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GeNeEvent - National Initiative for Rare Diseases
Consultation Meeting

To pave the way for addressing Rare Diseases in India, the National Initiative for Rare Diseases
(NIRD) was conceptualized. NIRD is a partnership of AIIMS (All India Institute of Medical Sciences), ICMR
(Indian Council of Medical Research), PRESIDE (Pediatric Research and Education Society of India) and JNU
(Jawaharlal Nehru University), supported by leading institutes of India. It was held on 26th and 27th April
2017, in the India International Centre, New Delhi. The two-day event focused on coming up with guidelines
and recommendations for addressing Rare Disease through a policy. The objectives of NIRD are to bring all
stakeholders on a common platform and evolve a strategy to address rare disorders in India through a mix
of Policy, Access, Research, Treatment and Technology. The key highlight of the event was the launch of the
Indian Rare Disease Registry by Dr Soumya Swaminathan, Director General, ICMR. The recommendations
of NIRD would be presented to the Ministry of Health by mid-June 2017.

GeNeDit
Ray of Hope for Patients with Rare Diseases
Editorial

Many genetic diseases continue to lack curative
treatment. Being rare, the numbers of patients
with these disorders are small and this limits
the interest of researchers involved in developing
treatments for rare disorders. Thus, rare diseases
continue to get neglected all over the world. Many
countries have shown commitment to these disorders by way of grouping these Orphan diseases
and putting in separate eﬀorts for drug development and for making the existing drugs available to
the patients. India was and still is battling against
nutritional diseases and infectious diseases which
contribute greatly to morbidity and mortality, especially in infants and children. Any eﬀorts for
diagnosis, prevention and management of genetic
diseases were resisted at the rst step as they were
not considered a priority as against other major
contributors to mortality and morbidity. But now
as the situation in India is changing as re ected by
decreasing infant mortality rates, the contribution
of rare genetic diseases and birth defects has
become important. This is being realised by the
medical community as well as government policy
makers. There is a welcome change in the attitude
towards genetic diseases and this comes at the
right time when the country is in the transition
phase of going from the status of a developing to a
developed nation.
Thalassemia and haemophilia are the commonest of the genetic disorders and government
funding for the comprehensive management of
these diseases is already in place in many states
in India and is gradually taking the shape of well
organised programs. The recent Initiative on
Hemophilia Care III - A sensitization programme
and the way forward organized on the World
Hemophilia Day, 17th April 2017, gave insights
into the programs running in various states and
the commitment of doctors and the Haemophilia
Federation. The presence of policy makers and
funding agencies of government at the meeting
was very soothing and the complete support to establish state-of-the-art haemophilia management
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in India was obvious. Similar improvement in the
situation for thalassemia and hemoglobinopathies
is visible over the last few years. As these health
care programs are getting established, one looks
forward to similar support for other rare disorders.
An initiative for other rare disorders has begun.
The rst important step in this direction was to
launch a national rare disease registry which has
now been initiated with the support of the Indian
Council of Medical Research (ICMR). This was a
part of the National Initiative for Rare Diseases
(NIRD) organized by the Department of Paediatrics,
All India Institute of Medical Sciences, New Delhi
and ICMR on 26th and 27th April 2017. This
meeting was attended by all stakeholders: patient
support groups, clinical geneticists, pharmaceutical
companies, and government representatives and
the deliberations will guide the government policy
for rare diseases.
In addition to making the
novel drug treatments available to Indian patients,
issues related to research in drug development
in India were also discussed. Indigenous drug
development may be the ideal long-term solution
as the drugs available currently are exorbitantly
costly and funding treatment for patients in India
may be a mammoth task, because due to the large
population, the absolute numbers of patients of
rare diseases are also not small.
The third important meeting in April 17 in the
area of rare diseases was the ICMR-Inserm-DBT
Symposium on Ethical and Scienti c issues of Gene
Editing using Crispr-Cas9 Technology on 27th – 28th
April 2017. CRISPR–Cas9 technology has revived
the hope of gene therapy for all monogenic disorders. As the world is trying to make the best use
of the technology to provide simple answers to the
gigantic problems of untreatable disorders, Indian
scientists also need to take up the challenge. At
this stage this meeting is a very welcome step.
This small group meeting brought scientists and
clinicians in India together and provided an opportunity to interact with scientists and bioethicists
from France and other countries in Europe as the
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international collaborator for the meeting was the
French National Institute for Health and Medical
Research.
The hope for curative therapies has again
brightened the horizons for patients with genetic
disorders as is re ected in some of the articles in
the GenExpress of this issue. We hope that Indian
scientists contribute to the development of gene
therapy and novel drugs based on the understanding of pathophysiology of the diseases and provide

aﬀordable treatments. As new drugs develop,
the Indian government has shown commitment
to provide patients and families ready access to
treatments. April 2017 had been a happening
month for geneticists and patients with genetic
disorders.

Dr. Shubha R Phadke
1st July, 2017

GeNeToon
Contributed by: Dr. Shagun Aggarwal
Department of Medical Genetics, Nizam’s Institute of Medical Sciences, Hyderabad
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Clinical Vignette
A Novel Mutation in VPS13B Gene Causing Cohen Syndrome
in Two Siblings
Chelna Galada, Nitika Langeh, Anju Shukla and Katta M Girisha
Department of Medical Genetics, Kasturba Medical College, Manipal University, Manipal, India
Email: girish.katta@manipal.edu

Abstract
Cohen syndrome is a rare disorder with facial
dysmorphism, microcephaly, truncal obesity and
intellectual disability. Clinical diagnosis of this
syndrome is challenging due to the variability in
the phenotype observed in this syndrome. We
present a family with two aﬀected siblings with
microcephaly and global developmental delay. We
report a novel insertion variation in VPS13B gene
identiﬁed by exome sequencing. This case report expands the mutation spectrum of Cohen
syndrome and highlights the utility of next generation sequencing in deﬁnitive diagnosis and genetic
counseling of such rare disorders.

Introduction
Cohen syndrome (MIM #216550) is a very rare
genetic disorder associated with intellectual disability, microcephaly, hypotonia, variable truncal
obesity and progressive retinopathy. It is inherited
in an autosomal recessive pattern and is caused by
pathogenic variations in the VPS13B (MIM #607817)
gene.

Case report
A 16-year old girl (III.1; Figure 1A), born to a
non-consanguineous couple was evaluated for developmental delay and microcephaly. She was born
at term by normal vaginal delivery and weighed
1.7 kg (-3 SD) at birth. She sat without support
at 4 years and walked independently after 5 years
of age. Speech was also markedly delayed and
she could speak few words at present. There
was no history of any behavioural abnormalities in
her. On examination, her height was 129 cm (-5
to -6 SD), head circumference was 44 cm (-8 to -9
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SD), weight was 29 kg (-4 SD) and BMI was 17.4
kg/m2 . Low anterior hairline, strabismus, narrow
and high arched palate, low hanging columella,
hypoplastic nasal alae, dental crowding, prominent
central incisors, small mouth, distal joint laxity, pes
planus, long and slender ﬁngers and short third,
fourth and ﬁfth toes in both feet were noted (Figure
1B). Magnetic resonance imaging (MRI) of the brain
was normal.
Her younger sib (III.2), a 14-year old girl was
born at term by normal vaginal delivery with birth
weight of 1.5 kg. She presented with signiﬁcant
developmental delay. On examination her head
circumference measured 46 cm (-6 to -7 SD) and
height 120 cm (-5 SD). Low anterior hairline, prominent nose, hypoplastic alae nasi, small mouth, long
slender ﬁngers and pes planus similar to that of
her elder sibling were observed in her (Figure 1B).
Exome sequencing was done in both the siblings
to identify the cause of their condition.

Methodology
A complete clinical history and an informed consent were taken from the family. Whole-exome
sequencing (WES) was carried out to achieve an
average coverage depth of 100–130x, such that
∼95% of the bases are covered at >20x, with a
sensitivity of >90% (Girisha et al., 2016) in both
the siblings followed by validation and segregation
analysis by Sanger sequencing.

Result
Analysis of the whole exome data showed a
novel homozygous insertion, c.6010_6011dupTT
[p.(Asp2005LeufsTer15)], in exon 35 of the VPS13B
gene (NM_017890.4). This variant was not observed
in homozygous state in population databases
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like 1000 Genome project and ExAC population
database. The variant is a frameshift mutation that
is predicted to cause either non-sense mediated
decay or premature truncation of the protein. The
variation was conﬁrmed by Sanger sequencing in
both the sibs. Segregation analysis showed parents are carriers for the same insertion variation
as observed in the siblings (Figure 1C).

subjects, truncal obesity was absent in both.
More than 200 patients of diverse populations
have been diagnosed till date that have causative
variants for this syndrome in VPS13B gene (Douzgou et al., 2011). Missense, nonsense, splicing and
indel pathogenic variations have been reported.
Founder mutations have been noted in Finnish,
Amish, Greek and Mediterranean, and Irish populations (Bugiani et al., 2008; Falk et al., 2004;
Kolehmainen et al., 2003; Murphy et al., 2007).
Cohen syndrome is an autosomal recessive
disorder and hence the risk of recurrence is 25%
in sibs. Prenatal diagnosis can be done if the
causative mutation is identiﬁed in the families.
Ophthalmological evaluation, physical, occupational and speech therapy along with monitoring of
growth and weight are integral for the management
of these individuals.
Here, we emphasize the utility of next generation sequencing for deﬁnite diagnosis of this rare
disorder which helps to provide genetic counseling
and aids in informed choices for the family. We
also report a novel variant in VPS13B gene that
expands the mutation spectrum of this syndrome.

Figure 1 A) Family pedigree. B) Low anterior hair-
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Discussion
Cohen syndrome was ascertained by whole exome
sequencing in both siblings with a novel homozygous insertion variation in the VPS13B gene. It
is a rare disorder characterized by intellectual disability, facial dysmorphism, microcephaly, truncal
obesity, retinal dystrophy and high myopia, joint
hypermobility, sociable behaviour and neutropenia. However, phenotypic variability is often noted
in this syndrome and there are no diagnostic
criteria till date (Seifert et al., 2006). Though the
facial gestalt resembled Cohen syndrome in our
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MECP2 Gene-Related Disorders
Meenakshi Lallar and Shubha R Phadke
Department of Medical Genetics, Sanjay Gandhi Postgraduate Institute of Medical Sciences, Lucknow
Email: shubharaophadke@gmail.com

Abstract
Classic Rett syndrome is a neurodevelopmental
disease in females caused by mutations in the
MECP2 gene. With recent advancements in molecular techniques, point mutations and small and
large deletions/duplications have been identiﬁed
in the MECP2 gene associated with varying disease
phenotypes in both males and females. This
review on MECP2 gene-related disorders discusses
the various disease phenotypes associated with
MECP2 gene mutations.
MECP2 gene (OMIM No. 300005) is located on
chromosome X (Xq28) and has been known since
long to be the causative gene for Rett syndrome
in females.
But with the advent of new advanced molecular techniques, new point mutations
and copy number changes are being increasingly
recognized as the cause of diﬀerent intellectual
disability phenotypes of varying severity in both
males and females. Due to the phenomenon of
X inactivation in females, MECP2-related genetic
diseases have a phenotypic spectrum varying from
being clinically silent to severe neurodevelopmental syndromes. Earlier it was thought that MECP2
disorders are lethal in males but now it is being
increasingly recognised that MECP2 accounts for
a clinically signiﬁcant proportion of intellectual
disability phenotypes in males.
The MECP2-gene related disorders include:
1. Rett syndrome – classical and atypical
2. Severe neonatal onset encephalopathy with
microcephaly in males
3. MECP2 duplication syndrome
4. Intellectual disability associated with manic
depressive psychosis, pyramidal signs, parkinsonian features, and macro-orchidism (PPM-X
syndrome)
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1. Rett syndrome (OMIM # 312750)
– Classic
Classical Rett syndrome is an X-linked neurodevelopment disorder with a prevalence of 1 per 10,000
girls. The most important feature to diagnose Rett
syndrome is regression after a period of normal
development and postnatal microcephaly (Neul et
al., 2010).
The revised diagnostic criteria given in 2010 are
as listed in Table 1 (Neul et al., 2008).

Table 1 Diagnostic criteria for Rett syndrome.
Inclusion criteria

Exclusion criteria

1. Secondary /
postnatal
microcephaly

1. Brain injury
secondary to trauma,
asphyxia and infections

2. A period of
regression followed by
recovery or
stabilization

2. Grossly abnormal
psychomotor
development in the
ﬁrst six months of life.

3. Partial or complete
loss of acquired
purposeful hand skills
and stereotypic hand
movements (Figure 1).
4. Partial or complete
loss of acquired
spoken language
5. Gait abnormality
In a patient with Rett-like features but no regression, the patient should be followed up till the
age of 5 years, and in case there is no evidence
of regression by 5 years, the diagnosis of Rett syndrome should be questioned. The other important
features include- seizures, failure to thrive, scoliosis and osteopenia. Autistic features, apnea and
bruxism are also observed but are more indicative
of atypical Rett syndrome. Diﬀerential diagnoses
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include atypical Rett syndrome and other MECP2
related disorders, Angelman syndrome, cerebral
palsy and autism.

Figure 1 A girl with Rett syndrome showing the
typical hand movement.
Patients suspected to have Rett syndrome following detailed clinical evaluation need to be
conﬁrmed by molecular testing. The ﬁrst step
is sequencing of the MECP2 gene (exons 1 to
4), which identiﬁes pathogenic mutations in more
than 80% of classical Rett syndrome patients (Bienvenu et al., 2000). In the remaining patients,
deletion and duplication analysis identiﬁes partial
and whole MECP2 gene deletions in around 8-10%
patients with classical Rett syndrome (Hardwick et
al., 2007). Treatment is symptomatic and multidisciplinary. Surveillance for development of scoliosis
and ECG ﬁnding of prolonged QTc is required.
• Genetic counseling and prenatal diagnosis:
More than 99 percent of cases of classical Rett
syndrome cases are simplex cases, resulting from
a de novo pathogenic variant and in these cases
the risk of recurrence in the next pregnancy is
negligible. However, germline mosaicism has been
reported. In very rare cases the mother can
be a carrier of the MECP2 gene mutation but
might not have any clinical features due to an
extremely favourable X chromosome inactivation.
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In such very rare cases, the risk of recurrence is
50%. Hence, though chances of recurrence in
the next pregnancy are rare, prenatal testing can
be provided in the next pregnancy considering
the possibilities of germline mosaicism and carrier
mother with skewed X inactivation.
• Rett syndrome variants / Atypical Rett syndrome: Atypical Rett syndrome/ variants include
Rett syndrome patients with neuroregression and
postnatal microcephaly which do not fulﬁl all the
criteria given above for the diagnosis of classical
Rett syndrome and have more atypical features.
Presence of congenital microcephaly, severe progression, preservation of speech, milder presentation and late onset are some of the variations
which diﬀerentiate these cases from classic Rett
syndrome. Genetically also, only around 40-50%
have MECP2 gene mutation and other important
genes include CDKL5 and FOXG1. Revised diagnostic
criteria for atypical Rett syndrome are given below
in Table 2 (Neul et al., 2010).
There are three main atypical Rett syndrome
variants:
1. Preserved speech- Zapella variant- As the name
suggests, this is a milder form of Rett syndrome
with onset of regression at 1-3 years and simple
speech recovers by ﬁve years of age. Other features include- better retention of hand function,
milder intellectual disability and autistic features.
The important features of classic Rett syndrome
like seizures, failure to thrive, scoliosis and microcephaly are less frequently observed. Gene
involved is MECP2 in majority of cases (30-50%)
(Bienvenu et al., 2000)
2. Early seizure variant- Hanefeld Variant- The
main diagnostic features of this variant are early
onset of seizures, at less than ﬁve months, and
before neuroregression. The important features
of classic Rett syndrome are also less frequently
observed in this variant. Mutations are mainly
found in the CDKL5 gene and very rarely in the
MECP2 gene.
3. Congenital variant-Rolando Variant- There is severe psychomotor developmental delay, seizures,
regression and severe postnatal microcephaly as
early as four months. Typical features found are
the autonomic system abnormalities, stereotypical
tongue movements and jerky limb movements.
Mutations are mainly found in the FOXG1 gene and
very rarely in the MECP2 gene.
An approach to the genetic testing of classic
Rett and atypical Rett syndrome is shown in Figure
2.

6

GeNeViSTA
Table 2 Diagnostic criteria for atypical Rett syndrome.
Essential Criteria

Any two out of

for diagnosis

following four

Any ﬁve out of eleven supportive criteria

main criteria
Secondary/
Postnatal
microcephaly

Partial or complete
loss of acquired
purposeful hand
skills

Breathing
disturbances
when awake

Bruxism when
awake

Impaired sleep
pattern

A period of
regression followed
by recovery or
stabilization

Stereotypic hand
movements

Abnormal
muscle tone

Peripheral
vasomotor
disturbances

Scoliosis/Kyphosis

Partial or complete
loss of acquired
spoken language

Growth
retardation

Small cold hands
and feet

Intense eye
contact

Gait abnormality

Inappropriate
laughing/
screaming spells

Diminished
response to pain

Figure 2 Investigative approach to a case with possible MECP2-related phenotype.

2. Severe neonatal onset encephalopathy with microcephaly (OMIM # 300673)

Rett syndrome occurs due to heterozygosity for
pathogenic MECP2 variants in females. As males
are hemizygous for MECP2 mutations (single X
chromosome, no MECP2 produced), it is usually
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lethal in males. In the rare surviving males, the
most common clinical presentation is the so-called
severe neonatal-onset encephalopathy with microcephaly, abnormal tone, involuntary movements,
severe seizures, breathing abnormalities and death
before two years of age. (Kankirawatana et al.,
2006)
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3. MECP2 duplication syndrome (OMIM
# 300260)

MECP2 microduplication syndrome is a severe
neurodevelopmental syndrome seen exclusively in
males. The females are asymptomatic carriers.
Infantile hypotonia is a predominant feature, which
is usually the ﬁrst presenting sign as severe feeding
abnormalities within few weeks of birth. Gradually hypotonia fades way to spasticity especially
of lower limbs. There is delay in motor and
language milestones. Around 70% males have
no speech, and one third never learn to walk.
Mild facial dysmorphism like brachycephaly, mid
face retrusion, large ears, and depressed nasal
bridge is observed. There is an increased predisposition to infections, commonest being recurrent
respiratory tract infections. Refractory seizures
develop in 50% of aﬀected males. Other features
include gastrointestinal dysfunctions, developmental regression and autistic features. Management
remains symptomatic and most aﬀected males die
by the age of 25 years.
In MECP2 microduplication syndrome there is
duplication of the region encompassing the MECP2
gene usually 0.3 to 4Mb in size and it can be
identiﬁed easily with Multiplex Ligation Probe
Ampliﬁcation (MLPA) and cytogenetic microarray.
Larger duplications of more than 8 Mb, found in
ﬁve percent cases, can be identiﬁed by karyotype.
MRI and EEG show nonspeciﬁc changes. It shows
complete penetrance in males. Females are always
asymptomatic carriers unless there is X- autosome
translocation. Many a times, the female carriers
might develop psychiatric illnesses.

• Genetic counseling: Mothers of all aﬀected
males are always carriers of MECP2 microduplication, though very rare de novo cases have been
reported. All carrier females are unaﬀected due
to extremely skewed X inactivation. All mothers
being carriers, there is 50% risk of males being
aﬀected and 50% risk of the female oﬀspring being
asymptomatic carriers in each pregnancy.
One other disorder that needs to be mentioned
here, mainly because of close proximity of the
region to MECP2 on X chromosome, is the Xq28
duplication syndrome (OMIM # 300055). It involves a 0.5 Mb region containing 11 genes but
not MECP2. This is a recently recognised X-linked
intellectual disability syndrome characterised by
developmental delay and intellectual disability, behavioural defects, obesity, subtle dysmorphism (tall
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forehead, puﬀy eyelids, wide nasal bridge, thick
vermillion). It may rarely have associated eye and
limb abnormalities. Males are all aﬀected and females are either mildly aﬀected (learning disability
and dysmorphism) or unaﬀected (El-Hattab et al.,
2015). There is 0.5Mb duplication on the Xq28
region, from intron 22 homologous region 1 to
intron 22 homologous region 2 (due to inversion
and non-allelic recombination between low copy
repeats in this region). The phenotypic eﬀects
are due to increased dosage eﬀects of the CLIC2
and RAB39 genes in the 0.5Mb duplicated segment.
Testing involves identiﬁcation of the duplicated
region by MLPA, interphase FISH or cytogenetic
microarray.
• Genetic counseling: Till date all aﬀected
cases have been inherited from carrier mothers
and de novo cases, though theoretically possible,
have not been described. So, if the mother is a
carrier of the 0.5Mb Xq28 duplication (mild aﬀected
or unaﬀected), 50% of the sons and 50% of the
daughters will inherit the same, and such males will
be aﬀected and females might be mildly aﬀected
or unaﬀected. In females, the X chromosome
harbouring the 0.5Mb Xq28 duplication is not preferentially inactivated, as there is random skewing
of X chromosomes.
The other important diﬀerential diagnosis is
alpha Thalassemia X linked intellectual disability
syndrome, which can be diagnosed by molecular
testing of the ATRX gene.

4. MECP2-associated intellectual
disability, autism and parkinsonian
features, and macroorchidism (OMIM #
300055 / PPM-X syndrome)
Recently, many case reports and studies have
shown that MECP2 mutations, especially missense mutations, are associated with non-lethal
intellectual disability, autistic features, psychiatric
manifestations, pyramidal signs, parkinsonism like
features etc. in males. The phenotype can be
modiﬁed by karyotypic abnormalities like 47,XXY
and somatic mosaicism. MECP2 gene might be an
important cause of intellectual disability in males
after fragile X syndrome (2.8% vs 1.3%) (Gomot
et al., 2003). Also, milder intellectual disability,
autistic features etc., without any Rett-like features
might manifest with MECP2 mutations in females,
probably due to skewed X inactivation. So, in
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all males and females with intellectual disability,
the importance of MECP2 gene testing is being
increasingly recognized (Villard, 2007).

3.

Conclusion
MECP2 gene-related disorders vary in clinical phenotype from classic Rett syndrome and atypical
Rett syndrome to non-syndromic intellectual disability. MECP2 gene should be tested for point
mutations and deletion/duplications in Rett phenotypes, males with neonatal onset encephalopathy,
and males and females with intellectual disability
or autism.
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Announcement
2 nd International Conference on Founder Populations
The Landscape of Genetic Variants in Asian Founder
Populations - from Near to Far East
9th - 12th November, 2017
Venue: Crowne Plaza Kochi, Ernakulam, Kochi, Kerala, India
Contact: genomics.reg@target-conferences.com
For more details: www.foundergenomics2017.com

Announcement
PediGen2018, the 3 rd Pediatric-Genetics Conference
Organized by: IAP, Pune chapter & Deenanath Mangeshkar Hospital, Pune
to discuss practical Genetics

Dates: 23rd to 25th February, 2018
Venue: Deenanath Mangeshkar Hospital & Research Center, Pune, India
Contact: koumudig@gmail.com OR pedigen2018@gmail.com
Website with further details: coming soon!
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Non-immune Fetal Hydrops: An Update
Gayatri N 1 , Ashwani Tandon 2 and Prajnya Ranganath 1
1

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

Department of Pathology, Nizam’s Institute of Medical Sciences, Hyderabad
Email: prajnyaranganath@gmail.com

Introduction
Hydrops fetalis is a Greek term which refers to
the pathological accumulation of uid in fetal soft
tissues and serous cavities. Non-immune fetal hydrops (NIFH) is de ned as uid accumulation in at
least 2 fetal body compartments in the absence of
red cell isoimmunisation (Moise, 2008). Abnormal
uid collection may be ascites, pleural eﬀusion,
pericardial eﬀusion or generalised skin edema
(skin thickness >5mm) (Figure 1). Other frequent
sonographic ndings associated with fetal hydrops
include placental thickening and polyhydramnios.
The placental thickness (in mm) is normally equal
to the gestational age (in weeks) +/- 10 mm; if the
placental thickness exceeds this range, it is considered as increased placental thickening (Moise,
2008). With the widespread use of routine antiD
prophylaxis in Rh-negative mothers, prevalence of
RhD alloimmunisation and associated hydrops has
dramatically decreased and especially in developed
countries, NIFH now accounts for almost 90% of
cases of hydrops fetalis. The progressive fall
in the incidence of immunologic hydrops fetalis
has fostered growing interest in non-immune fetal
hydrops. The world-wide prevalence of NIFH is
estimated to range from 1 in 1500 to 1 in 3800
births (Bellini et al., 2015).
The identi cation of fetal hydrops by antenatal ultrasound requires extensive search for the
etiology which includes a wide range of diseases
including several genetic disorders. Even after
undergoing numerous investigations, in a good
number of cases the etiology remains unknown.
In addition, the prognosis is usually poor with a
perinatal loss of 70–90%, except in rare cases of
spontaneous resolution of parvovirus B19 infection.
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Etiology of Non-immune Fetal Hydrops
Non-immune fetal hydrops is a nonspeci c nding
and can be the manifestation of a wide variety
of disorders (Bellini et al., 2009). The cause can
be found in nearly 60% of cases prenatally and
in around 85% of cases when postnatal tests are
included. Identi cation of the exact etiology helps
in accurate prognostication of the recurrence risk
for subsequent pregnancies of the couple and
de nite prenatal testing can be oﬀered in their
future pregnancies (Moreno et al., 2013). The most
common etiologies include cardiovascular causes,
chromosomal anomalies and hematological abnormalities. Other conditions associated with NIFH
include fetal infections, fetal malformations, inborn
errors of metabolism, lethal skeletal dysplasias, numerous other single gene disorders, fetal tumours
and placental abnormalities.
The important etiological associations of NIFH
are listed in Table 1 (Moise, 2008).

Pathophysiology of non-immune fetal
hydrops
The basic pathophysiological mechanism of fetal
hydrops is imbalance in the regulation of uid between vascular and interstitial spaces. Fluid movements between vascular and interstitial spaces are
regulated by ltration of uid across the capillary
wall as described by the Starling equation which
states that the uid movement due to ltration
across the wall of a capillary is dependent on the
balance between the hydrostatic pressure gradient
and the oncotic pressure gradient across the capillary. When these pressure gradients are disturbed
due to various pathophysiological mechanisms,
there is an increased uid accumulation in the
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interstitial spaces, which leads to fetal hydrops.
Increased knowledge and understanding of the
underlying mechanisms that disturb the uid equilibrium would therefore be of great importance
in identifying potential therapeutic interventions

(Bellini et al., 2012).
The pathophysiology underlying the various
causes of nonimmune fetal hydrops has been
depicted in ow charts 1 and 2 (Bellini et al., 2012).

Table 1 Etiological associations of non-immune fetal hydrops.
Etiology

Proportion
of cases

I Cardiac anomalies

17-35%

i. Structural defects
-

Atrioventricular septal defect isolated
Heterotaxy syndrome
Severe right or left ventricular out ow tract (RVOT/ LVOT) obstruction
Tricuspid dysplasia and Ebstein s anomaly
Absent pulmonary valve syndrome
Premature closure of foramen ovale
Truncus arteriosus with truncal valve insuﬃciency

ii. Cardiac tumours
-

Rhabdomyoma
Hamartoma
Hemangioma
Intrapericardial teratoma

iii. Cardiomyopathy
- Dilated/restrictive
- Myocarditis
iv. Arrhythmias
- Tachyarrhythmias / bradyarrhythmias
v. Idiopathic arterial calciﬁcation
II Chromosomal aberrations
i.
ii.
iii.
iv.

7-16%

Monosomy X (Turner syndrome) (Figure 2)
Trisomy 13/15/16/18/21
Triploidy and Tetraploidy
Partial duplications and Partial deletion of chromosomes (Figure 3)

III Hematological disorders

4-12%

i. Intrinsic hemolysis
- Alpha thalassemia
- Erythrocyte enzyme disorders
- Erythrocyte membrane disorders
ii. Extrinsic hemolysis
- Kasabach-Meritt sequence
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iii. Red cell aplasia
-

Parvovirus B19 infection
Diamond-Blackfan syndrome
Dyserythropoietic anemia
Congenital leukemia

iv. Fetomaternal hemorrhage
IV Twin–Twin transfusion

3-10%

V Infections
TORCHES CLAP (Toxoplasma, Rubella, Herpes simplex, Echovirus, Syphilis, Cytomegalovirus, Coxsackie virus, Leptospirosis, AIDS, Adenovirus, Parvovirus)

5-7%

VI Syndromes

3-4%

i. Autosomal dominant disorders
-

Cornelia de Lange syndrome
Congenital myotonic dystrophy
Noonan syndrome
Tuberous sclerosis

ii. Autosomal recessive disorders
-

Lethal multiple pterygium syndrome (Figure 4)
Neu Laxova syndrome
Cumming syndrome
Elejalde syndrome

VII Skeletal dysplasias
-

3-4%

Asphyxiating thoracic dysplasia
Short rib thoracic dysplasia with/ without polydactyly (Figure 5)
Achondrogenesis
Osteogenesis imperfecta type 2
Lethal osteopetrosis
Lethal Kneist- like dysplasia
Chondrodysplasia punctate (Conradi-Hunermann variant)
Greenberg chondrodystrophy
Caﬀey syndrome

VIII Gastrointestinal disorders

0.5-4%

i. Intestinal haemorrhage and meconium peritonitis due to bowel perforation
ii. Hepatic disorders
-

Cholestasis /congenital portal hypertension
Hepatitis/hepatic brosis
Hepatic cirrhosis with portal hypertension
Polycystic liver disease

IX Renal anomalies

2-3%

- Congenital nephrosis (Finnish type)
- Polycystic kidney disease
- Renal vein thrombosis
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X Inborn errors of metabolism
i. Lysosomal storage disorders (Figure 6)

1-2%

- Mucopolysaccharidosis types 1, 4, 7
- Sphingolipidoses (GM1 gangliosidosis, Galactosialidosis, Farber disease,
Gaucher disease, Niemann-Pick disease type A)
- Mucolipidosis type 1 (Sialidosis) and type 2 (I cell disease)
- Transport defects (Niemann-Pick disease type 3 and Sialic acid storage
disease)
ii. Non-lysosomal disease
-

Glycogen storage disease type 2
Long- chain hydroxyl- acyl CoA dehydrogenase de ciency
Carnitine de ciency
Congenital disorder of glycosylation type I/IX

XI Placental causes

1%

- Chorioangioma of placenta/ Subchorial placental hematoma
- Umbilical cord abnormalities (true knots of cord, umbilical cord torsion,
angiomyxoma of umbilical cord, umbilical vein thrombosis)
XII Miscellaneous

3-15%

XIII Unknown

15-25%

Flow chart 1:
Chromosomal/
syndromes

Cardiac
malformations,
disturbed
neurological
function,
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transfusion
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NIFH
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Flow chart 2:
Renal
disorders
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NIFH

B

A

C

Figure 1 Antenatal ultrasound ndings suggestive of fetal hydrops. A: Fetal scalp edema, B: Fetal ascites,
C: Fetal pleural eﬀusion.
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A

B

Figure 2 Fetus with Turner syndrome. A. Autopsy ndings of webbing of neck,
subcutaneous edema and joint contractures. B. Karyotype showing 45,X.

A

B

C

Figure 5 Fetus with short rib thoracic dysplasia.
A. Autopsy ndings of generalised subcutaneous edema, rhizomelic
limb shortening and narrow and short
thorax. B. Skeletal radiograph showing narrow thorax with short ribs and
shortening of humerus and femur.

A

B
C

Figure 3 Fetus with unbalanced chromosomal
translocation. A. Autopsy ndings of
facial dysmorphism and generalised
subcutaneous edema. B. Karyotype
showing 46, SC, der 5, t(5;10) (p15.3;
q24.3) mat.

A

B

Figure 6 Fetus with Gaucher disease. A & B:
Autopsy ndings of generalised subcutaneous edema and enlarged liver and
spleen. C: Sequence chromatogram of
the GBA gene showing the homozygous
pathogenic mutation.

Detection of Non-immune fetal hydrops
A

B

Figure 4 Fetus with autopsy ndings suggestive
of lethal multiple pterygium syndrome.
A & B: Cystic hygroma, webbing of
neck, contractures of joints and pterygia across joints.
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Detailed antenatal ultrasonography (USG) is the
initial diagnostic modality for any case with nonimmune fetal hydrops, and apart from detecting
the hydrops per se also helps to assess the severity
of hydrops and to detect associated malformations
(Figure 1). Sonography can even provide important
clues to the underlying cause of the hydrops in
many cases. Increased nuchal translucency is often
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the rst sign of NIFH due to chromosomal abnormalities. Cases secondary to cardiac abnormality
usually show signi cant cardiomegaly (Skoll et al.,
1991). A fetus with anemia-related hydrops is likely
to demonstrate the presence of pleural uid and
skin edema (Skoll et al., 1991). The middle cerebral
artery peak systolic velocity (MCA PSV) >1.5 MoM
(multiples of median) indicates fetal anemia in
fetuses of more than 16 weeks of gestation. Fetal
hydrops associated with metabolic disorders is
usually severe with massive ascites and signi cant
thickening of the skin. Additional USG ndings
in various fetal infections associated with fetal
hydrops include intrauterine growth retardation,
polyhydramnios/ oligohydramnios, microcephaly,
ventriculomegaly, intracranial calci cation, cardiac
anomalies, liver calci cations and echogenic bowel
(SOGC clinical practice guidelines, 2013). However,
in most cases, further investigations are required
to clearly diagnose the etiology.

tomegalo virus/PCR for parvovirus-B19/toxoplasmosis in selected cases; DNA extraction
for further molecular genetic studies; enzyme
assay for lysosomal storage disorders.
ii. Fetal blood sampling: Complete blood picture
with red blood cell count, white blood cell
count and platelet count; TORCH serology/
PCR for viral infections and viral and bacterial
cultures; liver function tests including serum
total protein and albumin in some cases.
In case of antenatal doppler evidence of fetal
anemia, PCR for Parvovirus B19 and molecular
genetic testing for alpha thalassemia should be
done in the fetal sample.

Stepwise evaluation for non-immune
fetal hydrops
As NIFH is an etiologically heterogeneous condition, each case of NIFH would require stepwise
evaluation for all the known causes, in order to
ascertain the exact etiological diagnosis. As a signi cant proportion of cases have a genetic etiology,
identi cation of the exact cause in each case is
very important for accurate counseling regarding
the recurrence risk and prenatal diagnostic testing
for future pregnancies.
Step 1: Fetal imaging
i. Detailed obstetrical ultrasound which should
include a detailed survey for anomalies of the
fetus, placenta, umbilical cord and amniotic
uid and assessment of the fetal Doppler (Middle cerebral artery) and fetal echocardiogram.
Step 2: Tests in the mother
i. VDRL test for syphilis and TORCH serology.
Maternal TORCH serology should be done in all
cases of NIFH occuring for the rst time in the
family.
ii. SS-A and SS-B antibodies to be tested in the
mother in cases of fetal bradyarrhythmia.
Step 3: Invasive testing
i. Amniocentesis: For fetal karyotyping or chromosomal microarray analysis; PCR for Cy-
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Figure 7 Histopathology showing abnormal calci c deposits in various fetal organs in
a fetus with Idiopathic infantile arterial
calci cation. A & B: Haematoxylin-eosin
& Vonkossa stain for pulmonary vessel
calci cation, C: Myocardial calci cation,
D: Cerebral calci cation, E: Renal cortex
calci cation, F: Placental villi calci cation, G: Aortic calci cation, H: Renal
arterial calci cation.
Step 4: Postnatal evaluation
i. If the fetal samples have not been procured
antenatally or the antenatal samples are inadequate, fetal cord blood/ skin biopsy/ umbilical
cord sample should be collected after delivery
for karyotyping/ enzyme assays/ DNA extraction. If fetal cord blood is being collected,
about 2-3 ml of fetal cord blood should be
collected in a heparinized vacutainer and about
5ml in an EDTA vacutainer. If fetal autopsy is
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ii.
iii.
iv.
v.
vi.

planned, the fetal body and placenta should be
preserved in 10% formalin.
Whole body skeletal radiographs of the fetusanteroposterior and lateral views
Head to foot external dysmorphology evaluation
Internal dissection of fetal organs
Histopathology of fetal organs, placenta and
umbilical cord (Figure 7)
Immunohistopathology, as required, for detection of lymphodysplasia; lymphodysplasia may
be the underlying pathophysiological mechanism in a number of cases including chromosomal abnormalities. Immunohistochemical
studies with CD31 and CD34 are helpful especially if the lymphodysplasia lesional areas
are small and not visible on gross examination
(Bellini et al., 2010).

Whole body fetal radiographs, detailed fetal
dysmorphology evaluation, internal organ dissection and histopathological examination of the fetal
organs and the placenta should done in every
case.
If a speci c etiology is identi ed with
this rst-tier evaluation, speci c cytogenetic or
molecular genetic testing can be done in the fetal
sample for con rmation of the same. As per various literature reports, perinatal autopsy provides
important additional information or changes the
ultrasonography-based diagnosis in 22-76% cases.
In cases where autopsy evaluation does not
reveal a speci c etiology, karyotype and enzyme
assays for common NIFH-associated lysosomal
storage disorders can be done. In cases where
the above evaluation is inconclusive and the cause
remains unknown, higher resolution genetic testing techniques i.e. chromosomal microarray and
exome sequencing can be done in the fetal DNA
sample, for copy number variations and single
gene etiologies respectively. Both parents can be
tested further, as relevant, for the genetic etiology
identi ed in the fetus.

Prognosis
Prognosis depends upon the etiology, the gestational age at onset and whether pleural eﬀusions
are present. In general, the earlier the hydrops
occurs, the poorer the prognosis. In particular,
pleural eﬀusions and polyhydramnios prior to 20
weeks of gestation are poor prognostic signs because of increased risks of pulmonary hypoplasia
and preterm labour/ premature rupture of membranes, respectively. On the other hand, absence
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of aneuploidy and absence of major structural
abnormalities confer a better prognosis. Despite
continued advances in perinatal care NIFH continues to be associated with signi cant mortality
(Simpson et al., 2006).

Therapeutic options
Fetal treatment for NIHF depends on the etiology
and gestational age. Some of the therapies for
selected etiologies are listed in Table 2 (SOGC
clinical practice guidelines, 2013).
NIFH related to fetal toxoplasmosis treated with
maternal administration of pyrimethamine and sulfadiazine and NIFH related to fetal syphilis treated
with penicillin resolves but the overall prognosis
due to cerebral complications remains high. Fetal
cytomegalovirus infection has been treated with
maternal and direct fetal administration of hyperimmune globulin. However there are only a few
reported cases where this therapy was attempted
and they did not resolve with this therapy.

Genetic counseling
Genetic counseling is an integral component of the
management of any family with non-immune fetal
hydrops. If the cause of hydrops is identi ed,
the nature of abnormality, pattern of inheritance
and recurrence risk in future pregnancies can be
determined. In cases of hydrops due to cardiovascular anomalies, the recurrence risk depends
on the type of anomaly and varies from 3-50%.
Hydrops due to infections is less likely to recur.
Hydrops due to chromosomal abnormalities usually have a recurrence risk of around 1%, unless
they are associated with a familial chromosomal
rearrangment, in which case the recurrence risk
would be higher, depending on the nature of the
chromosomal anomaly. If the fetal hydrops is due
to autosomal recessive disorders there is 25% risk
of recurrence in the subsequent pregnancies of the
couple. If NIFH is due to an autosomal dominant
condition, most often it would be due to a de novo
mutation, but there would be a small but signi cant
risk of recurrence in subequent pregnancies due
to the possibility of gonadal mosaicism for the
pathogenic mutation in either parent. Idiopathic
NIFH generally has a low recurrence risk. Prenatal
testing, as required, can be oﬀered for subsequent
pregnancies of the couple through targeted cytogenetic/molecular genetic testing, based on the
etiology identi ed in the aﬀected fetus.
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Table 2 Therapeutic modalities for some causes of non-immune fetal hydrops.
Etiology

Therapy

Twin to twin transfusion syndrome

Laser ablation of placental anastomoses
or selective termination

Twin-reversal arterial perfusion

Percutaneous radiofrequency ablation

Cardiac arrhythmias

Maternal transplacental administration of
antiarrhythmic medications

Fetal anemia

Fetal blood sampling followed by
intrauterine transfusion

Fetal hydrothorax/ pleural eﬀusion associated with
bronchopulmonary sequestration

Placement of thoracoamniotic shunt/
needle drianage of eﬀusion

Fetal CPAM - (Congenital pulmonary airway malformation)
Macrocystic
Microcystic

Needle drainage/ Thoracoamniotic shunt

Large bronchopulmonary sequestration

NdYAG Laser of the feeding vessel

Fetal thyrotoxicosis

Antithyroid drugs

Corticosteroid therapy

Conclusion
Non-immune fetal hydrops is a signi cant cause
of prenatal and perinatal morbidity and mortality. With the use of advanced genetic testing
technologies such as chromosomal microarray and
whole exome/ whole genome sequencing, we are
likely to identify the underlying genetic basis in
a greater proportion of cases with NIFH. This in
turn would help to provide a greater insight into
the etiopathogenesis of NIFH and help to identify
potential therapeutic targets for this condition.

References
1. Bellini C, et al. Etiology of nonimmune hydrops
fetalis: a systematic review. Am J Med Genet A
2009; 149A: 844-851.
2. Bellini C, et al. A diagnostic ow chart for non
immune hydrops fetalis. Am J Med Genet A
2009; 149A: 852-853.
3. Bellini C, et al. Immunohistochemistry in non
immune hydrops fetalis: A single center experience in 79 fetuses. Am J Med Genet A 2010;
152A: 1189-1196.
4. Bellini C, Hennekam RC. Non-immune hydrops
fetalis: a short review of etiology and patho-

Genetic Clinics 2017 | July - September | Vol 10 | Issue 3

5.
6.

7.
8.
9.

10.

11.

physiology. Am J Med Genet A 2012; 8A:
597-605.
Bellini C, et al. Etiology of non immune fetal hydrops: An update. Am J Med Genet A
2015;167A: 1082-1088.
Moise Jr K. Ultrasound evaluation of hydrops
fetalis. In: Ultrasonography in Obstetrics and
Gynecology. Fifth edition. Ed. Peter W Callen.
Elsevier Saunders, Pennsylvania, USA; 2008: p
676- 697.
Moreno CA, et al. Non–immune hydrops fetalis: A prospective study of 53 cases. Am J Med
Genet A 2013;161A: 3078-3086.
Puri RD, et al. Utility of fetal autopsy to corroborate antenatal ultrasound ndings. Am J Med
Genet A 2016; 170 A: 2119-2126.
Skoll MA, et al. Is the ultrasound de nition
of uid collections in non- immune hydrops
fetalis helpful in de ning the underlying cause
or predicting outcome? Ultrasound Obstet
Gynecol 1991; 1: 309-312.
Simpson JH, et al. Severity of non-immune
hydrops fetalis at birth continues to predict
survival despite advances in perinatal care.
Fetal Diagn Ther 2006; 21:380-382.
Society of Obstetricians and Gynaecologists of
Canada (SOGC) clinical practice guidelines. J
Obstet Gynaecol 2013; 35: e1-e14.

18

GeNeXprESS
Towards a New Era: New Therapeutic Advances for Genetic
Disorders
Surya Prabha B and Prajnya Ranganath
Department of Medical Genetics, Nizam’s Institute of Medical Sciences, Hyderabad
Email: gierra@gmail.com

Ray of hope for Metachromatic
leukodystrophy (Sessa et al., 2016)
A safe and eﬀective gene therapy may soon be
available for Metachromatic leukodystrophy, a debilitating neurodegenerative disorder caused by
Arylsulfatase A (ARSA) enzyme de ciency. Nine
children with presymptomatic late-infantile or
early-juvenile disease or early-symptomatic earlyjuvenile disease were enrolled in this open-label,
non-randomised phase 1/2 clinical trial conducted
by the Pediatric Clinical Research Unit in Milan. The
study subjects received autologous hematopoietic
stem cells transduced with a lentiviral vector encoding ARSA cDNA, after busulfan conditioning. All
patients survived over a follow up period of 36
months. Eight patients, seven of whom received
treatment when presymptomatic, had prevention
of disease onset or halted disease progression.
ARSA activity was reconstituted in the circulating
haemopoietic cells and cerebrospinal uid. There
were no serious adverse events related to the
medicinal product itself.

Make way for MRT (Mitochondrial
replacement therapy) (Kang et al., 2016)
Pathogenic mutations in mitochondrial DNA
(mtDNA) are relatively common and lead to a
wide range of clinical syndromes. Replacement
of the mutant mitochondria with healthy donor
ones has been attempted in four families with
Leigh syndrome and one with Mitochondrial Encephalomyopathy, Lactic Acidosis and Stroke-like
Episodes (MELAS) using the spindle transfer technique. The resulting embryos showed >99% donor
mtDNA, which stably maintained in most, but reGenetic Clinics 2017 | July - September | Vol 10 | Issue 3

verted to the original haplotype in some. Speci c
D-loop polymorphisms responsible for selective
replication of speci c mtDNA haplotypes are believed to account for this reversal, amongst many
other possible mechanisms. The study proposes
choosing compatible donors with CSBII or other
D-loop sequences resembling the maternal mtDNA
to overcome this problem. This preferential replication of selective haplotypes was seen in most
tested combinations, although the size of the study
itself was small.

Size alone does not matter!

(Barbé et al.,

2017)
Myotonic dystrophy is known to manifest in congenital forms, when the expanded CTG repeats are
very large. However, large overlapping expansions
have also been observed in those with classical
and milder forms of the disease. This suggests
the possible role of another genetic mechanism,
which could potentially explain the phenotypic
variability and the observed maternal transmission
bias. CpG methylation of the DMPK gene, upstream and downstream of the CTG repeats, has
been quanti ed in 79 samples across various age
groups, phenotypes and inheritances and has been
found to oﬀer better genotype-phenotype correlation than the repeat size alone. Furthermore,
the tendency of the repeats to either stabilize or
undergo contractions during spermatogenesis due
to the absence of methylation and the fact that
methylation causes repression of proteins essential for spermatic survival seems to well explain the
maternal bias. This study has found a near absolute correlation between the upstream methylation
and maternal inheritance in congenital myotonic
dystrophy and argues against CTG repeat size as
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the only essential element associated with the
severe phenotype.

An old drug with a new indication!

This study is the rst of its kind and explores the
potential use of a relatively safe and well established drug in modulating the sterol composition &
improving behaviour.

(Wassif

et al., 2017)
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Simvastatin, a routinely used hypocholesterolemic
agent, could now potentially be a cheap and eﬀective therapy in milder forms of Smith-Lemli-Opitz
syndrome (SLOS), a genetic disorder caused due
to the accumulation of the cholesterol precursor
7- dehydrocholesterol. This randomized, double
blind, cross over trial in 23 patients in two 12month treatment phases, with a 2-month washout
period, showed signi cant reductions in dehydrocholesterol in the plasma and cerebrospinal uid
with simvastatin therapy, at a single daily dose of
0.5mg/kg for the rst 6 weeks, followed by 1.0
mg/kg/day for the remaining 46 weeks of the trial.
There was a notable clinical response in patients,
in terms of reduced irritability, while on treatment.
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GeNeEvent - ICMR-INSERM-DBT Symposium on Ethical and
Scientific Issues of Gene Editing Using CRISPR-Cas9
Technology

A two day symposium- the ICMR-INSERM-DBT Symposium on Ethical and Scienti c Issues of Gene
Editing Using CRISPR-Cas9 Technology , was held on 27th and 28th April 2017 at the National Institute
of Immunology, New Delhi. It was a joint venture of the Indian Council of Medical Research (ICMR),
Department of Biotechnology (DBT) and the INSERM- French National Institute of Health and Medical
Research. The symposium brought together Indian and European stallwarts from various life sciencesrelated disciplines. The gathering was addressed by the Secretary-Department of Health Research and the
Director General-ICMR Dr Soumya Swaminathan, the Head of Basic Medical Sciences-ICMR Dr Vijay Kumar,
the DBT Secretary Dr VijayRaghavan, and the Director General-Inserm Thierry Damerval. The scienti c
sessions included discussions about the application of genome editing techniques in cancers, single
gene disorders like muscular dystrophy, stem cell research, embryonic stem cells, microbial genome etc.
There were discussions and debates revolving around ethical issues, patient safety and outcome of such
techniques on the environment and evolution. The two day symposium was a kick-start for introduction of
the genome editing techniques in various elds of science in India.
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PhotoQuiz

PhotoQuiz - 37
Contributed by: Dr. J P Soni
Genetic Clinic, Department of Pediatrics, Dr S N Medical College, Jodhpur, Rajasthan
Email: doc_jpsoni@yahoo.com

This 16-year-old girl and her 9-year-old sister presented with hepatosplenomegaly,
hyperglycemia and hypertriglyceridemia. Their developmental milestones and intellectual
functions were normal. Identify the condition.
Please send your responses to editor@iamg.in
Or go to http://iamg.in/genetic_clinics/photoquiz_answers.php
to submit your answer.

Answer to PhotoQuiz 36
Campomelic dysplasia (OMIM # 114290)
Campomelic dysplasia is an autosomal dominant skeletal dysplasia characterized by congenital
shortness and bowing of long bones, especially in the lower extremities, as well as hypoplastic
scapulae, narrow iliac wings and non-mineralized thoracic pedicles. The other features include
distinctive facies, cleft palate, laryngotracheomalacia and sex reversal in individuals with 46,XY
chromosomal constitution. The condition is often lethal due to respiratory insuﬃciency. Mutations
in SOX9 gene are known to cause campomelic dysplasia.

Correct Responses Were Given By:
1. Beena Suresh, Chennai
2. Prashant Kumar Verma, Jaipur
3. Ashish Gupta, New Delhi
4. Alka Ekbote, Aurangabad
5. Shraddha Mular, Vellore
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