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Abstract

Background: Oculodentodigital syndrome (ODD; OMIM #164200) is a rare auto-
somal dominant disorder with pleiotropic effects. It is caused by mutation in gap
junction protein o 1 (GJA1) gene which encodes connexion 43. ODD is characteri-
sed by symptoms i.e. craniofacial, neurologic, limb, ocular abnormalities, syndacty-
ly type Il of the hands, phalangeal abnormalities, diffuse skeletal dysplasia, enamel
dysplasia, and hypotrichosis.

Objectives: To study the Molecular Genetics of Oculodentodigital syndrome.

Patients/materials and methods: Our current study includes a Pakistani family af-
fected with ODD. Clinical evaluation revealed that this family shows typical form of
ODD with Syndactyly type Ill. Mutations in GJAT have been reported in ODD and
also in syndactyly type Ill. In this study we sequenced the coding exons of GJA1 ge-
ne in affected and normal individuals of the family for mutation detection.

Results: Direct sequencing of the affected individuals showed a mutation at the nuc-
leotide position 389 T>C. This mutation changed the codon 130 from Isoleucine to
Threonine. Normal family members did not show this mutation.

Conclusion: Our study showed no gross neurological upset with 1130T mutation in
GJA1 gene. This may present novel phenotypic outcome with the 1130T. The study
will help in better understanding of pathophysiology of oculodentodigital syndrome
and type lll syndactyly. (/ Dermatol Case Rep. 2012; 6(2): 43-48)

Introduction

The pupil may be eccentric. Bilateral complete syndactyly
of the fourth and fifth fingers (type Ill syndactyly) is the cha-
racteristic digital malformation. The third finger may also

Oculodentodigital Syndrome (ODD)

Oculodentodigital syndrome (ODD) is a rare autosomal-
dominant congenital abnormality. It was first recognised in
1920 by Lohmann' and is characterized by developmental
abnormalities of the craniofacial, ocular, neurological and limbs.

Characteristic facial features include a narrow, pinched
nose with hypoplastic alae nasi, prominent columella and
thin anteverted nares together with a narrow nasal bridge,
and prominent epicanthic folds giving the impression of hy-
pertelorism.? The hair may be thin and sparse, the teeth
small and carious, and the head circumference somewhat
reduced. Eye defects consist of microcornea, iris anomalies,
and in some cases secondary glaucoma, small palpebral fis-
sures, persistent pupillary membrane, and microphthalmos.

occasionally be involved and associated comptodactyly is a
common finding.>*

Genetics of ODD

Mostly ODD shows autosomal dominant mode of inhe-
ritance but recessive form of ODD has also been reported.>®

A number of studies have confirmed that ODD caused
by mutations in the gap junction protein alpha-1 (GJA1),
mapped to chromosomal region 6¢22-g23, which codes for
the gap junction protein connexin 43 (Cx43).” These fin-
dings have been further evaluated extensively which detail
that pleiotropic feature in ODD results from GJAT muta-
tions.'0-1
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The GJAT1 is composed of two exons with an intervening
intron 11 kb in size. The mRNA sequence contains 191 bp
of the first exon, which is untranslated. The second exon
consists of 16 bp of additional 5’untranslated sequence,
1,149 bp of coding sequence, and ™~ 1,732 bp of 3’untran-
slated sequence.

Syndactyly

Syndactyly can be simple or complex: In simple syndac-
tyly, adjacent fingers or toes are joined by soft tissue where
in complex syndactyly; the bones of adjacent digits are fu-
sed. Furthermore, syndactyly can be complete or incomple-
te: In complete syndactyly, the skin is joined all the way to
the tip of the finger, where as in incomplete syndactyly; the
skin is only joined part of the distance to the fingertip.

Genetics of Syndactyly

Five types of syndactyly have been identified in humans.'®
The corresponding loci associated with these types and
their common phenotype expression is as follows:

Type I: 2q34-g36;16 webbing occurs between middle
and ring fingers and/or second and third toes.

Type II: 2g31; 17 also involves long and ring fingers,
but has a sixth finger merged in between.

Type llI: 6g21-q23; small finger is merged into the ring
finger.
Type IV: 7q36; 18 involves all fingers and/or toes.

Type V: 2q31-q32; similar to type I, but the metacar-
pals and metatarsals may also be fused.

In syndactyly type Ill, which is often clusters with ODD,
there is usually complete and bilateral syndactyly between
the fourth and fifth fingers. Usually it is soft tissue syndac-
tyly but occasionally the distal phalanges are fused. The fifth
finger is short with absent or rudimentary middle phalanx.
The feet are not affected.

Syndactyly type Il is caused by mutation in the GJA1 ge-
ne. Syndactyly type Ill is the characteristic digital anomaly
in oculodentodigital dysplasia which is also caused by mu-
tation in the GJA1 gene.'®

Our current study comprises of a Pakistani family affec-
ted with autosomal dominant ODD. Clinical evaluation re-
vealed that this family shows typical form of ODD with syn-
dactyly type 3; the skin and distal phalanges of fourth and
fifth or third, fourth and fifth fingers are fused, thin nose,
prominent nose bridge, diastema and voice stuttering. GJAT
gene was sequenced for its coding exon 2 to identify the
mutation.

Materials and methods

Subjects and Methods

Subjects

A consanguineous family with autosomal dominant ODD
with syndactyly type Il was collected after taking consent
of the family, from remote area of Punjab, Pakistan. Out of
21 family members, 12 members; six affected (1I-3, 11I-12, IlI-
5, l1I-8, 11I-9, and 1lI-1) and six normal subjects (II-7, 1I-2, 11-8,
l1I-7, 1-2, and IlI-4) were available for clinical and genetic eva-
luations (Fig. 1). All affected subjects have thin nose, prominent
nose bridge, diastema (Fig. 2) and mild stuttering in speech.
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Pedigree of family with Occulodentodigitalsyndrome (ODD) with Syndactyly type IlI; Circles represent females and squares
represent males. Filled circles and squares represent affected individuals. Double lines indicate consanguineous marriages.

Cross lines on the symbol represent deceased Individuals.
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Figure 2. Facial features of ODD with syndactyly type Ill Pakistani family. Pedigree number II:3, Ill:5 and I1l:6.

e

Figure 3. Hands features and its X-ray views of ODD with syndactyly type Il Pakistani family. Pedigree number IlI:5 and Ill:1.
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There was cutaneous fusion either between the fourth and
fifth finger and webbing of third, fourth and fifth finger along
with the fusion of distal phalanges as shown in X-ray finding
(Fig. 3).

Methods

This study was approved by Ethical review board and In-
stitutional Board of Study of Institute of Biomedical and Ge-
netic Engineering and International Islamic University, Isla-
mabad respectively.

DNA from peripheral blood lymphocytes of 12 members of
the family was extracted using Phenol-Choloroform-Isoamy-
lalcohal method.?® Exon 1 and 2 of GJA1 were amplified for
the pedigree members in 10 uL final volume using following
PCR conditions: 1X PCR buffer (Fermentas), 0.2mM dNTPs
(Fermentas), 0.2 U Taq (Fermentas), 1 nM forward and re-
verse primers, 6ng DNA as template. PCR was performed
at initial melting at 94°C for 4 min, 35 cycles each consisting
of (i) melting at 94°C for 45 sec, (ii) annealing at 55°C for
45 sec, (iii) extension at 72°C for 45 sec and final extension
for 10 min at 72°C.
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Figure 4. Sequence of patient and normal individual.
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PCR products were run on 2% w/v agarose gel at constant
power supply of 200 volts for 35 minutes. The gel was ana-
lyzed in gel documentation system (syngene, Cambridge, UK).

Direct sequencing of the PCR product for GJA1 exons am-
plified in patient and normal members of the pedigree was
done in 3130 Genetic Analyzer. (Applied Biosystems).

Results and Discussion

We found autosomal dominant mutation in GJA1 exon 2
at nucleotide position 389 T>C (Fig. 4). This mutation re-
sulted in change of 1130T (ATT—ACT). This mutation did
not appear in unaffected members of the family. Isoleucine
at codon 130 position is present in the cytoplasmic doma-
in of the GJA1 protein. This change has changed the isoleu-
cine, a hydrophobic amino acid, to the threonine which is
polar. This mutation in GJA1 gene resulted in the formation
of an aberrant gap junction protein which was responsible
for syndactyly and ODD in the family under study. Other
mutations have been reported in GJA1 gene for ODD and
Syndactyly in white families. This shows that this disorder
is mostly present in families of white origin. Although mu-
tation reported in this study has been reported by Paznekas
et al. in 2003 in a white family.? As neurological symptoms
often cluster with the other salient phenotypic features of
the ODD; this white family had neurologic symptoms with
white matter degeneration. But we are reporting the first
ODD family with syndactyly type 11l from Pakistan. This fa-
mily did not show any neurological disorder in any indivi-
dual of age from 18 to 56 years in any generation. This mi-
ght present a novel phenotype including no gross neurolo-
gical ailment with the 1130T mutation in GJA 1 gene. Pre-
vious families with the similar mutation; reported by Pazne-
kas et al. and Amador et al. showed a wide range of neuro-
logical dysfunction®2° ODD observed in the family shows
typical feature i.e. partial webbing of third and fourth or
webbing of third, fourth and fifth fingers, thin nose, promi-
nent nose bridge, diastema and minor stuttering. Moreover
it should be noted that the typical features of ODD segre-
gate with the mutation in the entire affected individuals of
the family (Fig. 2 and 3).

Previously Richardson et al. in 2004 reported occuloden-
todigital syndrome (ODD) due to mutation R33X in the trans-
membrane domain of GJA 1 in a family of Pakistani origin.®
This finding showed the autosomal recessive inheritance of
ODD. In another finding by Malik et al. showed no linkage
of the anomaly to chromosomal regions 2q34-q36, 2q31,
and 6g22-g23 encompassing loci for syndactyly types I, II,
and 11127 No case of ODD has been reported from Pakistan
before our current report.

The symptoms of the family reported in this study are
quite variable than the symptoms already reported for ODD
due to 1130T mutation. Since neurological abnormalities do
not always accompany ODD as we reported in this study.
But in cases where it happens along with mutation at the si-
milar location in GJA1 gene, prospective study needs to find
the exact molecular mechanism to isolate or combine neu-
ropatholgical manifestations in ODD.
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