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Introduction

Iron-sulfur cluster assembly 1 (ISCA1) is a mitochondrial
protein involved in the biogenesis of iron-sulfur clusters
(ISCs) essential for electron transport reaction.' 3 Recently,
we reported four patients from two unrelated families with a
homozygous missense variant in ISCA1 leading to multiple
mitochondrial dysfunctions syndrome 5 (MMDS5; MIM
#617613),4 Here, we report the same variant in another
family with similar clinical and neuroimaging findings. Our
findings further confirm this nosological entity.

Materials and Methods

Clinical Report

A 6-month-old male child was the first born to a nonconsan-
guineous couple by lower segment cesarean section
(=Fig. 1A). At birth, weight was 2.6 kg (-1 standard deviation
[SD]), length was 47 cm (normal), and head circumference was
33 cm (normal). He had no feeding difficulty and the perinatal
history was unremarkable. He presented with myoclonic jerks
starting at the age of 3 months and developmental delay. On
examination at 6 months of age, the head circumference was
noted to be 40.5 cm (-2 SD), total length was 66 cm (normal),
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Iron-sulfur cluster assembly 1 (ISCA1) is one of the essential proteins operating in the
mitochondrial iron-sulfur (Fe-S) cluster biogenesis pathway. We reported the variant
€.259G > A[p.(Glu87Lys)] in homozygous state in exon 4 of the ISCAT gene as the likely
cause of multiple mitochondrial dysfunction syndrome 5 in a previous publication. We
now report the third patient with the same phenotype and variant, further supporting
the possibility of a founder event. Our observation confirms the clinical presentation
associated with a probable founder variant in this condition.

and weight was 6.5 kg (normal). He had mild spasticity in all
four limbs. He had normal deep tendon reflexes. The rest of the
systemic examination was unremarkable. Testing for serum
amino acids, acylcarnitine profile, and thyroid function
showed normal results. Magnetic resonance imaging of the
brain at age 6 months showed pachygyria, dilated ventricles,
and diffuse white matter abnormalities in the cerebrum,
cerebellum, as well as brain stem (=Fig. 1B, C). Magnetic
resonance spectroscopy showed an elevated lactate peak.
The patient was recruited for further investigations after
obtaining informed consents. This work has been approved
by the local Institutional Ethics Committee.

Molecular Analysis

Targeted Sanger sequencing of exon 4 and flanking intronic
regions of ISCA1 was done for the proband and his parents as
the clinical and radiographic features suggested possibility of
MMDS5 as the likely diagnosis. Further, whole-exome
sequencing was done to rule out other pathogenic variants
and to analyze the founder effect as described earlier.*
Variant prioritization and filtering strategy is outlined
in =Supplementary Table S1 (online only). Autozygosity
mapping was done using FILTUS v.1.0.4 (Oslo University
Hospital and University of Oslo, Oslo, Norway).
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Fig. 1 (A) Pedigree of the family. (B) T2-weighted magnetic resonance imaging of brain shows pachygyria (black arrow), dilated ventricles
(white arrow), and extensive hyperintensities in cerebral deep white matter (black arrowhead). (C) Extensive hyperintensities were also seen in
deep cerebellar nuclei (white arrowhead) on T2-weighted magnetic resonance imaging of brain. (D) Homozygous variant ¢.259G > A [p.
(Glu87Lys)] was observed on targeted Sanger sequencing in patient index, parents were heterozygous carriers.

Results

Targeted Sanger sequencing confirmed homozygous mis-
sense variant, ¢.259G > A [p.(Glu87Lys)] in exon 4 of ISCA1
(NM_030940.3). Biallelic segregation of the variant was
validated in the parents of the proband (=Fig. 1D). The
variant was observed on integrated genomic viewer with
read frequency of 100% from exome data.® No other clinically
relevant variants were observed in any other gene in the
proband’s exome. A total of 587 regions of homozygosity
were observed from exome sequencing data spanning 311
Mb. ISCA1 was seen in one of the large regions of homo-
zygosity of 8.25 Mb (Chr9:82006605-90258248). This block
was then manually checked for the haplotype reported ear-
lier in patients with the same variant in ISCA1.% All three
families were found to carry a common haplotype around the
variant (=Supplementary Table S2, online only).

Discussion

Biogenesis of ISCs operate in the mitochondria, cytosol, and
nucleus of eukaryotic cells and is imperative for several
cellular functions such as respiration, translation, DNA
repair, and gene expression regulation.”® In vivo functional
studies in mice demonstrate critical roles of ISCAT in matura-

tion and maintenance of mitochondrial ISCs of neuronal
cells.” Recently, we reported a homozygous missense variant
€.259G > A[p.(Glu87Lys)]in ISCA1 associated with MMDS5.*
We hereby report the third family with the same phenotype
and the genotype confirming the association. Clinical fea-
tures in the proband and the affected individuals reported
earlier include early-onset seizures, developmental delay,
spasticity, and early demise. Characteristic brain imaging
findings of pachygyria, ventriculomegaly, and extensive
bilateral white matter abnormalities in cerebral and cere-
bellar hemispheres and brain stem were noted to be identical
in all affected individuals. The detailed clinical characteris-
tics of the previously reported and the present proband are
provided in =Table 1.

The marked similarity between the clinical presentation
of the proband described here when compared with our
previously reported subjects with MMDS5 led us to perform
targeted testing for the same genetic variant, c.259G > A [p.
(Glu87Lys)] in ISCA1. The in silico prediction tools, Poly-
Phen-2, Sorting Intolerant from Tolerant (SIFT), and Muta-
tionTaster, are consistent in predicting the pathogenicity of
the said genetic variant.'®"'2 The variant is not present in
homozygous state in the 1000 Genomes Project, the Exome
Aggregation Consortium (ExXAC), gnomAD, and in our in-
house exome data of 377 unrelated individuals.
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Table 1 Clinical findings observed in the proband and families reported earlier
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Clinical findings Present study Shukla et al, 2017
Family 1 Family 2
1.1 11.3 1.4 1.1 11.2
Sex Male Female Male Female Male
Age at assessment 6 mo 9 mo 8 mo 7 mo 1y 11 mo
Age at demise NA 1y7mo S5y 11 mo 2y3mo
Birth weight (kg) 2.6 3 3.6 2.5 2.7
Weight (kg/SD) 6.5 (normal) 7/-1 NA 6.4/-2 5.8/-6
Length (cm/SD) 66 (normal) 63/-1 NA NA 76/-5
OFC (cm/SD) 40.5/-2 41/-2 42/-2 42.5/-1 43.5/-6
Seizures + + + + +
Onset of seizures 3 mo NA 4 mo 3 mo 2 mo
Developmental delay + + + + +
Milestones achieved Social smile Partial head No milestones
sometimes control achieved
Feeding difficulty - + + + +
Tone Spasticity Spasticity Spasticity Spasticity Spasticity
Deep tendon reflexes Normal Exaggerated Exaggerated Exaggerated Exaggerated
Strabismus - + - - +
Other clinical findings - History of History of - -
incessant cry, incessant cry,
nystagmus tremors in
hands
Pachygyria + + + NA -
Cerebral white matter + + + + +
abnormalities
Cerebellar white matter + + + + +
abnormalities
Cerebral + + + +2 +
ventriculomegaly
MRS findings Elevated Elevated lactate | Elevated lipid- NA Elevated lipid-
lactate peak peak lactate peak lactate peak
EEG findings NA Normal NA Abnormal Normal
Ophthalmological findings NA Normal VEP Stippled NA NA
and fundus pigmentation
of fundus
Hearing evaluation Normal NA NA Impaired Normal
Blood lactate (mg/dL) NA 20.7 36 65.8 40.5
CPK (normal: 22-198 U/L) NA 132 568 NA 42

This document was downloaded for personal use only. Unauthorized distribution is strictly prohibited.

Abbreviations: +, present; —, absent; CPK, creatine phosphokinase; EEG, electroencephalogram; MRI, magnetic resonance imaging; MRS, magnetic
resonance spectroscopy; NA, not available; OFC, occipitofrontal circumference; SD, standard deviation; VEP, visual evoked potential.
?Observed on computed tomography.

All the patients and families with the reported pathogenic
variant are from the same geographical region. Exome sequen-
cing was done to validate the founder region haplotype as
observed in the previously reported patients who demonstrated
an identical haplotype (G-A-T-G-G-G-A-A-T-T-G-T-T-T-G-G) in
all the three families, thus confirming the founder effect.

This report further validates ISCA1 as a causative gene for
MMDSS5. It also illustrates that MMDS5 has very character-
istic and recognizable clinical and radiological findings. Also,
the confirmation of a founder effect is likely to aid in
diagnosis of MMDS5 by targeted variant testing for indivi-
duals from this geographic region.
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