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GeNeEvent - Fifth National Conference of the Indian Society of
Inborn Errors of Metabolism
The 5th National Conference of the Indian Society of Inborn Errors of Metabolism- ISIEM 2019, was held
in Pune from 18th to 20th January 2019. It was organized by the Pune-Mumbai IEM group jointly with the
Bharati Vidyapeeth Medical College and Hospital, the Pune Branch of the Indian Academy of Pediatrics
(IAP) and the Pune branch of the Indian Dietetic Association (IDA). It was a well attended meeting with over
300 delegates for the workshop and conference from all parts of India and abroad (UAE, Bangladesh, and
USA).
Seven international faculty and 34 renowned national faculty delivered exciting scientific deliberations
to an enthusiastic audience. There were 2 workshops conducted on the first day. A Masterclass workshop
was a unique feature this year with a mix of clinical, laboratory and dietary aspects in a holistic manner.
A separate diet workshop was conducted for the metabolic dieticians. The inauguration program was
presided over by the ISIEM President Dr Radha Rama Devi in the presence of Dr. Mrudula Phadke (Ex
Vice Chancellor, Maharashtra Health Sciences University and Ex Dean, B.J. Medical College and Sassoon
Hospital) along with other dignitaries from the organizing committee. There were exciting new topics in
the main conference which included metabolomics, neurotransmitter disorders, mitochondrial disorders,
disorders of metal metabolism, advances in urea cycle defects, neuroimaging in IEMs, etc. It was
heartening to see a lot of enthusiasm among youngsters which reflected in great response to the quiz with
30 participants. Ninety-five abstracts were submitted of which 14 were selected for oral presentations, 51
for physical posters and 30 for e-posters. Winners were given exciting prizes.
Overall, the conference was an exciting mix of good academics, youthful excitement, and congenial
meetings.
Contributed by: Dr. Chaitanya A. Datar, Organizing Secretary ISIEM 2019.

Upcoming Gene Events
Medical Genetics Awareness Week (April 2 – April 6, 2019)
The American College of Medical Genetics and Genomics (ACMG) has decided to celebrate the first-ever
Medical Genetics awareness week from April 2nd to April 6th . Every year the awareness week will
coincide with the ACMG Annual Clinical Genetics Meeting. The intention of observing this week is to
acknowledge the significant contribution of medical genetics professionals in the diagnosis, management
and prevention of genetic diseases.

GeNeDit
Marching towards Prenatal Treatments:
Training in Ethics and Communications the Need of the Hour
Editorial
Diagnosis of genetic disorders has taken a big
leap in the 21st century. The ease with which
the whole exome and whole genome can be sequenced suggests that this can be the first step
of medical evaluation for any individual, may be
immediately after birth or prenatally. Clinicians
are awestruck by the diagnostic power of next
generation sequencing (NGS)-based diagnostics.
Whole exome sequencing can now detect sequence variations causing monogenic disorders as
well as chromosomal disorders and copy number
variations. Limitations of the utility of NGS in
the diagnosis of triplet repeat disorders, structural
rearrangements of the genome and pathogenic
variations in non-coding regions are getting resolved. NGS-based testing is getting applied in
prenatal settings also. A large study from UK
covered in GenExpress in this issue has shown an
overall diagnostic yield of 8.5% in fetuses with a
wide spectrum of antenatally detected structural
anomalies.
Additionally, variants of uncertain
significance with potential clinical usefulness were
detected in 3.9% fetuses. Counseling for variations
of uncertain significance and secondary findings
unrelated to the disease are nightmares for geneticists. These issues become much more complex in
prenatal settings as the decision of termination or
continuation of the pregnancy may depend entirely
on the molecular diagnosis. Further evaluation of
such variations of uncertain significance for their
pathogenic nature quickly is a challenge in front
of researchers and communicating the uncertainty
associated with such molecular reports to the family and being involved in the process of decision
making of the family is a great challenge for the
clinical geneticist. Also, irreversible decisions like
termination of pregnancy based on variations of
uncertain significance pose an enormous ethical
dilemma.
Though prenatal diagnosis and termination of
fetuses with serious disorders is acceptable to
most families and societies, it can never really
be considered the ethically right approach to pre-
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vention of diseases. Treatment after diagnosis is
always sought by the patients. Even after considerable experience in counseling many families
about prenatally detected untreatable disorders or
disorders with poor outcomes, I cannot prevent
myself from feeling sad after each such counselling
session and I try to convey to my students the
need to understand the gravity and seriousness
of each such situation involving decision of termination of a pregnancy by the family. Fetal
therapies are exciting and sometimes dramatic in
nature. Intrauterine blood transfusions, drug therapies, minimally invasive interventions and open
fetal surgeries are being successfully done. Total
cure by prenatal gene therapy or fetal stem cell
transplantation is the way forward especially for
disorders which are developmental in origin and
start affecting the individual from fetal life. For
some disorders like fetal hydrops due to alpha
thalassemia, survival may not be possible without
fetal therapy. Extensive research in fetal gene
therapy and fetal bone marrow transplantation is
being done. The GenExpress in this issue also
highlights some recent successes in fetal therapies.
The success story of fetal therapy for ectodermal
dysplasia through intra-amniotic recombinant ectodysplasin is a major milestone in the treatment
of genetic disorders. The success of this strategy
in animal models was shown in 2014 and within
4 years the drug has been successfully tried in
affected human fetuses. With this I feel medical
genetics has taken a leap forward in the direction
of curative medicine. The wish list of genetic
disorders for which fetal therapies are needed
is very long. But the promise shown by easy,
effective and probably harmless therapy for ectodermal dysplasia has brought positivity to the
strategy of prenatal diagnosis. This new era of
prenatal and pre-symptomatic diagnosis and may
be population-based screening at the prenatal and
neonatal level by whole genome sequencing will
pose complex ethical and psychosocial dilemmas.
Involvement of families in decision making will
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need better skills and means of communication.
Evaluation of societal views, capabilities of medical geneticists and clinicians to provide pre-test
and post-test counseling for NGS-based testing
and training them for communicating the issues
involved need to be taken up on a priority basis,
so that the technology is ethically and usefully
applied by the clinicians. I wish to stress upon

the need for some training modules in ethics and
communication in medical genetics education and
for clinicians at any stage of their careers.

Dr. Shubha Phadke
1st April, 2019

HearToHearTalk
`JAYA' of Mind over Bones!
Shubha R Phadke
Department of Medical Genetics, Sanjay Gandhi Postgraduate Institute of Medical Sciences, Lucknow, Uttar Pradesh, India
Correspondence to: Dr Shubha R Phadke

We think bones are the strongest part of body
and cannot be easily broken. I doubted this
once again when Jaya and Vijaya (names changed)
came to meet me. I had seen them for the first
time more than a decade ago on television shows
singing songs and talking about their ‘incurable’
illness with smiling faces. They are very small, less
than 3 feet in length (yes, ‘length’ as their ‘height’
cannot be measured) but have 28 years experience
of life which is full of pain due to recurrent fractures. Their bones are so fragile that they fracture
on touching. Their bones are not even seen clearly
on radiographs. The long bones are seen as just
wavy lines, and the bends cannot be counted.
‘Ashtavakra’ (a man with eight bends- a character
from Indian mythology) had a crooked body due
to the curse of his father who cursed Ashtavakra
before he was born because he corrected mistakes
in his father’s recitation of the Vedas from his
mother’s womb. Ashtavakra may have been a case
of osteogenesis imperfecta. Jaya and Vijaya also
had fractures in fetal life and the bones were bent
at birth. However, unlike Ashtavakra’s father, their
parents would never have wished for this, but the
defective copies of the gene were transmitted one
each from the normal parents. Jaya and Vijaya
are twin sisters with a severe type of osteogenesis
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imperfecta. Not just eight, they may be having
more than 80 bends in their bodies and though not
the Vedas, they sing Bhajans (devotional songs) in
their sweet voices. The sweetness in their Bhajans
comes from their hearts. Their hearts are pure and
large. They sing, draw pictures and are creative.
They cannot stand or walk, but their eyes dance.
Disability and pain have not been able to stop
them from being happy and creative. Probably,
the artists in them are flourishing as a response to
the harsh reality and physical challenges posed to
them by their disorder. Thanks to their parents,
who have similar smiling faces, the girls have been
brought up with positivity and desire to conquer
the world. The girls have met Prime Ministers
and Presidents of India, have been presenting
their talent on television shows, and have had the
opportunity to sing with famous singers. Their
achievements are remarkable. It is much more
than what most of the tall, fit and intelligent people
in the world have achieved. What is most striking
is the purity of their heart and soul. They do not
have complaints about their ‘God-given’ ailments
and neither do they have grievances against their
condition. They have no sense of competition or
jealousy. Their minds are beautiful and they spare
no efforts to look beautiful as well. Lipstick on the

2
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lips, nail-polish on the nails, rings on the fingers
and colourful dresses make them look pretty.The
credit goes to the parents and their strength of
mind which they have probably inherited from their
parents in addition to the CRTAP gene mutations.
They are on bisphosphonate therapy for the
past ten years. Their pain has decreased and now
they can sit. Visits to the hospital are infrequent
as they are often travelling for various cultural
programs. I get to meet them once in a few years.
The phone calls are frequent. Sometimes I feel
reluctant to respond but as soon as I pick up the
phone, the sweet voice asks, ‘How are you?’. I
get calls from many patients and their families
but hardly anyone asks my wellbeing as the first
question. The love in their voices touches my
heart and the bubbling enthusiasm puts positivity
in me. I stop bothering about my own problems.
However big my problems seem to me, they are
actually miniscule in front of the hardships of Jaya
and Vijaya. Seeing them, I am reminded of the fact
that ‘Being Happy’ is a choice that does not really
depend on the presence or absence of problems
and successes. The lives of such patients and their
families are big lessons for all of us and teach us
coping strategies and instill in us the spirit and
strength to fight against adversities in life.
The causative genetic defects for genetic disorders of the bones, heart and brains have been
mapped. But where is the mind – in the brain
or in the heart?
Can we image their minds
which are stronger than the bones of any body

builder? Can we do molecular mapping to see the
positivity of their minds? If possible, we should
identify sequence variations for their positivity
and strength of mind and make molecules to be
used as miracle drugs. Hope someday this may
be possible! Bisphosphonates for strong bones
and ‘MINDosphonate’ for strong minds. Till the
molecules are available, everyone should follow
role models for happiness like Jaya and Vijaya.
Just being around them brightens your day as
happened just yesterday in our outpatient department (OPD). During the three hours in our OPD,
while waiting for the tests getting done, both of
them sang Bhajans surrounded by all patients who
enjoyed the sweet voices of the little angels and
forgot their pains and problems for some time.
Both the girls too enjoyed the attention, though
sitting for hours at a stretch was too taxing for
them. We all felt touched by their divinity. I always
feel lucky to serve patients and learn from them
about medicine and life.
Note:
Jaya and Vijaya were gatekeepers of Vaikuntha
Loka, the abode of Lord Vishnu (the ‘God of Preservation and Protection’ in the Hindu Trinity).
‘Jaya’ also means victory in Sanskrit and Hindi.
The girls will be proud to share their original
names, but the names have been changed in accordance with medical ethics.
For the detailed story of Ashtavakra,
https://en.wikipedia.org/wiki/Ashtavakra

see:

GeNeImage
Contributed by: Dr. Shubha R Phadke
Department of Medical Genetics, Sanjay Gandhi Postgraduate Institute of Medical Sciences, Lucknow
Email: shubharaophadke@gmail.com

Karyotype of an Optimist!
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Clinical Vignette
Rare Type of Epidermolysis Bullosa Associated with the
ITGB4 Gene: Journey with the Patient’s Family
Shubha R Phadke, Dhanya Lakshmi Narayanan
Department of Medical Genetics Sanjay Gandhi Postgraduate Institute of Medical Sciences, Lucknow, India
Correspondence to: Dr Shubha R Phadke

Introduction
Next generation sequencing (NGS) is a boon for
patients with rare monogenic disorders and their
physicians. Epidermolysis bullosa (EB) is a genetic
disorder with genetic and phenotypic variability.
This report discusses the case of a neonate with
a rare type of EB caused by biallelic pathogenic
variants in the ITGB4 gene and the long term follow
up of the family as well as their reproductive
decisions. Communication of the clinician with the
laboratory on the one hand and with the patient’s
family on the other hand is necessary for the
success of the diagnostic and genetic counseling
process.

Case Report
A young father brought a photograph of his 10
days- old sick neonate admitted in another hospital. The photograph showed was consistent
with the referral diagnosis of epidermolysis bullosa and showed patches of raw areas with some
blisters over the entire body.
Clinical exome
sequencing was ordered to look for sequence
variations in genes for EB. The parents were nonconsanguineous and their first child had similar
manifestations during the neonatal period and
had succumbed to the illness. The father had
brought 2 ml of blood of the neonate which was
given to the laboratory (outsourced) with the clinical diagnosis of EB. The family reported that the
baby died within the next few days. The report
showed a truncating sequence variation c.4734dup
(p.Asn1579Glnfs*35) in exon 36 of ITGB4 gene in
heterozygous form. This variant was not reported
in 1000Genome and ExAC databases. The variant
was predicted to be damaging by MutationTaster2.
Biallelic variants in ITGB4 gene are known to cause
EB, junctional, non-Herlitz type (MIM #226650) and
EB, junctional with pyloric atresia (MIM #226730).
Epidermolysis bullosa of hands and feet, a mild
Genetic Clinics 2019 | April - June | Vol 12 | Issue 2
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form of EB has been reported in a patient with
heterozygous mutation in the ITGB4 gene (Jonkman
et al., 2002). Since our subject had a severe
phenotype, we requested the laboratory to reanalyse the data and look specifically for other
sequence variants which could explain the phenotype. The laboratory reported another splice site
variant in intron 24, c.2783-2A>A/G (3’ Splice site)
which was reported as likely pathogenic in ClinVar (http://www.ncbi.nlm.nih.gov/clinvar/
RCV000190599/). Sanger sequencing confirmed
the segregation of the variant c.4734dup in exon
36 in the mother in heterozygous form and c.27832A>G in intron 24 in the father in heterozygous
form. This supported biallelic pathogenic sequence
variations as the cause of severe type of EB in the
neonate. However, the presence of a truncating
variant and a lethal outcome in the baby suggested that the baby had probably EB, junctional
with pyloric atresia rather than the EB, junctional,
non-Herlitz type, which is mostly non lethal. While
discussing the report with the parents, we specifically asked for history of vomiting in the neonate
suggesting the possibility of pyloric obstruction.
They confirmed that the baby was diagnosed to
have pyloric stenosis and operated, but succumbed
to the illness. This clinical information correlated
with the causative gene and the type of pathogenic
sequence variant identified.
The family was counseled about the recurrence
risk of 25% in each offspring and the option of
prenatal genetic testing through chorionic villus
sampling in subsequent pregnancies. The couple
discussed these issues with their obstetrician. In
view of previous two Caesarean section deliveries,
they were anxious and reluctant to terminate the
pregnancy in case prenatal testing revealed an affected fetus. The obstetrician suggested the option
of assisted fertilization with a donor gamete to
minimize the risk of recurrence. The couple chose
the option of donor sperm from an unrelated
individual. However, the donor was not evaluated
4

Clinical Vignette
for DNA sequence variations in the ITGB4 gene.
After successful conception the family reported at
15 weeks to consider the option of prenatal testing
for EB. As the donor was unrelated, the possibility
of the donor being a carrier for a rare variant in the
ITGB4 gene was considered negligible and prenatal
genetic testing was not done. The family opted
to continue the pregnancy with routine antenatal
care.

Discussion
EB with pyloric atresia is a rare type of EB with
associated non-dermatological features. Vidal et
al. (1995) identified 2 mutations in ITGB4 gene in
compound heterozygous form in a patient with
junctional epidermolysis bullosa associated with
pyloric atresia. A gene that codes for another
integrin subunit, IGTA6, is known to be associated
with a similar phenotype of EB with pyloric stenosis
(MIM #226730). Pyloric atresia may be the result of
involvement of the gastrointestinal mucosa, as patients surviving the neonatal period later develop
oesophageal, gut and genitourinary involvement
(Mencía et al., 2016). Because of obstruction to
the upper gastrointestinal tract, prenatal diagnosis
by ultrasonography has been reported (Dural et
al., 2014). Available literature suggests a genotype
phenotype correlation, with truncating mutations
being more common in the lethal variety of EB with
pyloric atresia. Missense sequence variants have
also been reported (Nakano et al., 2001). Mencia
et al. (2016) reported 2 large deletions, 1 splice-site
variant and 3 missense variants in 6 patients with
EB with pyloric atresia.
This case highlights the importance of accurate
phenotypic description and also good communication with the laboratory doing NGS analysis. Lack
of genetic testing of the first similarly affected child
and lack of timely referral to a medical genetics
specialty unit lead to recurrence. Identification
of disease-causing sequence variants provides an
easy option of prenatal diagnosis which is mostly
acceptable. However, with the repeated occurrence of a serious disorder, for some families the
25% risk of recurrence may not be acceptable and
they may like to consider other options. Use
of donor gamete is an option for prevention of
autosomal recessive disorders. However, avoiding
a related donor and preferably testing for the
causative gene in the prospective donor should
be considered. The family should be provided
information about the rare possibility of the donor
being a carrier for the same disorder, though the
possibility may be extremely rare for such rare
disorders. Also, the background risk of any birth
Genetic Clinics 2019 | April - June | Vol 12 | Issue 2

defect and genetic disorder inherent in every pregnancy should be communicated to the family. The
complexities of such situations are immense and
good communication with the family is essential.
Offering an option of donor gametes is also a
delicate issue. If assisted reproductive techniques
are considered for donor ovum or preimplantation
diagnosis, the success rate of in vitro fertilization
and increased risk of prematurity and birth defects
as compared to natural conceptions, also need
to be conveyed to the family to help in decision
making.
To summarize, newer advances in technology
offers unlimited diagnostic opportunities in medical genetics but simultaneously calls for the need
of good communication skills for the clinician
and the genetic counselor. Increasing awareness
amongst clinicians and improving availability of
genetic counseling services is the need of the hour.
The accurate diagnosis of rare disorders is not only
important for preventing recurrences, but also for
pursuing the hope of novel treatment strategies
as shown recently for EB (Hirsch et al., 2017) and
ectodermal dysplasia (Schneider et al., 2018).
Acknowledgement:
The molecular genetic tests of the child and
parents were outsourced to Medgenome Labs Ltd.,
Bengaluru.
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Carrier Screening and Prenatal Counseling for Inborn Errors of
Metabolism: Challenges in the Indian Scenario
Chaitanya A Datar
Bharati Vidyapeeth Medical College & Hospital; Sahyadri Genetics; and KEM Hospital, Pune
Correspondence to: Dr Chaitanya A Datar

Abstract
Carrier screening for inborn errors of metabolism
(IEMs) in the Indian population is challenging because of factors such as consanguinity, inbreeding
and inadequate work up done for the index patients. Proper carrier screening is the key to offer
accurate prenatal counseling and diagnosis for
IEMs. With the advent of next generation sequencing (NGS), it has become fairly easier to offer a
definitive diagnosis for IEMs in families. However,
there can be many pitfalls in the screening of
carriers for IEMs based on NGS methods which
have been highlighted in this case series. Eight
case scenarios have been discussed, each with
a message to highlight the key points that must
be taken into consideration while interpreting the
results. This will be of immense benefit to all
concerned clinicians and counselors who deal with
IEMs in the pediatric population and also for those
who do antenatal counseling and offer prenatal
diagnosis for metabolic disorders.

Introduction
The Indian population is heterogeneous with an
admixture of many ethnic and social groups. There
is significant consanguinity and inbreeding within
the constituent groups with the rate of consanguinity being as high as 30% in some regions, especially
in Southern India (Bittles, 2002). This translates
into a higher rate of autosomal recessive disorders.
Inborn errors of metabolism (IEM) including small
and large molecule diseases are easily one of the
largest groups of genetic disorders in our population (Kumta, 2005). Studies from the Indian Council
of Medical Research (ICMR) and some major genetic centres has put the cumulative incidence of
IEMs at approximately 1 in 1500 new-borns (Rama
Devi and Naushad, 2004; Kalra et al., 2008). The
Genetic Clinics 2019 | April - June | Vol 12 | Issue 2
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incidence could be about 1 in 14 neonates if testing
is done in a high-risk setting. Therefore, it is expected that the carrier frequency of IEM disorders
taken cumulatively is likely to be high (Kapoor et
al., 2013).
There are many challenges in diagnosing IEMs
in index cases. Though the awareness about
detecting and managing IEMs has certainly increased, there are still many lacunae. In many
cases the final conclusive diagnosis is not reached
because of high early mortality and cost of testing.
Protean manifestations of IEM disorders make it
difficult to differentiate them from sepsis, cerebral
palsy, stroke etc. Hence in many of these cases,
metabolic work up is not initiated at all. In many
cases critical samples are not worked up or results
in some other cases could be misleading because
prior medical/ dietary management has distorted
the metabolic profile.
NGS- based tests are a big boon for the IEM
field, especially in the context of prenatal diagnosis.
It is known that testing of biochemical metabolites
in the antenatal period may not be very accurate
in most cases because it is usually not expected to
find a classical metabolic pattern in the antenatal
period when the fetus is not adequately metabolically challenged. Similarly, carrier screening of
couples for metabolic disorders is difficult at a
biochemical level in most cases, except for some
X-linked conditions like OTC deficiency, where carrier females may show metabolic derangements
when given a metabolic challenge. However, in this
case too prenatal testing is not feasible based on
metabolites. It is therefore imperative to have a
molecular genetic diagnosis for all IEM cases to be
able to offer accurate prenatal diagnosis.
With the rampant use of NGS-based tests by
many physicians and overreliance only on the results provided by the laboratories without proper
reverse phenotyping or parental segregation anal6
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ysis, there is likelihood of some misleading conclusions (Green et al., 2013). Many a times couples
proceed to bear a pregnancy based on these results
without considering a pre-conception consultation
with a clinical geneticist or a trained genetic counselor. This can have catastrophic consequences in
some cases, especially if the correct diagnosis is
not reached. Here we present some case-based
examples to highlight the need for proper reverse
phenotyping and parental carrier screening before
proceeding for prenatal diagnosis.

Case 1
The index child born to 3rd degree consanguineous
parents was well till day 3 of life. This was followed by lethargy, poor feeding and seizures and
the neonate passed away on the 5th day of life.
Metabolic work up revealed raised ammonia, very
high citrulline on tandem mass spectrometry (TMS)
and presence of traces of orotic acid and uracil on
urine organic acid study. The clinical possibility
was that of citrullinemia, but the samples of the
index child were not available for molecular analysis. Parental carrier screen revealed the following
result in both parents in a heterozygous stateGene
Likely
pathogenic ASS1 (+)
variant
Exon 15

Variation

Zygosity

c.1168G>A

Hetero-

(p.Gly390Arg)

zygous

This variant was classified as a likely pathogenic
variant with deleterious predictions as per some
bioinformatics tools. It is therefore quite clear after
reverse phenotyping that the parents are indeed
carriers of citrullinemia, and based on the clinical
and biochemical presentation, prenatal diagnosis
can be offered for the couple’s future pregnancy
with a fairly good accuracy.
But in another family, there were 3 early neonatal deaths with similar clinical features as above.
However, in the work up of one of the affected
children, the ammonia was documented to be normal, amino acid levels were not checked and the
organic acid profile suggested only a mild elevation
of orotic acid.
One ASS1 gene heterozygous missense variation
of uncertain significance (VOUS) each was detected
in both parents of the index case (c.349G>A;
p.Gly117Ser). In contrast to the case above, there
Likely
pathogenic
variant

were many loopholes in proper phenotyping such
as a normal ammonia, undocumented plasma
amino acids etc. In such cases, prenatal diagnosis
may be offered with proper genetic counseling
explaining the limitations.
Learning point: A complete biochemical work
up is necessary to correlate an NGS test result
accurately. Therefore, NGS based testing is complementary and not a substitute to biochemical
analysis.

Case 2
Sometimes the testing done in the index case is
inadequate, but the clinical pointers and variants
obtained in the carrier parents are very strong to
suggest a confirmatory genetic diagnosis as in the
given case. The index child born of a 3rd degree
consanguineous marriage had lost a previous sibling on Day 3 of life with similar features. This child
had fever, irritability, lethargy, respiratory distress
and seizures. There was significant metabolic
acidosis with pH- 7.13, and HCO3 -14.6 meq/L.
Ammonia was normal and hemogram showed
neutropenia and thrombocytopenia. Sepsis screen
was negative.
Child passed away before any
further work up could be considered.
Carrier screening in parents revealed a likely
pathogenic heterozygous variant in the PCCA gene
in both parents.
The PCCA gene showed a 11 base pair deletion
in the gene, that was confirmed on qfPCR. Though
this variant was not previously reported, it was
safely considered for future prenatal diagnosis
as it was a deletion variant, likely to result in
a frameshift mutation and the clinical phenotype
appeared to be consistent with a diagnosis of
Propionic acidemia.
Learning point: Gene variant characteristics
must be reviewed in each case (Rehm et al., 2013;
Richards et al., 2015). These may sometimes be
conclusive enough to suggest the diagnosis.

Case 3
In some cases, the clinical possibility of one of
the IEMs in the index patient is very strong, but
parental carrier screening reveals variants in more
than one gene suggesting the possibility of two
or more different disorders. This is not an un-

Gene

Location

Variation

PCCA (+)
Exon5

chr13:100807248_10080
7258delGCGGATGAGGC

c.316_326delGCGGATGAGG
(p.Ala106_Ala109del)

Genetic Clinics 2019 | April - June | Vol 12 | Issue 2
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Heterozygous
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Zygosity

Gene/s

Variation observed in both parents

Likely pathogenic
variant

SURF1

chr9:136219301;G>A, c.751C>T; p.Q251Ter

Heterozygous

Likely benign
variant

DBT

chr1:100706427;T>C, c.65A>G; p.Y22C

Heterozygous

likely scenario especially in the Indian population
because of the high degree of consanguinity and
inbreeding.
Clinically the index case had classical features
of Leigh syndrome and passed away at 3 years
of age. DNA sample of the index child was not
available. Parental carrier screening revealed common variants in the SURF1 and DBT genes in both
parents.
Based on the clinical phenotype, the SURF1 gene
variant seemed to be significant as it is one of the
predominant genes that causes Leigh syndrome
phenotype. Also, the SURF1 gene variant is a nonsense variant with deleterious in-silico predictions
and thus seemed more likely to lead to a disease
state. The other gene namely DBT pertains to a
phenotype of Maple Syrup Urine Disease. MSUD
was not a clinical suspicion in this patient, and a
TMS study done in this index case did not reveal
any branched chain amino acid elevation. The
variant in the DBT gene was a missense variation
with likely benign predictions. Therefore, for this
case the DBT gene variant was safely disregarded
for future prenatal diagnosis.
But occasionally when a proper clinical/ biochemical/ radiological phenotyping is not done in
the index case or if the phenotype pertaining to
the given genotype is a late onset one, it may be
prudent to consider prenatal diagnosis for more
than one variant.
Learning Point: If parents are found to be
carriers of more than one disease variant, it is
necessary to decide the most appropriate one to
offer prenatal diagnosis based on the clinical details and biochemical presentation. It is sometimes

not necessary to consider prenatal diagnosis for all
the variants detected on NGS testing of families.

Case 4
A 2 years old child born of non-consanguineous
marriage presented with mild hepatomegaly and
hypoglycemic seizures. Liver biopsy had shown evidence of glycogen storage within the hepatocytes,
and hence the possibility of a Glycogen storage
disorder (GSD) was very strong. Testing in the
index case revealed two heterozygous variants of
uncertain significance (VOUS) in the AGL gene which
pertained to a phenotype of GSD type 6. One variant detected in exon 9 (c.1155G>T;p.Lys385Asn)
had deleterious implications on in silico analysis
and the other in exon 19 (c.2522C>T;p.Ser841Phe)
was found to have a ‘tolerated’ result. It was
thought that these variants could have caused the
patient phenotype in a compound heterozygous
state.
However parental screening showed the result
shown in the below table.
Parental studies indicated that both these AGL
gene variants were monoallelic (see Figure 1) and
thus inherited from a single parent by descent,
and therefore unlikely to have caused a disease
state by themselves. Either the variant in the other
allele is a large deletion/ duplication missed on
NGS or there is a possibility that this gene is not
at all causative of the given phenotype. Further
evaluation of the case ruled out GSD and the
diagnosis of hyperinsulinemia was confirmed.

Patient
Name

Gene studied

Variation observed in proband

Status

Father

AGL
(Exon 9)

chr1:100340782G>T (HET);
c.1155G>T; p.Lys385Asn

Detected
Heterozygous

AGL
(Exon 19)

chr1:100349983C>T (HET);
c.2522C>T; p.Ser841Phe

Detected
Heterozygous

AGL
(Exon 9)
AGL
(Exon 19)

chr1:100340782G>T (HET);
c.1155G>T; p.Lys385Asn
chr1:100349983C>T (HET);
c.2522C>T; p.Ser841Phe

Mother
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Not Detected
Not Detected

8

GeNeViSTA
Unaffected

Unaffected

Unaffected

Unaffected

likely benign variants in cases where more than
one variant is noted in the same gene.

Case 6
Unaffected

Affected

Unaffected
A)

B)

Figure 1 A) Biallelic variants in the same gene
can cause a disease (Compound heterozygous), B)
Monoallelic variants
cannot cause a disease by themselves.
Learning Point: Confirmation of carrier status
in the parents is absolutely necessary even if the index case has been apparently diagnosed with a fair
degree of genotype-phenotype correlation. Occasionally this step may be circumvented for various
reasons, the most important being the cost and
time, but this can have disastrous consequences
as seen in the above case.

Case 5
Occasionally the phenotype in the index case is
unambiguous, but more than one variant may
be noted in the same gene. Parental screening
resolves the conflict and aids in offering an accurate prenatal diagnosis. As in this case with
Wolman disease there were 2 variations noted in a
homozygous state in the index case.
Both the above variants were classified to be
those of uncertain significance (VOUS). The exon 2
variant in the LIPA gene is present in a homozygous
state in the unaffected parents, but the exon 4
variant is noted in heterozygous state in the parents. Thus, based on the variant and segregation
analysis, prenatal diagnosis was offered only for
the LIPA gene exon 4 variant.
Learning Point: Parental segregation analysis
resolves the conflict between likely pathogenic and

In a clinically, biochemically and radiologically
proven case of Succinic semialdehyde dehydrogenase (SSADH) deficiency in a non-consanguineous
family, 2 pathogenic variants were noted in the
ALDH5A1 gene. It seemed that the two different
variants would have caused SSADH deficiency in a
compound heterozygous state. But parental analysis showed presence of both these pathogenic
variants in the father and none were present in the
mother, thus suggesting monoallelic inheritance
by descent.
Further tests were considered in the mother by
multiplex ligation-dependent probe amplification
(MLPA), which revealed heterozygous deletions in
exons 3 and 4 of the ALDH5A1 gene. This explained the mechanism of disease causation in the
proband.
Learning Point: Sometimes very obviously
pathogenic looking variants can be extremely deceptive. Additional studies with some alternate
methods may be required after segregation analysis to determine the variants causative of the
disease.

Case 7
The index child born of 3rd degree consanguinity, was clinically suspected to have Leigh disease
with history of neuroregression, jerky breathing,
ptosis and seizures. The child passed away and
no samples of the deceased child were available
for testing. Parental testing initially revealed a
heterozygous missense variant of uncertain significance in the PDHX gene which pertained to a
phenotype of Pyruvate Dehydrogenase E3 binding
protein deficiency. Clinically and biochemically
however the index child did not fit into the PDHX
gene- associated phenotype. Hence, the couple

Parent

Gene / Exon

Variation observed in proband

Status

Father

LIPA (Exon 2)

chr10:91007360T>G(HOM);
c.46A>C;p.Thr16Pro

Homozygous

LIPA (Exon 4)

chr10:90988077C>A (HOM);
c.308G>T; p.Ser103Ile

Heterozygous

Mother

LIPA (Exon 2)
LIPA (Exon 4)

chr10:91007360T>G (HOM);
c.46A>C; p.Thr16Pro
chr10:90988077C>A (HOM);
c.308G>T; p.Ser103Ile

Genetic Clinics 2019 | April - June | Vol 12 | Issue 2

Homozygous
Heterozygous

9

GeNeViSTA
Gene

Variation

Father

Mother

ALDH5A1 (+)
Exon 3

c.467_480delinsTGT;p.Glu156ValfsTer10

Heterozygous
Pathogenic

Absent

ALDH5A1 (+)
Exon 5

c.813_819delinsCTGGTGTAG;p.Cys272TrpfsTer30

Heterozygous
Pathogenic

Absent

were counseled that no prenatal diagnosis would
be possible based on the detected variant. The
couple chose to wait, and data reanalysis was done
after a gap of 2 years. When the data was reanalysed using the revised pipelines, a heterozygous
pathogenic deletion of exons 3 and 4 of the NDUFS4
gene was suspected, which was later confirmed
by MLPA. Therefore, prenatal diagnosis could be
offered for the family for Mitochondrial Complex 1
deficiency. This was possible because of periodic
data reanalysis which sometimes can reveal novel
variants.
Learning Point: Prenatal diagnosis should
never be offered for variants where the genotype
does not correlate with the phenotype in the index
case. This case highlights the need for periodic
reanalysis of the data if no significant variant has
been detected earlier.

Case 8
A child born of 2nd degree consanguinity was
clinically suspected to have malignant infantile osteopetrosis based on the classical clinical features.
NGS (exome) based testing revealed a homozygous pathogenic variant in the exon 4 of the OSTM1
gene (c.721dupA; p.Met241AsnfsTer3) that seemed
likely to have caused the given phenotype. Parental
studies showed presence of the same variant in
a heterozygous state in the maternal sample, but
this variant was not seen in the paternal sample.
The paternal sample was retested again to rule out
any false negatives. This was followed by paternity
testing on the sample of the index case. This test
revealed that the father was not a biological parent
of this child. Thus prenatal diagnosis cannot be
offered based on this information and analysis
of whole OSTM1 gene in biological father will be
needed.
Learning Point: Cases such as these highlight
some unique challenges that are faced during
carrier screening of apparently simple cases.
Testing of the mitochondrial genome is even
more complex because of factors such as heteroplasmy and tissue mosaicism that cause problems
with accurate genotype- phenotype correlations.
Similarly, blended phenotypes must be meticuGenetic Clinics 2019 | April - June | Vol 12 | Issue 2

lously evaluated to be able to reach a conclusive
diagnosis.

Conclusions
The above case series highlights the issues that are
faced in carrier screening in the absence or sometimes even in the presence of a definite diagnosis
in the index patients. It is necessary to evaluate all
suspected IEM cases as thoroughly as possible with
relevant biochemical and radiological studies. In
cases with impending bad outcomes, DNA must be
stored for future use. Pre-conception evaluation of
the couple by a Clinical Geneticist is necessary in all
cases where prenatal diagnosis has to be offered.
Evaluation of the index case (if available), thorough
review of the NGS test data performed in the index
case and parents, proper reverse phenotyping with
clinical, biochemical and radiological presentations
are all essential and mandatory steps to confirm
the diagnosis to be able to offer an accurate
prenatal diagnosis.
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Abstract

Classification and pathogenesis

Epidermolysis bullosa (EB) is caused by mutation in
various components of the basement membrane
zone and is characterized by increased fragility of
skin and mucous membrane. There are four major
types based on the level of split at the basement
membrane zone – involvement of basal layer of
epidermis in epidermolysis bullosa simplex (EBS),
lamina lucida in junctional EB (JEB) and sublamina
densa in dystrophic EB (DEB) while Kindler syndrome (KS) can exhibit multiple levels of split. More
than 19 genes have been described resulting in the
various subtypes of these 4 major types giving rise
to diversity of phenotypic expressions. Diagnosis
is based on the “onion skin approach” which includes clinical presentation, family history, antigen
mapping and genetic mutation analysis. The main
stay of management is supportive and wound
care. The newer experimental therapies include
gene therapy, fibroblast and protein therapy and
mesenchymal and bone marrow transplantation.

Mutation in various components of the basement
membrane zone responsible for structural support
in keratinocytes and adhesion of epidermis and
dermis, results in different types of epidermolysis bullosa (Figure 1). The new approach for
classification in EB is termed as “onion skinning”
and sequentially takes account of the level of split
at the dermato-epidermal basement membrane
zone, phenotypic features and genetic characteristics such as mode of inheritance, targeted protein
and its relative expression in the basement membrane zone, the involved gene and the type of
mutation (Fine et al., 2014).
The level of split is the basal layer of the
epidermis in epidermolysis bullosa simplex (EBS)
while it is at the level of lamina lucida in junctional
EB (JEB) and sublamina densa in dystrophic EB
(DEB). Kindler syndrome (KS) can exhibit multiple
levels of split. More than 19 genes have been
described resulting in the various subtypes of these
4 major types giving rise to diversity of phenotypic
expressions (Tables 1-6). According to the National Epidemiology Epidermolysis Bullosa Registry
in USA, 92% of the total number of patients with EB
have EB simplex, 5% have dystrophic EB, 1% have
junctional EB while 2% of the cases are unclassified
(Fine et al., 2016).
The mode of inheritance of EB can be either
autosomal dominant (AD) or autosomal recessive
(AR). The majority of EBS are autosomal dominant
while JEB and KS are autosomal recessive. Autosomal recessive form of EBS due to mutation in
keratin (KRT) 14 has been reported and requires
special attention due to difference in genetic counseling (Liu et al., 2012). Dystrophic EB can show
both AD and AR inheritance. The autosomal recessive type of dystrophic EB is much more severe
compared to the dominant form (Yenamandra et
al., 2017).

Introduction
Epidermolysis bullosa (EB) is a heterogeneous
group of genetic blistering disorders characterized by increased fragility of skin and mucous
membrane resulting in blisters and erosions resolving with or without scarring. According to
the National Epidemiology Epidermolysis Bullosa
Registry in USA, the incidence and prevalence of
epidermolysis bullosa are estimated to be 19.60
per million live births and 8.22 per million population, respectively (Fine et al., 2016). The disease
results in significant morbidity in these children
due to cutaneous and extracutaneous involvement
as there is no specific treatment available yet and
the current management strategies focuses on the
prevention of trauma and wound care. In this
review, we will focus on different genotypic and
phenotypic expression of this diverse disease.
Genetic Clinics 2019 | April - June | Vol 12 | Issue 2
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Table 1 Differences between the clinical features of major types of Epidermolysis Bullosa
Features

Junctional EB

Dystrophic EB

+ (with little or no
trauma)

+ (with little or no
trauma)

+ (with little or no
trauma)

+ (with little or no
trauma)

Birth-12-18
months*
Hands and feet
(Localized
form)/generalized

Birth

Birth

Birth

Periorificial areas,
fingers and toes,
trunk and the upper
airway mucosa

Acral

Characteristic
Pattern

Annular or
curvilinear groups
or clusters

Excessive
periorificial
granulation tissue

Hands, feet, knees,
and elbows (mild
forms)-whole body
including mucosa
(in severe forms)**
Localized or
generalized with
scarring and milia
formation

Mucosal

+ (generalized
severe forms)

+ (oral and airway
mucous
membrane**)

+ (severe forms)

+

Post
inflammatory
changes

+ hyper/hypo
pigmentation
(generalized forms)

+ hyper/hypo
pigmentation

+ scarring

+ skin atrophy

Skin scarring

No

-/+ (generalized
severe form)

+ (scarring,
pseudosyndactyly,
“mitten” hands and
feet & contractures)

+

Nail
dystrophy

-/+ (generalized
severe forms)

-/+

+ and nail loss
especially toenails

-/+

Milia

-/++ (generalized
severe forms)

-

+

-

Others

Varying degree of
palmar and plantar
hyperkeratosis
(generalized severe
forms)

Prone to sepsis,
amelogenesis
imperfecta,
congenital
malformations of
the urinary tract
and bladder, aplasia
cutis, non-scarring
or scarring alopecia

Oral and/or
esophageal scarring
and strictures.
Corneal erosions
resulting in corneal
opacity leading to
loss of vision.
High risk of
squamous cell
carcinoma

Esophageal
stricture,
photosensitivity,
telangiectasia,
colitis, urethral
stenosis/strictures,
and severe
phimosis

Inheritance

AD/AR

AR

AD/AR

AR

Skin fragility

EB simplex

Kindler syndrome

Blisters
Age
Distribution

EB – Epidermolysis bullosa; AD – Autosomal dominant; AR – Autosomal recessive
* Varies depending upon the severity, gene and the variant
** Mucosal involvement of the mouth, upper respiratory tract, esophagus, bladder, urethra, and corneas
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Mutated protein

EB types

Transglutaminase 5
Desmoplakin
Plakoglobin
Plakophilin 1

EBS suprabasal

EB simplex

Keratin 5, 14

Junctional EB

BP240, Plectin
Laminin 332,
type XVII collagen

Kindler syndrome

Lamina lucida
Lamina densa

Dystrophic EB

Sublamina densa

α6β4 Integrin, Kindlin 1
Collagen VII

Figure 1 Structure of basement membrane zone and classification of epidermolysis bullosa based on
the affected gene.

Clinical features
The onset of EB is usually at birth or immediately
after the birth except a late onset in some patients
with EB simplex.

hypo pigmentation but without scarring. The split
is deeper in dystrophic EB and thus results in
milia formation and scarring, nail dystrophy and
various complications such as mitten-like hand deformity, pseudosyndactyly and joint contractures
(Yenamandra et al., 2017).
• Epidermolysis Bullosa simplex (EBS): In EB
simplex localized, blisters are late in onset and
are mostly localized to trauma prone areas (Figure
2). Generalized severe form of EB starts at birth
resulting in extensive and grouped blistering resolving with hypo or hyperpigmentation (Figure 3).
Palmoplantar keratoderma is common and begins
in childhood. Nail dystrophy and milia can be seen.
The blistering is less severe in the generalized
intermediate form of EBS.

Figure 2 Localized blister on palm in a patient
of epidermolysis bullosa simplex localized.
The hallmark clinical characteristic of this group
of disorders is skin fragility resulting in spontaneous or minor trauma-induced blistering and
erosions. The blistering is superficial in EB simplex
and junctional EB, thus it resolves with hyper or
Genetic Clinics 2019 | April - June | Vol 12 | Issue 2

Various genes implicated in various subtypes of
EBS are shown in Tables 2 and 3. Most cases of EBS
are caused by mutations in KRT5 and KRT14 (keratin
5 and 14) genes (Pfendner and Bruckner, 1998).
EBS patients with mutation in the TGM5 (transglutaminase 5) gene have mild blistering of skin
over the acral areas consistent with the diagnosis
of acral peeling syndrome. Biallelic mutations in
the DSP (desmoplakin) gene result in lethal acantholytic EB simplex characterized by skin fragility,
universal alopecia, malformed ears, anonychia and
cardiomyopathy. Mutation in the EXPH5 (exophilin13
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5) and KRT14 genes causes mild form of EBS with
an autosomal recessive inheritance. Biallelic mutations in PLEC (plectin) gene are known to have
EBS with associated muscular dystrophy and relatively higher morbidity and systemic complications.
Site-specific monoallelic missense mutation in PLEC
gene results in EBS Ogna type (EBS-O). Patients
with EBS with migratory circinate erythema and
mottled pigmentation have been found to have
mutation in KRT5. There are also reports of EBS
with mottled pigmentation caused by mutation in
KRT14. Recently, some patients of EBS have been
shown to have mutation in KLHL24 gene. Digenic
inheritance with mutations in KRT5 and KRT14 has
also been described.

Generalized intermediate type is a less severe
clinical presentation of JEB where blistering may
be localized to trauma-prone areas and systemic
complications are rare.

Table 2 Various genes involved in suprabasal
subtypes of epidermolysis bullosa simplex.
Subtype

Gene

Acral peeling skin syndrome
(APSS)
Epidermolysis bullosa simplex
superficialis (EBSS)

TGM5 (Transglutaminase 5)
-

Acantholytic Epidermolysis
bullosa simplex (EBS-acanth)
Skin fragility syndromes:
• Desmoplakin deficiency:
skin fragility-woolly hair
syndrome
• Plakoglobin deficiency:
(Naxos disease)
• Plakophilin deficiency:
skin fragility-ectodermal
dysplasia syndrome

DSP
(Desmoplakin)
DSP
(Desmoplakin)
PKGB
(Plakoglobin)
PKP1
(Plakophilin 1)

Table 3 Various genes involved in basal subFigure 3 Generalized grouped blisters resolving
with hypopigmentation in epidermolysis bullosa simplex-generalized severe
form.
• Junctional Epidermolysis Bullosa (JEB): Generalized (Herlitz) severe junctional EB is the most
devastating type of EB resulting in severe lifethreatening complications in early childhood. Extensive truncal erosions at the time of birth and
periorificial granulation tissue is characteristic of
this form of EB (Figures 4a and b). A series of
junctional EB showed that 73% of 71 children born
in a five-year period died at an average age of five
months (Kelly-Mancus et al., 2014). The common
causes of death are sepsis, electrolyte imbalance,
renal and cardiac complications. Accumulation of
granulation tissue in subglottic area in these children results in weak hoarse cry. Eventually airway
obstruction may result in stridor and respiratory
distress and tracheostomy is required. Amelogenesis imperfecta with pitting of tooth enamel
and scarring or non-scarring alopecia are common.
Genetic Clinics 2019 | April - June | Vol 12 | Issue 2

types of epidermolysis bullosa simplex.
Subtype
Major subtypes:
• EB simplex localized
• EB simplex generalized
severe
• EB simplex generalized
intermediate
Others:
• EB simplex Ogna
• EB simplex with mottled
pigmentation
• EB simplex – migratory
circinate
• EB simplex – autosomal
recessive
• EB simplex – muscular
dystrophy

Gene
KRT5 and KRT14
(Keratins 5 and
14)
KRT5 and KRT14
KRT5 and KRT14
PLEC (Plectin)
KRT5
KRT5
EXPH5
(Exophilin-5),
DST (Dystonin/
BP240), KRT14
PLEC

14
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B)

A)

Figure 4 A) Extensive truncal erosions in generalized severe junctional epidermolysis
bullosa. B) Periorificial granulation tissue in generalized severe junctional
epidermolysis bullosa.
Table 4 shows various genes involved in JEB.
Junction EB is most commonly caused by mutations
in genes coding for alpha-3, beta-3, and gamma-2
subunits of laminin protein of lamina lucida of
the basement membrane zone. The lethal Herlitz
type of junctional EB is known to be caused by
premature termination or missense biallelic mutations in LAMB3 (laminin B3) gene while junction EB
intermediate is caused by biallelic mutations in the
COL17A1 gene (Yenamandra et al., 2017). Laryngoonycho-cutaneous syndrome (LOCS) characterized
by granulating wounds, dental hypoplasia and ocular granulation tissue is known to be caused by
biallelic mutations in the LAMA3 gene. Junctional
EB with pyloric atresia (EB-PA) is caused by biallelic
mutations in ITGA6 or ITGB4 genes that code for
𝛼6𝛽4 integrin in the basement membrane zone
(Kayki et al., 2017).

• Dystrophic epidermolysis bullosa (DEB):
Generalized recessive dystrophic EB (RDEB) results in extensive blistering and erosions at birth
resolving with milia and scaring while dominant
dystrophic EB (DDEB) is a milder form of the
disease where the disease is mostly limited to
trauma-prone areas associated with nail dystrophy
(Figures 5a, b and c). Presence of syndactyly,
mitten like deformity, systemic complications, dental lesions, remission-less course, and oral lesions
are strongly indicative of RDEB (Yenamandra et
al., 2017).
Esophageal erosions and stricture
formation can lead to severe dysphagia and resultant malnutrition in these patients. Corneal
erosions can lead to corneal opacity and loss of
vision. The non-healing wounds of dystrophic EB
may be complicated by aggressive squamous cell
carcinoma.
Dystrophic EB results from mutation in COL7A1
(collagen type 7) gene and more than 300
pathogenic variations have been detected in this
gene causing various subtypes of dystrophic EB
(Dang et al., 2008).
EB pruriginosa is a distinct variant of dystrophic
EB characterized by severe pruritic lichenified
plaques over bilateral lower legs associated with
nail dystrophy and is caused by mutation in the
COL7A1 gene (Figure 6). Pretibial form of dystrophic
EB is characterized by blistering, milia and scarring
limited to the pretibial area associated with dystrophic nails. It is caused by mutation in the NC2
domain of COL7A1. Bullous dermolysis of newborn
is a self-limiting disease caused by mutation in
COL7A1 and manifests as generalized bullae and

Table 4 Various genes involved in subtypes of junctional epidermolysis bullosa.
Junctional EB
type
Generalized

Junctional EB subtype
• Severe

• Laminin 332

• Late onset

• Type XVII collagen (COL17A1)

• Intermediate
• With pyloric atresia

• With respiratory (interstitial lung
disease) and renal involvement
(nephrotic syndrome)
Localized

Targeted protein(s)

• Localized
• Inversa

• Laryngo-onycho-cutaneous (LOC)
syndrome
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• Laminin-332, type XVII collagen
• 𝛼6 (ITGA6) and 𝛽4 integrin (ITGB4)
• 𝛼3 integrin subunit (ITGA3)

• Laminin-332, type XVII collagen, 𝛼6
and 𝛽4 integrin subunits
• Laminin-332
• Laminin 𝛼3a (LAMA3A)
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A)

B)

C)

Figure 5 A) Localized blisters healing with scar and milia formation in dominant dystrophic epidermolysis bullosa. B) Large non-healing erosions in recessive dystrophic epidermolysis bullosa,
generalized severe type. C) Mitten deformity and pseudosyndactyly in recessive dystrophic
epidermolysis bullosa, generalized severe type.
erosions in the newborn period resolving by itself
by one year of age. Inversa recessive dystrophic
EB (RDEB-I) is a rare form, characterized by generalized involvement in the neonatal period which
improves with age and a predominant involvement
of flexures is seen in adults. Severe mucosal
involvement is seen in these cases. A late onset
of inversa RDEB is also reported. Dominant DEB
presenting only as familial nail dystrophy has been
reported caused by mutation in COL7A1.

Table 5 Various genes involved in subtypes of
dystrophic epidermolysis bullosa.
Dystrophic
EB type

Dystrophic EB
subtype

Targeted
protein(s)

Dominant
dystrophic
epidermolysis bullosa
(DDEB)

DDEB, generalized
DDEB, acral
DDEB, pretibial
DDEB, pruriginosa
DDEB, nails only
DDEB, bullous
dermolysis of newborn

Collagen 7

Recessive
dystrophic
epidermolysis bullosa
(RDEB)

RDEB, generalized
severe type
RDEB, generalized
other
RDEB, inversa
RDEB, pretibial
RDEB, pruriginosa
RDEB, centripetalis
RDEB, bullous
dermolysis of newborn

Collagen 7

• Kindler syndrome: Kindler syndrome is
characterized by acral blisters early in life followed
by poikiloderma, periodontitis and involvement of
oral, oesophageal, urogenital and ocular mucosa
(Figure 7) (Kantheti et al., 2017).

Table 6 Gene involved in the pathogenesis of
Figure 6 Lichenified papules and plaques on bilateral shin in recessive dystrophic epidermolysis bullosa, pruriginosa type.
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Kindler syndrome.
Type

Targeted protein(s)

Gene

Kindler syndrome

Kindlin 1

FERMT1
16
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Figure 7 Poikiloderma

and
Kindler syndrome.

periodontitis

in

Laboratory diagnosis
In most patients diagnosis of EB is made clinically
based on the presence of characteristic clinical
findings (Yenamandra et al., 2017).
Immunohistochemistry studies: Diagnostic of
specific EB type requires identification of the level
of split via antigen mapping on a newly induced
blister. Antigen mapping refers to the use of monoclonal antibodies in immunofluorescence or immunohistochemistry directed against components
of the basement membrane zone and detecting
their altered staining corresponding to the presence of a mutation in their gene (Yenamandra et
al., 2017).
Molecular genetic testing: The gold standard
for the diagnosis is confirmation by DNA analysis
using next generation sequencing, if available and
affordable, as this will permit the identification
of the specific EB subtype, help in detection of
newer types, and in prenatal genetic diagnosis,
genetic counselling and future gene therapy. The
different molecular testing approaches are single
gene testing, use of a customized multi-gene panel
or a whole exome analysis. Epidermolysis bullosa
sequencing based diagnostic assay called EBSEQ
was developed recently for simultaneous detection
of 21 genes with a known role in EB (Lucky et al.,
2018).

Management
The definitive treatment for EB is not available yet
and mainstay of management is supportive care.
Supportive treatment: Avoidance of trauma,
Genetic Clinics 2019 | April - June | Vol 12 | Issue 2

proper wound care to prevent secondary infection and scarring and to promote early healing,
nutritional support, genetic counseling and management of complications remains the primary
treatment of disease. Recently, a wound care
guideline was compiled by international experts
(Pope et al., 2012). These guidelines recommended
adequate wound assessment and use of appropriate wound dressing according to the wound type.
Bath soaks are recommended prior to removal of
wound dressings to minimize the trauma. Addition
of salt to bath water has shown to relieve the
pain and prevent infection. The frequent use of
antibiotics is discouraged to prevent development
of antibiotic resistance in these patients. Adequate
management of pain and pruritus is recommended
to improve the quality of life. Assessment of nutritional deficiency and its correction is very important
for the proper growth and development of these
children. Physical therapies to improve the mobility and use of aids to improve their functionality
are also essential for their well-being.
Newer therapies: Newer experimental therapies include gene therapy, fibroblast and protein
therapy and mesenchymal and bone marrow transplantation (Gostyńska et al., 2018; Hirsch et al.,
2017). Extensive research and long-term studies
are required to evaluate the efficacy and safety of
these experimental therapies.
DEBRA (Dystrophic Epidermolysis Bullosa Research Association) International (http://www.
debra-international.org/homepage.html) is
an umbrella organization for a worldwide network
of national groups that work for children affected
with epidermolysis bullosa. The organization provides guidelines and support for better research
and care of these children.
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Whole exome sequencing for fetal
structural anomalies (Lord et al., 2019)
Fetal structural anomalies are etiologically heterogeneous. The etiology can vary from chromosomal
aneuploidies and copy number variations (CNVs)
to single gene defects and multifactorial causes.
Though chromosomal anomalies associated with
fetal structural anomalies have been extensively
studied through karyotyping and cytogenetic microarray, the role and utility of next generation
sequencing-based genome-wide sequencing for
fetal structural anomalies is relatively less understood. In their prospective cohort study, Lord et al.
have recruited antenatal women ultrasonographically detected to have fetal structural anomalies
from 11 weeks of gestation onwards, from 34
fetal medicine units in England and Scotland. After exclusion of chromosomal anomalies, whole
exome sequencing (WES) was performed in the
fetal and parental samples. Sequencing results
were interpreted with a targeted virtual gene panel
for developmental disorders consisting of 1628
genes. WES was done and analysed for a total
number of 610 fetuses with structural anomalies
and 1202 matched parental samples. A diagnostic
genetic variant was identified in 52 (8·5%) of the
fetuses studied and a variant of uncertain significance with potential clinical usefulness was found
in an additional 24 (3·9%) fetuses. Detection of
diagnostic genetic variants also helped to distinguish between syndromic and non-syndromic fetal
anomalies and better prognostication. However,
the overall diagnostic yield of WES in this prospectively ascertained fetal cohort with a wide range
of structural anomalies was found to be lower
than that found in previous smaller-scale studies
of fewer phenotypes. Therefore, though WES helps
in the identification of monogenic etiologies in
Genetic Clinics 2019 | April - June | Vol 12 | Issue 2
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fetuses with structural abnormalities, careful case
selection is required to maximise its clinical utility.

Fetal gene therapy for neuronopathic
Gaucher disease (Massaro et al., 2018)
Acute neuronopathic Gaucher disease (nGD)
caused by biallelic mutations in the GBA gene
is characterised by accumulation of glucocerebrosides in the brain causing early infantile-onset
irreversible brain damage. It is not amenable to
the currently available enzyme replacement therapy as the recombinant enzyme cannot cross the
blood brain barrier. Massaro G et al. used mice
model of nGD carrying a loxP-flanked neomycin
disruption of Gba and studied the effect of fetal intracranial injection of adeno-associated virus
(AAV) vector modified with reconstituted neuronal
GCase expression. At 16 days gestation, 5 µl of
AAV9 vector (5x1010 genome copies) was injected
into the lateral ventricle of the mice fetuses under ultrasound guidance. Histological analysis on
day 30 revealed no accumulation of cerebroside
or lysosomal-associated membrane protein. The
expression of glucosylceramidase beta in the brain
tissue reached wild-type levels and neuronal cell
loss was prevented.
On long-term follow up
after birth, while the untreated mice developed
fatal neurodegeneration by 15 days of life, the
treated mice were found to survive for up to at
least 18 weeks and were fertile and fully mobile.
Histological investigations on the brains of these
mice showed increased levels of shorter chain
glycosphingolipids and some microglial activation
and astrocytosis. Similar intervention in affected
neonatal mice was found to have less rescue
effects. This study describes the first successful application of fetal gene therapy in a mouse
model of a severe early-onset human neurodegen19
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erative genetic disease which is associated with
in utero manifestation of irreversible neurological
pathology.

Fetal therapy for ectodermal dysplasia
through intra-amniotic recombinant
ectodysplasin A injection (Schneider et al.,
2018)
X-linked hypohidrotic ectodermal dysplasia (XLHED) is caused by mutation in the EDA gene
which codes for the protein Ectodysplasin A that
is involved in sweat gland development.
Its
deficiency during fetal development leads to permanent impairment of the sweat glands and can
cause fatal hyperthermia in affected individuals.
Schneider and co-workers had previously demonstrated that recombinant Fc-EDA (a fusion protein
made up of the constant domain of IgG1 and
the receptor-binding portion of EDA) or an antibody that activates the EDA receptor (EDAR),
when administered repeatedly into the circulation
of pregnant Eda-deficient mice, could rescue the
disease phenotype of the XLHED-mouse model
foetuses (Hermes et al., 2014). In this study,
the recombinant EDA protein was administered
intra-amniotically to two affected pregnancies –
one was a twin gestation with both fetuses affected
where the intra-amniotic injections were given at
the gestational age of 26 weeks and 31 weeks and
the other was a singleton pregnancy where one
single injection was given at 26 weeks of gestation.
The twins were born at 33 weeks and the singleton
at 39 weeks gestation. Postnatal follow-up of these
infants revealed that they were able to sweat normally and XLHED-related illness had not developed
by 14 and 22 months of age respectively.

In-utero AAV mediated gene therapy for
Hemophilia B in a non-human primate
model (Mattar et al., 2017)
In-utero molecular correction of a genetic disorder provides an opportunity to avoid/ prevent
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end-organ damage in conditions that manifest
early in life. Mattar et al studied the benefits
of in-utero adeno-associated virus (AAV) mediated
gene therapy in Cynomolgus macaque models
with Hemophilia B. Intrauterine gene transfer was
performed by injecting a single dose of AAV-FIX (recombinant adeno-associated vector-human factor
IX) in late gestation in the Hemophilia B macaque
model foetuses and subsequent postnatal follow
up was done to study the long-term transgene expression. Four of the six treated macaque fetuses
monitored for around 74 months expressed hFIX
at therapeutic levels (3.9%-120.0%). Long-term
expression was 6-fold higher with AAV8 compared
to AAV5 and was found to be mediated by random
genome-wide hepatic proviral integrations, without
any hotspots. No clinical toxicity was observed
in any of the models. This long-term surveillance
study provides proof-of-principle for the safety and
efficacy of late-gestation AAV-hFIX transfer and
demonstrates that postnatal re-administration can
be performed without immunosuppression.
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The proband has biallelic disease-causing variants in the GM2A and in NIPAL4 genes,
causing GM2 gangliosidosis AB variant (MIM #272750) and autosomal recessive
congenital ichthyosis 6 (MIM #612281) respectively. The parents are heterozygous
carriers for both the variants. The family wants to know the chance of having an
unaﬀected child in the subsequent pregnancy. What is the chance of this family having a
child without ichthyosis or GM2 gangliosidosis?
Please send your responses to editor@iamg.in
Or go to http://iamg.in/genetic_clinics/photoquiz_answers.php
to submit your answer.
1

2

I

1
II

3

2
2

5

4

2
35 yrs
1

2

III
23 yrs

27yrs

1
IV
1 yrs
Neuroregression with ichthyosis

Answer to PhotoQuiz 43
Inherited Systemic Hyalinosis/ Hyaline Fibromatosis Syndrome (OMIM # 228600)
Hyaline ﬁbromatosis syndrome is an autosomal recessive disorder characterized by abnormal
growth of hyalinized ﬁbrous tissue usually in the subcutaneous regions of the face, neck, hands,
legs and feet, which appear as ﬂeshy nodules. The condition can have variable severity and the
severe form of the disorder which presents in infancy called ‘infantile systemic hyalinosis’ can have
additional systemic involvement in the form of chronic diarrhea and predisposition to infections,
which can lead to death in infancy or early childhood. They can also have gingival hypertrophy,
progressive joint contractures and joint pains, and osteopenia. It is an autosomal recessive
disorder caused by biallelic mutations in the ANTXR2 (anthrax toxin receptor 2) gene on
chromosome 4q21, which codes for a protein that plays an important role in basement membrane
matrix assembly and endothelial cell morphogenesis.
Correct Responses Were Given By:
1. Ravneet Kaur, New Delhi
6. Kanika Singh, New Delhi
2. Jayaprakash P, Kottayam
7. Beena Suresh, Chennai
3. Diksha Shirodkar, Bengaluru
8. Meenakshi Bhat, Bengaluru
4. Ashka Prajapati, Ahmedabad
9. Anupriya Kaur, Chandigarh
5. Naresh Tayade, Amravati
10. Lekshmi S Nair,Hyderabad
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11. M L Kulkarni, Davangere
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Are you suspecting a Lysosomal Storage Disorder (LSD) in your patient?

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.

Patients with the following signs and symptoms may have a

Lysosomal Storage Disorder...

GAUCHER DISEASE

POMPE DISEASE

Enlarged liver and spleen

“Floppy” appearance in
infants or young children

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

MPS I DISEASE

FABRY DISEASE

Coarse facial features

Unexplained
Cardiomyopathy

Early onset joint stiffness/
claw-hand deformities/
contractures

Progressive respiratory
muscle weakness or
insufficiency

Corneal clouding (leading
to light sensitivity or
impaired vision)

Progressive Limb-girdle
muscle weakness (in lateonset cases)

Recurrent respiratory
infections (including
sinuses & ears)

Severe burning pain in
hands & feet

#

Enlarged liver & spleen
Bleeding manifestations

Intolerance to heat & cold
Inability (or decreased
ability) to sweat

Skeletal abnormalities &
Growth delays

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

History of recurrent hernia
repair in young age

#

NIEMANN PICK - B DISEASE

#

#

Olipudase-a$

nd

Sanofi Genzyme, 2 Floor, Southern Park, D-2, Saket District Center, Behind IFFCO Sadan, New Delhi-110017
Tel. : +91 11 40558000 Fax : +91 11 40558080
#: Enzyme Replacement Therapies marketed by Sanofi Genzyme in India
$: Presently under Phase 3 clinical trials.
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