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GeNeEvent - Down Syndrome Milan Samaroh

Children brought     happiness in our lives! 

On the occasion of Childrens day on 14th
November 2016, the Department of Medical Ge-
netics, Sanjay Gandhi Postgraduate Institute of
Medical Sciences, Lucknow organised Down Syn-
drome Milan Samaroh . The program aimed to
provide information, foster speech and occupa-
tional physiotherapy and highlight the achieve-
ments of children with Down syndrome. Around
fifty children with Down syndrome and their fam-
ilies participated enthusiastically in the function.
Before the main events, various fun games and
drawing and dance competitions infused zeal and
jubilance in the children. The main program
commenced with the arrival of Dr Rakesh Kapoor,
Director SGPGI and other chief guests- Ms. Hekali
Zimomi, health secretary of state and Mr. G S
Priyadarshi, special secretary, basic education. The

introductory speech by Ms. Swati Sharma, the
Principal of Asha Jyoti – the school for special chil-
dren, passionately reinforced the idea of children
with Down syndrome being differently abled rather
than being disabled. The Saraswati Vandana and
dance performed by the children of this school
were well appreciated. Dr Bhawna discussed the
perspective of a parent, highlighting the immense
joy and happiness these kids inculcate in the family.
This was followed by felicitation of the children who
had excelled in sports, dance and other activities.
The Director and all the chief guests applauded the
efforts of the organisers and the enthusiasm of the
families. The program imprinted in the minds and
hearts of everyone present -the beautiful smiles,
cheerfulness and innocence of the Down syndrome
children.
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Care and Cure
Editorial

A major part of medical genetics activities con-
tinue to revolve around diagnosis, counseling and
prenatal diagnosis. Cure still is not on the hori-
zon for many disorders though the hope of gene
therapy is alive and bright. The power of genomic
techniques like microarray and next generation
sequencing (NGS) has fastened the pace of identi-
fying causative genes. NGS at present is far from
perfect, but has the largest impact on research and
diagnostics. Even though attempts to generate
the Perfect Genome continue as mentioned in the
Genexpress in this issue, at this less than perfect
stage, NGS is becoming the first test for every
genetic disease or even the first test as soon as a
baby is born. The changes in clinical practice are
occurring at a mind boggling speed. NGS based
diagnosis poses a problem of identification of mul-
tiple sequence variants and extreme difficulties in
pinpointing the causative pathogenic one. But the
same ability to identify multiple sequence varia-
tions has proved a boon for disorders with digenic
inheritance. In a family with two foetuses with alo-
bar and semi-lobar holoprosencephaly, mutations
were found in two genes involved in holopros-
encephaly, SHH and DISP1, inherited respectively
from the father and the mother. Many genes
for holoprosencephaly are known but reasons for
the great degree of intra-familial variability and
non-penetrance are yet to be deciphered. NGS
may provide some answers to complex types of
inheritances.

NGS has also shown that definitely damag-
ing and known pathogenic genetic variations are
not uncommon in normal individuals without any
clinical manifestations. The reason for such non-
penetrance and the magnitude of non-penetrant
mutations is yet not clear. Such type of limitations
in predicting the phenotype from the genotype
poses a problem for DNA-based prenatal diagno-
sis especially for disorders with known decreased
penetrance or variable expression. Though pre-
natal diagnosis and termination of pregnancy is
a readily acceptable option to many families in
India, for many reasons like lack of availability,
error rate of prenatal screening / diagnostic test,
de novo mutations, etc. babies with untreat-
able diseases will continue to be born. A study
from Massachusetts revealed that the estimated
rate at which live births with DS was reduced as
a consequence of DS-related elective pregnancy

terminations was 49%. This stresses the need
to continue and improve supportive care for the
still incurable disorders . The supportive care for
incurable disorders is demanding on the family as
well as the medical system and society. In India
supportive care for any disorder is really at a very
preliminary stage. As government support for the
treatment of rare disorders in India is becoming a
reality and the will of the policymakers to improve
the facilities is working towards reality, we should
not forget the disorders for which no curative
treatment is available at present. Needs of special
children and adults need more attention and a
lot of efforts are required to help them to lead
fruitful and happy lives and get mainstreamed in
the society. Childrens day celebrated in the San-
jay Gandhi Postgraduate Institute, Lucknow with
children with Down syndrome had the objective of
letting the parents know that their special children
can do a lot and be successful. The efforts to get
them into normal schools and many other things
can be done by the parents as a group. The
Down Syndrome Milan Samaroh was successful in
infusing enthusiasm and positivity in the minds of
parents. But what other success it achieved was
not aimed. It brought out the child in all of us
who organised games for the children, danced with
them and watched them dancing. The happiness
which the organizers and volunteers experienced
cannot be described in words. We always say that
to keep the child in oneself alive is the way to be
happy. Individuals with Down syndrome have the
gift of a child-like pure mind and they are away
from bad emotions like competition, jealousy and
craving formoneywhich brings sadness and pain in
our lives. The purity of such souls makes them an
extraordinary beings. We need to bring these chil-
dren and adults into the mainstream so that they
can lead normal lives and we can learn happiness
from them. Indian society and the government
needs to do more for the schooling, extracurricular
activities, vocational training and job opportunities
for children with Down syndrome and others with
special needs.

May the new year bring happiness and more
solutions to the challenges in this era of NGS!

Dr. Shubha R Phadke
1st January, 2017
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Abstract

Leukodystrophies are a heterogeneous group of ge-
netic disorders predominantly involving the white
matter of the brain, which are characterised by
progressive psychomotor regression and abnormal
neuroimaging ndings. Macrocephaly is an impor-
tant clinical nding which helps to considerably
narrow down the differential diagnoses one has to
consider in a patient with suspected leukodystro-
phy. However, macrocephaly may sometimes be
a co-incidental nding or related to a co-existing
condition in a patient. Here we describe one such
patient with leukodystrophy and macrocephaly,
wherein parental examination provided a vital clue
to the diagnosis ”father had Neuro bromatosis
type I). This clinical report highlights the impor-
tance of a detailed family history and parental
examination in clinical genetic evaluation. It also
reiterates the fact that more than one genetic
disease may exist in a family and the resultant
phenotype of affected individuals in such families
may be a combination of the individual disease
manifestations.

Introduction

Leukodystrophies are a group of progressive ge-
netic disorders characterised by abnormalities of
the white matter, with or without involvement
of the peripheral nervous system. Characteristic
changes on Mfl imaging of the brain are essential
for a diagnosis of leukodystrophy. Clinical approach
to a case of leukodystrophy amalgamates various
factors like age of onset, progression, involve-

ment of peripheral nervous system and associated
features like dysmorphism, ocular, dermatological
and adrenal abnormalities along with characteris-
tic neuroimaging ndings. Macrocephaly is one
such parameter which signi cantly narrows down
the differentials one has to consider. Here, we
describe an unusual cause of macrocephaly in a
case of leukodystrophy, where in examination of
the parents played a pivotal role in the diagnosis.

a) b)

Figure 1 a). Photograph of the proband showing
the macrocephaly and spasticity. b).
Close-up of the proband’s right lower
limb showing the multiple café au lait
macules.
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Clinical Report

A 2-years-old male child was brought to the outpa-
tient clinic of the Medical Genetics department with
complaints of progressive loss of acquired mile-
stones noted since about 13 months of age. The
child was born to second degree consanguineous
parents and was the rst in birth order. He was
born through a normal vaginal delivery after an
uneventful antenatal period. There was history
of admission to the neonatal intensive care unit
on day 2 of life in view of respiratory distress for
about 7 days. The child was breast-fed and had
an apparently normal development till about 13
months of age which was followed by progressive
loss of motor mile stones and subsequently of
speech. There was no history of seizures, visual
or hearing impairment. There was no history
suggestive of any other systemic involvement.

On examination, the child was found to have
a relatively large head with sparse scalp hair and
multiple cafe au lait spots ”around 10 in number
with some of the macules measuring >1cm) dis-
tributed over the trunk and all four limbs ”Figure
1). No other obvious dysmorphic features were
seen. His anthropometric measurements were as
follows: head circumference – 49.5cm ”97th centile
for age and sex), weight – 10 kg ”3rd centile),
height – 79.5cm ”-2 to -3 S.D below mean). Central
nervous system examination revealed spasticity
in all limbs, depressed deep tendon re exes and
up-going plantar re exes suggesting a combina-
tion of pyramidal tract involvement with peripheral
neuropathy. Cardiovascular system and abdomi-
nal evaluation was unremarkable. The child was
accompanied by both the parents and parental
examination revealed that the father of the child
also had a relatively large head ”head circumfer-
ence - 58cm; +2.5 SD above mean) and dysmorphic
features in the form of ocular hypertelorism and
low set ears. A neuro broma-like lesion seen on his
chin prompted us to do a complete physical exami-
nation, which revealed multiple neuro bromas and
cafe au lait spots distributed all over the trunk and
all 4 limbs. The clinical features of the father were
consistent with the diagnosis of Neuro bromatosis
type 1 ”Figure 2). As the child also had multiple
cafe au lait spots, we could conclude that the child
also had Neuro bromatosis type 1 in addition to
a neurodegenerative condition. MflI brain of the
child showed diffuse, symmetrical periventricular
white matter hyperintensities in the T2 weighted
images with sparing of subcortical U bres.

Arylsulfatase A enzyme assay was done in the
peripheral blood leukocytes and no enzyme activity
”0 nmol/hr/mg) was detectable ”reference range of
the lab: 25-80 nmol/hr/mg). Pseudode ciency of
Arylsulfatase A was ruled out by testing for the
p.N350S pseudode ciency variant in the ARSA gene.
Thus the child was diagnosed to have late infantile
onset Metachromatic leukodystrophy along with
Neuro bromatosis type 1. The family was appro-
priately counselled that the risk of recurrence of
MLD in each of their subsequent offspring would
be 25% and that of NF1 would be 50%.

a) b)

Figure 2 Close up of the trunk of the proband’s
father ”a Front & b Back) showing the
numerous café au lait spots and neu-
ro bromas.

Discussion

Canavan disease, Alexander disease and Mega-
lencephalic leukoencephalopathy with sub cortical
cysts are the main diagnostic possibilities con-
sidered in the case of a young child presenting
with a white matter neurodegenerative disease
phenotype with macrocephaly [Vanderver et al.,
2014]. Childhood ataxia with central nervous sys-
tem hypomyelination ”CACH) –megalencephaly, L2
Glutaric aciduria and GM2 gangliosidoses are other
conditions associated with leucoencephalopathy
and macrocephaly. The severe forms of Cana-
van disease and Alexander disease present in the
early infantile period with macrocephaly and de-
velopmental regression. Elevated N-acetylaspartic
acid ”NAA) in urine and an NAA peak in Magnetic
resonance spectroscopy ”MflS) of the brain are
suggestive of Canavan disease whereas, frontal
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preponderance of cerebral white matter abnor-
malities which are otherwise extensive, altered
signal intensities in the periventricualar region on
T1 and T2 weighted imaging and abnormalities of
the basal ganglia, thalami and brain stem strongly
point towards the possibility of Alexander disease
”van der Knapp et al, 2001). Megalencephalic
leukoencephalopathy with sub cortical cysts, as the
name suggests, has subcortical cysts on MflI with
white matter abnormalities and usually has a much
milder phenotype with slower progression.

The clinical and Mfl imaging ndings of the
above case were more consistent with the diagno-
sis of late infantile onset Metachromatic leukodys-
trophy ”MLD), but the macrocephaly and cafe au
lait spots were not clearly tting in. MLD caused
by de ciency of Arylsulfatase A activity is an au-
tosomal recessive condition and is one of the
commonest causes of progressive leukodystrophy
”Austin et al., 1965; Von Figura et al., 2001). The
late infantile onset form usually manifests after
a period of normal development at around one
year of age with progressive loss of acquired mile
stones. Initial symptoms are usually in the form
of clumsiness or frequent falls followed by a pe-
riod of hypotonia which slowly progresses to limb
spasticity and other pyramidal signs. Progressive
deterioration of mental function occurs and pe-
ripheral nervous system is variably involved. Some
reports of macrocephaly in MLD do exist, but head
circumference is variable and more often than not
macrocephaly is relative rather than being absolute
”Kim et al, 1997; Kulkarni et al., 2005).

The clinching point in this scenario was the
examination of the father which revealed features
of Neuro bromatosis 1. The situation was slightly
tricky as he was initially unwilling to share the
details and allow for medical examination because
of the stigma that is so often associated with such
a disease. The fact that he was fully covered
and had only a single neuro broma on his chin
did not help either. The diagnosis was evident
once he was spoken to and examined in private
in the absence of other family members. Neu-
ro bromatosis type 1 is an autosomal dominant
neurocutaneous disorder caused due to mutation
in the NF1 gene which is characterised by multiple
cafe au lait spots, neuro bromas, axillary freckling,
Lisch nodules and optic gliomas ”Friedman et al.,
1997). Neuro bromatosis 1 is often associated
with macrocephaly ”Clementi et al., 1999; Szudek
et al., 2000) and the presence of multiple cafe au
lait spots in the child along with a positive family
history led us to believe that the child was affected

with Neuro bromatosis 1 in addition to MLD.
It is not very often that one sees a patient with

two different genetic disorders. The combination
of an autosomal dominant and an autosomal re-
cessive disease in a single patient has increased
chances of occurrence when, as in our case, a per-
son harbouring an autosomal dominant mutation
marries consanguineously. In a country like ours,
where consanguinity and inbreeding are common
practices such situations might arise more fre-
quently than when compared to other parts of the
world where consanguinity is infrequent.

Our case serves as a gentle reminder in this era
of next generation sequencing that Trio analysis
is not just limited to analysis of novel/atypical
molecular variants, but is indeed an integral part
of genetic clinical evaluation, more so when there
is an atypical or unexpected nding!
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Abstract

Next generation sequencing has changed the ap-
proach to genetic diagnosis and testing in recent
times. The days have arrived when a molecular
genetic diagnosis can be attempted even without
the availability of the proband or affected person.
However this requires additional strong evidence
of diagnosis in the proband, such as biochemical
or radiological hallmarks. Needless to say, this
attempt should always be made during counseling
to make the family aware of the fallacies and
limitation involved due to non-availability of the
sample of the proband. Since many recessive
disorders are either fatal or severely debilitating
and burdensome, with no easy treatment, the
NGS technology has provided a much needed re-
lief in terms of testing and prevention in family
by enabling prenatal diagnosis, at least in a few
cases. Encouraging results have been shown upon
testing of the proband directly. However, the nal
word remains to be said on complete reliability of
the method for carrier testing, performed without
availability of the proband. We present two similar
cases, of methyl malonic acidemia, where use of
NGS resulted in contrasting outcomes after genetic
testing for carrier status, thus highlighting the
utility and the futility of the test in certain situa-
tions. While a correct identi cation of mutations
in the rst couple (in the MMAB gene) resulted
in successful prenatal diagnosis and prevention of
recurrence, an inability to identify the disease and

mutation resulted in birth of an affected baby with
MMA in the second family.

Introduction

Next generation sequencing (NGS) technology has
revolutionized genetic testing by providing an easy,
and relatively quick and accurate solution to the
undiagnosed genetic disorders group (Katsanis et
al., 2013). It has landed in a big way in India,
especially for enabling prenatal diagnosis, since
majority of families, at least in our set up, present
with the hope of prevention of recurrence of their
burdensome disease, in their ongoing or future
pregnancies (Puri et al., 2016). Therefore, the main
purpose of genetic testing and diagnosis in the
proband or family member is essentially to be able
to make a con rmed molecular diagnosis, so as
to enable an accurate prenatal diagnosis. NGS in
parents of an affected child, where the index case
or proband is unavailable, is not that straightfor-
ward. In speci c situations where a phenotype is
clearly de ned, and there is an additional strong
evidence available (such as biochemical or radio-
logical), carrier testing may be considered. Inborn
errors of metabolism, where the diagnosis is usu-
ally achieved using biochemical metabolic testing,
is one good example. However, there remain a
lot of uncertainties if this approach is applied, as
illustrated by the two cases described here. The
two cases chosen had a similar background history
and ultimately proved to have the same diagnosis,

Genetic Clinics 2017 | January - March | Vol 10 | Issue 1 5
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but with vastly different consequences after using
the same technology. Both cases had a diagnosis
of methylmalonic acidemia, which is the common-
est organic acidemia in India (Verma et al., 2005).
Methylmalonic acidemia is an autosomal recessive
IEM of energy production. The clinical presentation
is very variable, from neonatal fatal presentation
if unrecognized, to mild intermittent illness. The
disorder is manageable if recognized in time, and
appropriate treatment is instituted (Baumgartner
et al., 2014).

• Died at 1.5 years 

• Clinical symptoms 

were respiratory 

distress, coma, 

lethargy 

• No testing was done 

• Died at 3 months 

• Respiratory distress, 

lethargy, coma 

• MS/MS analysis 

showed increased C3 

levels 

• GC-MS and 

molecular analysis 

not done 

• GA- 14+5 wks 

• PND done by 

both Molecular 

& biochemical 

testing 

Figure 1 Case 1: Pedigree with clinical details of
the two affected children.

Case 1

A non-consanguineous couple, from Goa, pre-
sented to us in the pre-pregnancy planning stage
for genetic counseling. The family had lost two
children at 1.5 years and 3 months of age, with
episodes of respiratory distress, lethargy and coma
with no clear diagnosis (Figure 1). Tandem mass
spectrometry (MS/MS) analysis in the second baby
had shown increased C3 metabolite, suggesting
the possibility of organic acidemia. Due to non-
availability of the proband s DNA, the couple was
tested, sequentially. The wifes DNA was tested
for multigene panel of organic acidemias using
NGS. A heterozygous novel mutation, c.2T>G, in
the initiation codon, was detected in the MMAB
gene. In-silico analysis predicted pathogenicity..
The variation, c.2T>G was considered pathogenic
as the initiation codon is lost. The highly con-
served T of ATG is substituted by G . Due to this
change, translational process does not start at
the expected position and requires an alternative
downstream initiation codon (Wolf et al., 2011).
The next in-frame methionine codon is present
600bp downstream and would comprise approxi-
mately 50 amino acids. If it is used it is expected to

lead to a truncated protein without the N-terminal
domain and hence is unlikely to be functional. The
MutationTaster software predicted this mutation
to be disease-causing.

After validating the mutation using Sanger
sequencing, the husband s DNA was sequenced
and noted to carry the same mutation (Figure
2). Prenatal diagnosis was performed in the
subsequent pregnancy, using amniotic uid for
metabolite testing through Gas Chromatography
Mass Spectrometry (GC-MS) as well as targeted
mutation analysis. The biochemical analysis on AF
showed that the fetus was affected, with elevation
of methylmalonate in the amniotic uid. The
same was also con rmed by mutation analysis
(homozygous c.2T>G) (Figure 2). The pregnancy
was terminated after counselling.

Targeted panel sequencing thus proved useful
in this family as it paved the way for prenatal diag-
nosis and prevention of this burdensome disorder
in the family. The results were convincing as there
was additional biochemical evidence of disease in
the fetus.

Case 2

A non-consanguineous couple from North India
presented in the pre-pregnancy period for genetic
counseling. The couple had lost a previous baby
in the neonatal period. The baby girl was born
at term, uneventfully. She was admitted on day
7 of life in NICU with history of lethargy and
poor feeding. Baby was in shock at the time of
admission, with tachypnoea and severe metabolic
acidosis. She was treated on the lines of late
onset sepsis, but went into refractory shock on
day 2 of admission and succumbed. floutine
hematology, biochemistry, liver and renal functions
were normal with only mild derangement in the
coagulation pro le and no evidence of sepsis.
Metabolic test (tandem mass spectrometry, TMS)
was done which showed elevated propionylcarni-
tine (C3) metabolite on dried blood spot (11 µmol/L,
normal<6). There was also increase in a few amino
acids (leucine, ornithine, phenylalanine, tyrosine
and valine) which suggested secondary metabolic
derangement owing to sick state and liver dysfunc-
tion. Baby died on day 10 of life, 48 hours after
admission.

Considering the presentation of the baby, a
heightened suspicion of an organic acidemia was
made (severe metabolic acidosis, raised C3 on
TMS, no evidence of sepsis). The mother of the

Genetic Clinics 2017 | January - March | Vol 10 | Issue 1 6
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Male partner - HeterozygousFemale partner - Heterozygous

Amniotic Fluid DNA Sample - Homozygous Control sample - Negative for the mutation 

Figure 2 Molecular studies in family (Case 1) showing presence of mutation, c.2T>G in the MMAB gene
in heterozygous state in the couple, and homozygous state in the fetus (amniocyte DNA), and
normal sequence in a control sample.

baby was tested for carrier status, using the tar-
geted organic acidemia panel by next generation
sequencing. A panel of genes causing organic
acidemia was tested. No speci c mutation, cor-
relating with the disease in the baby was noted.
However, she was noted to be heterozygous for a
novel, possibly signi cant variant (c.278InsA in ETFB
gene). Homozygous or compound heterozygous
mutations in the ETFB gene result in Multiple Acyl
CoA dehydrogenase (MADD) de ciency, also known
as Glutaric Aciduria type 2. The neonatal form
of MADD is usually fatal and characterized by se-
vere nonketotic hypoglycemia, metabolic acidosis,
multisystem involvement, and excretion of large
amounts of fatty acid- and amino acid-derived
metabolites. In view of a positive clinical correla-
tion, this mutation was considered signi cant and
led to testing of the husband. Again, NGS for
organic acidemia genes was performed and he was
noted to be negative for the same mutation and
also negative for any other pathogenic variation in
the ETFB gene.

The couple was then counseled regarding the
non-feasibility of prenatal diagnosis in their sub-
sequent pregnancy owing to failure of detection
of their carrier status using the NGS test. The
couple went ahead with pregnancy, with routine
monitoring and delivered a healthy boy at term,
weighing 2.5 kgs. He was kept under observation
for 4 days in the hospital and discharged on
breast feeds. Newborn screening was performed
on day 3 of life using TMS which detected el-
evated levels of C3 (5.09 nmol/ml, normal <3.5),
with normal levels of amino acids. Further test-
ing showed elevated methylmalonic acid (24.2 µM;

ref.<1) on DBS. Urine GC-MS analysis revealed
elevation of methylmalonate, 3-hydroxypropionate
and methylcitrate, consistent with the diagnosis of
Methyl malonic acidemia. Serum homocysteine
level was not elevated. The baby was started on
the treatment regimen: Inj. Hydroxocobalamin 1
mg per day intramuscularly, oral carnitine and vita-
min supplements and continued on breast feeds.
A repeat GC-MS after few weeks of vitamin B12
therapy revealed a marked reduction in the peak
of methylmalonate in the urine sample, suggesting
B12-responsiveness. The baby is now 16 months
old and doing well, gaining milestones appropri-
ately, with no major decompensations requiring
hospitalization.

Molecular testing in the baby, using the NGS-
based organic acidemia panel did not reveal any
pathogenic variation. However, note was made of
one large contiguous region corresponding to exon
5 in the MMAA gene (chr4:146572210-146572303)
that was not covered in the sequence data of the
sample, which is usually covered by the test. This
suggested possibility of a homozygous deletion of
exon 5 in the MMAA gene. The same was then
tested using PCfl using speci c primers for exon 5
of the MMAA gene (Figure 3) , which con rmed the
diagnosis of MMA in the child.

Homozygous deletion of exon 5 in the proband
was con rmed by multiplexing exon 5 of MMAA
gene with another unrelated fragment (exon 7 of
HEXA gene), where exon 7 HEXA served as a control
fragment. In this multiplex PCfl the proband s DNA
ampli ed for exon 7 HEXA while exon 5 of MMAB
gene did not amplify, proving deletion of exon 5.
The heterozygous deletion in parents could not be
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con rmed by the same PCfl as their DNA ampli ed
for exon 5 of the MMAB gene.

Figure 3 Molecular studies for detection of ho-
mozygous deletion of exon 5 in MMAA gene in
the proband. PCfl analysis was performed using
speci c primers for exon 5 (Lanes 1 & 2) and also
multiplexing with another PCfl for ampli cation of
a fragment of HEXA gene (Lanes 3 & 4) in patient
and control DNA. PCfl analysis of only HEXA gene
fragment is also shown (Lanes 5 & 6). Lanes 1,
3 and 5 contain patient s DNA and Lanes 2, 4 &
6 contain control DNA. Lane 1 with patient s DNA
shows no band, thus no ampli cation of exon 5
after PCfl using exon 5 speci c primers; Lane 2
shows positive band of exon 5 in a control sample;
Lane 3 shows positive band for the HEXA fragment
and no band for the exon 5 MMAA gene fragment
in patient s DNA; Lane 4 shows presence of both
HEXA and MMAA fragments in control DNA; Lane 5
& 6 show positive bands for HEXA in the patient s
DNA and control DNA respectively.

Discussion

Methyl Malonic Aciduria (MMA) is a common or-
ganic aciduria observed in the Indian population
(Verma et al., 2005). Although diagnosis of MMA is
achieved by biochemical testing based on abnor-
mal metabolites on MS/MS on dried blood spots
and GC/MS in patient s urine sample, molecular
diagnosis is still required to provide con rmation
of the exact type of MMA and to enable an accurate
prenatal diagnosis for subsequent pregnancies.
Next generation sequencing is a powerful tech-
nology bene tting particularly the average Indian
family who wish to undergo prenatal diagnosis
to prevent the burden of a genetic disorder in
the family. While the technology has been used
very successfully in making an accurate genetic
diagnosis in probands (fleid; 2016), this has not

been evaluated in the at risk family members
who may be carriers. Various levels of testing are
now possible using NGS varying from a targeted
panel of genes, to whole exome or whole genome
sequencing (Katsanis et al., 2013). We utilized
the targeted panel of genes to identify carrier
status in two couples presenting with a similar
history. After going through the similar process of
carrier testing, the outcome was starkly different.
While next generation sequencing (NGS) enabled
prenatal diagnosis by molecular analysis in the rst
family, with successful prevention of recurrence,
this was not possible in the second family. Thus,
clinicians should be careful in counseling the fam-
ilies, especially couples who approach for testing,
especially in the absence of a proband, about the
lack of complete reliability on the NGS for genetic
testing.

The two cases also illustrate the nding which
is increasingly being noted in other Indian studies,
which is the presence of homozygosity even in ab-
sence of any consanguinity (Gupta et al., 2016). This
is very depictive of the unique system of marriages
in our country where small pockets of homogeneity
are created within the heterogeneous population,
because of a caste or community barrier.
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Abstract

Osteogenesis imperfecta ”OI) is a rare, heritable
systemic disorder of bone and connective tissue
that has varying phenotypic heterogeneity -varying
degree of bone fragility, blue sclerae, dentinogen-
esis imperfecta, short stature, scoliosis, and joint
hyperextensibility. For decades only autosomal
dominant forms caused by COL1A1 and COL1A2
genes were recognized. But since past decade with
advancement in molecular technologies new genes
have been identified leading to recognition of au-
tosomal recessive OI. Currently there are around
17 genes for OI. The classification of OI thus is now
based on genetic analysis. In the following review
we aim to discuss the different types of OI, classi-
fication based on molecular basis, different genes
causative of OI and their pathophysiology and
mechanisms. An approach to a suspected case of
OI, differentials and the most recent management
and therapeutic options for OI are discussed.

Introduction

Osteogenesis Imperfecta ”OI) or brittle bone dis-
ease is a rare phenotypically and genetically
heterogeneous group of heritable connective tis-
sue disorders characterized by easy fracturing of
bones, with or without bony deformities, blue
sclera, joint laxity and dentin defect. It shows
wide range of clinical presentation varying from
a lethal perinatal form to a mild disorder ”Figure
1). Very mild case may only become evident in
adulthood, manifesting as premature osteoporo-
sis. The incidence of OI varies from approximately
1/15,000–20,000 ”Marini et al., 1988) though no
data is available from India.

The earliest known patient with OI dates from
about 1000 BC and appears to be an Egyptian in-
fant, evidence of which can be drawn from studying
the remains of Egyptian mummy. The classical clas-

sification by Sillence had four types depending on
the clinical features and the severity. These groups
can be distinguished as type I ”mild OI, blue sclerae,
autosomal dominant inheritance), type II ”lethal
perinatal OI, autosomal recessive inheritance, later
subdivided in II-A, -B, and -C based on radiographic
features, type III ”progressively deforming autoso-
mal recessive inheritance), and type IV ”dominantly
inherited OI with normal sclerae). Aglan et al., 2012
proposed the scoring system for the assessment of
clinical severity including 5 major criteria, namely,
average number of fractures per year, motor mile
stones, long bones deformities, length/height stan-
dard deviation score and z-score of the mineral
bone density.

Autosomal Dominant Osteogenesis
Imperfecta

Most families of OI show a dominant pattern of
inheritance. OI type I to OI type IV account for 90%
of all OI cases. Chu et al. in 1983 first reported
the presence of an internal deletion of about 0.5
kb in one allele for pro- 1 ”I) chain ”COL1A1) in a
patient with OI. Since then about 1500 mutations
in these genes have been known. Ninety percent
of the cases are caused by heterozygous mutations
in COL1A1 or COL1A2 genes. There is no genotype
– phenotype correlation and mutations in either
COL1A1 or COL1A2 can cause any of the four types
of OI. In spite of identifying these causative genes
in 1980s; the etiology of remaining 10% cases con-
tinued to remain unknown for long. Recurrences
in the families with severe types OI like type II or
III were attributed to germ line mosaicism. One
more gene for autosomal dominant varieties of
OI other than COL1A1 and COL1A2 is IFTM5 for OI
V ”Cho et al., 2012). OI type V has distinguish-
able radiographic features of hypertrophic callus
formation and ossification of introsseus membr-
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CRTAP gene mutation
in homozygous form

Figure 1 Patients with Osteogenesis Imperfecta, showing clinical variability, characteristic clinical and
radiological features.

ane of forarm bones. In one report from India,
It has been observed that bisphosphonates may
exacerbate callus hyperplasia, and may therefore
have to be used with caution in patients with
type V osteogenesis imperfect ”Ranganath et al.,
2016). There are other phenotypes also which are
caused by COL1A1 and COL1A2 mutations namely;
caffey disease ”infantile cortical hyperostosis), clas-
sic Ehlers-Danlos syndrome, EDS arthrochalasia
type, and osteoporosis.

Autosomal Recessive Osteogenesis
Imperfecta

Recent developments have generated a new
paradigm for OI and it has been found that a
proportion of cases of OI are caused by the defects
in the genes which are involved in regulation of the
synthesis of type I collagen pro alpha polypeptide
chains, proteins involved in type I collagen pro-
cessing in the endoplasmic reticulum and proteins
involved in osteoblast function. These cases of
OI are inherited in autosomal recessive fashion.
The first gene for autosomal recessive OI was
identified in 2006 ”Morello et al., 2006). This was
CRTAP gene encoding cartilage-associated protein
”CRTAP) and was found to be the cause of OI type
VII. Presently, thirteen genes of recessive OI have
been identified ”Table 1). CREB3L1 gene causes
autosomal recessive form ”OI XVI) and this is due
to the contiguous gene deletion on chromosome
11p11 encompassing CREB3L1) ”Symoens et al.,
2013). Bruck syndrome is a syndromic form of

OI associated with joint contractures caused by
homozygous mutation in PLOD2 gene.

In addition two genes on X chromosome are
identified as etiologies of OI; increasing the number
of genes for OI to 18. Loss-of-function mutations in
PLS3 encoding plastin-3 were discovered as a cause
of one form of X-linked osteoporosis with fractures
”van Dijk et al., 2013). Recently, Lindert et al.,
2016 identified an X-linked form of osteogenesis
imperfecta in two independent pedigrees. Pheno-
typic inheritance pattern, linkage analysis and next
generation sequencing ”NGS) were used to localize
the causative gene in each family to MBTPS2 at
Xp22.

The first 4 subtypes of OI ”clinical phenotypes)
are caused by COL1A1 and COL1A2 genes. Further
numbering upto XVII types ”showing clinical over-
lap with initial four subtypes) is included in OMIM
based on the causative genes and all of them
are autosomal recessive inheritance except OI V.
Data from India shows that COL1A1 and COL1A2
mutations contribute to only 70% of cases with OI
”Stephen et al., 2014). High level of consanguinity is
probably the main contribute to the higher preva-
lence of autosomal recessive OI. A small number
of cases with recessive OI are reported from India
”Stephen et al., 2015). The products of the genes
for recessive types of OI are mostly enzymes which
involves in the post translational modification of
the pre pro type I collagen produced from COL1A1
and COL1A2 genes. The functions of these genes
include lysyl 3 hydroxylation, collagen processing
and maturation, collagen stability and bone forma-
tion and homeostasis. More genes are still getting

Genetic Clinics 2017 | January - March | Vol 10 | Issue 1 10



GeNeViSTA

identified. These disorders being very rare most
of the publications report only a few cases. There
is no large scale case series involving study of
multiple genes.

As can be seen in table 1, the functions of
the genes causing OI are collagen synthesis, mod-
ification, folding and crosslinking. In addition to
mutations in COL1A1 and COL1A2 genes, defects

in osteoblast development like CREB3L1 and WNT1
also cause OI. CRTAP, LEPRE1 and PPIB are important
proteins of the complex involved in hydroxylation
of propyl 3 complex which plays a critical role for
the proper collagen helix formation in the cell.
Improved understanding of functional pathways
of collagen is paving ways to different treatment
strategies.

Table 1 Classification of classic dominant and new recessive forms of Osteogenesis Imperfecta.

OI Defective Gene MIM Protein Name Protein function Clinical phenotype
Type (Reference) No.

Autosomal Dominant inheritance
I COL1A1 ”Mottes

et al., 1990)
120150 Collagen type I

alpha chain

Formation of triple
helix of type I
collagen

Alter the structure or
quantity of type I
collagen and cause a
skeletal phenotype
ranging from
subclinical to lethal

II COL1A1 or
COL1A2
”Mottes et al.,
1990)

120150
120160

Collagen type I
and type II al-
pha chain re-
spectively

III COL1A1 or
COL1A2
”Mottes et al.,
1990)

120150
120160

Collagen type I
and type II al-
pha chain re-
spectively

IV COL1A1
or COL1A2
”Mottes et al.,
1990)

120150
120160

Collagen type I
and type II al-
pha chain re-
spectively

V IFITM5
”Cho et al.,
2012)

614757 Bone-
restricted
Ifitm-like ”BRIL)

Osteoblast formation
in early mineraliza-
tion stage

Characterized by calci-
fication of the forearm
interosseous membr-
ane, radial head dislo-
cation and hyperplas-
tic callus formation

Autosomal recessive inheritance
VI SERPINF1

”Becker et al.,
2011)

172860 Pigment-
epithelium
derived factor
”PEDF)

Inhibits osteoclast
maturation by stimul-
ating osteoprotegerin
”OPG) expression

Characterized by re-
duced bone minerali-
sation

VII CRTAP
”Morello et al.,
2006)

605497 Cartilage-
associated
protein ”CR-
TAP)

Components of the
collagen prolyl
3-hydroxylation
complex which plays
a critical role for the
proper collagen helix
formation in the cell

Severe to lethal bone
dysplasia with
rhizomeliaVIII LEPRE1

”Cabral et al.,
2007)

610339 Prolyl-3-
hydroxylase 1
”P3H1)

IX PPIB
”van Dijk et al.,
2009)

123841 Cyclophilin B
”CypB)

Isomerisation of pep-
tidylprolyl bonds, cru-
cial for proper colla-
gen folding

Severe to lethal bone
dysplasia with rhi-
zomelia
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X SERPINH1
”Christiansen et
al., 2010)

600943 Heat-shock
protein 47
”HSP47)

Recognize and help
maintain the folded
state of type I procol-
lagen trimer

Results in moder-
ately severe form
of OI, characterized
by osteopenia, bone
fragility and skeletal
deformities

XI FKBP10
”Alanay et al.,
2010)

607063 FK506 binding
protein, 65kDa
”FKBP65)

Effects on procolla-
gen through collagen
modifying enzymes

Results in moder-
ately severe form
of OI, characterized
by osteopenia, bone
fragility and skeletal
deformities

XII SP7
”Lapunzina et
al., 2010)

606633 Osterix, tran-
scription factor
Sp7 ”SP7)

Important role in
bone formation

Characterized by re-
current fractures, mild
bone deformations,
generalized osteo-
porosis and delayed
teeth eruption

XIII BMP1
”Asharani et al.,
2012)

112264 Bone morpho-
genetic protein
1 ”BMP1)

Functions as the
procollagencarboxy-
”C)-proteinase for
types I to III procol-
lagen; Play key role
in ECM assembly and
tissue patterning

Characterized by nor-
mal teeth, faint blue
sclera, sever growth
deficiency, borderline
osteoporosis

XIV TMEM38B
”Volodarsky et
al., 2013)

611236 Transmem-
brane pro-
tein 38B
”TMEM38B)

Functions as a mono-
valent cation channel;
affect Ca2+ home-
ostasis in the ER

Characterized by vari-
able degrees of sever-
ity of multiple frac-
tures and osteope-
nia, with normal teeth,
sclera and hearing

XV WNT1
”Keupp et al.,
2013)

164820 WNT1 Activates expression
of several genes im-
plicated in bone for-
mation

Characterized by early-
onset recurrent, bone
deformity, significant
reduction of bone den-
sity, short stature

XVI CREB3L1
[contiguous
gene deletion
on chromosome
11p11
encompassing
CREB3L1]
”Symoens et al.,
2013)

616215 Old astrocyte
specifically in-
duced sub-
stance ”OASIS)

An endoplasmic
reticulum-stress
transducer that alters
the transcription of
target genes involved
in developmental
process, differentia-
tion or maturation
upon mild ER-stress

Characterized by os-
teopenia and sponta-
neous fractures

XVII SPARC
”Mendoza-
Londono et al.
2015)

182120 Secreted pro-
tein, acidic,
cysteine-rich
”SPARC)

Expressed by os-
teoblasts; binds to
collagen type I and
other matrix proteins

Progressive osteo-
porosis due to defect
in bone formation

Genetic Clinics 2017 | January - March | Vol 10 | Issue 1 12



GeNeViSTA

Bruck
Syn-
drome
”syn-
dromic
OI)

PLOD2
”Puig-Hervas et
al., 2012)

601865 Lysyl hydroxy-
lase ”LH2)

It encodes lysyl hy-
droxylase 2 which
also has a role in the
hydroxylation of col-
lagen telopeptide ly-
sine

Characterized by con-
genital contractures of
the large joints

X-linked inheritance
X-linked
reces-
sive
OI

MBTPS2
”Lindert et al.,
2016)

300294 Site-2 metallo-
protease ”S2P)

Sterol control of tran-
scription and en-
doplasmic reticulum
”ER) stress response

Characterized by bow-
ing of upper and lower
extremities, prenatal
fractures and scoliosis

X-linked
osteo-
porosis

PLS3
”van Dijk et al.,
2013)

300131 Plastin-3 PLS3 is an actin-
binding/bundling
protein

Characterized by de-
creased bone mineral
density ”BMD)

Approach to a Case of OI

Clinical diagnosis of a most of the cases is relatively
easy and straightforward. Radiological evidence
of decreased bone density along with history of
repeated fractures and / or fractures with trivial
trauma suggests the diagnosis. Presence or ab-
sence of blue sclera, dentiginous imperfecta, large
open fontanelles, wormian bones and pre-senile
deafness helps in the diagnosis and clinical classi-
fication. Other causes of decreased bone density
need to be ruled out by associated findings and
investigations ”Table 2).

Differential diagnoses for antenatal cases: In
utero, short and undermineralised bones, fractures
can be appreciated in utero and lead to suspicion
of OI. The following conditions need to be ruled
alongwith–

• Hypophasphatasia - characterized by defective
mineralization of bone and/or teeth in the pres-
ence of low activity of serum and bone alkaline
phosphatase. Clinical features range from stillbirth
without mineralized bone at the severe end to
pathologic fractures of the lower extremities in
later adulthood at the mild end.

• Thanatophoric dysplasia- neonatal lethal
short-limbed dwarfing condition, well-ossified
spine and skull, platyspondyly, ventriculomegaly,
narrow chest cavity with short ribs, polyhydram-
nios, and bowed femurs ”TD type I), cloverleaf skull
”kleeblattschaedel) ”often in TD type II; occasionally
in TD type I) and/or relative macrocephaly.

• Campomelic dysplasia- skeletal dysplasia char-
acterized by distinctive facies, Pierre Robin se-
quence with cleft palate, shortening and bowing of
long bones, and club feet. Other findings include

laryngotracheomalacia with respiratory compro-
mise and ambiguous genitalia or normal female
external genitalia in most individuals with a 46,XY
karyotype.

• Achondrogenesis - extremely short limbs with
short fingers and toes, hypoplasia of the thorax,
protuberant abdomen, and hydropic fetal appear-
ance caused by the abundance of soft tissue
relative to the short skeleton.

Family history is important in the evaluation of
a case with suspected OI, as milder/mosaic/asymp-
tomatic forms are difficult to detect clinically. A
three generation pedigree should be drawn and
the family should be asked for history of recurrent
easy fractures, short stature, presenile deafness
in any of the family members. Presence of con-
sanguinity suggests the possibility of an autosomal
recessive disorder. In some cases the definitive
diagnosis of OI may be difficult and confirmation
by mutation testing is essential.

Molecular Diagnosis

Mutation detection confirms the diagnosis and is
essential for genetic counseling regarding risk of
recurrence and preventing recurrence by way of
prenatal diagnosis. The heterogenic etiology and
large sizes of genes makes mutation detection
a complex process. The causative gene mostly
cannot be predicted based on the clinical features
as there is no genotype phenotype correlation.
Presence of hypertrophic callus and ossification of
interosseous membrane is characteristic of OI type
V for which only one causative mutation ”c.-14C>T
in IFITM5 gene) is reported in all the cases. The
severity of the presentation also does not provide
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Table 2 Differential diagnosis postnatal.

Disorder Clinical Features Investigations Comments
Pseudoglioma
-Osteoporosis
syndrome
”OMIM 259770)

Bone fragility and
fractures, Narrow
diaphysis, hypoto-
nia and eye abnor-
malities that lead
to vision loss

Ophthalmological evaluation Intelligence is usually
normal

Hypophoshata-
sia

Wide sutures,
poorly formed
teeth, metaphy-
seal cupping,
poorly formed
teeth, bony spurs

Decreased serum alkaline
phosphatase, hypercalcemia,
hypercalciuria

Perinatal, infantile, child-
hood and adult forms
are known

Disorders of
osteolysis- Ha-
jdu Cheney Syn-
drome, etc.

Joint contractures,
pain in joints, gin-
gival hyperplasia

Osteolysis of carpal and
tarsals, acro-osteolysis

May have renal dysfunc-
tion

Thalassemia &
other chronic
hemolytic ane-
mias

Hepatosplenome-
gal, hemolytic
facies

Anemia, high level of fetal
hemoglobin or presence of
abnormal hemoglobin

Non-transfusion depen-
dent thalassemia may
present with fractures on
trivial trauma and de-
creased bone density

Battered child Disturbed family
situation, marks
of injury

Ruling out other causes is nec-
essary. Normal BMD.

High level of suspicion is
necessary

any clue the causative gene. Initially when COL1A1
and COL1A2 were the only known genes, collagen
analysis was done to decide the possible causative
gene. Later, DHPLC ”Denaturing High Performance
Liquid Chromatography) was used as a screening
technique to identify the location of mutation and
then the specific exons were sequenced. Such type
of screening was essential as both the genes are
large genes with 51 and 52 exons in COL1A1 and
COL1A2 respectively. Identification of newer genes
for OI has increased the complexities of molecular
diagnosis. Next Generation Sequencing ”NGS) is
of great help in this disorder associated with a
large number of genes, some of which have a
large number of exons. A panel of all OI genes or
sequencing of all genes of clinical relevance ”Exome
sequencing) is the test of choice. The studies on
the detection rates and relative contribution of var-
ious genes to OI are still not available. Published
data about mutations in genes other than COL1A1
and COL1A2 is limited worldwide and hence, more
information about phenotypes of recessive OI is
needed.

Management

The basic serum chemistries- serum calcium, phos-
phate, vitamin D and alkaline phosphatase are
normal in patients with OI. However these values
might be slightly elevated after a fracture. But as
the patients started on bisphonates, grow older,
have sedentary lifestyle due to bony deformities
and fractures, the calcium and vitamin D levels fall.
This can lead to delayed healing of fractures and
increased bone fragility. So, it is recommended
to supplement calcium and vitamin D in patients
with OI according to the age group. There is still
no optimal treatment for OI, both for limiting or
preventing fractures and pain relief and improved
mobility. Also, critical assessment of treatment
outcomes is limited by the small numbers of par-
ticipants in clinical trials and the short duration of
many trials, which is frequently limited to 1 or 2
years of observation. The following table provides
the list of various treatment modalities ”Table 3).
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Table 3 Various treatment strategies.

Existing treatment strategies:
1. Bisphosphonates
2. Teriparatide
3. Denosumab
New therapeutic approaches:
1. Antisclerostin antibody
2. Cathepsin K antibody
3. Transforming growth factor-
4. Prenatal and postnatal transplantation of
mesenchymal stem cells
Multidisciplinary management
1. Orthopaedic treatment
2. Rehabilitation

• Existing treatment strategies:
1. Bisphosphonates- Bisphosphonates, oral

and intravenous decrease osteoclastic bone re-
soprtion. Various studies have shown variable
efficacy of bisphosphonates on decreasing the
fracture frequency and symptomatic relief of pain.
The variability of response may be due to differ-
ential effects of bisphosphonates on various types
of OI; the issue which may be solved with studies
on mutation proved cases of OI. For example,
we found that bisphosphonates increased callus
formation in a case with type V OI ”Dwan et al.,
2014).

The findings of the 2014 Cochrane review ”Dwan
et al., 2014) for oral and intravenous Bisphosph-
nates in OI can be summed up as follows-

a. The oral or intravenous bisphosphonates in-
crease bone mineral density in children and adults
with OI, the effect not being different with the
different bisphosphonates.

b. It is unclear whether oral or intravenous
bisphosphonate treatment consistently decreases
fractures, though there is no increased fracture
rate.

c. The studies included in the Cochrane review
do not show bisphosphonates conclusively im-
prove clinical status ”reduce pain; improve growth
and functional mobility) in people with OI.

2. Teriparatide- Teriparatide is human recom-
binant parathyroid hormone, which increases bone
mass by increasing osteoblast bone formation. It
is highly effective in the treatment of age-related
osteoporosis.

The few randomized trials of teriparatide in OI
patients show increased BMD, especially in Type

1 OI than in individuals with OI types IV and III,
but there was no significant decrease in number of
fractures ”Orwoll et al., 2014).

3. Denosumab (anti-RANK-ligand antibody)-
The RANK, RANKL complex regulates bone-
remodeling cycles by regulating osteoblast/osteo-
clast coupling and osteoclast differentiation. RANK
is present on the osteoclast precursor, and RANKL
produced by the osteoblast is part of the TNF
superfamily and, along with the soluble decoy re-
ceptor osteoprotegerin, are essential regulators of
osteoclast development and function. Denosumab
is a human monoclonal antibody to RANKL; studies
involving age-related osteoporosis have showed
the efficacy of denosumab in reducing signaling via
RANK, leading clinically to prevention of bone loss
”Hoyer-Kuhn et al., 2014).

Due to poor response to Bisphsphonates in
OI Type VI, Denosumab was tried with success in
OI Type VI leading to BMD increase, normaliza-
tion of vertebral shape, and decrease in fracture
rate. Denosumab treatment also improved BMD
and longitudinal bone growth in two children
with COL1A1/A2 mutations previously treated with
Bisphosphonates.• New therapeutic approaches:

1. Antisclerostin antibody - Sclerostin is a
negative regulator of bone formation released
from osteocytes that modulates osteoblast activity
acting through Wnt/ -catenin pathway. Preclin-
ical studies have demonstrated that treatment
with antisclerostin monoclonal antibody acts as
osteoanabolic therapy improves bone mass and
bone strength, and enhances repair of fractures in
animal models.

2. Cathepsin K antibody - Cathepsin K is highly
expressed in osteoclasts and is an essential en-
zyme involved in the degradation of type I collagen
in the organic bone matrix. In an animal model,
the cathepsin K monoclonal antibody ”Odanacatib)
effectively suppressed bone resorption. A phase III
randomized, placebo-controlled trial assessed the
effect of Odanacatib on fracture risk over 5 years of
treatment in women with osteoporosis, has shown
increase in BMD and a significant reduction in the
risk of fractures. Applicability to the collagen defect
in OI remains to be determined.

3. Transforming growth factor-β - TGF- is
produced by osteoblasts and acts to coordinate
bone remodelling by coupling osteoblasts and
osteoclasts in the process of bone remodelling.
TGF- is secreted predominantly in an inactive
latent form and is deposited into the bone ma-
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trix. It has been reported that excessive TGF-
signaling is a mechanism of OI in both recessive
and dominant OI mouse models. Also, treatment
of mice with the anti-TGF- neutralizing antibody
1D11 corrected the bone phenotype and improved
lung abnormalities in both recessive and dominant
forms of OI.

4. Prenatal and postnatal transplantation of
mesenchymal stem cells - Severe to lethal forms
of OI may be diagnosed in utero by ultrasonogra-
phy starting at the 16th week. Following prenatal
and postnatal cell transplantation in OI improve-
ment was seen in linear growth and fractures were
reduced in number, in fetus, neonatal and later
life. In humans, improvement of linear growth
and reduction of fracture rate followed prenatal
and postnatal cell transplantation in OI. Addition-
ally, prenatal transplantation of allogeneic MSCs in
three OI pregnancies indicated that it has appeared
to be safe. A clinical trial in human pregnancy is
currently in progress. ”Westgren et al., 2015).• Multidisciplinary management: Orthopedic
management might be necessary in cases of severe
bone deformity impairing function, with recurrent
fractures and nonunion of fractures. To date, there
are no physiotherapeutic treatment protocols avail-
able for children and adults with OI. A recent study
investigated a rehabilitation approach combining
resistance training, body-weight-supported tread-
mill training, and neurodevelopmental treatment
associated with side-alternating whole-body vibra-
tion in 53 individuals with OI ”ages 2.5–24.8 years)
for 6 months within a period of 12 months of
treatment. There was improvement of mobility
between, and also an increase in lean mass and
BMD was observed ”Hoyer-Kuhn et al., 2014). Fur-
ther studies are needed to address the role of
rehabilitation in OI patients.

Genetic Counseling and Prenatal
Diagnosis

Bisphosphonates has given some relief to some
patients of OI; though for many cases the life con-
tinues to be painful and handicapping. Molecular
diagnosis can differentiate between OI inherited
in dominant or recessive fashion and accurate
risk of recurrence can be provided to the fami-
lies. Mutation based prenatal diagnosis can be
provided at early gestation and to all families.
In situations without molecular diagnosis, ultra-
sonographic based diagnosis before 20 weeks of

gestation for case with lethal variety of OI. For
other varieties, shortening and bending of femora
may be seen in some cases and may be in the later
part of pregnancy. However, normal length and
shape of long bones in a fetus cannot rule out OI.

Conclusion

Last decade has improved understanding of genet-
ics of OI due to identification of many more genes
for OI. NGS based diagnostics has provided simple
strategy in clinical settings and is also identifying
new genetic etiologies in research settings. Auto-
somal recessive OI is probably more common in
India due to high prevalence of consanguinity and
makes molecular diagnosis of each case essential
as the risk of recurrence is 25% and phenotype
is usually severe in recessive varieties of OI. New
treatments may provide specific drug for specific
type of OI and improve the outcome.
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Marching Towards Perfection
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Mystery of LCC (leukoencephalopathy,
intracranial calcifications and cysts)-
SNORDed out. . . ” Jenkinson et al., 2016)

Monogenic causes of ribosomal dysfunction can
confer a remarkable degree of specificity in terms
of human disease phenotype. Box C/D small nucle-
olar RNAs ”snoRNAs) are evolutionarily conserved
non-protein-coding RNAs involved in ribosome bio-
genesis. Biallelic mutations in the gene SNORD118,
encoding the box C/D snoRNA U8, cause the cere-
bral microangiopathic leukoencephalopathy with
calcifications and cysts ”LCC), presenting at any age
from early childhood to late adulthood. These
mutations affect U8 expression, processing and
protein-binding and thus implicate U8 as essential
in cerebral vascular homeostasis.

Want “Mr Perfect genome” - Barcode it
”Peters et al., 2014)

Next generation sequencing ”NGS) technologies,
primarily based on massively parallel sequencing,
have touched and radically changed almost all
aspects of research worldwide. Despite all of
this progress, the current state-of-the-art in se-
quence technology is far from generating a perfect
genome sequence and much remains to be under-
stood in the biology of human and other organisms’
genomes. In this paper, the authors outline why
the perfect genome in humans is important, what
is lacking from current human whole genome se-
quences, and a potential strategy for achieving the
perfect genome in a cost effective manner. The
Perfect genome solution employs advanced mas-

sively parallel DNA sequencing of co-barcoded
reads from long genomic DNA molecules, and
efficient de novo assembly empowered by these
barcoded reads.

Whole genome sequencing in pediatric
practice- Now, next or later ”Stavopoulous

et al., 2016)

The recommended first-tier clinical investigation
for identifying the etiology of congenital mal-
formations and neurodevelopmental disorders
is chromosome microarray analysis ”CMA) for
copy-number variations ”CNVs), often followed by
gene”s)-specific sequencing to search for smaller
insertion–deletions ”indels) and single-nucleotide
variant ”SNV) mutations. In this prospective study
the authors utilized whole genome sequencing
”WGS) and comprehensive medical annotation to
assess 100 patients referred to a Pediatric Ge-
netics service and compared the diagnostic yield
versus standard genetic testing. WGS identified
genetic variants meeting clinical diagnostic criteria
in 34% of cases, representing a fourfold increase
in the diagnostic rate over CMA alone and more
than twofold increase in CMA plus targeted gene
sequencing. WGS identified all rare clinically sig-
nificant CNVs that were detected by CMA. Clinical
implementation of WGS as a primary test will
provide a higher diagnostic yield than conventional
genetic testing and potentially reduce the time
required to reach a genetic diagnosis.

Holoprosencephaly- Not so simple
”Mouden et al., 2016)

Holoprosencephaly ”HPE) is the most common
congenital cerebral malformation, characterized
by impaired forebrain cleavage and midline facial
anomalies. Heterozygous mutations in 14 genes
have been associated with HPE and are often inher-
ited from an unaffected parent, underlying complex
genetic bases. HPE may result from a combination
of multiple genetic events. In this study the authors
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have used whole exome sequencing and targeted
high-throughput sequencing approaches to iden-
tify mutations in HPE subjects. They reported two
HPE families in which two mutations are implicated
in the disease. In the first family with two fetuses
with alobar and semi-lobar HPE, mutations were
found in two genes involved in HPE, SHH and
DISP1, inherited respectively from the father and
the mother. The second reported case was a
family with a 9-year-old girl presenting with lobar
HPE, who was found to harbour two compound
heterozygous mutations in DISP1. Together, these
cases of digenic inheritance and autosomal reces-
sive HPE suggest that in some families, several
genetic events are necessary to cause HPE. This
study highlights the complexity of HPE inheritance
and has to be taken into account by clinicians to
improve genetic counseling for HPE.
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PhotoQuiz

PhotoQuiz - 35
Contributed by:  Dhanya Lakshmi N and Shubha R Phadke

Email:  shubharaophadke@gmail.com 

This three-year-old boy presented with generalized edema, global developmental delay, 
coarse facies, gum hypertrophy, short stature and bilateral cherry red spots in the fundus. He 
was operated for inguinal hernia. He had 3+ proteinuria and underwent renal replacement 
therapy for renal failure. What is the diagnosis?

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 34
Heterozygous IVS 1-5 G>C mutation in the HBB gene 
Thalassemia major is caused due to homozygous or compound heterozygous mutations in the HBB 
gene. The sequence track shows a heterozygous mutation of substitution of G (guanine) by C 
(cytosisne) at 5th position in intron 1 of the HBB gene. This is the most common mutation seen in 
beta thalassemia patients in India.

Correct Responses Were Given By:

  1. Jagadish Bhat, Goa
  2. Poonam Singh Gambhir, Lucknow
  3. G Aruna, Bengaluru
  4. Ravindra Kumar, Indore
  5. Sona B Nair, Mumbai
  6. Prashant Kumar Verma, Agra
  7. Croydon Fernandes, Bengaluru

Department of Medical Genetics, Sanjay Gandhi Post Graduate Institute of Medical Sciences, Lucknow, India
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GeNeEvent - Third International Conference on Birth Defects
& Third National Conference of the Society for Indian

Academy of Medical Genetics

The Third International Conference on Birth
Defects and Third Annual Meeting of the Society
for Indian Academy of Medical Genetics was held
in New Delhi on 7th to 10th December, 2016. It
was organized by the All India Institute of Medical
Sciences, New Delhi in association with SIAMG. The
conference was followed by post-conference work-
shops on Clinical Dysmorphology, Reproductive
and Fetal Genomics and Clinical Cancer Genetics.
A number of distinguished international and In-
dian faculty attended the conference and shared
their experience and expertise on the theme of
the conference Molecular and Metabolic Basis
of Disorders of Morphogenesis . The academic
sessions included deliberations on numerous top-
ics ranging from principles of dysmorphology to
latest genetic diagnostic techniques for syndrome

diagnosis. Close to 200 delegates attended the
academic proceedings. The highlights of the meet-
ing included the Dr SS Agarwal Oration by Dr Jill
Clayton-Smith, Professor of Medical Genetics, Uni-
versity ofManchester, UK, Dr IC VermaOutstanding
Researcher Award lecture by Dr Shubha Phadke,
Department of Medical Genetics, SGPGIMS, Luc-
know and presentation of the Dr SS Agarwal Young
Scientist Award to Dr Shalini Nayak from Kasturba
Medical College, Manipal, for her work on fetal
autopsies. There were a number of interesting
free papers as well as posters presented by young
medical geneticists. The conference event and
workshops were appreciated by all the attendees
and SIAMG was lauded for its ongoing contri-
butions towards the field of Medical Genetics in
India.

Announcement

Venue:  National Science Seminar Complex, Indian Institute of Science, Bangalore, India 

42nd Annual Meeting of the Indian Society of Human Genetics 
& International Symposium on Trends in Human Genetic 

Research & Management

For details:  http://www.mrdg.iisc.ernet.in/ishg2017

Dates: 2nd - 4th March, 2017

Contact: karun@mrdg.iisc.ernet.in




