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GeNeDit
Changing Scenario of Monogenic disorders:
Untreatable to Treatable
Editorial

Monogenic disorders are ignored by clinicians
as rare and mostly untreatable disorders. Emergence of recombinant DNA technology showed a
great hope for cure by gene therapy. I remember telling patients with beta thalassemia about
the possibility of cure by gene therapy in the
nineties. Instances of hope and hype of gene
therapy marked the last 3 decades. But 2017
and 2018 have shown consistent success stories
of gene therapy in varied disorders, namely beta
thalassemia, blindness, epidermolysis bullosa, etc.
The GenExpress in this issue brings glimpses of
these landmark papers. Visionaries in the field
envisage successful gene therapy for at least 40
disorders in the next 5 years. This will bring a
paradigm change in the approach to these rare,
more than 6000 genetic disorders affecting 5%
of the population. Early diagnosis by prenatal
or neonatal testing and pre-symptomatic management may become the dictum. The power of Next
Generation Sequencing is at the service of the Next
Generation Geneticists and will be at the centre
stage of health management. Though it is very
difficult to imagine the approach to monogenic
disorders in the next decade, one important step
will be to decrease the need of medical termination
of pregnancy which is the mainstay of current
preventive strategy. Though it is accepted legally
and is common, one can never ignore the emotional trauma to the family and the debatable
nature of the ethical aspects related to it. Often,
patients’ families consider that prenatal diagnosis
will open up the option of treatment because of
early diagnosis; soon that dream may come true.
Gene therapies for lysosomal storage disorders
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and other drugs like chaperones, small molecules,
etc. were discussed in two recently held conferences in New Delhi – the Third South Asia &
19th Asia LSD Symposium, 2018 and Recent Advances in Rare Diseases (RARD 2018). These two
conferences highlighted the latest developments
in the field of rare diseases. International experts presented their latest work and shared their
exhaustive experience with Indian clinicians and
scientists.
Gene therapy with adjunct novel therapies including fetal stem cell transplantation may make
cure possible for neurodegenerative disorders. Of
course, novel or disease-modifying therapies may
bring up changing phenotypes hitherto unknown
to us due to the short lifespan of many of these
patients.
New medical, scientific, ethical and
emotional issues are bound to emerge. Better
genotype-phenotype correlations and knowledge
of modifier genes is essential for the disorders
detected by newborn screening in families without
history of genetic disorders. The practice of Clinical
Genetics has always been a bit different in many
aspects as compared to other clinical specialties
and now, it may have more challenges. At the same
time, all clinicians will have to give more time and
attention to rare disorders, as no one can afford
to miss the diagnosis of a treatable disorder. Our
goal is to provide updates in medical genetics and
we are happy to pursue it at this juncture of more
opportunities for rare monogenic disorders.

Dr. Shubha R Phadke
1st July, 2018
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Evolution of Diagnosis with Evolving Technology:
A Story of 10q Duplication Syndrome
Priyanka Srivastava, Aradhana Dwivedi, Shubha R Phadke
Department of Medical Genetics, Sanjay Gandhi Post Graduate Institute of Medical Sciences, Lucknow, Uttar Pradesh, India
Correspondence to: Dr Shubha R Phadke

Abstract
Complete or partial trisomy 10q involves a duplication of the long arm of chromosome 10. Distal
10q trisomy is a well-recognized but rare genetic
syndrome in which duplication of distal segments
of 10q results in a pattern of malformations. Molecular cytogenetic techniques are advantageous not
only in identifying submicroscopic chromosomal
imbalances, but also in identifying the exact origin
of the extra chromosomal material.
Many a
times, the phenotype of patients also evolves with
age. We report a 17-year-old boy, suspected
to have Trisomy 21 during infancy, but who on
re-evaluation and follow up, was identified by
cytogenetic microarray (CMA) to have partial 10q
duplication.
In this short report, we discuss
the overlapping features of 10q duplication with
trisomy 21 and utility of CMA in evaluation of
chromosomal imbalances.

Introduction
Duplication of 10q was first reported by Klep-de
Pater et al. (1979) as a recognizable syndrome. It is
characterized by a high and large forehead, round
and flat face with flat nasal bridge, epicanthic folds,
hypertelorism, fine eyebrows, antimongoloid slant
of eyes, low-set ears, cleft palate, micrognathia,
short nose, bow-shaped mouth, microcephaly, hypotonia, joint laxity, clinodactyly, scoliosis, short
neck, growth retardation, psychomotor disorders,
and cardiac, ocular and renal abnormalities (Roux
et al., 1974; Berger et al., 1976; Tomkins et al.,
1983; Klep-de Pater et al., 1979; Davies et al.,
1998). The evidence for a distal 10q duplication
syndrome is limited by the fact that out of well over
50 cases reported, no more than a handful have
only 10q duplication without involvement of any
other chromosome arm (Sarri et al., 2011; Carter
et al., 2010; Xiao et al., 2012). With the advent
Genetic Clinics 2018 | July - September | Vol 11 | Issue 3
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of molecular cytogenetic techniques, it is possible
to better delineate the region involved in the 10q
duplication and also to detect other co-existing
chromosomal imbalances.
Here we report a 17-years-old propositus with
dysmorphic features and developmental delay with
10q duplication.

Figure 1 Partial karyotype of the patient showing
extra material at the end of q arm of
chromosome 10 (10q+).

Case report
A 17-year-old boy, born to healthy and nonconsanguineous parents was first evaluated at 14
days of life for dysmorphic features. His facial
features at that time were suggestive of Down
syndrome and a karyotype was performed, which
showed extra material on the q arm of chromosome 10 (Figure 1). Due to phenotypic resemblance
to Down syndrome, a diagnosis of trisomy 21 was
given and it was concluded that the extra material
on chromosome 10q was a translocated long arm
of chromosome 21 (21q). Parents’ karyotypes were
normal. The family was accordingly counseled and
thereafter the child was lost to follow up.
2

Table 1 Comparison of the clinical features of the present patient with those of other previously reported patients.
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Devriendt
et al. (1999)

Hou
(2003)

Migliori et
al. (2002)

Petek et
al. (2001)

Al-Sarraj
et al. 2014

Wong et
al. 2015

Carter et
al. 2010

Sarri et al.
2011

Xiao et
al. 2012

Present study

FISH

FISH

FISH

FISH

CMA

CMA

CMA

CMA

CMA

CMA

Duplication

10q26-qter

10q26.1qter

10q25.3qter

10q24.33- 10q24.31qter
10qter

10q23.110q25.1

10q25.126.3

10q26.11q26.2

10q25.326.2

10q25.1-26.3

Deletion

-

-

-

-

-

-

10q26.3qter

10q26.22q26.3

10q26.226.3

10q26.3

Mental retardation/
Developmental delay

+

+

+

+

+

+

+

+

+

+

Short stature

-

-

-

+

+

+

+

+

-

-

Blepharophimosis

+

+

+

+

+

-

+

-

+

-

Hypertelorism/
epicanthus

-

-

+

+

+

+

+

+

+

-

Ptosis

-

-

+

-

-

+

+

-

-

-

Low-set/ malformed
ears

-

-

+

+

-

-

+

-

+

+

Strabismus

-

-

-

-

+

-

-

+

+

-

Short neck

-

+

+

-

-

+

+

+

+

+

Long philtrum

-

+

-

+

+

-

-

-

+

-

Camptodactyly/
sandal gap

+

+

+

-

+

+

+

+

-

-

Lordosis/scoliosis

+

+

-

-

+

+

+

-

-

-

Hypermobility

+

+

+

+

-

-

+

-

-

-

Hip dysplasia

-

-

-

+

-

-

+

-

-

+

Hypotonia

+

-

+

+

-

-

+

+

+

-

Others

-

Hearing
loss;
ventricular
septal
defect

-

-

Facial
asymmetry,
marfanoid
habitus,
autism

Left-sided
inguinal
hernia,
cardiac,
renal,
ocular and
brain
abnormalities,
autism

Hearing
loss

Behavioral
anomalies

-

Bilateral
simian crease,
difficulty in
squatting,
delayed
puberty,
Down
syndrome like
features in
early infancy

Cytogenetic technique
Segment

Development

Facial dysmorphisms

Skeletal anomalies
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studying in the 9th standard and had learning difficulties. Formal evaluation showed IQ to be 65 (by
Malin’s intelligence scale for Indian children). Cytogenetic microarray was performed to ascertain the
origin of extra material on chromosome 10.
Cytogenetic
Microarray
done
using
Affymetrix CytoScan™ 750K Array revealed
a 23.5Mb duplication of 10q25.1 (arr[hg19]
10q25.1q26.3(109,292,821-132,860,709)x3) and a
terminal 2.5Mb deletion of 10q26.3 (arr[hg19]
10q26.3(132,861,927-135,426,386)x1) (Figure 3).

Figure 2 Clinical photograph of the patient showing oval face, midface hypoplasia, short
nose, short neck, low posterior hair line
and protruding thick lower lip.

Discussion
This case illustrates the utility of CMA in delineating
imbalances detected by traditional karyotyping.
The case also stresses the need to re-evaluate
patients with undiagnosed dysmorphic syndromes
using newer diagnostic tests. Table 1 summarizes
clinical features of cases with duplication of terminal part of q arm of chromosome 10. Majority
of the reported cases have occurred in association
with partial monosomy of other chromosomes,
complicating the delineation of clinical features.

Figure 3 Cytogenetic

microarray
showing
23.5Mb duplication (blue colour) on
10q25.1-26.3 and 2.5Mb deletion (red
colour) on 10q26.3 along with the whole
genomic view (bottom).

He was brought to the Genetics OPD again, after
17 years, for evaluation of global developmental
delay, delayed puberty and facial dysmorphism.
On examination his height was 172 cm (+1.5 to
+2 SD), weight was 75 kg (+1.5 to +2 SD) and head
circumference was 53.5cm (-2 SD). He had an oval,
flat face with a protruding thick lower lip, mid face
hypoplasia, short nose, a short neck, low posterior
hair line, small ears, micropenis and delayed puberty (SMR stage 2) and this time his facial features
were not suggestive of Down syndrome (Figure
2). He had bilateral simian crease and difficulty in
squatting. He did not have ptosis but had puffy
upper eyelids bilaterally. He was found to have
slipped epiphyses of head of femur. There was
no history of seizures, gastrointestinal symptoms,
cardiac symptoms or frequent infections. He was
Genetic Clinics 2018 | July - September | Vol 11 | Issue 3

Figure 4 The affected region of 10q in present
case and its comparison with other
reported patients.
Our literature search yielded nine case reports
with sufficient clinical data to attempt a comparison of features by size of duplicated segment
(Figure 4 and Table 1). The comparison is limited
by the resolution of the breakpoint mapping in
older reports, as only few of them were subjected to microarray analysis. Four cases were
evaluated by traditional karyotyping and FISH and
five were evaluated by CMA. Only three cases are
reported where duplication of 10q is associated
with deletion (Sarri et al 2011, Carter et al 2011,
Xiao et al 2012). In our study, the patient had
4
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a de novo duplication of 10q25.1–q26.3 spanning 23.5Mb, arr[hg19] 10q25.1q26.3(109,292,821132,860,709)x3 which contains approximately
84 known genes, as well as a 2.5Mb deletion of the terminal end of 10q26.3arr[hg19]
10q26.3(132,861,927-135,426,386)x1 including 16
OMIM genes.
Though the patient was clinically suspected to
have Down syndrome in the neonatal period, on
re-evaluation at 17 years of age his phenotype
had evolved clearly and did not match the Down
syndrome phenotype. Oval face, small nose, midface hypoplasia, protruding and thick lower lip,
low posterior hair line and puffy eyelids were the
conspicuous features of this patient. Similar facial
phenotype has been described in other reports
(Migliori et al., 2002; Al-Saraj et al., 2014). All the
reported cases had a variable degree of intellectual
disability; the reported patient had moderate intellectual disability. Most of the reported cases had
blepharophimosis and ptosis, hypotonia, hypermobility, mild hand and foot anomalies, and absence
of major congenital anomalies (Miglior et al., 2002;
Carter et al., 2010). The smallest involved region
was from 10q26.2-qter (Devriendt et al., 1999), suggesting that a dosage-sensitive locus responsible
for blepharophimosis in these individuals resides
within band 10q26.2 or 10q26.3. Two of the
reported cases had conductive hearing loss (Hou
et al., 2003; Carter et al., 2010) and two had autism
(Al-Saraj et al., 2014, Wong et al., 2015). Phenotypic
features of cases of 10q duplication (only) and
cases with duplication followed by terminal deletion of 10q are given in Table 1. Blepharophimosis
had once been considered as a characteristic feature for 10q duplication but it is not present in all
the cases including the present case. Additional
frequent features of 10q duplication are skeletal
anomalies, which include camptodactyly, sandal
gap, scoliosis or hypermobility as listed in Table
1. Our patient had no obviously abnormal skeletal
feature but on radiological evaluation was found
to have slipped epiphyses of head of the femur.
This case report clearly reinforces the fact that
it is important to review patients with dysmorphic
syndromes and keep them under regular followup, as both the clinical phenotype and diagnostic
technologies evolve with time.
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Abstract

the previously reported cases are also reviewed.

Arthrogryposis multiplex congenita (AMC) or
arthrogryposis describes congenital joint contracture in two or more joints. The combination
of fractures and pterygia with arthrogryposis is
scantly reported in literature. Here we describe a
case with osteogenesis imperfecta (OI)- like bone
fragility in association with congenital contractures and pterygia with normal intellect. A novel
mutation in the PLOD2 gene causing the above phenotype was identified in the proband. Such cases
are frequently mislabelled as OI. The aim is to alert
clinicians to look for this rare syndrome in patients
with an OI-like phenotype. The differentials and
most recent management and therapeutic options
are also discussed.

Case Summary

Introduction
Bruck syndrome is an autosomal recessive disorder
consisting of increased bone fragility, congenital
joint contractures and pterygia (Breslau-Siderius et
al.,1998). It is classified according to the causative
gene into types 1 and 2. Mutations in the FKBP10
gene which are localised to chromosome 17q21,
have been identified to cause Bruck syndrome
type 1 [MIM#259450] and this is more common.
Type 2 Bruck syndrome [MIM# 609220] is caused
by mutations in the PLOD2 gene on chromosome
3q24. Twenty seven patients with mutations in this
gene causing Bruck syndrome type 2 have been
described worldwide (Ha-Vinh et al., 2004). We
present an additional patient with this syndrome
and a novel mutation in the PLOD2 gene. The
patient has frequent fractures, congenital joint
contractures, kyphoscoliosis, pterygia and pectus
carinatum. The clinical and genetic features of all
Genetic Clinics 2018 | July - September | Vol 11 | Issue 3

The proband is an eight-year-old boy, second born
to non-consanguineously married Indian parents.
He was born at term by normal vaginal delivery
at home after an uneventful antenatal period.
Although the birth weight is not known, as per
given history he was of average weight. He cried
immediately after birth. Contracture of both knees
and elbows were identified at birth. He had poor
sucking and was never able to breastfeed. No
facial dysmorphism was reported at birth. In view
of normal weight gain the child did not come to
medical attention till two years of age. He had the
first fracture one week after birth in the humerus,
and the second fracture was at two years of age
and these were treated conservatively. The third
fracture was at three years of age involving the
ribs. His motor development was delayed and he
started walking at 2 years of age. At five years
of age, he sustained multiple fractures in bilateral
femurs, clavicles and humeri. All these fractures
occurred with trivial trauma. He also had progressive contractures involving both elbows, knees and
ankle joints. He became non-ambulatory at the
age of five years due to the extensive contractures
and fractures. There was no history of seizures
or any other prolonged illness. The family history
was significant, with history of death of a similarly
affected sibling at the age of 3 days due to severe
pneumonia also had contractures at birth.
Examination of the proband at eight years of
age revealed an alert child, responsive to surroundings. The head circumference was 49 cms (50th
centile) and weight was 9.9 kg (<3rd centile). Due to
severe contractures the length could not be mea6

Clinical Vignette

Figure 1 A) Showing child affected with Bruck syndrome with multiple flexion contractures involving both
upper and lower limbs B) Showing overcrowded malformed teeth C) Elbow with pterygium and
contractures D) Radiograph of the thorax (anteroposterior view) showing severe kyphoscoliotic
deformity of the dorsolumbar spine and vertebra plana at L3 E) Radiograph of the skull showing
Wormian bones with a small sella and protruding mandible F) Radiograph of the left lower limb
showing flexion contracture of the knee and the ankle joint.
sured. Contractures were present in all four limbs,
bilateral knee joints, elbow joints, wrist joints and
fingers (Figure 1A). There was a flexion deformity
at the right hip joint. Pterygia were present at
both elbow and knee joints (Figure 1C). He was not
ambulatory in view of these deformities. There
was no facial dysmorphism. He had white sclera,
overcrowded malformed teeth (Figure 1B), normal
hearing, pectus carinatum, severe kyphoscoliosis,
mild bilateral clubfoot, and overriding of second
and third digits of the right foot. His intellect was
normal. There was no organomegaly and other
systemic examination was normal. The radiological evaluation showed evidence of old fractures
in bones of lower and upper limbs. Wormian
bones were present and a small sella turcica was
seen (Figure 1E). The mandible was prominent.
Both lower limbs were flexed at the knee joints
with very thin diaphysis and osteoporosis (Figure
1F). Both upper limbs also had flexion deformities,
diffuse osteopenia and thin bones. Pterygia were
present at all major joints. There was severe
kyphoscoliotic deformity of the dorsolumbar spine
and vertebra plana of L3 (Figure 1D). Serum calcium (10.2 mg/dl) and phosphorus (4.8 mg/dl) were
normal and alkaline phosphatase (320 IU/ml) was
mildly elevated. A phenotype of arthrogryposis
with pterygia and fractures was consistent with a
Genetic Clinics 2018 | July - September | Vol 11 | Issue 3

clinical diagnosis of Bruck syndrome. Other differential diagnoses considered for this child were
osteogenesis imperfecta (OI), multiple pterygium
syndrome and arthrogryposis multiplex congenita.
Molecular analysis by next generation sequencing
to confirm the clinical diagnosis was performed for
the proband after informed consent. A novel, missense, homozygous variant in the PLOD2 gene was
identified: NM_182943.2: c.797 G>T, p.Gly266Val.
This variant has not been described in the general
population databases (gnomAD and 1000 Genome
databases).
In silico tools (AlignGVGD, SIFT,
MutationTaster, PolyPhen2) predicted it to be deleterious. The variant is conserved across species
and was confirmed to be present in heterozygous
form in both the mother and the father by Sanger
sequencing (Figures 2A, 2B, 2C). The variant is likely
pathogenic according to the American College of
Medical Genetics and Genomics (ACMG) criteria.

Discussion
We describe a patient with a rare autosomal recessive disorder, Bruck syndrome that has few
cases reported worldwide. Our patient had the
characteristic phenotype of multiple joint contractures, recurrent fragility fractures, pterygia and
progressive scoliosis. Bruck syndrome type 1
7
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with mutations in FKBP10 gene and type 2 due
to mutations in PLOD2 gene (Van der et al., 2003;
Ha-Vin et al., 2004) cannot be distinguished on
clinical and radiological features and testing for
both genes, as performed in this case, is required.
In these patients, hydroxylation of lysine residues
in the telopeptides of skeletal type I collagen is
reduced, whereas that in the triple helix of collagen
I is normal. (Bank et al.,1999 and Schwarze et
al., 2013). PLOD2 gene codes for lysyl hydroxylase 2 (LH2), which is the enzyme responsible
for hydroxylation of type-I collagen telopeptide
lysine residues. This is a key step in collagen
biosynthesis as telopeptide hydroxylysines are the
precursors of a series of biochemical reactions,
known as the hydroxyallysine route, which finally
form intermolecular lysylpyridinoline and hydroxylysylpyridinoline cross-links within collagen fibrils.
Collagen crosslinks provide stability and tensile
properties to collagen fibrils. In keeping with this,
BS patients have reduced levels of hydroxyallysinederived cross-links in type-I collagen from bone
(Bank et al.,1999).

Figure 2 A) Chromatograph of PLOD2 gene in the
index child shows homozygous mutation present in the child having Bruck
syndrome. The arrow head indicates
the position of the mutation. B) and
C) The chromatograph shows heterozygous mutation in both parents in the
PLOD2 gene. The arrow head indicates
the position of the mutation.
Table 1 summarizes the characteristics of 29 patients from 16 families reported to have pathogenic
variants in PLOD2 and we compare the findings
with those seen in our patient. All patients presented with fractures at birth or in early childhood
and had normal intellect. None of the these

Genetic Clinics 2018 | July - September | Vol 11 | Issue 3

have independent ambulation after the age of 7
years. Kyphoscoliosis was found in 18/27 (68%)
patients. with onset childhood adolescence and
rapid progression. Wormian bones were observed
in 92%. Almost all patients with PLOD2 gene
mutations had low bone mineral density (BMD),
although kyphoscoliosis and proximal femur deformity made it difficult to measure BMD accurately.
In our patient the phenotype was more severe
compared to previously reported cases. Our patient had more number of fractures and significant
joint contractures affecting all major joints, with
onset of kyphoscoliosis since birth. He also exhibited camptodactyly and loss of ambulation at the
age of five years. As the novel mutation identified
in our patient in exon 8 is away from the reported
hotspot region on exon 17 (Puig-Hervas et al.,
2012), it could be inferred that mutations away
from the N terminal domain may be associated
with a more severe phenotype. However, this
needs further validation.
Bisphosphonates have been widely used to
treat bone fragility in children with OI (Trejo et al.,
2016). Only eleven patients with PLOD2 mutations
received treatment with bisphosphonates (Ha-Vinh
et al., 2004; Bank et al.,1999). Zoledronic acid was
shown to reduce fracture incidence and increase
the BMD with good tolerance. In a study by Lv et
al. (2017) the children received a relatively large
dose of zoledronic acid infusion and a significant
increase in BMD after 6 months of treatment was
noted. This indicated that zoledronic acid could
increase BMD through effectively inhibiting bone
resorption, though further studies are required to
validate this. Release of contractures has been
tried to improve ambulation, but with little benefit
(Leal et al., 2018). Bisphosphonate therapy was
started for this child and he is on follow up.
In summary, we report the first case of Bruck
syndrome in India confirmed by molecular studies.
This case report aims to alert clinicians to consider
Bruck syndrome in presence of recurrent fractures
with contractures and other abnormalities as a
close differential diagnosis of osteogenesis imperfecta. Bisphosphonate therapy can improve the
outcome with decrease in fractures and improvement of bone density. It is important to suspect
and confirm the diagnosis of Bruck syndrome to
appropriately counsel families for management
and recurrence risks. Once the mutation is identified, prenatal diagnosis is possible to prevent
future recurrences.
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Table 1 Phenotypic features of 29 reported patients with Bruck syndrome due to mutations in the PLOD2 gene.
Family
Number

Age
at
onset

Intellect

Contractures
[K, A, H, E]

Fractures

Sclerae

Scoliosis [S] /
Kyphosis [KY]

Other
abnormal
physical
findings

Radiological
Features

Treatment

Variant
found

Protein change

Ex, In

Reference

One

B

N

Congenital
K, A, H

+++

White

NA

-

-

NA

c.1886C>T

p.Thr629Ile

Ex18

Van der et al.,
2003

Two

B

N

Congenital
K, A

+++

Blue

Present

-

WB

NA

c.1865G>T

p.Gly622Val

Ex18

BreslauSiderius et al.,
1998 and Van
der et al., 2003

Three

B

N

Congenital
K, A

+++

White

Absent

Clubfoot

WB

Pamidronate

c.1856G>A

p.Arg619His

Ex17

Ha-Vinet
al.,2004

Four

B

N

Congenital
K, A, H

+++

White

Present

Camptodactyly
Clubfoot

WB

Four patients
received
Zoledronic acid

c.1856G>A

p.Arg619His

Ex17

Puig-Hervás
et al., 2012

Five

B

N

Congenital
K, H

Numerous
+++

White

Present

-

WB

-

c.1856G>A

p.Arg619His

Ex17

Puig-Hervás
et al., 2012

Six

B

N

Congenital
K

Numerous
+++

White

Present

Camptodactyly
Clubfoot

WB

-

c.1559dupC

p.Val523Cysfs

Ex14

Puig-Hervás
et al., 2012

Seven

B

N

Congenital
K, A

Numerous
+++

White

Present

Camptodactyly

WB

-

c.1559dupC

p.Val523Cysfs

Ex14

Puig-Hervás
et al., 2012

Eight

-

N

H, A

+++

White

Present

-

WB

-

c.1358+5 G>A

-

In12

Puig-Hervás
et al., 2012

Nine

-

N

K, A

+++

Blue

Present

-

WB

Pamidronate

C.1864G>T
c.2122-2A>G

p.Gly622Cys

Ex18,
In19

Puig-Hervás
et al., 2012

Ten

B

N

K, H

+++

White

Present

Clubfoot

WB

Alendronate

C.1624DELT

p.Trp54Thrfs*25

Ex15

Lv et al., 2017

Eleven

B

N

K, A

+++

No to
Greyish
Blue

Present

-

-

NA

c.1828T>C

p.Trp589Arg

Ex17

CaparrosMartin et al.,
2017

Twelve

B

N

K

+++

Grayish
blue

-

-

WB

NA

C.1358+5 G>A

-

In12

Lv et al.,2017

Thirteen

B

N

Congenital
K, A, H

+++

White

Present

Camptodactyly

WB

Zoledronic acid

C.503-2A>G
C.1138C>T

p.Arg380Cys

In4,
Ex11

Lv et al., 2017

Fourteen

B

N

Congenital

+++

Grayish
blue

Present

Clubfoot

WB

Zoledronic acid

C.1153T>C
C.1928G>A

p.Cys385Arg
p.Gly661Asp

Ex11,
Ex18

Lv et al., 2017

Fifteen

B

N

Congenital

+++

White

-

Camptodactyly
Clubfoot

WB

Zoledronic acid

C.1138C>T
C.2038C>T

p.Arg380Cys
p.Arg680X

Ex11,
Ex19

Lv et al., 2017

Sixteen

NA

N

K, H, A, E

+++

NA

+

-

WB

Pamidronate

C.2050A>G

p.His687Arg

Ex20

Leal et al.,
2018

Seventeen

B

N

K, A, E, H

+++++

Light
Blue

Present

Camptodactyly
Clubfoot

WB

Started therapy
on oral
zoledronate

c.797G>T

p. Gly266Val

Ex8

This Study

B- since birth, N- normal, K- knee, A- ankle, H- hip, E- elbow, K- kyphosis, Ks- Kyphoscoliosis, WB- Wormian bones, Ex- exon, In- intron, NA- not applicable

Clinical Vignette
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Introduction
Development of a multicellular organism from a
single cell is a very complex, co-ordinated process governed by many genes and their timely
expression in various organs at various stages of
embryogenesis. It is not surprising that in some
embryos some things go wrong during development leading to structural abnormalities of various
organs. Major defects in very early stages of
embryogenesis may not be compatible with survival and lead to spontaneous abortions. Most of
the structural abnormalities/anomalies also known
as malformations of internal or external organs
occur during the first trimester (dysmorphogenesis), though they may be detected in the second
trimester of pregnancy by fetal ultrasonography
or after birth during the neonatal period or in
infancy. Some malformations involving abnormalities of the size of an organ like microcephaly
or obstruction causing hydronephrosis or hydrocephalus may become obvious during the later
part of pregnancy or during infancy. Though all
the structural defects are congenital, i. e. present
since birth, internal anomalies may not be detected
till they manifest with some symptoms. Malformations of internal organs can be diagnosed by
various imaging techniques like ultrasonography,
echocardiography, CT scan or Magnetic Resonance
Imaging (MRI) which are used when there are some
symptoms indicating the possibility of internal malformations. Individually each malformation is rare
but 3% of neonates have one major malformation
and around 0.7% of neonates have multiple malformations. This is a brief review about the various
birth defects and malformations and a systematic
clinical approach to diagnose the same.

Types of Birth Defects
The various types of structural abnormalities of
organs are given in Table 1 and Figure 1.
Genetic Clinics 2018 | July - September | Vol 11 | Issue 3

Figure 1 [a] Meningo-myelocele – a major malformation [b] Hypertelorism and upslant
of eyes in a child with characteristic
facial phenotype of a child with Down
syndrome due to trisomy 21[c] Ectodermal dysplasia showing absence of
teeth and sparse, light coloured hair
[d] Polydactyly – a minor malformation
[e] Talipoequinovarus – an example of
deformation.

Patterns of Congenital Malformations
A malformation or structural defect of an organ
can be an isolated anomaly or may be associated
with major or minor anomalies or variants of other
systems. Multiple malformations are classified into
syndromes, sequence and association. This gives
an idea about the etiopathogenesis and is useful in
clinical approach to the management.
• Syndrome: A syndrome is often used to
describe a pattern of malformations occurring together and definitely or presumably
caused by a common etiology. The syndrome
may be due to a chromosomal etiology (e.
g. Down syndrome due to trisomy 21), a
microdeletion syndrome (e. g. Williams
syndrome due to a submicroscopic deletion
11
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Table 1 Types of Birth Defects.
Type of birth defect

Description

Examples

Major malformation
(single major anomaly
in 3% of births,
multiple
malformations in 0.7%
neonates)

Morphological defects
that occur due to
errors in the normal
development and
differentiation of an
embryo.

Meningocele, posterior
urethral valve,
ventricular septal
defect, cleft lip

If untreated, will lead to
significant impairment of
the function of the organ
leading to mortality or
morbidity

Polydactyly, ear tag,
Single palmar crease

Only of cosmetic
importance, but of use in
diagnosis of etiology

Minor malformation
(14% and 3% of
neonates have a single
and multiple minor
malformations
respectively)

Comment

Normal variants

Clinical features which
are at the far end of
normal distribution

Low set ears,
hypertelorism

May be present in normal
individuals but in
association with other birth
defects can be of help in
the diagnosis of a
syndrome

Deformation

Abnormal shape of a
normally formed
structure due to
distortion caused by
mechanical forces

Talipes equinovarus in
a child with amyoplasia
or congenital
myopathy due to
oligohydramnios or
intrauterine crowding

May have good prognosis
with postnatal intervention.
Risk of recurrence in the
family is usually not
increased if the causative
factor does not recur

Disruption

Damage or dissolution
of a part following
normal development

Amputation of digits
due to damage by
constricting amniotic
band or
thrombo-embolic
phenomenon

Usually do not recur in the
family

Dysplasia

Morphological defects
caused by abnormal
maturation and
organization of cells
into tissue

Achondroplasia
(involvement of
bones), Ectodermal
dysplasia (hair, teeth,
sweat glands and nails
are involved)

Involvement of multiple
organs in the body where
the particular tissue is
present. Mostly are single
gene disorders.

on chromosome 7q11), or mutation in a gene
(eg. Apert syndrome due to mutation in FGFR2
gene).
• Sequence: A single malformation may lead to
a chain of events leading to multiple anomalies and such a group of anomalies is known
as sequence. An example is congenital absence of kidneys leading to oligohydramnios;
which in turn leads to flattening of face, lung
hypoplasia and clubfeet, called the Potter
sequence.
Genetic Clinics 2018 | July - September | Vol 11 | Issue 3

• Association: The co-occurrence of a group
of malformations together more frequently
than can occur by chance, without an identified common etiology, is labelled as an
association.
As genomic techniques are
identifying etiologies, some of the cases previously described as associations are being
regrouped as syndromes. E.g. some cases
of CHARGE (Coloboma, Heart defect, Atresia
choanae, Retarded growth, Genital and Ear
anomalies) association are now found to be
due to mutation in the CHD7 gene.
12
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Clinical Presentation of Malformations
Many malformations such as neural tube defects
manifest at birth either because they are obvious on external examination or may present with
symptoms due to the resulting functional defect
e.g. tracheoesophageal fistula. Some internal
anomalies like atrial septal defect, hydronephrosis
due to pelviureteric junction obstruction or ectopic kidney may go undetected for many years.
Nowadays, many major malformations are getting detected prenatally due to routine antenatal
ultrasonographic evaluation. Some fetuses with
malformation(s) may get spontaneously aborted or
are stillborn. A neonate with a major malformation
is an emergency and evaluation for associated
major or minor malformations for making an
etiological diagnosis is essential in addition to
supportive care and appropriate curative surgery.

Importance of Etiological Diagnosis of
Congenital Birth Defects
Most of the congenital birth defects are genetic in
origin; though in some cases the definite genetic
defect is not still identified. Other causes are
teratogens. For some malformations, especially
isolated malformations like neural tube defects
and pyloric stenosis, multifactorial etiologies encompassing multiple genetic variations interacting
with environmental factors like folic acid intake are
hypothesized. One type of congenital malformation may be caused by different etiologies and the
etiological diagnosis can be made by evaluating
for associated features and genetic tests. Table
2 shows one example where the enlargement of
lateral ventricles in brain can be due to various
causes and risk of recurrence depends on the
etiology. Figure 2 shows brain imaging showing

Table 2 Etiologies associated with ventriculomegaly.
Disorder

Etiology

Risk of recurrence in
sibling

Comment

Aqueductal
stenosis

Monogenic - CCDC88C
gene (Autosomal
recessive)

25%

Clinically may not be
differentiable from X- linked

Aqueductal
stenosis

Monogenic- L1CAM gene
(X - linked)

50% of male offspring,
if mother is a carrier

Adducted thumb, if
associated, is confirmatory of
X- linked variety

Retinoic acid
intake by mother

Teratogenic

Nil, if drug intake is
avoided

History of intake by mother
during pregnancy

Cytomegalovirus
(CMV) infection
in fetus

Transplacental
transmission of virus
from infected mother
(History of symptoms of
infection in mother may
or may not be present)

Nil as recurrence or
reactivation of infection
in mother does not
cause symptomatic
infection in the fetus

Brain imaging may suggest
the diagnosis due to
periventricular calcification.
Molecular testing for CMV
virus is confirmatory

Aase-Smith
syndrome

Autosomal dominant

Nil if parents are
normal

Cleft palate, joint
contractures, Dandy Walker
malformation

Lissencephaly

Many different causes

Depends on etiology

MRI brain confirms
lissencephaly

Hydrolethalus
syndrome

Monogenic - HYLS1 or
MPDZ gene (Autosomal
recessive)

25%

Polydactyly, cleft lip, cardiac
anomalies are seen

Holoprosencephaly

Many different causes
including chromosomal,
single gene, syndromic
etiologies

Depends on etiology

Carrier parent of a single
gene mutation may have a
single central incisor as a
very mild feature (forme
fruste) of holoprosencephaly

Genetic Clinics 2018 | July - September | Vol 11 | Issue 3
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a)

c)

b)

d)

Figure 2 Neuroimaging showing enlargement of brain ventricles due to different etiologies [a] Dandy
Walker malformation [b] X linked aqueductal stenosis associated with hypoplastic palmar
flexed thumbs [c] Pseudo-TORCH syndrome showing periventricular calcification in a fetus
from a consanguineous family with a previous child diagnosed with ventriculomegaly [d]
Walker-Warburg syndrome with lissencephaly, microphthalmia and cleft lip.
dilatation of ventricles of the brain due to different
etiologies.
As seen in Table 2, risk of recurrence of the
malformation and the prognosis varies depending
on the etiology. Etiological diagnosis also helps
in early detection of treatable complications by
surveillance and in assessing the risk of recurrence
in subsequent offspring in the family.

Clinical Approach to a Patient with Congenital Malformation(s)
A patient, usually a child or a neonate is brought
for evaluation due to presence of a major malformation or due to presence of multiple anomalies
(often it may be just different looking facial features
or facial dysmorphism) which may or may not be
associated with developmental delay/ intellectual
disability or other neuro-developmental disorders
like autism. The clinician should evaluate for associated major malformations, functional disabilities
like developmental delay or deafness and most
importantly attempt to identify the etiology. The
Genetic Clinics 2018 | July - September | Vol 11 | Issue 3

process of diagnosis may be long drawn in many
cases. The clinician needs to take into account the
understanding and expectations of the parents,
their psychosocial and educational background
and talk to the family with empathy, so that the
family is convinced about the desire of the clinician
to help the patient. Good communication with the
patient and family helps to give them confidence
and get their co-operation and commitment which
are needed for the evaluation, which often involves
a series of tests, some of which may not give
any diagnostic results. Children with dysmorphic
features and their parents may be sensitive to the
‘different’ looks and affected individuals often have
a poor body image. The dysmorphic features are
of diagnostic importance and need to be noted
by careful examination of the affected child and
sometimes parents also. However, during the clinical examination, utmost care should be taken not
to hurt the family by using unfriendly/ insensitive
descriptive terms. Photographic documentation is
important but should be done only after written
consent of the patient or the parents.
14
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Clinical Evaluation
The clinical approach to a child with malformation
or dysmorphism includes detailed clinical history
and thorough head-to-toe and systemic examination. The prenatal history and family history play
very important roles (Table 3).

Examination of a dysmorphic child
The initial part of evaluation is anthropometric
measurement of the height / length, weight and
head circumference and comparison with age/sex
matched controls. The head-to-toe examination
should be carried out by careful evaluation after removing clothes. Facial dysmorphism, hair
pattern, nails, neck, fingers and toes, body hair,
and pigmentary abnormalities need to be noted.
Some features may be present in either of the
parents and suggest that the feature is a familial
character and may not be related to the etiology
of developmental delay / intellectual disability or
a syndrome. The American Journal of Medical
Genetics had published a special issue on the
definitions and descriptions of various human
phenotypic variations and this issue is freely available online http://onlinelibrary.wiley.com/
A
doi/10.1002/ajmg.a.v149a:1/issuetoc.
standardized vocabulary for phenotypic variations has been developed and is known as the
Human Phenotype Ontology (HPO). At present
there are more than 11000 terms. The unifor-

mity of nomenclature helps in clinical diagnostics
based on clinical features (Phenomyzer - http:
//compbio.charite.de/phenomizer/) and also
research on relationships between clinical phenotyping and molecular, cellular and biochemical
abnormalities and pathways.

Search for syndromic diagnosis
Once the clinical assessment of phenotypic variations is done, the next step is to search for the
etiological diagnosis or syndrome. There are two
processes for the diagnosis of a syndrome. There
are some syndromes with characteristic phenotypes and especially the common syndromes can
be diagnosed based on the typical dysmorphic
features (gestalt). The key features, which are
diagnostic clues for such syndromes, are known
as ‘Pearls of dysmorphology’. Figure 3 shows
typical cases of some common syndromes with
malformations.

Use of Databases for Syndrome Search
More than 5000 multiple malformation syndromes
are described in literature and many new ones are
getting delineated. It is impossible to remember
all the features of each syndrome and to clinically
diagnose the rarer conditions, even for a dysmorphology expert. For this purpose, there are
databases of multiple malformation syndromes
(Table 4) and these can help experts and newcom-

Table 3 Points to be noted in the history in the clinical evaluation of a patient with congenital
malformation(s).
Prenatal history

Drugs, infection, exposure to radiation
Maternal illnesses like diabetes mellitus, epilepsy
Prenatal ultrasonogram records
Antenatal complications like polyhydramnios/ oligohydramnios

Family history

A three-generation pedigree to note relatives with similar
malformations /clinical problems
Age of mother
Consanguinity
Recurrent abortions, stillbirths

Present / past history

Growth and development
Symptoms related to malformations of other systems e. g.
convulsions, dyspnea, visual or hearing problems
Symptoms to suggest possibility of dysplasia or inborn errors of
metabolism like progressive course, changing pattern of
dysmorphism etc.

Genetic Clinics 2018 | July - September | Vol 11 | Issue 3
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a)

b)

c)

d)

e)

Figure 3 [a] Noonan syndrome – note upturned nose, ptosis, webbing of neck, pectus excavatum
in lower part along with scar following operation for cardiac anomaly; [b] Rubinstein-Taybi
syndrome with characteristic overhanging columella, grimacing smile and broad thumbs; [c]
Coffin- Siris syndrome – hypoplastic terminal phalanx and nail of fifth finger and increased
body hair; [d] Cornelia de Lange syndrome – note arched eyebrows meeting in the midline
with an upturned nose; [e] A fetus with Cornelia de Lange syndrome with severe upper limb
involvement in the form of ectrodactyly. Note the similarity of facial features with the face of
the child in Figure 3[d].
ers in dysmorphology to get differential diagnoses
for each case. The phenotypic abnormalities which
are used as search handles in any database have
to be specific and uncommon.
Eg.
midline
cleft lip, preaxial polydactyly, microphthalmia are
good search handles while microcephaly, cleft lip,
intellectual disability, short stature, hypertelorism
are poor handles as they will give a long list of
differential diagnoses.
As medical genetics is a very rapidly advancing
specialty, literature search for latest developments
should be a part of syndrome diagnosis and genetic
counseling.

provides support to the clinical diagnosis as is the
case in Marfan syndrome.
The other important role of investigations in
evaluation of a case with dysmorphology is identification or confirmation of etiology.

Role of Investigations in Dysmorphology
Diagnosis
Investigations have two important roles in the evaluation of a child with dysmorphism. The first is to
look for internal anomalies or associated treatable
entities and surveillance for complications. Table
5 gives some representative examples. In some
cases the presence of internal malformations also

Genetic Clinics 2018 | July - September | Vol 11 | Issue 3

Figure 4 Traditional karyotype showing trisomy
21 due to translocation of an extra copy
of chromosome 21 to chromosome 14.
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Table 4 List of databases that help in syndrome diagnosis.
Database

Source

Features

Baraitser-Winter Dysmorphology
Database (LDDB)
Winter-Baraitser Neurogenetics
Database (LNDB)

London Medical Databases (LMD)
http://www.lmdatabases.com/

- Gives pictures; user friendly;
needs to be purchased
- Online version available FACE2GENE LMD application

Pictures of Standard Syndromes
and Undiagnosed Malformations
(POSSUM)

http://www.possum.net.au/

Gives pictures; user friendly;
needs to be purchased

Online Mendelian Inheritance in
Man (OMIM)

http://omim.org/
Provides detailed information
about phenotypes as well as
mutations

A catalogue of all genes and
genetic disorders; updated,
comprehensive information
with clinical synopsis and
external useful links

Phenomyzer

http://compbio.charite.de/
phenomizer/

Uses Human Phenotype
Ontology terms

Table 5 Representative examples of investigations suggested for some malformations or syndromes.
Malformation / Syndrome

Associated malformation /
problem

Investigations

Turner syndrome

Cardiac anomalies, deafness,
hypothyroidism, horseshoe
kidney

Echocardiogram,
ultrasonography, thyroid
hormone profile, audiometry

Congenital absence of
depressor anguli oris

Cardiac anomalies

Echocardiogram

Ear tag

Deafness

Evaluation of hearing

Marfan syndrome

Aortic root dilatation,
dislocation of lens

Echocardiogram,
Ophthalmologic evaluation

Bardet-Biedl syndrome

Retinitis pigmentosa, deafness,
renal problems

Hearing and ophthalmologic
evaluation, renal function tests

Vertebral segmentation and rib
cage abnormalities

Restrictive lung disease

Pulmonary function tests

Genetic Tests
Genetic disorders are classified into chromosomal
disorders, single gene (also known as Mendelian as
they follow Mendel’s laws of inheritance) disorders
and multifactorial. There is no confirmatory laboratory investigation for multifactorial disorders
but chromosomal abnormalities may need to be
ruled out in some malformations before labeling
the malformation as multifactorial. Chromosomes
have been studied by traditional karyotyping for
more than 5 decades (Figure 4). However, now
techniques using DNA principle of complementary
regions (A to T and G to C) annealing each other are
used to study small regions on chromosomes which
are beyond the resolution of traditional karyotypGenetic Clinics 2018 | July - September | Vol 11 | Issue 3

ing. These molecular cytogenetic techniques are
Fluorescence In Situ Hybridization (FISH), Quantitative Fluorescence Polymerase Chain Reaction
(QF-PCR), Multiplex Ligation Probe Amplification
(MLPA) and Cytogenetic MicroArray (CMA). Table
6 gives principles and appropriate indications of
these tests (Figure 5).
The other group of tests is for identifying
mutations in genes causing monogenic disorders.
Most of the mutations are variations in the DNA
sequence and are identified by Sanger sequencing
using automated sequencers (Figure 6). Before ordering the test the clinician should have a working
diagnosis with a known causative gene. It needs to
be noted that the identification of a causative gene
confirms the diagnosis; absence of mutation in a
17
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suspected gene does not rule out the diagnosis.
The causes in such situation can be different like,
inability of the technique to detect the type of mutation, mutation in other parts of gene like introns,
promoter, etc. which are not usually tested, or
the causative gene may be other than the one
tested. It has been seen in a number of disorders
that different genes may cause a clinically similar
phenotype and some of the genes still may not
have been identified. The updated information
about all known genes and phenotypes is available
on Online Mendelian Inheritance in Man (OMIM), a
free database.
a)

b)

c)

d)

Generation Sequencing (NGS). NGS is routinely
used in clinical settings to sequence multiple genes
in one go (eg., genes in RAS- MAPK pathway which
cause clinically overlapping phenotypes like Noonan syndrome, Cardio-facio-cutaneous syndrome,
Costello syndrome, etc).
It is also useful for
sequencing large genes like the FBN1 gene which
causes Marfan syndrome. NGS based sequencing
of coding regions (exons) of all genes known as
Whole Exome Sequencing (WES) or Whole Genome
Sequencing (WGS) is used in cases where identification of the candidate gene based on phenotype
is not possible as the phenotype is novel or subtle. This helps in identification of the causative
mutation in 30 to 50% of cases with developmental
disorders and causative genes for many novel
phenotypes are getting identified. As is the case
in CMA, WES identifies thousands of variations in
each individual and most of them are polymorphic
and non-pathogenic. Dissecting the results of
WES to identify the causative pathogenic mutation
is a challenging task which needs high level of
computational expertise, bioinformatic tools along
with clinical correlation and functional studies of
the variation. NGS based mutation detection in
cases with malformation with or without developmental disabilities helps to identify new mutations
and sometimes new genes, and also widens the
phenotypic spectrum by identifying a mutation in a
known gene which was not suspected on the basis
of the clinical phenotype.

Figure 5 [a] Chromosome 5p microdeletion syndrome –also known as Cri-du-chat syndrome [b]
FISH with probes for terminal region of chromosome 5 showing only one copy confirming the
deletion on the other copy of 5p [c] Williams
syndrome showing mild dysmorphism but with
characteristic face – a case for gestalt diagnosis [d]
MLPA showing decreased ratio (0.5) of probes on
chromosome 7q11 region (patient’s DNA sample
to the DNA of a normal individual), while other
probes show a normal ratio around 1.
For most of the Mendelian disorders, hundreds
of mutations are identified and to identify the
mutation, sequencing of all coding regions (exons)
needs to be done. As many genes have 20 or more
exons, the process is tedious and costly. The use of
Sanger sequencing for diagnosis in clinical settings
gets complicated by involvement of multiple genes
causing the clinically indistinguishable phenotypes.
This problem has been solved by the latest high
throughput sequencing technique known as Next
Genetic Clinics 2018 | July - September | Vol 11 | Issue 3

Figure 6 [a] A fetus with Apert syndrome showing tower skull and syndactyly [b] CT scan of
the head showing closed coronal sutures and wide
open sagittal suture [c] Sequencing results of a part
of FGFR2 gene showing the p.Ser252Trp mutation.
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Table 6 Genetic investigations to study chromosomes and chromosomal disorders.
Technique /
Investigation

Advantages

Limitations

Indication

Karyotype

Can look at all
chromosomes in
one go and the
clinical suspicion of
a specific diagnosis
is not necessary

Level of resolution is low
and sub-microscopic
abnormalities cannot be
detected.
Needs living cells.
Cell culture is needed for
3 to 10 days.

Clinical diagnosis of a
chromosomal disorder Down
syndrome, Turner syndrome,
Trisomy 13 or 18; a fetus with
hydrops fetalis or any major
malformation; liveborn or a
stillborn with multiple
malformations; intellectual
disability; short stature in a
prepubertal girl; disorder of
sex development

FISH

Can detect
sub-microscopic
deletions on
chromosomes. No
need of cell culture
or live cells.
Short reporting
time of 1 or 2 days.

Clinical suspicion of a
specific disorder(s) is
needed, so that the
probes for the
appropriate region can
be used.
Can usually test 1 to 3
regions in one test.

Rapid prenatal testing for
trisomy 21, 13 or 18;
Microdeletion syndromes like
Williams syndrome,
Velo-cardio-facial syndrome
etc.

QF PCR

Does not need cell
culture. Reporting
time one or 2 days

Can test up to 5
chromosomes in one go.

Rapid prenatal diagnosis for
common aneuploidies on fetal
sample (amniotic fluid).

MLPA (Probe sets are
available for known
microdeletion / duplication
syndromes or for ends of
all chromosomes)

Does not need live
cells or cell culture.
Rapid like FISH but
can test 40 target
regions in one test.

Can test for regions
known for syndromic
etiology and
incorporated in the
probe set used for MLPA.

Useful to test for many well
delineated microdeletion
syndromes in a child with
intellectual disability.

CMA
(Probes spanning the
whole genome)

Does not need live
cells or cell culture.
Covers the entire
genome. Has a
high resolution.

Variants of uncertain
significance identified

First tier of test for evaluation
of a child with intellectual
disability / dysmorphism if
there is no obvious cause on
clinical evaluation.

Note: FISH: Fluorescence In Situ Hybridization; QF-PCR: Quantitative Fluorescence Polymerase Chain Reaction;
MLPA: Multiplex Ligation Probe Amplification; CMA: Cytogenetic MicroArray

Genetic Counseling and Prenatal Diagnosis
Congenital malformations are heterogeneous and
as a group, a common entity. Counseling regarding
prognosis, treatment options, and outcome with
surgical and non-surgical interventions is important in prenatally as well as postnatally detected
malformations. Genetic counseling about the risk
of recurrence and prevention by prenatal diagnosis during the next pregnancy is an important
part of management of a family with a child or
a pregnancy with birth defect. Accurate genetic
counseling needs correct etiological diagnosis of
the proband (child or fetus with birth defect). CareGenetic Clinics 2018 | July - September | Vol 11 | Issue 3

ful ultrasonographic evaluation of fetus at 18 to
20 weeks can prenatally detect most of the major
malformations. Fetal autopsy has a major role in
the evaluation of stillbirths and fetuses terminated
after prenatal diagnosis of a malformation.

Conclusion
Evaluation of an individual with dysmorphism
needs expertise and knowledge about syndromes,
basic genetics and principles of genetic investigations and their interpretation. Etiological diagnosis
helps in appropriate management of the affected
individual as well as in accurate genetic counseling
of the family.
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Breakthroughs in Genetics: Success Stories of Gene therapy in
2017-18
Priyanka Srivastava, Shubha R Phadke
Department of Medical Genetics, Sanjay Gandhi Post Graduate Institute of Medical Sciences, Lucknow, India
Correspondence to: Dr Priyanka Srivastava

Gene therapy for permanent cure of genetic
diseases is the ultimate aim of Genomic Medicine.
The year 2017-18 was a promising year for Genomic Medicine with a few major successes in
gene therapy. Below are some of the major
breakthroughs in gene therapy in 2017-18.

Beta globin gene therapy cures Sickle
cell disease (Ribeil et al., 2017)
Ribeil et al. published a paper in The New England
Journal of Medicine in March 2017 about a 13
year-old-boy in France who was successfully cured
of sickle-cell disease after receiving an experimental gene therapy (HGB-205) developed by Bluebird
Bio. He was treated with a lentiviral vector which
was used to introduce an anti-sickling 𝛽-globin
gene (𝛽A87Thr:Gln) into autologous hematopoietic
stem cells. This anti-sickling variant has the ability to restore normal beta-globin expression and
function. It also inhibits the polymerization of HbS
and is distinguishable from other globin chains
using reverse-phase high-performance liquid chromatography. Fifteen months post treatment, the
boy had high levels of therapeutic anti-sickling 𝛽globin (approximately 50% of 𝛽-like–globin chains)
and did not develop any episodes of sickle cell
crisis.

Gene therapy for beta thalassemia:
Hope with promising result (Alexis et al.,
2018)
After the positive outcome of gene therapy for
Sickle cell anemia, Thompson et al., made an attempt to treat beta thalassemia by gene therapy in
22 patients between 12 and 35 years of age. They
transduced the bone marrow cells ex vivo with
lentiviral vector with HbAT87Q and reinfused it into
Genetic Clinics 2018 | July - September | Vol 11 | Issue 3
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the patients (sponsored by Bluebird Bio). Correction of biologic markers of dyserythropoiesis
was achieved in evaluated patients and their
hemoglobin levels were in near-normal ranges.
Out of the 22 patients treated, 15 patients who
had severe symptoms no longer required monthly
blood transfusions. There was a decrease in the
number and volume of transfusions required for
the rest of the patients. This study provides hope
for patients with thalassemia as it has the potential
to provide them a life free of blood transfusion.

Childhood leukemia and adult large Bcell lymphoma: CART therapy (Ruella &
Kenderian, 2017)
Food and Drug Administration (FDA) approved a
therapy in August 2017, which works for both
childhood leukemia and for adult large B-cell
lymphoma. This therapy was named as “CART
therapy” (Chimeric antigen receptor T cells) which
works by genetically modifying a patient’s own
blood cells to turn them into cancer killers. The
only limitation was that it required patient-specific
manufacturing. The University of Pennsylvaniadesigned CD19-directed CART cell therapy (Kymriah
- Tisagenlecleucel) became the first CART therapy
for acute lymphoblastic leukemia. Two months
after Kymirah, FDA approved another cutting-edge
immunotherapy to treat aggressive non-Hodgkin
lymphoma in adults. This therapy was named as
Yescarta (Axicabtagene ciloleucel). A patient’s T
cells are extracted and genetically engineered to
produce specific T cell receptors. The resulting
CARTs direct the T cells to target and kill cancer
cells with a specific antigen on their surface. The
genetically modified cells are then infused back into
the patient. This therapy carries a risk of cytokine
release syndrome and neurological toxicities.
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Luxturna: Ray of hope to end darkness
(Dias et al., 2018)
In December 2017, FDA approved another gene
therapy for treating a rare inherited form of blindness (Leber congenital amaurosis), a condition
that is caused by biallelic mutations in RPE65
gene. Spark Therapeutics (manufacturer) brought
out this first in vivo gene therapy and named it
Luxturna (Voretigene neparvovec). Luxturna is an
Adeno-associated virus (AAV2) vector containing
human RPE65 cDNA with a modified Kozak sequence. This therapy is not exactly a treatment
of blindness but it improves the vision in treated
patients. The basic concept was to deliver the
corrected copy of the gene RPE65 to retinal cells.
It has the potential to achieve definitive treatment
by replacing or silencing the causative gene and to
produce the deficient enzyme. Luxturna is the first
ocular gene therapy approved in the US to directly
target mutations in one specific gene.

Gene therapy:

Regeneration of skin

(Hirsch et al., 2017)
Hirsch et al. have published a study wherein an
entire, fully functional epidermis was regenerated
in a seven-year-old child with severe junctional epidermolysis bullosa through autologous transgenic

keratinocyte cultures. The child had a homozygous
acceptor splice site mutation (IVS 14-1G> A) in
intron 14 of the LAMB3 gene. Skin biopsy was
performed on a part of the child’s body that wasn’t
blistered, skin stem cells were isolated from the
biopsy tissue and normal copies of the LAMB3
gene were introduced into the cells. These cells
were then grown into small sheets and were
transplanted back onto the patient. This study
paves the way for further gene therapy for other
genodermatoses.
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Announcement
5 th National Conference of the
Indian Society of Inborn Errors of Metabolism (ISIEM)
Theme: Advances in Diagnosis and Therapies of IEMs
At
The Grand Sheraton, PUNE, India
From 18th to 20th January 2019
Contact: isiempune2019@gmail.com
For details: http://www.isiem.org/
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Manchester Dysmorphology Course 2018
Letter to the Editor
Sent by: Dr Dhanya Lakshmi N

Email: dhanyalakshmi@gmail.com

Dear Editor,
This letter is about the Manchester Dysmorphology Course, which I attended this year, from
April 17-19, in Manchester, United Kingdom. This
course is conducted by Dr Dian Donnai, Dr Jill
Clayton Smith, Dr Sofia Douzgou and Dr Siddharth
Banka at the Manchester Centre for Genomic
Medicine. It is meant for clinicians with special
interest in Genetics, who are either trainees or
in the early phase of their careers. Dr Dian
Donnai, Emeritus Professor and Clinical Head at
Manchester University Hospital, started this course
in 1984, as a biennial event titled ‘Manchester
Dysmorphology Conference Series’. Currently, the
course, which is usually held in April every year, is
co-sponsored by the European Society of Human
Genetics (ESHG) and ERN- ITHACA (European Reference Network on Rare Congenital Malformations
and Rare Intellectual Disability) and scholarships
are available for clinical geneticists with genuine
interest in dysmorphology. The details regarding
the course date and the deadline for application of
scholarships will be available on the ESHG website

every year. The nominal course fee is inclusive of
stay, meals and transport to and from the venue.
This year, a total of 52 delegates from 26 countries attended the meeting. There were lectures,
workshops and case presentations spread over
two and a half days, which enabled the participants
to improve their understanding of the diagnosis,
evaluation and management of dysmorphic syndromes. Some of the lectures, which I found
interesting, were on dysmorphology of brain, chromatin remodeling disorders, autoinflammatory
syndromes and clefting syndromes. There were
exciting quiz programs on limb anomalies and nail
and hair as diagnostic clues. One of the highlights
of the course was, ‘case presentation by participants’, where the participants got an opportunity
to present rare, undiagnosed, interesting case histories and seek the opinion of experts. Listening
to the lectures and presentations by the stalwarts
in the field of dysmorphology was a great learning
experience. The meeting also helped in interacting
with like-minded individuals and building networks
with others in the field.

Join SIAMG
http://iamg.in/members.html

Submit cases for opinion to SIAMG
http://iamg.in/New_Cases_For_Opinion_2018/New_Cases

Submit your article to Genetic Clinics
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PhotoQuiz

PhotoQuiz - 41
Contributed by: Lakshmi Priya, Anju Shukla
Department of Medical Genetics, Kasturba Medical College, Manipal
Correspondence to: Dr Anju Shukla. Email: anju.shukla@manipal.edu

This 11 years old girl presented with facial dysmorphism, mild intellectual disability, and
behavioral abnormalities including attention deﬁcit disorder and disinhibition. Identify
the condition.
Please send your responses to editor@iamg.in
Or go to http://iamg.in/genetic_clinics/photoquiz_answers.php
to submit your answer.

Answer to PhotoQuiz 40
Fibrodysplasia Ossiﬁcans Progressiva (OMIM # 135100)
Fibrodysplasia ossiﬁcans progressiva is a rare disorder characterized by progressive ectopic
ossiﬁcation of skeletal muscles, tendons, fascia and ligaments. Aﬀected individuals also have short,
usually monophalangic, great toes with hallux valgus deformity. Soft tissue injury can trigger the
occurrence of new swellings; therefore biopsy, intramuscular injections and rigorous physiotherapy
are contraindicated in aﬀected individuals. It is an autosomal dominant disorder caused by
mutation in the ACVR1 gene and majority of the cases occur due to a de novo mutation.
Correct Responses Were Given By:
1. Suvarna Magar, Aurangabad
2. Poonam Singh Gambhir, Kanpur
3. Kanika Singh, New Delhi
4. Jayarekha Raja, Chennai
5. Alka Ekbote, Aurangabad
6. Divya Agarwal, Gurgaon
7. Sarah Bailur, Hyderabad
8. Beena Suresh, Chennai
9. Mohandas Nair, Calicut
10. Ravi Goyal, Kota
11. Ravneet Kaur, New Delhi
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GeNeEvent - Third South Asia and Nineteenth Asia LSD
Symposium 2018
20 - 22 April, 2018

The 3rd South Asia and 19th Asia LSD Symposium 2018 was organized from 20th – 22nd April, 2018 in
New Delhi by the Indian Society of Inborn Errors of Metabolism (ISIEM) and Society for Indian Academy of
Medical Genetics (SIAMG), supported by Sanofi Genzyme, on the theme - ‘Joining Hands to Care for the Rare’.
The symposium focussed on latest research on current trends, management and advances in the
therapeutic area of lysosomal storage disorders (LSDs), especially Gaucher, Pompe and Fabry diseases
and Mucopolysaccharidoses. The scientific sessions at the symposium included the expertise of Dr. Pram
Mistry (Professor of Gastroenterology and eminent global expert on Gaucher disease, from Yale University,
USA), Dr Priya Kishnani (Professor of Genetics and world-renowned expert on Pompe disease, from Duke
University, USA), and many distinguished physicians from across the South East Asian region including
India, Korea, Thailand and Philippines. Additionally, satellite symposiums on Gaucher, Fabry and Pompe
diseases were organized to encourage and envision multidisciplinary and inter-departmental collaboration
in the management of rare diseases. Case presentations were made by neurologists, haematologists,
gastroenterologists and nephrologists, putting forward their views and experiences in the management of
LSDs. There were poster presentations by young geneticists from different parts of South Asia. Amongst
the highlights of the symposium were the personal experiences shared by patients and families with rare
diseases.
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GeNeEvent - Second Conference on Recent Advances in Rare
Diseases (RARD)
3 - 5 May, 2018

The 2nd conference in the series Recent Advances in Rare Diseases – RARD: Frequently Misdiagnosed
Hereditary Disorders (FREMIDIS) – Multidisciplinary Translational Research Affects Global Clinical Impact,
took place in New Delhi, India and addressed especially translational processes from the bench to the
patients.
Over a period of three days, from May 3rd until May 5th 2018, at the RARD conference, 200 international
experts, scientists and clinicians from around 50 nations discussed and exchanged experiences, current
research data and addressed the future development of new treatments for rare genetic disorders. RARD
conference helped to provide a network forum where the focus was to transform the worldwide science of
genetic, clinical and R&D data into answers for the patients suffering from rare hereditary diseases. Latest
breakthroughs in genetics research and their applications in medical practice were discussed. Latest
advances in the field of hereditary diseases were also communicated through the numerous posters which
were presented at the conference.
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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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