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Abstract

Objective

Whole exome sequencing (WES) is a new molecular diagnostic
test, used in pediatric medicine, especially pediatric neurology.
The diagnostic yield of WES is higher than conventional methods.
Therefore, this study aimed to assess the diagnostic yield of WES in a

pediatric neurology clinic and to report positive results.

Materials & Methods

This retrospective study was performed on patients, presenting to
the pediatric neurology clinic of Ghaem Hospital in Mashhad, Iran,
between March 2015 and March 2017, with various neurological
disabilities and unrevealing workup before WES. The patients’
clinical features and molecular diagnoses based on the WES results

were reported in this study:.

Results
The overall diagnostic yield of WES was 82.71% (67/81 patients).

Two patients were excluded for the lack of data. Sixty-five patients
with pathogenic or possibly pathogenic variants exhibited various
abnormalities, including intellectual disability/developmental delay
(n=44), seizure (n=27), developmental regression (n=11), myopathy
(n=9), microcephaly (n=8), neuropathy (n=2), autism spectrum
disorder (n=2), and neuromuscular disease (n=2). Overall, 93.84% of
the patients were born to consanguineous parents. Also, 62 patients had
an autosomal recessive disorder, and three patients had an autosomal

dominant disorder.

Conclusion

The present findings indicating the high diagnostic yield of WES,
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besides the important role of this test in determining the etiology of

non-specific and atypical presentations of genetic disorders, support

the use of WES in pediatric neurology practice.
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Introduction

The causes of neurodevelopmental disorders
are not identified in many patients (1). Accurate
genetic diagnosis can improve the patient’s health
by identifying, starting, or changing the existing
treatments (2). Current diagnostic approaches,
including clinical assessments, laboratory tests,
chromosomal microarrays, single gene sequencing,
and gene panel sequencing, are effective in 46%
of patients in pediatric clinics (3). Also, these
approaches are diagnostic in 25% of patients with
neurodevelopmental disorders (2).

Whole exome sequencing (WES) is a new
molecular diagnostic test, with a higher diagnostic
yield than conventional methods (2). The diagnostic
yield of WES is variable in heterogeneous groups
of patients (2, 4). In previous studies evaluating
heterogeneous groups of pediatric neurology
patients, the diagnostic yield of WES was estimated
at 49.1%, 41%, and 19%, respectively (5-7).
Therefore, the present study aimed to assess the
diagnostic yield of WES in our pediatric neurology
clinic and to report positive results between March
2015 and March 2017.

Materials & Methods

In this retrospective study, we evaluated the medical
records of patients, who presented to the pediatric

neurology clinic of Ghaem Hospital in Mashhad,

18

Iran between March 2015 and March 2017 and
underwent WES. WES was ordered by pediatric
neurologists when genetic causes were suspected
based on their clinical judgment. We extracted
and analyzed the patients’ data, including age,
sex, disease phenotype, family history, affected
siblings, parental consanguinity, and gene variants.
However, we excluded patients with insufficient
medical records.

All families completed a written informed
consent form before WES. This study was
approved by the Ethics Committee of Mashhad
University of Medical Sciences (code: IR.MUMS.
fm.REC.1396.390).

Results
WES was performed on DNA of 81 patients,

presenting to the pediatric neurology clinic of
Ghaem Hospital in Mashhad, Iran between March
2015 and March 2017. An unknown genetic
disorder was suspected in all patients before
WES. Diagnostic evaluations, such as clinical
assessments, biochemical and metabolic tests,
imaging tests, biopsy, and genetic tests (i.e.,
karyotyping, chromosomal microarray, and single
gene sequencing), had been carried out prior to
WES for the majority of patients.

Genomic DNA was extracted from the peripheral

blood samples using standard methods and sent
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to laboratories for WES. The result of WES was
approved by the pediatric neurologist who had
visited the patient. A proven or hypothesized
molecular effect related to the patient’s phenotype
was required in the genetic variant; also, the variant
should follow the Mendelian inheritance model,
consistent with the status of each affected family
member. All results were confirmed via Sanger
sequencing.

The overall diagnostic yield of WES was estimated
at 82.71% (67/81 patients); therefore, 67 patients
had pathogenic or possibly pathogenic variants.
Two patients were excluded for the lack of data.
Full clinical and molecular data of all 65 patients
are presented in Table 1. Of 65 eligible patients, 39
(60%) were male, and 26 (40%) were female, with
the mean age of 8.125.15+ years.

Sixty-five

patients  with  pathogenic  or

possibly pathogenic variants exhibited various

Iran J Child Neurol. Spring 2021 Vol. 15 No. 2

abnormalities, including intellectual disability/
developmental delay (n=44), seizure (n=27),
developmental regression (n=11), myopathy (n=9),
microcephaly (n=8), neuropathy (n=2), autism
spectrum disorder (n=2), and neuromuscular
diseases (n=2). Moreover, of 65 eligible patients,
61 (93.84%) were born to consanguineous parents:
first cousins, 48 (78.69%); second cousins, 6
(9.83%); and double cousins, 1 (1.64%). Forty-
three (66.2%) out of 65 eligible patients had an
affected sibling with a similar phenotype, although
its severity varied.

Of 65 patients with a genetic diagnosis, 62
(95.39%) had an autosomal recessive disorder, and
3 (4.61%) had an autosomal dominant disorder.
The variant types in 65 patients with a genetic
diagnosis were missense (n=34), nonsense (n=12),
frameshift (n=11), splice site (n=5), deletion (n=2),

and insertion (n=1).
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Discussion

The diagnostic yield of WES in the present
study was remarkably high for 81 previously
undiagnosed pediatric neurology patients, with a
success rate of 82.71%. In heterogeneous pediatric
neurology cohorts, the diagnostic yield of WES
varies substantially. In this regard, a study on 78
children with undiagnosed neurological diseases
showed that the diagnostic yield of WES was
41% (6). Moreover, in a neurogenetic clinic, the
diagnostic yield of WES was 49% among 57
patients with various undiagnosed neurological
diseases (5). Also, in a WES study of 118 patients
with neurodevelopmental disorders, for whom
conventional genetic tests were undiagnostic, 8%
of cases had a mutation in known genes causing
diseases, and 19% had a mutation in novel genes
possibly causing diseases (7).

Inaprevious study evaluating 47 genetic centers, the
success rate of WES was estimated at 22.8% (13).
The diagnostic yield of WES was 25% in a study
on 250 probands, who were referred from genetic,
pediatric, and neurology clinics (14). Moreover, in
a study on patients with neuromuscular diseases,
associated with the parents’ consanguineous
marriage, the diagnostic yield of WES was 73.3%
(3). The high diagnostic yield of WES in the present
study, where 93.4% of the patients were born to
consanguineous parents, could be attributed to our
patient population, as WES was performed for
those with highly suspected genetic factors.

As shown in Table 1, the same variant of TMEM67
gene was found in two patients (case 1 and case
46). The clinical and imaging findings suggested
Joubert syndrome in case 1, whereas in case 46,
developmental delay, behavioral disorder, and
amblyopia were found, which are not the usual

diagnostic signs of this disease. These findings
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indicate that WES can be utilized for identifying
the unusual manifestations of rare diseases.

Eight different mutations have been found in
Plexin B1 (PLXNBI1) gene, five of which are
considered pathogenic, and one is considered
to be possibly pathogenic. However, there is not
sufficient evidence to identify the phenotypes of
these mutations (15). In the present study, we found
the same mutation in two related patients with
the central nervous system (CNS) involvement;
however, their phenotypes were different (case 40
and case 41 in Table 1).
A mutation in the abnormal spindle-like
microcephaly associated (ASPM) gene is the most
common cause of genetic microcephaly. More than
100 mutations in this gene have been identified
so far (16). We found two different variants of
ASPM gene in two patients. The ¢.9697C>T
(p.Arg3233Ter) variant was identified as a disease-
causing variant (17), whereas the ¢.2650 2651insG
(p.Lys884Argfs*15) variant was a novel mutation
in our study.

In the present study, case 25 was one of the four
patients, who had the same clinical manifestations
and different mutations in the PPPIR21 gene.
This patient had been evaluated for developmental
delay since the age of eight months, and a thin
cerebral cortex, especially in the frontotemporal
regions, large lateral ventricles, thinning of the
corpus callosum, and atrophy/hypoplasia of the
optic nerve were detected in the brain MRI. The
function of protein, translated from the PPP1R21
gene, was not definitely identified. However, based
on previous studies, its deletion causes a specific
neurodevelopmental syndrome with symptoms of
mild endosomal/lysosomal dysfunction (9).

In routine clinical practice, indications for WES

are not as complicated as the interpretation of its
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results. Determination of the patient’s phenotype is
the first step in requesting WES. If the phenotype
is compatible with a known syndrome, the next
step is ordering conventional targeted genetic tests
for evaluations. Based on the American College of
Medical Genetics and Genomics (ACMG), WES
should be performed for the following patients: (1)
patients with a suspected genetic disorder, whose
phenotype is not compatible with the suspected
syndromes; (2) patients with clinical manifestations
which have various genetic causes; and (3) patients
without an acceptable cause for the phenotype (18).
In this study, WES was requested after the routine
diagnostic tests yielded unsuccessful results,
while according to recent studies, it is more cost-
effective if clinicians request WES for patients
with a suspected genetic disorder in the primary
visits (2, 9, 15, 19).

Despite the high diagnostic yield of WES, this test
has several limitations. WES cannot identify large
insertions and deletions, structural chromosomal
rearrangements, trinucleotide repeats, epigenetic
modifications, or mutations in non-exon regulatory
regions. There are also technical limitations in
sequencing mitochondrial DNA (5, 6, 20). Also,
uncertainty about the function of possible genetic
findingsisanotherlimitationof WES, whichcanlead
to the misidentification of genes and misdiagnosis
(5, 6). On the other hand, the neurodevelopmental
phenotype of a patient is affected by many
factors, such as complicated interactions between
various genes and environmental factors. Due to
the unavailability of WES in Iran, in the present
study, the extracted DNAs were sent abroad
for sequencing; therefore, establishing the final

diagnosis can be time-consuming.
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In conclusion

The diagnostic rate of WES was remarkably high
in our pediatric neurology clinic, with a success
rate of 82.71%. Considering the high diagnostic
yield of WES, its application in prenatal care can
expand the genetic knowledgebase; therefore,
clinicians should consider requesting WES in their

routine practice.
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