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ABSTRACT

Objective: Intellectual disability is the most common developmental disorder that originates before the age of 18 years and is characterized by
limitation in intellectual functioning and adaptive behaviour. The fact that >30 to 50% of all causes are still unknown in etiology is increasing the
burden of the clinical evaluators and managers handling these children. The purpose of this study was to have an optimal genetic diagnostic evaluation
to assist paediatricians in providing medical advice for children with intellectual disabilities and global developmental delays.

Methods: The study was initiated with 385 cases; however, only 201 cases had no cytogenetic abnormality and negative for PCR test for FXS. However,
these subjects showed characteristic signs of facial dysmorphisms, developmental delay, mild to severe intellectual disability, which were unique
and unspecific with lack of major hallmarks for any particular syndrome/phenotype, considered as “idiopathic” and tested for MLPA analysis and
subsequently confirmed by FISH and RT-qPCR.

Results: A total of 23 (11.44%) cases were found to have submicroscopic chromosomal variations [microdeletions (18 cases), microduplications
(5 cases)]. We categorized the aberrations detected in these cases as novel and as variants of uncertain significance. All these cases showed clear
evidence for segregation of the variation and were provided with the required genetic counselling.

Conclusion: MLPA method gives a better yield in combination with karyotype analysis. The detection rate as per current analysis suggests that the

use of MLPA could be a robust, high throughput yet cost-effective technique for use in a diagnostic set up.
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INTRODUCTION

Intellectual and developmental disabilities (IDDs) affects 1-3%
of the general population and represents an important health
burden in developing countries. Clinical diagnosis of IDD is based
on intelligent quotient (IQ <70) and substantially limitation
in one or more daily activities. Global developmental delay
(GDD; children younger, i.e., <5 years) and intellectual disability
(ID; children >5 years of age) are common concerns and are caused by
multifactor that impairs the developmental milestones such as growth
and cognitive development [1]. Genetic causes include chromosomal,
monogenic/polygenic variations, and copy number changes [2]. The
majority of the cases (25-50%) reported having genetic etiologies such
as chromosomal syndromes, microdeletions, and gene mutations and
more than 50% of its still unexplained [3,4]. Considering their severity
in IQ and congenital anomaly, IDDs are grouped into syndromic and
non-syndromic forms. Syndromic IDD presents with one or more
clinical phenotypes or comorbidities in addition to ID. However, non-
syndromic IDD has a clear definition with no comorbidities [5]. In the
present study, conventional cytogenetics was used for initial screening
of 385 clinically diagnosed children (<18 years) with unknown etiology.
Among them, 201 children were shown to have no gross chromosomal
abnormalities. These 201 children were deemed as idiopathic
intellectual developmental disabilities (idiopathic IDDs) and further
assessed submicroscopic variations or copy number changes using
multiplex ligation-dependent probe amplification (MLPA) assay [6]. We
henceforth, intended that MLPA is high throughput and cost-effective
and has a reduced turnaround time to diagnose syndromic and non-
syndromic IDDs.

METHODS

Clinically diagnosed children with ID and GDD with no known etiology
were recruited to investigate submicroscopic and subtelomeric
chromosomal variations. Three hundred and eighty-five subjects
were recruited after the Institutional Ethics Committee approval and
informed consent from parents or guardians, and clinical profiles were
noted. Peripheral blood (5 ml) was collected in a green top Vacutainer
from each patient to carry out cytogenetics as well as molecular analysis.
Lymphocytes were cultured and the metaphase plates prepared as
per the standard operating procedure [7]. The metaphase slides were
trypsinized and stained with Giemsa stain, visualized and scored using
a Zeiss microscope and IKAROS software. A minimum of 50 metaphases
was analyzed using Ikaros Karyotyping System.

Genomic DNA was isolated from a peripheral blood sample using a
QIAGEN genomic DNA isolation kit according to the manufacturer’s
instruction. All samples were processed for MLPA probe sets (SALSA
P036 and P070) according to the manufacturer’s (MRC-Holland)
instructions with minor modifications. The selection criteria for X
chromosome screening included males with a normal MLPA profile
using SALSA P245A2 and MRX106B1 probe sets. The amplified probes
corresponding to multiple genomic locations have different lengths
and were then size separated by capillary electrophoresis. Each peak
represents a genomic locus and peak height represented the product
produced which corresponds to the copy number. The data thus
obtained are transported to a peak pattern analysis platform where
the peaks of the heights are normalized, and the dosage quotient
was calculated. The data further validated by quantitative real-time
polymerase chain reaction (RT-qPCR) using SYBR green assay.
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RESULTS

A cohort of 385 clinical subjects was recruited as referred by clinicians
from Kasturba Hospital and in and around primary health-care centers
and schools for the specially abled based on unknown etiology of the
clinical features with intellectual disability, developmental delay,
with and without dysmorphic features (of the face including eyes,
ears, and nose), congenital abnormalities (hands, brain, and abnormal
genitalia), abnormality in postnatal growth (growth retardation or
overgrowth), behavioral disorders (autistic spectrum of disorders,
hyperactivity disorders, disturbed sleep patterns, aggressive behaviors,
and self-injurious nature), or a reported significant family history of
IDD. Further, for selective inclusion to the study, additional clinical
selection criteria based on the checklist adapted from BB de Vries
group published in 2001 [8]. In this study, 385 clinically diagnosed
ID/developmental delays were included and subjected to the firstline of
screening by conventional karyotype after G-banding using trypsin and
Giemsa stain. All cases that showed normal chromosomal coordinates
were then subjected to test for Fragile X syndrome screening by PCR
and only those subjects (n=201) showed that negative results for these
two screening tests were analyzed using MLPA. Among them, 23 cases
were detected to have submicroscopic aberrations (19 deletions, five
duplications). The results are summarized in Table 1.

These variations have been categorized into three classes,
“Pathogenic,” “Likely pathogenic,” and “copy number variants (CNVs)
of unknown significance.” Pathogenic CNVs are those variations
which have been reported previously in the literature and have
been implicated in the disease with phenotypes consistent with the
previous reports. We report novel and likely pathogenic CNVs in the
vicinity of reported CNVs (same protein domain, gene locus) [9,10]
that can have major disease implications as found in the literature.
CNVs of unknown significance are classified as those which have less
functional implications but appear in association with the disease.
Three microdeletions detected were thought to be pathogenic;
deletions of 3q in cases K 54, K 42, and K 226, deletions of 22q in
cases K19, K 71, K 112, and deletions in Xg-in cases K 58 and K123.
These deletions have already been reported in the literature to be
pathogenic and have a very clear set of clinical features associated
with 3929 microdeletion syndrome, Phelan-McDermid syndrome
(PMS) 22q13, and Xq28 deletion syndrome. However, the SLC6A8
deletion in case K58, SHANK3 deletion in K 71, and DLG1 deletion in
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case K42 and K226 could not be reproduced by qRT-PCR and hence
have been eliminated from the final list of abnormalities.

Adeletionof22q11.21in K25 was detected, which was found to be inherited
from a phenotypically healthy parent; hence, this variation was assumed
to be benign. Further, a duplication of the MeCP2 gene was detected in a
patient who also inherited the variation from a healthy parent and had
two siblings who had normal intellectual and behavioral phenotypes.
Thus, this variation could not be ascertained as disease causing. This could
also be due to the lack of literary evidence to substantiate this finding.
In remaining cases, parental samples were not available and hence an
inheritance pattern could not be established. We classify the aberrations
detected in these cases as novel and as variants of uncertain significance.
All cases which showed clear evidence for segregation of the variation
were provided with the required genetic counseling.

DISCUSSION

All diagnosed individuals/children (n=201, 52.2%) found to have
normal chromosomal complement were further processed for copy
number rearrangement screening by MLPA. At present, there is
limited information from South Indian population about the diagnostic
applicability of MLPA in the detection of cryptic chromosomal
abnormalities causing IDDs. To the best of our knowledge, our study
may be the first one to report the clinical use of MLPA in detecting IDDs
in a clinical diagnostic setup with an initial set of 122 samples from
the region of North Kerala and Karnataka [11]. Further, we extended
the study into 201 isolated idiopathic subjects among 385 recruited
IDDs. In 2014, the clinical utility of MLPA in 203 unexplained mental
retardations was reported by Boggula et al. [12]. Subsequently, several
groups have started in using MLPA in a large-scale diagnostic as well as
in research.

SHANK3 on 22q13 deletion was reported in association with PMS, with
characteristic features include developmental delay, ID, hypotonia,
and delayed speech. Our results in concordance with literature, it
was found that SHANK3 gene microdeletion is the common cause of
autistic spectrum and mild ID [13]. We identified a microdeletion at
a subtelomeric region of 22q13 in three children with developmental
delay including facial dysmorphism and language deficit. The deletion
of SHANK3 was the first most likely to cause the neurobehavioral
symptoms of PMS and has been reported to substantiate gene dosage-

Table 1: A detailed clinical profile and copy number changes in patients with IDDs

Case no./ Maternal Socioeconomic Consanguinity IQ Family Clinical Type Transmission Gene Chr.
Age/Sex age (Y) status history features implicated location
K1/3Y/F 28 I No - Sporadic  GDD Del De novo LIMK1 7q11.23
K19/4Y/M 30 I\ No - Unknown DD Del Unknown SHANK3 22q13.33
K25/2Y/M 24 IV Yes - Sporadic  Di-George Del Unknown SNAP29 22q11.21
K42/1Y/M 23 \ Yes - Sporadic DD/Dys Del De novo DLG1 3929
K54/17Y/M 35 v No 55 Unknown MID/Dys Del Unknown DLG1 3q29
K58/8M/M 22 \Y Yes - Sporadic Dys/DD Del De novo SLC6A8 Xq28
K65/14Y/F 23 v No - Sporadic GDD Del De novo SEMA7A 15q24
K71/3Y/F 24 1 No - Sporadic ID Del  Denovo SHANK3 22q13.33
K92/5Y/F 32 VI Yes 50 Familial ID/Dys Del Maternal MECP2 Xq28
K112/12Y/M 28 IV No 54 Sporadic ID Del De novo SHANK3 22q13.33
K153/1.5Y/F 24 111 No - Unknown Microcephaly Dup  Unknown MECP2 Xq28
K59/14Y/F 28 I No 67 Sporadic ID/Dys Del De novo CAPN10 2qter
K77/8Y/F 32 VI Yes 53 Sporadic GDD/Dys Del De novo S0X12 20pter
K79/18Y/M 23 VI Yes 66 Sporadic MID Del De novo MTA1 l4qter
K91/7Y/M 36 111 No 60 Sporadic IID Del De novo FBX025 8pter
K93/12Y/M 27 \ No 55 Unknown DD Dup  Denovo VAMP7 Xqter
K100/9Y/M 28 I No 57 Sporadic ID/Dys Del De novo CHL1 3pter
K120/7Y/M 25 VI Yes 63 Unknown ID/ASD Dup  Unknown RABL2B 22qter
K226/3Y/F 27 I No - Unknown DD Del Unknown DLG1 3q29
K235/9Y/M - - No - Unknown William’s Del Unknown LIMK1/ELN 7q11.23
K107/11Y/M 29 I No 54 Unknown ID Dup  Denovo RBM11 21qter
K111/9Y/F 30 1\ Yes 45 Sporadic ID Dup  Denovo GNB2L1 5qter
K123/4Y/F 29 111 No 55 Unknown ID Del De novo SLC6A8 Xq28

Y: Years; M: Male; F: Female; Del: deletion; DD: Developmental delay, ID: Intellectual disability, MID: Mild ID, ASD: Autistic spectrum of diseases, Dys: Dysmorphology,

GDD: Global developmental delay
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sensitive synaptic pathway and important regulator or postsynaptic
membrane functionalities in ID and autism [14,15].

Williams syndrome is a multisystem neurodevelopmental disorder
caused by the deletion of contiguous genes. In this MLPA analysis,
we detected two Williams syndromes diagnosed patients with a
microdeletion at 7q11.2 for ELN and LIMK1 genes. In a study on
familial and sporadic IDs, deletion in both ELN and LIMK1 was detected
in an 8-year-old intellectual disabled patient and considered to be a
pathogenic marker for Williams-Beuren syndrome [16]. Early studies
already implicated that these two genes are important in causing some
characteristics of cognitive profiles since the LIMK1 gene is important
for long-term memory and synaptic plasticity through transcriptional
factor cellular retinol-binding protein in normal individual [17]. In this
study, we have detected SEMA7A microdeletion in 14 years’ female
who had growth retardation with distinct facial features ID and with
chromosome 15q24 microdeletion syndrome that is a rare and recently
reported in 19 individuals [18]. The clinical phenotypes such as growth
retardation, ID, and distinct facial features have been attributed to its
role in brain development [19].

Variation in the DLG1 gene on 3q29 was detected in three of our
cohort patients with mild-to-moderate ID with autistic phenotypes.
Willatt et al. (2005) [20] were reported 3q29 microdeletion syndrome
in six patients with ID and associated dysmorphic features, in which
they specified the deletion encompasses 22 genes, including PAK2
and DLG1, which are autosomal homologs of two known X-linked MR
genes, PAK3, and DLG3 [21]. Earlier Nakagawa et al. [22] on RNAi
knockdown experiments have confirmed that the protein disc large
homolog 1 (Drosophila) encoded by DLG1 is an important component
of the postsynaptic density. In the present study, we recorded facial
dysmorphic features with developmental delay in a male subject and
MLPA analysis showed de novo deletion of 22q11.2 regions which
harbor SNAP29 as one of the important genes involved in membrane
trafficking. Bassett et al. [23] reported that 22q11.2 is the most common
microdeletion syndrome associated with DiGeorge/velocardiofacial
syndrome and with neurodevelopmental phenotype including ID.
SNAP29 (synaptosome-associated protein, 29kDa) is one of the key
transcriptional proteins in neuronal plasticity in mice [24]. Variations
in SNAP29 are accountable for unusual phenotypes in some patients
with 22q11 deletions such as schizophrenia, autism, and ID [25,26].

MeCP2 on Xq28 deletions or duplications is usually associated with
X-linked neurodevelopmental disorder Rett syndrome which is one
of the main causes of intellectual deficit in girls [27]. Female patients
with Xq28 duplication are rare, whereas, in our cohort, we identified
heterozygous de novo MeCP2 deletion and duplication in two different
female subjects. However, both the subjects showed the same
phenotypic features such as microcephaly, language delay, seizure and
compulsive hand movements, and mild 1Q. Loss- or gain-of-MeCP2
function has deleterious effects on dendritic morphology so that
alterations in MECP2 expression have been shown to impact dendritic
plasticity and this substantiates our findings [28]. We identified two
subjects with similar Xq28 deletion with psychomotor retardation
correlated with the involvement of SLC6A8 microdeletion, a creatinine
transporter gene. Recent studies supported the association of cerebral
creatine deficiency and intellectual disabilities [29,30].

Subtelomeric deletions in RBM11, GNB2L1, CAPN10, SOX12, MTA1,
FBX025, and CHL1 and duplications in RABL2B and VAMP7 were also
detected in our cohort patients, as indicated in Table 1. In 2004, Rooms
et al. [31] reported 5.35 subtelomeric rearrangements in patients with
mild-to-severe ID who had dysmorphic features and/or familial history.
In another study on 132 ID subjects with associated dysmorphic
features, nine chromosomal rearrangements corresponding to a
diagnostic yield of ~7% were detected. However, only five cases had
imbalances which could be correlated to the phenotypes [32]. Telomere
fluorescent in situ hybridization (FISH) revealed 11 subtelomeric
abnormalities in ten patients, in a study, which also employed MLPA
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and array CGH for confirmation [33]. In a recent study, Wang et al. [34]
reported 32 cases of subtelomeric rearrangements with a yield of a
percentage of 21 in children with IDD in Chinese population.

CONCLUSION

In addition to conventional cytogenetics, molecular cytogenetic assays
such as FISH and MLPA have gained popularity in developing countries
for the proper diagnosis and management of idiopathic IDDs, which are
also a substantial socioeconomic burden in these countries. For the past
few decades, screening of gross chromosomal abnormalities pertaining
to intellectual and associated anomalies has become a well-established
testing strategy. However, a combination of karyotyping, MLPA, as
well as next-generation sequencing might further help in finding both
grosses and smaller variations in the genome.
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