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Abstract Intellectual disability (ID) is still unexplained in
60% of cases and prenatal diagnosis is very challenging for
this condition. A second gravida presented to us at 6 weeks
of gestation for counseling. Her previous child had been
diagnosed with ID and autism. Detailed family history
showed that her brother also had ID. Screening investiga-
tions were normal for the affected child. Exome sequenc-
ing report revealed variation of unknown significance
(VOUS) on SIN3A gene and UPF3B gene. The variation in
X-linked UPF3B gene was reclassified as novel pathogenic
variation after segregation studies with parents and affected
maternal uncle for both the genes variations. An amnio-
centesis was done at 18 weeks gestation for the novel
mutation in the UPF3B gene and the fetus was found
unaffected. The patient delivered a healthy male child who
is doing well at two years of age. To conclude, we should
not disregard VOUS on exome sequencing. Identification
of VOUS requires careful genotype-phenotype correlation
and segregation studies to counsel parents regarding
the risk of having another affected child.
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Background

Autism Spectrum Disorder (ASD) and Intellectual Dis-

ability (ID) are serious, coexisting, medical and social
problems with a strong genetic components and
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heterogeneous etiology. Around 45-50% cases of ASD are
eventually diagnosed with intellectual disability eventually
[1]. X linked Intellectual disability accounts for 10%
of cases of ID [2].

The discovery of the Fragile X locus in 1991has paved
the way for molecular studies to detect the cause of
X-linked intellectual disability (XLID) [3]. The advent of
Next Generation Sequencing (NGS) has accelerated the
discovery of more and more XLID genes. More than 141
XLID genes have been identified to date [4]. A large chunk
of these genes causes non-syndromic XLID (NS-XLID)
with ID as an isolated feature.

UPF3B gene on X chromosome encodes the regulator of
nonsense transcripts 3B (REN3B) protein initially identi-
fied as a component of an exon—junction complex that
promotes nonsense-mediated mRNA decay (NMD). Some
authors have studied the functions of this gene and their
implication in ID [5]. Tarpey et al. described the hemizy-
gous variants in the UPF3B gene in affected males of 4
unrelated families for the first time [6].

Since then, many patients with ID have been studied by
NGS and more variants have been reported in the UPF3B
gene. according to the Human Gene Mutation Database
(HGMD)1, 21 variants (17 pathogenic) have been identi-
fied in UPF3B to date. Six other pathogenic variants have
been identified in ClinVar2, four of which overlap with the
HGMD.

The aim of this report is to highlight the importance of
genotype—phenotype correlation and segregation studies
for a variation of uncertain significance on exome
sequencing so that we can prevent the birth of another child
with the same genetic disorder.
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Case Report

Four generation pedigree of this Indian family is shown in
Fig. 1.

A nonconsanguineous couple approached us at six
weeks of pregnancy. Their previous male child had Intel-
lectual disability and autistic features. He had an
uneventful birth history with no neonatal complications.
Development delay were noted since early infancy in all
domains i.e. gross motor, fine motor, cognition and speech.
Speech delay was profound. The child also had autistic
features like lack of social reciprocation, poor interaction
and self-isolation. At the time of genetic evaluation, he was
9.5 years old and was able to run, walk, hop and feed
himself. Hearing and vision were normal. However, he did
not follow commands, had no eye to eye contact and was
able to speak only three word sentences. He was able to
indicate bladder and bowel control and was attending
a special school. On detailed family history, it was
revealed that the proband’s maternal uncle had almost
similar features. The concerned uncle is 45 years old and
unmarried and can do his routine activities with some help.
He had never been genetically evaluated. On examination,
the child had a long thin face, poor musculature, high nasal
bridge, horizontal nystagmus and prognathia. There was no
significant neurological or systemic involvement. Investi-
gations including complete blood counts, congenital
infection screening, detailed eye evaluation, brain stem
evoked potential, magnetic resonance imaging brain,
Tandem Mass spectrometry (TMS), Urine Gas Chro-
matography mass spectrometry were negative for any
pathology. The intelligence quotient of the child was
55 (Borderline ID). Fragile X screen and microarray

Fig. 1 Four generation pedigree

studies were normal. Whole exome sequencing revealed
missense variation of unknown significance in two genes.
There was a hemizygous variation, ¢.1306C > T in exon
11 of UPF3B gene and a heterozygous variation, c.
3602G > A in SIN3A gene. On genotype-phenotype cor-
relation, other variations in the above mentioned genes are
associated with craniofacial dysmorphism, intellectual
disability and autism. SIN3A gene deletion has been
reported with Witteveen-Kolk syndrome and 88.9% of
missense changes are reported as benign as per the ge-
nomic database. This is more than the threshold of 51.0%.

In silico prediction tools, results were damaging for
UPF3B and SIN3A variation. We carried out a segregation
analysis of both parents and maternal uncle by Sanger
sequencing. The maternal uncle was a hemizygous carrier
of the same variation in UPF3B gene; the SIN3A variation
was absent. The mother was an asymptomatic carrier of
both gene variations and neither of the two variations was
found in the father (Fig. 2). This variant was reclassified as
a Class 2 variant (likely pathogenic), as per the guidelines
laid down for interpretation of sequence variant by S
Richards et al.in 2015. We concluded that the UPF3B gene
was implicated for similar features in the child and
the maternal uncle and counseled the parents for prenatal
testing on this novel variant.

Amniocentesis was done at 18 weeks gestation for
UPF3B variation only and the fetus did not harbor this
novel mutation. The pregnancy continued with close
surveillance and a 2.5 kg male baby was delivered at
35 weeks due to preterm labor pains. The baby is two years
old and doing well.
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Fig. 2 Fragment analysis of all
family members. a The mother
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Discussion

To the best of our knowledge, this is the first case report
where we present prenatal diagnosis of a novel missense
variant ¢.1306C > T; p. (Arg436Cys) in the UPF3B gene.
The sorting out of the definitive diagnosis out of incon-
clusive variations in two different genes appeared a
dilemma for us especially when the family was very keen
for prenatal diagnosis. UPF3B gene (OMIM 300,298) is
located in Xq24 and encodes a protein involved in non-
sense-mediated decay (NMD) of mRNA.

As per the recently curated database,71.4% of missense
variants are reported as benign which is more than
the threshold of 51.0% However, in our case, the variant
was also present in the other living affected male and in
one carrier female, and it was absent from the available
unaffected male. Therefore, it completely co-segregated
with the disease within the family and was reclassified as
likely pathogenic (Class 2) as per ACMG classification of
variants [7].

A study by Tahani Alrahbeni et al. also supported our
diagnosis in which they concluded that UPF3B proteins
with missense mutations found in patients with autism,
schizophrenia and XLID are functionally impaired in NMD
[8]. Large families with X-linked nonsyndromic

intellectual disability have been detected with missense
mutations by other studies [9, 10]. These mutations lead to
the introduction of a premature termination codon and
subsequent NMD of mutant UPF3B mRNA. UPF3B is
widely expressed in neurons and also presents in dendritic
spines, which are essential structures for proper neuro-
transmission and thus learning and memory processes [11].

Implications for Clinical Practice

Meticulous analysis of the uncertain gene variations can
prove helpful in preventing recurrence of the same genetic
condition in future children especially when family
approaches during an ongoing pregnancy.
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