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A novel loss-of-function mutation in HACE]! 1s linked to a
genetic disorder in a patient from India

Nivedita Hariharan', Samathmika Ravi', Bulagonda Eswarappa Pradeep?, Koushik Narayan Subramanyam?, Bibha Choudhary’,

Subhashini Srinivasan' and Prakash Khanchandani®

A large number of congenital disorders are very rare and localized to rural areas in India, a country that practices both endogamy
and consanguinity. Recent advances in genomics can aid in the identification of causative genomic elements when exploring
therapeutic interventions and developing neonatal screening to assign novel functions. Here, we report a novel loss-of-function
mutation (p.Trp370%) in the HACET gene that is associated with a rare congenital neurodevelopmental disorder in a boy from a

remote village in southern India.
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The proband came to Sri Sathya Sai Institute of Higher Medical
Sciences, Prasanthigram, Puttaparthi (Andhra Pradesh, India) with
a displaced fracture in the femoral neck following a fall and was
found to have global developmental delay, severe mental
retardation and hypotonia. The parents also reported multiple
episodes of myoclonic seizures in the right upper and lower limbs
at varying frequencies starting at 1 month after birth until ~7
years of age. No generalized seizures were reported.

The child has had a significant delay in developmental
milestones. The proband was able to sit and walk with support
only at 6 years of age and had monosyllabic speech. The child is
currently 11 years old, has better cognition, walks comfortably
with support and has a broad-based, crouched gait. The patient
has no ataxia or fasciculations. He is also able to get up from the
ground with support. At present, the patient has hypertonia and
exaggerated deep tendon reflexes in all four limbs with an
extensor planter response in his feet bilaterally. The muscle power
in the upper and lower limbs is normal. There is no wasting of
muscles. The body hairs are hypopigmented, and the patient has
heterochromia of the iris. Though the spine is clinically normal,
exaggerated lumbar lordosis is present.

The child currently weighs 35 kg and is 130 cm tall. His weight is
greater than the 25th percentile and his height less than the 3rd
percentile of the age group as per the Indian Academy of
Pediatrics growth chart. The occipitofrontal circumference is
53.5 cm and is within the range of normal. On the Vineland Social
Maturity Scale, the child has a social age of 1 year and 7 months
and a social quotient of 17. His current adaptive level falls below
average, and the patient has a profound intellectual disability. His
genitals appear normal, and his vision, hearing and dentition are
normal. An electroencephalogram revealed an awake record
background with well-defined a-activity at 9-10 Hz. The electro-
encephalogram also showed frequent bilateral temporal high
voltage focal sharp waves and occasional generalized bilateral
frontal spikes with wave discharges from the right frontal region.

The magnetic resonance imaging of the patient’s brain (Figure
1b) showed a hypoplastic corpus callosum, subtle soft tissue

intensity lesion indenting the frontal horns of the lateral ventricle
without blooming and lesion in the cerebrospinal fluid (that was
partially inverted in the left premedullary cistern and displaced the
basilar artery to the right with the presence of a possible
neuroenteric cyst.

The boy with the neurodevelopmental disorder was born to
consanguineous, healthy parents and has one unaffected older
female sibling. There had been two male neonatal deaths (cause
unknown) prior to the birth of the proband. An evaluation of the
family tree revealed repeated consanguinity over two generations
(Figure 1a). The family history of the patient gathered by the
doctors from the parents of the proband revealed that the
proband's uncle (lll-7) was also affected with a similar disorder.
The uncle himself never came to the hospital for any evaluation
and did not give informed consent for genetic testing. Together,
these findings strongly suggest the potential role of genetic
inheritance in the disorder observed in the proband.

Blood samples of the proband, his unaffected parents and
siblings were collected after written informed consent from the
parents. Standard karyotyping was conducted, and no abnormal-
ities were found. The genomic DNA was then extracted from all
five samples and were sequenced at the Institute of Bioinformatics
and Applied Biotechnology (Bangalore, India). Whole-genome
sequencing was performed on an lllumina HiSeq2500 platform
(Illumina, San Diego, CA, USA) that generated 230 Gb of data with
100 bp paired-end reads. The average genome coverage was
17X-28X. The sequenced reads were aligned to the hg19 reference
genome using bowtie2,' and the alignment files were further
processed with SAMtools.?> PCR duplicates were removed using
Picard tools.®> The data were then pre-processed with IndelRea-
ligner and Base Recalibrator tools from GATK.* The variants from
each sample were called separately using the HaplotypeCaller,
followed by joint genotyping, variant quality score recalibration
and genotglpe refinement according to GATK Best Practices
workflow.>® The inherited homozygous variants from the proband
were filtered out using the filter function from SnpSift” and were
annotated using SnpEff® and SnpSift. Only the non-synonymous
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Figure 1. Radiological and molecular analysis of HACE1 (a) A family pedigree showing the proband (IV-5). (b) Magnetic resonance imaging
(MRI; axial and sagittal views) of the proband showing cerebral atrophy, mega cisterna magna and a hypoplastic corpus callosum. (c) A
comparison of the HACE1 (HECT domain and ankyrin repeat-containing E3 ubiquitin-protein ligase 1) sequence (from Sanger sequencing) of
the proband to the reference (hg19:6:105177567-105177550). The 6:105233159.G>A mutation results in a loss of the HACE1 protein. (d)
Western blot analysis to detect protein expression of HACET (sc-515746 antibody) reveals an absence of the 90 kDa protein in the proband
(lane 1) and the presence of the same protein in the father (lane 2) and mother (lane 3). Appropriate protein loading controls are shown in the
panel below. (e) The domain structure of the HACET protein with ankyrin repeats (green) and the HECT domain (red)." The disorder-

associated variants that have been previously reported are shown in purple, and the variant reported in this study is shown in pink.

variants that had minor allele frequency < 0.005 in the 1000G
data set were considered for further analysis. The loss-of-function
p.Trp370* mutation in HACET (HECT domain and ankyrin repeat-
containing E3 ubiquitin-protein ligase 1) was shortlisted as a
potentially causative mutation. The parents of the proband and
the half-sister (Figure 1a) were heterozygous for this variant. In
addition, the p.Trp370* variant in the HACET gene is not present in
common variation databases, such as 1000G, dbSNP138, EXAC,
UK10K, clinVar and HapMap, suggesting that this variation is
unique to the family under study. This result was verified by
Sanger sequencing and western blot analysis (Figure 1c,d).

HACET is involved in the subcellular localization and proteaso-
mal degradation of target proteins and is known to be expressed
in all regions of the brain and in many other tissues.” HACE1 has
been shown to regulate the activity of cellular GTPases, such as
Rac1,"® which is believed to be involved in brain development.'
HACET is also reported to be a potential tumor suppressor. More
specifically, it has been shown to be significantly downregulated
in many human tumors.'*"3

The case reported here is the 15th case worldwide and the first
in India to report the involvement of the HACET gene in a
neurodevelopmental disorder. In the first report, the study
included three affected children from a German family with
unrelated parents and five affected members from a Pakistani
family with consanguinity. The five affected children from the
Pakistani family had a homozygous deleterious mutation in the
HACET gene, and the 3 children from the German family had
compound heterozygosity in the same gene.'® In another large-
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scale study involving families affected with a neurodevelopmental
disorder, the HACET mutation was reported in six affected children
from four families, with one child each from three families with
different homozygous loss-of-function mutations and three
children from a single family with a biallelic mutation."
Figure Te and Table 1 list all of the HACET mutations reported
thus far, including the p.Trp370* mutation described in the report.

In the OMIM (Online Mendelian Inheritance in Man) database,
the disease assigned for the neurodevelopmental disorder caused
by the HACET loss-of-function mutation is SPPRS (spastic
paraplegia and psychomotor retardation with or without seizures,
OMIM: 616756).'® The previously reported 14 cases of neurode-
velopmental disorders with diverse loss-of-function mutations in
the HACET gene are classified as SPPRS in the OMIM database.
Given that neurodevelopmental disorders can display complex
phenotypes, the case described here is likely another variation
of SPPRS.

The diversity among the loss-of-function mutations in the
HACET gene in a familial neurodevelopmental disorder from
independent reports suggest that consanguinity and, perhaps,
endogamy may play a significant role in propagating these
deleterious autosomal recessive mutations through generations.
This finding is of concern in cultures that practice endogamy and
consanguinity as found in the case studied here. Developing an
assay to screen for the mutation reported here to identify the
prevalence of this mutation in the endogamous group that the
family in this study belongs to is important. The assay can then be
offered as a neonatal screen to this population.
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Developmental delay, hypotonic/ataxic movement, facial muscular hypotonia
with inarticulate speech, myoclonic epilepsy, bilateral lower limb spasticity,
waddling gait, skeletal defects, abnormal MRI findings (hypoplastic corpus
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Abbreviations: HACE1, HECT domain and ankyrin repeat-containing E3 ubiquitin-protein ligase 1; MRI, magnetic resonance imaging.
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The relevant data from this Data Report are hosted at the Human
Genome Variation Database at http://dx.doi.org/10.6084/m9.fig
share.hgv.1744 (2017).
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