for
timely intervention and management strategies to im-
prove patient outcomes.'**

Conclusion

In conclusion, the genetic analysis of this family with
opsismodysplasia revealed likely pathogenic variants
in the INPPLI gene, confirming carrier status in both
parents. The identification of these variants highlights
the role of targeted sequencing and Sanger validation in
diagnosing rare genetic disorders and providing valu-
able genetic counselling to affected families. Moving
forward, further research into the genetic mechanisms
underlying Opsismodysplasia may lead to the develop-
ment of targeted therapies and improved management
strategies for affected individuals.
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