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GeNeDit

Privilege to be a Clinician for Six Thousand Genetic Disorders!
Editorial

Yes, you got it right; I am talking about a clinical
geneticist who cares for rare disorders. We are just
on the verge of a new paradigm in the treatment
of genetic disorders. Success of gene therapy trials
is what the first-generation clinical geneticists were
dreaming of. The GenExpress in this issue lists
some success stories of gene therapy. We expect
similar results for more monogenic disorders.
Other than direct modification of the defective
gene, strategies based on the understanding
of molecular pathology, modification of gene
transcription and translation, and use of
recombinant products are on the way. The
treatments of genetic disorders may now be
prenatal infusions of deficient protein as in
X-linked anhidrotic ectodermal dysplasia or gene
therapy after newborn screening/presymptomatic
testing. Prenatal gene therapy may make survival
of fetuses with alpha thalassemia possible.
Gene therapy trials for Sanfilippo disease are
a prototype for storage disorders with central
nervous system involvement. With many options
of treatment strategies, accurate diagnosis of
genetic disorders, currently estimated to be more
than 6000, is vital. As shown for neuronal ceroid
lipofuscinosis, the drug may be specific for each
patient. For some disorders like spinal muscular
atrophy, currently three separate therapies have
been approved. The supervision of these patients
with novel treatments needs clinical experience
and documentation of how the clinical course
gets modified by the treatment, is of paramount
importance. The development of these novel
genetic treatments stresses the need for more
clinicians with expertise in rare genetic disorders,
in our vast and populous country.

Thanks to the Doctorate of Medicine (DM)
program in medical genetics started in India
three decades ago we have competent medical
geneticists providing care to patients with genetic
disorders and their families. Envisioned by late
Dr S S Agarwal, the objective of the course
was to train clinicians in the specialized area of
medical genetics. Hence, the training was offered

to postgraduate degree holders in pediatrics,
obstetrics and gynecology or internal medicine.
Over the years, 43 clinicians have completed
DM training in medical genetics from the Sanjay
Gandhi Postgraduate Institute of Medical Sciences,
Lucknow. They have contributed to ushering in the
new era of molecular medicine in India. Similar DM
and Diplomate of National Board (DNB) courses
have now started in six more medical institutes in
India. World over, clinical experience in one of the
above three areas is considered essential to
pursue a career in medical genetics for patient
care.

The Society for Indian Academy of Medical
Genetics (SIAMG) reiterates the need to continue
the same eligibility for DM / DNB (medical
genetics) programs to maintain the international
standards achieved by the degree holders in
India. Correct and timely diagnosis, using novel
molecular technology, counseling for prenatal
diagnosis, prenatal treatment, newborn screening
and counseling for complex issues need a highly
specialized set of knowledge and clinical skills for
taking on the challenge of twenty-first century
medical genetics. Availability of next generation
sequencing has made diagnosis possible for many
disorders. At the same time, there is a fear
of incorrect diagnostic labels if the clinical
geneticist is not involved in clinical evaluation.
The clinical geneticist also has to collaborate
with the laboratory with the language of Human
Phenotype Ontology (HPO) terms after deep
phenotyping. Knowledge and use of databases
[that are exponentially growing], understanding
of developmental and metabolic pathways and
their correlation with clinical findings to navigate
the jungle of overlapping phenotypes and
genetically heterogeneous disorders are the
various functions a medical geneticist needs to
perform simultaneously and expertly, to help the
patients. It may superficially appear that NGS
has made diagnosis easy. But ask the medical
geneticist who has got a novel sequence variation
in a known gene for a disorder the phenotype of
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which is not similar to that of the patient or who
has to deal with the array of variants of unknown
significance. Expanding phenotypes, blended
phenotypes, modifier genetic variations, novel
phenotypes for known genes, novel phenotypes
without identified causative gene variants are
regular scenarios in genetic clinics. This needs an
astute clinician with vast clinical experience and
knowledge of genomic medicine.

Though this discussion is about clinicians taking
care of genetic disorders, mention is needed
for the contributions of scientists deciphering
genes, proteins and pathways, developing animal
models, and combing the treasure of molecules
with bioinformatics tools to look for suitable
targets for development of therapies. These highly
scientific activities need another kind of bright
minds with scientific and medical background
for molecular diagnostics in the laboratory. All
pathology departments need up-gradation and
there is a need of short-term courses to empower
the pathologists and microbiologists with genomic
techniques and functional assays. The expertise in
laboratory genetics in medical colleges needs to
grow parallel to that of clinical geneticists. Hence,
there is an urgent need of DM / Fellowship /
short term programs in molecular genetics /
genetic diagnostics to fill in the vacuum of trained
laboratory geneticists. More training programs
and research projects in the area of genetic
disorders by pre- and para-clinical departments

will be beneficial to the patients. Laboratory
diagnostics, basic research and clinical care of
patients with genetic disorders are different
specialized areas requiring different expertise but
close interaction. They need to grow together.

The McKusick course on human genetics
and genomics is an example of congregation
of seekers of the latest knowledge of different
aspects of genetics. The team of medical
geneticists of Sir Gangaram Hospital, New Delhi
has shared their excitement of attending the 61st

course this year. Attending this course at least
once in their lifetime was the dream of geneticists.
Now with the course becoming virtual, we can
attend this academic feast once in a few years.
Listening to the stalwarts talk about their work and
experiences takes learning to a different level.

With a better future for patients with 6000 plus
genetic disorders on the horizon, many young
internists, pediatricians and obstetricians need to
take up a career in medical genetics. When genetic
disorders were considered untreatable, incorrect
diagnosis might have done less harm. But now if
the diagnosis of a treatable disorder is missed, it
will be unfortunate for the patient, family and may
be for the clinician as well!

Dr. Shubha Phadke
1st October, 2020

We are proud and pleased to bring out this 50th issue of Genetic Clinics. �e first issue was 
released in July 2008 and it has been a wonderful journey so far. We hope our readers have 
found all the issues of Genetic Clinics till date to be informative and relevant. We hope to 
continue this endeavour to bring to our readers the latest developments in the field of medical 
genetics in an easy-to-understand format, in the coming years. – �e Editorial Team

File photo: Release of the first issue of 

Genetic Clinics in July 2008, in Sanjay 

Gandhi Postgraduate Institute of Medical 

Sciences (SGPGIMS), Lucknow, by the 

editor Dr Shubha Phadke and the then 

Director of SGPGIMS, Dr A K Mahapatra, 

in the august presence of late Professor 

SS Agarwal.
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Clinical Vignette

Ghosal Hematodiaphyseal Dysplasia:
An Unusual but Easy-to-Diagnose Genetic Cause of Anemia

Amrita Bhattacherjee1, Ashwin B Dalal1, Prajnya Ranganath1,2,∗
1Diagnostics Division, Centre for DNA Fingerprinting and Diagnostics, Hyderabad, India

2Department of Medical Genetics, Nizam’s Institute of Medical Sciences, Hyderabad, India

Correspondence to: Dr Prajnya Ranganath Email: prajnyaranganath@gmail.com

Introduction

Ghosal hematodiaphyseal dysplasia (GHDD) also
known as Ghosal syndrome (OMIM# 231095) is a
rare autosomal recessive disorder associated with
skeletal changes in the form of increased bone
density and predominant diaphyseal involvement,
and hypoplastic anemia (Ghosal et al., 1988).
It is caused by biallelic variants in the TBXAS1
(OMIM*274180) gene. As the hematological
abnormalities respond to corticosteroid therapy,
early and accurate diagnosis helps in effective
control of the disease course. We report here a 12
years-old male patient from a consanguineous
family referred for evaluation of chronic anemia,
whose clinical and radiographic findings were
suggestive of the diagnosis of GHDD and
molecular genetic testing revealed a homozygous
nonsynonymous known variant in the TBXAS1
gene.

Patient details

A 12-years-old boy, the third offspring
of third-degree consanguineous parents, was
referred for evaluation of chronic anemia detected
at around 6 years of age. He had received six
transfusions of packed red blood cells (PRBC)
between 6 to 12 years of age. There was no history
of abdominal distension, jaundice, gall stones,
bleeding manifestations, or recurrent infections
and fever. No specific symptoms were noted in
early childhood. The developmental milestones
were age-appropriate but the scholastic
performance was below average. The two elder
female siblings aged 18 years and 15 years, and
both parents were normal. There was no history
of similar illness or any other known genetic

disease in other family members. On examination,
his height and weight were 146 cm and 36
kgs respectively (both corresponding to around
30th centile for age), and head circumference
was 55 cm. He had severe pallor, but no
icterus, edema, or lymphadenopathy. Craniofacial
dysmorphic features noted in the child included
dolichocephaly, frontal prominence, telecanthus,
bilateral proptosis, depressed nasal bridge with
bulbous tip of nose, thick lips, and retrognathia
(Figure 1). There was no hepatosplenomegaly and
rest of the systemic examination was also normal.

Hemogram revealed normocytic normochromic
anemia (hemoglobin: 6.9 g/dL; red blood cell
count: 2.62 × 106/𝜇L) with normal total leucocyte
count (5600/cu mm) and normal platelet count
(3 × 105/cu mm). Bone marrow studies (aspiration
and biopsy) showed evidence of marrow
hypocellularity. Skeletal radiographs showed mild
increase in bone density, widening of the
diploic spaces of the skull, sclerosis of the
base of the skull, and mild diaphyseal
widening and cortical hyperostosis of the
femoral and tibial bones bilaterally (Figure 2).
Ophthalmological evaluation revealed bilateral
pseudo-proptosis with lagophthalmos. The salient
findings of hypoplastic anemia and skeletal
dysplastic changes suggested the diagnosis of
Ghosal hematodiaphyseal dysplasia. Though the
clinical findings also suggested the possibility of
pycnodysostosis, the skeletal radiographic findings
were not in favour of the diagnosis.

Next generation sequencing-based Exome
sequencing was performed to look for variants
in the TBXAS1 gene (which has 17 exons of
which 13 are coding exons) and to rule out
variants in other genes associated with diaphyseal
dysplasia and sclerosing bone disorders (including
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A B

Figure 1 Photographs of the patient showing the craniofacial dysmorphic features. A. Frontal view
showing telecanthus, bilateral proptosis, depressed nasal bridge, bulbous nose and thick lips.
B. Lateral view showing dolichocephaly, depressed nasal bridge and retrognathia.

A B C

Figure 2 Skeletal radiographs of the patient. A. Lateral view of the skull showing the widening of the
diploic spaces and sclerosis of the base of the skull. B. & C. Anteroposterior view of the pelvis,
both femurs and the right tibia & fibula showing the increased bone density, diaphyseal
widening and cortical hyperostosis.

Camurati-Engelmann disease-associated TGFB1
gene) and genes associated with bone marrow
hypocellularity. A homozygous non-synonymous
variant c.1238G>A (p.Arg413Gln) was identified
in exon 15 of the TBXAS1 gene (transcript id
ENST00000263552; NM_001130966) (Figure 3).
This variant has been previously reported in
other patients of South Asian origin with
Ghosal syndrome, and is listed in HGMD
(http://www.hgmd.cf.ac.uk/ac/) and ClinVar

(https://www.ncbi.nlm.nih.gov/clinvar/).
The variant has minor allele frequencies of
0.001 and 0.00006 in the 1000 Genomes
(https://www.internationalgenome.org/
1000-genomes-browsers/) and gnomAD
(https://gnomad.broadinstitute.org/) data-
bases, respectively. It is classified as a ‘likely
pathogenic’ variant, as per the American College of
Medical Genetics and Genomics and Association
for Molecular Pathology (ACMG/AMP) guidelines
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Variant Interpretation

Gene (Transcript) Location Variant Zygosity Classification* Disease (OMIM) Inheritance

TBXAS1

(NM_001130966)

 

Exon 15
c.1238G>A

(p. Arg413Gln)
Homozygous

Likely

Pathogenic

GHOSAL 

HEMATODIAPHYSEAL 

DYSPLASIA; GHDD

 (# 231095) 

Autosomal 

recessive

Database Information

1000 Genomes gnomAD dbSNP
In-house exome 

database†
HGMD ClinVar Mutation Taster

CADD

score

0.001 0.00006369 rs199422117 Absent CM080565 Variation 11889 Disease causing 32

TBXAS1:c.1238G>A

A.

B.

C.
D.

*Evidence for classification of the variant as ‘likely pathogenic’ as per the ACMG/AMP 2015 guidelines:
PM2 + PP3 + PP4 + PP5

†In-house exome database contains data from >1000 Whole exomes previously analyzed in our laboratory

Figure 3 A. Interpretation of the likely pathogenic variant identified in TBXAS1 gene B. Information
available in various population databases about the variant C. Integrative Genomics Viewer
(IGV) image of the homozygous variant identified in the TBXAS1 gene (NM_001130966:
c.1238G>A) in the patient. D. Sanger sequence chromatogram of the patient showing the same
homozygous variant.

(Richards et al., 2015). It has a CADD
score (https://cadd.gs.washington.edu/) of
32 and is predicted to be disease-causing/
damaging by the Mutation Taster
(http://www.mutationtaster.org/) and SIFT
(https://sift.bii.a-star.edu.sg/) in-silico
pathogenicity prediction programs. The presence
of the homozygous variant was validated further
through targeted PCR amplification and Sanger
sequencing of exon 15 of the TBXAS1 gene in the
patient’s DNA (Figure 3D), and both parents were
confirmed to be heterozygous carriers of the
same. No other significant gene variants matching
the phenotype were detected.

The patient was thus confirmed to have Ghosal
hematodiaphyseal dysplasia. Corticosteroid
therapy was advised, but the patient was
subsequently lost to follow-up and the response to
therapy therefore could not be assessed.

Discussion

Ghosal hematodiaphyseal dysplasia was first
reported by Ghosal et al. (1988) in five children
with moderate to severe anemia and diaphyseal
dysplasia. Cormier-Daire and co-workers identified
the TBXAS1 gene to be associated with this
syndrome (Genevieve et al., 2008). TBXAS1 codes
for the thromboxane synthase enzyme, which is
a component of the arachidonic acid cascade
that produces thromboxane A2 (TXA2). Both
the enzyme and TXA2 modulate expression of
osteoprotegerin and RANKL (receptor activator
of nuclear factor kappa-𝐵 ligand) which are
involved in osteoclast-mediated bone resorption
(Genevieve et al., 2008).

Only 13 mutations have been reported in the
TBXAS1 gene till date in the Human Gene Mutation
Database (http://www.hgmd.cf.ac.uk/ac/).
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The variant detected in our patient has been
previously reported in other patients of South
Asian origin, including a family of Pakistani
origin (Genevieve et al., 2008) and a 3 years
9 months old Indian boy with severe anemia,
hepatosplenomegaly and diaphyseal dysplasia
(Jeevan et al., 2016). Our patient had chronic
severe anemia, but had less severe skeletal
findings and did not have visceromegaly.

Though a rare disorder, it is relatively
easy to diagnose, as it has the
typical combination of skeletal dysplastic
changes (increased bone density, diaphyseal
dysplasia, wide diaphyseal medullary cavities,
cortical hyperostosis, metaphyseal changes)
and hematological abnormalities (anemia,
thrombocytopenia, less often leucopenia,
hypocellular marrow, myelofibrosis). Molecular
confirmation is essential to rule out other
disorders with overlapping phenotypes particularly
Camurati-Engelmann disease.

It is important to establish the diagnosis
early and accurately, because the hematological
abnormalities and skeletal changes have been
found to respond very well to corticosteroid
therapy and patients on low-dose long term
maintenance therapy have been reported to
maintain normal hemoglobin levels, with no

requirement for blood transfusions (John et al.,
2015).

This case report reiterates the importance of
deep clinical phenotyping in the diagnosis and
management of genetic disorders.
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Delineation of Phenotypes and Comparison with Phenotypes of
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Amita Moirangthem, Kausik Mandal, Shubha R Phadke∗
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Abstract

This study undertaken at a tertiary hospital
documents the phenotypes of patients with
double segment chromosomal imbalances (DSI)
and compares the phenotypes with those of
the isolated copy number variations (CNV) of
the concerned regions. Twenty cases diagnosed
as DSI in our department over the last four
years using cytogenetic microarray (CMA) and/or
multiplex ligation-dependent probe amplification
(MLPA), were included in the study. In some cases,
phenotype of one CNV may predominate as was
observed in four cases of this series. However, the
other CNV may modify the phenotype. Five cases
had a blend of phenotypes corresponding to
deleted/duplicated chromosomal segments while
6 cases had nonspecific features like intellectual
disability or developmental delay. In five cases
the phenotype could not be delineated in
detail as they were prenatally detected. Out
of the 16 families, there were 5 families
showing recurrence which suggested an inherited
chromosomal abnormality. Identification of DSI is
important as one of the parents may be a carrier
of a balanced chromosomal rearrangement.
Cytogenetic microarray is the gold standard
technique to identify such submicroscopic
chromosomal imbalances; however, MLPA with
subtelomeric probes is an alternative option for
a developing country like ours due to cost
constraints. Both these techniques thus help to
identify the families at risk of recurrence of
chromosomal abnormalities, aiding in prenatal
diagnosis and genetic counseling.

Introduction

With the evolution of molecular
cytogenetic techniques, many micro-deletion
/ micro-duplication syndromes are getting
delineated. Fluorescence in situ hybridization
(FISH) identified sub-telomeric deletions /
duplications long before the era of cytogenetic
microarray (CMA). Multiplex ligation-dependent
probe amplification (MLPA) interrogates ends of all
chromosomes in one go and the subtelomeric
MLPA probe set identifies copy number variations
(CNVs) in 6 to 7% of patients (Boggula et al., 2014)
with intellectual disability and developmental
delay. Some of these, usually double segment
imbalances, are inherited from a balanced
translocation in one of the parents. Balanced
translocations are common with an incidence
of 1 in 500 (Redin et al., 2017). Phenotypes
of double segment imbalances are influenced
by the chromosomes involved and the sizes of
the imbalances. The phenotype of the patient
with a common microdeletion syndrome may get
modified by the CNV on another chromosome
making the clinical diagnosis difficult. Double
segment imbalances can also lead to spontaneous
abortions and fetal losses. Hence, a technique
which can target multiple regions in one go like
MLPA or CMA is preferable as compared to
FISH which probes one or few regions based
on clinical suspicion. Here, we review cases
with double segment imbalances identified by
chromosomal microarray and / or MLPA. An
attempt is made to do some genotype-phenotype
correlation. Features of syndromes with specific
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Table 1 Comparison of phenotype of cases with double segment imbalance with respective isolated
deleted / duplicated chromosomal segment phenotype as documented previously in
literature** [The features documented in literature and also seen in our patient are highlighted
in bold font].

Case
No.

Age / Sex

CMA / MLPA Result

CNV loss

[Phenotype reported
with isolated CNV loss]

CNV gain

Phenotype
reported with

isolated CNV gain

Dominant phenotype
(CNV)

Patient’s phenotype

1 1 year / Female
Arr[hg19]
20p13p12.3(61,661-
6,355,181)x3,
6q27(167,609,282-
170,914,297)x1

Het 3.3 Mb Del 6q27
16 OMIM genes

[Mild GDD, Motor delay]

Het 6.2 Mb Dup
20p13-p12.3

64 OMIM genes
[ID, poor motor
coordination and
speech, broad
nasal bridge]

Dup at 20p13-p12.3
[GDD, seizures, ataxia]

2 Fetus of 17 Weeks gestation
(Sibling of case 1)
Arr[hg19]
20p13p12.3(61,661-
6,316,301)x3,
6q27(167,609,282-
170,914,297)x1

Het 3.3 Mb Del at 6q27
16 OMIM genes-

[Mild GDD, Motor delay)

Het 6.2 Mb Dup at
20p13-p12.3

64 OMIM genes
[ID, poor motor

coordination, poor
speech, broad nasal

bridge]

Phenotype yet to evolve
No dysmorphism, no
gross malformations

3* 7 months / Male
Arr[hg19]
22q13.31q13.33(45,143,535-
51,197,766)x1,
17q25.1q25.3(74,126,271-
81,041,823)x3

Het 6 Mb Del
22q13.31-q13.33
44 OMIM genes

including SHANK3
[Phelan McDermid

syndrome, hypotonia,
GDD, severe speech
delay, prognathism,

dysplastic ears, ptosis,
saddle nose, normal to

advanced growth,
autism] (OMIM 606232)

Het 6.9 Mb Dup
17q25.1-q25.3

86 OMIM genes
[GDD, FTT, distal
arthrogryposis]

Blended phenotype
GDD, clenched fist,
bushy straight eyebrows,
low set ears, triangular
face, broad thumb,
hypotonia

4* 30 months / Female
Arr[hg19]
6q25.3q27(158,628,326-
170,914,297)x1,
7q36.3(155,277,221-
159,119,707)x3

Het 12.28 Mb Del at
6q25.3q27

46 OMIM genes
[ID, hypotonia,

epilepsy, cardiac defects,
retinal abnormalities,
ear anomalies, facial
dysmorphisms, brain,

spinal cord, and
vertebrae

malformations]

Het 3.8 Mb Dup at
7q36.3

12 OMIM genes.
[Mild ID,

macrocephaly,
broad forehead,
hypertelorism,

muscular
hypertrophy,

corpus callosum
agenesis]

Del 6q25.3-q27
phenotype.

GDD, hypotonia,
microcephaly, prominent
metopic sutures,
hypotelorism,
micropthalmia,
microcornea, smooth
philtrum, and dysplastic
posteriorly rotated low
set ears, short neck, low
posterior hairline, and
bilateral
talipo-equinovalgus.

Genetic Clinics 2020 | October - December | Vol 13 | Issue 4 8
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5 5 years / Female
(Sibling of case 4)
Heterozygous deletion at
7q36.3 and Heterozygous
duplication at 6q27

Het Del 7q36.3
#gene - VIPR2

[Speech delay, ID, short
stature,

holoproscencephaly,
microcephaly, ptosis,

sacral agenesis]

Het Dup 6q27
#gene - TBP2

[Speech delay, ID,
Autistic behavior]

Predominantly social
and language delay,
dysmorphism

6* 8 days / Male
Arr[hg19]
5p15.33p14.3(113,576-
19,902,278)x1,
7p22.3p22.2(43,376-
4,156,704)x3

Het 19.7 Mb Del
5p15.33-p14.3

54 OMIM genes
[Microcephaly, round
face, hypertelorism,

micrognathia,
epicanthal folds,
low-set ears,

hypotonia, and severe
psychomotor and

mental retardation,
Cri–du-Chat syndrome]

Het 4.1 Mb Dup
7p22.3-p22.2

26 OMIM genes
[ID and GDD]

Prominent Cri-du-Chat
syndrome phenotype
Blepharophimosis,
prominent nasal bridge,
left auricular tags, low
set ears, retrognathia,
thin tented upper lip,
right 2nd and 3rd toe
syndactyly

7* 30 months / Male
Arr[hg19]
8p23.3p23.1(158,048-
6,962,251)x1,
8q24.11q24.3(118,514,344-
146,295,771)x3

Het 6.8Mb Del
8p23.3-p23.1

15 OMIM genes
[GDD, ID]

Het 27.7Mb Dup
8q24.11-q24.3

132 OMIM genes
[GDD, facial

dysmorphism]

GDD, facial
dysmorphism, Rigidity

8* 9 months / Female
Arr[hg19]
4p16.3p15.1(68,345-
30,758,135)x3,
9p24.3p23(208,454-
11,007,250)x1

Het 10.8 Mb Del
9p24.3-p23
[Sex reversal
syndrome]

Het 30.7 Mb Dup
4p16.3-p15.1

[GDD, minor heart
defects, mild ptosis]

Blended phenotype
Microcephaly, GDD,
feeding difficulty, 46XY
with female genitalia
(sex reversal)

9 3 months / Female
Arr7q36.1q36.3
(149770238-159118443)x1,
11q24.1-25
(121769912-134926021)x3

Het 9 Mb, loss 7q36.1
53 OMIM Genes- ASB10,

SHH, XRCC2
LBW, mental

retardation, GDD, facial
dysmorphism,
genitourinary

malformations,
holoprosencephaly,

sacral agenesis,
Currarino syndrome

Het 13Mb gain
11q24.1-25

25 OMIM genes -
JAM3

Autistic behavior,
Seizures, FTT, GDD,
Microcephaly, IUGR,

hypotonia

Blended phenotype
Micro-retrognathia, FTT,
agenesis of corpus
callosum

10 5 years/ Female
(Second cousin of case
number 9)
Arr7q36.1q36.3(149698257-
159118443) x3,
11q24.1-
25(121769912-134926021]
x1

Het 13 Mb Del
11q24.1-25

25 OMIM genes
including JAM3

[Jacobsen syndrome
thrombocytopenia
joint contractures,
CHD, chorio-retinal

coloboma]

Het 9 Mb gain at
7q36.1

53 OMIM Genes-
ASB10, SHH, XRCC2

[Triphalangeal
thumb,

polysyndactyly
syndrome]

Del 11q24.1-25 Phenotype
GDD, facial
dysmorphism, broad
halluces, camptodactyly,
CHD
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11 4 years / Male
Heterozygous deletion at
18q23 and Heterozygous
duplication at 17q13.3

Het Del 18q23
#gene - CTDP1

[Congenital aural
atresia, mild to severe
developmental delay,

malformation of the
external ears] (OMIM

607842)

Het Dup 17q13.3
#genes - SECTM1,

TBCD

[Microcephaly, GDD,
telecanthus, depressed
nasal bridge with flat
facial profile, low set ears,
sandal gap with
clinodactyly of toes,
agenesis of corpus
callosum, atrial septal
defect]

12 Prenatal testing
16 weeks fetus
Heterozygous deletion at
12p13.33 and Heterozygous
duplication at 18p11.32

Het Del 12p13.33
#gene - KDM5A

Speech delay, ID,
variable psychiatric

manifestations

Het Dup 18p11.32,
#gene - THOC1

Mild and
nonspecific
phenotype

History of one
spontaneous abortion,
history of intellectual
disability in family.
Mother’s Karyotype- 46,
XX, t(12;18)(p13.3;p11.2)

13 Prenatal testing
11 weeks fetus
(Sibling of fetus 12)
Heterozygous duplication
at 12p13.33 and
Heterozygous deletion at
18p11.32

Het Del 18p11.32,
#gene - THOC1

ID, mild and nonspecific
phenotype

Het Dup 12p13.33
#gene - KDM5A

Facial
dysmorphism,

umbilical hernia,
CNS malformations,
seizures, premature

ischemic stroke.
14 Products of conception

spontaneously aborted
Heterozygous deletion at
15q26.3and Heterozygous
duplication at 20p13

Het Del 15q26.3
#gene - TM2D3

IUGR, postnatal growth
retardation.

Het Dup 20p13
#gene - ZCCHC3
ID, poor motor

coordination and
speech, broad

nasal bridge

History of four recurrent
spontaneous abortions.

15 4 year / Male
Heterozygous deletion at
11q25 and Heterozygous
duplication at 2q37.3

Het Del 11q25
#gene - IGSF9B

Developmental delay,
short stature, CHD,
thrombocytopenia,
genitourinary

anomalies, pyloric
stenosis, and

ophthalmologic
anomalies

Het Dup 2q37.3
#gene - ATG4B

Facial
dysmorphism,

hypotonia, feeding
difficulties

Blended phenotype
Short stature,
hypertelorism,
clinodactyly, fingerization
of thumb with widening of
wrist, bilateral
undescended testes

16 10 months / Female
Heterozygous deletion at
5q35.3 and Heterozygous
duplication at 19q13.43

Del 5q35.3
#gene - GNB2L1

Developmental delay,
hypotonia, FTT,

postnatal short stature,
CHD

Dup 19q13.43
#gene - CHMP2A
Mild dysmorphic

features, ID,
seizures

Blended phenotype
FTT, telecanthus, frontal
bossing, depressed
nasal bridge, smooth
long philtrum, tented
upper lips, spatulated
nails, CHD - atrial septal
defect
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17* 1 month / Male
Arr[hg19]
11q24.1q25(121,709,028-
134,937,416)x1,
10p15.3p15.1(100,047-
4,254,167)x3
Heterozygous deletion
at 11q25 and
Heterozygous
duplication at 10p15.3

Del 11q25
61 OMIM genes
including FLI1

Developmental delay,
short stature, CHD,
facial dysmorphism,

thrombocytopenia,
genitourinary

anomalies, pyloric
stenosis, eye anomalies

Dup 10p15.3
33 OMIM genes

Learning disability,
dolichocephaly,

wide sutures, frontal
bossing,

micro/retrognathia
and renal defects

Del 11q25 phenotype
Hypertelorism, over-riding of
great toes, CHD (ASD with
VSD), thrombocytopenia

18 1 year 4 months /
Female
Heterozygous deletion
at 4p16.3 and
Heterozygous
duplication at 8p23.3

Del 4p16.3
#genes - PIGG

Wolf-Hirschhorn
syndrome (OMIM

194190)

Dup 8p23.3
#genes - FBXO25

GDD, ID

Del 4p16.3 phenotype
GDD, facial asymmetry,
bushy eyelashes,
hypertelorism, broad nasal
bridge, pointed low set ears,
discontinuous simian crease,
short stubby digits, lower
limb asymmetry, pes planus,
ostium secundum ASD with
moderate PS with dilated RA
and RV

19 Prenatal testing
16 weeks fetus
Heterozygous deletion
at 13q34 and
Heterozygous
duplication at 11q25

Het Del 13q34
#gene - CDC16

GDD, ID, obesity, and
mild facial

dysmorphism.

Het Dup 11q25
#gene - IGSF9B

Dysmorphic facial
features, microcephaly,

micrognathia,
dysplastic ears,

pre/postnatal growth
retardation, speech

delay, mental
retardation, hypotonia,
NTD, cardiac, vertebral,

limb, urinary tract,
genital anomalies.

Bad obstetric history- one
first trimester spontaneous
abortion and one IUD
Husband’s Karyotype - 46,XY,
t(11;13)(q32;q25).
Previous child with 13q
deletion syndrome(GDD,
prenatal growth retardation,
FTT, anal atresia, with recto
vaginal fistula)

20 4 years / Male
Heterozygous deletion
at 8p23.3 and
Heterozygous
duplication at 3p26.3

Het Del 8p23.3
#gene - FBX025

GDD, ID, hypotonia,
childhood onset
epilepsy, autistic

features

Het Dup 3p26.3
#gene - CHL1
GDD, ID, facial
dysmorphism,

seizures

Blended phenotype
GDD, ataxia, inappropriate
laughter, wooly curly hair,
broad forehead,
overhanging and broad
nasal tip, slightly hypoplastic
ala nasi, thin upper lip, MRI
brain – frontal cortical atrophy.

Note: ASD – atrial septal defect, CHD – congenital heart disease, CNV – copy number variation,
CMA – cytogenetic microarray, Del- deletion, Dup – duplication, FTT – failure to thrive,
GDD – global developmental delay, Het – heterozygous, ID – intellectual disability,
IUD – intrauterine fetal demise, PS – pulmonary stenosis, RA – right atrium, RV – right ventricle,
VSD – ventricular septal defect, IUGR – intrauterine growth retardation,
MLPA – multiplex ligation-dependent probe amplification.
* Cases where both MLPA and CMA done
# Name of the genes in the respective MLPA probes
** The phenotypic features given are from the published literature for which references are not listed.
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phenotypes appear to reflect in the cases though
the nonspecific features with developmental
abnormalities or blended phenotypes are seen in
some. The aim is to stress the importance of
identification of double segment chromosomal
imbalances (DSI) for genetic counseling.

Materials & Methods

The study was conducted in the medical
genetics department of a tertiary hospital. It
was a retrospective descriptive study. Patients
presenting to the medical genetics outpatient
department and detected to have double segment
chromosomal imbalance (DSI) by CMA and/or
MLPA during the past four years were included in
the study. Data was obtained from the medical
records, case files, hospital information system
and the genetic laboratory records. In each
individual with DSI, the phenotypic presentation
of the isolated chromosomal segment (deleted
and duplicated) as reported earlier in literature
was compared to the individual’s phenotype
to attempt genotype phenotype correlation.
Deletions and duplications detected by MLPA
were not confirmed by CMA in all cases. The
data from published literature about reported
deletion/ duplication of the particular end
of the chromosome was taken as evidence
to decide whether a particular chromosomal
imbalance detected by MLPA was pathogenic.
The interpretation of pathogenic nature of CNVs
detected by CMA used the criteria of the genes
involved within the CNVs as well as previous
reports of CNVs in published databases, namely
DECIPHER (https://decipher.sanger.ac.uk/),
OMIM (https://omim.org/) and PubMed
(https://pubmed.ncbi.nlm.nih.gov/).

Results

The total number of samples subjected to MLPA
for sub-telomeric regions was 355. Out of
them microdeletions and micro-duplications were
identified in 18 cases (5%) and 6 cases (1.6%),
respectively, while 16 patients (4.5%) had DSI.
In addition, CMA identified DSI in another 4
cases. We were also able to perform CMA in
6 cases of DSI detected by MLPA. The data
including phenotypes of cases detected by MLPA
and/or CMA is provided in Table 1. The clinical
photographs of representative cases are shown in

Figure 1. The total number of cases with DSI was
20 and they were from 16 families. These include
two pairs of siblings (case numbers 1 and 2; 4 and
5), a pair of second cousins (case numbers 9
and 10) and prenatal samples of two separate
pregnancies in a mother (cases 12 and 13). Case 2
was the fetus in the next pregnancy of the mother
of case number 1. The typical phenotypic features
of isolated deletion/duplication of the concerned
chromosome from the published literature are
also given in Table 1 for comparison with the
phenotype of the case with DSI. In three families
(case nos. 12, 13, 14 and 19), only the fetal
sample was tested, one of them being products of
conception (case 14). For case 19, amniotic fluid
DNA was studied by MLPA and the fetal USG
did not reveal any abnormality. The indication
for prenatal testing in case 19 was balanced
translocation in the husband and there was bad
obstetric history (previous one spontaneous
abortion and one intrauterine fetal death) in his
wife. The couple also had a child affected with 13q
deletion syndrome. Fetal autopsy could not be
done for cases 12, 13 and 19. In two families with
two children each (cases 4 and 5 & cases 9 and 10)
with DSI, the chromosomal imbalances involved
the same set of 2 chromosomes, but were
reciprocal in nature. Case 4 (Figure 1a), had a 12.28
Mb deletion at 6q25.3q27 and 3.8 Mb duplication
at 7q36.3 (Figure 2, 3) while her sister (case 5 -
Figure 1b) had heterozygous duplication at 6q27
with heterozygous deletion at 7q36.3 (on MLPA).
Case 9 had 13 Mb duplication at 11q 24.1-25 along
with 9.2 Mb deletion at 7q 36.1 – 36.3 region, while
her second cousin (case 10) had 9.4 Mb gain of
7q36.1-36.3 and 13.16 Mb loss at 11q24.1-25.
Cases 9 and 10 have been reported earlier by
Tuteja et al. from our center (Tuteja et al., 2017).
Out of the 20 cases, there were 5 families with
2 offspring/fetuses with DSI which suggested
an inherited chromosomal abnormality. In the
parents, balanced translocation was confirmed in
all except one (case 4 and 5). For other cases with
one child with DSI, evaluation of the parents for
balanced rearrangement could not be done.

Discussion

Unbalanced chromosomal abnormalities in DSI,
in which there is a net gain and loss of
genetic material, often disrupt large numbers
of dosage-sensitive, developmentally important
genes and result in specific and complex
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Figure 1 Dysmorphism noted in the patients. 1a. Case 4 (heterozygous 12.28 Mb deletion at 6q25.3q27
and heterozygous 3.8 Mb duplication at 7q36.3): Hypotelorism, smooth philtrum, dysplastic
posteriorly rotated low set ears, short neck; 1b. Case 5 (heterozygous deletion at 7q36.3 and
heterozygous duplication at 6q27): Smooth philtrum, thin upper lip; 1c. Case 18 (heterozygous
deletion at 4p16.3 and heterozygous duplication at 8p23.3): Facial asymmetry, bushy eyelashes,
hypertelorism, broad nasal bridge, pointed low set ears; 1d. & e. Case 6 (heterozygous deletion
5p15.33-p14.3 and heterozygous duplication 7p22.3-p22.2): Blepharophimosis, prominent
nasal bridge, retrognathia, thin tented upper lip, left auricular tags, low set ears; 1f. Case 11
(heterozygous deletion at 18q23 and heterozygous duplication at 17q13.3): Microcephaly,
telecanthus, depressed nasal bridge with flat facial profile, low set ears, sandal gap with
clinodactyly of toes.

phenotypes. Even if the sizes of the unbalanced
segments are large, detection by traditional
karyotyping may be difficult due to duplicated
segment compensating for the size of the
deleted segment. The phenotypes of DSI are
combined effects of both the imbalances. In our
case series, there were five prenatal samples
without adequate information of phenotypes. The
DSI with characteristic phenotypes seen in this
series are Phelan-McDermid syndrome (case 3),
Cri-du-chat syndrome (case 6), sex reversal
syndrome (case 8) and Wolf-Hirschhorn syndrome
(Case 18). Even in these cases, the phenotype had
representation of the associated imbalance of
the other chromosome. In case 3, the child
had dysplastic ears as seen in Phelan-McDermid
syndrome as well as distal arthrogryposis seen
in duplication 17q25.1-q25.3. Five cases had
blended hybrid phenotypes (Case 9,10,15,16 and
20). Case 10 had phenotype suggestive of
Jacobsen syndrome (Del 11q24.1-25); however,
she did not have thrombocytopenia. Most of the

submicroscopic chromosomal imbalances have
intellectual disability or developmental delay as
features and such a non-specific phenotype was
seen in six of the fifteen postnatal cases (cases
1, 4, 5, 7, 11 and 17). Predominance of
phenotype of the deleted chromosomal segment
was seen in some cases probably because deletion
is considered more harmful than duplication.
Cases of blended phenotype resulting from DSI
of various chromosomal regions have been
described in literature (Colangelo et al., 2018).

Phenotypic variability in combined or complex
chromosomal aberrations in DSI makes it difficult
to perform genotype-phenotype correlations.
Hence the syndromes with characteristic
phenotype may not be clinically suspected.
The double segment imbalances mostly are
from inherited derivative chromosomes from
the parents with a balanced chromosomal
rearrangement. Hence there may be history of
previous spontaneous abortions, unexplained
fetal losses, stillbirths or similarly affected family
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Figure 2 MLPA showing double segment imbalance: Case 4 (Heterozygous deletion at 6q27 and
heterozygous duplication at 7q36.3).

Figure 3 Cytogenetic microarray showing double segment imbalance for Case 4 - Arr [hg19] 6q25.3q27
(158,628,326-170,914,297) x1 & 7q36.3 (155,277,221-159,119,707) x3; 3a. Ideogram showing
involved chromosomal segments; 3b & c. Copy number status and B allele frequencies of
duplicated and deleted segments of 7q and 6q respectively.

member. We were not able to study all the
parents for carrier status by fluorescence in
situ hybridization. Five of the 16 families had
recurrences. The recurrence may have the same

type of imbalance (cases 1 and 2) or may have the
other reciprocal imbalance as was the situation in
the cousins (cases 9 and 10) and the pair of
sisters (cases 4 and 5). The phenotype may be
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similar in the recurrences as neuro-developmental
disability or recurrent fetal loses. But both
situations may occur in one family. Identification
of these chromosomal abnormalities is of utmost
importance to prevent recurrences in the family.
The siblings and cousins of a carrier may
be harboring the same balanced chromosomal
abnormality and recurrences are expected in the
extended family members. Hence, they should be
offered genetic counseling and predictive testing.

Recently Iype et al. described south Indian
kindred with double segment imbalance spanning
five generations with t(3;4)(p26.3;p16.1), in which
several individuals had either del(3p)/dup(4p) or
del(4p)/dup(3p). The individuals in the family
had variable phenotypes and reciprocal double
segment imbalances as well. Interestingly there
was no history of recurrent spontaneous
abortions reported in the family (Iype et al.,
2015). Nucaro et al. reported a family from Italy
spanning three generations, with karyotype 46,
der(3)t(3;10)(p26;p12). There was history of several
miscarriages and phenotype of the patients was
more likely attributable to the 10p duplication
(19Mb) than to the 3p deletion (2.6 Mb) (Nucaro et
al., 2008).

Rarely such a family may present with infertility
in males and recurrent spontaneous abortions in
female carriers (Goel & Phadke, 2011). Prenatal
screening using cell-free DNA in maternal plasma
or pre-implantation genetic testing are options for
carriers of DSI in addition to the traditional
prenatal diagnosis through fetal sampling by
chorionic villus sampling or amniocentesis.
Chromosomal breakpoints in the parents are
important for predicting the segregation pattern
and estimating the risk in the fetus. Thus, in cases
of DSI, screening of the parents by karyotype or
FISH is important as the risk of recurrence is high if
the parent is a carrier. Many carriers of such
balanced translocations may not be detectable by
karyotype as the difference in the sizes of deleted
and duplicated segments may not be significant
and detectable by traditional karyotype.

Conclusion

Clinical suspicion based on phenotypes may be
difficult in cases with DSI. The presence of DSI
suggests a possibility of balanced chromosomal
rearrangement in either of the parents. Hence
identification of DSI in children, fetuses and
products of conception is important. Cytogenetic

microarray being a genomic technique is the best
option to detect submicroscopic chromosomal
imbalances. However, if it cannot be done due to
cost constraints, MLPA with subtelomeric probes
can be used as a substitute as it can detect DSI and
thus help to identify the families at high risk of
recurrence of chromosomal abnormalities.
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Introduction

Silver–Russell syndrome (SRS), OMIM #180860, is
characterised by prenatal and postnatal growth
retardation. The syndrome was initially described
in a group of children with low birth weight,
atypical facies, postnatal short stature and
body asymmetry independently by Silver et. al.
(1953) and Russel (1954). The presentation of
intrauterine growth retardation and small for
gestational age (SGA) is extremely heterogeneous,
however SRS can be distinguished from those with
idiopathic intrauterine growth retardation or SGA
and postnatal growth failure by the presence
of several characteristic features. An underlying
genetic cause can be identified in around 60% of
patients clinically diagnosed with SRS (Netchine et
al., 2007).

The present study reports a case of
Silver-Russell syndrome that was identified on
chromosomal microarray done after intrauterine
death. We have also reviewed the antenatal
presentation of Silver-Russell syndrome.

Clinical findings

A 25 years-old primigravida was referred at 12
weeks of pregnancy in view of the first trimester
combined screen showing intermediate risk for
Down syndrome (1 in 1204); low risks of 1
in 10,000 were noted for trisomy 13 and 18.
Pregnancy-associated plasma protein A (PAPP-A)
was 0.57 MoM and beta human chorionic
gonadotropin (𝛽HCG) was 2.95 MoM. Her serum
placental growth factor (PlGF) was 9 pgm/ml (0.20

MoM). First trimester NT (nuchal translucency)
scan showed NT of 1mm with crown-rump length
(CRL) of 66.8mm and nasal bone measurement
of 2.9 mm. Ductus venosus (DV) was normal
and no tricuspid regurgitation was noted. The
right and left uterine artery pulsatility index (PI)
were 2.57 and 1.97 respectively. The patient
was not hypertensive and there was no history
of diabetes. Tab Ecosprin (150 mg aspirin) at
bedtime was advised in view of the low serum
PlGF and increased uterine artery PI. NIPS
(non-invasive prenatal screen) was offered in view
of the intermediate risk for aneuploidy. The results
of NIPS showed low risk of aneuploidy for
chromosomes 13, 18, 21 and sex chromosomes
with fetal fraction noted to be 4% for the
test. Intrauterine demise (IUD) was detected at
17 weeks of pregnancy and the fetus, along
with placenta, was submitted for autopsy, low
resolution microarray (315 K) and histopathology.• Autopsy findings: Autopsy showed a male
fetus with a foot length of 2 cm corresponding
to 15 weeks gestation. The CRL was 10 cm,
head circumference (HC) was 11 cm and
chest circumference was 9.5 cm, all of which
corresponded to around 15 weeks gestation. The
external facial features noted were a triangular
face, pointed chin, small nose, long philtrum, thin
lips, overhanging columella, low set ears and a
prominent head (Figure 1). The upper limbs were
noted to be reaching up to the waist, indicating
mildly short limbs.

Placental histopathology suggested micro-
infarction of the placenta (Figure
2).
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Figure 1 Craniofacial features of the fetus
include a prominent head, triangular
face, pointed chin, small nose,
long philtrum, thin lips, overhanging
columella, and low set ears.• Genetic analysis: Chromosomal microarray

analysis (CMA) was performed using the CytoScan
Optima (315K) array (Affymetrix, Thermo Fisher
Scientific, USA) which showed a gain at cytoband
11p15.5p15.4 (1962499-2871270) encompassing
about 909 Kbps on chromosome 11. The
microduplication on 11p15.5 overlaps with the
11p15.5-p15.4 microduplication syndrome. The
important OMIM genes underlying the duplicated
region are IGF2, KCNQ1, H19, CD81.

Methylation assay was performed for both IC1
(H19DR) and IC2 (KvDMR) loci and the results
indicated hypomethylation at the IC1 locus further
confirming the diagnosis of SRS.

In view of a duplication, parental karyotyping
was done to check for the presence of balanced
translocation. Parental karyotypes were normal.
Parental microarray was not done.

Discussion

Silver-Russell syndrome is a rare syndrome
characterised by low birth weight, short stature,
craniofacial dysmorphism, hemihypertropy and
elevated urinary gonadotropins (Silver et al., 1953;
Russell, 1954). Prenatal diagnosis of this syndrome
is not reported and the antenatal cases reported
in literature actually had postnatal diagnosis
based on dysmorphic features and intrauterine
growth restriction (IUGR). Wax et al. (1996)
reported a fetus with asymmetric IUGR which was
diagnosed as Silver-Russell syndrome postnatally.
Serial examinations at 23, 26, 27, and 29 weeks
showed continued head growth along the 10th
centile and trunk growth along the 25th centile
whereas the long bones measured below the fifth
centile for gestational age and also asymmetry in
the long bones was observed. There were no
limb fractures, malformations, or deformations
detected on ultrasound. Placenta was thick and
histopathology showed infarction.

Khalil et al. (2008) also reported a fetus with
early onset IUGR first noted at 19 weeks 5
days, with abdominal circumference less than 3rd

centile. With advancing gestation, femur growth
also declined to less than 3rd centile, while the
biparietal diameter (BPD) and HC were within

A B

Figure 2 Histopathology of the placenta showing A. placental microinfarction & B. increased syncytial
knots.
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normal limits. SRS was also reported in a term
baby of a 35 years old mother with head
sparing IUGR (Johnson & Mokuolu, 2001). In this
reported fetus, intrauterine demise occurred at 17
weeks gestation, so serial growth parameters
are unavailable. But at this gestation BPD
corresponded to 16 weeks, AC was at 15 weeks
and FL at 14 weeks 4 days. Histopathology of the
placenta showed placental microinfarction. There
was growth lag of about 1 to 2 weeks at the time of
IUD. Growth and amniotic fluid were normal in the
first trimester NT scan. This is consistent with
other cases reported in literature, but IUD has not
been reported in this syndrome earlier. This may
be due to associated uteroplacental insufficiency
in our case. This may also be due to the fact that
some cases of fetal SRS may have been missed
due to the lack of autopsy and microarray testing
in cases with IUD.

SRS is a genetically heterogeneous condition.
Genetic testing confirms clinical diagnosis in
approximately 60% cases only (Netchine et al.,
2007) Hypomethylation of the imprinting control
region 1 (ICR1) at 11p15.5 is found in 35%-50%
of patients and maternal uniparental disomy of
chromosome 7 is found in 7%-10%. There are
some cases with SRS who have duplications,
deletions or translocations involving the imprinting
centres at 11p15.5 or duplications, deletions, or
translocations involving chromosome 7. Rarely,
affected individuals with pathogenic variants in
CDKN1C, IGF2, PLAG1, and HMGA2 have been
described. In the reported fetus, chromosomal
microarray showed a 909 Kbp duplication at
chromosome 11p15. Methylation testing at ICR1
suggested hypomethylation which confirmed the
diagnosis of Silver-Russell syndrome.

Majority of cases with SRS have been reported
to occur sporadically and risk of recurrence in
cases with methylation abnormalities is low
(Eggermann et al., 2016). In contrast, constitutional
mutations (point mutations, duplications and
deletions) are associated with a significantly
increased recurrence risk of up to 50% depending
upon the gender of the transmitting parent. The
risk of recurrence for maternally inherited 11p15
duplication has been reported to be as high as
50%. Also, it further warrants karyotyping of
the parents to look for balanced translocation.
However, an important consideration that should
be kept in mind while counselling the families
when the proband harbours a small sized
duplication is that a normal karyotype does not
rule out the possibility of the mother being an

asymptomatic carrier of the small duplication,
because karyotyping has limited resolution.

Fetal growth restriction (FGR) (fetal weight less
than 3rd centile) is the key prenatal clinical feature
of SRS but SRS is usually not suspected antenatally
as FGR is a common presentation and can occur
due to various maternal, fetal or placental causes.
Fetal causes include genetic and epigenetic
disorders or congenital fetal infections (Meler et
al., 2020). Prenatal diagnosis of SRS is usually done
in the setting of a familial translocation involving
chromosome 7 or when mosaic trisomy 7 is
detected in chorionic villus sampling. A knowledge
of the postnatal dysmorphic features of SRS will
help in better identification of the fetal phenotype
as for other genetic syndromes.

The following points can provide important
diagnostic clues for SRS in the antenatal period:

1. There is early onset growth restriction
(before 32 weeks of gestation) after normal
first trimester growth. FGR can be mild to
severe depending upon the severity of the
case; variability in severity is seen postnatally
also.

2. Head circumference ≥1.5 SD above birth
weight and/or length is one of the diagnostic
criteria considered postnatally. A large head
compared to the limbs and abdominal
circumference, is the most important clue
to suspect this syndrome in the antenatal
ultrasound. (Meller et al., 2020)

3. Limb asymmetry is frequently noted
in children with this syndrome and
measurements of all long bones (femur, tibia,
fibula, humerus, radius and ulna) on both
sides is therefore important.

4. 3 D examination of the face for features such
as broad forehead and triangular chin may
support the clinical suspicion (Meller et al.,
2020)

5. Examination of the genitalia for abnormalities
such as hypospadias (Meller et al., 2020)

6. A normal Doppler ultrasound will support
this diagnosis but at times uteroplacental
insufficiency can be an associated finding.

7. SNP microarray and methylation studies will
confirm the diagnosis of SRS.

Since there are no clinical criteria for the diagnosis
of SRS in a fetus, a keen eye to look for this
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condition will help families in genetic counseling
and in assessing the risk of recurrence in the
subsequent pregnancies.
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Gene therapy for RPE65-associated
Leber's congenital amaurosis (RPE65-
LCA) (Wang et al.,2020)

RPE65-associated LCA is an inherited retinal
degeneration. In 2017, the US Food and
Drug Administration (FDA) approved the
first directly administered gene therapy
that targets RPE65, voretigeneneparvovec-rzyl
(Luxturna). Voretigeneneparvovec-rzyl uses the
adeno-associated virus (AAV) vector and is
delivered as a single subretinal injection. After
this the retinal cells start producing the protein.
However, cautious optimism is necessary, as the
drug is not expected to restore normal vision, and
only about half of treated patients had minimally
meaningful improvement in short-term studies.
Wang et al. reviewed six studies with 82 patients,
of which only one was a randomised control trial.
They found that gene therapy was effective up to 2
years post treatment in terms of improvement of
best-corrected visual acuity and full-field light
sensitivity threshold to blue flashes.

Personalized oligonucleotide therapy
for CLN7 neuronal ceroid lipofuscinosis
(Kim et al., 2019)

Neuronal ceroid lipofuscinoses (NCL or CLN) are
a heterogeneous group of neurodegenerative
disorders. CLN7 is caused by homozygous or
compound heterozygous variants in the MFSD8
gene. Kim et al. reported a 6 years old girl with
CLN7, who was found to have two pathogenic
variants in the MFSD8 gene, one being a known
pathogenic missense variant and the other a

novel insertion of a retrotransposon which causes
mis-splicing of the MFSD8 mRNA. Antisense
oligonucleotide therapy (termed as milasen)
consisting of 22 nucleotides was designed to
target the i6.SA cryptic splice-acceptor site and
nearby splicing enhancers. Repeated injections
through the intrathecal route resulted in an
increase in the ratio of normal to mutant mRNA.
Over the course of 300 days the frequency of
seizures decreased. No adverse reactions were
noted. This ‘personalized drug’ was developed
within one year of the diagnosis.

AAV5-hFVIII-SQ gene therapy for
Hemophilia A (Pasi et al., 2020)

Pasi et al. have studied the 2-year and 3-year
safety and efficacy data after administration
of single infusion of adeno-associated virus
(AAV)–mediated gene therapy in 15 adults with
severe hemophillia A. They had received a single
infusion of AAV5-hFVIII-SQ at various dose levels.
There was a substantial reduction in annualized
rates of bleeding events and complete cessation of
prophylactic factor VIII use in all participants who
had received an adequate amount of the gene
therapy. No adverse event was noted. The gene
therapy appears to be effective.

EuropeanMedicines Agency approval of
Zynteglo for beta thalassemia and sickle
cell disease (Schuessler-Lenz et al., 2020)

Recently the European Commission approved the
gene therapy Zynteglo for transfusion-dependent
beta thalassemia. In their trial, they included
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32 patients of ages 12 years and above. This
therapy is an ex vivo gene therapy, consisting
of an autologous CD34+ cell-enriched population
that contains hematopoietic stem cells transduced
with a lentiviral vector encoding the beta globin
gene. After myeloablative preconditioning with
busulfan, these transduced cells are given in a
single injection. They get engrafted in the bone
marrow and differentiated into red blood cells that
produce therapeutic hemoglobin called HbAT87Q.
Till now, two trials were completed and 11 out of
14 patients reached the primary endpoint of
transfusion independence. In the two trials that
are ongoing, 4 out of 5 patients no longer need
blood transfusion. Five out of eight patients with
the severest form treated with this therapy have
not benefitted and returned to blood transfusion.
Therefore, this therapy is not approved for the
most severe type of beta thalassemia. The reason
for no benefit is that a higher percentage of
blood cells carrying the transgene sequences was
required for the most severe type. Zynteglo is also
being used in trials for sickle cell disease and the
early results are promising. This therapy aims to
dilute the levels of the defective protein that
distorts the red blood cells into a sickled shape. In
the twelve months follow up of four patients,𝛽A-T87Q-derived hemoglobin production increased
to ≥50% of total hemoglobin, and symptoms
such as acute chest syndrome and serious
vaso-occlusive crisis were eliminated.

Gene therapy for X-linked chronic
granulomatous disease (Kohn et al., 2020)

In the first study in humans, nine patients with
X- linked chronic granulomatous disease (CGD)
received ex vivo autologous CD34+ hematopoietic
stem and progenitor cell-based lentiviral gene
therapy. Pre-treatment myeloablative conditioning
was given. Two enrolled patients died within
3 months of treatment from pre-existing
co-morbidities. At 12 months, six of the seven
surviving patients demonstrated stable vector
copy numbers (0.4-1.8 copies per neutrophil).
No new CDG-related infections occurred in
the surviving patients suggesting that the
lentivirus-based gene therapy holds promise for
CGD.

RNAi therapeutic Givosiran for acute
intermittent porphyria (Balwani et al., 2020)

Up-regulation of hepatic delta-aminolevulinic
acid synthase 1 (ALAS1), with resultant
accumulation of delta-aminolevulinic acid (ALA)
and porphobilinogen, is central to the
pathogenesis of acute attacks and chronic
symptoms in acute porphyria. This study on 94
symptomatic patients (48 in the givosiran group
and 46 in the placebo group) with acute hepatic
porphyria and 89 patients of acute intermittent
porphyria (AIP) showed efficacy of givosiran,
an RNA interference therapy which inhibits
ALAS1 expression. After receiving subcutaneous or
placebo monthly for 6 months, among the 89
patients with acute intermittent porphyria, the
mean annualized attack rate was 3.2 in the
givosiran group and 12.5 in the placebo group,
representing a 74% lower rate in the givosiran
group (P<0.001). The results were similar among
the 94 patients with acute hepatic porphyria.
There was lowering of levels of urinary ALA and
porphobilinogen in patients with AIP.
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Dear Editor,
The McKusick short course is one of the

most sought-after platforms for a peek into the
exciting world of genetics. It is a two weeks long
annual programme, conceived by Victor McKusick
in 1953, hosted in Bar Harbor, USA. It covers and
surveys extensively the basics of heredity, disease,
genetic testing and genomics in model organisms
along with diagnosis and treatment of inherited
disorders and includes state-of-the-art lectures by
some of the stalwarts in the field of genetics and
genomics.

This year’s 61st McKusick course was the first
of its kind as it was an online course, providing an
entirely different experience to the faculty and
participants. This virtual event was presented
through a combination of pre-recorded lectures
and associated Q&A live panel discussions.
Additionally, there were virtual workshops on
a range of topics. Live sessions also included
orations and memorial lectures by authorities in
the field of biology, genetics and genomics.

The faculty was diverse in terms of disciplines
and the students in terms of stages of career as
well as work areas and interests. Being a virtual
event, the attendee list was one of the largest they
have ever had for a McKusick course. There was
excitement in the air as many people, for whom
travel to Bar Harbor may have only remained a
dream, were able to experience the enriching
and enthralling event. A multispecialty knowledge
sharing fostered greater discussion.

The journey of this course started with a
beautiful reminiscence of the history of genetics
right from its foundation in the early 19th century
and walked us through Darwinism to Mendelism,
to the fly room of Morgan to chromosomes,
leading to the foundation of molecular biology and
finally to 20th- century genomics. Dr David Valle,
Professor at Johns Hopkins University, described
the transition of genetics with interesting
anecdotes, like the one when Watson and Crick

were presenting their DNA model in a meeting
after publishing their work in a single page in
Nature on 25th April 1953; when Watson was
asked by one of the students as to how they could
convey their research in a single page, he chuckled
and replied, “It helps to have something important
to say”.

Dr Greg Cox and Steve Munger gave an
overview of the mouse models for human
diseases. It was fascinating to hear the breeding
experiments, generation of different strains for
different purposes e.g. coisogenic strains used
as disease models to ascertain the effect of a
novel mutation and study genotype-phenotype
correlation. It was exciting to learn how random
crosses for 20 generations between genetically
identical mice (mating between sibs) results in
inbred strains (collaborative cross; CC mice)
that are used for genetic mapping, study
phenotypic variability and infectious diseases,
such as COVID-19. The more diverse form
mimicking human population is the DO (diversity
outbred) mouse that is genetically unique, highly
heterozygous and well suited for GWAS to map
susceptibility loci for different diseases. These
mouse strains are generated by crossing between
the 8 main founder diverse (parent) strains to
increase diversity in the DO mouse so that they
can mimic human diversity. We were also given
the chance to see these mice live at the
Jackson laboratory through videos. Further, there
was a live poster session followed by thrilling
discussions.

Another interesting component of this event
was the opportunity to interact individually with
the faculty through “faculty hours”. During this
time, the professor would be available to chat
with the participants one-on-one and discuss
anything from genetics to wall colours. There
were opportunities to enquire about research and
career prospects in the field of genetics and
genomics. Virtual posters submitted from all over
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the world were also presented and discussed.
This was a unique virtual gathering of clinical

geneticists, researchers, students and nurses in a
single web portal sharing knowledge and updating
with the developments in the field. The success of
the event can be gauged by the fact that the
number of participants exceeded 900, which is
otherwise limited to less than 100 every other
year. Distances did not matter in this novel

platform of the virtual learning experience, making
it possible for many more to attend and opened
doorways to affording, distant learning for millions
of people for whom it may have been a challenge
in the normal circumstances. It has indeed been a
blessing in disguise. The learnings were immense
and the experience enriching, especially within
the nuances of new technology, discoveries and
personalized medicine.

HearToHearTalk
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The year 2020 has been a strange and
frustrating year. Everyone of us, whether doctors
or the society as a whole, is dealing with the
COVID-19 pandemic, though the scenario has
changed considerably from the time the initial
COVID-positive cases were detected in India to the
present time when we have crossed millions of
cases. Now we are more confident about the
disease and management options and gradually
the dismay has subsided with the large-scale use
of face masks and hand hygiene. Lockdown, social
distancing and the COVID-19 scare greatly affected
patient-hospital interactions. Patients with cancer,
thalassemia and rare metabolic diseases who
need to visit the hospital on a regular basis for
their treatment have been particularly affected.

As we all know, adversities bring new
opportunities and mankind has always excelled
and achieved new milestones whenever faced
with doom. Historically, mankind has overcome
many such pandemics and international crises,
whether social or economic. One of the
significant outcomes of this pandemic has been
the e-OPD initiative started by many hospitals
wherein online interaction is done with patients

through email/telephone/ WhatsApp etc. which
has significantly decreased patient discomfort.
This concept should be given due consideration as
an important entity of patient management as it is
cost effective as well. Travel expenses decrease, it
enables effective time management and even
patients from remote areas can consult doctors at
a tertiary centre. If required they are asked to visit
at an appointed time and specific interventions
can be planned well in advance.

As medical geneticists we come across a lot
of families and patients with rare debilitating
disorders and witness the challenges they face, as
most of these disorders are either incurable or
the available treatments have constraints like
cost and limited accessibility. But the situation is
changing as more advanced diagnostic techniques
(like whole genome sequencing) are becoming
available and a lot of new therapies for rare
disorders are knocking at the door.

The month of August is celebrated by national
and international forums working in the field of
spinal muscular atrophy (SMA) as SMA awareness
month. We have started treating some children
with SMA with Spinraza (Nusinersen) since late last
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year as part of a humanitarian access program. It
started with an enrolment process with around
hundred of them approaching our centre with a
hope of getting this wonder drug. It was an online
selection process with stringent inclusion criteria
and only a few children could get access to the
drug. This whole process of selection was done by
international experts with adequate steps to avoid
any biased selection. During this time, we came
across most of these bright children and were
really astonished to see their talents, whether the
sister-brother duo of AR and RR from Varanasi or
the talented AC (her paintings and artwork are
prodigious) or ZS from Kashmir valley. Though this
neuromuscular disease impairing motor neurons
is an obstacle for them and their families, they still
smile and most of them have a very good intellect.
Seeing them and walking the path of their journey
as clinicians, our conscience awakens and inspires
us to strive further and hope that most of them
get treatment.

Coming back to ZS; she hails from the Kashmir
valley and is one of the lucky few to get the drug.
This drug is given as an intrathecal injection,
initially three loading doses 2 weeks apart, then
the 4th loading dose 30 days after the third dose
followed by maintenance therapy every 4 months.
The family was compliant to therapy despite travel
restrictions etc. in Kashmir. Her last maintenance
dose got delayed due to COVID-19 related travel
restrictions but was finally given last month.
We assess the motor function of patients of
SMA with the Hammersmith Infant Neurological
Examination (HINE-2) and Children’s Hospital
of Philadelphia Infant Test of Neuromuscular
Disorders (CHOP-INTEND) scores. As seen in
other centres, the children in our treatment
cohort are also showing favourable response to
nusinersen therapy with improvement in HINE-2
and CHOP-INTEND scores. Similar improvement
was observed in ZS as well. Apart from the clinical
improvement in the child, we also observed
significant improvement in the interaction with her

parents. Her father used to be very hesitant in
interacting with us and we could sense his anxiety
which has gradually changed over time and now
he is far more transparent and communicative.
A good doctor-patient-family relationship is a
prerequisite for disease management, more so for
chronic conditions such as genetic disorders and
for associated genetic counselling. We felt gratified
when he shared videos of ZS performing on a song
with active movements of her upper limbs and
torso which was surely a gain considering her
previous history of paucity of movements. We
could see tears of hope in the father’s eyes. This
hope and optimistic attitude allow us to carry on,
whatever adversities are there. ‘Tough times do go
away and don’t last, but tough people do’—this
attitude is the need of the moment as we are
dealing with the COVID-19 pandemic; ‘this too shall
pass’.

Other newer therapies for SMA like gene
therapy (onasemnogene abeparvovec) and the
oral SMN2-splicing modifier Risdiplam are also
now accessible to some children in India, largely
due to efforts of the families and some dedicated
doctors. Hope the scenario changes in the future
and policy-makers start paying more heed to
medical expenditure and research. The COVID-19
pandemic has taught everyone that health is
indispensable and the verse which we learnt in
primary school days needs to be altered a bit, i.e.
“If wealth is lost, nothing is lost; if character is lost, all
is lost but if health is lost, the world is lost”.

We doctors have to follow certain ethics
and duties and apart from being good
clinicians we should also develop empathy and
good interpersonal relations with patients and
their families. Medicine is considered a noble
profession and such incidents reiterate the fact
that it is more than a job. The satisfaction which
you get from the joy you bring in someone’s life is
more than any materialistic gain.

“The nights are dark, the soul quivers in fright;
don’t worry O creature, the morning will be bright”.
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Answer to PhotoQuiz 49

Correct Responses Were Given By:

Hereditary hemorrhagic telangiectasia (HHT), also known as Osler-Weber-Rendu disease, is a 
disorder characterized by the presence of multiple arteriovenous malformations (AVMs). The 
main clinical manifestations are recurrent episodes of epistaxis and mucocutaneous 
telangiectasias. Associated visceral AVMs especially cerebral, spinal, pulmonary, hepatic, 
gastrointestinal, or pancreatic AVMs, may lead to serious bleeding complications. HHT has an 
autosomal dominant pattern of inheritance. It is genetically heterogeneous and can be caused by 
heterozygous pathogenic variant in the ACVRL1, ENG, GDF2, or SMAD4 gene; in some patients, the 
exact genetic basis remains unknown.
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