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The elastin gene is disrupted in a family with a balanced
translocation t(7;16)(q11.23;q13) associated with a
variable expression of the Williams-Beuren syndrome

Hans-Christoph Duba'*, Andreas Doll*#, Michael Neyer'*, Martin Erdel’,
Christian Mann?®, Ignaz Hammerer®, Gerd Utermann*' and Karl-Heinz Grzeschik?

'Institut fiir Medizinische Biologie und Humangenetik der Universitdt Innsbruck, A-6020 Innsbruck, Austria;
“Medizinisches Zentrum fiir Humangenetik der Universitdt Marburg, D-35037, Germany; Universitdtsklinik
fuir Kinder- und Jugendheilkunde, A-6020 Innsbruck, Austria

The Williams-Beuren syndrome (WBS) is a complex developmental disorder with multisystemic
manifestations including supravalvular aortic stenosis (SVAS), a so-called elfin face, a hoarse voice, and a
specific cognitive phenotype. Most WBS patients have a >1 Mb deletion on one of their chromosomes 7 in
q11 but except for elastin, whose haploinsufficiency causes the cardiovascular malformations, it is unknown
which genes in the deletion area contribute to the phenotype. We have investigated a family with a
cytogenetically balanced translocation t(7;16)(q11.23;q13) in which affected individuals manifested a broad
spectrum of clinical phenotypes ranging from a hoarse voice as the only feature to the full WBS phenotype.
Molecular cytogenetic and DNA sequence analyses of the translocation breakpoint showed that the
cytogenetic rearrangement disrupts the elastin gene locus within intron 5 in the exact same manner in all
translocation carriers. The recently described large inversion of the 7q11.23 region was not present in this
family. Our data demonstrate that disruption of the elastin gene by a translocation breakpoint may cause
classical WBS, atypical WBS, SVAS, or no recognisable phenotype, and provide a clear example for extensive

phenotypic variability associated with a position effect in humans.
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Introduction

Williams-Beuren syndrome (WBS) (OMIM 194050; http://
www.ncbi.nlm.nih.gov:80/entrez/dispomim.cgi?id=194050)
is a rare (1/20000-1/50000), generally sporadic and com-
plex developmental disorder with multisystemic manifesta-
tions, which in most patients is caused by the hemizygous
deletion of a large genome region on chromosome 7q11.23.

*Correspondence: G Utermann, Institut fiir Medizinische Biologie und
Humangenetik der Universitit Innsbruck, Schopfstrale 41, A-6020
Innsbruck, Austria; Tel: +43 512 507 3451; Fax: +43 512 507 2861;
E-mail: gerd.utermann@uibk.ac.at

“These authors contributed equally to this work

Received 21 December 2001; revised 28 March 2002; accepted 4 April
2002

The commonly observed deletions are quite homogeneous
in size. The most frequently deleted segment (~1.5-
1.7 Mb) extends between two highly homologous duplicons
of 320-500 kb, containing the polymorphic markers
D7S8489B and D7S489A and harbours at least 19 genes
including the elastin (ELN) locus.'~* These duplicons
include about 30 kb of the 3’-region of a transcribed gene,
called GTF2I (telomeric copy) and GTF2IPI (centromeric
copy). The high conservation (99.9%) of the coding
sequences of GTF2I and GTF2IP], as well as the preservation
of restriction fragment patterns at both loci, indicate that
the duplication is of recent evolutionary origin.® With
probes containing parts of the elastin gene the deletion
can be readily detected by fluorescence in situ hybridisation
(FISH) in 90-99% of individuals with WBS.®~!! It has been
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postulated that a number of 7q11.23 deletions occur in
association with an interchromosomal rearrangement, in-
dicative of an unequal crossing-over event between mis-
paired repeats of the two homologous chromosomes 7.'%13
Clinical symptoms of the WBS phenotype include growth
retardation, congenital cardiovascular disease (supravalvular
aortic stenosis (SVAS) and peripheral pulmonal stenosis
(PPS)), characteristic dysmorphic facial features (‘elfin face’),
frequent dental abnormalities, a hoarse voice, mental
retardation or learning difficulties, a unique cognitive
profile and a distinct personality.>'*~17 With the exception
of the cardiovascular aspects of the disorder and possibly the
hoarse voice, which are supposed to be caused by
haploinsufficiency for elastin (ELN), the role of the genes
contributing to the other features of WBS is still undeter-
mined. No other of the WBS features is seen in patients with
isolated ELN deficiency.'®'® The identification of indivi-
duals with smaller deletions and other aberrations may
contribute to elucidate the pathogenesis of WBS and help to
understand which of the genes in the common WBS
deletion are dosage sensitive and contribute to particular
features of the phenotype.?

Here we report a family with a cytogenetically balanced
translocation t(7;16)(q11.23;q13). Translocation carriers
from the family, which was first described in 1979,2°
presented with an extremely variable phenotype ranging
from full WBS to minimal signs which were only diagnostic
in the familial context. Cloning of the translocation break-
point revealed that the cytogenetic rearrangement disrupts
the elastin gene locus in all translocation carriers. The five
affected members of our family present a group of individuals
with the same disruption of ELN but a wide variation in the
phenotype, which is likely to reflect a position variegation
effect.

Subjects and methods

Eight members of a family with the clinical suspicion of
familial WBS?® were reinvestigated by clinical, cytogenetic,
molecular cytogenetic, and molecular genetic methods
(Figure 1). Clinical investigation included an extensive
medical history, physical examination, ultrasonography of
the heart and kidneys, and a clinical laboratory analysis of
blood. The probands were inspected for clinical features of
WBS according to published criteria for clinical diagnosis of
WBS!” and for the clinical features listed in OMIM (OMIM
194050; http://www.ncbi.nlm.nih.gov:80/entrez/dispo-
mim.cgi?id=194050). One female was investigated only
cytogenetically. For all individuals participating in this study,
informed consent was obtained.

Chromosome analysis

Peripheral blood samples were obtained from nine members
of the family for chromosome analysis. For high-resolution
chromosomal analysis, whole blood lymphocyte cultures
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were stimulated by Phythaemagglutinin (PHA) and synchro-
nised by Methotrexate by means of standard protocols.
Metaphase chromosomes were routinely analysed by stan-
dard Trypsin-Giemsa (GTG) and Quinacrine (QFQ) banding.

Fluorescence in situ Hybridisation (FISH)

FISH was performed with the LSI® Williams Syndrome
Region DNA FISH Probe (VYSIS) according to the manufac-
turer’s protocols and with the BAC CTB-51J22 (GenBank
AC005056) from the commonly deleted WBS region.
Additionally we used BAC CTA-208H19 and PAC ROS-
1186P10 from within the common WBS-deletion interval
and the flanking BACs RP11-815K3 (centromeric) and CTB-
139P11 (telomeric) to detect possible inversion of the WBS
region.?! The clones were biotin- or digoxigenin-labelled by
nick translation. Chromosomal in situ suppression hybridisa-
tion and detection of the biotinylated probe was carried out
as described.”” In each translocation carrier at least 20
metaphases and 100 interphases were examined.

Construction of human-hamster somatic cell hybrids
The HGPRT negative Chinese hamster cell line RJK88 (Coriell
Cell Repositories, Camden, USA, No. NA10658), was fused
with Polyethlenglycol (PEG) in equal proportion with human
lymphoblastoid cells from the affected individual III/7 as
described earlier.?® Individual hybrid clones were analysed by
PCR using the chromosome 7 markers D7S544E and D7SS57E
for the presence of chromosome 7 or its derivatives. Clones
containing either the marker from the telomeric end of 7q or
from 7p, respectively, were selected for further analysis.
Presence of a single derivative chromosome was verified by
FISH analysis on metaphase chromosomes, by means of
chromosome 7 and chromosome 16-specific paint probes
(Cambio).

Southern analysis

Restriction enzyme digestion of genomic DNA was carried
out as recommended by the manufacturer (MBI Fermentas)
with the exception that a 10-fold excess of enzyme be used.
The digested DNA (10 ug) was separated on 0.8% agarose gels
in 1 x TBE buffer. Gels were depurinated for 20 min in 0.25 M
HCI, rinsed briefly in H,O, soaked in denaturating buffer
(0.5 M NaOH, 1.5 M NaCl) for 30 min and incubated for
30 min in neutralisation buffer (0.5 m Tris HCl, pH 7.0).
Capillary transfer to nylon membranes (Pall Biodyne A
0.2 pm) was carried out overnight in 10 x SSC. The mem-
brane was allowed to dry briefly and then UV-cross linked
(UV Stratalinker 2400, Stratagene).

For hybridisation, a radioactive DNA probe was prepared to
high specific activity, >2x10? c.p.m. per microgram of
DNA, by the Rediprime II labelling system (Amersham
Pharmacia) according to the manufacturer’s instructions.
Membranes were prehybridised in 5 ml/cm? Rapidhyb buffer
Solution (Amersham Pharmacia) at 65°C for 30 min. The
radioactive probes were added in the same solution to a
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Figure 1 Pedigree of Williams-Beuren syndrome family with
t(7;16). Individuals with t(7;16) and features of Williams Beuren
syndrome (solid square and circle); Individuals with normal
46,XY or 46,XY karyotype (hatched box and circle); Individuals
not investigated (open box and circle); 5 further siblings not
available for investigation (open diamond).

>1x10° cpm/ml. All hybridisations were carried out using
standard procedures. Briefly, hybridisation at 65°C for 1-
2.5 h, two washes in 2 x SSC 0.1%, SDS for 10 min at 25°C
were followed by two stringency washes in 0.1 SSC 0.1% SDS
at 65°C for 10 min at 65°C. Filters were exposed to X-ray film
(Kodak Biomax MR) overnight at —80°C with two intensify-
ing screens.

Cloning of the translocation breakpoint
Ten ug of patient’s genomic DNA were digested with Sacl and
size selected on a 0.8% agarose gel. The 1.0 and 1.2 kb
fractions containing the normal and the rearranged frag-
ment, respectively, were purified (QIAEX II kit) and ligated
into Sacl digested and dephosphorylated.

pBluescript II SK(+) (Stratagene). Specific ligation products
were amplified using the vector specific primer M13F(—21)
and a chromosome 7 insert specific primer A. The PCR
products were used in 1: 1250 dilution for a second round of
PCR using a chromosome 7 specific nested primer B and
M13F(—21). The resulting 1.2 and 1.0 kb products were
sequenced directly after gel purification.

PCR amplification
DNA clone inserts, somatic cell hybrid DNA and total human
DNA samples were amplified by PCR as described.?* Genomic
DNA (100 ng) or plasmid DNA (10 ng) was amplified in a
25 pl reaction containing 20 pmol of each oligonucleotide
primer and ready-to-go beads (Amersham Pharmacia).
Amplification conditions were 94°C for 3 min followed by
35 cycles of 60°C for 30s, 72°C for 60 s and 94°C of 30 s
(primers are listed in Table 2).

Sequencing and sequence analysis

Sequencing reactions were performed on an ABI 310
sequencer using an ABI PRISM Dye terminator cycle
sequencing ready reaction kit (Perkin Elmer) and vector
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specific or sequence derived primers. Sequence analysis was
performed with the BLAST program at the NCBI using the
databases NR and HTGS.?®

Results

Clinical analysis

Clinical investigation of the five translocation carriers (two
males, three females) revealed a wide variation in their
phenotypes (Table 1). One female patient (III/7, Figure 1)
with clinical unambiguous WBS presented with typical
dysmorphic facies (broad forehead, full cheeks, epicanthus,
medial eyebrow flare, depressed nasal bridge, anteverted
nares, broad nasal tip, open mouth, protruding lower lip)
(Figure 2a,b), ocular anomalies, distinct dental abnormalities
(Figure 2c), short stature (5th-10th percentile), mild
scoliosis, valvular aortic stenosis, peripheral pulmonal
stenosis, WBS personality with overfriendliness, attention
deficit disorder anxiety and hypersensitivity to sound, and
mild mental retardation (IQ 66) (see Table 1). The only
identifiable feature associated with WBS in her mother (1I/3)
was a hoarse voice (Figure 2d). Hence this patient is
essentially asymptomatic and would not have been identi-
fied as a translocation carrier without the familial context.
Patient I1I/1 presented with severe SVAS, that needed surgical
treatment, PPS and renal cysts of the left kidney but neither
facial signs nor cognitive impairment or a behavioural
phenotype. His brother, (I1I/4) showed mild SVAS and trivial
PPS, a malocclusion of teeth and blue iris. The mother of the
two boys (I1/2) showed mild facial features of WBS, blue iris,
and a malocclusion. Educational history of the mentally non-
retarded translocation carriers (II/2 and 11/3 and I1I/1 and II1/
4) revealed normal schooling. The two brothers (III/1 and II1/
4) finished high school and work as accountant and bank
employee, respectively. Psychological testing regarding the
characteristic WBS cognitive profile'*'® was not possible in
these individuals due to unavailability of this test in the
German language.

Chromosome analysis

Chromosome analysis revealed a cytogenetically balanced
translocation, t(7;16) (q11.23;q13) in five individuals and a
normal karyotype in four individuals (see Figures 1 and 3).

Fluorescence in situ hybridisation analysis (FISH)

FISH with the LSI® Williams Syndrome Region DNA FISH
probe (VYSIS) on inter- and metaphases from all five
translocation carriers revealed two red and two green signals
without split of the ELN specific signal. The distribution of
the signals to the translocation chromosomes showed a green
signal on the normal chromosome 7 and the derivative
chromosome 16 and a red signal on the normal chromosome
7 and the derivative chromosome 16 suggesting the break-
point lying proximal from ELN. The probands with normal
karyotype served as controls. Hybridisation with BAC CTB-
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Table 1 Results of cytogenetic and clinical examination

Pedigree ID /2 11/3 /1 2 /4 /s /7 v/1
Translocation (7;16) + + + — + — + —
Gender f f m m m f f m
Year of birth 1936 1943 1962 1963 1974 1962 1969 1990
Birth weight (g) n.i. 3500 4100 4000 n.i. 3600 2800 2450
Weight at examination (kg) 67 57 61 84 79 60 62 23
Height (cm) 159.5 158.5 177 187 189 171 154 125
Age (a) 61 53 35 33 23 34 28 7
Percentile (Age/Height) 25 25 50 90-95 >95 90 5-10 75
Blood Pressure (RR)
Right arm 167/71 135/67 146/80 148/63 133/59 106/59 126/66 111/55
Left arm 179/79 119/51 136/86 137/66 130/62 114/64 115/60 116/42
Prepuberty growth acceleration n.i. — — — — +
Early Menarche (a) - 13 11 12
Facial anomalies (elfin face)
Broad forehead - — — — — — + —
Full cheeks +/— — — — — — + —
Epicanthus — — - - - - + —
Medial eyebrow flare — — — +/— — — ++ —

Hypertelorism — — — — — —

Hypotelorism - — — — — +/— + _
Depressed nasal bridge + — — — — — +/— —
Anteverted nares + — — — — — + _
Broad nasal tip — — — — — — + _
Open mouth — — — — — — + _
Protruding lower lip + — — — — — +/— _
Long philtrum — — — — — - — _
Smooth philtrum — — — — — — — _
WBS-personality

Overfriendliness - - — — — — + _
Attention deficit disorder — — — — — — ++ _
Anxiety — — — — — — + —
Cocktail party manner - - — — — — + _
Hypersensitivity to sound — — - — — — 4+ _
Mild mental retardation (1Q50-80) — — - — — — + _
Ocular anomalies

Strabism - — — — - — _
Blue iris + — — — + — + _
Stellatae pattern of iris — — — — — — + _
Dental anomalies

Microdontism — — — — — — + _
Malocclusion + — — — + + ++ —
Enamel defect — - — — — — +/— —
Rotation anomaly - - +/— — — + ++ _
Harsh, brassy, or hoarse voice — ++ — - — — +/— _

Skeletal anomalies

Hypermobility of joints — — +/— + — _ _ +
Contracture of joints — — — — — _
Inhibition of supination/upper limbs — — — - — — - —
Funnel chest - — — — — _ _ _
Kyphosis — — — - — _ _ _
Lordosis +/— — — — - — _ _
Skoliosis +/— — +/— + + + ++ +
Hallux valgus — — — - — _
Hypoplastic nails — - — — — — ++ —
Sacral fold +/— — — — _ _
Inguinal/umbilical hernia — — — — + — — _

Continued
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Pedigree ID 1/2 11/3

/1

/2 /4 /5 /7 Iv/1

Cardiovascular anomalies **
Supravalvular aortic stenosis —

Peripheral pulmonary artery stenosis - -
Valvular aortic stenosis — —

Subvalvular aortic stenosis — —
Bicuspid aortic valve -
Mitral valve prolaps —
Mitral regurgitation —

Renal anomalies

Renal artery stenosis — -
Renal cysts - —
Renal hypoplasia — —
Renal aplasia — —
Renal malposition - —

Sex characteristics
Cryptorchidism
Premature puberty — —

Laboratory diagnostics
Creatinine (0.7 -1.40 mg/dl)
Urea (10.0-50.0 mg/dl)

1.33
39.0

1.03
42.0

1.14
37.0

** VSD°
— + _ _ _

— +1 — _'.1 —

PLII

1.24
34.4

1.42
39.1

1.04
29.1

0.94
22.4

0.77
29.0

—, Not present; +/—, Uncertain; +, Present; ++, Distinct; n.i., no information; **, Poor ultra sound conditions for heart and blood vessels at re-
examination, no unambiguous diagnosis possible; VSD°, Ventricular septum defect, spontaneous occlusion; Pl., Pulmonal insufficiency; T at st
clinical examination (see Hammerer et af*®). 2After surgical treatment. 3Surgically treated.

51J22 (GenBank AC005056), which extends more proximal
over ELN than the LSI® Williams Syndrome Region DNA
FISH probe (VYSIS) revealed a split hybridisation signal on
the derivative chromosomes 7 and 16 indicating that the
breakpoint could reside within ELN (data not shown).

We also tested by FISH whether an inversion of the WBS
region recently described in atypical WBS patients with
chromosomal rearrangements and some parents of WBS
patients with the 1.5 Mb deletion is present in translocation
carriers of our family. Two different triple combinations of the
probes 815k3, 208H19, 1186P10, 139P11 were used for three-
colour FISH analysis of the WBS critical region.?! On
metaphase chromosomes the t(7;16) breakpoint split these
probe sets into the two expected colour combinations to the
derivative chromosomes indicating that no inversion is
present (Figure 4a,d). On interphase nuclei signals of both
probe mixtures also appeared in the expected order on the
normal chromosome 7 (Figure 4b,c,e,f). Thus, the combined
FISHresultsindicate thatno predisposing inversion of the WBS
region has occurred prior to the translocation in our family.

Physical mapping of the translocation breakpoint

The two derivative translocation chromosomes der(7) and
der(16) from patient III/7 were separated in human/Chinese
hamster somatic cell hybrids from each other and the intact
chromosome 7. Segregation analysis of STS markers D752233,

Elnl, Eln2, EIn3, Eln4, EInS, EIn6, Eln7, EIn8, Eln9, EIn10,
Eln11, LimKE1 and D7S2472 (Table 2) mapping within the
common WBS deletion in hybrid clones RJK-PM7 and RJK-
PM18, retaining the der(7) or the der(16) chromosome only,
indicated that the translocation had broken chromosome 7
between exon 4 and 5 of the elastin gene as depicted in Table 3.

Cloning of the translocation breakpoint

Southern blot analysis of DNA from patient I1I-7 digested with
Sacl and hybridised with a probe flanking the breakpoint on
chromosome 7 within intron 5 showed a 1.2 kb fragment in
additiontotheusual 1.0 kb fragment (Figure 5). The additional
putative junction fragment was cloned, PCR amplified and
sequenced. BLASTanalysis of the DNA sequence against the NR
and HTGS databases at the NCBI identified sequence identities
with two clones CTB-51J22 and RP11-405F3, which were
mapped to 7q11.23 and 16q13, respectively. DNA sequence
analysis showed that the breakpoint on chromosome 7 was
indeed within intron 5 of the elastin gene as predicted from the
cell hybrid analysis and on chromosome 16 within intron 1 of
the TM7XN1 gene (Figure 6).

Analysis of the translocation breakpoint in the other
carriers

To determine if the rearrangement is identical in all carriers
or whether differences in the breakpoints are responsible for
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Figure 2 Facial appearance of the proposita (lll/7) with t(7;16)
and her mother (l1/3) with t(7;16). Portrait of the proposita
(ll/7) at the age of 8 years (A; reprinted by permission®®) and 29
years (B), showing the elfin face with broad forehead, full
cheeks, epicanthus, medial eyebrow flare, depressed nasal
bridge, anteverted nares, broad nasal tip, open mouth and
protruding lower lip. The dental anomalies in the proposita
(I/7) at the age of 8 years are shown in (C; reprinted by
permission?®). Note the absence of facial dysmorphism in the
mother of the proposita (D), who has a hoarse voice as the only
WBS feature.

the heterogeneous phenotype of the affected family mem-
bers, fragments covering the breakpoints were amplified by
PCR using primers B, C, 16for and 16rev, respectively (Table
2) and sequenced. All five translocation carriers showed PCR
fragments of the same size (data not shown). Direct
sequencing of the fragments indicated that the chromosomal
breakpoints in all five translocation carriers were identical.

Discussion

WBS is generally sporadic and usually caused by the
hemizygous deletion of about 1.5-1.7 Mb on chromosome
7q11.23, which harbours at least 19 genes including the
elastin gene. Although a number of genes within the
commonly deleted WBS region are discussed to contribute
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16 der(16)

Figure 3 Partial karyotype of t(7;16)(q11.23;q13) showing
ideograms of normal chromosomes 7 and 16 with breakpoints
(left) and ideogram and chromosomes 7 and der(7) and 16 and
der(16) of proband 11/2 (centre and right).

to particular features of the WBS phenotype, the main
question, which gene is responsible for which part of the
phenotype remains unanswered except for elastin. One
approach to solve the problem is the identification and
molecular characterisation of individuals with small dele-
tions within the common WBS deletion. These studies have
however not resulted in an unequivocal gene-phenotype
correlation.'® Another is the study of carriers of balanced
translocations and a WBS-like phenotype.

Balanced translocations are rare causes of monogenic
disorders but have guided the cloning of the disease-causing
gene in several instances.?®~%® Most of these translocations
are sporadic and disrupt the disease gene or neighbouring
sequences. The present study describes the mapping and
DNA sequencing of the breakpoints of a cytogenetically
balanced familial translocation t(7;16)(q11.23;q13) asso-
ciated with WBS. There are two reports of chromosomal
translocations involving the 7q11.23 region associated with
SVAS and ‘atypical’ WBS.* One sporadic patient with a
translocation t(6;7)(q27;q11.23), SVAS and severe hydrops
fetalis has been reported.’’ Based on FISH-analysis the
chromosome 7 breakpoint in this patient was speculated to
disrupt the elastin gene but no rigorous molecular evidence
was provided. Further it was not possible to distinguish
whether this patient had isolated SVAS or WBS given the
degree of body oedema and the early gestational age of the
patient. Curran et al.>* and Morris et al.®' reported a family
with dominant inheritance of SVAS and a familial transloca-
tion t(6;7)(p21.1;q11.23). They demonstrated that the elastin
gene was disrupted in exon 28 by the translocation. All
affected family members had isolated SVAS with one
exception. One translocation carrier was reported to have
full cheeks, a hoarse voice, and fifth finger clinodactyly and
may be classified as a partial or ‘atypical’ WBS patient, much
like some of the translocation carriers in the family described
here (Table 1). However the proposita in our family (I11/7)
had classical WBS (Figure 2, Table 1) whereas her mother (II/
3) who carries the same translocation is asymptomatic. The
only WBS-associated symptom was a hoarse voice, which is
only diagnostic in the familial context. Hence the pheno-
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Figure 4 Exclusion of a WBS inversion by three-colour FISH on metaphase chromosomes of the index patient carrying a
t(7;16)(q11.23;912.1). The localisation of probes (coloured dots), elastin gene (ELN), and translocation breakpoint (arrow), and the
colour-label and probe order from centromer to telomer for the two probe sets (a,b) is given (the white boxes along the line represent
duplicons mediating the described 1.5 Mb inversion). With the probe set shown in (a) we observed a single green signal on the derivative
chromosome 7 whereas the inversion is expected to create a mixed (yellow) signal on the der(7), and the probe set shown in (b) revealed
mixed signals on both derivative chromosomes whereas the inversion is expected to create a single green signal on the derivative
chromosome 16 (note that the yellow signal appears as a mixed red-green signal).

Table 2 STS markers used for analysis of the translocation breakpoint

Forward primer Reverse primer Product GenBank
Name (5'-3) (5'-3) size (bp) accession number
D7S544E TGTCTGGTATGGCAATATCC AACTGGCCTGTTAGAGGCAA 85 G31690
D7S557E ATCTATAGCATCCTCAGGGG CCTTTATCCTCAGCTGGTTG 65 G31673
ELN1 CAGCCGACGAGGCAACAATTAG TCAGCGTCTAGTCACCTGCAAA 226 Present study
ELN2 TCCTATGTAATTGTGGGTTTTGC CAATGTTCCTACCTTCTGTAGTG 256 Present study
ELN3 CTTGCCCAAGGTCACGTAGTTAG ATGAGGGAGTCCTTGATGCTCG 262 Present study
ELN4 GGTTGGATAAGTAGTAGATGGAT AGGCTAATCGGTGTCCACACCT 244 Present study
ELNS TCCAGGAGACATTTCCCACTCTG GGCAGTTGGTATCAGCATCAGT 264 Present study
ELN6 AGGCAGGGCCAGAGCGTAGGAG AAGCCTGAGTTGAGGGAAGGTT 252 Present study
ELN7 TACGCAATGCCTCACCTGTCCTG TGCCCTCTGTCCTCCAGCCCCA 256 Present study
ELN9 CTGCCTGGGTGGGAAGGGCTG GGCCTTACTATGATGCCCAGGC 270 Present study
ELN10 GTTCCCAGCAGGGCCTGCAAGGC GGCCCTGAGCCAGTCCAGGATC 231 Present study
ELNT1 CGCAGCATGCGATGACTGGTCTG GGAGAAATTGGGCAGGCTTGGA 260 Present study
1B291 TCACAGAGCCTAGCTTCTTG CCGGCATTATTTCCTAGITC 184 G31795
D752233 TCATGAGTCTTTCTTCAAAGATG TTGGTCTGCAAAATATCCTAAG 102 G03071
LIMKE1 TCTGTGACCTTGAGCCAGG CGCCTATCTCCGCTCTACC 126 Present study
D752472 TCTARAGTCTGCCAGGCTAC GCAGCGAGACTCCATC 83 753057
16 CACTTCTCTGCTGGGTGAGTT TGCCACACTTGAACACCTACA 556 Present study
A GCCTTCCTCCATGCAGCCTTCAC AGGAACACTGCCTACACTCCTG 312 Present study
B GGTTGGTATCAGCATCAGTC - Present study
C - TGTGAACTCTGACCTGATGGCC Present study
D - TGGCGTCTCATAAACATCTTAG Present study
PROBE AGCGACTACTATGTGCAGTGC AGATGCTTCTTACATGAGGCTG 658 Present study

typic variability in our family is larger than in the family
reported by Curran et al.>®

DNA sequence analyses of the translocation breakpoint in
the family described here showed that the cytogenetic
rearrangements disrupted the elastin gene locus within
intron 5 and the TM7XN1 gene locus on chromosome 16
within intron 1 in exactly the same manner in all

translocation carriers. Mutations in ELN result in isolated
SVAS, one of the clinical features of WBS. Haploinsufficiency
of elastin caused by the 1.5 Mb WBS deletion is responsible
for the SVAS in WBS but can not explain the other features of
WABS, in particular the cognitive phenotype and dysmorphic
facial appearance associated with the WBS deletions but not
with elastin mutations. Therefore the expected phenotype in

357

European Journal of Human Genetics



rg

Familial ELN disruption and variable WBS expression

H-C Duba et al

358

Table 3 Mapping of the chromosome 7 breakpoint using somatic cell hybrids

D7S 1B D7S En En En En En En En En En En En LimK D7S 1B D7§
STS 557 291 2233 1 2 3 4 5 6 7 8 9 10 11 ET 2472 291 544E
GM3104 Pos. control + + + + + + + + + + + + + + + + + +
Hamster Neg. control — — — - - - - - = = = = = = — — — —
RJK-PM22 derl16 - + - — — — — + + + + + + + + + + +
RJK-PM7 der7 + + + + + + + - - - = = = = - - + -
CTB-51)22 BAC — — — + + + + + + + + + + + + — — —

Note. An unaffected individual GM3 104 was used as positive control and Chinese hamster as negative control. +, marker sequence present; —,
marker sequence absent. Markers are described in Table 2. The marker IB291 is taken from the duplicated regions flanking the common WBS

deletion region.

Elastin Exon 5

A for —
GCTTCCTCCATGCAGCCTTCACTA
B for —

GGTTGGTATCAGCATCAGTC
SacI
GAGCTC
Breakpoint
2 cA

Probe for —

TACTATGTGCAGTGCA

«— C rev

[CCTACTAAGATGTTTATGAGACGCCARA

<« Probe rev
CAGCCTCATGTAAGAAGCATCTTT

Elastin exon 5

< D rev
GGCCATCAGGTCAGAGTTCACA

SacI
GAGCTC

TGCAGCGAC

Figure 5 (A) Sequence analysis of the t(7;16)(q11.23;q13) breakpoints. The sequences of chromosome 7 and 16 were obtained from
GenBank (AC005056; AC018552). Cloning and sequencing of an aberrant restriction fragment obtained the sequence of the der(16).
The sequence of the der(7) was obtained by direct sequencing of PCR products spanning the breakpoint. In the course of the

rearrangement no base pair was lost from either the chromosome 7 or chromosome 16 sequences. (B) Genomic structure of the

breakpoint region in 7q11.23. Oligonucleotide primers used for PCR amplification of fragments flanking or spanning the breakpoint and
the location of the Sadl restriction site are underlined and in boldface. The basepairs corresponding to exon 5 of the elastin gene are
boxed. A dotted line indicates the positions of the Sacl restriction sites. The position of the breakpoint is underlined.
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E3

Identification of a translocation specific junction fragment (A) Schematic overview of the genomic structure of elastin in the

breakpoint region. Exons (E) are represented by boldface rectangles. The boldface bar placed above the corresponding genomic structure
of the gene represents the genomic probe used for the Southern analysis shown in (B). (A, B, C, D) representing primers used to amplify
fragments covering the breakpoint. (B) Southern blot hybridisation of the genomic DNA probe against genomic DNA of a control patient
GM3104 (lane 2) and the translocation patient PM (lane 1) digested with Sacl. An additional restriction fragment (arrow) can be observed
in lane 1 representing the junction fragment from the der(16). For details of the chromosome 16 breakpoint see Figure 5A.

our family is SVAS, not WBS. Why then do the translocation
carriers in our family develop features of WBS beyond SVAS
and why is the phenotype in carriers with essentially the
same molecularly defined translocation so variable?

A position effect may cause WBS and explain the variable
phenotype

The most likely explanation is that the translocation event
causes a long-range position effect.’*33 There are several
examples for monogenic developmental disorders, which
are caused by translocations, which are believed to exert a
position effect. Holoprosencephaly (HPE3), has been
shown to be caused by mutations affecting the sonic
hedgehog (SHH) gene3* or by translocations up to 250 kb
5" to the gene.®® Other examples of putative positional
effects in development disorders where the breakpoints
were located downstream to the gene include the GLI3
gene in Greig acrocephalopolysyndactyly syndrome,?’ the
SOX 9 gene in campomelic dysplasia?® and PAX6 in
aniridia.>® These translocations are sporadic with few
exceptions. It is therefore not possible to identify
phenotypic variability associated with identical transloca-
tions. It is also notable that the site of the translocation
breakpoint causing the position effect in these examples
could be several hundreds of kilobases away from the
affected gene. In the region between the putative gene
regulatory elements and the gene itself no additional open
reading frames were identified. In contrast the common
WBS deletion region is gene rich with about one gene in
40 kb. Long-range effects on other genes as a consequence
of the translocation within the ELN locus are thus not
easily explained.

One of the most intriguing aspects of our report is the large
phenotypic variability between the translocation carriers
which ranges from asymptomatic (II/3), partial WBS with
SVAS (I1I/1, 11I/4) or without SVAS (II/2) to the full WBS
phenotype (I111/7).

While this may be explained by unidentified genetic
differences between family members, environmental, or

stochastic factors, we favour the explanation of a position
effect.

The protein coding potential of ELN/TM7XNT1 transcripts
In the transcripts potentially arising from the der(16) or the
der(7), the ORFs between elastin and TM7XN1 are contin-
uous and therefore, potentially, could be translated into
fusion proteins. Formal proof of the existence or non-
existence of such transcripts will depend upon functional
analysis. TM7XN1 encodes a protein of 693 amino acids,
GPRS56, that shows highest identity (32%) to HE6, a member
of a subclass of the class B secretin-like G-protein-coupled
receptors.>” As the physiological role of TM7XN1 is still
unclear®”*® and there are no reports showing that mutations
of TM7XNT1 cause a distinct phenotype any influence of the
ELN/TM7XN1 fusion protein on the WBS phenotype in our
family is questionable. Consistent with this, no features
which are not part of the typical phenotypic spectrum of
WBS, were present in any of the patients. It is also not
expected that a putative elastin/TM7XN1 fusion protein
retains important elastin properties given the complex
control and structure of elastin.® This is supported by the
presence of SVAS in members of our family.

A caveat for phenotype-genotype correlation studies
The favoured strategy to identify genes contributing to
various features of the WBS phenotype is to analyse patients
with small deletions in the WBS critical region and partial
WBS phenotypes. Position effects of deletion breakpoints
might, however, bias the results and lead to a failure of this
approach.

A genomic polymorphism consisting of a large inversion of
the 7q11.23 WBS region has recently been described in 27 %
of the individuals with ‘atypical’ WBS without the classical
1.5 Mb deletion and in one of the parents of 33% of WBS
probands carrying the 1.5 Mb deletion.>' The authors suggest
that the inversion may predispose individuals to WBS-
causing microdeletions or translocations. They also discuss
that two of their ‘atypical’ WBS patients had the inversion as
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the sole detectable abnormality in the WBS region and
speculate that the inversion may be causally related to the
clinical phenotype in these patients.>! No 7q11.23 inversion
was present in any of the family members reported here.
Hence the inversion has neither predisposed to the
translocation nor does it contribute to the phenotypes or
phenotypic variability in our family.

In summary our family presents a group of individuals who
differentially exhibit individual features of the complex multi-
system WBS phenotype due to an identical balanced
translocation disrupting ELN at exon 5. This suggests that
other breakpoints in the WBS critical region, eg small
microdeletions or inversions may also have variable effects
on the phenotype making genotype-phenotype correlations
difficult to establish. Our findings may have implications for
strategies aimed to dissect the WBS phenotype.
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