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Abstract
Project code: BRG44-8-0018
Project Title: Clinical and Molecular Genetics Research
Investigators: Dr. Piranit Kantaputra
Department of Pediatric Dentistry, Faculty of Dentistry, Chiang Mai University

Email: dnpdi001@chiangmai.ac.th

Project Period: May 15, 2001-August 31, 2005
This research project supported by TRF has produced 18 publications in the

international journals. The reprints of the articles are enclosed in this final

report.

aper 1: Laurin-Sandrow syndrome with additional associated
manifestations. Am J Med Genet 2001;98:210-215.
Kantaputra PN.
A Thai man with Laurin-Sandrow syndrome (LSS, MIM 135750), the ninth
reported case, is described. He had an underdeveloped nasal boni,. scar-like

seams under the nose, large heads of mandibular condyles, and
brachymesophalangy of toes as newly observed findings of the syndrome. He
also had mental retardation. The patient had duplication of ulna, with
triphalangeal thumbs, and polydactyly of one finger. The triphalangeal thumbs
were non-opposable. Carpal bones were malformed. Mirror image polydactyly
of the toes was present. There were nine toes on the right and eight on the
left. Joint abnormalities were observed at his elbows, wrists, knees, ankles,
fingers, and toes. Synostosis of severely malformed tarsal bones was noted.
This appears to be the first case of LSS with anomalies not limited to the nose
and limbs. The relationship between LSS, tibial hemimelia-polysyndactyly-
triphalangeal thumbs syndrome, triphalangeal thumb-polysyndactyly
syndrome, preaxial polydactyly types 2 and 3, and Haas-type syndactyly is
discussed.
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Paper 2: “Ment al retardation, obesity, mandibular prognathism with eye and
skin anomalies (MOMES syndrome): A Newly recognized autosomal recessive
syndrome.

Am J Med Genet 103:283-288, 2001.

We report two daughters of a Thai family affected with mental retardation,
delayed speech, obesity, craniofacial manifestations, and ocular anomalies.
Craniofacial manifestations included macrocephaly, maxillary hypoplasia,
mandibular prognathism, and crowding of teeth. Ocular anomalies consisted
of blepharophimosis, blepharoptosis, decreased visual acuity, abducens palsy,
hyperopic astigmatism, and accommodative esotropia. Chronic atopic
dermatitis, lateral deviation of the great toes, and cone-shaped epiphyses of
the toes were observed. The disorder is suggested to be autosomal recessive.
The combination of findings found in our patients has not hitherto been
described.

It has been recognized as a “NEW” syndrome in Online Mendelian Inheritance in
Man (OMIM).

3aper-3:  Cryptophthalmos, dental * and oral  abnormalities, and

brachymesophalangy of second toes: New syndrome or Fraser syndro‘r‘;e?

Am J Med Genet 2001;98:263-268.

Kantaputra P, Eiumtrakul P, Matin T, Opastirakul S, Visrutaratna P, Mevate
u.

We report on an 8-year-old Thai girl with bilateral complete cryptophthalmos,
facial asymmetry, delayed bone age, brachymesophalangy and medial
deviation of the second toes, and dental anomalies. The dental anomalies
consist of delayed dental development, congenital absence of the second
premolars, microdontia of the deciduous molars. A fibrous band of the buccal
mucosa was found. Dental anomalies are rare among patients with Fraser
syndrome. They have not been reported in either isolated or other syndromic
cryptophthalmos. The oral manifestations and brachymesophalangy of the
second toes found in our patient may represent newly recognized findings
associated with cryptophthaimos or they may represent a newly recognized
syndrome.
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Paper 4: Digital dysmorphism with craniofacial and other new associated
abnormalitites”

Clinical Dysmorphology 2001;10:171-175.

Kantaputra PN, Chalidapong P, Visrutaratna P.

We report digitotalar dysmorphism in a grandfather, father, and a daughter. Ali
the affected members had clasped thumbs. The father had a short stature,
large zygomatic arch and a flat mandibular condyle. The newly recognized
findings found in the affected girl were large maxillary deciduous central
incisors, a short proximal phalanx of the second finger, and a large
subcutaneous hemangioma of the back. Her paternal grandfather had only
congenital clasped thumbs. Congenital clasped thumb is a very
heterogeneous anomaly and related to many syndromes. The findings in the
reported family which are consistent with digitotalar dysmorphism, include
congenital clasped thumbs, ulnar deviation of fingers, and a congenital
vertical tali.

Paper’5:  Dentinogenesis imperfecta-associated syndromes.
Am J Med Genet 2001:104:75-78.

Kantaputra PN

This paper reviews the conditions that are related to dentinogenesis

imperfecta.

Paper 6: A newly recognized syndrome of skeletal dysplasia with
opalescent and rootless teeth.

Oral Surg Oral Med Oral Pathol Oral Radiol Endod. 2001 Sep;92(3):303-7.
Kantaputra PN.

A Thai girl with skeletal dysplasia and dental anomalies was seen. Her
anomalies consisted of disproportionately short stature, short neck, broad and
depressed nasal bridge, broad chest in the anteroposterior dimension,
kyphosis, widely spaced nipples, and protruded abdomen. Radiographic
testing indicated that she had a large sella turcica, platyspondyly, hypoplastic
acetabulum, and a small body of mandible. Both her deciduous and
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permanent teeth were equally opalescent, and most were rootless, with root
development of the mandibular teeth more severely affected. Some maxillary
roots were extremely short and tapered. Hypodontia was also observed.
These findings represent a unique and hitherto undescribed syndrome of
skeletal dysplasia with concomitant dental anomalies.

Paper 7: Van der Woude syndrome with sensorineural hearing loss, large
craniofacial sinuses, dental pulp stones, and minor limb anomalies: Report of a
four-generation Thai family

Am J Med Genet 108:275-280, 2002

Kantaputra PN, Sumitsawan Y,\Schutte BC, Tochareontanaphol C.

A four-generation Thai family affected with Van der Woude syndrome is
reported. The disorder appeared to be originally inherited from a person who
was half Thai and half Pakistani. The lip lesions found in this family were
varied and did not appear to be related to other phenotypes. There were
some clinical manifestations possibly specific for the condition in this family.
They included sensorineural hearing loss, prominent frontal bone, large
frontal/sphencidal/maxillary sinuses with increased mastoid air cells, long
tooth roots, dental pulp stones, ankyloglossia, brachydactyT;/' of hands,
brachyphalangy, and hyperphalangy of toes, and single flexion crease of the
fifth fingers. Fluorescence in situ hybridization analysis revealed no visible
deletion at a 1932-41 region.

Faper 8: A Thai mother and son with distal symphalangism, hypoplastic carpal

bones, microdontia, dental pulp stones, and narrowing of zygomatic arch: A new
distal symphalangism syndrome?

Am J Med Genet 109:56-60, 2002

Kantaputra PN, Kinoshita A, Limwonges C, Praditsup O, Niikawa N.

A Thai mother and son with distal symphalangism and other associated
abnormalities are reported. Distal and middle phalanges of fingers and toes 2-
5 were either aplastic/hypoplastic or fused between the corresponding digits.
The second fingers and fourth fingernails were most severely affected in both
patients. The mother's hands were less severely affected; the middle and
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distal phalanges of her hands were malformed and fused. Besides the
absence of fusion lines, the shape of the fused middle and distal phalanges
was quite different from that of other types of fusion, i.e., fused bones in both
patients did not maintain the normal configuration of bone, referring to as
"middle-distal phalangeal complex". Distal symphalangism was observed in
toes 2-5 of the mother and in toe 3 of the son. Both patients had additional
clinical manifestations such as narrowing of the zygomatic arch, dental pulp
stone, microdontia of a mandibular permanent central incisor, cone-shaped
epiphyses of middle phalanges of fingers, and absence of scaphoid,
trapezium, trapezoid, and pisiform bones. Mutation analysis of NOG and
ROR?2, the genes responsible for proximal symphalangism and brachydactyly
type B, respectively, was negative.

It has been recognized as a “NEW” syndrome in Online Medelian Inheritance in Man
(OMIM),

aper 9: A dominantly inherited malformation syndrome with short stature,

upper limb anomaly, minor craniofacial anomalies, and absence of TBX5
mutations: Report of a Thai family

Am ] Med Genet 2002;111:301-306.

Kantaputra PN, Yamasaki K, Ishida T, Kishino T, Niikawa N.

We report on a Thai family with dominantly inherited maiformation syndrome
with upper limb anomalies, short stature, quadricuspid aortic valve, and minor
craniofacial anomalies. The affected individuals comprised a mildly affected
mother, a moderately affected daughter, and a most severely affected son.
The daughter and son had short stature. The craniofacial abnormalities
comprised frontal bossing, hypoplastic nasal bones, depressed nasal bridge,
and broad nasal alae. The upper limb defects varies among the patients,
ranging from radial ray defects in the mother through radial and uinar ray
defects with unilateral humeral hypoplasia in the daughter to radial ray defects
with severe oligodactyly and bilateral humeral hypoplasia in the son. All
patients in this family had hypoplasia of the shoulder girdle and resembled
what is observed in many families with Holt-Oram syndrome. Moreover, the
son showed quadricuspid aortic valve with mild aortic regurgitation. However,
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the present family did not show any mutation of the TBX5 gene, a disease-
causing gene of Holt-Oram syndrome. The present family deserves further
investigation on other genes that play a role in the development of the upper
limbs, particularly of radial rays.

Paper 10: Apparently new osteodysplastic and primordial short stature
with microdontia, opalescent teeth, and rootless molars in two siblings.
Am J Med Genet 2002;111:420-428.

Kantaputra PN

A Thai man and his sister affected with a newly recognized syndrome of
proportionate primordial short stature are reported. The patients had severe
intrauterine and postnatal growth retardation, prominent nose and nasal
bridge, small pinnae, large sella turcica, areas of hypo- and
hyperpigmentation of skin, dry and thin scalp hair, and long and straight
clavicles. Ivory epiphyses and cone-shaped epiphyses of the hands were
found when they were young, but most of them disappeared as they grew up.
Scaphoid and trapezium had angular-appearance. The second toes were
unusually long. Distal symphalangism of toes and barchymesoﬁhalangy of
fingers were noted. The findings that appear.to distinguish this syndrome from
the previously reported syndromes are long second toes, opalescent and
rootless teeth, severe microdontia, severely hypoplastic alveolar process, and
unerupted tooth. The mode of inheritance is suspected to be autosomal
recessive.

Polydactyly, Dysplastic Ears, Dental Anomalies, and Exclusion of NOG and
GDF5 genes.

Am J Med Genet 120A:381-385, 2003

Kantaputra PN, Pongprot Y, Praditsap O, Pho-iam T, Limwongse C.

A Thai girl with a unique combination of limb and craniofacial anomalies is

reported. Manifestations include blepharoptosis; prominent nose; hypodontia;
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multiple, hyperplastic frenula; and dysplastic ears. Limb anomalies include
short stature, postaxial polydactyly of both hands and the left foot, proximal
and distal symphalangism of fingers, and congenital absence of the distal
phalanges of toes 2-5. Mutation analyses of NOG and GDF5, the genes
responsible for symphalangism-related syndromes, were negative.
Collaborated with Molecular Genetic Unit, Siriraj Hospital Medical School.

This has been considered a new syndrome by OMIM. It has been recognized as “Thai
Symphalangism Syndrome”

Paper 12: Thyroid Dysfunction in a Patient with Aglossia.

Am ] Med Genet 122A:274-277, 2003.

Kantaputra P, Tanpaiboon P.

We report a Thai girl who had aglossia, micrognathia, microsomia, collapse of
mandibular arch, persistence of buccopharyngeal membrane, microcephaly,
and mild developmental delay. Thyroid function tests indicated that she had
subclinical hypothyroidism. Thyroid scan revealed normal uptake of the whole
thyroid gland. Tongue morphogenesis is integrally linked to the normal
development of thyroid gland, and abnormal tongue morphogenesis could
potentially result in a functional thyroid disorder. We p?c?pose that
micrognathia, microsomia, congenital absence of mandibular incisors, and
collapse of the mandibular arch are the result of abnormal tongue
development. '

aper 13; Heterozygous mutation in the SAM domain of p63 underlies
Rapp-Hodgkin ectodermal dysplasia.

J Dent Res. 2003 Jun;82(6):433-7.

Kantaputra PN, Hamada T, Kumchai T, McGrath JA.

Several ectodermal dysplasia syndromes, including Ectrodactyly-Ectodermal
dysplasia-Clefting (EEC) and Ankyloblepharon-Ectodermal Dysplasia-Clefting
(AEC) syndromes, are known to result from mutations in the p63 gene. We
investigated whether Rapp-Hodgkin syndrome (RHS) is also caused by
mutations in the p63 gene. We identified a heterozygous de novo germiine
missense mutation, S545P, in the sterile-alpha-motif (SAM) domain of p63, in
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a Thai patient affected with RHS. This is the first genetic abnormality to be
described in RHS. The amino acid substitution is the most downstream
missense mutation in p63 reported thus far. Histological assessment of a skin
biopsy from the patient's palm showed hyperkeratosis and keratinocyte cell-
cell detachment in the upper layers of the epidermis, along with numerous
apoptotic keratinocytes. Collectively, these investigations demonstrate that
RHS is also caused by mutations in p63 and that the clinical similarities to
AEC syndrome are paralleled by the nature of the inherent mutation.

We were the first group who found the gene responsible for Rapp-Hodgkin
Ectodermal Dysplasia.

Type (MDK), and comments on the paper of the second reported family of
MDK by Shears et al. (Invited Comments)

Am J Med Genet 2004;128A:1-5.

Kantaputra PN.

This is the 13-year-follow up report on Mesomelic dysplasia, Kantaputra type.
It was the genetic bone disorder | discovered 13 years ago in Chi‘;ng Mai.
Recently there have been reports of this syndrome in The Holland and
England. '

Paper 15: Microcephalic Osteodysplastic Primordial Dwarfism with
severe microdontia and skin anomalies: Confirmation of a New
Syndrome.

Am J Med Genet 2004;130A:181-190.

Kantaputra PN, Tanpaiboon P, Unachak K, Praphanphoj V.

We report two related Thai children having a new syndrome of microcephalic
osteodysplastic primordial dwarfism (MOPD). The findings which classify
them as having MOPD include IUGR, microcephaly, prominent nose and
nasai bridge, small pinnae, short stature, cone-shaped and ivory-epiphyses,
delayed bone age, slender long bones, and abnormal pelvis. The findings that

distinguish them as having newly recognized syndrome consist of severe
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microdontia, malformed teeth, single-rooted or rootless teeth, severely
hypoplastic alveclar bone, cafe au lait spots, acanthosis nigricans, and areas
of hypo- and hyperpigmented skin. The reported patients appear to have the
same condition as the family reported by Kantaputra [2002: Am J Med Genet
111:420-428).

Paper

large craniofacial sinuses, and limb anomalies in Vna der Woude
syndrome patients.

Oral Biosci Med 2004;1:277-282.

Kantaputra PN, Limwongse C, Assawamakin A, Praditsap O, Kemaleelakul U,
Miedzybrodzka ZH, Kondo S, Schutte B.

Van der Woude (VWS) and popliteal pterygium syndromes are caused by
mutations in the interferon regulatory factor (/IRF6) gene. Two Thai VWS
families demonstrating newly recognized findings of VWS are reported. The
phenotype in the first family includes sensorineural hearing loss, cleft lip and
palate, lower lip anomalies, ankyloglossia, hypodontia, dental pulp stones,
large craniofacial sinuses, and limb anomalies. Molecular anal?sis of IRF6
revealed an 11 bp deletion in exon 4. This frameshift mutation truncates IRF6
just after the DNA binding domain. The mutation implies°that IRF& can affect
dental pulp calcification, pneumatization of craniofacial sinuses, and ear and
limb development. The second family consists of an affected brother and
sister. Both have lower lip anomalies and the sister has cleft lip and palate.
Interstingly, both have abnormal shape of the mandibular deciduous and
permanent molars. Mutation analysis of /IRF6 was negative, suggesting that

the mutations may be located outside of the coding exons or in other loci.

per17: A newly recognized syndrome involving limbs, pelvis, and

genital organs or a variant of Al-Awadi/Raas-Rothschild syndrome?
Am J Med Genet 2005;132:63-67.
Kantaputra PN, Tanpaiboon P.
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We report on a 3-year-old Thai boy with limb, pelvic, and genital
malformations. The combination of findings found in this patient is similar to
that of Al-Awadi/Raas-Rothchild syndrome (AARRS) or limb/pelvis
hypoplasia/aplasia syndrome. The upper limbs are more severely affected
than the lower ones. Unlike that of AARRS, the radial ray is more severely
affected than the ulnar ray. The presence of humeroulnar synostosis and
humero-ulnar-radial synostosis and the absence of a radius distinguishes it
from AARRS. The similarities and dissimilarities between the features in the
present patient and other limb-pelvic hypoplasia/aplasia syndromes are
discussed. The findings in this group of patients appear to demonstrate limb-
pelvis-genital organ developmental field defects.

daper 18: Response to: Microcephalic osteodysplastic primordial

dwarfism with severe microdontia and skin anomalies by Dr. Judith Hall.
Am J Med Genet 130:181-190.
Kantaputra PN. and Tanpaiboon P.

Introduction & Summary
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With the kind support from The Thailand Research Fund (TRF), we have
discovered 8 new genetic syndromes. We were the first in the world who
found that p63 gene is responsible for causing Rapp-Hodgkin Ectodermal
Dysplasia. We have produced total of 18 international publications.

Output from these Research Projects

1. | have presented the result of the project 5 at The Eleventh Robert J.
Gorlin Conference on Dysmorphology” on the 10™ of October, 2001 at
University of Minnesota.

2. “Apparently new Microcephalic osteodysplastic and primordial short
stature with microdontia, opalescent teeth, and rootless molars in two
sibs.” It was presented at the meeting of International Association of Oral
pathology (IAOP) in Singapore. August 5-8, 2002.

3. The New syndromes of symphalangism were presented at The Twelfth
Robert J. Gorlin Conference on Dysmorphology” on the 13™ of October,
2002 at University of Minnesota.

4. Van der Woude Syndrome project was present at the IADR Southeast
Asian Meeting in Ho Chin Minh, Vietham, September 2003.

5. New syndrome of Microcephalic Osteodysplastic Primordial DWarfism was
presented at The Thailand Dental Faculty Research Meeting in Chiang
Mai October, 2003.

6. The findings from these projects have been presented several times in
teaching lectures at meetings and seminars in Thailand, China, and The
United States of America.

7. The results of these projects have been broadcasted as interviews in radio
programs in Thailand and in the newspaper (1nuiy).

Collaborations

We collaborated with The Molecular Genetics Unit of Siriraj Hospital Medical
School (Dr. Chanin Limwongse) and Craniofacial Genetic Laboratory, School
of Medicine, University of lowa (Prof. Jeff C. Murray and Dr. Brian Schutte).
Collaborating with a Genetic Skin Group at St. John Dermatology Institute,
London (Prof. John A. McGrath), we found the gene and mutation responsible



Clinical and Molecular Genetics Research : #31i5 funzyns unznni 12

for Rapp-Hodgkin Ectodermal Dysplasia. We still have worked with these

great scientists in a few ongoing projects.
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Laurin-Sandrow Syndrome With Additional

Associated Manifestations

Piranit N. Kantaputra*

Department of Pediatric Dentistry, Faculty of Dentistry, Chiang Mai University, Chiang Mai, Thailand

A Thai man with Laurin-Sandrow syndrome
(LSS, MIM 135750), the ninth reported case,
is described. He had an underdeveloped
nasal bone, scar-like seams under the nose,
large heads of mandibular condyles, and
brachymesophalangy of toes as newly
observed findings of the syndrome. He also
had mental retardation. The patient had
duplication of ulna, with triphalangeal
thumbs, and polydactyly of one finger. The
triphalangeal thumbs were non-opposable.
Carpal bones were malformed. Mirror image
polydactyly of the toes was present. There
were nine toes on the right and eight on the
left. Joint abnormalities were observed at
his elbows, wrists, knees, ankles, fingers,
and toes. Synostosis of severely malformed
tarsal bones was noted. This appears to be
the first case of I.SS with anomalies not
limited to the nose and limbs. The relation-
ship between LSS, tibial hemimelia-poly-
syndactyly-triphalangeal thumbs syndro-
me, triphalangeal thumb-polysyndactyly
syndrome, preaxial polydactyly types 2 and
3, and Haas-type syndactyly is discussed.
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INTRODUCTION

Laurin-Sandrow syndrome (LSS, MIM 135750) is a
rare autosomal-dominant disorder characterized by
preaxial polysyndactyly of hands and feet in mirror-
image fashion, congenital absence of the radius and
tibia with duplication of the ulna and fibula (dimelia),
and nasal defects. The nasal defects consist of hypopla-
sia of the nasal alae, columella groove, and incomplete
external nares along the inferior margin {Laurin et al.,
1964; Sandrow et al., 1970; Kogekar et al., 1993; Martin
et al., 1993; Martinez-Frias et al., 1994; Hatchwell and
Dennis, 1996]. Eight cases have been reported [Marti-
nez-Frias et al.,, 1994; OMIM]. The gene responsible for
L3S remains unknown.

Here 1 report a new case of LSS, with previously
unreported findings including mild mental retardation,
an underdeveloped nasal bone, scar-like seams under
the nose, large heads of mandibular condyles, and
brachymesophalangy of thg toes.

CLINICAL REPORT
General Findings

The patient, a cheerful 54-year-old Thai man (Fig.
la), was the only child in a non-consanguineous
marriage. Hig family history was unremarkable. He
was mildly mentally retarded. He appeared older than
his age, and had not been married. The result of
chromogome analysis on the patient was 46,XY. His
evebrows were arched. His alar nasi and nasal bridge
were broad. There were two scar-like seams under his
nose, running from the inferior margin of each nostril to
the upper lip. His mustache hair was found over the
seams of his fibrous tissue. His philtrum was void of
mustache hair (Fig. 1a). Alateral cephalogram revealed
an underdeveloped nasal hone and a large head of the
mandibular condyle (Fig. 1b).

Upper Limbs

The patient’s right hand was in a flexed position, and
its movement was markedly restricted. The mevement
of his elbows and the supination and pronation of his
hands were very limited. His thumbs were triphalan-
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a) The patient with scar-like seams under his nose. Hair on the seams of fibrous tissue. b) Lateral cephalogram shows underdeveloped nasal

Fig. 1.
bone and large head mandjbular condyle, ¢} Triphalangeal thumbs. [nterphealangeal joint abnormality. d) Triphalangeal thumbs, fexion contracture of
fingers and preaxial pelydactyly of a poorly develeped finger medial to the right triphalangeal thumb. Note malformation and missing carpal bones. e)

Duplication of ulna and malformed carpal bones.
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Fig. 1.

{Continued).

geal and opposable. On his right hand he had an
additional poorly developed finger, located radial to the
triphalangeal thumb. All proximal interphalangeal
joints and distal interphalangeal joints of his right
fingers 2 and 3 were flexede (Fig. 1c). A radiograph

revealed the absence of his radin. His ulna was
duplicated. The ulnae, however, did not appear iden-
tical. The scaphoids and lunates were malformed. The
trapezia, triquetrums, and pisiforms were all missing
(Fig. 1d and Fig. 1e). His extra finger contained only a
small and slender proximal phalanx, with a small
round bone proximal to it. The finger’s metacarpal bone
was not evident. Also, there was a dislocation at the
right first metacarpophalangeal jeint. The middle
phalanges of the left first and fifth fingers were short.
And all distal and middle phalanges of the fourth
fingers were tapered distally (Fig. le).

Lower Limbs

His left leg was shorter than his right. His right leg
was slightly bowed. His right knee was dislocated,
causing difficulty in walking. Both of his knees,
especially the right one, had limited extension. His feet
were extremely widened, with evident polydacytyly.
There were nine toes on his right foot and eight toes on

. his left foot. Both of his great toes were ahsent. The toes

in the place of his great toes were triphalangeal, and
similar in morphology to his second toes. His extra toes
were somewhat similar in pairs, according to their

LS

TABLE I. Manifestations of Reported and Present Cases of Laurin-Sandrow Syndrome

Sandrow et al. Martin et al.
[1970] [1993]
Laurin Kogekar Martinez- Hatchwell Pre- Fre-
et al. Dau- et al. Dau Frias et al. and Den> sent quency
Manifestations [1964] Father  ghter [1993] Father ghter {1994] nis [1996] case (M/F!

Gender M M F M M F F F M 5/4
Underdeveloped

nasal bone N N N N Y N N N Y 2/9
Groove collumella N N Y Y Y Y N Y N 5/9
Unfused/groove
nares N Y Y Y N N Y Y N 5/9
Redundant nasal
tissue N N Y Y N N N N N 2/9
Scar-like tissue under
the nose N N N N N N N N Y 1/9
Large head of condyle N N N N N N N N Y 1/9
Restricted elhow Y N Y Y N N N N Y 4/9
Duplication of ulna Y N Y N N N N N Y 3/9
Wrist deformity Y N Y N N Y N N Y 4/9
Number of fingers
(R/L) 6/6 6/6 10/10 6/5 6/6 9/10 515 5/5 8/5
Absence of thumb Y Y Y N N Y Y Y Y 7/9
Mirror hand Y Y Y N N Y N N N 4/9
Complete syndactyly Y Y Y Y Y Y Y Y N 8/9
Knee abnormality Y Y Y Y N Y N N Y 6/9
Short tibia Y N N Y N Y N N Y 4/9
Short fibula N N N Y N N N N Y 2/9
Duplication of fibula A4 N Y N N N N N N 2/9
Pes equinovarus Y Y Y Y N Y N Y N 8/9
Number of toes (R/L)  10/10 NA 10/10 8/9 8/8 10/10 515 817 9/8
Mirror foot Y Y Y Y N Y Y Y b 3/9
Interphalangeal joint
deformity Y Y Y Y N Y Y Y Y 719
Brachymesophalangy
of toes N N N N N N N N Y 1/9
Cryptorchidism N Y N Y N N N N N 2/9

e
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Fig. 2. a) Very large feet with 9 toes on the right and 8 toes on the left. Morphology of the extra toes is similar in pairs. b) Le{t tibia and fibula are thick
and short. Slightly bowed left tibia. Synostoses of malformed tarsal bones. ¢} Large left metatarsals 1 and 3. The most medial leit toe is biphalangeal. Large
right metatarsal 3 and brachymesophalangy of all toes,
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morphology, except for the most medial one on the left
side, which was small, unpaired, and poorly-developed.
Most of his toes had flexion contractures at their
proximal interphalangeal joints (Fig. 2a). The radio-
graphs of his legs and feet were remarkable (Fig. 2b and
Fig. 2¢). His left tibia and fibula were shorter and
thicker than his right ones. His left tibia was slightly
bowed. Dislocation was observed at his left ankle. His
tarsal bones were severely malformed. Synostosis
between his talus, calcaneus, cuboid, and navicular
bones was observed. Two supernumerary cuneiform
bones were found medial to his medial cuneiform bones
(Fig. 2b). There were eight and nine metatarsals of his
left and right feet, respectively. His right metatarsal 3,
and left metatarsals 1 and 3, were larger than others
were. All of his toes were triphalangeal, except for the
most medial one on his left foot, which was biphalan-
geal. This biphalangeal toe did not articulate properly
with its metatarsal. Brachymesophalangy of all of his
toes was noted. The proximal ends of his left fifth
metatarsals were broad (Fig. 2e). :

DISCUSSION

The limb defects of this padient are consistent with
theose of Li33. Anomalies associated with LIS have been
reported to be limited to only the nose and limbs
[Martin et al., 1993; Martinez-Frias et al., 1994]. These
anomalies included a large head of the mandibular
condyle, and mental retardation. Other newly observed
craniofacial manifestations are summarized in Table L.
Brachymesophalangy of toes is a common developmen-
tal variation; but involvement of all toes is a new
finding. All nasal defects in previously reported LSS
patients appeared to involve the median and lateral
nasal process. The present patient did not have the
columella groove, which is a characteristic feature for
LSS. Instead, he had an underdeveloped nasal bone
and scar-like seams under his nose, which may have
developed from the processes.

The patient described is the third reported case of
LSS with duplication of the ulna [Sandrow et al., 1970],
although the ulnae were not identical. Unlike what is
found in the present patient, a duplicated ulna is
usually accompanied by “mirror hand” [Pintilie et al.,
1964; Gropper, 1983]. A duplicated ulna with mirror-
image polydactyly can be induced experimentally in a
Hoxb8 transgenic mouse [Charite et al., 1994]. All
radial-ray carpal bones are usually absent in cases of
radial aplasia, but this is not the case in the present
patient nor in the Hoxb8 transgenic mouse [Charite
et al., 1994].

Mirror-image polydactyly is generally described
where preaxial supernumerary digits are arranged in

descending order of size from a single central Jigit
with the absence of a thumb or a great toe [Temtamy
and McKusick, 1978; Viljeon and Kidson, 1990]. The
supernumerary toes in the present patient were not
arranged in descending order of size; but he was
considered to have mirror-image polydactyly of the

foot, since he had duplicated postaxial digits in the
preaxial side.

It is likely that LSS is related causally to tibial
hemimelia-polysyndactyly-triphatangeal thumb syn-
drome (THPTTS), since a girl with LSS had a father
with characteristic features of THPTTS, although he
was diagnosed as having LSS, The father had postaxial
polvdactyly of his hands and preaxial and postaxial
polysyndactyly of his feet that did not fit the diagnosis
of LSS. Without deep columella grooves at their noses,
this family might have been diagnosed as THPTTS
[Martin et al., 1993]. Balci et al. [1999] reported a large
Turkish family affected with triphalangeal thumb-
polysyndactyly syndrome (TTPS). Interestingly, many
members of this family had short columellae and
depressions of the nose tips [Balei et al.,, 1999]. In
addition, a boy diagnosed as THPTTS with fibular
dimelia, mirror feet, and hands with five digits had a
father with preaxial polydactyly types 2 and 3 (PPD-2/
3), in a large family affected with THPTTS [Vargas et
al., 1995]. A phenotype similar to this boy was described
in a mother and her son |Pfeiffer and Roeskau, 1971].
Complete syndactyly of fingers, with absent thumb or
. Haas-type syndactyly, is the most consistent manifes-
tation of LSS (Table I). This manifestation has been
described in all reported cases, except for the father of
one patient [Sandrow et al., 19701, Complete syndactyly
of fingers is assoclated with THPTTS and TTPS
[Ofodile, 1982; Balci et al., 1999; Kantaputra and
Chalidapong, 2000]. Haas-type syndactyly has been
reported either alone or as a part of other syndromes. It
is probable that Haas-type syndactyly is related
causally to LSS.

The gene for tetramelic mirror-image polydactyly
that is not related to LSS has been mapped to
chromosome 14q13 [Kim et al, 1997, Matsumoto et
al., 1997]. This may imply that mirror polydactyly is
etiologically heterogeneous. The gene responsible for
TTPS, THPTTS, and mirror polydactyly with tibial
hemimelia have been mapped to chromosome 7g36
[Vargas et al., 1998; Balci et al.,, 1999; Heus et al., 1999,
Zguricas et al,, 1999], All these lines of evidence may
indicate that LSS, THPTTS, TTPS, PPD-2/3, and
Haas-type syndactyly are pathogenetically-related to
each other. This hypothesis will be maintained until the
putative gene(s) are identified.
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Mental Retardation, Obesity, Mandibular
Prognathism With Eye and Skin Anomalies
(MOMES Syndrome): A Newly Recognized Autosomal

Recessive Syndrome
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We report two daughters of a Thai family
affected with mental retardation, delayed
speech, obesity, craniofacial manifestations,
and ocular anomalies, Craniofacial manifes-
tations included macrocephaly, maxillary
hypoplasia, mandibular prognathism, and
crowding of teeth. Ocular anomalies con-
sisted of blepharophimosis, blepharoptosis,
decreased visual acuity, abducens palsy,
hyperopic astigmatism, and accommoda-
tive esotropia. Chronic atopic dermatitis,
lateral deviation of the great toes, and cone-
shaped epiphyses of the toes were observed.
The disorder is suggested to be autosomal
recessive. The combination of findings
found in our patients has not hitherto been
described. © 2001 Wiley-Liss, Inc.

KEY WORDS: atopic dermatitis blepharo-
phimosis blepharoptosis
cone-shaped epiphysis hy-
peropic astigmatism; mandi-
bular prognathism; mental
retardation; obesity

INTRODUCTION

The presence of mental retardation, obesity, and
eye abnormalities have been previously described in
a number of syndromes including Bardet-Beidel
syndromes (BBS) [Beales et al., 1997], Laurence-Moon
syndrome [Farag and Teebi, 1988], Cohen syndrome

Grant sponsor: Thailand Research Fund (TRF).

*Correspondence to: Piranit N. Kantaputra, D.D.S., M.5,
Department of Pediatric Dentistry, School of Dentistry, Chiang
Mai University, Chiang Mai 50200, Thailand. E-mail: dnpdi001&-
chiangmai.ac.th

Received 11 August 2000; Accepted 2 July 2001

Published online 20 September 2001; DOI 10.1002/ajmg. 1572

© 2001 Wiley-Liss, Inc.

[Horn et al., 2000; Kivitie-Kallio et al., 2000], Prader-
Willi syndrome [Olander et al.,, 2000}, macrosomia,
obesity, macrocephaly, and ocular abnormalities
(MOMO) syndrome [Moretti-Ferreira et al., 1993,
Zannolli et al., 2000}, and Camera-Marugo-Cohen
syndrome [Lambert et al.,, 1999]. We would like to
report two daughters of a Thai family with similar
clinical manifestations consisting of mental retarda-
tion, obesity, blepharophimosis, blepharoptosis, hype-
ropic astigmatism, abducens palsy, cone-shaped
epiphyses of toes, maxillary hypoplasia, and mandibu-
lar prognathism. To the best of our knowledge, the
combination of these abnormalities has never been
reported before.

CLINICAL REPORT
Patient 1
A 12-year-old Thai girl and her affected younger

' gister (patient 2) came to the Department of Pediatric

Dentistry, Faculty of Dentistry, Chiang Mai University
for the treatment of dental caries (Fig. la,b). She
was the first child in a nonconsanguineous marriage.
Her vounger sister was also affected. Their mother
had a spontaneous abortion of the third pregnancy.
Her birth weight was 3,500 g (> 90th centile). At age
12 years, her height, weight, and occipitofrontal
circumference (OFC) were 148 cm (10-25th centile),
67 kg (>97th centile), and 56 cm (>98th centile]ﬁ
respectively. Body mass index (BMI) was 30.6 kg/m
(z> 95th centile). She was considered obese. Her voice
was hoarse with hyponasal speech.

She was reported to have congenital strabismus with
refractive error. Ophthalmologic examination at age 14
revealed bilateral blepharophimosis and blepharop-
tosis. Her vertical palpebral fissures were 2.5 mm and
3.0 mm of the right and left eyes, respectively. Bilateral
severe blepharophimosis and blepharoptosis were
observed. Right face turning of 30 degrees was
secondary to esotropia of the right eye in primary
position. The angle of esotropia increased in right gaze.
Qcular rotation test revealed marked limitation of
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Fig. L.
strabismus.

abduction of the right eye (0% RE abduction), being
consistent with the finding of right abducens palsy.
The eye movement in other directions was unremark-
able. The anterior and posterior segment of the eves
were unremarkable. Cycloplegic refraction indicated
hyperopic astigmatism. Her best-corrected visual acui-
ties were 6/12 and 6/18 in the right eye and left eyes,
respectively. Interpupillary distance was 47 mm.

Oral examination revealed mandibular prognathism,
notched maxillary permanent central incisors and cro-
wding of maxillary and mandibular incisors. Lingual
or palatal eruption of all permanent lateral incisors due
to space deficiency was noted (Fig. 2a). Lateral cephalo-
graph demonstrated maxillary hypoplasia, mandibular
prognathism, and large sella turcica (Fig. 2¢). Anterior
crosshite, a result of maxillary hypoplasia with man-
dibular prognathism, was observed (Fig. 2a).

Mental retardation was mild. Her 1Q was estimated
at 45 by WIPPSI (Modified Wesckler Preschool and
Primary Scale of Intelligence). Her psychomaotor retar-
dation was apparent at age one year. Walking com-
menced at age 18 months. She spoke single words at

b

a: Patient L at age 13 and patient 2 at age 12. Both are obese and have chubby laces. b: Patient 1 showing hlepharophimosis, blepharoptosis. and

age nine months. Since age two years, she was almost
always rubbing her hands while talking. Menstruation
started at age 12. Her skin was unremarkable. She
went to a school for persons with mental retardation.
Karyotype analysis showed 46 XX, at the 550 band
level.

Patient 2

An 1l-year-old Thai girl, the sister of patient 1, was
seen by us because of having many cavities and
congenital anomalies (Fig. 1a). Her birth weight was
3,450 g (>90th centile). Severe global development
delay with mild autistic and hyperactive behavior was
noted. She did not crawl or walk until age three and a
half vears. At age six years, her IQ was estimated at
15 by WIPPSI, indicating profound mental retardation.
BMI was 22.2 kg/m? (90th centile) and she was consi-
dered at risk of obesity. Delayed speech was noted. She
could communicate intelligibly at age eight. Her height
was 129 cm (75th centile), weight 37 kg (> 97th centile),
and OFC was 53.5 cm (98th centile). Since age five



MOMES Syndrome 285

C

Fig. 2. Crowding of teeth, lingual eruption of the lateral incisors, and antierior crossbite of patient | {a) and patient 2 (b). ¢ and d: Lateral
cephulographs of patient | and patient 2, respectively. Both have maxillary hypoplasia and mandibular prognathism. Note large sella tuveica in patient 1.

years, she frequently had chronic atopic dermatitis, areas of arms and legs (Fig. 3a). The problems became
with signs of erythema, excoriation, lichenification, worse in the summmer. Chronic insect bite reactions and
nodular prurigo lesions, and post-inflammatory hype- nodular prurigoe-like lesions were observed at the skin
and hyperpigmentations around the eves and flexural of her arms and legs (Fig. 3b).
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b

Fig. 3. a: Chronic atopic dermatitis around the eves. b: Chronic inzect
bite reactions with nodular prurige-like lesions. | Color figuwre can be viewed
in the online issue, which is available at www.interscience.wiley.com.j

At age one year, intermittent refractive accommoda-
tive esotropia was noted. Ophthalmologic examination
at age 13 vears revealed an erythematous rash of the
eyelids in both eyes. The width of vertical palpebral
fissure of each eye was 8 mm. The anterior and
posterior segment of the eyes, including retinal find-
ings, were unremarkable. Intermittent esotropia with-
out amblyopia was found. Eye movement was unre-
markable except for having 95% left eye abduction.
Cycloplegic refraction of both eyes demenstrated high
hyperopic astigmatism in both eyes. Telecanthus was
noted with intercanthal distance being 28 mm and
interpupillary distance of 49 mm,

Oral examination revealed severe crowding of max-
illary and mandibular permanent incisors. As a result
of space deficiency, all permanent lateral incisors were
lingually erupted. Severe maxillary and mandibular
anterior crowding was observed. The mandibular
permanent lateral incisors were extracted to relieve
severe crowding and improve oral hygiene. There were
spaces between premolars. Anterior crossbite, a result
of maxillary hypoplasia and mandibular prograthism,
was observed (Fig. 2b,d). Fillings, pit and fissure
sealants, and extraction of teeth were performed under
general anesthesia at age seven. She went to a school

b

Fig. 4. a: Feet of patient 2. Note lateral deviation of the greal toes, b:
Foot radiograph of patient 2. Note cone-shaped epiphyses of toes 2, 3, and |
and lateral deviation of great toe.

for children with mental retardation. Karyotype ana-
lysis showed 46,XX at the 550 band level. Clinically and
radiographically, lateral deviation of the great toes of
both patients was observed. Cone-shaped epiphyses of
toes 2, 3, and 4 bilaterally were found In patient 2
(Fig. 4a,b).
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DISCUSSION

Two daughters of a Thai family are reported. The
findings in these patients include mental retardation,
obesity, telecanthus, blepharophimosis, blepharoptosis,
hyperopic astigmatism, abducens palsy, strabismus,
macrocephaly, maxillary hypoplasia, mandibular prog-
nathism, crowding of teeth, lateral deviation of the
great toes, and cone-shaped epiphyses of toes. Palatal
and lingual eruption of incisors were the result of
maxillary hypoplasia. However, the mandible was large
relative to the size of maxilla, resulting in mandibular
prognathism.

Blepharophimosis, a reduction in the horizontal and
vertical dimensions of the palpebral fissure, is a
heterogeneous anomaly. It is most often a result of
lateral displacement of the inner canthi and abnorm-
alities of the eyelid. Periocular abnormalities, including
epicanthal folds and ptosis, are frequent associated
ancomalies. Blepharophimosis is associated with many
syndromes and it has been stated that all individuals
with belpharophimosis appear to be at risk for devel-
opmental disabilities [Cunniff et al., 1998]. In the pre-

sent family, blepharophimosis and blepharoptosis were -

present in patient 1, while patient 2 had telecanthus.

The overlapping phenotypes of the present patients
with BBS and Cohen s;lﬁrome included mental
retardation, retinal degeneration, and obesity. We are
aware that some patients (31%) with BBS do not have
polydactyly. However, the absence of polydactyly,
retinal degeneration and hypogonadism, and the pre-
sence of mandibular prognathism, have ruled out the
diagnosis BBS [Beales et al., 1997). Having macro-
cephaly, blepharophimosis, and mandibular prognath-
ism differentiate them from Cohen syndrome [Horn
et al., 2000; Kivitie-Kallio et al., 2000]. The presence of
obesity and its autosomal recessive inheritance and the
absence of congenital heart diseases, deafness, and
microdontia distinguish them from Qhdo blepharcephi-
mosis syndrome [Mhanni et al., 1998]. The patient
shared telecanthus, blepharophimosis and blepharop-
tosis with blepharophimosis-ptosis-epicanthus inver-
sus syndrome (BPES). However, the absence of
epicanthus inversus and the presence of obesity and
mental retardation and its autosomal recessive inheri-
tance do not support the diagnosis BPES [Cunniff et al.,
1998; De Baere et al., 2000].

It is noteworthy that the major pathology of the eyes
in mental retardation-obesity-eve anomalies syn-
dromes, except that of our patients, is almost always

of the retina (Table I). Chronic atopic dermatitis and toe
anomalies found in patient 2 have never been described
in any of the mental retardation-obesity-eye anomaly
syndromes. The combination of findings of Mental
retardation, Obesity, Mandibular prognathism, Eve
and Skin abnormalities found in our patients appears
to be a newly recognized syndrome. The presence of the
disorder in two daughters of normal parents suggests
that the disorder is inherited as autosomal recessive.
We would like to propose the acronym “MOMES” for
this syndrome.
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We report on an 8-year-old Thai girl with
bilateral complete cryptophthalmos, facial
asymmetry, delayed bone age, brachymeso-
phalangy and medial deviation of the sec-
ond toes, and dental anomalies. The dental
anomalies consist of delayed dental devel-
opment, congenital absence of the second
premolars, microdontia of the deciduous
molars. A fibrous band of the buecal mucosa
was found. Dental anomalies are rare among
patients with Fraser syndrome. They have
not been reported in either isolated or other
syndromic eryptophthalmos. The oral man-
ifestations and brachymesophalangy of the
second toes found In our patient may repre-
sent newly recognized findings associated
with eryptophthalmos or they may repre-
sent a newly recognized syndrome.
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INTRODUCTION

Cryptophthalmos is a condition of congenital absence
of eyelids and palpebral fissure with skin passing
continuously from the forehead onto the cheek over
the malformed eye {Francois, 1969; Saal et al., 1992].
The term cryptophthalmoes which means “hidden eyes”
was coined by Zehender [1872]. Cryptophthalmos is a
major component of Fraser (cryptophthalmos—syndac-
tyly) syndrome which is a rare autosomal recessive
disorder characterized by cryptophthalmos, syndactyly
of fingers and toes, abnorwsal genitalia, renal agenesis,
and malformation of nose, ears, and larynx [Thomas
et al., 1986; Guttuso et al., 1987]. However, having

eryptophthalmos does not mean the patients have

Fraser syndrome since sporadic and nonsyndromic
cryptophthalmos have been reported. Autosomal domi-
nant cryptophthalmos has also been described [Coover,
1910; 1915; Goldberg, 1912; Magruder, 1921). Oral
manifestations associated with Fraser syndrome are
rare. They consist of ankyloglossia [Gupta and Saxena,
1962; Ide and Wollschlaeger, 1969; Guttuso et al., 1987;
Boyd et al., 1988], crowding of teeth [Ide and Wolls-
chlaeger, 1969], and fusion of deciduous teeth [Bialer
and Wilson, 1988; Bierich et al., 1991]. Oral manifesta-
tions in isolated or syndromic cryptophthalmos not
related to Fraser syndrome have not been reported.

We here report on a girl having asymmetric face and
nose, delayed bone age, delayed dental development,
congenital absence of the second premolars, microdon-
tia of deciduous molars, fibrous band of buccal mucosa,
brachymesophalangy and medial deviation of the
second toes, and hilateral complete cryptophthalmos
not related to Fraser syndrome.

CLINICAL REPORT

An 8-year-old Thai girl was seen by us for dental
cavities. Her height, weight, and OFC were 21 kg (25th
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Iig. 1.
b: Asymmetric craninm.

centile), 119 cm (50th centile), and 49 cm, respectively.
She was an intelligent young girl with normal physical
and mental development. Parents were non-consangui-
neous. Her family history was unremarkable. She
was born with bilateral complete cryptophthalmos. A
surgical attempt to expose the left eyeball failed,
leaving a scar (Fig. 1la). G-banded chromosomes were
normal (46,XX). Physical examination showed right
complete cryptophthalmos, a surgical scar at the place
of her left palpebral fissure, broad and depressed nasal
bridge, and broad and asymmetric alae nasi. Low
anterior hairtine was observed. The eyebrows were
absent but replaced by the extension of hair from the
temporal areas. The palpebral fissures and eyelashes
were absent. Ultrasonography of the right eyes showed
a rudimentary globe without functional structures. The
anterior chamber and vitreous space silent acoustic
signals were not demonstrated (Fig. 2a). The left eye
was microphthalmic and more developed than the right
one. The overall axial length was 14 mm (normal, 22

a: A Tha girl with bilateral complete cryptophthalmos. Surgical scar on the left side, broad and depressed nasal bridge, and asymmetric nose

mm). No details of the anterior segment compartments
were observed suggesting the fusion of eyelids with the
anterior segment structures. Retinal curvature and par-
tially developed vitreous space were verified by silent
acoustic sigmal (IFig. 2b).

She had thick upper and lower lips (Fig. 1a), multiple
caries, and small deciduous molars. Cavities were
restored by a family dentist. The permanent teeth had
not erupted (Fig. 3a—c). The maxillary arch form was
asymmetric. Anterior deepbite and posterior crossbite
were noted (Fig. 3a). A thick fibrous band of the size
1%3 e¢m was found at the left buccal mucosa near the
corner of the mouth (Fig. 3d).

Radiography showed facial asymmetry. The left
temporal and zygomatic areas were smaller than those
of the right (Fig. 1b). Bone age was five years. Pan- |
oramic radiography demonstrated delayed dental devel-
opment. The roots of the mandibular second deciduous
molars were short. All second premolars were ahsent.
Coronoid processes were small. The mandibular first
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Fig. 2. Ulirasonograms. a: A rudimentary globe of the right eve. No compartments or acoustic signal of the anterior segments. Vitreous space is
abliterated. b: Microphthalmic globe of the left eve. No details of anterior segment compartments suggestive of fusion of the eyelids with the anterior
structures. Noté retinal curvature and partially developed vitreous space.

permanent molars had normal root development but toe nails were medially displaced. Radiographically, the
had not erupted yet (Fig. 4a,b). middle phalanges of the second toes were small and

The left great toe was shorter than the right one. medially deviated (Fig. 5a,b). Ultrasonograms of kid-
Medial deviation of the second toes was ohserved. Their neys and urinary bladders were unremarkable.
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Fig. 3. a: Anterior deepbite and posterior crossbite. b: Small maxillary deciduous molars, ¢: 8mall mandibular deciduovs molars. d: Thick fibrous band
of buccal mucosa.

DISCUSSION second premolars, small deciduous molars, fibrous band

of the buccal mucosa, brachymesophalangy and medial

We reported on an 8-year-old Thai girl with bilateral deviation of the second toes. Her clinical manifestations
eryptophthalmos, asymmetric head and nose, delayed did not appear to be Fraser syndrome in view of the
bosie age, delayed dental development, prolonged reten- absence of the important diagnostic features of the
tion of the deciduous teeth, congenital absence of the syndrome including syndactyly and urogenital anoma-

a

Fig. 4. a: Panoramic radiograph al age 7 6/12 years shows delayed dental development, congenital absence of second premalars, small deciduous
molars, small coronoid processes. b: Periapical radiographs at age 8 6/12 years shows small deciduous molars. Roots of the second deciduous molars are

short.
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Fig. 5.

a: Right great toc is longer than the left ane. Medially devizted
secomd toes. Modially displaced second toenails. b: Small middle phalanges
and medial deviation of the second (oes.

lies. It has been reported that cryptophthalmos may be
isolated or syndromic but not obligatory to Fraser
syndrome [Koenig and Spranger, 1986; Thomas et al,,
1986; Pankau et al., 1994]. Some patients with the
gyndrome did not have cryptophthalmos and some
patients with cryptophthalmos did not have Fraser
smdrome. Among the patients with cryptophthalmos,
the incidence of isolated cryptophthalmos is 22%
[Thomas et al., 1986]. Autosomal dominant isolated
eryptophthalmos has been described [Coover, 1910;
Magruder, 1920; Saal et al., 1992].

Three types of cryptophthalmos exist. First, complete
eryptophthalmos like that found in the patient we
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described is characterized by congenital absence of the
evelids with the skin extending continuously from the
forehead to the cheeks passing the orbit. The eyebrow is
usually absent or poorly developed. The globe is absent
or microphthaimie with anterior and posterior dysgen-
esis. The second type is incomplete cryptophthalmos
which consists of rudimentary lid structures and
conjunctival sac formation. The globe may be micro-
phthalmic and covered with skin. The third type is
abortive cryptophthalmos or congenital symbleb-
pharon. The upper eyelid is adherent to the superior
aspect of the globe and fuses with the upper cornea as
an epidermal membrane. The lower eyelid 1s normal.
The size of the globe is normal [Frangois, 1969; Saal
et al., 1992]. Saal et al. [1992] described what they
claimed to be the fourth type of cryptophthalmos. It
is characterized by fused well-formed eyelids. The
evebrows and evelashes are normal. The conjunctival
sac is absent leading to the adherence of cornea to the
overlying fat, musecle, and connective tissue. The globe
is microphthalmic. The same type has been described
previousty [Coover, 1910]. Cryptophthalmos can be
classified according to the presence of eyelids into two
types; that with fused evelids [Coover, 1910; Saal et al.,
1992] and that without eyelids. Cryptophthalmos
without eyelids, like our patient, has skin unbroken
from the forehead to the cheeks. It appears from the
literature that the presence of eyebrow is related to the
presence of eyelid. When the eyelid is present, eyebrow
is normal [Koenig and Spranger, 1986; Mina et al,
1988; Pankau et al, 1994]. But when the eyelid
is absent, the eyebrow is usually absent or poorly
developed [Bovd et al., 1988; Bierich et al., 1991).
Brachyphalangy of the middle and distal phalanges
of fingers and toes has been reported to be associated
with Fraser syndrome [R¥msing et al., 1990]. Brachy-
mesophalangy of the second fingers and toes has been

_reported in a family affected with fused eyelids, airway

anomalies, and ovarian cysts [Mena et al., 1991).
Brachymesophalangy of the second toes in the patient
we described may be coincidental or it may be dys-
morphogenetically related to cryptophthalmos and
other anomalies.

Dental anomalies reported with Fraser syndrome
were not specific. They have been reported as mal-
formed teeth [Ide and Wollschlaeger, 1969], deformed
teeth [Steid], 1962], and crowding of teeth |Francois,
1969). Fusion of the mandibular deciduous lateral
incisor and bicuspid has been reported twice [Bialer
and Wilson, 1988; Bierich et al., 1991). They must have
been mistakenly reported. The fusion must have been
between the mandibular deciduous lateral incisor and
canine. Fusion of teeth may result from a failure of
programmed cell death of the tissue between two tooth
germs. It is of interest to note that in both of these
instances fusion of teeth took place on the same side
of incomplete cryptophthalmos. Both patients had men-
tal retardation, hypotonia, and delayed development.
Dental anomalies have not been reported in isolated
or other syndromic cryptophthalmos not related to
Fraser syndrome. It is possible that they have been
overlooked.
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Delayed bone age, delayed dental development,
congenital absence of the second premolars, microdon-
tia of deciduous molars, fibrous band of the buccal
mucosa, and brachymesophalangy of the second toes
appear to be newly recognized findings associated with
cryptophthalmos. Dental anomalies have not been
reported to be associated with isolated cryptophthalmos
or other syndromic cryptophthalmos not' related to
Fraser syndrome. These features may be coincidental
or they may represent a newly recognized syndrome.
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We report digitotalar dysmorphism in a grandfather, father, and a daughter. All the affected members had clasped
thumbs. The father had a short stature, large zygomatic arch and a flat mandibular condyle. The newly recognized
findings found in the affected girl were large maxillary deciduous central incisors, a short proximal phalanx of the second
finger, and a large subcutaneous hemangioma of the back. Her paternal grandfather had only congenital clasped thumbs.
Congenital clasped thumb is a very heterogeneous anomaly and related to many syndromes. The findings in the reported
family which are consistent with digitotalar dysmorphism, include congenital clasped thumbs, ulnar deviation of fingers,

and a congenital vertical tali.

Clin Dysmorphol 10: 171-175 & 2001 Lippincott Williams & Wilkins

Keywords: congenital clasped thumb, digitotalar dysmorphism, distal arthrogryposis, flexed fingers, large deciduous

central incisor, rocker bottom foot

INTRODUCTION

Digitotalar dysmorphism (DTD; MIM *126050) or
hereditary ulnar drift (HUD) is a very rare autosomal
dominant disorder characterized by congenital clasped
thumbs (CCT), flexion deformity and ulnar deviation of
the fingers, narrowing of the middle phalanges, single
palmar crease, moderate proportionate short stature,
flexion deformity of toes, and rocker bottom feet due to
vertical tali. Approximately 24 cases have been
reported (Sallis and Beighton, 1972; Stevensen et al.,
1975; Dhaliwal and Myers, 1985).

We report a Thai girl, her father, and paternal
grandfather affected with DTD. Newly recognized find-
ings found in this family include a short proximal
phalanx of the second finger, a large subcutancous
hemangioma of the back, a large zygomatic arch, a flat
mandibular condyle, and large maxillary deciduous
central incisors. Autosomal dominant inheritance is

0962-8827 (- 2001 Lippincott Williams & Wilkins

-,

confirmed by male-to-male transmission and both sexes
were affected,

CLINICAL REPORT

Patient 1

A l-year-old Thai girl was scen at the Dcepartment of
Orthopaedic Surgery, Chiang Mai University Hospital
regarding her rocker bottom feet and CCT. Her weight
and OFC were 6.1 kg (<<3 centile) and 43 cm (—25D)
respectively. She appeared to have normal facial
features and height. Her karyotype was normal female
(46,XX). Her developmental milestones were normal.
Large deciduous central incisors were observed (Figure
1A). Physical examination revealed bilateral CCT,
hypoplastic thenar eminences, and flexion contracture
of the left third and fourth fingers at the proximal

Clinical Dysmorphology 2001, Vol 10 Ne 3 171
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FIGURE 1. Patient 1 A) Large maxillary deciduous central incisors. B) Left clasped thumb with flexed third and fourth fingers. C)
Medial dislocation of left cuboid bone. D) Venrtical talius. The calcaneus is in equinus position.
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interphalangeal (IP) joints. The thumbs were clasped at
the MCP joints and the distal phalanges could be
extended (Figwe 1B).

Radiologically a short left second proximal phalange
was observed. Narrowing of the middle phalanx of the
fingers was not observed. Rocker bottom feet were
noted. Radiographs showed vertical tali and medially
dislocated cuboid bones. Calcanel were in equinus
position (Figure 1C and D).

There was a soft tissue lump with the diameter of
4.5 cm at the middle of her back. The size of the lump
increased with age, but it has never been painful.
Magnetic resonance imaging (MRI) demonstrated a
hemangioma of the size 52 X 0.9 X 4.1cm in the
subcutaneous tissue of the back at TI10-L2 without
spinal canal involvement.

Patient 2

Patient 2, the father of patient 1, was a 37-year old
Thai man. His intelligence and facial features were
normal. He was proportionately short with height of
[47 cm (<3 centile). Like his daugther, he alse had
CCT with hypoplastic thenar muscles, and bilateral
single palmar creases. All fingers were flexed and had
ufnar deviation. Narrowing of the middle phalanges of
fingers was not observed (Figure 2B). Hand radiographs
demonstrated CCT at the MCP joints. A panoramic
radiograph showed normal dental development, The left
zygomatic arch was larger than the right one. The head
of the left mandibular condyle was flat and the styloid
processes were long (Figure 2C). Lateral skull X-ray
demonstrated a large posterior clinoid process and a
large opening of sella turcica and flat cerebral surface

FIGURE 2. Patient 2. A) Lateral skuli X-ray shows large posterior clinold process and large opening of the sella turcica. B) Patient 2's
hands. Thumbs are clasped at MCP joints with ulnar deviation of fingers. C) Panoramic radicgraph reveals large left zygomatic arch

and flat left condylar head.

Clinical Dysmorphology 2001, Vol 10 No 3 173



of the greater wing of the sphenoid bone (Figure 2A),
No other anomalies were observed. His father also had
CCT without other anomalics and died of an unknown
cause at age 30.

DISCUSSION

We report a grandfather, father, and daughter with
DTD. The diagnosis was based on characteristic find-
ings including CCT, flexed and ulnar deviated fingers,
rocker bottom feet, and autosomal dominant inheri-
tance. Newly recognized findings found in this family
include, a short proximal phalanx of the second finger,
a large subcutaneous hemangioma of the back, a large
zygomatic arch, a flat mandibular condyle, and ilarge
maxillary deciduous central incisors. The male-to-male
transmission confirms the autosomal dominant mode of
inheritance of the condition. The narrowing of the
middle phalanges of the fingers which appeared to be a
important feature of the syndrome was not found in our
patients (Sallis and Beighton, 1972).

CCT, a highly heterogeneous anomaly, is a consistent
feature. It has been reported to be associated with DTD
(Sallis and Beighton, 1972), .\;fﬂisﬂing face-windmill
vane hand syndrome (MIM *193700) (Hall et al.,
1982), adducted thumb syndrome (MIM *201550)
(Fitch and Levy, 1975), adducted thumb-clubfoot
syndrome (MIM 601776) (Dundar et al., 1997), con-

KANTAPUTRA ET AL

genital clasped thumbs (MIM 314100), MASA syn-
drome (MIM 303350) (Gareis and Mason, 1984),
hydrocephalus due to congenital stenosis of the aque-
duct of Sylvius (HSAS; MIM 307000) (Edwards, 1961)
and distal arthrogryposis multiplex congenita, distal,
types 1 (AMCDI1; MIM *108120), 2 (AMCD2; MIM
108130), and 2B (AMCD2B; MIM. *601680) (Hall er
al., 1982).

DTD and HUD (dominantly inherited ulnar drift) are
considered the same entity (MIM *126050). Interest-
ingly, patients with HUD do not have congenital
vertical talus which is a characteristic feature of DTD
(Stevenson et af., 1975). Both DTD and HUD share
similar hand anomalies with congenital clasped thumb
syndrome, autosomal dominant type (Miranda et al.,
1998) and ulnar deviation of the fingers with clubfoot
deformity (Fisk ef a/., 1974). Congenital clasped thumb
syndrome, autosomal dominant type (Miranda et al,
1998) and ulnar deviation of the fingers with clubfoot
deformity (Fisk et al, 1974) are very rare and have not
been listed in OMIM. Some patients with DTD,
congenital clasped thumb, autosomal dominant type,
and ulnar deviation of fingers with clubfoot deformity
do not have either CCT or congenital vertical talus
(Sallis dnd Beighton, 1972; Miranda et af., 1998; Fisk
et al., 1974). As having only CCT, Patient 2 and his
father could have been diagnosed as congenital clasped
thumb syndrome, autosomal dominant type or ulnar

TABLE 1. Possible differentiating features of clasped thumb-related syndromes

Syndromes (References) OMIM no. Differentiating features

Digitotalar dysmorphism *126050 CVT short stature

(Sallis and Beighton, 1972) scoliosis, kyphosceliosis

(Dhaliwal and Meyers, 1985) singie palmar crease
scoliosis

Hereditary ulnar drift *126050

(Stevenson et al,, 1975) No CVT single palmar
crease, plagiocephaly

Congenital clasped thumb, AD Not listed Hypoplastic MPS

{Miranda et al,, 1898) No foot anomalies

Ulnar deviation of fingers with Not listed Clubfoot, scoliosis

Clubfoot deformity kyphosis, plagiocephaly

(Fisk et af., 1974)

Distal Arthrogryposis type 1 *108120 Several major joint

(Hall et ai., 1982) contractures

Christian syndrome *201550 Cleft palate,

(Adducted thumbs syndrome)
{Christian et al., 1971; Fitch and Levy,
1975)

craniostenosis,
swallowing difficulties
microcephaly, autosomaf
recessive inheritance

CVT, congenital vertical talus; MP, middle phalanges of fingers; AD, autcsomal dominant

type.
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deviation of fingers with clubfoot deformity. This may
suggest that DTD, congenital clasped thumb syndrome,
autosomal dominant type, and ulnar deviation of fingers
with clubfoot deformity may be the same condition
with inter and intrafamilial variability We are not
convinced that our patients had distal arthrogryposis
type 1 because the phenotype in this family was much
milder and contracture of distal joints was limited only
at MCP joints of thumbs and IP joints of fingers (Hall
et al,, 1982). However, they may be allelic. Table 1
shows possible differentiating features among clasped
thumb-related syndromes. Even though the newly
recognized findings in our patients were minot, they
may be useful in differentiating this syndrome from
other clasped thumb-related syndromes.

ACKNOWLEDGEMENTS

We would like to thank the patients and their family for
allowing us to use their medical and dental information
for publication. We are also grateful for the help
provided by Professor Polpatt Talalak, Ms Nartanong
Srijinda, and Professor Robert J. Gorlin. The assistance
of the staff at the Department of Paediatric Dentistry,
Faculty of Dentistry, Chiang Mai University is appre-
ciated. Contract Grant Sponsor: The Thailand Research
Fund {(TRF).

REFERENCES

Christian JC, Andrews PA, Conneally PM, Muller J (1971).
The adducted thumbs syndrome. An autosomal recessive
disease with arthrogryposis dysmyelination, craniostenosis
and cleft palate. Clin Genet 2:95-103.

Dhaliwal AS, Myers TL (1985). Digitotalar dysmorphism,
Orthop Rev 14:90-64,

Dundar M, Demiryilmaz F, Demiryilmaz [, Kumandas S,
Erkilic K, Kendirci M, Tuncekl M, Ozyazgan I, Tolmie JL
(1997). An autosomal recessive adducted thumb-club foot
syndrome observed in Turkish cousins. Ciin Genet 51:
61-64.

Edwards FH (1961). The syndrome of hydrocephalus. Arch
Dis Child 36:486-493.

Fitch M, Levy EP (1975). Adducted thumb syndromes. Clin
Genet 8:190—198.

Fisk J, House J, Bradford D (1974). Congenital ulnar
deviation of fingers with club foot deformities. Clin Orthop
Rel Res 104:200-203,

Gareis FJ, Mason JD (1984). X-linked mental retardation
associated with bilateral clasp thumb anomaly. Am J Med
Genet 17:333-338.

Hall IG, Reed SD, Greene G (1982). The distal arthrogrypo-
gis; delineation of new entities-review and nosologic dis-
cussion. Am J Med Genet 11:185-239,

Miranda A. Zenteno JC, Santiago E, Kofman-Alfaro S
{1998), Autosomal dominant inheritance of adducted
thumbs and other digital anomalies. Clin Genet 54:83-85.

Sallis JG, Beighton P (1972). Dominantly inherited digito-
talar dysmorphism. .J Bone Joint Surg S4B:509-515.

Stevenson RE, Scott CI Jr, Epstein M (1975). Dominantly
inherited ulnar drift. Birth Defects, Original Articles Series
XI(5):75-77.

Clinical Dysmorphology 2001, Vel 10 No 3 175



American Journal of Medical Geneties 104:75-78 (2001)

Letter to the Editor

Dentinogenesis Imperfecta-Associated Syndromes

To the Editor:

I read the very interesting article by Fonseca in the
Journal [2000] regarding dentinogenesis imperfecta
(DD)-associated Schimke immung-osseous dysplasia
{SIOD). It appeared to be the first report of SIOD
associated with DI. However, further confirmation is
needed. In fact, this study has raised an interesting
notion of other Dl-associated syndromes. It is well
known that DI type I (DI-I) is associated with some of
the osteogenesis imperfectas (OI), especially types 1B,
IIIB, and IVB [Lund et al., 1998; (’Connell and Marini,
1999). DI-1 is more likely to occur with short stature
and long bone deformity. This is why it is usually
associated with OI type III and IV, not type I
[Wenstrup, 1997]. The incidence of DI-I in O type I is
rare [Luder and Steinmann, 1997]. The accuracy of
making diagnosis of Ol might have played an important
role. Association of DI with OI type II is poorly
documented.

A search of the literature came up with a few other
Dl-associated syndromes and their modes of inheri-
tanice (T'able I). DI is the most common genetic disease
of dentition. Actually it is the most common autasomal
dominant disorder affecting humankind [Aplin et al.,
1999; Witkop, 1957], DI is not inherited as autosomal
recessive as stated by Fonseca [2000]. Association
with autosomal recessive disorders is extremely rare
[Komorowska et al., 1989; Moog et al., 1999; Fonseca,
2000]. Several syndromes are associated with dental
findings which are clinically and radiographically
similar to those observed in DI-II (Table I). When
conditions are found to be associated with DI, it is
crucial to question if it is really DI or some phenocopy.

Making the diagnosis of DI is also worth discussing.
Dentin dysplasia type II looks similar or, sometimes,
identical to DI in the primary dentition and may
mislead some clinicians {Witkop, 1988]. Discoloration
of teeth appears to be the mintmum criteria for
clinicians in making diagnosis. Having denticles,
pulpal obliteration, and bulbous-shaped molars, but

Grant sponsor: Thailand Research Fund (TRF).

*Correspondence to: Piranit N. Kantaputra, D.ID.S., M.S,
Department of Pediatrie Dentistry, School of Dentistry, Chiang
Mai University, Chiang Mai 50200, Thailand.

E-mail: dnpdi001¢chiangmai.ac.th
Received 28 August 2000; Accepted 25 July 2001
Published online 25 September 2001; DOT 10.1002/ajmg. 10031

< 2001 Wiley-Liss, Inc.

absence of tooth discoloration, does not fulfill the
diagnostic criteria. It appears that the radiographic
features are overruled by the clinieal ones. Clinically
normal teeth from patients with OI have also been
reported to have dentin aberrations [Lygidakis et al,,
1996]. The absence of discoloration or opalescence of
teeth does not mean dentin is unaffected. From the
molecular genetics and biochemical points of view,
discoloration of teeth should not he the minimal criteria
for making diagnosis of DI.

D1 was not believed to be associated with any
particular molecular aberration in any OI type [Lund
et al., 1998]. Until recently, mutation-specific DI has
been associated with Ol type IV [Pallos et al., 2001).
DI-I and II have different genetic defects that have a
similar phenotype. DI-1 phenotype is more varied
[Levin, 1981] and its presence is related only to the
severity of OI-I but not OI-II or OI-III. Bone deformity
of OI-I is more severe when it is associated with DI
[Paterson et al., 1983; Lund et al., 1998; Lindau et al,,
1999] To the contrary, some studies have shown that
the clinical and miecroscopic findings of DI-I are not
related to the severity of the bone disorders [Lukinmaa
et al., 1987; Luder and Steinmann, 1997].

The discoloration of tagth affected with DI is thought
to be independent of type I collagen defects. The
discoloration in the primary dentition is classified as
yellow/brown or opalescent gray. The yellow/brown DI
is more prevalent and more prone to attrition than the
opalescent gfay [Lund et al, 1998; O'Connell and
Marini, 1999]. In a Thai boy and his family membhers
affected with DI-II, the crown was unusually transiu-
cent. Its enamel could practically be seen through, and
wore off easily as he aged (Fig. la and b). Enamel of
teeth with DI has been described as normal, and the
severe attrition is the result of weakening of dentin.
However, irregular with lower degree of mineralization
of enamel from patients with OI with or without DI has
recently been reported [Lygidakis et al., 1996; Lindau
et al.,, 1999]. This might be a reason why the enamel of
teeth with DI is very translucent and wears very
quickly (Fig. 1b and ¢). The enamel of teeth with DI can
also be affected with fluorosis (Fig. 1c and d).

Those with DI in primary dentition may be absent of
DI in the permanent dentition. Interestingly, those
with DI in the permanent dentition always had DI in
the primary dentition [Luder and Steinmann, 1997;
Lund et al,, 1998; O’Connell and Marini, 1999). DI-I
and DI-II have a very similar phenotype. Type III
collagen is more prevalent in DI-I than DI-II [Sauk
et al.,, 1980; Gage et al., 1986; (’Connell and Marini,
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TABLE [. Dentinogenesis Imperfecta-Associated Syndremes

Syndromes MIM No. Modes Genes References
Ol type IB 166240 AD COLIAL and COLIAZ Levin et al. [1980]; Byers [1993]
O1 type IVB 166220 AD COLIA7 and COLIA2 Falk et al. 11986]
01 type I1IB 259420 A COLIAI and COLIAZ2 Lund et al. [1998); O'Connell and
Marini [1999]
01 type I/IT1] without abnormal type I 259440 AR Unknown Williams et al. [1989]
collagen
01 with opalescent teeth, blue sclerae 166230 AD Unknown Beighton [1981]
and wormian bones, but without
fractures
Cortical defects, 604922 AR Uunknoewn Moog et al. [1999]
wormian hones, and DI
Ehlers-Danios syndrome type 11 130010 AD COLBAI? Komorowska et al. [1985];

De Paepe et al. [1997];
Bouma et al. [2001]

Goldhlatt syndrome 184260 AD COL2A1 Goldblatt et al. {1991];
Bonaventure et al. [1952]

Schimke immuno-osseous dysplasia 242900 AR Unknown Fonseca [2000]

Skeletal dysplasia with opalescent and NA NA Unknown Kantaputra [2001, in press]

rootless teeth

“Ehlers-Danlos syndrome type I has been reported to be caused by mutations in COLSAT. However, none of the studied patients was reported to have DI

a b

Fig. 1. a: At age nine months. Unusually translucent DI type II. b: Age four years. Note enamel wear and primary teeth became more opaque. ez Agu
six. Enamel wear and enamel Auoresis of the permanent incisor. d: Age eighl. Permanent teeth are less translucent. Enamel fluorosis of all permanent
incisors.




1999]. The same is true for hyperfibers and dentin
matrix vesicles [Waltimo, 1994]. However, there have
been no definite differentiating criteria between DI-I
and DI-II. The primary defects in O are mutations in
type I collagen gene (COLIAI and COLIAZ) [Byers,
1993; Wenstrup, 1997]. DI-11 is not a collagen defect but
a disorder of dentin mineralization. The basic defects
appear to be in the non-collagenous dentin matrix
proteins, especially dentin phosphoryn (DMP2) [Tho-
takura et al., 2000] and dentin sialophosphoprotein
(DSPP) [MacDougall, 1998]. It has been reported
that reduced expression of DSPP is associated with
DI-IT in mice overexpressing TGF-1 [Thyagarajan et al.,
2001].

Recently, mutations in DSPP gene have been shown
to cause DI-I1 [Xiao et al., 2001; Zhang et al,, 2001]. Two
families reported by Xiao et al. [2001] had DI-I with
progressive sensorineural hearing loss with the
absence of QI [Xiao et al,, 2001]. Actually, it should
not have been reported as DI-1, since DI-I is used to
describe DI in those with Ol The expression of DSPP
gene was detected in the inner ear of mice. This might
have been related to the hearing loss in these particular
families [Xiao et al., 2001]. However, it is interesting to
note that so many other families with DI without OI
have not been reported to have sensorineural hearing
loss.

Primary teeth are more severely affected than the
permanent ones in DI-T and DI-11, and this may imply
that the gene expression is more marked in the primary
teeth than in the permanent ones. This might have
been related to the timing of gene expression and the
period of dental development [Luder and Steinmann,
1997]. Biochemical and ultrastructural studies of
dentin of teeth affected with various types of DI rhay
lead us to a better understanding of the basic defects of
these conditions. This might provide the differentiating
features of DI-T and DI-II in order to substantiate the
notion that “All DIs are not created equal”. Hopefully,
in the future we will be able to understand more and
differentiate each particular DI among various types of
DI-associated syndromes.

ACKNOWLEDGMENTS

I deeply appreciate Professors Robert J Gorlin,
Heddie Sedano, and Timothy Wright for their very
helpful advice. T am thankful to The Thailand Research
Fund (TRF) for their kind support of this project. This
work is dedicated to the late Professor Carl Witkop, Jr.,
my great teacher, who devoted his life to the search for
new knowledge in dental genetics.

REFERENCES

Aplin HM, Hirst KL, Dixon MJ. 1999. Refinement of the dentinogenesis
imperfecta type II locus to an interval of less than 2 centimorgens at
chromosome 4921 and the creation of a yeast artificial chromosome
contig of the critical region. J Dent Res 78:1270-1276.

Beighton P. 1981. Familial dentinogenesis imperfecta, blue sclerae, and
wormian bones without fractures: another type of osteogenesis
imperfecta? J Med Genet 18:124--128.

Bornaventure 4, Stanescu R, Stanescu V, Allain JC, Muriel MP, Ginisty D,
Maroteaux P. 1992. Type II collagen defect in two sibs with Goidbiatt

Letter to the Editor 77

syndrome, a chondrodysplasia with dentinogenesis imperfecta, and
Joint laxity. Am J Med Genet 44:738-753,

Bouma P, Cabral WA, Cole WG, Marini JC. 2001. COLSAI exen 14
splice acceptor mutation causes a functional null allele, haploinsuffi-
ciency of alpha 1{V) and abnormal heterotypic interstitial
fibrils in Ehlers-Danlos syndrome II. J Biol Chem 276:13356-
13364.

Byers PH. 1993. Osteogenesis imperfecta. In: Royce PM, Steinmann B,
editors. Connective tissue and its heritable disorders. New York: Wiley-
Liss. p 317-350.

De Paepe A, Nuytinck 1, Hausser [, Anton-Lamprecht I, Naevaert JM.
1997. Mutations in the COL5A! gene are causal in the Ehlers-Danlos
syndromes I and II. Am J Hum Genet 60:547-554.

Falk CT, Schwartz RC, Ramirez F, Tsipouras P. 1886. Use of molecular
haplotypes specific for the human pro-alpha-2(I) collagen gene in
linkage analysis of the mild autosomal dominant forms of osteogenesis
imperfecta. Am J Hum Genet 38:269-279.

Fonseca MA. 2000. Dental findings in the Schimke Immuno-osseous
dysplasia. Am J Med Genet 93:158-160.

Gage JP, Francis MJO, Whitaker GE, Smith R. 1986. Dentine is
biochemically abnormal in osteogenesis imperfecta. Clin Sei 70:339-
346.

Goldblatt J, Carman P, Sprague P. 1991. Unique dwarfing, spondylome-
taphyseal skeletal dysplasia, with joint laxity, and dentinogenesis
imperfecta. Am J Med Genet 39:170-172.

Kantaputra PN. 2001. A newly recognized skeletal dysplasia with
opalescent and rootless teeth. Oral Surg Oral Med Oral Pathol Oral
Radiol Endod (in press).

Komorowska A, Rozynkowa D, Lee KW, Renouf DV, Nicholls AC, Mac
Kenzie J, Pope FM. 1989. A Polish variant of isolated dentinogenesis
imperfects with generalized connective tissue defect. Br Dent J
167:239-243.

Levin LS. 1981, The dentition in osteogenesis imperfecta syndromes. Clin
Orthop 159:64-74.

Levin LS, Brady JM, Melnick M. 1980. Scanning electron microscopy of
teeth in dominant osteogenesis imperfecta, Am J§ Med Genel 5:189—
195

Lindau B, Dietz W, Lundgren T, Sterhaug K, Noren JG. 1999, Discrimina-
tion of morphological findings in dentin from osecgenesis imperfecta
patients using combinations of polarized light microscopy, microradiic-
graphy, and scanning electron microscapy. Int J Paediatr Dent 9:253—
261.

Luder HU, Steinmann B. 1997. Teemn osteogenesis imperfecta. A mirror
of genetic collagen defects? In: Cohen MM Jr, Baum BJ, editors. Studies
in stomatology and cranicfacial biology. Amsterdan [0S Press. p 209—
228,

Lukiomaa PI, Ranta H, Ranta ¥, Kaitila I. 1987. Dental findings in
osteogenesis impeffecta: 1. Occurrence and expression of type I
dentinogenesis imperfecta, J Craniofac Genet Dev Biol 8:75-82.

Lund AM, Jensen BL, Nielsen LA, Skovby F. 1998. Dental manifestations
of osteogenesis imperfecta and abnormalities of callagen I metabolism.
J Craniofac Genet Dev Biol 18:30-37.

Lygidakis NA, Smith R, Oulis CJ. 1996. Scanning electronmicroscopy of
teeth in osteogenesis imperfecta type . Oral Surg Oral Med Oral Pathol
Oral Radiol Endod 81:567-572.

MacDougall M. 1998, Refined mapping of the human dentinsialepho-
sphoprotein {DSPP) gene within the critical dentinogenesis imperfecta
type II and dentin dysplasia type i1 loci. Eur J Oral Sci 106:(Suppl 1).
227-233.

Moog U, Maroteaux P, Schrander-Stumpel CTR, van Qo] A, Schrander
JJP, Fryn JP. 1999. Two sibs with an unususl pattern of skeletal
malformations resembling osteogenesis imperfecta: a new type of
skeletal dysplasia. J Med Genst 36:856—858.

O’Cennell AC, Marini JC. 1989, Evaluation of oral problems in an
csteogenesis imperfecta population. Oral Surg Orel Med Qral Pathol
Oral Radiol Endod 87:189-196,

Pallos D, Hart PS, Cortelli JR, Vian 8, Wright JT, Korkko J, Brunoni D,
Hart TC. 2001. Novel COLIA}® mutation (G599C) associated with mild
ostogenesis imperfecta and dentinogenesis imperfecta. Arch Oral Bial
2001:459-470.

Paterson CR, MeAiilion S, Miller R. 1983. Heterogeneity of osteogenesis
imperfecta type 1. J Med Genet 20:203-205.



78 Kantaputra

Bauk JJ, Gay B, Miller EJ, Gay 5. 1980. Immunohistochemical localization
of type I1I collagen in the dentin of patients with osteogenesis
imperfecta and hereditary opalescent dentin. J Oral Pathol 9:210-220.

Thotakura SR, Mah T, Srinivasan R, Takagi Y, Veis A, George A. 2000. The
non-collagenous dentin matrix proteins are involved in dentinogenesis
imperfecta type II (DGI-11). J Dent Res 79:835-~839.

Thyagarajan T, Sreenath T, Cho A, Wright JT, Kulkarni AB. 2001. Reduced
expression of dentin sialophesphoprotein is asscciated with dysplastic
dentin in mice overexpressing transforming growth factor-beta 1 in
teeth. J Biol Chem 276:11016-11020.

Waltimo J. 1994, Hyperfibers and vesicles in dentin matsix in dentinogen-
esis imperfecta (DI) associated with osteogenesis imperfecta (Of). J
Oral Pathol Med 23:389-393.

Wenstrup ReJ. 1997. From genes to tissue in ostecgenesis imper(ecta. A long
and winding road. In: Cohen MM, , Jr, Baum BJ, editors. Studies in
stomatology and craniofacial biology. Amsterdam: 105 Press. p 191—
207.

Williams EM, Nichollas AC, Daw SCM, Mitchell N, Levin LS, Green B,
MacKenzie J, Evans DR, Chudleigh PA, Pope FM. 1989. Phenotypical
features of an unique lrish family with severe autosomal recessive
osteogenesis imperfecta. Clin Genet 35:181-190.

Witkop C,, Jr. 1957. Hereditary defects in enamel and dentin. Acta Genet
Stat Med 7:236-239.

Witkop C Jr. 1988. Amelogenesis imperfecta, dentinogenesis imperfecta,
dentin dysplasia revisited: problems in classification. J Oral Pathal
17:547-553.

Xiao 8, Yu C, Chau X, Yuan W, Wang Y, Bu L, Fu G, Qian M, Yang J, Shi Y,
Hu L, Han B, Wang Z, Huang W, Liu J, Chen Z, Zhuao G, Kong X. 2001,
Dentinogenesis imperfecta 1 with or without progressive hearing loss is
associated with distinct mutations in DSPP. Nature Genet 27:210-
204.

Zhang ¥, ZhaoJ, Li C, Gao 8, Qiu C, Liu P, Wu G, Qiang B, Lo WH, Shen Y.
2001. DSPP mutation in dentinogenesis imperfecta Shields type II. Nat
Genet 27:151-182.

Piranit N. Kantaputra®
Department of Pediatric Dentistry
Faculty of Dentistry

Chiang Mai University,

Chiang Mai, Thailand




A newly recognized syndrome of skeletal dysplasia with
opalescent and rootless teeth

Piranit N. Kantaputra, DDS, MS, Chiang Mai, Thailand
CHIANG MAI UNIVERSITY

A Thai girl with skeletal dysplasia and dental anomalies was seen. Her anomalies consisted of disproportionately
short stature, short neck, broad and depressed nasal bridge, broad chest in the anteroposterior dimension, kyphosis, widely
spaced nipples, and protruded abdomen. Radiographic testing indicated that she had a large sella turcica, platyspondyly,
hypoplastic acetabulum, and a small body of mandible. Both her deciduous and permanent teeth were equally opalescent,
and most were rootless, with root development of the mandibular teeth more severely affected. Some maxillary roots were
extremely short and tapered. Hypodontia was also observed. These findings represent a unique and hitherto undescribed
syndrome of skeletal dysplasia with concomitant dental anomalies. (Oral Surg Oral Med Oral Pathol Oral Radiol Ended

2001;92:303-7)

Dental anomalies, even when minor, have been reported
as significant components of many syndromes. Their
presence is a valuable diagnostic clue for identification
of specific patterns of developmental malformation.
Many common and uncommon malformation syndromes
exhibit characteristic dental anomalies. For example,
globodontia—with multiple enlarged, bulbous, promi-
nent lobules—is a pathognomonic feature of otodental
syndrome.! Hypodontia is a consistent feature of Ellis-
van Creveld syndrome,? Van der Woude's syndrome,3
and Rieger's syndrome.* Cemental aplasia, a major
cause of premature loss of teeth, is common in patients
with hypophosphatasia. Taurodontism has been found
in patients with Klinefelter’s syndrome and many types
of ectodermal dysplasia.6 Amelogenesis imperfacta
and taurodontism have been reported in tricho-dento-
osseous syndrome.” Enamel hypoplasia, hypodontia,
and taurodontism are described in patients with Rapp-
Hodgkin syndrome.8

Opalescent teeth is the phrase applied to dentition
with a biue-gray to amber brown discoloration; this
discoloration is often combined with unusual transiu-
cency of the crowns. Such opalescence can be seen as
an isolated trait in dentinogenesis imperfecta type 2
(DI2) and type 3 (DI3), in coronal dentin dysplasia
(dentin dysplasia [DTDP] type 2 [DTDP2)).? and in
syndromic contexts including osteogenesis imperfecta
(O, Goldblatt syndrome,!! Schimke-immuno-
osseous dysplasia,!? and a type of Ehlers-Danlos
syndrome, 13
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DTDP is characterized by teeth with abnormal dental
pulps and roots and is classified into radicular dentin
dysplasia (dentin dysplasia, type 1 [DTDPI]) and
coronal dentin dysplasia. DTDP has been reported as an
isolated condition and as a component of syndromes
such as Singleton-Merten syndrome (MIM *182250).14
Its association with skeletal dysplasia and sclerotic
bone has been described as an antosomal dominant
disorder.!5 DTDPI1 and taurodontic molars have been
observed in patients with tricho-onycho-dental
syndrome.16 An association between DTDF2 and
osteogenesis imperfecta type 1 (OI1) has also been
described. 17

Rootless teeth have been observed in patients with
DTDP1, and tooth color in DTDPI is usvally normal.?
The combination of disproportionately short stature,
delayed growth developni®t, short neck, protruded
abdomen, kyphosis, platyspondyly, hypoplastic acetab-
ulum, broad nasal bridge, and hypodontia with opales-
cent and rootless teeth has not been previously reported.

CLINICAL REPORT

An §-year-old girl was referred from the Pediatric
Clinic, Chiang Mai University Hospital, to the Depart-
ment of Pediatric Dentistry, Chiang Mai University, for
physical and dental evaluation. She was the second
child of a nonconsanguineous marriage. Four other
children in the family were healthy. The family history
was unremarkable. Her father and mother were propor-
tionately short, with the height of 150 cm (<3 centile)
and 145 cm (<3 centile), respectively. Otherwise, they
were normal. They belonged to a hill tribe living in the
central part of Thailand. Her parents were from the
same village; however, the gene pool in this area was
not restricted.

She was delivered at 36 weeks of pregnancy. At birth,
intrauterine growth retardation and jaundice were
noted. Data about birth weight, birth length, and head
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Fig 1. The girl has disproportionately short stature. Her neck is short and her nipples are widely spaced; in addition,
she has a broad chest, protruding abdomen, and kyphosis. A broad, depressed nasal bridge also exists.

circumference at birth were not available. After delivery
she was hospitalized in the neonatal intensive care unit
for 4 weeks. At 8 years, 9 months of age, her height and
weight were 78 cm (<3 centile) and 10.5 kg (<3 centile),
respectively. She was not short in comparison with the
height of her parents. Other than physical growth retar-
dation, her other development was reported as normal.
Physical examination of the patient at 8.5 years old
revealed disproportionately short stature, a short neck,
light-colored hair, a broad and depressed nasal bridge,
a broad chest in the anteroposterior dimension, widely
spaced nipples, protruding abdomen, and kyphosis (Fig

1). No hepatosplenomegaly was detected. Crepitation
of the lower parts of both lungs was noted. Radio-
graphic examination showed platyspondyly and hypo-
plasia of acetabulum. Epiphyses and metaphyses were
unremarkable. Oral examination revealed opalescent
deciduous and permanent teeth (Fig 2). There was no
difference between the colors of the deciduous and of
the permanent teeth. Tooth size appeared to be normal,
and dental age was appropriate to chronological age.
Panoramic radiographs demonstrated small body of
mandible and congenital absence of the maxillary left
first premolar (Fig 3). Crowns of the permanent molars
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Fig 2. Opalescent teeth.

ST

Fig 3. Panoramic radiograph shows small body of mandible, large inferior alveolar éanal, and congenital absence of
maxillary left first premolar. Some maxillary teeth have shori and tapered roots. Most of the mandibular teeth do not

have roots. Note obliterated corenal pulp chambers.

and developing premolars were short in occlusocer-
vical direction with pronounced cervical constriction.
The roots of most maxillary teeth were extremely short
and tapered. The root of the maxillary left permanent
lateral incisor was absent. All mandibular permanent
teeth lacked roots—cexcept for the second right
premolar, which had an extremely short developing
root. All erupted teeth had obliterated pulp chambers.
The mandibular right first deciduous molar was nearly
exfoliated (Fig 3). No teeth were available for histo-
logic examination. A lateral cephalogram revealed
underdeveloped nasal bone, cervical platyspondyly,
and a very large sella turcica. A narrowing of the

interpedunculate distance of the cervical vertebrae was
also noted (Fig 4). Glucagon tolerance test results and
growth hormone stimulation test results were normal.
Urine metabolic screening tests for amincaciduria and
mucopolysaccharidosis had negative results. Immuno-
logic studies were not performed because the patient
neither experienced frequent infections nor were there
other signs of immunologic defects. She died of respi-
ratory failure at age 11.

DISCUSSION
The patient’s short stature might have been a familial
trait because both parents were proportionately short
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Fig 4. Large sella turcica and cervical platyspondyly.

(<3 centile). However, disproportionately short stature
and proportionately short stature are different entities.
The disproportionately short stature of the patient must
not have been inherited from either of her parents. The
disproportionately short stature, short neck, platyspon-
dyly, hypoplastic acetabulum, and kyphosis found in
this patient are shared by a number of syndromes; thus,
they are not specifically pathognomonic. The condis
tions sharing these features include Morquio’s
syndrome, type IVA and type B!8-20 (including the
nonkeratosulfate-excreting type?!), Goldblatt syn-
drome,!-22 and Schimke immunoosseous dysplasia.!2
Negative mucopolysaccharide screening tests and lack
of both opalescent teeth and corneal opacities rule out
all forms of Morquio’s syndrome. Short neck,
platyspondyly, hypoplastic acetabulum, kyphosis, and
opalescent teeth are found in Goldblatt syndrome!! and
Schimke immunoesseous dysplasia.’2 However, lack
of spondylometaphyseal dysplasia and generalized
joint laxity eliminated Goldblatt syndrome as a diag-
nostic possibility, The presence of rootless teeth and
hypodontia, as well as the absence of evidence of defec-
tive cellular immunity and progressive renal disease,
distinguished this patient’s disorder from previous
reports of Schimke immunoosseous dysplasia. 23
Opalescent teeth are seen in Ol However, the lack of
bone fragility, hearing loss, blue sclerae, and hyper-
flexibility of joints, as well as the presence of rootless
teeth in this patient, rule out a diagnosis of OI. The
opalescent teeth seen in this patient resembled teeth
seen in patients with DTDP2. Lack of progressive

ORAL SURGERY ORAL MEDICINE ORAL PATHOLOGY
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calcification of the thoracic aorta, calcific aortic
stenosis, osteoporosis, and expansion of the marrow
cavities distinguish the current case from Singleton-
Merten syndrome. !4 The absence of sclerotic bone has
ruled out the syndrome of dentin dysplasia with scle-
rotic bones and skeletal anomalies. 15

The craniofacial features of this patient were large
sella turcica, small body of mandible, opalescent teeth,
obliteration of pulp chambers, rootless teeth, and
hypodontia. Opalescent teeth found in this patient were
clinically similar to teeth in patients with DI. This may
indicate the presence of defective dentin.?* The decid-
uous and permanent teeth of this patient shared similar
color, which is in contrast with the pattern seen in
patients with DIl and DI2, in which the color of the
permanent teeth is less opalescent.2S

The rootless teeth found in this patient represent a
clinically unique feature. Rootlessness has not been
reported either as an isolated anomaly or as a
syndromic anomaly. This dental malformation is
distinct from rootless teeth found in DTDP1, because
this patient’s teeth did not show development of apical
radiolucent areas.’ Teeth affected with DTDPI usually
demonstrate normat color, yet this patient’s teeth were
opalescent in both dentitions. This may indicate that
the opalescence and rootlessness of her teeth may not
fit into any existing classifications of DI or DTDP. The
obliteration of pulp chambers in this patient suggests
abnormal calcification of dental pulp similar to that
seen in patients with DI1, DI2, DTDPI, or DTDP2.5

It is of interest to note that contrasting patterns of
root development were observed during the compar-
ison of the maxillary and “TMandibular dentitions.
Because the mandibular teeth were more severely
affected, the impact on local regulatory mechanisms
may have been more pronounced in the mandible.
Short-root anomaly has been reported to be associated
with a number of short stature—related syndromes.26-31
However, none are clinically similar to what was
observed in this patient.

Disproportionately short stature, platyspondyly, and
large or shoe-shaped sella turcica can be seen in
patients with Morquio’s syndrome, nonkeratosulfate-
excreting type (MIM 252300). However, the absence
of opalescent and rootless teeth in that syndrome
makes this diagnosis unlikely in this patient.2!1-32

In conclusion, it is believed that the combination of
opalescent and rootless teeth, hypodontia, large sella
turcica, depressed and broad nasal bridge, dispropor-
tionately short stature, short neck, widely spaced
nipples, broad chest, protruded abdomen, platyspondyly,
and hypoplastic acetabulum represent a unique and
hitherte undescribed skeletal dysplasia and dental
anomaly syndrome.
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Van der Woude Syndrome With Sensorineural
Hearing Loss, Large Craniofacial Sinuses, Dental
Pulp Stones, and Minor Limb Anomalies: Report
of a Four-Generation Thai Family
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A four-generation Thai family affected with
Van der Woude syndrome is reported. The
disorder appeared to be originally inherited
from a person who was half Thai and half
Pakistani. The lip lesions found in this
family were varied and did notf appear to
be related to other phenotypes. There were
some clinical manifestations possibly speci-
fic for the condition in this family. They
included sensorineural hearing loss, promi-
nent frontal bone, large frontal/sphenoidal/
maxillary sinuses with increased mastoid
air cells, long tooth roots, dental pulp stones,
ankyloglossia, brachydactyly of hands,
brachyphalangy, and hyperphalangy of toes,
and single flexion crease of the fifth fingers.
Fluorescence in situ hybridization analy-
sis revealed no visible deletion at a 1q32-
4] region. © 2002 Wiley-Liss, Inc.

KEY WORDS: dental anomaly; Van der
Woude syndrome; brachy-
mesophalangy; lip pit; pulp
stone; large craniofacial si-
nuses; sensorineural hear-

ing loss

INTRODUCTION

Van der Woude syndrome (VWS; MIM 119300) is a
multiple anomalies syndrome characterized by congen-
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ital lip pits associated with cleft lip with or without cleft
palate, hypodontia, and cutaneous syndactyly of toes. It
is an autosomal dominant disorder with variable ex-
pressivity and incomplete penetrance, and is the most
frequent form of syndromic clefting. The VWS locus has
been mapped fo 1g32-g41 [Schutte et al., 2000], but the
VWS gene has not been isolated. The VWS gene
expression is believed to be influenced by modifying
genes at other loci [Cervenka et al., 1967; Burdick et al.,
1985; Sertie et al., 1999]. VWS and popliteal pterygium
syndromes (PPS; MIM 119500) have sometimes been
present in the same family, and linkage analysis of the
two syndromes strongly suggested that they are allelic
[Soekarman et al., 1995; Lee et al., 1999).

Here we report on a Taai family in which seven
individuals through four pgenerations were affected
with VWS and some new clinical manifestations,

CLINICAL REPORTS
The Family

The Thai family consisted of 23 individuals, of which
seven were affected with VWS (Fig. 1, Table [). Patient
1 (Proband, IV-2, Fig. 1), a two-year-old girl, came to
the Department of Pediatric Dentistry, Faculty of
Dentistry, Chiang Mai University for oral examination.
Her parents were non-consanguineous. She was born
with bilateral cleft p and palate, and bilateral sym-
metrical lip nipples (Fig. 2a). The lip nipples were
surgically corrected for cosmetic reasons was perfor-
med at age three years. Sensorineural hearing loss was
detected at age four years. Hypernasal speech second-
ary to the short secondary palate was noted. Her limbs
appear normal except for hyperphalangy of the fifth
toes.

Patient 2 (IV-1), an 11-year-old bhoy, was the elder
brother of patient 1. He was horn with bilateral
symunetrical transverse lip furrows. Fluid sometimes
came out at the furrows (Fig. 2b). Oral examination
revealed crowding of the mandibular anterior teeth,
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Fig. 1. Pedigree of the family. The closed circle and square depict

patients with VW35, and the arrow shows the prohand.

anterior crossbite at tooth 22, and ankyloglossia
(Fig. 2¢). Panoramic radiograph showed long tooth
roots, large maxillary sinuses, and normal dental
development. Audiometry sP%wed normal hearing of
both ears.

Patient 3 (II1-10), a 37-year-old man, was the father
of patients 1 and 2. He was horn with right cleft lip and
cleft palate. Sensorineural hearing loss (Fig. 3a) was
detected at age nine. Asymmetrical lp nipple and a
transverse furrow were observed. He could intention-
ally move the orbicularis oris muscle at the area of his
lip nipples (Fig. 2d). Panoramic radiograph showed

normal dental development, large maxillary sinuses,
and long tooth roots. The frontal bone over the fron-
tal sinus was very prominent. Lateral cephalograph
showed large frontal and sphenoidal sinuses, and
mastoid air cells (Fig. 4a). Brachydactyly of fingers,
cutaneous syndactyly, and short distal phalanges of
toes 2 and 3 were noted (Fig. 4b). Synostosis of the
middle and distal phalanges of toes 5 was observed.
The middle phalanx of toes 4 and distal phalanges of
toes 2 and 3 appeared short.

Patient 4 (11I-11) was the younger brother of patient
3. His medical and dental history was unremarkable.
Audiometry showed normal hearing bilaterally. Bilat-
eral symmetrical lip pits were observed (Fig. 2e). The
pits sometimes were filled with fluid. He also had
prominent. frontal bone over the frontal sinus, very
large frontal and sphenoidal sinuses (Fig. 4c), long
mandibular tooth roots with normal dental develop-
ment, brachydactyly of fingers, and cutaneous syndac-
tyly of toes 2 and 3.

Patient 5 (II1-12) was a 21-year-old woman. Her
medical and dental history was unremarkable. Her

“karyotype was 46,XX. Audiometry showed normal

hearing bilaterally. Her lip lesions were reported fo
be similar to those of patient 2. Surgical correction for
cosmetic reasons was performed. She had large frontal
and maxillary sinuses (Fig. 4d), long tooth roots, and a
dental pulp stone in the left maxillary second perma-
nent molar. Limb defects were not observed.

Patient 6 (II-8) was a 57-year-old woman. She had
large frontal, sphenoidal, and maxillary sinuses; a
small depression near the midline of lower lip (Fig. 2f;
congenital absence of the mandibular second pre-
molars; prolonged retention of the right mandibular

TABLE I. Clinical Manifestations in Seven Patients With VWS

Patients
Findings 1 2 3 4 5 6 7
Age { years) 5 i1 37 34 21 57 Dead
Gender F M M M ¥ F F
Sensorineural deafness y n v n ¥ NA
Craniofacial sinuses
Large frontal sinus n n ¥ v ¥ ¥ NA
Large sphenoidal sinus n ¥ y v n v NA
Large maxillary sinus n ¥ ¥ ¥ v ¥ NA
Large mastoid air cells n ¥ v n n y NA
Oral findings
CL/CP ¥ n v n n n v
Lip pits n n n ¥ n y ¥
Lip nipples (conical elevation} ¥ ¥ ¥ n ¥ n n
Hypodontia n n n n n v NA
Long tooth roots n n ¥ ¥ y y NA
Pulp stones n n n n y v NA
Ankyloglossia n y n n n n NA
Limb anomalies
Brachydactyly of fingers n n ¥ ¥ n n n
Single crease of the 5th finger n n n n n ¥ n
Short middle phalanges of the 5th fingers n n n n n ¥ Na
Toes 2/3 syndactyly n n v ¥ n ¥ ¥
Short middle phalanges of toes 4 n NA y NA n n NA
Short distal phalanges of toes 2 and 3 y ¥ ¥ NA n n NA
Hyperphalangy of toes ¥ n n n n n NA

F, femnale; M, male; y, yes; n, no; NA, not available.
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Fig. 2. Lip lesions in the patients. Bilateral lip pits in patient 1 (a), patient 2 (b}, patient 3(d}, and patient 4 (e); lower lip depression in patient 6 (f); and
ankyloglossia in patient 2 (e).

primary second molar; long teoth roots (Fig. 4e); dental
pulp stones in all permanent molars; single flexion
crease of the left fifth finger; short middle phalanges of
both fifth fingers; and cutaneous syndactyly of toes 2
and 3,

Patient 7 (I-2) was half Thai and half Pakistani,
and reported to have gingle lip pit and unilateral cleft
lip and palate and be the first individual with lip pits in
the family. Her parents and brother were said to he
normal.
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0125 230 300 1000 2000 4000 8000 Flourescence In Situ Hybridization (FISH)
I Two bacterial artificial chromosome (BAC) clones,
20 i 501i21 and 564al7, were used in this study. Clone
i N 501i21 was located in the VWS critical region and clone
30 ~ 564a7 was outside the region [Schutte et al., 2000,
40 S— Chromosome preparation, probe labeling, and hybri-
50 2 dization were done as described previously |Franke,
&0 Q----7= coull I 1972; Tochareontanaphol et al., 1994; Schutte et al,
Tl - 2000]. Hybridization images were recorded with a Zeiss
o = microscope connected with Metasystem computer soft-
80 f* J F ware. As a result, both probe signals appeared at 1¢32
20 g of chromosomes 1 from patient 5, indicating that there
100 J‘ ﬂ is no visible deletion at 132 region in the patient.
10

DISCUSSION

We reported a large Thai family with VWS, In this
family, the lip lesions were varied, ranging from
bilateral lip pits to a small depression mark near the
midhine of lower lp seen in patient 6, as reported
: previously [Janku et al., 1980; Ranta and Rintala, 1981;

Fig. 3. Audiogram of patient 3, showing sensorineural heaving ioss.

Fig. 4. Large frontal and sphenecidal sinuses and increased mastoid air cells in patient 3 (a), brachydactyly of fingers and thumbs in patient 3 (b}, large
frontal sinus in patients 4 (¢) and 5 (d), and hypodontia of the mandibular second premolars in patient 6 (e).
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d

Fig. 4. (Continued)

Ranta, 1985]. Ankyloglossia observed in patient 2 has VWS, The presence of pulp stones in VWS patients may
been reported to be a characteristic feature of VWS  imply that there was a defect in dentin mineralization.
[Sorricelli et al., 1966; Burdick et al., 1987]. Dental pulp  Long tooth roots seen in patients 3—6 have also never
stones found in patients 5 and 6 are very rare in the been described, suggesting an effect of the VWS gene
normal population, and have never been reported in  on the growth of Hertwig epithelial root sheath.
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Sensorineural hearing loss in patients 1 and 3; large
craniofacial sinuses, including the frontal, sphenoidal,
and maxillary sinuses; and limb anomalies were unique
findings in this family. Although conductive hearing
loss is often associated with cleft palate, sensorineural
hearing loss found in this family is rare in individuzals
with cleft palate. It remains to be seen whether these
abnormalities are seen in other VWS patients. Limb
anomalies are rare in patients with VWS [Lipscn,
1989]. However, syndactyly of toes 2 and 3 and of
fingers 3 and 4 have been reported [Calnan, 1952]. The
limb anomalies observed in this family consisted of
brachydactyly of fingers, single flexion crease and short
middle phalanges of a fifth finger, short distal pha-
langes of toes 2 and 3, short middle phalanges of toes 4,
and hyperphalangy of toes 5. Although most of these
features are normal variants, their association with
VWS in the family may be significant.

Chromosomal microdeletion has been known to cause
VWS in a subset of patients [Bacian and Walker, 1987;
Sander et al., 1994; Schutte et al., 1999; Houdayer et al.,

2000]. However, FISH analysis did not detect any

visible deletion at 1932 region in our patient.
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Clinical Report

A Thai Mother and Son With Distal Symphalangism,
Hypoplastic Carpal Bones, Microdontia, Dental Pulp
Stones, and Narrowing of the Zygomatic Arch:

A New Distal Symphalangism Syndrome?
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A Thai mother and son with distal sympha-
langism and other associated abnormalities
are reported. Distal and middle phalanges of
fingers and toes 2-5 were either aplastic/
hypoplastic or fused between the cor-
responding digits. The second fingers and
fourth fingernails were most severely affec-
ted in both patients. The mother’s hands
were less severely affected; the middle and
distal phalanges of her hands were mal-
formed and fused. Besides the absence of
fusion lines, the shape of the fused middle
and distal phalanges was quite different
from that of other types of fusion, i.e., fused
bones in both patients did not maintain the
normal configuration of bone, referring to
as “middle-distal phalangeal complex”, Dis-
tal symphalangism was observed in toes 2-5
of the mother and in toe 3 of the son. Both
patients had additional clinical manifesta-
tions such as narrowing of the zygomatic
arch, dental pulp stone, microdontia of
a mandibular permanent central incisor,
cone-shaped epiphyses of middle phalanges
of fingers, and absence of scaphoid, trape-
zium, trapezoid, and pisiform bones, Muta-
tion analysis of NOG and ROR2, the genes
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responsible for proximal symphalangism
and brachydactyly type B, respectively, was
negative. © 2002 Wiley-Liss, Inc.

KEY WORDS: absent carpal bone; dental
pulp stone; narrow zygoma-
tic arch; fingernail dyspla-
sia; distal symphalangism;
proximal symphalangism;
brachydactyly type B
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INTRODUCTION

Distal symphalangism (DS, MIM 185700), an auto-
somal dominant disorder, is characterized by fusion of
the distal interphalangeal joints of hands and feet. The
index finger is most commonly affected. The skin over
affected finger joints lacks interdigital flexion creases.
DS is associated with brachydactyly, hypophalangism,
absent or rudimentary nails, craniosynostosis [Com-
ings, 1965; Zavala et al., 1975; Poush, 1991], and camp-
todactyly [Ohdo et al,, 1981], but an association with
proximal symphalangism is rare [Strasburger et al.,
1965]. Proximal symphalangism (MIM 185800) is an-
other entity, characterized by ankylosis of the proximal
interphalangeal joints and fusion of carpal and tarsal
bones [Strasburger et al., 1965], and caused by muta-
tions in NOG that encodes a protein, Noggin [Gong
et al.,, 1999; Dixon et al., 2001]. DS shares many simila-
rities with brachydactyly type B (BDB, MIM 113000},
the most severe form of brachydactyly. BDB is an
autosomal dominant trait characterized by aplasia/
hypoplasia of the middle/distal phalanges of fingers 2
5, fingernail dysplasia, and symphalangism between
the middle/distal phalanges. Thumbs are often fat-
tened or bifid, and syndactyly of fingers and toes are
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usnally found [Gong et al., 1999; Oldridge et al., 2000]. MATERIAL AND METHODS

Although the gene for DS has not been identified, .

DB is presumed to be caused by mutations in the Clinical Report

jrosine kinase-like orphan receptor 2 gene (RORZ; Patient 1, a nine-year-old Thai boy came to the

Ll 602337), which is required for cartilage and Department of Pediatric Dentistry, Faculty of Dentis-
mowth plate development [Afzal et al., 2000; DeChiara  try, Chiang Mai University for dental care. He was horn
ot al., 2000; Oldridge et al., 2000; van Bokhoven et al., with a weight of 2,700 g to non-consanguineous parents.
2000]. His eight-month-old sister was normal. When seen

This report presents a Thai family with clinical by us at age nine years, his height was 126 cm (< 50
diagnosis of DS associated with other manifestations centile) and OFC 50 ¢m {< 50 centile), and had a promi-
that are hitherto undescribed in this syndrome., nent nose and small left mandibular permanent central

~ Fig. 1. Patient 1, having a narrowed left zygomatic arch and & dental pulp stene in the left maxillary first permanent molar (a); short fingers with
asence of the right third and both fourth fingernails (b); absence of the fourth distal phalanx with fusion of the middle and distal phalanges 2 and 3, cone-
shaped epiphyses at the middle phalanges 2 and 4, absence of scaphoid, trapezoid, and pisiform, and a very small ossification center of trapezium (e).
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.

-

Fig. 2. Patient 2 {the mother), showing narrowing of the right zygomatic acch, and denlal pulp stones in the first permanent molars (a), short finge
with dysplastic Angernails and normal thumbs (b), and fusion of the middle and distal phalanges 2-5 (¢).
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incisor. Panoramic radiography showed normal dental
development with a pulp stone in the maxillary left
first permanent molar. The left zygomatic arch was
very narrow (Fig. 1a). Physical examination revealed
short fingers with dysplastic fingernails. The right
third and both fourth fingernails were absent
(Fig. 1b). The dorsal skin covering the distal one-third
of these fingers was smooth and shiny. Left fingernails
2, 3, and 5 were hypoplastic. The second fingers were
most severely affected. The shortness of fingers did
not limit him in doing his regular routine. Each
finger had only one flexion crease. Toes 2—5 were also
short with normal appearing toenails, and mild
cutaneous syndactyly of toes 2 and 3 was observed
bilaterally. Hand radiography demonstrated very
small ossification centers of the right scaphoid and
trapezoid, and the left trapezium, with the absence of
the right trapezium, left trapezoid, and both pisiform
bones. Both thumbs and their metacarpals were
normal. Fusions between middle and distal phalanges
of left fingers 2 and 3 and right fingers 2 and 5 were
ohserved, and distal phalanges of right finger 3 and
bilateral fingers 4 were absent (Fig. 1c). The right
second and the left second and fourth middle phalanges
showed cone-shaped epiphyses. Foot radiography
showed very short middle and distal phalanges of toes
3—5. The phalanges of the second toes appeared
normal. Fusion was observed between middle and
distal phalanges of bilateral toes 3 without fusion lines
between them. All proximal phalanges and great toes
were normal.

Patient 2, a 37-year-old woman, was the mother of
patient 1. Her face was asymmetric (left < right) and
had a prominent nose with a nasal septum extending
below nasal alae and a short philtrum, but was other-
wise normal. Her height was 151 cm (50th centile) and
OFC 51 c¢cm (3rd centile). She was the second child in a
non-consanguineous marriage. Her pavents, brother,
and sister were all unremarkable. The shortness of
fingers was less remarkable than that in patient 1. Like
in her son, second fingers were very short with bulbous
tips, and most severely affected. Fingernails 3, 2, 4, and
5 were dysplastic in the order of decreasing severity
{Fig. 2a). Single flexion crease was observed at the
right second and both third fingers. Her thumbs and
their nails appeared normal. Toes 2—5 were also short,
but toenails were unremarkable. Panoramic radio-
graphy showed normal dental development with the
ahsence of all third permanent molars. Narrowing of
the right zygomatic arch was evident (Fig. 2b). Pulp
stones were observed in all first permanent molars.
Distal phalanges of fingers 2-5 were short and
appeared fused, with short corresponding middle
phalanges (Fig. 2¢). Foot radiography showed fusion
of the short middle and distal phalanges of toes 2-5
with no fusion lines. A middle part of proximal
phalanges 2—4 were narrow.

Mutation Analysis of NOG and RORZ2

Informed consent was obtained from hoth patients.
DNA was extracted {rom peripheral blood leukocytes by

standard procedures. Primer sequences and PCR condi-
tion for NOG analysis have been described previously
[Gong et al., 1999]. Primers were designed in the flan-
king intron sequences to amplify exons 2—8 of RORZ.
RORZ-exon 9 was amplified in overlapping segments
[Bchwabe et al., 2000]. PCR was for RORZ2 performed at
94“C for 10 min, followed by 40 cycles at 94"C for 30 sec,
50°C for 30 sec, 72°C for 45 sec, and final extension at
72°C for 10 min. PCR products were purified by QIA
quick purification kit (Qiagen, Chataworth, CA), then
sequenced with BigDye terminator kit (PE Applied
Biosystems, Foster City, CA) and analyzed by an ABI
377 automated sequencer (PE Applied Biosystems). As
a result, no mutation in either gene was observed in the
two patients.

DISCUSSION

Both patients we have described were clinically dia-
gnosed to have DS because they had hrachydactyly,
especially at the distal segment of digits, fusion be-
tween the distal interphalangeal joints, and the absence
of distal phalanges 3 and 4. They also had additional,
hitherto undescribed abnormalities, such as cone-shap-
ed epiphyses of middle phalanges 2 and 4, radial-ray
carpal-bone anomalies, narrowing of the zygomatic
arch, and dental pulp stones. The second fingers were
predominantly affected, as reported previously [Inman,
1924; Steinberg and Reymolds, 1948; Poush, 1991],
while the thumbs and great toes were intact in both
patients, unlike in patients described by Matthewset al.
[1987]. Proximal symphalangism (PS) was ruled out,
hecause symphalangism patterns seen in our patients
were absolutely different from PS and there was no
NQOG mutation in the patients.

DS shares many manifestations with BDB, including
aplasia/hypoplasia of the middle and distal phalanges
of fingers 2—5, and fingernail dysplasia [Sillence, 1978;
Halpern et al., 1979; Poush, 1991; Oldridge et al., 1999;
Oldridge et al., 2000]. As seern in our patient 1, BDB has
been reported to have DS and fourth digit hypophalan-
gism [Comings, 1965; Zavala et al., 1975; Temtamy and
McKusick, 1978]. In addition to the absence of mutation
in ROR2, hypoplasia of the distal phalanges confined to
the second fingers in patient 2 distinguished the
condition in this family from BDB [Inman, 1924;
Steinberg and Reynolds, 1948]. When BDB and DS
are present together in a patient, it is sometimes
confusing to describe the condition as DS with BDB
[Comings, 1965] or BDB with DS [Zavala et al., 1975;
Temtamy and McKusick, 1978]. Unequivocally differ-
entiating diagnostic features between the two condi-
tions, other than ROR2 gene analysis, would be worth
studying.
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We report on a Thai family with dominantly
inherited malformation syndrome with up-
per limb anomalies, short stature, quadri-
cuspid aortic valve, and minor craniofacial
anomalies. The affected individuals com-
prised a mildly affected mother, a modera-
tely atfected daughter, and a most severely
affected son. The danghter and son had short
stature, The craniofacial abnormalities com-
prised frontal bossing, hypoplastic nagal
bones, depressed nasal bridge, and broad
nasal alae. The upper limb defects varies
among the patients, ranging from radial ray
defects in the mother through radial and
ulnar ray defects with unilateral humeral
hypoplasia in the daughter to radial ray de-
fects with severe oligodactyly and bilateral
humeral hypoplasia in the son. All patients
in this family had hypoplasia of the shoulder
girdle and resembled what is observed in
many families with Holt-Oram syndrome.
Moreover, the son showed quadricuspid
aortic valve with mild aortic regurgitation.
However, the present family did not show
any mutation of the TBX5 gene, a disease-
causing gene of Holt-Oram syndrome. The
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present family deserves further investi-
gation on other genes that play a role in the
development of the upper limbs, particularly
of radial rays. @ 2002 Wiley-Liss, Inc.

KEY WORDS: absent thumb; Holt-Oram
syndrome; hypoplastic clav-
icle; hypoplastic humerus;
hypoplastic ulna; oligodac-
tyly; short stature

-
INTRODUCTION

The biclogical role of several genes in limb develop-
ment has been elucidated, based on recent discoveries
of disease-causing genes in several limb malforma-
tion syndromes, such as the TBX5 gene in Holt-Oram
syndrome (HOS) [Basson et al.,, 1997, 1999; Li et al.,
1997]. We describe here a Thai family with a dominantly
inherited malformation syndrome, characterized by
radial and ulnar ray defects, short stature, and minor
craniofacial malformations. The upper limb and shoul-
der girdle defects in the present family are more severe
than those of HOS, and the molecular studies did not
reveal any mutations in the TBX5 gene.

CLINICAL REPORT
Patient 1

The proband was a 51-year-old ‘Thal woman born to
healthy nonconsanguineous parents (Fig. 1A). She had
three affected offspring, a daughter (patient 2; Fig. 24},
ason (patient 3; Fig. 3A), and another son who died a few
days after birth and was reported to be absent of thumbs
and syndactylous fingers. The proband was healthy with
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normal intelligence. Height and OFC were 153 cm (50th
centile} and 53 cm (3rd centile), respectively. She had
minor facial dysmorphism, comprising frontal bossing,
depressed nasal bridge, and broad nasal alae (Fig. 1A).
Medical histary and physical examination did not reveal
evidenice of heart disease. She had slender upper arms,
short forearms with clubbed hands, absent thumbs,
hypoplasia with flexion contracture of the left second
finger, partial cutaneous syndactyly between the left
second and third fingers, and camptodactyly of all
proximal interphalangeal (PIP) joints predominantly
of the right (Fig. 1A). Radiologic examination revealed
slenderness of the left clavicle, hypoplastic scapulae
with flat glenoid fossae particularly of the left, mild
hypoplasia of the left humeral head, bowed ulnae par-
ticularly of the left, and radial ray defects, compris-
ing the ahsence of the radii and thumbs, dysplastic
radial carpal bones, brachymesophalongy of fingers 3, 4,
and 5, and hypoplasia of the left second metacarpal
and phalanges (Fig. 1B). Lateral cephalogram showed
underdeveloped nasal bones,

Patient 2

The patient was a 25-year-old woman (Fig. 2A). She
was intelligent and health? Medical history and
physical examination did not show evidence of cardiac
problems. The patient refused to have echocardiography
performed. She was proportionately short, Height and
OFC were 145 cm (5th centile) and 53 em (3rd centile),
respectively. Frontal bossing, depressed nasal bridge,
and broad nasal alae were observed. The thorax was
narrow with short clavicles (Fig. 2A). The left upper Limb
was short with dislocation of the left shoulder joint.
The right upper limb showed only shortening of the
forearm. Theright hand was clubbed. Both thumbs were
absent. The left second finger was small. The left fourth
finger was longer than the third one. Camptodactyly was
evident, especially on the right (Fig. 2B). Radiologic
examination demonstrated hypoplastic scapulae signif.
icantly of the left and severe left humeral hypoplasia
with humeroulnar synostosis {(Fig. 20). The radiologic
findings of the forearm and hand were similar to those of
the proband (Fig. 2D). Lateral cephalogram showed
underdeveloped nasal bones.

Patient 3

The patient was a 23-year-old man (Fig. 3A). He was
healthy and intelligent. Although clinically asympto-
matic, echocardiography showed quadricuspid aertic
valve with aortic regurgitation of the mild degree.
Height and OFC were 150 cm (< 3rd centile) and 53 ¢m
(<3 centile) respectively. Frontal bossing, depressed
nasal bridge, and broad nasal alae were evident. The
shoulder was narrow and slightly drooped. Dislocation
ofthe shoulder joints with prominent acromial processes
was found. The thorax was narrow with short clavieles.
The upper limhs were significantly short with clubbed
hands (Fig. 3A). Only two fingers with a wide gap
between them were present bilaterally. Camptodactyly
wag seen in the right two fingers and the left ulnar finger

Patient i. A: Frontal bossing, broad alar nasi, and depressed
nasal bridge. Note clubbed hands and flexion contracture of fingers.
B: Absent radii, hypoplastic and howed right ulna, and malformed
carpal bones. Note brachymesophalangy and interphalangeal joint
abnormalities.

Fig. 1.

(Fig. 3B and D). Radiologic examination showed hypo-
plasia of the scapulae especially of the left, rudimentary
humeri, right humeroulnar synostosis, bowed ulnae,
absent radii, and oligodactyly (Fig. 3C and E). Three
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Fig. 2, Patient 2. A: Frontal bossing, broad alar nasi, and depressed nasal bridge. Short clavicles. B: Very short left arm, Right hand in clubbed position.
C: Hypoplastic scapulae. Dislocated left shoulder joint. Left humeral hypeplasia with humeroulnar svnostosis. D: Absence of radii, and thumbs, malforimed
garpal bones, and hypoplastic ulnae. :

metacarpals were present bilaterally, and osseous DNA Tsolation
syndactyly was noted in the proximal ends between
theright ulnar metacarpals and distal ends between the Peripheral blood (10 ml) was obtained from each

left radial metacarpals. The radial fingers consisted of patient. Epstein-Barr virus—transformed cell lines were
partially duplicated phalanges bilaterally (Fig. 3E). established. DNA was isolated from lymphoblastoid cell
Lateral cephalogram showed underdeveloped nasal lines by digestion with proteinase K and phenol-chloro-
bones (Fig. 4). form purification [Sambrook et al., 1989]
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Fig. 3. Patient 3. A: Frental bossing, broad alar nasi, and depressed nasal bridge. Note short clavicles with drooped shoulder, prominant acromions, and.
very short arms. B: Wide gap between syndactylous fingers. Note camptodactyly. C: Hypoplastic scapulae. Malformed and dislocated humeri. Right humesu
is fused with proximal ulna. D: Syndactylous finger. E: Twe malformed carpal hones. Three metacarpals are present in each hand. Osseous syndactyly of
metacaupals. Note partially duplicated phalanges. }



TBX5 Gene Mutation Analysis -

~ Exons 2 through 9 of TBX5 were PCR-amplified
from genomic DNA of patient 3 using primers deriv-
&d from intron sequences flanking each exon (6" — 3'):

AGCAGAACCT/CAAGAGAAGCCGAGCAGGAAAGC-
CA: exon 3 (bp 147-242)-3GF,R: TTCTCCTCGTCC-
CTCTCTACACA/AGTTTGGGGAAGGAATGCCC-
ACTAC; exon 4 (bp 243-361)-4GF R: AACGGGGCT-
AGTTTCCGCTTCCACG/CTTTTTGGGAGAAGGTTC-
LFACTTTT; exon 5 (bp 362-509)-5GF,R: CTTGGTGC-
GTGAACTGAAGCACGC/GAGGGAGACAAGGCTGG-
LGAATCCAG; exon 6 (bp 510-663)-6GF R: ACGGC-
LCCAGGCACTGGTTCCTGGG/CAGGGTTTTATCTG-
LAGACAAAGGG; exon 7 (bp 664-754)-7GF R: ATTA-
LCTCATGTCCTGAGGTGGTCT/GTGGGGAGGAGA-
AAGTTGAGGAATC; exon 8 (bp 755-1098)-8GF.R:
TTTCTGGTGGATTCTCTCACACC/GGGTAGGAA-

{or 30 sec, and 72°C for 30 sec, for 30 cycles, then kept at
12°C for 10 min. PCR products were then purified by
wsing QIA quick columns per the manufacturer’s
Instructions (Qiagen, Chataworth, CA). Templates were
subjected to cycle sequencing by using flucresceinated
fideoxynucleotides and analyzed by Applied Biosystems
477 automated DNA sequencer.
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wmon 2 (bp 1-146)-2GF.R: GCTTCTTGTCCTCAG- -
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RESULTS

Using the genomic DNA of patient 3, direct sequenc-
ing did not show mutations in exons 2—9 of TBX5.

DISCUSSION

The pattern of the upper limb defect and its left-sided
predominance and possible genetic anticipation in
the present family mimicked those reported in some
families with HOS [Rybak et al., 1971; Newbury-Ecob
et al., 1996; Li et al., 1997]. Short stature found in the
present family is seldom found in HOS [Rybak et al,,
1971]. Cardiovascular anomalies of HOS are varied.
ASD and VSD are common, but, though rare, hypoplas-
tic left heart and hypoplastic peripheral vasculature are
described; thus, the quadricuspid aortic valve found in
our patient 3 may have been a syndromic constituent,
but minor craniofacial changes as in the present family
might have been ignored in HOS patients in the context
of the presence of other major malformations [Newbury-
Ecob et al., 1996; Sletten and Pierpont, 1996]. For these
reasons, we were engaged in the work of molecular
analysis on the TBX5 gene in the present family, which
ultimately yielded a negative result.

The upper limb anomalies of this family were similar
to those reported in a Polish family affected with HOS.
Actually, the upper limb anomalies found in that Polish
family and in ours were more severe than those usually
found in HOS [Rybak et al., 1971; Newbury-Ecob et al.,
1996]. Without the presence of short stature and
craniofacial features, the diagnosis HOS might have
been entertained since HOS may not have congenital
heart defects [Rybak et al., 1971; Basson et al., 1999;
Cross et al., 2000]. Interestingly, cranial deformity has
been mentioned in that Polish family but unfortunately
it was not fully describedstRybak et al., 1971]. The short
stature and minor craniofacial features reported in the
present, family were not of their familial traits, since
other members of the family did not have them.

As far as the negative molecular findings are con-
cerned, we are aware that approximately twa-thirds of
HOS patients have negative molecular TBXS5 findings
[Crossetal., 2000]. It may not be possible to tell whether
the disorder in the present family represents genetic
heterogeneity of HOS or a previously undescribed mal-
formation syndrome. There is a possibility that the
present family and the one reported by Rybak et al.
[1971] had the same disorder, not related to TBX5
mutations. The presumed gene that causes the present
disorder would be expected to be functionally expressed
in a multiplicity of tissues, including the upper limbs,
heart, and craniofacial regions, as is the TBX35 gene with
expression in the developing heart, forelimbs, trachea,
thoracic wall, retina, and telecephalon.
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Clinical Report

Apparently New Osteodysplastic and Primordial
Short Stature With Severe Microdontia, Opalescent
Teeth, and Rootless Molars in Two Siblings

Piranit N. Kantaputra*

Department of Pediatric Dentistry, Faculty of Dentistry, Chiang Mai University, Chiang Mai, Thailand

A Thai man and his sister affected with a
newly recognized syndrome of proportion-
ate primordial short stature are reported.
The patients had severe intrauterine and
postnatal growth retardation, prominent
nose and nasal bridge, small pinnae, large
sella turcica, areas of hypo- and hyperpig-
mentation of skin, dry and thin scalp hair,
and long and straight clavicles. Ivory epi-
physes and cone-shaped epiphyses of the
hands were found when they were young,
but most of them disappeared as they grew
up. Scaphoid and trapezium had angular
appearance. The second toes were unusually
long. Distal symphalangism of toes and
barchymesophalangy of fingers were noted.
The findings that appear to distinguish this
syndrome from the previously reported syn-
dromes are long second toes, opalescent and
rootless teeth, severe microdontia, severely
hypoplastic alveolar process, and unerup-
ted tooth. The mode of inheritance is sus-
pected to be autosomal recessive.
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INTRODUCTION

Primordial “dwarfism” is used to describe patients
who have severe intrauterine and postnatal growth
retardation. It is a very heterogeneous group of disorder
that has been classified into three main types: Seckel
gyndrome, microcephalic osteodysplastic primordial
dwarfism (MOPD) type I/III and type II [Meinecke and
Passarge, 1991; Majewski and Goecke, 1998]. Variants
of MOPD or Seckel-like syndrome have been described
[Shebib et al., 1991; Buebel et al., 1996]. Seckel syn-
drome, the best known one, is characterized by severe
intrauterine and postnatal proportional short stature,
severe microcephaly, mild to moderate mental retarda-
tion, large and prominent nose, and dislocation of the
head of radius (Seckel, 1960]. Patients affected with
MOPD can be easily distinguished from those with
Seckel syndrome by be% disproportionately short and
having distinet radiclogical features [Majewski et al,,
1982a, 1982b; Poznanski et al., 1983; Majewski and
Goecke, 1998].

Primordial short stature with dental anomalies has
been described [Seckel, 1960; Majewski and Goecke,
1982; Shebib et al., 1991; Majewski, 1992; Lin et al.,
1995]). However, none, especially anyone with propor-
tionate primordial short stature, has been reported
with severe microdontia, opaleseent teeth, and rootless
molars. A Thai brother and sister affected with a new
syndrome of this group of short stature are described.
A newly recognized f{eatures comprising a newly recog-
nized syndrome include long second tees, long and
straight clavicles, distal symphalangism of toes, severe
microdontia and malfermation of mandibular premo-
lars, severely hypoplastic alveolar processes, opalescent
teeth, and rootless molars. The mode of inheritance is
suspected to be autosomal recessive.

CLINICAL REPORT
Patient 1

Patient 1 was an 18-year-old man. He and his younger
sister (patient 2) were born from healthy and noncon-
sanguineous parents (Figs. 1A and 2A and B). The older



Fig. 1.

hypuplastic alveolar process. Mandibular premolars are very small.

sister was normal. The patient was born at term. Birth
weight was 1,000 g. He started having pubic hair at age
14 years. At age 18 years, axillary hair was not apparent.
Intelligence was normal.

- On examination, he was proportionately short.
Height, weight, and OFC were 102 em (<3rd centile),
14 k (<3rd centile), and 43 em (<3rd centile), respec-
tively. Scalp hair was dry and thin. Large nose with
prominent nasal bridge was cbserved. Pinnae were
=mall. Hearing was normal. Like his sister, there were
areas of hypo- and hyperpigmentation of the skin that
did not follow lines of Blaschko lines. In some areas, the
skin appeared poikilodermatous (Fig. 2A and B).
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A: Patients 1 and 2 al ages 18 and 16 vears old, respectively, and their parents. Proportionate short stature is noted. B and C: Panoramic
adiographs of patients 1 and 2, respectively. Note rootless molars, Dentin of incisors is less radiopague than that of molars. Lack of cortical bone, and

Oral examination revealed generalized microdontia
and opalescent teeth. All teeth were small but the
mandibular premolars were unusually small and mal-
formed, comprising of many cusps. The mandibular left
premolars had the mesio-distal dimension of 4 mm. All
teeth were loose and wore off easily. The parents
reported that both children had all primary and per-
manent teeth, but they kept falling out painlessly. The
loss of teeth was not a result of dental caries, There was
no history of recurrent infections. Chest was narrow,
The fingers and thumbs were short, and the elbows bent
{Fig. 3C). The second toes were unusually long and both
great and second toes were laterally curved. Flexion
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Fig. 2. A: Patient 1. B: Patient 2. Note large and prominent noses and small pinnae. Scalp hair is thin. C: Small and opalescent incisers with
attrition. D: Opalescent teeth. S8evere microdontia and malformation of mandibular premolar. Mandibular canine has prominent cingulum.



Fig. 2.

ntracture of the distal interphalangeal joints (IPJ) of
the toes was observed (Fig. 4A). Flexion contracture of
all distal IPJ was observed.

Radiographic examination showed delayed dental
development, rootless molars, short-rooted ineisors,
and narrow root canals of incisers. Like that of his
sister, the dentin of the incisors was less radiopaque
than those of molars. The crowns of the molars appeared
tapered occluso-cervically. Cortical bone of the alveclar
process was not evident. Severe hypoplasia of the
alveolar process was observed. There was hardly any
bone surrounding the roots of the teeth (Fig. 1B and C).

digital marking of the skull, progressive alveolar bone
loss, progressive loss of teeth, large sella turcica, and
long posterior clinoid process (Fig. 5A and B).
Radiographs showed long, straight, and slender cla-
vicles, and hypoplastic scapulae. There were 12 ribs on
each side (Fig. 6A). The radius and ulna were slender.
The ulna was slightly bowed. Hand radiographstaken at
ages 14 and 18 years showed slender fourth and fifth
metacarpals (Fig. 3A and B). The trapezium and sca-
phoid had angular appearance. The radiograph taken at
‘age 14 years showed ivory epiphyses at the middle and
distal phalanges of fingers 3 and 4, the distal phalanges
offingers 5, and the proximal phalanx of the right thumb.
Cone-shaped epiphyses were observed at the proximal
phalanges of fingers 2—-5 (Fig. 34). Ivory epiphyses and
cone-shaped epiphyses were not apparent in the radio-
graph taken at age 18 years (Fig. 3B). Brachymesopha-
langy was observed. The distal phalanges of the second
fingers appeared short {(Fig. 3A and B). Foot radiograph
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{Continued)

showed abnormally long metatarsals and proximal pha-
langes of toes 2. Distal symphalangism of the fifth
toes was noted (Fig. 4B). Pelvic radiograph showed
tall and slender pelvic bone with shallow acetabula
(Fig. 4D).

.

Patient 2

Patient 2 was a 16-year-old girl. She was the younger
sister of patient 1 (Figs. 1A and 2A and B). Her birth
weight was 1,000 g. She started menstruation and pubic
hair at ages 13 and 15 years, respectively. Menstruation
was reported to be irregular. Like her hrother, she had
normal intellectual development. On examination, she
was proportionately short. Her height, weight, and OFC
were 96 cm (< 3rd centile), 12 k (< 3rd centile), and 41 em
(<3rd centile), respectively. Like that of her brother,
the scalp hair, especially at the vertex, was dry and thin.
The nose was large with prominent nasal bridge. The
pinnae were small. Hearing was normal. One her left
thigh and chin there were large areas of café-au-lait
spots (Fig. 2B). The chest was narrow and the elbows
bent. Fingers were proportionately short. There was
limitation of abduction of the left leg. Toes were unre-
markable. Like those of her brother, all teeth were small
and opalescent. Mandibular premolars were severely
small and malformed (Fig. 1B and C).

Radiographs showed narrow root canals of the inci-
sors, short-rocted incisors, rootless molars, and an uner-
upted right mandibular premolar. The body of mandible
was narrow. The crowns of the molars appeared tapered
occluso-cervically (Fig. 1C). Lateral cephalograph showed
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Fig. 7.
radiograph of patient, 1 at age 18. Absence of ivory and cone-shaped epiphyses. Brachymesophalangy and short distal phalanx of the right second finger
Metacarpals 4 and 5 ave slender. C: Patjent 1. Brachydactyly and bent elbows. D; Patient 2. Hand radiograph at age 16. Brachymesophalangy is noted.
Trapezium and scaphoid have angular appearance. Metacarpals 4 and 5 are slender.

large sella turcica, long posterior clinoid process, and
progressive alveolar bone loss. Digital marking of
the skull was observed (Fig. 5C and D). Chest radio-
graph showed long straight and slender clavicles, and
hypoplastic scapulae. There were 12 ribs on each side
(Fig. 6B). Radicgraph of the elbows was unremarkable.

Hand radiographs were taken at ages 12 and 16 years.
At age 12, brachymesophalangy of fingers 2—5 and ivory
epiphyses at the proximal phalanges of thumbs were
observed. Cone-shaped epiphyses were seen at the proxi-
mal phalanges of fingers 2 and 3 bilaterally. Like those of
her brother, scaphoid and trapezium were angular in
shape and metacarpals 4 and 5 appeared slender
{Fig. 3D). Pelvic radiograph showed superiorly dislo-
cated left proximal femur and slender femoral shafts
(Fig. 4D}. Foot radiograph showed short proximal phal-
anges of the great toes, long metatarsals of the second
toes, and flexion contracture of toes 3-5. Brachymeso-
phalangy of toes 2 and 3 was observed. Distal sympha-
langism of toes 4 and 5 was noted.

A: Hand radiegraph of patient 1 at age 14. Note ivory and cone-shaped epiphyses. Trapezium and scaphoid have angular appearance. B: Hand

DISCUSSION

The major manifestations found in the affected
brother and sister were proportionate primordial short
stature, microcephaly, severe microdontia, opalescent
teeth, rootless molars, severely hypoplastic alveolar
bone, distal symphalangism of toes, long second toes,
and long, slender, and straight clavicles. Anomaly of
tooth size has been described in patients with primordial
short stature. Microdontia has been reported in Seckel
syndrome [Cervenka et al., 1979] and MOPD [Majewski
and Goecke, 1998]. Some patients with those syndromes
have been reported to have large teeth [Seckel, 1960;
Majewski and Goecke, 1982; Majewski, 1992]. The com-
bination of microdontia, shortness of roots, delayed den-
tal development, and hypoplastic alveolar processes has
been described in MOPD [Lin et al., 1995]. The presence
of opalescent teeth, severe microdontia, and malforma-
tion of mandibular premolars distinguish the current
patients from having that particular syndrome.




Fig. 4
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A: From left to right, feet of patients 1 and 2. Feet of patient 1 shows long second toes and lateral deviation of toes 1 and 2. B: Patient 1. Very long

metatarsals 2 and proximal phalanges 2 of patient 1. C: Patient 1. Slender pelvic hone, shallow acetabula, and fermoral shafts. D: Patient 2. Tall and slender
iline bones and slender ischiwm and pubic bones, and shallow acetabula. Superiorly dislocated left femoral head.

Opalescent tecth refers to teeth with a blue-gray
to amber-brown discoloration. The crowns of the teeth
are unusually translucent. It can be seen as an iso-
lated anomaly in hereditary opalescent dentin or denti-
nogenesis imperfecta type 2 (DI2) and dentin dysplasia
type 2 (DTDP2) [Ranta et al., 19931, Syndromic opales-
cent teeth have been reported in many syndromes
[Kantaputra, 2001al, including osteogenesis imperfec-
tas [{O’Connell and Marini, 1999], Goldblatt syndrome
[Goldblatt et al., 1991], Schimke-immunoosseous dyspla-

sia [Fonseca, 2000], and a type of Ehlers-Danlos
syndrome [Komorowska et al., 1989]. Opalescent and
rootless incisors and molars have been deseribed in a girl
with disproportionate short stature, delayed growth and
development, short neck, protruded abdomen, kyphosis,
platyspondyly, hypoplastic acetabulum, broad nasal
bridge, and hypodontia [Kantaputra, 2001b]. None of
the reported patients either with proportionate or
disproportionate primordial short stature had opales-
cent or rootless teeth. Rootless teeth have been reported
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in dentin dysplasia type 1 (DTDP1). Tooth crowns of
teeth with DTDP1 are not opalescent [Ranta et al.,
1993]. This can distinguish teeth of the reported patient
from having DTDP1.

Having ivory epiphyses and cone-shaped epiphyses in
both patients was an interesting combination. Hand
radiographs taken 4 years apart demonstrated that
most of ivory epiphyses disappear as the patients aged.
These age-related phenomena are similar to those of
Seckel syndrome [Poznanski et al., 1983]. The reported
patients share many features with an MOFPD patient
who was reported to have long and slender clavicles,
ivory epiphyses, cone-shaped epiphyses, dislocated hip,
with abnormal dental development [Shebib et al., 1991].
The panoramic radiograph of that particular patient
and ours showed similar features consisting of micro-
dontia, rootless molars, and severely hypoplastic alveo-
lar process [Shebib et al., 1991]. Disproportionate short
stature, synostosis of sagittal suture, short neck, short
and bowed forearms, flared distal metaphyses of the
femora, hypoplastic pelvis, and delayed intellectual
development distinguish that patient from the current

patients. Large sella turcica found in the current pati-
ents have been seen in MOPD, type Caroline Cachami
[Majewski, 1992; Boscherini et al., 1996]. This leaves
the gquestion whether the basic defect of this new
syndrome involves the pituitary gland. Digital mark-
ing of the skulls in both patients is frequently found in
patients with craniosynostosis, which they did not
appear to have [Howard et al., 1997]. Hypo- and hyper-
pigmentation of skin found in both patients might refiect
mosaic variegated aneuploidy (MVA). However, since
they did not follow Blanchko lines and the lack of
hypoplasia of brain, Dandy-Walker malformations,
setzures, hypotonia, and Wilms tumeor in the current
patients, the possibility of causing by MVA is not likely
[Chitayat et al., 1990; Kajii et al., 1998; Kawame et al,,
19991,

The reported patients appear to have a newly recog-
nized syndrome. The features that make this syndrome
distinct from the previously described syndromes inctude
hypo- and hyperpigmentation of skin, opalescent teeth,
rootless molars, severely hypoplastic alveolar processes,

long second toes, and distal symphalangism of toes.

Fig. 5. Aand B: Lgteral radiographs of patient 1 at ages 14 and 18, respectively. C and D: Lateral radiographs of patient 2 at ages 12 and 16, respectively.
Note short-rooted incisors, rootless molars, and large sella turcica with long posterior ¢linoid processes. Progressive alveolar bone loss is seen.
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Fig. 6. AandB: Chest radiographs of patients 1 and 2, respectively. Note
narrow chests, long, straight and slender clavicles, and hypoplastic
scapulae.

Fig. 5. (Centinued)
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' A New Syndrome of Symphalangism, Multiple
Frenula, Postaxial Polydactyly, Dysplastic Ears,
Dental Anomalies, and Exclusion of NOG and GDF5

and Chanin Limwongse®
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Bangkok, Thailand

A Thai girl with a unique combination of
limb and craniofacial anomalies is reported.
Manifestations include blepharoptosis; pro-
minent nose; hypodontia; multiple, hyper-
plastic frenula; and dysplastic ears. Limb
| anomalies include short stature, postaxial

polydactyly of both hands and the left foot,

proximal and distal symphalangism of fin-
| gers, and congenital absence of the distal
phalanges of toes 2-5. Mutation analyses
of NOG and GDFS5, the genes responsible
for symphalangism-related syndromes, were
negative. © 2003 Wiley-Liss, Inc.
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INTRODUCTION

Symphalangism, characterized by fusion of the
phalanges, is a rare anomaly. Proximal and distal
symphalangism are defined as fusion between the
proximal and middle phalanges and between the middle
and distal phalanges, respectively. Proximal sympha-
langism is more common than distal and both have been
reported in association with many syndromes such as
proximal symphalangism (SYM1; OMIM 185800), facio-
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audio-symphalangism syndrome, tarsal-carpal coali-
tion syndrome (TCCS; OMIM 186570), and multiple
synostosis syndrome (SYMS1; OMIM 186500). Hetero-
zygous mutations of the NOG gene are known to cause
these proximal symphalangism-associated syndromes
[Gong et al., 1999; Dixon et al., 2001]. Multiple syno-
stosis, type 2, (SYNS2) is caused by a missense mutation
in growth/differentiation factor 5 (GDFB5) or cartilage-
derived morphogenetic protein-1 (CDMPI) [Akarsu
et al.,, 1999].

Here, we describe a Thai patient with a unique
combination of limb and craniofacial anomalies. Mani-
festations include blepharoptosis; prominent nose; hy-
podontia; multiple, hyperplastic frenula; and dysplastic
ears. Limb anomalies inedyde short stature, postaxial
polydactyly of both hands and the left foot, and proximal
and distal symphalangism of the fingers. NOG and

- GDF5 are known to play crucial roles in normal joint

development [Akarsu et al., 1999; Gong et al., 1999;
Tsumaki et al., 2002]. Because our patient had sympha-
langism, we thought that the phenotype might be caused
by a mutation in NOG or GDF5. However, molecular
studies did not identify any mutations in those genes.

CASE REPORT

The patient was a 12-year-old Thai gir], who was the
first child of non-consanguinecus, healthy parents
(Fig. 1A). The patient was noted to have disproportio-
nately short stature. Intelligence was normal. Her
height, weight, and head circumference were 138 em
(3rd—10th centile), 36 kg (50th centile), and 51.5 ecm
(50th—75th centile), respectively. Hair and skin ap-
peared normal. She had dolichocephaly, bilateral ble-
pharoptosis, highly arched eyebrows, and sloping
shoulders. Broad, prominent nasal bridge was observed.
The philtrum was broad. The lower part of helices and
lobules were hypoplastic (Fig. 1A). Hearing and echo-
cardiography were unremarkable.

Oral examination showed multiple, hyperplastic
frenula and highly arched palate (Fig. 1B). The primary



382
A

Kantaputra et al.

Fig. 1.
radiograph at the age of 8 years showed hypodontia, short-rooted incisors, and premolars.

and permanent molars were small. The shape of the
mandibular second premolar and first permanent molar
resembled that of the mandibular second primary molar
and mandibular second permanent molar, respectively.
The maxillary first permanent molars and all second
permanent molars had one root. Congenital absence of
the maxillary permanent lateral incisors, and mandib-
ular permanent ceniral incisors were noted (Fig. 1C).
The hands were small with bilateral postaxial poly-
dactyly. The polydactylous fingers could not be moved
voluntarily. Brachydactyly and tapering of all fingers
were noted (Fig. 2A). Flexion at the interphalangeal
joint (IPJ) was possible only at the distal interphalan-
geal joint (DIPJ) of the third fingers, making it im-
possible for her to make a fist. No cutaneous creases
were observed over the dorsum of the affected joints.
Fingernails were unremarkable (Fig. 2A}). Roentgen-
ograms of the hands at the age of 12 years showed
normal appearance of the thumbs, short fourth and fifth
metacarpals, and fusion of proximal interphalangeal
jeint (PIPJ) and DIPJ of fingers 2, 4, and 5. The DIPJ of
the third fingers appeared normal. All phalanges of the
polydactylous fingers were fused with rudimentary
metacarpals. Metacarpophalangeal joints (MPJ) of the
second and third fingers were narrow Dbilaterally
(Fig. 2B). Hand radiography at the age of 7 years

A: Patient at the ages of 8, 11, and 12 years. B: Large maxillary permanent central incisor. Multiple, hyperplastic frenula. C: Panorami

showed brachymesophalangy of fingers 2-5. Cone-
shaped epiphyses of the middle phalanges 2-5 were
observed. The PIPJ of fingers 2--5 were narrow. The
DIPJ of all fingers were wider than the proximal ones
and narrower than those seen at the age of 12 years,
Symphalangism was seen only at the PIPJ of the
polydactylous fingers.

All toes were short. Postaxial polydactyly was found
on the left foot; it could not be moved veluntarily. The
first toes were broad with slightly dysplastic nails
(Fig. 3A). Radiograph of the feet showed congenital
absence of the distal phalanges of toes 2-5. The tufts of
the distal phalanges of both great toes were not evident,
The polydactylous toe appeared to have two phalanges
but its metatarsal was absent (Fig. 2B). The metatarsal
and tarsal bones appeared normal. A pelvic radiograph
was unremarkable.

MUTATIONAL ANALYSIS OF NOG
AND GDF5

Genomic DNA was isolated from peripheral blood
samples for mutation analysis of NOG and GDF5. NOG
and GDF35 contain only 1 and 9 coding exons, respec-
tively. Amplification of the entire coding sequence of
NOG was performed using primers NOG1/NOG5S. PCR
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Fig. 2. A:Postaxial polydatyly of hands. B: PA radiograph of hands at the age of 12 years. Note proximal and distal symphalangism. C: PA radiograph at
the age of 7 years. Short middle phalanges of all fingers. All [PJ spaces are visible except for that of the proximal TPJ of the polydactylous one.

conditions for NOG have been described elsewhere are caused by heterozygous mutations in NOG [Gong
[Gong et al., 1999]). Direct sequencing did not identify a et al., 1999]. Congenital stapes ankylosis syndrome with
pathogenic mutation in NOG and GDF5. no symphalangism has recently been found to be caused
by heterozygous nonsense and frameshift mutations in
NOG [Brown et al,, 2002]. Noggin, the protein product of
DISCUSSION NOG, is essential for human joint morphogenesis. [t

Symphalangism, a striking finding in this patient, is binds and inactivates members of the TGFB super-
rare. Proximal symphalangism-associated syndromes family, such as BMP4 [Brunet et al., 1998; Gong et al,,
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Fig. 3. A: Short toes. Postaxial polydactyly of the left foot. B: Short and broad distal phalanges of the great toes. Proximal IPJ spaces are narrow, Absence
of the distal phalanges of toes 2-5. The polydactylous toe lacks metafursal bone.

1999]. Patients with facio-audio-symphalangism syn-
drome and multiple synostosis syndrome, unlike those
of proximal symphalangisw, syndrome, have facial
manifestations, including a broad hemicylindrical nose,
hypoplastic nasal alae, and a short upper lip [da-Silva
et al., 1984; Hurvitz et al., 1985].

Symphalangism of both PIPJ and DIPJ in the same
patient as reported here is very rare. Comparing the
hand radiographs at the age of 7 and 12 years shows that
symphalangism proceeds progressively in ulnar-radial
[Strasburger et al., 1965; Polymeropoulos et al., 1995;
Dixon et al., 2001] and proximo-distal directions
[Krakow et al., 1998]. Proximal symphalangism, facio-
audio-symphalangism syndrome, symphalangism with
tarsal and carpal coalition, and multiple synostosis
syndrome may have distal symphalangism as a rarely
associated anomaly [Strasburger et al., 1965; Geelhoed
et al., 1969; da-Silva et al., 1984; Drawbert et al., 1985;
Hurvitz et al., 1985). Similarly, distal symphalangism,
as a distinct autosomal dominant disorder, may rarely
have proximal symphalangism as an associated anom-
aly [Poush, 1991]. Although no mutations were found in
NOG and GDF5, symphalangism in our patient could
have resulted from overactivity of BMPs, increased
BMP activity results in excess cartilage and failure in
joint formation [Dixon et al., 2001; Tsumakiet al., 2002].

Morimoto et al. [2001] reported a patient sharing
many similarities with our patient: proximal sympha-
langism of fingers 2--5, blepharoptosis, malformed ears,
short stature, microdontia, high-arched eyebrows, and a
prominent nose. However, distal symphalangism; mul-
tiple, hyperplastic frenula; hypodontia;, malformed
molars; polydactyly, absent distal phalanges of toes;
absence of mental retardation, chronic renal failure, and
hearing loss in our patient distinguish her from having
the same syndrome reported by Morimoto et al. [2001).
Finger symphalangism of all IPJ, except for the third
DIPJ found in our patient has been described in
9 members of a family [Moumoumi et al., 1991]. Distal
symphalangism of the third finger appears to be the

rarest form of the symphalangism [Letts et al., 1999].
Thus, we think the pathogenesis in our case may be
different from others. Although some of the manifesta-
tions in our patient can be found in Ellis—van Creveld
syndrome [da-Silva et al., 1980], Pallister—Hall syn-
drome [Biesecker et al, 1996], or oral-facial-digital
syndromes [Toriello, 1993}, the pattern of anomalies in
our patient is at variance with these conditions.
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ABSTRACT

Several ectodermal dysplasia syndronies,
including Ectrodactyly-Ectodermal dysplasia-
Clefting (EEC) and Ankyloblepharon-Ectodermal
Dysplasia-Clefting (AEC) syndromes, ate known
to result from mutations in thewp63 gene. We
investigated whether Rapp-Hodgkin syndrome
(RHS) is also caused by mutations in the pé63
gene. We identified a heterozygous de novo
germline missense mutation, S5435P, in the sterile-
alpha-motif (SAM) domain of p63, in a Thai
patient affected with RHS. This is the first genetic
abnormality to be described in RHS. The amino
acid substitution is the most downstream missense
mutation in p63 reported thus far. Histological
assessment of a skin biopsy from the patient's
palm showed hyperkeratosis and keratinocyte cell-
cell detachment in the upper layers of the
epidermis, along with numerous apaptotic
keratinocytes. Collectively, these investigations
demonstrate that RHS is also caused by mutations
in p63 and that the clinical similarities to AEC
syndrome are paralleled by the nature of the
inherent mutation.

KEY WORDS: AEC syndrome, dental anomalies,
palmoplaatar keratoderma, p63 gene, Rapp-
Hodgkin syndrome.
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Heterozygous Mutation

in the SAM Domain of p63
Underlies Rapp-Hodgkin
Ectodermal Dysplasia

INTRODUCTION

app~Hodgkin syndrome (RHS), or Rapp-Hodgkin ectodermal dysplasia,

was first described over 30 years ago in an affected mother, son, and
daughter with a combination of anhidrotic ectodermal dysplasia, cleft lip, and
cleft palate (Rapp and Hodgkin, 1968). The clinical syndrome is comprised
of a characteristic facies (narrow nose and small mouth), wiry, slow-growing,
and uncombable hair, sparse eyelashes and eycbrows, obstructed lacrimal
puncta/epiphora, bilateral stenosis of external auditory canals, microsomia,
hypodontia, cone-shaped incisors, enamel hypoplasia, dystrophic nails, and
cleft lip/cleft palate. Approximately 45 cases of this developmental disorder,
usually with autospmal-dominant inheritance, have been reported (Sammitt
and Hiatt, 1971; Wannarachue ef al., 1972; Stasiowska ¢t al., 1981; Silengo
el al, 1982; Salinas and Montes, 1988; Rodini et al., 1990; Santos ef al.,
1990; Breslau-Siderius ef a/., 1991; Walpole and Goldblatt, 1991; Kantaputra
et al., 1998; Neilson er al., 2002), thus defining RHS as a discrete ¢clinical
entity (Online Mendelian Inheritance in Man [OMIM] no. 129400).

Nevertheless, RHS does display some clinical overlap with other
ectodermal dysplasia syndromes, notably Ectrodactyly-Ectodermal Dysplasia-
Clefting (EEC) syndrome (OMIM 129900) and Ankyloblepharon-Ectodermal
Dysplasia-Clefting (AEC), also kniown as Hay-Wells syndrome {Hay-Wells
Syndrome, OMIM 106260) {van Bokhoven and McKeon, 2002).
Differentiating features of AEC and RHS appear to be the presence of ankyl-
oblepharon in AEC and microsomia in RHS, but making an accurate diagnosis
on clinical grounds alone may be difficult. Indeed, this was highlighted in a case
of'a woman with RHS whose son had features of EEC syndrome {Mcernman and
Fryns, 1996). The affected child also had ankyioblepharon, a component of
AEC syndrome. Other overtap syndromes have also been reported (Cambiaghi
ef al., 1994; Rowan, 1996), sugpesting that perhaps there might be a common
genetic pathology to many of these and other related ectodermal dysplasia
syndromes. It is noteworthy that some parents with AEC syndrome had affected
children without ankylobleparon. Furthermore, the ankyloblepharon of some
affected individuals is 50 subtle or friakle at birth that it often goes
unrecognized, and these cases may subsequently be diagnosed as RHS.

The molecular basis of most cases of EEC syndrome has recently been
shown to involve mutations in the p63 gene (Celli et al., 1999). The
majority of mutations is comprised of heterozygous missense changes in the
DNA-binding domain of p63 (van Bokhoven ef al., 2001). Moreover, AEC
syndrome has subsequently been reported to result from missense mutations
in p63, specifically within the sterile alpha motif (SAM) (McGrath ef al,,
2001). Thus, both these disorders are caused by heterozygous germline
mutations in p63, and a genotype-phenotype correlation for the site of the
mutation (DNA-binding domain or SAM domain) has been defined. To
date, no pathogenetic mutations in p63 have been reported in patients with
RHS. Therefore, in this study we investigated the melecular basis of RHS to
further examine the possibility of allelic heterogeneity.
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Figure 1. Clinical pictures of the patient. [a} Patient at 8 yrs old. Note
repaired cleft lip and palate, microsomia, sparse hair, and diffuse
dermatitis of the skin. [b) Pakent at 14 yrs old. (¢} Keratoderma of palms
at 8 yrs. (d] Supernumerary nipple. |e) Hypoplastic scapulae. {f)
Keratoderma of palms at 14 yrs. Note improvement of the condition as
he aged. (g) Congenitally missing mandibular left central incisor.
Enamel hypoplasia of the mandibular right lateral incisor and left
canine.

MATERIALS & METHODS

Clinical Details

A l4-year-old Thai boy was seen in The Department of Pediatric
Dentistry, Faculty of Dentistry, Chiang Mai University. He had
been diagnosed and reported previously as having Rapp-Hodgkin
syndrome (Kantaputra ef al., 1998} (Figs. la, 1b). His clinical
findings included characteristic facies, slow-growing and
uncombable hair, sparse eyebrows and eyelashes, obstructed
lacrimal puncta and epiphora, microsormia, repaired cleft lip and
cleft palate (Figs. 1a, 1b), tawrodontism, multiple caries, unerupted
premolar, glossy tongue, hypodontia, ¢namel hypoplasia, and
congenital absence of the lingual frenum and sublingual caruncles,

J Dent Res 82(6) 2003

including submandibular and
sublingual salivary gland duct
openings (Fig. 1g) (Kantaputra ef
al., 1998). However, the abnorrmal
scalp hair lacked pili canaliculi, a
feature noted in some other cases
of RHS (Salinas and Montes,
1988). The ears protruded, with
evidence of bilateral bony external
auditory canal stenoses, and he
had a moderate mixed pattern of
hearing loss. Hypoplastic and
supernumerary nipples were
observed (Fig. 1d). The skin was
very dry, with some hypo-
pigmented areas. Diffuse derma-
titis of the scalp, face, and
forearms was present (Figs. la,
Ib). Palms and soles demonstrated
keratoderma with multiple
fissures, although the degree of
keratoderma had improved when
he became a teenager (Figs. lc,
1f). All fingernails and toenails were dystrophic and ridged.
Bilateral cutanecus syndactyly of the second and third toes was
present. Chest radiograph showed hypoplastic scapulae (Fig. le).

Mutation Analysis

The patient participated after providing informed consent to a
protocol that was reviewed and approved by the Institutionai
Review Board. Following informed consent given by his father,
peripheral blood samples were taken from the affected individual
and his clinically normal parents, and DNA was extracted by a
standard cold water tysis method. Individual exons of the p63 gene
were amplified by polymerase chain-reaction (PCR) and
sequenced (Celli er af., 1999; van Bokhoven ef al., 2001).
Specifically, to amplify exon T and flanking introns of p63, we
used the following primers: forward primer 5'-CTT ATC TCG
CCA ATG CAG TTG G-37, and reverse primer 5'-AAC TAC
AAG GCG GTT GTC ATC AG-3'. The expected PCR product
size was 241 base pairs (bp). For PCR amplification, 250 ng of
genomic DNA was used as the template in an amplification buffer
containing 6.25 pmol of the primers, 37.5 nmol MgCl,, 5 mmol of
each nucleotide triphosphate, and 1.25 U Tag polymerase (Applied
Biosysterns, Warrington, UK) in a total volume of 25 WL in an
OmniGene thermal cycler (Hybaid, Basingstoke, UK). The
amplification conditions were 94°C for 5 min, followed by 38
cycles of 94°C for 45 sec, 53°C for 45 sec, and 72°C for 45 sec.
Aliquots (5 L) of the PCR products were analyzed by 2% agarose
gel electrophoresis. PCR products were then sequenced directly
with the use of Big Dye labeling in an ABI[ 310 genetic analyzer
(Applied Biosystems). Potential mutation was verified by
restriction endonuclease digestion or by direct sequencing (forward
and reverse) and assessed in 300 control chromosomes to exclude
non-pathogenetic sequence variants.

Skin Biopsy

Fellowing mformed consent, a 4-mm punch biopsy was taken from
the patient's palm while he was under general anesthetic (given for
dental surgery). Skin was fixed in 10% formalin and processed for
routine light microscopy with paraffin-embedding. Five-micron
sections were stained with hematoxylin and eosin and photographed.
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RESULTS

Mutation Analysis

Sequencing of the PCR products spanning exon 13 with the use
of DNA from the affected individual revealed a heterozygous
T>C point mutation at nucleotide position 1633 within exon 13
(numbering based on the originally published TA-p63«
sequence [Yang ef a/., 1998], GenBank accession no.
AF075430). The mutation converted a serine residue (TCC) to
preline (CCC) and was designated S545P (Fig. 3). This
mutation has not been reported previously in patients with
EEC, AEC, or other p63-related disorders and was not detected
in direct sequencing of DNA from this patient's father or from
150 control subjects. No other heterozygous or homozygous
sequence variants for the remainder of the pé3 gene were found
in the patient's DNA.

Histological Findings

Light-microscopic examination of palmar skin showed
acanthosis and hyperkeratosis with a mild upper dermal
interstitial chronic inflammatory cell infiltration and some
exocytosis of lymphocytes throughout the upper epidermis.
Most notably, in the upper spinous layers of the epidermis there
was evidence of abnormal keratinocyte differentiation with
numerous apoptotic keratinocytes, ®eantholysis, and disruption
of the granular layer (Fig. 2).

DISCUSSION

In this study, we have elucidated the molecular basis of RHS
in one affected individual. QOur findings provide evidence of
further allelic heterogeneity for mutations in p63 and the
diverse clinical phenotypes therein. Indeed, we can now
provide molecular data to support the earlier reports of clinical
overlap between EEC syndrome, AEC syndrome, and RHS
(Cambiaghi et al., 1994; Moerman aad Fryns, 1996; Rowan,
1996). RHS is clinically most similar to AEC syndrome, and
this is borne out at 2 molecular level. In AEC syndrome, 8
heterozygous germline missense mutations in the SAM
domain of p63 have been reported, all of which are clustered
within the first 3 of 5 helical domains (McGrath et af., 2001).
[n contrast, the missense mutation in our case of RHS occurs
in the fourth helix of the SAM domain, albeit just 4 amino
acids downstream from the most 3' of the AEC mutations.
This raises the fundamental question of whether this subtle
difference is sufficient to justify labeling AEC syndrome and
RIS as separate entities. To begin to answer this, it is clear
that further patients with a clinical diagnosis of RHS will need
to be screened for p63 mutations. Interestingly, recent
mutation analysis in one other RHS family (with mixed cleft
type) did not reveal any p63 mutations (Neilson et al., 2002).
Locus heterogeneity of RHS therefore cannot be ruled out,
further adding to the complexity of attempts to unravel the
molecular basis of this ectodermal dysplasia syndrome. From a
clinical perspective, we believe that our patient has RHS rather
than AEC syudrome because of the presence of the
characteristic facies, microsomia, obstructed lacrimal
puncta/epiphora, and palmoplantar keratoderma and the
absence of ankyloblepharon. At 2 molecular level, it is
necessary to be more circumspect, since little is currently
known about the function of the SAM domain other than its
potential a5 a site for protein-protein interactions {Thanos and
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Figure 2. Histology of palmar skin shows acanthosis and
hyperkeratosis. There is a mild vpper dermal interstitial chronic
inflommatory cell infilrate and exccytosis of lymphocytes within the
superficial dermis. Most notably, in the upper spinous cell layers there
are numerous apoplotic keralinocytes (seen at higher magnification in
the inset} with keratinocyte separation {acantholysis) and disruption of
the granular cell layer. Bar = 100 microns.

Bowie, 1999). Charac-
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Figure 3. Nucleotide sequencing of
p63 exon 13 from normal {b) and the
affected patient [a) shows a hetero-
zygous T>C point mutation that
canverts a serine residuve (TCC) to

profine {CCC), designated as S545P.

mutations in ectodermal
dysplasia syndromes are
further complicated by
reported diverse pheno-
types arising from iden-
tical amino acid sub-
stitutions, For example,
mutations in arginine
280 may give rise to EEC syndrome, split hand-split foot
malformation, or, rarely, no detectable abnormalities (van
Bokhoven er al., 2001). Likewise, mutations in arginine 304
have been shown to underlie a spectrum of EEC syndrome
phenotypes (Hamada et al., 2002). Clearly, there are other
influences on the phenotypic consequences of particular
mutations in the TP&3 transcription factor, and therefore a
simple genotype-phenoctype correlation based on a specific
amino acid substitution is fundamentally flawed. Until the
nature of these additional modifying factors or the full
spectrum of inherent gene pathology becomes apparent, we
believe that it is still more appropriate to retain the
descriptive eponyms such as RHS, which is the most
appropriate diagnosis that encompasses the clinical features
present in our patient.
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In addition to disclosing the initial p63 gene mutation in
RHS, our study reports the first histological assessment of the
erosive palm- and sole-skin thickening that is a characteristic
feature of RHS. TP63 is known to have an important role in the
regulation of epidermal stem cell proliferation (Schultz et al.,
1997, Mills er al., 1999; Parsa et al., 1999; Yang et al., 1999;
de Laurenzi et al., 2000), and its expression in keratinocytes
has been used to distinguish stem cells from transit amplifying
cells and other keratinocytes (Pellegrini et al., 2001). The
missense mutation S545P in the p63 SAM domain clearly
perturbs normal epidermal differentiation and maturation,
leading to acanthosis (thickening) and hyperkeratosis
(increased scale} as well as focal impairment of keratinocyte
celi-cell attachment and, most notably, numerous apoptotic
keratinocytes (colloid bodies). TP63 is known to influence
keratinocyte apoptosis (Yang ef al., 1998) in response to certain
stimuli such as ultraviolet irradiation {Liefer et /., 2000) and in
response to knockout mutations (Flores et al., 2002), but
inhibition of apoptosis appears to be abrogated in the presence
of the heterozygous missense mutation 3545P. Analysis of
these clinico-pathological data may therefore provide insight
into one of the functions of the p63 SAM domain in normal
epithelial physiology. Specifically, our case demonstrates the
first example of increased epidermal apoptosis in association
with a human germline mutation in p63. This is clearly distinct
from AEC syndrome, where no increase of apoptosis is
observed (McGrath ef al., 2001). Palmoplantar keratoderma
and mixed hearing loss, found in our patient, have not been
reported in other patients affected with RHS (van Bokhoven
and Brunner, 2002). The novel finding of hypoplastic scapula
might have been related to p63 mutation, or it might have been
a coincidence.

The p63 mutation detected may also be relevant to our
understanding of the dental pathology present in some
ectodermal dysplasia syndromes. The present patient has
unerupted premolar and taurodontism, i.e., large dental pulp
and short roots, and although there are no previous reports
of p63 expression in dental pulps, the findings in our patient
give credence to the significance of p63 expression during
dental development, since large pulp chambers are known to
occur as a consequence of defective dentin formation in the
dental pulp, a key role for normally functioning
odontoblasts. This process is evidently disrupted in the RHS
patient described here. The SAM domain mutation S545P,
and its effects on oral mucosal development, may also be
relevant to the pathogenesis of the patient's glossy tongue
and absence of lingual frenum and of sublingual caruncles,
since these are the rare clinical features in other p63-related
syndromes.

In summary, this case discloses the molecular basis of RHS
and provides new clinico-pathological insight into the
consequences of a specific p63 SAM domain mutation on
epithetial development.
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Clinical Report

Thyroid Dysfunction in a Patient With Aglossia

Piranit Kantaputra'* and Pranoot Tanpaiboon?®
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We report a Thai girl who had aglossia,
micrognathia, microsomia, collapse of man-
dibular arch, persistence of buccophar-
yngeal membrane, microcephaly, and mild
developmental delay. Thyroid function tests
indicated that she had subclinical hypo-
thyroidism. Thyroid scan revealed normal
uptake of the whole thyroid gland. Tongue
morphogenesis is integrally linked to the
normal development of thyroid gland, and
abnormal tongue morphogenesis could po-
tentially result in a functional thyroid dis-
order. We propose that micrognathia,
microsomia, congenital absence of mandib-
ular incisors, and collapse of the mandibular
arch are the result of abnormal tongue
development. © 2003 Wiley-Liss, Inc.

KEY WORDS: high caries rate; hypodontia;
hypothyroidism; microgna:
thia; persistence of bucco-
pharyngeal membrane

INTRODUCTION

Thyroid gland develops from the foramen cecum on
the back of the tongue. A relationship between thyroid
dysfunction and abnormal tongue development would
be reasonable but has never been reported. We report a
Thai girl who had aglessia and subclinical hypothyroid-
ism, which supports our hypothesis. In addition, we also
propose that micrognathia, microsomia, congenital ab-
sence of mandibular incisors, and collapse of the
mandibular arch are the result of abnormal tongue
development.
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CLINICAL REPORT

A 13-year-old Thai girl came to the Department of
Pediatric Dentistry, Faculty of Dentistry, Chiang Mai
University for dental care (Fig. 1b). She has had dental
care regularly since she was 3 years old (Fig. 1a). Family
history was unremarkable and the parents were not
consanguineous. Birth weight, birth length, and head
circumference (OFC) at birth were 3,430 g (>90th
centile), 44 e¢m (3rd centile), and 37 cm (97th centile),
respectively. Karyotype was 46,XX. At age 13 years, her
weight, height, and OFC were 29 k. (10th-25th
centile), 138 cm (< 3rd centile), and 49 cm (< 3rd centile),
respectively. After birth, tracheostomy was initiated
due to respiratory distress as the result of the presence
of a buccopharyngeal membrane and oropharyngeal
stenosis. At age 10 months, oropharyngeal reconstruc-
tion, using a median mandibulotomy approach, was
initiated, and an anterior cricoid split with costal graft
wasg performed in order to obtain a patent airway. It is
noteworthy that during the surgical procedure, the
tongue was not observed.

Oral examination at age 3 years revealed a persistent
buccopharyngeal membrane, microsomia, aglossia, con-
genital absence of mandibular incisors, collapse of the
mandibular arch, hypertrophy of the floor of mouth, and
multiple carious teeth (Fig. lc). Between the ages of
3 and 13 years, she kept losing her primary and per-
manent teeth as a result of rampant dental caries. Pit
and fissure sealants were placed on the occlusal surfaces
of all premolars and permanent molars in order to pre-
vent occlusal caries. However, the uncontrollable dental
caries severely and rapidly invaded all teeth from the
mesial, distal, lingual, and buccal surfaces (Fig. 1d).

Her social development appeared delayed, possibly
secondary to the physical handicap. She was able to
speak, but not very well. She spoke only to her mother
and close relatives and was too shy to speak with other
people.

Thyroid Function Tests

At age 8 years, thyroid function tests revealed sligh-
tly elevated thyrotropin-stimulating hormone (TSH)
{6.61 pU/ml) (normal range = 0.5~4.0 pU/ml) and nor-
mal Free T4 (FT4) levels (1.06 ng/dl) (normal
range =0.6—1.5 ng/dl) without any clinical symptoms
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Fig. 1. a:Patient at age 3 years. b: Patient at age 13 years. e: Oral cavity at age 5 years. Note collapsed mandibular arch. Retained reots of primary testh.
d: Oral cavity at age 8 years. Note buccopharyngeal membrane with a very small orifice. Rampant dental caries.

of hypothyroidism. After treatment with levo-thyroxine reinstituted. During the treatment with levo-thyroxine
(thyroid extract), the TSH level decreased to 4.7 uU/m!. the F'T4 level stayed normal (1.5 ng/dl). All these lines of
Three months after levo-thyroxine was discontinued, evidence indicated that she had subeclinical hypothyr-
TSH level elevated to 5.5 pU/ml. The TSH decreased to oidism, which is characterized by elevated TSH level
normal (3.4 pU/ml) once the thyroid supplement was with normal serum FT4 and T3 [Cooper, 2001]. At age
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Fig. 2. Thyroid scan at age 10 years showing normal Technetium (Te)
uptake.

10 years, thyroglobulin level was normal (15 ng/ml} and
the thyroid Technetium (T¢99) scan revealed normal
uptake of the whole thyroid gland. The left lobe was
slightly larger than the right (Fig. 2).

DISCUSSION

We have reported a girl who had aglossia, subclinical
hypothyroidism, persistence of buccopharyngeal mem-
brane, subglottic stenosis, micrognathia, hypertrophy of
the floor of mouth, congenital absence of mandibular
permanent incisors, collapse of mandibular arch, and a
very high caries rate. The patient was considered to have
congenital absence of tongue because during surgical
reconstruction of her oropharynx, the tongue was not
observed.

Hypoglossia is rare. Most patients with “aglossia”
actually have a small nubbin of tongue tissue on close
examination [Hall, 1971; Gorlin et al., 2001]. We were
not able to confirm the original diagnosis of aglossia
because the tiny and opening did not permit the
necessary visualization.

Many patients with aglossia or hypoglossia have been
reported to have micrognathia, microsomia, congenital
absence of mandibular incisors, and collapse of man-
dibular arch. Most of the patients have normal intel-
ligence [Rosenthal, 1932; Kelln et al., 1968; Hall, 1971;
Roth et al., 1972; Johnson and Robinow, 1978; Kuroda
and Ohyama, 1981; Weckx, 1990].

The association between hypoglossia and persistent
buccopharyngeal membrane is very rare. Flannery
{1989] reported such a patient, who had, in addition,
costovertebral and auricular anomalies. We are not con-
vinced that a persistent buceopharyngeal membrane,
even though found in our patient, is part of the abnormal
tongue development since most reported patients with
tongue anomalies have not had persistent buccophar-
yngeal membrane.

The thyroid gland develops from an unpaired primor-
dium, which appears in the ventral midline of the
pharynx between the first and second pouches. The

thyroid origin later becomes the foramen cecum on the
back of the tongue. During the fourth week, proliferation
and later an invagination of the endothelium of the
foramen cecum develops into the thyroid primordium.
It commences at the foramen cecum as a blind-ended sac
of thyroglossal duct, which becomes a hollow tube and
subsequently enlarges caudally as a bilobed thyroid
diverticulum. It then migrates caudally to its final des-
tination by the seventh week at the level between the
second and third tracheal cartilages. The thyroglossal
duct has been reported to be filled with keratin, debris,
and fluid emitted from accessory serous glands adjacent
to the tract. The duct later constricts, becomes obliter-
ated [Baughman, 1972], and breaks down by the end
of the fifth week [Larsen, 1993], possibly by the pro-
grammed cell death. In almost 50% of the population,
the distal portion of the thyroglossal duct persists
and becomes the pyramidal lobe of the thyroid gland
[Carlson, 1999]. Sauk [1971] found that 10% of 200
routine necropsies showed histologic remnants of thyr-
oid tissue within the base of the tongue. In the cervical
region, there are many “physioclogic” migrations of the
thyroid primordium in different directions. The pattern
of thyroid migration is somewhat similar to that of the
thymus and possibly the parathyroid glands [Carlson,
1999]. On ocecasion, a thyroid cyst, fistula, adenoma, or
adenocarcinoma have been reported in region of the
thyroglossal duct.

The association between aglossia and thyroid dys-
function has not been previously reported. Sinee the
thyroid primordium is induced very early during embry-
onicdevelopment before any trace of the tongue appears,
the two structures are probably under different modes of
control. It is also possible that the tongue forms but
disappears for some reason after the thyroid primor-
dium develops.

Ahighcariesrate with a rudimentary tongue hasbeen
reported previously [Khalil et al., 1995] as well ag in our
own patient. Causes of high caries could have been the
lack of self-cleansing by the tongue or the composition of
the saliva that might predispose to dental caries.
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INTRODUCTION

In 1992, Professor Robert Gorlin, Professor Leonard
Langer, and myself reported a new type of mesomelic
dysplasia, which was later named as mesomelic dys-
plasia, Kantaputra type (MDK; OMIM *#156232)
[Kantaputra et al., 1992]. The ¢condition was documen-
ted in a three-generation Thai family (Fig. 1}. MDKis an
autosomal dominant disorder, characterized by bilat-
eral severe shortening of the ulnae and shortening and
bowing of the radi (Figs. 2 and 3). The fibula is
hypoplastic in most patients. Synostosis is observed
between tibia and fibula, and the malformed calcaneus
and talus. Fibulo—calcaneal complex, the prominent
calcaneus fusing with the ventral surface of the distal
fibula is a constant feature. It was found in all affected
individuals (Figs. 4 and 7). Carpal and tarsal synostoses
are present in some affected people, however, the
pattern did not appear to be consistent. The affected
patients stood on the tip of their toes [Kantaputra et al,,
1992]. With great collaboration with Professor Niika-
wa's group at Nagasaki School of Medicine, the gene of
MDK is successfully mapped to chromosome 2q24 and
432 [Fujimoto et al., 1998].

Newly Born Member: What Does she Tell us
About the Syndrome?

On examination at age 4 years, the newly bhorn
affected member (Patient V1) is an intelligent and
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cheerful girl. Her upper and lower limb abnormalities
are similar to those of her mother and relatives
(Figs. 5a—b and 7a-b). Flexion contracture involve
more number of interphalangeal joint (IPJ) than that of
any members of the family. It is found at the proximal
interphalangeal joints (PIPJ) of the left fingers 2, 4, and
5 and the right finger 4. That of the distal interpha-
langeal joints (DIPJ) is found at the left thumb, left
finger 3, and right fingers 2 and 3.

Radiographic findings consist of disproportionate
shortening of the radii and ulnae. The ulnae were
severely shortened. No distal epiphyses are evident.
The distal humeri are large. Trapezium, trapezoid,
scaphoid, lunate, and triguetrum are missing. Narrow
joint spaces of the PIPJ of the left fingers 4 and 5 and the
right finger 4 are observed{Fig. 5a,h;.

Lower limb radiographs show shortening of tibiae and
fibulae, large distal fibulae, and rectangular fibular
prominence on the ventral surface of the left fibula
(Fig. 7b). The right fibula does not appear to have fibular
prominence (Fig. 7a). The calcaneus is malformed and in
upright position, articulating with fibula. No synostosis
is observed (Fig. 7a,b).

THIRTEEN YEAR-FOLLOW UP OF
PATIENT IV2 AND HIS RELATIVES

Upper Limbs

The previous report was done when he was 8 yearsold.
Thirteen-year-follow up examination of patient IV2 at
age 21 years demonstrates progressively howed radii
and narrower spaces between carpal bones leading to
their overlapping. Narrow PIPJs of fingers 4 were ob-
served at age 8years. At 21 yearsold, flexion contracture
of the PIPJ are noted at fingers 4 and 5 bilaterally and
narrowness of PIPJs and DIPJs 4 and 5 is observed
radiographically on both sides. No symphalangism of
fingers and thumbs is observed in him and other affected
patients, except for the distal symphalangism of the left
finger 5 of patient IV6. Carpal synostosis is not visible.
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Fig. 1. Pedigrec of the Thai family.

“

Fig. 3. Armradiographsof patient V2. Right arms at{a) age 8 and (b) 21
years. Left arm at ages {e) 8 and (d) 21 years. Note progressively bowed radii,
Fig. 2. a—c:Patient[V2at ages 8,15, and 21, respectively. d: Front row large distal humenri, and overlapped carpal bones. Flexion contracture of the
from left to right. Patients V7, TV2, V1, 117, and Kantaputra. distal interphalangeal joints (DIPJ}) of fingers 4 and 5 on both sides.
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Fig. 4. Foot and ankle radiographs of patient IV2, a: Left foot at ages 8
and (b} 21 years. Note large distal end of fibula with “fibular prominence.”

malformed talus, and absence of calcaneus. Right foot at ages (¢) 8 and (d)
21 years. Malformed talus is fused with fibula at age 8 years. Calcancus is
missing. Tibla-talus-fibula synostosiz and overlupped tarsal hones with
narrow spaces between them at age 21. Note distal symphalangism at toe 5
at age 21.

Distal humeri appear large with dumbbell-shape. This
was seen in all affected adults.

Lower Limbs

At age 21 years, right tibia, malformed talus, and
distal fibula are fused. The distal ends of the fibulae
appeared large especially that of the right one. Spaces
between tarsal bones are narrow, resulting in over-
lapping of tarsal bones. Distal symphalangism of toes 5
isnoted in him and patients ITI17, 11126, and IV6. Distal
symphalangism of toes 4 is found in Patient 11126, In

Arm and hand radiographs of patient V1 at age 4 years. Absence
of trapezium, trapezoid, scaphoid, lunate, and triquetrum. Distal humeri
were large. No epiphyses of radii and ulnae were evident.

Fig. 5.

Patient 11111, proximal and distal symphalangism are
observed at the left toes 2 and 5.

COMMENTS ON THE PAPER
OF SHEARS ET AL.

Thad the honor to review the very interesting paper of
Shears et al. in thisissue of Am o Med Genet, claiming to
report the second reported family of MDK. The upper
limb findings are similaws&p those of the original Thai
family. However, the ulnae and radii of the Thai patients
are more severely affected, showing more shortening
and the radii are more severely bowed (Fig. 3a—d}. The
arrangement of the carpal benes in all Thai adult
patients is more disorganized with narrow spaces
among them or some fusion between them. This is not
seen in the 4-vear-old one. Interestingly as reported in
the authors’ patients, all Thai patients including the
new member of the family have flexion contracture of the
PIPJs of the 4th and 5th fingers (Figs. 3 and 5). Flexion
contracture of other PTPJ and DIP.J is also observed in
other patients. Report of flexion contracture was missed
in my original paper.

The similarities between the Thai patients and those
of the authors consist of shortening of radii and ulnae,
flexion contracture of fingers 4 and 5, tarsal synostosis,
talus—caleaneus fusion, and broad distal end of fibula.
However, the authors’ patients did not look dispropor-
tionately short as the Thai patients did. It appears that
tibiae of the Thai patients are more severely affected.
In addition, they also do not stand like “ballerinas”™ as
the Thai patients do (Fig. 6a—g}. I am convinced that
“ballerina-like standing” is the result of misarticulation
between tibia and talus leading to sharing of the same
long axis of the tihia and tarsal bones. Most importantly,
the authors’ patients do not have fibular prominence,
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Tig. 6. Tip toe standing on the dorsalof Patients (a) and (b} V1. d: V2. e: 17 Ballerina-like standing of Patients (¢) 112, {f) [T1[17, and (g) TT111L.

which is seen in all affected Thai patients even in the
4-year old one (Fig. 7). This finding appears to be the
most consistent or “signature” finding of the syndrome.

The 4-year-old new member of the Thai family has
provided us the better understanding of the syndrome.
She is the youngest reported patient affected with
MDEK. Her findings have helped us to understand the
development of this rare skeletal dysplasia; especially

“

Fig. 7. Ankle radiographs of (a) Patient V1, Right ankle. Note vertical-
positioned calcaneus. No fibular prominence. b: Patient V1. Left ankle.
Note fibular prominence tarrow) Malformed and separate calcaneus
{arrow head). Fibular prominances in Patients {c) [V2, (d} TV7, (e} IVG,
(£ IT111, (g 1117, (b 11117,

!

the prominent bone that we originally called “fibulo—
calcaneal complex.” The original understanding was
based on the absence of a separate calcaneus and there
was no fusion line in the large malformed bones.
The radiograph of the 4-vear-old showed left fibular
prominence and a separate caleaneus, indicating that
the prominent bone was solely fibula and caleaneus is
migsing in most Thai patients. Interestingly, the pro-
minent fibula bone is not observed vet on the right
fibula. Follow up report is needed in order to understand
more ont this endochondral bone formation. Regarding
the fibula, which was hypoplastic in most Thai patients,
in those with normal fibula, it articulated with tibial
bony knot (Fig. 8a—d). Thisis found in four affected ones
(119, 1110, 1117, and IIT11). It is noteworthy that both
original affected twins died of diabetic mellitus at the
ages of 61 and 62.

In conclusion, with less severely affected radii and
ulnae, the absence of ballerina-like standing, and the

Fig. 8. a—d: Tibial bony knot articulates with fibula.
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absence of characteristic fibular prominence, I believe
the syndrome described by Shears et al. [2003] is unique
and deserves its own distinct entity. However, I am con-
vinced that the syndrome is allelic to MDK.
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Clinical Report

Microcephalic Osteodysplastic Primordial Dwarfism
With Severe Microdontia and Skin Anomalies:

Confirmation of a New Syndrome
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We report two related Thai children having a
new syndrome of microcephalic osteodysplastic
primordial dwarfism (MOPD). The findings which
classify them as having MOPD include TUGR,
microcephaly, prominent nose and nasal bridge,
small pinnae, short stature, cone-shaped and
ivory-epiphyses, delayed bone age, slender long
bones, and abnormal pelvis. The findings that
distinguish them as having newly recognized
syndrome consist of severe microdontia, mal-
formed teeth, single-rooted or rootless teeth,
severely hypoplastic alveolar bone, café au lait
spots, acanthosis nigricans, and areas of hypo-
and hyperpigmented skin. The reported patients
appear to have the same condition as the family
reported by Kantaputra [2002: Am J Med Genet
111:420-428]. This article contains supplementary
material, which may be viewed at the American
Journal of Medical Geneties website at http:/fwww,
interscience.wiley.com/jpages/0148-7299/suppmat/
index.html. © 2004 Wiley-Liss, Inc.

KEY WORDS: hyperpigmented skin; hypopig-
mented skin; hypoplastic alveolar
bone; malformed tooth; micro-
dontia; rootless tooth

INTRODUCTION

In 2002, Kantaputra reported a newly recognized auto-
somal recessive syndrome of microcephalic ostecdysplastic
primordial dwarfism (MOPD). The uniqueness of that syn-
drome is the presence of dental, digital, and skin anomalies.
The dental anomalies are striking, consisting of severe
microdontia, opalescent and rootless molars, and an un-
erupted tooth. The mandibular premolars are unusually small
and malformed, comprising many cusps. In addition, the
alveolar process is severely hypoplastic. Digital anomalies
include unusually long second toes, distal symphalangism of
toes, and brachymesophalangy of fingers. Skin anomalies
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include café au lait spots, and areas of hypo- and hyper-
pigmented skin. The hair is dry and sparse [Kantaputra,
2002]. After reviewing all previously reported cases of
MOPD, we found that 12 cases of MOPD with microdontia
have heen reported (Tables 1 and JI). We hypothesize that
MOPD with severe microdontia with or without skin anoma-
lies should be classified as a distinct entity.

We report on two related Thai patients with MOPD synd-
rome, who share many characteristic findings of the novel
syndrome reported by Kantaputra [2002].

CLINICAL REPORT
Patient 1

Patient 1 was a 7-year-old boy. He was the only child of
healthy, noncensanguineous parents (Figs, 1 and 2a). He was
born at term with weight 1,270 g (<3 centile; <—7.4 SD), length
37 am (<3 centile; < —-8.6 SDY, and OFC 28 c¢cm (<3 centile;
<=3 8D). At the age of 3, his growth was moderately delayed
with a development quotient of 42.

On examination at age 7, he was a cheerful boy with micro-
cephaly, preminent nose and nasad bridge, small pinnae, high-
pitched voice, and proportionate short stature (Fig. 2a). His
height, weight, and OFC #e 83 cm (< 3rd centile; <—8.5 8D,
9.5 kg («3rd centile; <—6 8D), and 41.5 cm (<3rd centile;
<—5.5 8D), respectively. His upper and lower ratio was
appropriate for age (1.1:1}, but his arm span (73 em) was
relatively shorter than his height due to limited elbow
extension. Limited abduction of the hips was observed. Clino-
dactyly of the fifth fingers, deep palmar creases, and medially-
deviated toes were noted. Penis and testis were unremarkable.
Hearing via aunditory brainstem response (ABR) was unre-
markable, and development remained globally delayed.
Growth hormone secretion following clonidine stimulation at
age 3 was normal. Karyotype was 46,XY.

Skin complexion was darker than that of his parents.
There were areas of hypo- and hyperpigmentation of the skin
which did not follow lines of Blaschko (Fig. 2a,b). The palms
appeared hyperpigmented (Fig. 2c). Café-au-lait spots were
observed on his body, hands, and thigh (Fig. 2b). Hair was
normal.

Oral examination revealed normal shape and color of de-

ciduous crowns. All teeth were mobile. Most deciduous incisors
Aappeared to have premature exfoliation. The remaining
‘deciduous teeth were slightly smail. The permanent teeth,

especially the maxillary and mandibular permanent incisors
were extremely small. The mesiodistal width of a mandibular
incisor was 3 mm. The mamelons of all incisors were pro-
minent (Fig. 3a). The carabelli cusp of the maxillary second
deciduous molar was large. The mandibular and maxillary
right deciduous second molars exfoliated at age 5. The pharynx
Was Very Narrow.



— N N wnN LN TR LN 1N A N N stuad [wwg
T N N BN eN 8N N eN = A N BN 81388 JTeuIg
N g N BN BN BN eN BN = a N N A WSIPIYaI0d AL
(s1ew} ET[EYIUAN
N N N BN A A A N N A A X eN eN BIEA 2XOT)
N N EN BN N N N A A N N N BN BN ediea BX0D
N N N N EN N N N BN N N N N N 853 pamog
s3a7
A A N N N A A eN BN X A A A A A Al&Epouty
N A A A X N BN N N N eN BN eN EN UoIRI0[STP pEaY [Ripey
N A N N A N BN N N A BN N BN BN STWIE Pamog
mﬁc‘m.r_ ﬂuc..m SWUIY
N N N N EN eN eN BN eN BN BN eN N A umys 21301a[0G
A N N N BN BN BN BN BN eN mZ BN BN Bl mcmo_.nwmc m_wozumﬁvdw
A A A A eN A A eN BN 2N BN BN N N stods qre[ ne gren)
A X A X N A BN eN BN N eN eN N N Tuswiddaedn wiyg
N N N N BN BN BN eN BN N BN EN A A Ansdiy
N N A A BN eN eN BN N N A A A X arey asteds/A1(]
Egm pue atepy
N N A N N BN BN N N N eN eN eN N Y3001 paadnioun)
A A A A A BN eN eN A A eN BN A A £88[1601/J001 JI0UG
N N A A N EN eN N N BN N BN BN N q399] qusosered
X A A A A EN eN N N eN N N BN N yleay pauriofrey
N N N N A N BN N N BN BN BN BN N wsljuepaIne |,
A A N N A 2N eN N N A BN eN BN N eruopadAgy
A A X A A eN eN A A X BN N A A 4198) wWad Jo BYIUopOION
A A A K A A X A X A A A A A 3933 wiad ;O BIFUDPOIIY
r_umm.,b
N N N N X A A eN eN N BN X BN A s[qupuew oryjEuBotay
A A A A A A X BN BN A A A X A S[qIPUBW 2(YIBUS0OTN]
X A A A A N eN BN eN BN BN BN BN BN BREW [Meug
A A A A A A A N N A A A A X 350U JUduAoL]
A X X A X A A X A N A A A A sruuld [BUIIOUqE/BWG
A N N N eN N BN eN N BN BN BN eN N STWSIqRIG
Nw A Z N BN N mz NZ .m.z .wf A A NZ BN w_mon—mc:.hmO_E.m.-U
A X A X A A A A A A X A A A A[eydaaooip]
_mmu.m.*o_.ﬂmho
X A A A A A X A A A A A A A qoniI
il 97 eN BN 9z GLE erd eN EN BN eN gLT N §°Ge {12y N0
|89 Le BN 2N ge vBe LS eN eN 0% EN i BN e (wo) W3usy ying
0%6 0LE1 000°1 000°1 008 008’1 0781 081 00L°L 08Z°1 0cT'T 082°T 008°1 0¥0'1 () 1y3rem qug
Arogsty yang
A X N N N A A BN BN EN A A A X 200A payatd-yBiH
N N N N N N X N N N N N A A eruogradAly
A A N N A A w A N A N A A A UW/Le[ep saq
A A A A A A A X A A A A A YO [eremisog
d g d d d a a d d a od +d d d }oys ayzuonsodold/syy
q88 o528 ¥ £v ooy ¥ ¥ 0% 8% oLy GLE g1 Le 2 1% () D0
£8 £8 96 201 8L 0'69 ¥09 SE1 911 L9 19 289 POT =] (w2) 3YBa
46 ] z1 ¥l L 19 G 1€ q1 7 Al 4 29 g1 ] (8%) Bram
6 g 91 81 L 4 Z g1 01 L g z I 8 (28aX) paraodad uaym a8y
elausn
TOIYEU B X[
J W d W W W W n W A J W W W Jspusn
v uy yvy v BN BN uv uv uv v EN eN Ha v BOUBILISYUI Jo IPOTY
23d 13d 21d 13d gid 2d z3d 1d 21d d zd 13d
S98BD [8007] (20021 {86611 [g86T] [1661] [z861] [648T]
Juasalg rrndeiuey ‘Te 19 uowmdag  OFIe0H puw EmaleIy % 12 ury ‘17 12 gIgaug ‘(B 12 THsmaley TB 19 B{USAIB])

SBIBLIOUY UNS TNOYIMAITM BIJUOPOIIN Y3IM STTOURA (FAOIN JO SUORISSJTURIA [BO1UTE) '] A THVL



{

-]t Jo savak Alawa o) Suianp qIoys Apeuontodoidsi(,
[1861) T8 10 eATyons], Aq 1RAT ur urede peltodel atem [GL6T] T8 10 BYUdAID)) 4q pajrodal sjuaned
B[fEe[TRAR J0U ‘vp Mussqe ‘N Yussoxd ‘g

N N A A BN N BN BN BN A BN BN A BN SQLITT

A A A A BN N BN BN eN eN LT BN eN BN e[ndeoss ousepdodLy

A A X A BN N BN BN BN A EN BN BN BN SOTTAR[Y JOPUJS/BUOT]
Eind &

N A A A EN BN BN N N eN BN BN BN BN sao0} Jo wstsuepeydwds [e1s1q

A N N N BN BN BN BN BN A EN EN EN BN sisAydide A1eay
1eed

sisAydejsw
A A N N BN A A A A A X .8 BN eN e1away [eIsIp Jo Surre(
sasdydide

N N N N BN A A N N A eN A eN BN [BL0way [eIsIp Jo xenBueLy],

N A N N BN BN N N N N A A BN BN sdy jo swAjosAydrdyy

A A A A BN N X A A A X . eN BN stafad modreupnrserdodLy]
sday pue sta[ed

A A A A A A A N N A A X N N 28e auoq paded(]

A A A A BN N eN A eN A BN N N N siefydids padeys-suory

A A A A BN N BN A N A eN N N A gaskydide Lroa]

A N N N BN A X A A A A A BN BN A jo sisdydidsopnssd

A - A A A BN OId EN oid 2N A eN (BN BN BN auoq redied remsuy
SPURL] pUB SULTY

A A A A A BN EN BN A A eN eN A i auoq Afe opsejdodAy

X A A A BN BN BN eN eN BN BN BN BN BN funyew [eNSIp pesesalou]
[eioejoTuRI)

g2id d 2d 1d [z002] €1d aid &d Tid [T66T] id 11d zid Tid
RERERIEINEE I8 1° QoY
SO8BD [2002) [8661] Y2000 L566T] [6861] Te %@ [6L61] T8 12
Tuasald rindejuey] pue rsmalefy T8 12 ur] smaley BYUAL)

SOIeouy WD JNOYIA/HIM BIOPOIIN M SUPNB QIO Jo SBupur] orydradorpey 'T1 ATAV.L



184 Kantaputra et al.

O

[]

Patient 2
Patient 1

Fig. 1.

Pedigree of the families.

Radiographic examination showed thin cranium. Molars
were either single- and short-rooted, or rootless (Fig. 4a,b).
Obliteration of the root canals was seen in all incisors
(Fig. 5a,b). Alveolar process was severely hypoplastic and its
cortical bone was not evident. Supernumerary maxillary
right permanent molar was noted. All unerupted developing
permanent teeth were malformed and very small mesiodis-
tally. Digital marking of the skull was observed (Fig. 4a,b).
Clavicles were long, straight, and slender. Scapulae were
hypoplastic. There were 11 ribs on each side. The radius and
ulna were slender. Radius was slightly bowed and the radial
heads were dislocated. There was restricted supination and
extension at the elbows.

According to Greulich and Pyle, the bone-age was delayed at
age 3 years 3 months and estimated to around age 1 year
(SD = 6.6 months). Middle phalanges of finger 5 appeared short
and tapered proximo-distally. Epiphyses were observed only
at the proximal phalanges of {ingers 2—-4 (see the online
Figure 8a at http://www.interscience. wiley com/jpages/0148-
7299/suppraat/index.html). At age 6, bone age was estimated
to be of 5 years (8D = 9 months). Distal ulna was slightly short
with uinar deviation of the hand. Ivory epiphyses were
observed at proximal phalanges of thumbs, all phalanges of
fingers 3 and 4, and the middle and distal phalanges of fingers
2. Cone-shaped epiphyses of the proximal phalanges of fingers

Fig. 2.
hyperpigmented macules and café au lait spot. ¢: Hyperpigmented palms.

a: Patient 2 (left} and ! {right}. Note prominent nose and nasal bridge, dark skin, exotropia of Patient 2's eye. b: Dark skin with areas of hype- and
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Fig. 2.

(Continued |

2-4 were observed (see the online Figure 8b at http:/www.
interscience.wiley.com/jpages/0148-7299/suppmat/index.html).
Pelvic radiograph demonstrated narrow iliac wings, fiat
acetabular sockets, thin and elongated pubic and ischial bones,
and bilateral epiphysiolysis of the femoral heads (see the online
Figure 6b at http://www.interscience wiley.com/jpages/0148-
7299/suppmat/index.html). Foot radiograph showed hypoplas-
tic distal phalanges of toes 2—4, ivory epiphyses of proximal
phalanges 5, and distal symphalangism of toe 5.

Patient 2

Patient 2 was a 9-year-old girl. She was the only child of
healthy and nonconsanguineous parents (Figs. 1 and 2a).
Her maternal great grandfather was the younger brether
of the great grandfather of Patient 1 (Fig. 1). The patient
was born at 32 weeks of pregnancy. Her birth weight, birth
length, and OFC were 920 g {<3rd centile; < 1.7 SDJ, 31 em
(<3 centile; <—2.5 SD), and 24.5 cm (< 3rd centile;— 1.8 SD),
respectivety. At birth she suffered from mild respiratory
distress syndrome, hyperbilirubinemia, and retinopathy of
prematurity, and was in an incubator for 2.5 months. Growth
hormone stimulation test with glucagon revealed peak of
growth hormoene of 2.6 ng/ml (norm =10 ng/ml). IGF1 = 0 ng/ml
(norm 7-21 ng/ml). IGBP3 2,096 ng/ml. The results indi-
cated primary growth hormone deficiency.

On examination at age 8, her height, weight, and OFC
were 83 cm (<3 centile; «—-89 SD; 50 centile of age
20 months ), 8.3 k (<3 centile; =-5.6 SD; 50 centile of
age 17 months), and 385 c¢cm (<3rd centile; < 8.8 SD;
50 centile of age 2 months), respectively. Physical exami-
nation revealed microcephaly, lefi esotropia, prominent
nose and nasal bridge, and small pinnae (Fig. 2a). Propor-
tionale short stature was noted with 1:1 upper and lower
segment ratio. Hands, arms, feet, and legs were proportio-
nately short. Arm span was 81.5 cm. Movement of the
shoulders, elbows, wrists, hips, knees, and ankles was un-
remarkable. Palms were dry, and deep palmar and finger
flexion creases were noted. Clinodactyly of the fifth fingers
was observed. The hair and hearing were normal.

Like that of Patient 1, her skin complexion was darker
than that of her parents. Also there were areas of hypo-
and hyperpigmented macules in the skin of her chest and
back (Fig. 2a). Acanthosis nigricans was observed around
her neck and armpits. She sat, stood, walked, and ran at
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a

Fig. 3. a: Patient 1.

lixtremely small maxillary and mandibular
permanent incisors with prominent mamelons. b: Patient 2. Very small
and yellowish permenent incisors with prominent mamelons.

ages 9, 18, 22, and 28 months, respectively, and she used
single words at 18 months. Her voice was high-pitched, and
global developmental delay was observed, with cheerful
disposition. Intelligence quotient was 56 according to Stanford
Binet form. Karyotvpe was 46,XX.

Oral examination demonstrated very small and yellowish
teeth. Their mamelons were prominent (Fig. 3b). All teeth
were mobile. The maxillary right second deciduous molar
exfoliated at age 5. The maxillary left first permanent molar
had occlusal caries. The maxillary labial frenum was thick.
Her gingiva did not appear hyperpigmented like her skin, and
was otherwise normal. The pharynx was narrow.

Radiographic examination showed thin eranium, rootless
molars, and severely hyvpoplastic alveolar bone. Cortical bone of
the alveolar process was not observed. Rootless
molars appeared to float in loose alveclar bone. The crowns
of all permanent molars were tapered occluso-cervically,
Increased digital marking of the skull was noted (Fig. 4c¢,d).
The dental pulps of all incisors appeared obliterated (Fig. 5¢,d).
Clavicles were long, straight, and slender. They appeared
to be located in horizontal position. Scapulae were hypoplastic.
At age 6, hand radiograph showed ivory epiphyses at all
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Fig. 4. Patient 1 (a) lateral cephalograph. Note increased digital marking of the skull. b: Panoramic radiograph. Supernumevary right maxillavy
permaneil meolar. Patient 2 (e) PA skull radiograph. d: Panoramic radiograph. Note single-rooted or rootless molars, severe microdontia of developing
permanent premolars and molars, severely hypoplastic alvealur bone, and melar crowns converge occluso-cervically.
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Fig. 4. (Continued)
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a

Fig. 5. Periapical radiographs of Maxillary and mandibular incisors of Patient 1 (a) and (b). Patient 2 (e}and (d). Note Sevarely hypoplasticalveolar bone.
Obliteration of dental pulp chambers and root canals.



MOPD With Severe Microdontia and Skin Anomalies 189

. i T2 v
& '} ¥ - |

Tig. 5. (Continued)



190 EKantaputra et al.

phalanges except at the distal phalanges of her thumhbs and
the middle and distal phalanges of her 5th fingers, with bone
age at 2.6-3 years (see the online Figure 8¢ at htip://www.
interscience.wiley.comy/jpages/0148-729%/suppmat/index.html).
At age 8, ivory epiphyses were observed at all phalanges of
the hands except for the distal phalanges of thumbs. Large
pseudoepiphyses were noted at the proximal ends of meta-
carpals 2 and 5, and distal radial epiphyses appeared very
dense {see the online Figure 8d at hitp://www.interscience.
wiley.com/jpages/0148-7299/suppmat/index.html). FEleven
ribs were observed on each side. Like those of Patient 1,
clavicles were straight and slender {see the online Figure 6a at
http://www.interscience. wiley.com/jpages/0148-7299/suppmat/
index.htm)), Humerus, radius, ulna, tibia, and fibula were
slender (see the online Figure 7b at http://www.interscience.
wiley.com/jpages/0148-729%/suppmat/index.html). Foot radio-
graph showed medially deviated toes and ivory epiphyses of all
proximal phalanges and distal phalanges 2—5 (see the online
Figure 9 at http://www.interscience. w11ey com/jpages/0148-
7299/suppmat/index.html).

DISCUSSION

We report on two additional Thai children affected with
MOPD and severe microdontia, short and single-rooted
molars, rootless molars, and severely hypoplastic alveolar
bone, hyperpigmented skin, acanthosis nigricans, café au lait
spots, and hypo- and hyperpigmegled macules. The com-
bination of dental and dermal features found in these two
related children appears unique for MOPD. Interestingly,
similar findings have recently been described in a Thai
family living in the different part of Thailand [Kantaputra,
2002]. We are convinced that the syndrome found in
our patients and that reported by Kantaputra [2002] re-
presents a distinet entity.

Seckel syndrome and MOPD patients usually have normal
teeth, and some affected patients even have large teeth [Seckel,
1960; Majewski, 1992; Kjser et al.,, 2001]. The permanent
incisors found in the present patients especially those of
Patient 1 were very small. Besides severe microdontia,
these patients also had rootless or very short and single-
rooted molars, with severely hypoplastic alveolar bone. We
have reviewed the previously reported cases of MOPD with
microdontia with or without skin anomalies and tabulat-
ed them in Tables I and II. Twelve MOPD cases were found
tc have microdontia. Seven of those had short roots or root-
less teeth with severely hypoplastic alveclar processs
(Table I). Based on both oral and skin manifestations,
we believe the present cases and Thai sibs reported by
Kantaputra [2002] have the same disorder.

It appears that the combination of severe microdontia,
rootless molars, and severely hypoplastic alveolar bone, café
au Jait spots, hypo-hyperpigmented macules are the distin-
guishing features of this “newly” recognized syndrome. Sey-
men et al, 2002 reported a Turkish boy as having Seckel
syndrome. However, with this phenotype and severe micro-
dentia, hypodontia, abnormal maolar roots, and hypoplastic

alveolar bones, we suspect that he might have the same
condition as our patients and those reported by Kantaputra
[2002].

The mode of inheritance of this new disorder is suspect-
ed to be autosomal-recessive as their maternal great
grandfathers were brothers. However, the fathers of both
patients denied consanguinity, but they all lived in the
same village. While our patients share several features with
Seckel syndrome and since it has recently been found that
Seckel syndrome is caused by mutations in ATR, it is
worthwhile to look for mutation in the gene [O'Driscoll et al.,
2003].
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A Novel Mutation in IRF6 Underlies Hearing
Loss, Pulp Stones, Large Craniofacial
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Summary: Van der Woude (VWS) and popliteal pterygium syndromes are caused by mutations in the interferon regulatory
factor (IRF6) gene. Two Thai VWS families demonstrating newly recognized findings of VWS are reported. The phenotype in
the first family includes sensorineural hearing loss, cleft lip and palate, lower lip anomalies, ankyloglossia, hypodontia, dental
pulp stones, large craniofacial sinuses, and limb anomalies. Molecular analysis of IRF6 revealed an 11 bp deletion in exon 4.
This frameshift mutation truncates IRFS just after the DNA binding domain. The mutation implies that IRF6 can affect dental
pulp calcification, pneumatization of craniofacial sinuses, and ear and limb development. The second family consists of an
affected brother and sister. Both have lower lip anomalies and the sister has cleft lip and®siate. Interestingly, both have
abnorma! shape of the mandibular deciduous and permanent molars. Mutation analysis of JRF6 was negative, suggesting

that the mutations may be located outside of the coding exons or in other loci.

Key words: dental pulp stonelRF6 genelimb anomalyhearing lossVan der Woute syndrome
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INTRODUCTION

Van der Woude syndrome {(VWS; OMIM 119300) is
characterized by congenital lip pits, cleft lip with or
without cleft palate, hypodontia, ankyloglossia, and
cutaneous syndactyly of toes. The disorder is caused
by mutations in interferon regulatory factor (IRF6) and
mutations in the same gene also cause popliteal pter-
ygium syndrome (PPS; OMIM 119500) (Kondo et al,
2002). In addition to the VWS phenotype, patients
with PPS exhibit webbing of the limbs, toe nail dys-
plasia, and genital anomalies {Gorlin et al, 2001). From
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their analysis of 49 VWS mutations and 13 PPS muta-
tions, Kondo et al (2002) suggested that VWS is caused
by haploinsufficiency of IRF6, whereas PPS is caused by
mutations that have a dominant negative effect on
{RF& function.

Recently, we reported a four-generation Thai family
with & unique VWS-like phenotype. In addition to lip
anomalies, hypodontia, and cleft lip and cleft palate,
affected members of this family exhibited sensorineural
hearing loss, large craniofacial sinuses, dental pulp
stones, and minor limbs anomalies (Kantaputra et al,
2002). Given the VWS-like orofacial features in this

1



Kantaputra et al

family, we hypothesized that affected members of the
family would have a mutation in IRF6. With the unique
anomalies in this family, we further hypothesized that
the mutation would be novel and may provide clues to
the structure and function of /IRF6. Here we report a
nove! /RFG mutation found in this family and suggest

that this mutation affects ear and limb development,
calcification in the dental pulps, and pneumatization of
craniofacial sinuses.

In addition, a new VWS family affected with abnor-
mal shape of mandibular deciduous and permanent
molars is reported. Abnormal shape of teeth has never

Fig. 1 Family 1: 2} Repaired unilateral cleft lip and palate. Lip pit and sulcus; b} Repaired bilateral cleft lip and palate. Lip nipples; ¢
Single flexion crease of the right fifth finger; d) Ankyloglossia; e) Large frontal sinus; f} Lip sulcuses.
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been described to be associated with VWS, The maol-
ecdlar analysis of /RF6 was negative, supporting the
possibilty of VWS-causing mutations outside the cod-
ing region, or defetions or mutations in other loci (Kon-
do et al, 2002).

MATERIALS AND METHQODS

Clinical Details

Family 1: This four-generation Thai family consists of
23 individuals, of which seven are affected with VWS.
The clinical findings include cleft lip with cleft palate,
lower lip anomalies, congenital absence of the man-
dibular second premolars, ankyloglossia, sensorineural
hearing loss, large craniofacial sinuses, long tocth
roots, and dental pulp stones. The limb anomalies in-
clude a single crease of the fifth finger (Figs. ta-f),
short middle phalanges of the fifth fingers, short
middle phalanges of toe 4, short distal phalanges of
toes 2 and 3, brachydactyly of fingers, cutaneous syn-
dactyly of toes 2 and 3, and hyperphalangy of toes
{Kantaputra et al, 2002).

Family 2: This family consists of an unaffected
mother and father, and two affected children (Fig. 1a).
The father died of an unrelated disease a few years
ago. Clinical manifestations found in the affected
daughter (Patient 2.1) were repaired unilateral cleft lip
with cleft palate, supernumerary right maxillary lateral
incisor, lower lip anomaly, and congenital absence of
the mandibular second premolars (Figs. 1a,b). She had
cosmetic surgery for her lower lip at age 12 years. The
mandibular second deciduous molars had numerous
secondary grooves, with prominent lingual cusps. The
right mandibular first permanent molar had prominent
distolingual cusps. The left mandibular first permanent
molar had a very unusu:al shape. The occlusal table was
round, with three prominent lingual cusps and many
secondary grooves. The left mandibular second perma-
nent molar was very small with an unusual occlusal
configuration (Figs. 2d,e). She had crowding of the
maxillary anterior teeth and anterior cross-bite as a re-
sult of the hypoplastic maxilla.

The affected son {Patient 2.2) had congenital lip pits
and congenital absence of mandibular left second pre-
malar. The shape of his right first permanent molar was
unusual. The centrolingual cusp was very prominent,
connecting with the mesiobuccal cusp with an oblique
ridge (Fig. 2f). The left mandibular second deciduocus
molar was large mesiodistally, with very a prominent
centrolingual cusp (Fig. 2g). The permanent teeth of
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both patients were affected with dental fluorgsis, as a
result of high fluoride consumption.

Mutation Analysis

Blood was obtained from all affected individuals and
the unaffected mother of Family 2 after the written
informed consents were given. DNA was extracted
using a conventionat technique. Exons 1-8 and part of
exons 9 and 10 were amplified by polymerase chain
reaction {PCR), using primer sequences as reported
elsewhere (Schutte et al, personal communication).
The amplified products were purified (Qiagen) and di-
rectly sequenced using BigDye labelling in an AB! 377
automated DNA sequencer {Applied Biosystems).

RESULTS

Mutation analysis of all coding exons of IRF& far Family
1 revealed an 11 bp deletion within exon 4,
358del{CAG GGC TCG AT, in all affected individuals
(Fig. 3). This frameshift mutation truncates IRF6 beyond
amino acid P119 and adds a single histidine residue.
The DNA binding domain (amino acids 7 to 113) does
not appear to be affected, but the remainder of IRFg,
including the SMIRAAD protein binding domain (Erosh-
kin and Mushegian, 1999) is absent. This mutation has
not been reported previously and may explain the
unigue phenotypic features in this family.

Mutation analysis of IRF6 for Family 2 detected no
disease-causing mutations. The lack of a defined muta-
tion in the coding regigp of /RF6 in this family is con-
sistent with the results of Kondo et al (2002); muta-
tions were found in only 50% of the VWS families.
As suggested in that study, such families may have a
mutation elsewhere in /RF6 or have a deletion or have
a mutation in a second locus.

DISCUSSION

We discovered a novel 11 bp deletion mutation in exon
4 of IRF6 in a four-generation Thai family with a unique
form of VWS that inciuded senscrineural hearing loss,
large craniofacial sinuses, and limb anomaties. These
anomalies also distinguish this family from families
with PPS. A