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Introduction
Madelung deformity is a pseudoautosomal dominant hereditary disorder characterized by the lateral and dorsal curvature
of the distal radius, positive ulnar variance and proximal
subsidence of the lunate (Anton et al. 1938; Arora and
Chung 2006). It is frequently associated with Léri–Weill
dyschondrosteosis (LWD) (Leri and Weill 1929), which is
characterized by disproportionate short stature attributable to
mesomelic shortening of the limbs. The Madelung deformity
is a typical characteristic of LWD (Langer 1965; Herdman
et al. 1966); however, the presence of the forearm deformity
without any other clinical characteristics of dyschondrosteosis supports the diagnosis of isolated Madelung deformity (IMD). Individuals with IMD have normal height and
body proportions, and the forearm anomaly is typically
bilateral and symmetrical. IMD is progressive, is usually
observed in adolescence, and occurs more commonly in
females than males (Lichtenstein et al. 1980; Grigelioniene
et al. 2001). IMD is caused by mutations of the short stature
homeobox gene (SHOX, OMIM: 312865) (Ellison et al.
1997; Rao et al. 1997). In addition, mutations in the GNAS
gene have also been reported to cause IMD (Rump et al.
2011). In this study, the clinical and radiographic features of a
Chinese family with IMD is described. Mutation analysis of
the SHOX gene indicated that a novel heterozygous deletion
mutation of SHOX was responsible for the IMD disease in
this family.

Materials and methods
Patients

The IMD family studied here is from the southern Chinese
city of Hangzhou and comprized three generations with three
∗ For correspondence. E-mail: wulingqian@sklmg.edu.cn.

affected members (figure 1a). The proband (III 2) was a
29-year-old female who was 157 cm in height and 45 kg
in weight. She developed bilateral wrist joint pain when she
was 13 years old. At the age of 14, she gradually exhibited symptoms of ulnar and palmar curvature of the distal
radius and a mild limitation of abduction of the wrist joint,
and at this point she was diagnosed with Madelung deformity. Both the proband’s sister (III 1) and father (II 1) were
also patients; her sister was 155 cm in height and presented
with similar clinical manifestations but also exhibited moderately short limbs, while her father was 165 cm in height and
showed relatively mild symptoms of Madelung deformity.
All three affected members showed normal stature and body
proportions (table 1). This study complied completely with
the Tenets of the Declaration of Helsinki, and was approved
by the Ethics Board of the State Key Laboratory of Medical Genetics of China. Informed consent was received by all
members of the family before testing.

Mutation analysis by direct sequencing

Genomic DNA was isolated from the peripheral blood using
standard extraction methods. The entire coding region and
the intron–exon boundaries of the SHOX gene were amplified
by the polymerase chain reaction (PCR). The PCR primers
were designed using Primer5 software (Primer Biosoft International, Vancover, Canada) (table 2). The PCR products
were confirmed by polyacrylamide gel electrophoresis
(PAGE), and directly sequenced using an ABI PRISM
BigDye kit on an ABI3130 DNA sequencer (Applied Biosystems, Carlsbad, USA). Sequences were analysed using
the DNASTAR (Madison, USA) software. The genomic
sequence of the SHOX gene (NM_000451.3) was used as
reference sequence.
The same experiment was carried out on five unaffected
individuals of the family and 200 unrelated normal controls (including 118 males and 82 females aged 12–70 years,
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Figure 1. (a) Pedigree of the Chinese family with IMD. The filled symbols indicate individuals affected with
IMD. Proband is marked by an arrow. (b) Photographs showing the IMD phenotypic characteristics of the proband.
(c) Radiograph of the forearm(s) of the proband.

with an average age of 30 years) to determine whether the
detected gene variation was a causative mutation or a genetic
polymorphism.

Mutation screening

Direct sequencing of the PCR products amplified from
genomic DNA from the proband (III 2) revealed a singlebase deletion at nucleotide 21 (c.21delT) of the SHOX gene
(figure 2a). This sequence change is predicted to result
in a frameshift at codon 7 with substitution of a leucine
for a phenylalanine and introduction of a putative stop
codon 69 amino acids downstream in the translated protein
(p.Phe7LeufsX69) (figure 2d). Thus, the mutation results in
truncation of 217 N-terminal amino acids of the gene product (74% of the polypeptide), including the homeodomain
(figure 2c). The proband’s father (II 1) and sister (III 1) were
found to be heterozygous for this mutation, which was not
found in the five unaffected pedigree members (I 2, II 2, II 3,
II 4, II 5; figure 2b), indicating that the mutation cosegregates
with IMD in the family. We also investigated this mutation

Results
Clinical findings

Photographs of the proband’s forearm showed a prominence
of the head of the ulna at the back of the wrist and an ulnar
deviation of the hand (figure 1b). An anteroposterior X-ray
of the wrist and carpus showed a ‘triangular’ arrangement of
the carpal bones, ulnar tilt, lunate subsidence and rarefaction
of the medial border of the lower end of the radius. A lateral
X-ray of the wrist exhibited an anterior curve of the radius
and a backward luxation of the head of the ulna (figure 1c).

Table 1. Summary of clinical features of some affected and healthy members.
Gender

Age at test
(years)

Height
(cm)

Madelung deformity

Short limbs

Body proportion

Mutation

M
F
F

58
31
29

165
155
157

Mild
Obvious
Obvious

NA
Mild
NA

Normal
Normal
Normal

c.21delT
c.21delT
c.21delT

Healthy members
I2
F
II 2
F
II 3
M
II 4
F
II 5
F

75
57
56
53
50

155
168
172
160
157

NA
NA
NA
NA
NA

NA
NA
NA
NA
NA

Normal
Normal
Normal
Normal
Normal

NA
NA
NA
NA
NA

ID
Patients
II 1
III 1
III 2

M, male; F, female; NA, not available.
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Table 2. Primers and PCR conditions used to amplify the genomic segments of SHOX.
Primer

Forward primer (5 –3 )

Reverse primer (5 –3 )

SHOX-2
SHOX-3
SHOX-4-5
SHOX-6

GAGGTCGCCGCGTATAAATAGT
GAAAGCAGCGAGTATCCTCCTC
CATCAGTCACCTCCCAGCTCC
GAAGGAGGAAAGGCGGGTGT

TCGGGTCCACTCCTGCCTT
CGCAATGAACCCATCCTACAG
GATGCGGCAGCAAATAGGG
TCAGGCCTCTTGCAGGAGCT

Annealing temperature (◦ C)

Product size (bp)

61
60
59
60

603
574
470
549

Figure 2. Genetic characterization of the IMD family. (a) Sequencing in proband (III 2) show a novel deletion mutation
(c.21delT) in SHOX. (b) Sequence in an unaffected female member (II 4) in the family. (c) Relative position of mutation
in SHOX. (d) Evolutionary conservation of amino acids: box showing loss of the conserved phenylalanine residue and
truncation of protein in the patient.

in 200 healthy controls by direct sequencing, and found that
this mutation did not exist in any of the 200 unrelated normal
controls. Until now, this variant has not been reported in the
Exome Variant Server, dbSNP135 or 1000 Genome datasets.
These results confirm that the c.21delT mutation in SHOX is
responsible for IMD in this family.

Discussion
Madelung deformity, a rare congenital anomaly of the wrist,
is associated with a SHOX gene defect (Shears et al. 1998;
Clement-Jones et al. 2000). The SHOX gene, which spans
more than 35 kb of genomic DNA and contains six exons,
is located within the pseudoautosomal region (PAR1) of the
X and Y chromosomes (Rao et al. 1997). SHOX encodes a
paired related homeodomain transcription factor, which consists of a homeodomain and a C-terminal OAR (otp aristaless rax) domain. SHOX is mainly expressed in human limb
and pharyngeal arches, with the strongest expression in the
elbow, the distal ulna/radius and the wrist (Rao et al. 1997;
Clement-Jones et al. 2000; Blaschke et al. 2003). A study by

Clement-Jones et al. (2000) indicated that the homeodomain
proteins play critical roles in controlling the embryonic
development in vertebrates, suggesting that mutations to the
SHOX gene may lead to developmental abnormalities.
In this study, we analysed a Chinese family diagnosed with
IMD, which is defined as the presence of the bilateral wrist
deformity without short stature and body disproportion. Phenotypic heterogeneity and intrafamilial variability are regularly observed in patients with SHOX deficiency, and the clinical symptoms of IMD become more apparent with age and
are more severe in females (Schiller et al. 2000; Blaschke
et al. 2003). These conditions were also observed in the
family under study, as three patients developed Madelung
deformity at the onset of puberty and the sisters (III 1 and
III 2) exhibited more severe wrist deformities than their
father (II 1). This demonstrates the necessity of early molecular diagnosis of every member of a family in which IMD is
suspected to provide guidance and early treatment opportunities for patients so as to reduce the harmful effects of skeletal
deformities.
In this study, a single-base deletion mutation (c.21delT) in
the SHOX gene was identified. This mutation cosegregated
with the disease phenotype and was not found in the healthy
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members of the family or in 200 unrelated control individuals, indicating that the c.21delT mutation of SHOX
is a pathogenic mutation of IMD in the family. Munns
et al. (2003) concluded that SHOX haploinsufficiency leads
to short arms in 92%, bilateral Madelung deformity in
73% and short stature in 54%. SHOX haploinsufficiency
caused by nucleotide deletions has been frequently reported
in dyschondrosteosis individuals, but point mutations are
relatively rare (Shears et al. 1998; Schiller et al. 2000).
Previous studies of LWD families have reported two deletion mutations causing a truncation of the SHOX protein
before the start of the homeodomain: a single-base deletion
(c.272delG) and a two-base pair deletion (c.106–107delCG),
both led to a frameshift and premature translational termination at codons 75 and 77, respectively (Grigelioniene
et al. 2000; Huber et al. 2001). Likewise, the single-base
deletion mutation (c.21delT) identified in this study occurs in
the highly conserved domain and leads to a premature stop
codon 69 amino acids downstream. The resulting premature
termination of translation is expected to yield a nonfunctional protein lacking the homeodomain, leading to SHOX
haploinsufficiency and the disease phenotype. This finding
supports the view that SHOX haploinsufficiency is the most
frequent disease-causing mechanism in dyschondrosteosis
(Grigelioniene et al. 2001; Flanagan et al. 2002).
In conclusion, we have identified a novel heterozygous
deletion mutation in the SHOX gene of an IMD family. This
discovery will help provide the patients’ offspring with accurate and reliable genetic counselling and prenatal diagnosis. Further, our findings broaden the mutation spectrum of
SHOX and understanding of the diverse and variable effects
of SHOX mutations.
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