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proximal to the DFN3 gene POU3F4

Yvette J. M. de Kok, Erik R. Vossenaar, Cor W. R. J. Cremers!, Niklas Dahl?,

Jocelyn Laported, Ling Jia Hu3, Didier Lacombe?®, Nathan Fischel-Ghodsian?®,

Rick A. Friedman®, Lorne S. Parnes’, Peter Thorpe®, Maria Bitner-Glindzicz®,
Hans-Jiirgen Pander'%, Helmut Heilbronneri®, Johanna Gravelinell,

Johan T. den Dunnen?, Han G. Brunner, Hans-Hilger Ropers and Frans P. M. Cremers*

Department of Human Genetics and 'Department of Otorhinolaryngology, University Hospital Nijmegen, PO Box 9101,
6500 HB Nijmegen, The Netherlands, “Department of Clinical Genetics, Uppsala University Children’s Hospital, S-751
85 Uppsala, Sweden, SInstitut de Génétique et de Biologie Moleculaire et Gellulaire, Université Louis Pasteur, Parc
d’Innovation 1, rue Laurent Fries, llikirch, C.U. de Strasbourg, France, *Groupe Hospitalier Pellegrin, CHRU Bordeaux,
Place Amélie Raba-Léon, 33076, Bordeaux Cédex, France, *Department of Pediatrics, Cedars-Sinai Medical Center,
8700 Beverly Boulevard, Los Angeles, CA 90048-0750, USA, ®Department of Otolaryngology, University of Cincinnati,
670528, Cincinnati, OH 45267, USA, 'Department of Otolaryngology, University Hospital, 339 Windermere Road,
London, Ontario N6A 5A5, Canada, SDepartment of Diagnostic Imaging, James Paton Memorial Hospital, 125 Trans
Canada Highway, Gander A1V 1P7, Newfoundland, Canada, 2Institute of Child Health, University of London, 30
Guilford Street, London WC1N 1EH, UK, '9Frauenklinik Berg, Department of Clinical Genetics, D-70190 Stuttgart,
Germany, 11Department of Human Genetics, The Mount Sinai Medical Center, One Gustave L. Levy Place, New York,
NY 10029-6574, USA and 2Department of Human Genetics, Silvius Laboratorium, P.O.Box 9503, Leiden, The
Netherlands

Received May 22, 1996; Revised and Accepted June 27, 1996

Small mutations in the POU domain gene POU3F4 were recently shown to cause X-linked deafness type 3 (DFN3)
in nine unrelated males. The POU3F4 gene was found to be located outside four of five deletions associated with
DFN3. Two of these deletions were situated more than 400 kb proximal to POU3F4. Employing PCR analysis of
sequence tagged sites from this region we initially identified novel deletions in two DFN3 patients. To investigate
this chromosomal segment in more detail, we extended a previously established 850 kb cosmid contig in the
centromeric direction to a total size of 1500 kb. Cosmids from this contig were hybridized to DNA of 11 unrelated
males with DFN3. In two patients, we identified deletions encompassing the POU3F4 gene and variably sized
segments of Xq21.1. In six of the nine remaining patients which lacked mutations in the POU3F4 gene, smaller
deletions were identified which, with one exception, overlap in a 8 kb segment 900 kb proximal to the POU3F4
gene. In one patient, we identified several small deletions in the vicinity of the 8 kb DNA segment. Together,
deletions account for 56% (13/23) of all known DFN3 mutations, most (10/13) of which do not encompass the
POU3F4 gene. The combined molecular data suggest that the deletion hot spot region in Xq21.1 contains another
DFN3 gene or, alternatively, a sequence element involved in transcriptional regulation of POU3F4. ‘

INTRODUCTION and, in most cases, by conductive and sensorineural hearing loss.
In some cases, the conductive element is masked by a profound

The most frequent cause of X-linked deafness, DFN3 (McKusick  sensorineural component. When stapedectomy is performed, a
catalog number 304400), is characterized by fixation of the stapes ~ perilymphatic/cerebrospinal gusher is encountered. Upon com-

JRPSEN N JRN—

*To whom correspondence should be addressed



Sta “hromosome (YAC

1cal region were 1solated and a 850 kb cosmid
contig spanning DX326 and DXS$995 was constructed. These
studies formed the basis tor the cloning of the underlying gene,
POUSF4 (10). The POUSF4 gene wmdm a POU % ymain
containing %f‘éﬁ:ﬁiﬁ%ﬁ;ﬁmg;:ﬁimf@ %‘m Lor M’mh 1s expressed in the de w% op-
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et al., unpublished dﬂ%ﬁéﬁ,}ﬂ f‘ﬁ hm m wm mutations were tound in
the POUIF4 gene of nine unrelated ,MMM with DEN3 (10,12;
%g’ j w dm Kok er al., in preparation). They result in truncatior
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N3 associated microdeletions 900 k
proximal to the POUSF4 gene.

Recently, Dahl er al. (13) isolated several sequence tagged sites
(STSs) from YAC ¥l 3a2 12, which 1s located just proximal to the
POUS3F4 gene, and partially overlapping YAC 4893, We
performed PCR analysis to investigate the location of these STSs
with respect to our 850 kb memd contig which was constructed
from YACs 4893 and 5045. Three STSs were located in cosmuds
derived trom WN“ 489% STSs M 5 and 71:15 hybnidize to the
e 1.9 kb EcoRI fragment of cosmid 4893F4; 5TS 34/71:2
CtsS two ddjait mi EcoRl ‘imgf ent Uf I.3and 7.2kb in cosmid
R93DY (Fig. 2). Five ‘N Ss, 1.e. "H 21, 24:17, 71:3, 34:2, and
”H , Were Emmmd proximal to this contig (see hdww ).

In previous studies we Md others had ﬁmmuwd patients [ %
2412, 2540, 5482, 6371, 7088, GL, TALI, and RAF 4 (see Table
1) h:mf' mutations m m@ P OUSF4 gene hy nucleotide sequencing

ﬁ mmp!em >ading frame, without success (10,20, %
M. de Kok er M umpu%mhad ddm MW@ of these patients
were investi g,até:d for deletions in the region proximal to POUSF4
by PCR analysis of the STSs 71:2 md 71:21. As Mp@u@d from
pPrevious mapping ﬁa‘m both STSs are located in the deletion ot
pmwt GS’%M {F y 71:2 was present in the DNA of the
DEFN3 patients 24 ﬁ. 2, 5 182? 1I87.6371, and 2540 STS 71:21 was
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gure 1. PCR analysis of the DNA of patients with DEFN3 m‘ﬂphﬁ% ying 5TS
1:21 and 71:2. Lane 1, patient G8314: lane 2, patient 2412; lane 3, patient
S482: lane 4. patient 1187; fane 5, patient 6371 lane 6, patient 2540.

he DNA of patients 2412 a

om { - nd 5482, and present 1n
patients 1187, 6371, and 2540 (Fig. 1). '”ﬂ“‘% mvestigate the DNA
seement around STS 71:21 in more detail, we constructed a

|
cosmid contig of YAC 813a..

absent from

Physical mapping of YAC 813a2 endclones generated by the
Eagmw n-mediated PCR procedure indicated that this YAC 18
a;hmm rc; it contains a small non-X wﬁhﬂ?ﬂ@@‘%i}ﬁm% segment at its
de (25). High molecular weight DNA from YAC 813a2
Was us M to construct a u%mzd hhrm‘y wnmﬁm af app;az ﬁmmaw

g e

ing human inse m Were mzhmd ﬂa 5 d{“}nm@ and
ymﬁ ﬂ%mm anes. Hm mmmmmg m:ims were plated
y h density and replicated on nylon membranes.
d contigs were ﬁmmbh%hm by hyhmdzmtmn
orids with pX104f (DXS/69), cosmid 4893D12, and
he STSs 71:21, 24:17,71:3, 34:2, and 71:2 Nwt mﬂmld orids
and Southern blots containin g EcoR1 digested cosimid DNAS
were hybridized with cosmid nserts. The orientation ot cosmid
contigs could be deduced by Southern blot analysis of patients
with known or new (micro)deletions in this region (see below).
%mwﬂ@ym y the first set of 330 cosmids, gaps remained 1n two
regions. L.e. between cosmids 813t4 and 813al, and between
cosmids &1 ”‘% SY and 813G6. Inserts from these cosmids were used

e larger cosmid hibrary, and the most proximal gap

to screen th
could be closed with cosmud 813113, The distal gap between
81359 and 813G6 was narrowed, but not yet closed, with the
identification of two cosmids, 1.e. 813DI8 and 813119. In this
way, an EcoR

U restriction map was constructed spanning an
additional 650 kb. On average, our cosmid coverage is 6-fold and
the map does not contain any 1 n ﬂ%{mg% stencies. The five proximal
STSs were hybridized to EcoRI digested cosmid DNAs, and
positioned in the contig. STSs ’H and 34:2 hybridize to 15 and
7.1 kb EcoRI tragments of cosmids 813119 and 813al, respect-
Wﬁf Y {h 2). 515 71:21, 24:17, and 71:3 recognize the same 9
Kb £coRI fragment of cosmids 813b5 and 813Q5 (Figs 2,5). A
mmpaman wf the STS location in our cosmid contig with the
proposed assignment by Dahl er al. (13) revealed two mwnmw
tencies. First, STS ’3’4 17, which was mapped in the same DNA
segmentas /1:2 by Dahl et al., in our study colocalizes with 71: ’71
and 71:3. This 1s bamd on Southern blot analysis of cosmid

clones, as well as Southern blot analysis of DFN3 patients with
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Figure 2. A 1500 kb cosmid and deletion map of Xq21.1. The extent of the YACs is given with solid bars; non-X-chromosomal YAC segments are indicated with
stippled lines. The cosmids given in the right part (4893D12 to 5045HS) have been described previously (9). The cosmids at the left side (813C3 to 813Q!) were
subcloned in this study from YAC 813a2. Cosmid IC4 (G11185) was isolated from the ICRF X-chromosomal cosmid library. All structural abnormalities depicted
here are associated with classical DFN3; only patient TD in addition shows hypogonadism. Stippled lines represent deletions.

deletions. Second, STS 34:2 was mapped as the most centromeric
STS near DXS5169 by Dahl et al., whereas it mapped between the
STSs 71:21/24:17/71:3 and the STS 71:2 in our study. We have
observed no inconsistencies in our cosmid contig indicating that
the proposed map locations of the STSs are correct.

Identification and characterization of deletions
associated with DFN3

The cosmid contig enabled us accurately to map the proximal
endpoint of the known deletions in patients TD (cosmid 813t4),
G8314 (cosmid 813T4), and the distal deletion endpoint in patient
BD6/ML (cosmid 813119) (Fig. 2). In addition, we localized the
proximal deletion/paracentric inversion breakpoint in patient 11/7
(cosmid 813H9; Fig. 2). Employing Southern blot and PCR
analysis, we also mapped the deletions recently identified n
DFN3 patients VS and EP. As indicated by PCR analysis, both
lack the entire POU3F4 gene (data not shown), At the distal side,
both deletions extend beyond the cosmid contig, but do not
encompass the DXS5232 locus (Fig. 2). At the proximal side, the
deletion in EP encompasses DXS169, DXS§72, DXS736, but not
DXS986, spanning approximately 3—4 megabases of DNA (data
not shown). The proximal breakpoint of the deletion in VS was
mapped in cosmid 4893A1, 10 kb proximal to one of the
duplication breakpoints in patient 5086 (Fig. 2).

Southern blot analysis of DNA from patients 2412 and 5482
revealed deletions of 120 and 220 kb, respectively (Figs 3, 3).
Southern blot analysis of seven additional DFN3 patients which
had not shown POU3F4 mutations revealed deletions in patients
7088, RAF4, 2540, and GL (Figs 2, 3, 4a). Patients RAF4 and
7088 carry deletions of 30 and 200 kb, respectively (Figs 4a, 5).
In addition, we found smaller deletions in patients 2540 and GL

(Fig. 3) which were analysed in detail. We did not find deletions
in the DNA of patients 1187 and 6371 employing all cosmids
from the proximal 600 kb of the cosmid contig. In DFN3 patient
TAL I, no deletion was found with the cosmids 813C4, -bS, -Z1,
-HO9, -1C4, -t4, -S§, and -S9.

Detailed molecular characterization of the deletions in
patients 2540 and GL

Using cosmids 81321 or 813H9 (Fig. 3a) as a probe, Southern blot
analysis of DNA of patient 2540 revealed an 8 kb shortening of a
13 kb EcoRI fragment to 5 kb. Flanking EcoRI fragments (Fig. 5)
showed normal sizes in this patient, indicating that the deletion is
confined to the 13 kb EcoRI fragment (data not shown).

Employing the cosmids from the proximal part of this contig,
Southern blot analysis of the DNA of DEN3 patient GL revealed
deletions at different positions. Cosmid IC4 identified a deletion
which apparently encompasses a 6 kb EcoRI fragment (Fig. 3b).
To confirm this finding, the 6 kb EcoRI fragment was hybridized
to the same Southern blot as shown in Figure 3a,b. Indeed, as
shown in Figure 4b, the 6 kb EcoRI fragment is absent. Instead,
a faintly visible smear of bands, reminiscent of the picture seen
for unstable trinucleotide repeats, 1s visible around 2.1 kb. In
addition, we encountered 2.6 and 6.5 kb deletions in 813t4, a
2.7 kb deletion 1n 813113, a 6.5 kb deletion 1n §13H9 (Fig. 3a), a
7 kb deletion of the neighboring 4.1 and 3.0 kb EcoRI fragments
in 813Z1, and a 4.4 kb deletion in 8§13T4 (Figs 2, 5).

To rule out an intrinsic instability of the chromosomal region
between DXS/69 and DXS26, we performed Southern blot
analysis of EcoRI digested DNAs of 300 unrelated males
employing cosmids 81371, -S9, -O4, -t4, and -T4. No rearrange-
ments were found (data not shown).
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Figure 5. Detailed EcoRI restriction and deletion map of the proximal region. On top, the location of cosmids is depicted. Stippled lines represent deletions. Interrupted
lines represent DNA segments in patients that have not yet been tested employing Southern blot analysis.

Table 1. Clinical features of patients with classical X-linked deafness type 3 (DFN3)

Ap——

go:y defect

Patient Perilymph gusher Deafness type References
5086 n NS sensorineural (14,15) )
EP NI + mixed this study
VS + + mixed this study
TD NI + mixed (9,16)

1/10 NI + mixed (7,9)

11/7 + NS sensorineural (9,17)
G8314 + NS sensorineural (9,18)
BD6/ML + NS mixed (13,19)
RAF-case 4 + + mixed (20)

5482 + NS mixed (15)

2412 — + mixed (10,21)
7088 + + mixed (22)

2540 + + mixed (10,23)

GL + NS mixed this study
1187 % + mixed (1)

6371 + NS mixed this study
TAL-case | + +- mixed (20,24)

.,

e

The temporal bone was investigated in most cases employing high resolution computerized tomography. NI = not investigated; NS = no surgery performed. * patient

1187 was studied by polytomograpny

MATERIALS AND METHODS

Patients

A detailed description of the clinical features observed in the
DFN?3 patients, except for patients EP, VS, GL, and 6371, have
been published elsewhere (see refs in Table 1). A summary of the
deafness related findings is given in Table 1. Patient EP is a 51
year old male showing deafness and mild mental retardation
(MR). He lives with his parents and works in sheltered
employment. Apparently, he suffered from a birth trauma. Three
of his nephews also show deafness but no MR. Two of them also
show hyperactive behavior.

Patient VS is a 12 year old boy showing a mixed hearing loss.
This type of deafness was also observed in a younger brother, as
well as in a halt-brother.

Patient GL is the proband of a large family from the south-west
of France. GL, two of his nephews, and an uncle show the typicat
cochlear and inner ear canal abnormalities. All affected males
show a profound bilateral mixed deafness. Stapedectomy has not
yet been performed in this family.

Patient 6371 (MVE) 1s a 13 year old boy who has suffered from
impaired hearing since birth. He shows a mixed hearing loss and
an abnormal wide communication between the inner ear canal
and the cochlea.

PCR analysis of sequence tagged sites and Southern
blot analysis

The primers of the STSs employed 1n this study, as well as their
annealing temperatures, were described by Dahl et al. (13).
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Polymerase chain reaction was performed with 250 pM dNTPs,
1 pmol of the respective primers, 2.5 units of Tag DNA
polymerase (Perkin Elmer), and 250 ng of genomic DNA. The
reaction mixture for STSs 24:17 and 71:2 in addition consists of
10 mM Tris—=HCI (pH 9), 50 mM KCI, 0.01% (w/v) gelatin,
1.5 mM MgCls, and 0.1% Triton-X-100. The remaining STSs
were amplified in 10 mM Tris—-HCI (pH 9), 50 mM KCl, 1 mM
DTT, and 1.5 mM MgCl> (STS 7:3) or 3.0 mM MgCl, (STSs
71:21, 34:2, 24:5, and 71:15). Southern blot analysis was carried
out as described elsewhere (9).

Construction of the cosmid contig

Mapping data for YAC 813a2 have been described elsewhere
(25). Yeast cell culturing and DNA 1solation was performed as
described previously (37). A cosmid library of YAC 813a2 was
constructed essentially as described (38), using partially Sau3A-
digested DNA, DNA fragments with a size of 35-40 kb were
ligated into the BamHI site of sSCOGH2. sCOGH?Z was derived
from sCOGHI1 (39) by deleting an Aatll-Sspl fragment contain-
ing part of the 3" non-coding region of the human growth
hormone gene including an Alu-repeat element. The primary
library consisted of 20 000 cosmids, 5000 of which were plated
on 10 L.B-agar plates supplemented with 50 plg/ml ampiciiline.
The colonies were replica-lifted onto hybond-N filters which
were hybridized with oi32P labeled human DNA. Three hundred
and fifty positive clones were picked and gridded on four nylon
filters. The remaining 15 000 cosmid clones were plated on 4
LB/ampicilline-agar plates, and replicated onto hybond-N mem-
branes for colony screening. The master filters were saturated
with 44% glycerol/1 x Hogness modified storage medium (3.6
mM K>HPOy4, 1.3 mM KH>PO4, 2 mM Na-citrate, | mM
MgSQy), overlaid with another hybond-N membrane saturated
with 44% glycerol/1x Hogness, sealed in a plastic bag, and stored
at —80°C.

Initially, the cosmid grids were screened with pX104f
(DXS169), PCR products from the STSs 71:21, 34:2, and 71:2,
and the cosmid insert of 4893D12. Positive cosmuds were
cultured and DNA was 1solated employing the Qiaprep spin
plasmid miniprep kit (Qiagen). The cosmid DNAs were digested
with EcoRl, electrophoresed in 0.8% agarose, and blotted to
Qiabrane nylon membranes. By comparing the EcoRI restriction
patterns ot the cosmids, the inserts of the cosmids at the ends of
the mini-contig were used for the next screening round of the
cosmid grids. After screening of the replicas of the master plates,
the frozen glycerol-saturated membranes were put on top of a
glass plate cooled at —79°C. The autoradiograms containing
signals of positive clones were positioned on the master filters,
and the positive cosmids were cut from the membrane. They were
suspended in 500 ! LB/ampicilline, serially diluted, and plated
on LB/ampicilline-agar petridishes. Plates containing approxi-
mately 100 cosmid clones were replica plated on nitrocellulose
membranes and screened with the respective probe.
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