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X-linked recessive inheritance of radial ray deficiencies
in a family with four affected males
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Radial ray deficiencies are frequently associated with additional clinical anomalies and have a heterogeneous
aetiology. X-linked forms are extremely rare. We report a family in which four male relatives show bilateral
absence of the radius with presence of the thumbs and associated anomalies. The segregation of the
phenotype is suggestive for X-linked recessive inheritance. This is confirmed by performing linkage analysis
using 24 markers spanning the X chromosome in which a maximum lod score of 1.93 for DXS8067 and
DXS1001 is obtained. We defined a critical region of maximal 16.2 cM on the X chromosome with haplotype
analysis. EFuropean Journal of Human Genetics (2001) 9, 653 -658.
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Introduction
Radial ray deficiencies have an incidence of about 1:10000
live births." They occur either isolated or associated with
additional clinical anomalies.'* Radial ray deficiencies are
clinically and genetically very heterogeneous. Many cases are
sporadic and considered to be multifactorial in origin.
Although radial ray deficiencies are more commonly present
in males than in females,! X-linked inheritance has only
been described for a few cases. Four families with possibly X-
linked VACTERL-H (OMIM 314390) have been published.g'4
Furthermore, a phenotype of radial aplasia and associated
anomalies in a male and his maternal uncle (OMIM 312190),
suggestive of X-linked recessive inheritance has been
described.®

We present a family in which four male relatives have total
absence of the radii, presence of the thumbs, and several
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variable associated anomalies. Since all affected individuals
are male, and no male to male transmission was observed, an
X-linked recessive mode of inheritance was assumed. We
tested 24 microsatellite markers on the X chromosome,
performed linkage analysis, and constructed haplotypes. The
results of these studies indicate that the phenotype of our
patients is linked to Xq24-25.

Subjects and methods

Patients

There are no consanguineous marriages in this family of
Turkish origin. Physical examination of the index patient
(III-5, Figure 1) and his parents was done several times in
the Netherlands. Patient KM (III-1, Figure 1) and his
parents, patient AS and one of his unaffected brothers (II-
6 and II-5, Figure 1), were examined in Turkey.
Information of the remaining family members was
obtained by family history. Photographs were examined
of the unaffected sib(s) of patients OS and KM (III-1,2,4,
Figure 1) and the other unaffected brother of patient AS
(II-7, Figure 1).
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Pedigree diagram of the family. The markers shown are restricted to those between DXS1059 and DXS8078. Distances

between markers in ctM: DXS1059-2.71-DXS8055-4.9-DXS8067-0-DXS1001-0-DXS1212-6.26-DXS1047-0.77-DXS994-0-DXS8078. The
three patients (lI-6, llI-1, 1lI-5 pedigree diagram) share an identical haplotype telomeric from DXS990. Two unaffected males (II-5, II-7
pedigree diagram) have also part of this haplotype except for the region between DXS8055 and DXS1212.

Cytogenetic studies

GTG -banded metaphases from blood lymphocytes were used
for karyotyping the index patient. Skin fibroblasts were tested
for chromosome breakage after exposure to diepoxybutane
(DEB).

Molecular studies

Blood was obtained from 18 family members after informed
consent and genomic DNA was isolated as described before.®
We tested 24 microsatellite markers; 20 from Généthon,”
DXS451 and DXS538 from Reed et al,® and DXS7132 and
DXS6800 from the integrated genetic map provided by the
Center of Medical Genetics, Marshfield, USA (htpp://
www.marshmed.org). We choose this map because the
distances between most markers, except DXS451, are well
defined. For DXS451 the relative position was estimated
according to published data.® Analysis of polymorphic
markers was performed essentially as described before.” PCR
conditions were: 10 min denaturation at 94°C followed by
25 cycles of 94°C for 30 s, 55°C for 30 s, 72°C for 90 s, with a
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final extension at 72°C for 5 min. PCR products were
separated on denaturing polyacrylamide gels. Alleles were
visualised by autoradiograpy.

Mutation analysis

Three sets of primers (available upon request) were designed
from genomic sequence obtained from Genbank (Accession
no X98253) to amplify the coding region and intron-exon
boundaries of the ZNF 183 gene. PCR products from genomic
DNA of all the patients and normal (family) members were
sequenced on an automated sequencer (Perkin Elmer’s ABI
Prism 377 DNA sequencer, Foster City, USA) using big dye
chemistry. For the IAP 3 gene mRNA sequence was obtained
from Genbank (U45880) to design eight sets of primers
(available upon request) for amplification and sequencing of
cDNA according to standard procedures.

Linkage data
Two point linkage analysis using the LINKAGE program,
version 5.01,'° was performed on all markers tested except for



DXS451, and DXS538, DXS1068, DXS7132, DXS8064 which
were not informative in this family. X-linked recessive
inheritance of radial anomalies was assumed with full
penetrance in males, no anomalies in female carriers, and a
gene frequency of 1:1000. Multipoint linkage analysis was
performed by subsequent four-point analyses on these
markers.

Results
Patients
The abnormalities noticed in the four patients are
summarised in Table 1. The index patient OS (III-5, Figure
1) was born after an uncomplicated pregnancy and
delivery. At birth his weight was 3200 g (10th centile), his
length 50 cm (50th centile) and his head circumference
(HC) 35 cm (50th centile). The following congenital
malformations were noticed: Upper extremities: bilateral
short curved forearms, radial deviation with an extension
deficit of 90° of the wrists, and short thumbs. Lower
extremities: genu varum of the right leg and slight
subluxation of the right knee. Radiographs of the upper
extremities showed absence of the radii, broad curved ulnae
and hypoplasia of the thumbs. Radiographs of the skeleton
except for the extremities showed no abnormalities. A
Dandy-Walker malformation was seen on a CT-scan.
Transposition of the great arteries (TGA), and an atrial
septal defect (ASD) type 2 were seen on ultrasound.
Ultrasound examination of the abdomen showed no
abnormalities. Thrombocytopenia was excluded repeatedly,
also during the first year of life. Other hematological
disorders were also excluded on routine hematologic
laboratory tests. At the age of 2 years and 7 months his
mental development was normal. His weight was 11 kg (3rd
centile), his length was 86 cm (10th centile), and his HC
was 47 cm (3rd centile). His left arm and legs are shown in
Figure 2.

Patient KM (III-1, Figure 1) is a 7-year-old male with short
stature. He has the same anomalies of the upper extremities

Table 1 Summary of anomalies in patients of present
paper

Anomalies oS KM AS 4th Pat Total
Short stature — + + ? 2/3
Absent radii + + + + 4/4
Hypoplastic thumbs + + — ? 2/3
Hypoplastic fingers — — + ? 1/3
Contracture fingers + + + ? 3/3
Hypoplastic toes — - + ? 1/3
Genu varum knee + — + ? 2/3
Contractures knees — + — ? 1/3
Absent patellae — + — ? 1/3
Cardiac anomaly + — + ? 2/3
Dandy-Walker malf. + — — ? 1/3
+ indicates presence; — indicates absence of anomaly; ? indicates
not known.
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as OS and an extension deficit of the 2nd to 4th
metacarpophalangeal joints of boths hands (Figure 2). His
lower extremities show abducted hip joints, postnatally
developed contractures of both knees with popliteal
pterygiae (Figure 2), and bilateral absence of the patellae
(Table 1). There is no history of a bleeding disorder. Standard
laboratory tests showed normal results. Cardiac evaluation
did not reveal an abnormality.

Patient AS (II-6, Figure 1) is a 28-year-old male with short
stature. He shares the anomalies of the upper extremities
with OS. In addition he has hypoplastic middle and distal
phalanges of the 2nd to 4th fingers of his left hand. The
middle and distal phalanges of the index finger of his right
hand are also hypoplastic. All his fingers show an extension
deficit. He has genu varum of the right leg, but he has also
hypoplasia of the 3rd to Sth toes and the 4th and Sth toes of
his left and right foot, respectively. In the past thrombocy-
topenia was excluded. Cardiac ultrasound revealed a 3rd
degree aortic stenosis attributed to rheumatic fever in the

Figure 2 Extremities of the patients OS and KM (lll-1, 1II-5
pedigree diagram, resp.). Left upper photo: Short curved left
forearm with radial deviation and an extension deficit of the
wrist, and hypoplastic thumb of patient OS. Right upper photo:
Genu varum of the right leg of patient OS. Left lower photo:
Bilateral short curved forearms, extension deficit of the elbows
and 2nd to 4th MCP joints of the hands, hypoplastic thumbs,
abducted hip joints, and contractures of the knees with pterigiae
poplitiae of patient KM. Right lower photo: Absent radius, short
curved ulna and hypoplastic thumb.
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past. Ultrasound of the abdomen did not show anomalies.
The fourth patient (II-10, Figure 1) had bilateral short curved
forearms with an extension deficit of his wrists. He did not
have associated anomalies. He died of an infectious disease
about 2-3 months after birth. All the other relatives of the
male patients are healthy. A radiograph of the forearm of the
mother of our index patient did not show an abnormality.

Cytogenetic studies

The index patient has a normal male karyotype. No
spontaneous or induced breakage of chromosomes was
noticed after DEB exposure.

Molecular studies

Twenty-four markers spanning the X chromosome at regular
intervals were tested. With two point linkage analysis a
maximum lod score of 1.93 for DXS8067 and DXS1001 at
zero recombination frequency was obtained. This result is
confirmed by multipoint analysis (Figure 3).

Haplotypes were constructed for the entire chromosome.
The patients share an identical haplotype from DXS990 to
DXS1193. A double recombinant would be present for
individual II-5 in case DXS1212 is positioned centromeric
of DXS1001 as indicated by the Marshfield data. Our data
indicate that DXS1212 is located telomeric of DXS1001. This

is in accordance with data from Généthon and Nagaraja et
al.”'* Therefore, we choose the order DXS8067, DXS1001,
and DXS1212 (Figure 1). The unaffected males II-5, and II-7
share part of the haplotype of the patients except for the
region between DXS8055 and DXS1212 (Figure 1). The results
of the linkage and haplotype analysis show the responsible
gene defect must be localised between these two markers.
According to the genetic map of the X chromosome of
Marshfield, this interval is about 4.9 cM. According the
genetic map of Généthon and that of Nagaraja et al,”'!! this
interval is about 16.2 cM. We performed mutation analysis
for two candidate genes in this interval; the ZNF183 and IAP
3 genes and did not find a disease causing mutation in these
genes.

Discussion

We report a family with a radial ray deficiency, presence of
thumbs and associated anomalies. In our view, our patients
have a previously unreported phenotype. Our differential
diagnosis included autosomal recessive TAR syndrome,
Fanconi anaemia (FA), X-linked recessive VACTERL-H
syndrome, and a phenotype described by Gibson et al.’
TAR syndrome can be rejected when thrombocytopenia is
excluded.'? FA is an unlikely diagnosis in the absence of

multipoint analysis

DXS8055  DXS1212

b

40

o
O
00
-)
—
-]
©

lod score
o

TN

\

\

chromosomal position

Figure 3 Multipoint lodscores for twenty tested X-chromosomal markers. X-axis: the distance in cM. The most telomeric marker tested
DXS996 was used as a point of reference (0), and the one on the right is DXS1193. The highest lodscores are obtained in the region in

between DXS8055 and DXS1212.
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chromosome breakage after DEB exposure.'® There are 12
cases published with X-linked VACTERL-H; 10 cases
summarised by Lomas et al.® and two cases by Froster et
al.* In Table 2 we summarise these cases, the two cases with
X-linked radial aplasia,® and the cases presented in this
study. Our index patient has been evaluated for all defects
summarised by Lomas et al.®> He shares only radial aplasia
and a cardiac anomaly with the cases described with X-
linked VACTERL-H cases. Moreover, his life expectancy is
different from that in these patients. The cases described by
Gibson et al.,’ only share radial aplasia with our patients.
Therefore, we do not think our patients have the same
phenotype.

The phenotype of our patients can be caused by a defect of
a single gene or several closely linked genes. Alternatively,
large variability in the phenotype might be caused by either
modifier genes located elsewhere on the genome or
environmental factors. A literature search for patients with
a radial ray deficiency and a chromosomal anomaly
involving our defined critical region revealed no cases, which
limits the search for a gene causing the phenotype to a
candidate gene approach. Since absence of the radii is the
most consistently present anomaly in our patients we
hypothesise that the responsible gene must be involved in
patterning, differentiation, or apoptosis during human
embryonic limb development. In our patients the gene
defect could have its major effect on the mesenchymal
condensation process of the anterior (radial) part of the upper
limb, comparable with the effects of the mutant TBXS
gene.!*1S Haploinsufficiency of this gene causes mainly
anterior limb malformations in patients with Holt-Oram
syndrome, whereas haploinsufficiency of the TBX3 gene
causes mainly posterior limb malformations in patients with
the ulnar-mammary syndrome.'*1¢

Table 2 Summary of anomalies in cases with VACTERL-H
and X-linked radial aplasia

Anomalies 19 2b 3¢ 44 5€ 6"

Hydrocephalus 4/4 2/2 4/4 2/2 11 0/3
Radial anomalies 4/4 2/2 4/4 2/2 2/2 4/4
Anal atresia 2/2 2/2 3/4 1/2 1/2 0/4
Genital anomalies 2/2 11 2/3 ? 1/2 0/4
Renal anomalies 2/2 2/2 2/2 1/2 ? 0/2
T.E.F./Atresia 11 1/2 1/3 1/2 ? 0/1
Vertebral anomalies 171 ? 0/1 1/2 ? 0/1
Cardiac anomalies ? ? 1/3 1/2 ? 2/2
Lung anomalies ? ? 0/3 1/2 ? 0/1
Gut anomalies 1/1 11 0/3 1/2 ? ?

Accessory spleens 11 0/1 0/3 ? ? 0/2
Microphthalmia 1/1 0/1 0/3 2/2 ? 0/3
Cleft palate 11 2/2 0/3 1/2 ? 0/4
Ear anomalies 2/2 ? 0/3 2/2 ? 0/4
Died 4/4 2/2 4/4 2/2 ? 1/4

Authors: 12, Lomas et al.3: family 1, four cases; 2°, family 2 cases;
3¢, family 3, four cases; 49 Froster et al.*: two cases; 5¢, Gibson et
al®: two cases; 6, present paper: four cases. Anomalies indicated
when known; ? means not known in any case of the family.
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The gene defect could also be involved in differentiation or
growth of the radius. Disturbance of the chondrofication
process could result in a fibrous radius;'”''® disturbance of the
ossification process in a cartilagenous one.'® Alternatively,
the gene defect could also be involved in disturbance of
apoptotic cell death eliminating mesenchymal cells which
would normally be the precursors of the radius resulting in
the absence of the radius. It has been suggested that the
radius and the ulna are derived from one mesenchymal
condensation separated by apoptotic cell death in the opaque
patch.?®?! Considering the pathogenic mechanisms de-
scribed above we searched for a likely candidate gene or
transcript in our critical region with a possible function in
pattern formation, cell differentiation, or apoptosis. Genes
coding for zinc finger (ZF) containing proteins are known to
be often involved in pattern formation. We searched the
OMIM database and found the RING finger containing IAP
(Inhibitor of apoptosis protein) 3 gene to be a likely
candidate. IAP 3 is mapped to Xq25 by in situ hybridisation.?
It is expressed in all fetal and adult tissues except peripheral
blood leucocytes.??

We also searched the Human Gene Map (http://
www.ncbi.nlm.nih.gov/genemap) and found the ZNF183
gene of the RING finger gene family. This gene is
ubiquitously expressed and its function is unknown.?* We
did not find a mutation in these genes in our patients. We are
currently searching for additional families as an approach to
identify the responsible gene, which could be a starting point
for functional studies in order to obtain better insight in the
pathogenesis of the disorder.
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