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Meeting with Mr Aditya Tiwari: A Proud Father of an adopted child with Down Syndrome
Department of Medical Genetics, Sanjay Gandhi Postgraduate Institute of Medical Sciences, Lucknow
24th Dec 2019

Mr Aditya is a beloved and blessed soul who
adopted a special child with Down syndrome
on the 1st of January 2016. He has been an
amazing father to his son and takes care of
him with great love and care. He shared his
experiences with us on the Christmas eve of
2019. The program was attended by families
of children with Down syndrome and others
including SGPGIMS staﬀ. The interaction
following spread positivity about Down
syndrome and adoption.

On the coming Down Syndrome day, 21st March 2020; let us spread the message that the children with
Down syndrome lead a happy, healthy, useful lives and ﬁll our lives with love & pure joy.

From Doctor’s Heart
Love Gene on Chromsome 21
उ�मीद से �यार थोड़ा �यादा है !
लोग कहते है वो अलग है,
�यान से देखो तो कोई फक� नह� हमम� और इनम�
इनक� आँ खे और इनक� हँसी थोड़ी िनराली है,
पर इनम� वही खून बहता है,
चोट लगने पर दद� भी वैसे ही होता है ।
Dr Neha Agrawal
Senior Resident, Department of Medical Genetics,
Sanjay Gandhi Postgraduate Institute of Medical Sciences,
Lucknow.
Email: ne4444ha@gmail.com

इनको थोड़ी देखभाल क� आव�यकता है,
पर देखो तो इनका जीवन िकतना सरल है,
िबना िकसी छल कपट का ।
अगर हम इनसे कुछ �ितशत भी सीख जाये,
तो धरती पर नयी मानवजाित का ज�म हो,
�जसमे केवल �यार ही �यार हो ।
हमे शु�गुजार होना चािहए भगवान् का,
�जसने सृजन िकया ऐसे खास और अि�तीय इंसान का
�जसको हमने डाउन �संडो� म नाम िदया ।
यह डाउन �संडो� म कोई अिभशाप नह�,
यह एक उपहार है जीवन को नए नज�रये से देखने का ।।

GeNeDit
Conference, society and coffee!
Editorial

Let us begin the year 2020 by congratulating
Dr Prajnya Ranganath, Dr Ashwin Dalal and their
team for successfully conducting the 6th annual
conference of the society. We are overwhelmed
by the magnitude of the event, array of speakers
and scientific deliberations.
With nearly 300
participants, this meeting has set tough goals for
Dr Shubha Phadke who will be hosting the next
year’s conference at Lucknow.
The galaxy of speakers from India and abroad,
reflected on current status of clinical care and
research on genetic neuromuscular disorders. The
enthusiastic participation of the next generation
scientists who put up a high number of scientific
abstracts, is noteworthy.
The thoughts and
discussions on collaborating at various levels
(internal and international) can be expected to
seed further joint efforts. We also thank the Indo
US Science and Technology Forum (IUSSTF) for
constantly supporting educational activities of our
society. It would not have been possible to have a
large number of eminent scientists from the USA
to visit us without their financial support.
The society held its annual general body meeting along the side-lines of the event. Again, the
interest and active participation of the members
was commendable. It is heartening to note our
society is growing fast day by day and with its size

and composition, we need to shoulder a greater
responsibility of guiding clinicians, researchers,
public and policymakers in the right direction of
genomic healthcare.
The current issue brings you a variety of articles
on treatment of genetic disorders; do not miss
the Genexpress coverage on coffee as a therapy
for a genetic disease! We also have a review
of antisense oligonucleotide therapy in this issue.
Also, please note the activities of UK-India Genomic
Medicine Alliance (UKIGMA) and Indo-UK Genetic
Education Forum.
These are exciting times for medical genetics
and it calls for enhanced vigour and commitment
on part of the society, its members and editorial
board of Genetic Clinics to improve testing, treatment and teaching in our country. Time to have
some caffeine!
Wish you all a great new year 2020!

Dr. Girisha KM
Assistant Editor, Genetic Clinics
1st January, 2020

Announcement
SIAMG - Genzyme Fellowship Program in Clinical Genetics
Duration and scope: Three months training in Clinical Genetics at select premier medical
institutes across India.
Eligibility:
• MD/MS/DNB or an equivalent degree in Pediatrics, Internal Medicine or Obstetrics &
Gynecology or clinical specialties like Dermatology, Ophthalmology, Radiology, Surgery,
Orthopedics specialty, recognized by the Medical Council of India.
• Medical professionals with super-specialization can also apply.
Award Support: Consolidated emolument of Rs. 50,000/- per candidate per month, for
three months.
Mode of Application: The application form and information brochure can be downloaded
from www.iamg.in
For details, please visit: http://www.iamg.in or write to info@iamg.in
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Clinical Vignette
Melanocortin 4 Receptor (MC4R ) Gene Associated Severe
Obesity in an Indian Child: Report of Novel Variants
Parag M Tamhankar, Vasundhara P Tamhankar
Centre for Medical Genetics, Mumbai, India
Correspondence to: Dr Parag M Tamhankar

Abstract
Monogenic obesity syndromes are a group of
Mendelian diseases that cause childhood obesity
and are linked to genes in the leptin- melanocortin
pathway. Families with biallelic MC4R gene mutations are rare. We describe a seventeen-year-old
girl with severe obesity, diabetes, hyperinsulinemia, hypercholesterolemia, primary amenorrhea,
polycystic ovary and acanthosis nigricans. Clinical
exome analysis identified compound heterozygosity for variants p.(Cys84Tyr) and p.(Leu300Pro)
in the MC4R gene encoding the melanocortin
4 receptor protein in the patient. Father was
heterozygous for the p.(Leu300Pro) variant and
mother was heterozygous for the p.(Cys84Tyr)
variant. The patient’s obesity did not respond
to dietary and exercise management although the
glucose control and lipid profile improved. The
patient’s parents were also obese but less severely
affected (body mass index of father 39.2 and of
mother 38.2).

Case report
A seventeen-year-old girl,
born to nonconsanguineous parents, presented with childhood onset hyperphagia and obesity. She was
born at term by lower segment Caesarean section
and her birth weight was 3.785 kilograms. There
was history of gestational diabetes in the mother
in the antenatal period. She had hypoglycemia
and hyperbilirubinemia (5th day total bilirubin was
24.6 mg/dl) and was treated with phototherapy;
at discharge her weight was 4.3 kgs. Her weight
progressively increased and at 38 months, her
weight was 27 kgs for height of 94 cm when she
was noticed to have acanthosis nigricans, moon
face and buffalo hump.
Fasting cortisol and
Genetic Clinics 2020 | January - March | Vol 13 | Issue 1
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evening cortisol were normal. Bowing of legs was
noticed after she started walking at 15 months
of age when she was treated for rickets. Later,
at 44 months of age, she was diagnosed to have
Blount disease and corrective osteotomy was done
at 4 years of age. Fasting lipid profile at 4 years
showed serum cholesterol of 172 mg%, serum
triglycerides of 212 mg%, HDL cholesterol of 37 mg
%, LDL cholesterol 93 mg% and VLDL cholesterol
of 42 mg%. Fasting sugar and postprandial sugar
were normal. At 12 years, she weighed 111 kilos,
height was 151 cm, random blood sugar was 197
mg%, serum insulin level was 1000 IU/ml (normal
fasting 3 – 35 IU/ml, post glucose 12 – 82 IU/ml),
SGPT was 60 IU/l (normal up to 40 IU/l), and
total cholesterol/HDL cholesterol ratio was 6.7.
Ultrasonogram of the abdomen revealed normal
liver, spleen, kidneys, adrenal glands and uterus,
but a single 21 mm large calculus was noted in
the gall bladder. The left ovary showed a bulky,
polycystic appearance with multiple peripheral tiny
follicles and increased stromal echotexture. Serum
FSH was 1.95 mIU/ml, LH was 1.46 mIU/ml, and
prolactin was 9.18 ng/ml. In the last visit at 17 years
of age, she weighed 137 kgs and her height was 155
cm (Figure 1a). Figure 1b shows the fat distribution
in the dual-energy X-ray absorptiometry (DEXA)
scan. Her cognitive functions were normal. She
did not lose weight despite several attempts at
low calorie diets, exercise and swimming sports
regimens. Hyperphagia was noticed in early life
and this remained difficult to control. The patient
was advised gastric bypass surgery (Roux-en-Y) for
better long-term management of obesity.
Her father was 175 cm tall, with a weight of
120 kgs and BMI of 39.2. Her mother was 160
cm tall, with weight of 72 kgs and BMI of 28.12.
Her brother was 170 cm tall with a weight of 95
kgs, BMI 32.87 and was receiving treatment for
hypothyroidism diagnosed in childhood.
2
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Figure 1 1a. Growth chart of the patient showing weight above 97th centile and height on 10th centile;
1b. Dual-energy X-ray absorptiometry (DEXA) scan showing fat distribution of the patient;
1c. Sequence chromatograms showing compound heterozygous variants p.(Cys84Tyr) and
p.(Leu300Pro).

DNA methylation test for SNRPN gene revealed normal results. Clinical exome sequencing
in the patient showed compound heterozygous variants c.899T>C [p.(Leu300Pro); paternally
derived; Chr18:58038684:A>G; 59x coverage]
and c.251G>A [p.(Cys84Tyr); maternally derived;
Chr18:58039332:C>T; 100x coverage] in the MC4R
gene (transcript id ENST00000299766). Both the
variants were predicted to pathogenic by the
in silico prediction tools Sorting Tolerant from
Intolerant (SIFT), Polyphen2 and MutationTaster
software (Kumar et al., 2009; Ramensky et al.,
2002; Schwarz et al., 2014). The c.899T>C variant
has not been reported in the 1000 Genome and
ExAC databases but has been reported in the
gnomAD database with a minor allele frequency
of 0.000008125; the c.251G>A is a novel variant.
The MC4R gene variants were confirmed through
Sanger sequencing in the proband and parents
(Figure 1c). Mutation analysis could not be done
for the brother.

Discussion
The patient was clinically suspected to have monogenic obesity since there was severe early-onset
obesity and hyperphagia, leading to other comorGenetic Clinics 2020 | January - March | Vol 13 | Issue 1

bidities such as insulin resistance, hyperlipidemia,
Blount disease and polycystic ovarian disease.
The genetic test identified variants in MC4R gene
that encodes a 332 amino acid Melanocortin 4
receptor, a seven-transmembrane c-AMP pathway
linked protein, as causative of obesity in the child.
Functional studies for the identified variants could
not be done.
Published literature on patients with MC4R
gene mutations and phenotypic characteristics
was reviewed. In 1998, Yeo et al. and Vaisse
et al. reported mutations in MC4R gene with
severe early-onset obesity. Since then, around 369
unique variants have been identified in various
families affected with MC4R gene defect with
haploinsufficiency as the predominant mechanism
and dominant negative effect for some variants
(Morell-Azanza et al., 2019).
Certain variants
may also be population specific.
Thearle et
al.
(2012) found that the p.Arg165Gln and
p.Asp37Ter mutations were present in 1.8 % full
heritage Pima Indians in Arizona explaining the
high prevalence of obesity and diabetes in that
population. The MC4R gene defect is considered
to be the commonest single gene cause of obesity
with most studies reporting a prevalence of 1
to 6 % in patients with severe obesity.
The
3
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inheritance is dominant, with individuals with
mono-allelic variation being less severely affected
than the bi-allelic variations. The gene plays an
important role in the leptin-melanocortin pathway
that controls food satiety and energy expenditure.
The adipocyte generated leptin hormone acts on
the leptin receptor in the arcuate nucleus which
releases the alpha melanocyte secreting hormone
(MSH). MSH activates the MC4R receptor which
is a G-protein coupled transmembrane receptor
expressed in the paraventricular nucleus resulting
in a satiety signal.
Kobayashi (2002) described a child with homozygous p.Gly98Arg variant in MC4R with weight
gain from 10 months of age with BMI of 62 kg/m2
at 40 years of age. She had normal puberty.
Bone mineral density was high (lumbar Z score
2.02). Insulin and leptin were elevated (4x and 5x
of upper normal limit). Children with monoallelic
mutations show greater weight gain rate during
childhood but stabilized BMI in adulthood. Patients
have higher linear growth with around 1.5 cm gain
in adult height for partial loss of function mutations
and around 5 to 7 cm gain for complete loss of
function mutations (Martinelli et al., 2011; Thearle
et al., 2012). Patients with monoallelic dominant
negative mutations have severe early-onset obesity
(Biebermann et al.,2003).
Hyperphagia may abate in adolescents and
some may develop periods of anorexia nervosa
leading to rapid and significant weight loss with
rebound effects. Presence of obesity in index
cases can also lead to “obesogenic” influence on
non-carrier sibs thereby causing obesity in them.
Treatment options are limited and are based
on case reports rather than randomised controlled
trials. Dietary and exercise regimens are important
but long-term efficacy is poor as reported in
most patients with biallelic mutations. Hainerova
and Lebl (2013) reported efficacy of sibutramine
(serotonin and noradrenaline reuptake inhibitor)
in one patient with biallelic MC4R mutations.
Efficacy of glucagon-like peptide-1 receptor agonist
liraglutide was evaluated and found to cause a
6% weight loss in 16 weeks in patients with MC4R
heterozygous mutations and in those without.
We did not find weight loss in our patient after
three months of liraglutide therapy and rather
weight gain was documented. There exists a
debate about use of bariatric surgery in patients
with MC4R gene variations.
The Genetics of
Obesity Study Consortium (GOOS), United Kingdom (https://www.mc4r.org.uk/) reported that
patients with MC4R gene biallelic variations may
Genetic Clinics 2020 | January - March | Vol 13 | Issue 1

not respond to bariatric surgery.
This was
based on a study by Hatoum et al.
(2012)
wherein 972 patients undergoing Roux en Y gastric
bypass surgery (RYGB) were studied for MC4R
gene variations. They found that patients with
heterozygous MC4R variant responded equally to
surgery as those without. They also reviewed
that till 2011 less than 10 biallelic MC4R gene
mutation carriers were reported and none of
them had undergone RYGB. Aslan et al. (2011)
performed laparoscopic adjustable gastric banding
and truncal vagotomy for a 19 years old girl
with MC4R gene mutations with BMI of 54.27
which resulted in initial weight loss but after 12
months, her BMI was 56.39. Bariatic surgery
has been successfully practiced in adolescents
with severe obesity and meeting the criteria of International Pediatric Endosurgery group
(https://www.ipeg.org/morbidobesity). Teen
Labs Consortium (Inge et al, 2011) reported the
outcome of 242 adolescents (mean age 17.1) with
mean BMI of 50.5. Mean weight loss sustained at
end of three years was 28 % after gastric bypass
and 26 % in those undergoing sleeve gastrectomy.
However, mutation profile was not analysed. We
have recommended Roux-en-Y gastric bypass for
our patient based on these observations and
also due to presence of co-morbidities such as
Blount disease, polycystic ovarian disease and hyperinsulinism not responding to long-term dietary
management.

Conclusion
Biallelic MC4R variations lead to severe early-onset
obesity refractory to diet and exercise regimens,
liraglutide treatment and early gastric bypass
surgery. Affected individuals should be evaluated
to prevent co-morbidities such as hyperinsulinism,
joint disease, cosmetic issues/body image and
psychological issues.
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Marfan syndrome
and other aortopathies
14th and 15th of February, 2020
at Kasturba Medical College, Manipal, India

Topics
Ÿ
Marfan Syndrome: The dark side of the disease
Ÿ
FBLN4 related aortopathy
Ÿ
New insights on aortopathies with bicuspid aortic valve
Ÿ
Non-syndromic forms of aortic aneurysms
Ÿ
TGFbeta signalling and fibrillin pathways
Ÿ
Loeys Dietz syndrome
Ÿ
Syndromic aortopathies
Ÿ
Exome and gene panels for aortopathies
Ÿ
Ehlers Danlos syndrome
Ÿ
Clinical validity of inherited aortopathy and related connective

tissue disorders genes
Marfan and related syndromes in Indians
Ÿ
Surgical management of aortopathies

Ÿ
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Important dates
Registration

Closing date: 31 January, 2020
st

Abstract Submission
by 15th January, 2020
For details and registration
www.manipalgeneticsupdate.com
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Antisense Oligonucleotides: Adding Sense to Therapeutic
Medicine
A Haseena, Amita Moirangthem, Shubha R Phadke
Department of Medical Genetics, Sanjay Gandhi Postgraduate Institute of Medical Sciences, Lucknow, India
Correspondence to: Dr Amita Moirangthem

Abstract
Rapid progress in the field of molecular biology
has led to the development of numerous genetic
therapies. Among these, antisense oligonucleotide
(ASO) therapeutics have recently gained momentum due to their application in the spectrum of
disorders ranging from neurodegenerative disorders to malignancies. This brief review discusses
the principle of ASO based therapies, mechanism
of action and their current role in the field of
therapeutic medicine.

Introduction
Antisense Oligonucleotide (ASO) therapeutics is
a well-recognized class of drugs exploiting the
Watson and Crick’s base pairing rules to target
disease-related RNAs. Although the concept of
using synthetic oligonucleotides to modulate RNA
function dates back to 1978, the anticipated clinical
success was achieved only after recent advances in
genomics, chemistry and pharmacology.
Oligonucleotides are unmodified or chemically
modified single stranded DNA molecules which
are 8-50 bp in length. They hybridize to target
RNA and alter its original function through an
array of mechanisms. With the knowledge of
gene sequences, ASOs directed at specific target
sequences are being utilized to understand gene
functions. Simplicity of the concept has led to its
use in knock-down experiments, target validation,
drug therapy, and other applications. The same
principle is applicable to the use of ASOs in
therapeutics. Another advantage of ASOs is the
reversibility of effects as opposed to gene therapy
and genomic editing. The current success in the
treatment of neuromuscular disorders especially
spinal muscular atrophy has proved the potential
of ASO based therapies.
Genetic Clinics 2020 | January - March | Vol 13 | Issue 1
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The major hurdles in the designing of ASOs
include rapid degradation by intracellular exonucleases and endonucleases, inefficient uptake in
certain tissues, nonspecific effects and adverse
immune responses. However, these issues are
being actively addressed to enhance efficacy and
specificity of ASOs.

Mechanisms of action of ASOs
ASOs modulate the transfer of genetic information
to protein in multiple waysa) RNase-H mediated site specific degradation of
mRNA: This remains the most utilized antisense
mechanism despite major advances in the field
of RNA biology (Crooke et al., 2018). RNase-H
causes degradation of DNA/RNA heteroduplex
when DNA based ASO binds to its RNA targets.
Activation of RNase-H is extremely sequence
specific. Mismatch of ≥ 3 base pairs results
in complete loss of RNase-H activation. Hence
extreme caution is required in designing ASO
for this action. Nevertheless, this remains the
most efficient mechanism which causes 80-95%
downregulation of mRNA and protein expression and acts effectively even when targeted at
any region of mRNA (Dias et al., 2002)
b) Steric block of ribosome binding: This includes interruption of RNA translation by preventing the
movement of ribosomes onto mRNA thereby
inhibiting assembly of 40s, 60s ribosomal
subunits.
c) Modulation of splicing: Some ASOs function
by binding to regulatory sequences, masking
splicing enhancers or repressor sequences
causing exon skipping and forcing inclusion of
otherwise alternatively spliced exons. ASOs
can also modulate polyadenylation selection in
6
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those transcripts with > 1 poly A site at 3’
untranslated region (Vickers et al.,2001) This in
turn creates alternative transcript and increases
mRNA stability and alters protein expression.
d) Targeting miRNA and Natural Antisense Transcript
(NAT): Recently discovered ASOs are designed
in such a way that they can directly bind to
miRNA and NAT and prohibit them from binding
to their own mRNA specific targets. This in
turn causes upregulation of genes targeted by
miRNA and NAT (Davis et al., 2009)
• Generations of ASOs:
1st generation ASOs: These compounds have
phosphorothioate backbone only, limiting the function to RNase-H degradation. In addition, these
compounds have nonspecific interaction with cell
surface and intracellular proteins (Kurreck, 2003).
2nd generation ASOs: These compounds have
2’-sugar modifications like 2’-O-methyl and 2’-Omethoxyethyl (MOE) additions. This makes them
resistant to degradation by cell nucleases and
increases their affinity and target specificity.
3rd generation ASOs: These include Locked
Nucleic Acid (LNA) and Morpholino modifications.
Morpholinos display greater potency in altering
splicing and inhibiting translation in vivo but do
not activate RNase-H. LNA compounds exhibit
enhanced potency and are known for their robust
binding improvement and nuclease resistance
when compared to other 2’ modified compounds
(Swayze et al., 2007).
• Delivery of Oligonucleotides to Cells:
Adsorptive endocytosis and fluid phase pinocytosis appear to be the major mechanisms for
oligonucleotide internalization. The proportion of
internalization depends on the concentration of
oligonucleotide. At low concentrations, the likely
mechanism of internalization occurs via interaction
with membrane bound receptors. At high concentrations, the receptors get saturated and pinocytic
process assumes greater importance.
• Applications in the field of therapeutic
medicine:
The first ASO approved for clinical use was
Fomivirsen for cytomegalovirus retinitis. Since
then numerous oligonucleotides targeting a wide
spectrum of disorders have been studied in various
clinical trials. A summary of the various ASOs
approved by United States Food and Drug Administration (USFDA) is given in Table I. The recent

Genetic Clinics 2020 | January - March | Vol 13 | Issue 1

approvals of Eteplersin for Duchenne muscular
dystrophy and Nusinersen for SMA are briefly
reviewed.
• Nusinersen for spinal muscular atrophy
(SMA):
SMA is an autosomal recessive neuromuscular
disorder caused by a mutation in the SMN1
gene. Absence of functional SMN protein leads
to degeneration of motor neurons in the spinal
cord, resulting in progressive muscle weakness.
SMN2 gene on chromosome 5q13 is identical to
SMN1 except for a C-to-T transition within exon
7. This base substitution by disrupting a splicing
enhancer or creating a splicing silencer, results in
the exclusion of exon 7. SMN2, therefore produces
only 10% properly spliced mRNA. The remaining
90% lack exon 7 and the resultant protein becomes
unstable and is quickly degraded.
Antisense
oligonucleotide (Nusinersen) complementary to
ISS-N1 (intronic splicing silencer) blocks its ability
to exclude exon 7, resulting in full-length mRNA
containing exon 7 (Figure 1).
In the interim analysis of clinical trial, 21
of 51 infants in the nusinersen group had a
motor-milestone response as against 0 of 27 in
control group (p<0.001), and this result prompted
early termination of the trial (Finkel et al., 2018).
The efficacy of nusinersen has also been observed
in late onset SMA (Montes et al., 2019).
• Eteplirsen for Duchenne Muscular Dystrophy
(DMD):
DMD is a fatal neuromuscular disorder caused
by progressive muscle degeneration due to defective dystrophin protein. Eteplirsen functions
by hybridizing to a site within exon 51, thereby
blocking the splicing machinery from binding and
forcing it to “skip” the exon. Exon 52 is spliced
to exon 48, which restores the reading frame,
generating a shortened but functional dystrophin
(Figure 2). This is expected to benefit 14% of the
entire DMD population.
USFDA approved the drug for DMD in 2016.
However, it created a lot of controversies due
to the lack of conclusive evidence regarding the
efficacy of the drug. However, European Medical
Agency (EMA) did not approve the drug stating
that the study was done on only 12 patients with
no control group and historical data was used for
comparison. Following this, confirmatory phase
3 study using a larger sample size with a control
group was performed.
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Table 1 Antisense oligonucleotides approved by USFDA and their clinical indications (Modified from Yin., 2019).
Year of
approval

Indication

Target

Tissue

Dosing

Results and conclusions

Fomivirsen

1998

CMV retinitis

CMV IE-2
(immediate
early-2)

Eye

300 𝜇g every 4
weeks,
intravitreal.

Clinical efficacy was witnessed but the drug
marketing got hampered by dramatic
decrease in CMV cases.

Pegaptanib

2004

Neovascular Age
related macular
degeneration
(AMD)

VEGF165

Eye

0.3 mg every 6
weeks, intravitreal

Clinical efficacy was present and no
systemic toxicity was observed. Faced
tough competition with ranibizumab and
bevacizumab manufacturing companies.

Mipomersen

2013

Homozygous
familial hypercholesterolemia

ApoB-100

Liver

200 mg once
weekly,
subcuta-neous

Clinical efficacy was demonstrated but
safety concerns were present.

Defibrotide

2016

Hepatic
veno-occlusive
disease

Proteins,
nonspecific

Liver

6.25 mg/kg every
6 hours, i.v.
infusion

Defibrotide demonstrated improved
survival rate and complete response rate in
phase III trial when compared with
historical controls.

Eteplirsen

2016

Duchenne
muscular
dystrophy

Dystrophin
(Exon 51)

Muscle

30 mg/kg once
weekly, i.v.
infusion

Controversy exists on the level of evidence
demonstrating drug efficacy. The FDA
approved the drug under conditional
approval. In 2018, the EMA refused the
approval of eteplirsen.

Nusinersen

2016

Spinal muscular
atrophy

SMN2

CNS

12 mg once every
4 months,
Intrathe-cal

Profound clinical benefit of prolonged
survival and improved motor function
evident during interim analysis of two
phase III studies. The FDA approved the
drug based on the interim results.

Inotersen

2018

Hereditary
transthyretin
amyloidosis

TTR

Liver

300 mg once
weekly, s.c.

Robust efficacy was demonstrated in a
phase III study; however, two significant
adverse events were observed during the
study: thrombocytopenia causing death
due to intracranial hemorrhage and renal
dysfunction.

Patisiran

2018

Hereditary
transthyretin
amyloidosis

TTR

Liver

0.3 mg/kg or 30
mg based on BW,
once every 3
weeks, i.v. infusion

The first approved siRNA. Robust efficacy
was demonstrated in a phase III study with
no safety concerns.
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GeNeViSTA

Drug

GeNeViSTA

Figure 1 Mechanism of nusinersen in causing exon inclusion in SMN2 gene.

Figure 2 Mechanism of eteplirsen in causing exon 51 skipping in DMD gene.
• Challenges for ASO agents:
The two major hurdles that hamper the
widespread application of oligonucleotide therapeutics include drug safety and delivery.
Some oligonucleotides bind to Toll-like receptors and induce immune responses.
Singlestranded phosphorothioate oligonucleotides are
known for their renal accumulation causing
glomerulonephritis in some individuals and a rare
but notable reduction in platelet count (Crooke
et al., 2017).
Drug delivery also remains a
significant challenge in ASO therapeutics because
of its limitation in penetrating cell membrane due
to their high molecular weight (5-15 kDa). Systemic
Genetic Clinics 2020 | January - March | Vol 13 | Issue 1

delivery to most organs and tissues, with the
exception of the liver, has proved to be exigent.
All these observed effects can be minimized by the
advent of newer versions of ASOs.
Emerging as a valid approach to selectively
modulate gene expression, therapeutics with
oligonucleotides has a great potential of being
used as an ardent tool in drug designing. It
has great potential in cancer therapeutics as well
(Harada et al., 2019). The enhanced biological
activity and efficient target delivery will pave the
way for the apparently endless ASO therapeutic
approaches in the near future.
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Adenine and Guanine-Shoulder to Shoulder

Yeh Dosti Hum Nahi Todenge
a) Heterozygous A>G variation creates interesting pattern due to ‘shouldering’
phenomenon in sanger sequencing

b) Repeat sanger sequencing shows the heterozygous A>G variation
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WGS optimises treatment of intensively
ill children (French et al., 2019)
French et al. performed trio Whole Genome Sequencing in a cohort of 195 intensively ill children
in the neonatal and pediatric intensive care units.
A genetic diagnosis was achieved in 21% children,
and in 90% of the cases, phenotypic descriptor was
a poor predictor of the gene identified. In 65%
cases overall, and in 83% neonates, the diagnosis
significantly altered clinical management in terms
of modification of treatment and care pathways or
palliative care decision making.

WES paves way for treatment of rare
metabolic disorder (Tavasoli et al., 2019)
Tavasoli et al. report a child with an extremely
rare metabolic disorder involving manganese deposition in the basal ganglia, presenting with a
phenotype of dystonia, ataxia and polycythemia.
Whole Exome Sequencing (WES) revealed homozygous mutation in SLC30A10, which codes for a
manganese transporter.
There was reduction
in serum manganese levels, normalisation of
haemoglobin and significant resolution of MRI
lesions, along with partial neurological improvement, following institution of monthly infusions
of disodium calcium edetate and oral iron
compounds.

Unexpected diagnosis and treatment
after WES (Fan et al., 2014; Zahed et al., 2017)
Fan et al. report a 36-years-old lady, who was
clinically suspected to be affected with hereditary
spastic paraperesis (HSP) and had limited quality of
life due to significant motor difficulties. Targeted
genetic testing for HSP was inconclusive, and
WES revealed heterozygous nonsense mutation in
Genetic Clinics 2020 | January - March | Vol 13 | Issue 1
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GCH1, revealing dopa-responsive dystonia as the
diagnosis. The patient was started on Levodopa
and Carbidopa combination, following which she
was able to walk independently within a span of
8 weeks and showed progressive improvement in
all domains. Zahed et al. report three individuals
diagnosed to have Gitelman syndrome following
WES. The three patients had varied clinical status,
one having clinical and biochemical phenotype
of Gitelman syndrome, one being asymptomatic,
and another being symptomatic for other reasons,
and confirmed to be affected following molecular
diagnosis. Treatment after molecular diagnosis
was beneficial to all three patients.

When coffee is the answer
(Méneret et al., 2019)
Méneret et al. report an interesting case of an 11years-old boy, who was affected with paroxysmal
hyperkinetic involuntary movements with upto 30
episodes per day, causing severe disruption in
activities of daily living. Molecular testing revealed
mosaic heterozygous mutation in ADCY5, which
codes for an enzyme that is activated by adenosine
through A2A receptors.
Caffeine is known to
suppress A2A receptors, and a thrice a day dose
of espresso worked like magic for this child, who
was relieved of his symptoms and could resume
normal school and even ride a bike.
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GeNeEvent - UMMID: A Ray of Hope

Unique Methods of Management & treatment of Inherited Disorders
An Initiative of the Department of Biotechnology

UMMID is a new beginning to usher in the ‘Era of Molecular Medicine’ into twenty-first century medicine
in India. UMMID aims to create awareness about genetic disorders amongst clinicians and establish
molecular diagnostics in hospitals so that the fruits of developments in medical genetics reach the patients
in India. The plan of the UMMID initiative is to link the well-established centres of Medical Genetics in
India to upcoming centres and to establish clinical genetics facilities in district hospitals. This will improve
patient care services for genetic disorders and impart latest medical genetics education to medical
students to prepare them for the era of molecular medicine.
The UMMID centres at 5 DBT-NIDAN Kendras and 7 Aspirational District centres were inaugurated by
Honourable Health Minister Dr Harshavardhan on 23rd October 2019.
UMMID plans to work at three levels of medical care which will work in close collaboration with a
closelink between training and establishment of diagnostic services. The three components of UMMID are
• Fellowship in Genetic Diagnostics: Hands-on training for six months will be provided to doctors
working in government hospitals with state-of-the-art DNA-based diagnostic services for genetic
disorders.
• NIDAN Kendras [Diagnostic Centres]: Hospitals with interested doctors, committed administrators
and basic infrastructure have been selected and have been funded to establish genetic laboratories.
• Prevention of Genetic Disorders in Aspirational Districts: Centres in Aspirational district will
establish a program for prevention of genetic disorders including beta thalassemia and newborn
screening for treatable disorders. This will be a prototype of an outreach program which will take
latest genetic diagnostics to the population and lead the way to incorporate genetic services in
maternal & child care.
Genetic Clinics 2020 | January - March | Vol 13 | Issue 1
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UKIGMA

INDO-UK GENETIC EDUCATION FORUM

UK-India Genomic Medicine Alliance (UKIGMA)
Indo-UK Genetic Education Forum
Since the sequencing of the human genome,
prospects of precise genome level diagnosis and
targeted specific therapeutic interventions have
become possible. This approach is now practised
all over and genomic applications in clinical
medicine and healthcare are now increasingly implemented. This is globally acknowledged as one
of the most powerful and pertinent development
in the history of Medicine. The practice of medicine
is now for the first time truly personalized, precise
and evidence-based. The hybrid term of Genomic
and Precision Medicine is self-explanatory. The
need for medical and healthcare professionals
getting equipped with essential genomics knowledge and acquiring necessary skills is universally
agreed. A number of short term and professional
courses for genomic education and training are
now available.
The successful movement for
genetics led medical education steered by the
Indo-UK Genetic Education Forum has generated
much needed enthusiasm and direction across
India and neighbouring regions. This forum has
set its vision for genomic education and training
aimed at medical and healthcare practitioners.
The Genomic Medicine Foundation (UK), offers
a unique opportunity for the UK and Indian
clinicians and scientists to work together and
develop the genomic medicine and healthcare
programme through series of genomic education
and training courses, raising awareness on genomic applications for health and supporting the
necessary infrastructure build up for the benefit
of vastly heterogeneous peoples of India. This
is appropriately named the ‘UK-India Genomic
Medicine Alliance’ referred to as UKIGMA.
The UKIGMA plans to focus on a number of
areas for working together and develop clinical,
educational and applied research projects through
mutual collaboration. The Alliance plans to focus
on the following key areas Genetic Clinics 2020 | January - March | Vol 13 | Issue 1

1. Genetic and Genomic Education
2. Birth defects (Congenital Anomalies)
3. Rare genetic diseases including inherited
metabolic diseases
4. Cancer genetics and genomics
5. Cardiovascular genetics and genomics
6. Neurological and Psychiatric genetics and
genomics
7. Genetic and genomic eye diseases
8. Genetic and genomic kidney diseases
9. Infectious diseases (Tuberculosis, Malaria,
Dengue, HIV and other tropical infections)
10. Adult metabolic diseases (Obesity; Hyperlipidaemia; Diabetes Mellitus)
11. Genome diagnosis (Chromosome microarray
analysis; Next generation sequencing; Whole
exome/genome sequencing; Bioinformatics)
12. Practice of Genomic and Precision Medicine
(Personalised pharmacotherapy;
‘EthicalLegal-Social Issues’ [ELSI] and ‘good practice
guidelines’)
It is proposed to organise a team of experts
from India and abroad led by one internationally
renowned expert. Experts for each of the above
work stream would prepare core directives for
medical applications. In addition, all experts would
contribute in planning and organising applied and
translational research grant applications.
The main purpose of this new alliance is to
strengthen the current genetic genomic facilities
through a series of programme based on mutual
collaboration and cooperation.
Some of the
education driven activities are already included in
the current Indo-UK Genetic Education Forum that
continue within the objectives of UKIGMA. Since
2010, many academic Institutions and Hospitals
across India and Sri Lanka have participated in
this programme. The Forum continues and would
remain an integral part of this new Indo- global
genomic medicine partnership.
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Professional and Scientific links
The UKIGMA has close professional links and
continues to develop and maintain close partnership with a number of European, North American,
Australasian, South African and Indian organisations. The list is not restricted to any one region.
The GMF-UK shall be the main coordinator and
facilitator for this all partnerships collaborations.
The UKIGMA is self-funded and anticipates that
individual organisations and partners shall actively
pursue and raise funds for the benefit of UKIGMA.
Membership/ Collaboration
All genetics and genomics organisations, institutions, academic units and laboratories are invited
to join the UKIGMA as full member or indicate
‘expression of interest’ for mutual collaboration
and partnership. It is to open to all, voluntary
and without any charge. It is anticipated that all
members, collaborators and partners will agree to
a ‘Charter of Aims and Objectives’ of the ‘UK India
Genomic Medicine Alliance’.
Annexure 1
Template for sharing Individual and
Institutional/Organisation information
1. Name of the Unit/ Facility/ Centre
2. Name of the Institution / Hospital
3. Main affiliation- Health Board/ University/
Government Department
4. Web links- Registered site/ URL & other
contact information
5. Main contact name- Director or Chief
Executive
6. Main activity areas (choose one or more
from the following) with designated person’s contact information (please addition
sheet for details)
(a) Genetic and Genomic Education
(b) Birth defects (Congenital Anomalies)
(c) Rare genetic diseases including inherited
metabolic diseases
(d) Cancer genetics and genomics
(e) Cardiovascular genetics and genomics
(f) Infectious diseases
(g) Genomic and Precision Medicine
(h) Any other- please specify
7. Details on educational and training activities related to Genomic Medicine

(a) PhD or DPhil programmes
(b) DM in Medical Genetics or Genomic
Medicine
(c) MSc in Medical Genetics/ Human Genetics/ Genomic Medicine
(d) Post graduate Diploma in Clinical Genetics/ Genetic Counselling/ Medical
Genetics/ Genomic Medicine
(e) Postgraduate Fellowship/ Certificate in
Clinical Genetics/ Genetic Counselling/
Medical Genetics/ Genomic Medicine
(f) Training courses/ Workshops for Board
certification in any of the above, for
example American/Canadian/Australian
Board of Medical Genetics/ Genetic
Counselling OR Diplomate National
Board of Examinations, India (DNB
in Medical Genetics)
(g) Modular courses in any of the above
areas
(h) Accredited dedicated conferences and
scientific meetings with educational content
(i) Online lecture series as Webinars or
Blogs
(j) Any other educational activities not listed
above
8. Names of Partner Institutions with contact
information
9. Details on collaborative projects related
to Medical Genetics / Genomic Medicine
(a) Indian Council of Medical Research
(ICMR)
(b) Council of Scientific and Industrial Research (CSIR)
(c) Department of Biotechnology, Ministry
of Science and Technology, Government
of India
(d) Wellcome Trust- DBT India Alliance
(e) Indo UK Genetic Education Forum
(f) National Institute of Health, USA
(g) Howard Hughes Institute
(h) Any other not listed above
10. Current funded projects related to medical
genetics/ genomic medicine education List
all- internal and external funded projects/
courses
11. Recent key publications- original papers,
reviews, thesis etc.
12. Honours, Awards & Distinctions

All enquiries and ‘application to join or collaborate’ or ‘expression of interest’ to:
genomicmedicine@yahoo.co.uk ; UKIGMA@genomicmedicine.org ; d.kumar@qmul.ac.uk ; kumard1@cf.ac.uk
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PhotoQuiz

PhotoQuiz - 47
Contributed by: Dr Shubha R Phadke
Department of Medical Genetics, Sanjay Gandhi Postgraduate Institute of Medical Sciences, Lucknow
Correspondence to: Dr Shubha R Phadke. Email: shubhraophadke@gmail.com

This one-month old baby born to consanguineous parents, was brought with sticky
purulent discharge from eyes, absence of body hair and regurgitation of milk [Figures A,
B, C, D]. She was seventh in birth order with history suggestive of similar complaints in
one elder brother. He expired at 3 months of life due to lower respiratory tract infection
which he acquired on day 15 of life. She, her elder brother, father, 2 paternal uncles
and a paternal aunt have unusual ﬂat nails [Figures E,F].
Please send your responses to editor@iamg.in
Or go to http://iamg.in/genetic_clinics/photoquiz_answers.php
to submit your answer.

B

A

C

D
E

F

Answer to PhotoQuiz 46
Rhizomelic Chondrodysplasia Punctata
Rhizomelic chondrodysplasia punctata (RCDP) is a rare, peroxisomal disorder, characterized by
severe rhizomelic shortening of all 4 limbs with epiphyseal stippling, microcephaly, cataract,
characteristic facial features, and severe psychomotor retardation and spasticity. It is genetically
heterogeneous: RCDP1 and RCDP5 caused by biallelic mutations in PEX7 and PEX5 genes
respectively are peroxisome biogenesis disorders, while RCDP2 and RCDP3 caused by biallelic
mutations in GNPAT and AGPS genes respectively, are single peroxisome enzyme deﬁciencies.

Correct Responses Were Given By:
1. Shruti Agarwal, Mumbai
2. Ravneet Kaur, New Delhi
3. Poonam Singh Gambhir, Kanpur
4. Vibha Jain, New Delhi
5. Shalini S Nayak, Manipal
6. Beena Suresh, Chennai
7. Jagadish Bhat, Goa
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GeNeEvent - Sixth Annual National Conference of the Society for
Indian Academy of Medical Genetics (SIAMGCON 2019) &
Indo-US Symposium on Genetic Neuromuscular Disorders
The Sixth Annual National Conference of the Society for Indian Academy of Medical Genetics (SIAMGCON
2019) and the Indo-US Symposium on Genetic Neuromuscular Disorders was held in Hyderabad from 21st
to 23rd November, 2019. It was jointly organized by the Department of Medical Genetics, Nizam’s Institute
of Medical Sciences (NIMS) and the Centre for DNA Fingerprinting and Diagnostics (CDFD), Hyderabad, with
funding support from the Indo-US Science and Technology Forum (IUSSTF). The theme of the conference
was ‘Translational Research in Genetic Neuromuscular Disorders: From Bench to Bedside and Beyond’. The
conference was followed by a post-conference workshop on 24th November 2019, based on the theme of
‘Decoding Genetic Investigations: Interpretation of NGS and Other Genetic Tests in the Clinical Setting’.
The talks on the first day of the conference focussed on molecular biology and preclinical aspects, while the
discussions on the second day were primarily related to clinical diagnosis, supportive care and symptomatic
management and recently available therapeutic options for genetic neuromuscular disorders. The scientific
deliberations of the third day focussed on emerging therapies and ongoing clinical trials and creation of
an Indo-US as well as National consortium for improving the care of patients with genetic neuromuscular
disorders and promoting research in the field.
Fifty-four international and Indian faculty and 239 registered delegates including clinicians from the fields
of Clinical Genetics, Neurology, Pediatric Neurology, Pediatrics, Internal Medicine and other specialities as
well as basic science researchers, attended the conference. The highlights of the meeting included the Dr
SS Agarwal oration by Dr Madhuri Hegde, Chief Scientific Officer, PerkinElmer Inc. and Adjunct Professor,
Emory Institute, USA; the Dr IC Verma Outstanding Researcher Award oration by Dr Ratna Puri, Professor
and Chairperson, Institute of Medical Genetics and Genomics, Sir Ganga Ram Hospital, New Delhi; and
presentation of the Dr SS Agarwal Young Scientist Award to Dr Anusha Uttarilli from Kasturba Medical College,
Manipal. Ninety-four scientific abstracts were submitted, out of which, following review by a panel of experts,
4 were chosen for podium presentation in the Case Reports and Case Series category and 6 were chosen for
oral presentation in the Clinical Research and Basic Sciences category. The Annual General Body Meeting of
SIAMG was also conducted during the conference. The post-conference workshop had 15 faculty members
and was attended by 115 delegates. The scientific agenda of the conference and workshop was greatly
appreciated by all the participants.

Are you suspecting a
Lysosomal Storage Disorder (LSD)
in your patient?

Delayed or stunted
growth in children
Easy bruising and
bleeding
Anemia and
Thrombocytopenia
Unexplained Bone
pains
Unexplained
Avascular necrosis
of Head of femur

MPS I DISEASE

“Floppy” appearance
in infants or young
children
Unexplained
Cardiomyopathy
Progressive
respiratory muscle
weakness or
insufficiency
Progressive Limbgirdle muscle
weakness (in lateonset cases)

FABRY DISEASE

NIEMANN PICK - B DISEASE

Coarse facial
features

Severe burning pain
in hands & feet

Enlarged liver &
spleen

Early onset joint
stiffness/ clawhand deformities/
contractures

Intolerance to heat
& cold

Bleeding
manifestations

Inability (or
decreased ability) to
sweat

Skeletal
abnormalities &
Growth delays

Corneal clouding
(leading to light
sensitivity or
impaired vision)
Recurrent
respiratory
infections
(including sinuses
& ears)
History of recurrent
hernia repair in
young age

Red, purple spots
on skin
(angiokeratomas)
Evidence of early
renal involvement
(nephropathy)
History of stroke in
young age

FREE TESTING SERVICE*
To confirm your suspicion of Gaucher disease, Pompe disease,
MPS I disease, Fabry disease & Niemann Pick - B disease
LSD to
+91 9225592255

Email on
lsdInfoIndia@sanofi.com

Call on
+91 9560552265

*Dried Blood Spot Enzyme Assay & Mutation Analysis for low/subnormal enzyme level on DBS samples.
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Enlarged liver and
spleen
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