Otoancorin, an inner ear protein restricted to the
interface between the apical surface of sensory
epithelia and their overlying acellular gels, is
defective in autosomal recessive deafness DFNB22
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A 3,673-bp murine cDNA predicted to encode a glycosylphosphati-
dylinositol-anchored protein of 1,088 amino acids was isolated
during a study aimed at identifying transcripts specifically ex-
pressed in the inner ear. This inner ear-specific protein, otoancorin,
shares weak homology with megakaryocyte potentiating factor/
mesothelin precursor. Otoancorin is located at the interface be-
tween the apical surface of the inner ear sensory epithelia and their
overlying acellular gels. In the cochlea, otoancorin is detected at
two attachment zones of the tectorial membrane, a permanent one
along the top of the spiral limbus and a transient one on the surface
of the developing greater epithelial ridge. In the vestibule, otoan-
corin is present on the apical surface of nonsensory cells, where
they contact the otoconial membranes and cupulae. The identifi-
cation of the mutation (IVS12+2T>C) in the corresponding gene
OTOA in one consanguineous Palestinian family affected by non-
syndromic recessive deafness DFNB22 assigns an essential function
to otoancorin. We propose that otoancorin ensures the attachment
of the inner ear acellular gels to the apical surface of the underlying
nonsensory cells.

he mammalian inner ear consists of the cochlea, the organ of

hearing, and the vestibule, which is responsible for balance. The
vestibule is composed of five separate organs, the saccule, the
utricle, and three cristae of the semicircular canals. The apical
surface of each sensory organ is covered by an acellular gel. The
tectorial membrane (TM) lies over the surface of the organ of Corti
in the cochlea, an otoconial membrane covers the macula of the
utricle and saccule, and a cupula sits on top of each crista in the
ampullae of the semicircular canals. Relative motion generated
between the apical surface of the sensory epithelium and the
overlying acellular gel, in response to sound-induced basilar mem-
brane motion in the cochlea or head motion in the vestibule, results
in deflection of the hair cell’s stereociliary bundle, thereby modu-
lating the gating of mechanotransducer channels.

With the exception of prestin (1), all of the inner ear-specific
proteins described so far in mammals, namely - and B-tectorin (2),
otogelin (3), and otoconin-95 (4), are components of these acellular
gels. In the mouse inner ear, «- and B-tectorin are components of
the tectorial and otoconial membranes but are not present in the
cupulae (2). Otogelin is present in all of the acellular gels (3).
Otoconin-95 is the major component of the otoconia, dense
biominerals that load the otoconial membrane and provide inertial
mass (4, 5), and is also present in the cupulae. The mammalian TM
is a complex structure composed of collagen fibrils imbedded in a
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collagenase-insensitive striated-sheet matrix (6). Otogelin is asso-
ciated mainly with the collagen fibril bundles (3, 7), whereas «- and
B-tectorin are major components of the striated-sheet matrix (8, 9).
Collagens are not prominent components of either the otoconial
membranes or cupulae. Thus far, little is known about how these
acellular gels of the inner ear are attached to the apical surface of
the sensory epithelia.

Identifying genes specifically or preferentially expressed in the
inner ear is a powerful approach for understanding its molecular
physiology. It is also a useful way to identify genes involved in
hereditary deafness. Several strategies based on cDNA subtrac-
tion have been developed to isolate such genes (1, 3, 4, 10-12).
In this study, we describe the isolation of an inner ear-specific
transcript derived from a subtracted cDNA library prepared
from the vestibular sensory patches of the mouse inner ear (12).
The encoded protein, which we called otoancorin, is specifically
located on the apical surface of epithelial cells in the sensory
organs of the inner ear at sites where they contact the overlying
gels. Furthermore, we establish that otoancorin is defective in
nonsyndromic deafness DFNB22.

Materials and Methods

Cloning of the Full-Length Otoa cDNA. The 731-bp pB4D7 sequence
was extended by rapid amplification of cDNA ends (RACE)-
PCR. Oligo(dT)-primed double-stranded vestibular cDNA was
prepared from postnatal day (P)0-P1 mice, ligated to adaptors,
and amplified as described previously (3). The 5’ and 3" RACE-
PCR products, obtained with primer 5'-2432-AGGAAGCAA-
CACCCCAACCATCT and primer 5'-2599-TGGAGGAGGA-
CACTTTCATCAGG, respectively, were cloned into the
pGEM-T Easy Vector (Promega) and sequenced. The cDNA
was completed in the 5’ direction by using primer 5'-1137-
GCATCTGTGGAGAAGGACT.
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Reverse Transcription (RT)-PCR Analysis. Total RNA from brain,
eye, inner ear, heart, liver, lung, kidney, and small intestine of P2
mice and the testis and skeletal muscle of adult mice were
prepared by the guanidium isothiocyanate procedure (13). RT
was performed by using 1 ug of total RNA, an oligo(dT) primer,
and SuperScript IT Rnase H™ Reverse Transcriptase (GIBCO/
BRL). One-tenth of the reaction product was PCR-amplified in
a total volume of 50 ul by using forward primer B4D7ProF
5'-33-GGGGACCGGAGTGAACAGACA and reverse primer
B4D7ProR 5'-3488-GGACTTGGCCGTCAGAAGCAG. PCR
for the ubiquitously expressed Hprt gene with forward primer
5'-576-GCTGGTGAAAAGGACCTCT and reverse primer 5'-
824-CACAGGACTAGAACACCTGC provided a positive con-
trol. The reactions were carried out following a standard pro-
tocol, using 30 cycles with the Expand High Fidelity PCR system
[Roche Biochemicals (Indianapolis, IN)] for amplication with
the B4D7 primers and 35 cycles with Taq polymerase (Promega)
for the Hprt primers.

Nucleotide and Protein Sequence Analysis. Sequence analysis was
performed by using GCG software (14) and the BLAST Network
Service of the National Center for Biotechnology Information (15).
The DGPI program was used to predict the glycosylphospha-
tidylinositol (GPI)-anchoring motif (http://129.194.186.123/
GPI-anchor/index_en.html). The search for protein domains
and internal repeated motifs was carried out by SMART (http://
smart.embl-heidelberg.de). Multiple alignment was performed by
using MULTALIN (http://www.toulouse.inra.fr/multalin.html).

Anti-otoancorin Sera. Two rabbits were injected with a mixture of
two nonoverlapping synthetic peptides derived from the se-
quence of the mature otoancorin protein, peptide 1: NH2-465-
CDHKDLWQVLRSPLS-COOH, and peptide 2: NH2-730-
CRLLEQWGPPENWTAE-COOH. Antisera were first tested
by immunofluorescence and immunoblotting with transfected
HeLa or Hek cells expressing otoancorin tagged with green
fluorescent protein (GFP). Nontransfected cells were used as a
control. Labeling of transfected cells with antisera from either
rabbit revealed colocalization of GFP signals and otoancorin
immunostaining. Serum J151L2 recognized a band of the ex-
pected size (=153 kDa) on a Western blot and was subsequently
affinity purified.

Immunofluorescence and Electron Microscopy of Inner Ear Sections.
Mouse inner ears were fixed by immersion in 4% paraformaldehyde
(pH 7.4) for 2-5 h at 4°C. After three PBS rinses, they were
immersed in 20% sucrose-PBS for at least 12 h at 4°C and then
frozen in Tissue-Tek OCT embedding medium [Sakura Finetek
(Zoeterwoude, The Netherlands)]. Cryostat sections (10-12 pm)
were stored at —20°C until use. Immunolabeling using the otoan-
corin antiserum J151L.2 (1/1,000) was performed as described (16).
Sections were analyzed by conventional epifluorescent microscopy.
The specificity of J151L2 was ascertained by immunocompetition
with a mixture of the two immunizing peptides. The preimmune
serum was used as negative control. For immunoelectron micros-
copy, cochleae from Tecta®FNTAENT mice were labeled with affin-
ity-purified J151L.2p antibodies or, as a control, nonimmune rabbit
IgG, both at a concentration of 2.3 ug/ml, essentially as described
previously (17).

Patients. Informed consent was obtained from adult subjects and
parents of under-aged patients. Pure tone audiometry was
systematically performed for each individual over 5 years of age.
In younger children, the auditory function was explored by
recording the auditory brainstem response.

Genotyping and Linkage Analysis. Genomic DNA was prepared
from blood samples by using a standard phenol-chloroform
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Fig.1. RT-PCRanalysis of Otoa expression in mouse tissues. (4) Amplification
products obtained with B4D7 primers located in the 5'UTR (B4d7ProF) and the
last exon (B4d7ProR). A 3,336-bp product is observed only in the inner ear. (B)
Products obtained with Hprt primers (positive control). = indicates presence
(+) or absence (—) of reverse transcriptase in the cDNA synthesis reaction. M,
1-kb DNA ladder.

extraction protocol. Fluorescent microsatellites markers (18)
were PCR-amplified and analyzed as described (19). Logarithm
of odds (LOD) scores were calculated by using the MAPMAKER/
HOMOZ program. The defect was assumed to be inherited in a
recessive mode and fully penetrant. The allele frequencies of the
polymorphic markers and the meiotic recombination frequen-
cies for males and females were assumed to be equal.

Mutation Screening of DFNB22 Patients. Twenty-one DNA frag-
ments encompassing the 28 coding exons of OTOA were PCR-
amplified from genomic DNA (100 ng) by using the primers
listed in Table 1 (which is published as supporting information
on the PNAS web site, www.pnas.org). PCR products were
sequenced by using either the amplification primers or additional
internal primers (Table 1). Once identified, the IVS12+2T>C
mutation was screened by restriction digest analysis with CacS8I
(recognition sequence: GCNNGC) of a 499-bp fragment cov-
ering exon 12. The majority of human DNA control samples was
obtained from the National Laboratory for the Genetics of
Israeli Populations at Tel Aviv University, Israel.

Results

Identification of a Mouse Inner Ear cDNA Encoding a GPI-Anchored
Protein. To isolate genes specifically expressed in the inner ear,
we searched the subtracted cDNA library prepared from the
sensory epithelia of the mouse vestibular apparatus (12) for
clones lacking homology to known expressed sequences or only
sharing homology with embryonic expressed sequence tags.
Among the 231 different sequences of the library, 27 fulfilled
these criteria. Clone pB4D7 (for partial B4D7), with a 731-bp
ORF, was selected for further study on the basis of its inner
ear-specific RT-PCR expression profile (see below). Search for
sequence similarity revealed a 81.4% nucleotide identity with a
human BAC, clone (CIT987SK-A-270G1), derived from a re-
gion of chromosome 16p12. A 3,673-bp poly(A)+ cDNA was
reconstituted by using rapid amplification of cDNA ends-PCR.
The translation initiation site was identified in a Kozak consen-
sus site (AGGatgT) (20) at position 78 and is preceded by a stop
codon at position 63. The ORF of 3,411 bp is followed by a 3’
untranslated region of 185 bp. We found no evidence for
alternative splicing. The expression of B4D7 was investigated in
several mouse tissues by using RT-PCR (Fig. 1). The B4D7
transcript was exclusively detected in the inner ear.
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1 MSQGPRTCSL LLVLLLSHGG AYQREPSPRQ DLHPLLQKMA EEIIEGSYLN

51 ALLDLTLFER SHVWTADLSH RVLAYLNSKN VAFTIPSLQA VMEAHLEQYL
101  YQPQKLLEDL RATDNQQFHT AMKCLLEDKW GHLDLEDVVI NLGDIRDEAL
151 QSPGV?RSLF LITLERCFQV LNALECVEVL GRVLRGSSGS FLQPDITERL
201 POQDLHEDAFK ¥LSAVFKDLY DQTSAHTQRA LYSWMTGILR TPFQVTDGSV
251 SWVSAEKLWI LGRYMVHLSF EEIMNISPIE IGLFISYDgA TRQLDMVYDI
301 TPELAQAFLE RIRCSSFDVR §ISTIHRLGL LVCFYDGLEL LDATLAQVLL
351 HQMLKCSRLR GFQAGVQKLK ANLLDIATE§ QTL?ETLGSL SDAVVGLTSS
401 QLESLSSDAV HSAISTLNQV TGWGRSQIVI LSAKYLAQEK VLSFYNVCQOM
451 GVLLAGVGTQ AFYSMDHKDL WQVLRSPLSQ DMSDLSPVQQ QGVLGKLM%A
501 EDATSGIAEV PRALFKEVSL YDLWKESRFQ ATVLKAKELR RSQALFLYEF
551 LGKTTERPEE LLSAGQLVKG VPCSHIDAMS DHLFLALFQY FDN?FSLLSP
601 DQVNCLAWKY WEVSRSSMPP FLLATLPSRF LSSIPPSRCV RFLISLGKRR
651 LETLVLDSDK RSVVVRKVQQ CLDGVIADEY TVDIVGHLLC HLPASFIERG
701 ISPRAWAAAL HGLRSCTALS SEQKAAVRVR LLEQWGPPEQ WTAETTKDLA
751 PFLAFFSGDE LHTVATKFPE ILQQTASKMV GVLLPKEFLW AVFESVQ?SS
801 NESPSFDPTF GCHGVVTPSS DDIFKLAEAN ACWDPEVLLC MEEDTFIRNV
851 ELLGAVKGFS RAQLMALKEK AIQVWDLPSR WKEHHIVSLG RIALALSESE
901 LEQLDLSSID TVASLGQOTE WTPGQAKSIL QAFLEDSGYG IQDLKSFHLV
951 GFGPTLCAMD PTEIQLIKTS EFRAVVARIG TLFCSTPVLA GFKKKAEVVF

1001 GRPTEWTSSI LQELGTIAAG ITKAELRMLN KELMTYFQPS AIRCLPGEVF
1051 KELSTEQIAS LGPQNAASVT HSQRLOLSSA QLQSLORALD GAKTHSWQTD
1101 PLSSSPTWPA @:SBPTGEPA SQALWLGCTL LLLTAKS

Fig. 2. Amino acid sequence of mouse otoancorin. The putative signal
peptide is underlined. The characteristic C-terminal signal sequence for addi-
tion of a GPI anchor is doubly underlined, with the predicted cleavage site
circled. Potential N-glycosylation sites are indicated below the sequence by a
diamond-shaped symbol. The region of homology with MPF/mesothelin pre-
cursors is delineated by broken arrows.

The ORF encodes a polypeptide of 1,137 amino acids with a
calculated molecular mass of 126.4 kDa. The predicted protein
starts with a 23-amino acid signal peptide (Fig. 2). The deduced
protein terminates with a sequence of predominantly hydropho-
bic residues, characteristic of proteins that are membrane-bound
via a GPI anchor (21) (Fig. 2). Eleven potential N-glycosylation
sites were detected (Fig. 2). The corresponding protein was
named otoancorin in reference to its proposed function (see

Cochlea

below). The proteins predicted from the murine and human
(deduced from the genomic sequence) otoancorin nucleotide
sequences share 77.3% identity. Comparison of the predicted
amino acid sequences with the current databases revealed weak
similarity between the C-terminal 639-amino acid region of
otoancorin and the entire megakaryocyte potentiating factor
(MPF)/mesothelin precursor sequence from mouse, rat, and
human (=~21-22% identity) (see Fig. 2 and Fig. 8, which is
published as supporting information on the PNAS web site,
www.pnas.org). Mouse and rat MPF/mesothelin proteins share
58 and 56.1% identity with human MPF/mesothelin, respec-
tively. The MPF/mesothelin precursor, initially attached to the
membrane via a GPI anchor, gives rise to MPF, a soluble factor,
and to mesothelin, a GPI-anchored cell surface antigen, as a
result of a cleavage by a furin protease (22, 23). The function(s)
of MPF/mesothelin has not yet been elucidated. However,
preliminary data suggest a role of mesothelin in cell to substrate
adhesion (23).

Expression Pattern of Otoancorin in the Inner Ear. The distribution
of otoancorin in the mouse inner ear was studied by immuno-
fluorescence. Otoancorin was first detected in the cochlea at
embryonic day 16.5 (Fig. 34). At this stage, three regions can be
distinguished within the dorsal wall of the cochlear duct. These
are (7) the immature spiral limbus (SL), which will give rise to the
interdental cells; (if) the greater epithelial ridge (GER), a zone
of tall columnar cells, that will progressively recede to form the
inner sulcus; and (iif) the lesser epithelial ridge (LER) (Fig. 34).
The inner hair cells (IHCs) develop from the lateral margin of
the GER, and the outer hair cells (OHCs) from the LER.
Otoancorin staining, as it first appeared, was restricted to the
surface of the SL (Fig. 34). Otoancorin labeling was shown to
persist at the surface of the SL at later stages of development
(Fig. 3 B and C) and in adults (not shown). The protein was also
detected within the flask-shaped interdental cells at P3 (Fig. 3B).
From this stage to P10, an additional patch of otoancorin
staining was observed on the luminal surface of the GER, toward
its lateral boundary (Fig. 3C). To precisely localize this site of
transient otoancorin labeling, immunofluorescence was per-
formed on transgenic mice (line M3H11-R) expressing GFP
under control of a Myo7A4 promoter (24). In these mice, GFP is
expressed by IHCs throughout the length of the cochlea and by

Fig. 3.

Distribution of otoancorin in the mouse cochlea revealed by immunofluorescence microscopy. (A) A profile of the cochlear duct at embryonic day 16.5.

(B) High magnification of a cross section of the spiral limbus (SL) at P3, showing detail of interdental cells (ic). (C) Section of the organ of Corti at P6. (Inset) A
merged image showing a detailed view of the otoancorin-cya3 staining (red) relative to GFP-labeled hair cells (green) in an M3H11-R mouse at P6. GER, greater
epithelial ridge; ic, interdental cells; ihc, inner hair cell; IS, inner sulcus; LER, lesser epithelial ridge; ohc, outer hair cells; RM, Reissner’s membrane; SL, spiral limbus;

TM, tectorial membrane. (Bar = A, B, 30 um; C, 60 um.)
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Vestibule (saccule)

myosinVIIA-GFP

Fig. 4.

otoancorin-cya3

myosinVIIA-GFP+otoancorin-cya3

Distribution of otoancorin in the saccule of a M3H11-R mouse at P8 revealed by immunofluorescence microscopy. (A-C) Section of the saccular macula.

(A) Myosin VIIA-GFP labeling. The sensory hair cells (hc) are labeled in green. (B) Otoancorin-cya3 staining (red). (C) Merged images from A and B. (Bar = 45 um.)

OHG:s in the apical coil. Otoancorin was observed along the
surface of cells lying immediately adjacent and medial to the
IHC:s (see Fig. 3C Inset).

The otoancorin expression pattern was also analyzed in the
vestibule of M3H11-R mice, where all hair cells express GFP
(Fig. 44). Otoancorin was observed at the apical surface of the
supporting cells surrounding the hair cells in the sensory epi-
thelia of the saccule (Fig. 4 B and C), the utricle, and the cristae
ampullaris (not shown). Otoancorin was also found on the apical
surface of epithelial cells surrounding the sensory areas; these
peripheral regions were always covered by extensions of the
acellular gels (not shown).

Although these observations and sequence data strongly
suggested that otoancorin was present at the surface of sensory
epithelia, it could not be formally excluded that otoancorin was
an intrinsic component of the overlying acellular gel. To address
this issue, we used a-tectorin mutant mice (Tecta®FNTAENT
mice), in which the TM is completely detached from the
underlying neuroepithelium (25). At P8 and adult stages (Figs.
5 A and B), otoancorin distribution was indistinguishable in
a-tectorin mutants from that seen in wild-type control mice.
Furthermore, immunoelectron microscopy performed on 7-day-
old Tecta®ENT/AENT mice demonstrated labeling for otoancorin
on the apical membrane of the interdental cells (Fig. 5C) and of
the epithelial cells lying medial to the IHCs (Fig. 5D).

Mutation Analysis in DFNB22 Patients. As the mouse gene encoding
otoancorin (Otoa) is expressed only in the inner ear, it was
considered to be an attractive candidate gene for isolated
deafness. The corresponding human gene, OTOA, maps between
markers D1653046 and D16S412 on chromosome 16p12.2. Al-
though no deafness locus had yet been reported in this region,
we searched in our collection of 200 large affected families
whether the involved deafness locus mapped to this region.
Interestingly, in one consanguineous Palestinian family (family
Al), the moderate to severe prelingual sensorineural recessive
deafness was shown to segregate with a locus (hereafter termed
DFNB22) on chromosome 16p13.1-q11.2. Family Al supports a
significant multipoint logarithm of odds (LOD) score (with a
maximum of 3.56) for markers included in the region flanked by
D1653069 and D165409 (Fig. 6). The DFNB22 interval contains
OTOA (see Fig. 9, which is published as supporting information
on the PNAS web site). We therefore established the exon/
intron structure of the gene by comparing the mouse cDNA with
BAC CIT987SK-A-270G1 sequences and by using a gene-
prediction program (GENSCAN). OTOA consists of 28 exons
spanning approximately 82 kb (Fig. 74). We designed primers to
amplify and sequence the 28 exons and their flanking splice sites

Zwaenepoel et al.

(see Table 1, which is published as supporting information on the
PNAS web site). We identified a T to C transition at the exon
12/intron 12 junction in the homozygous state in one affected
child of the family Al (Fig. 7B). This mutation (IVS12+2T>C),
which generates a recognition site for Cac81, affects the invari-
ant T of the donor splice site GT dinucleotide (26). The

Distribution of otoancorin in the cochlea of a-tectorin mutant mice
(Tecta®ENTIAENT mice). Immunohistofluorescence at P8 (A) and adult stage (B).
Immunoelectron microscopy at P7, showing the ultrastuctural distribution of
otoancorin at the apical surface of the spiral limbus (C) and at the apical
surface of border epithelial cells (arrowhead in A) lying medial to IHCs (D).
Some gold particles are indicated by arrows. (Bars = A and B, 50 um; Cand D,
200 nm.)

Fig. 5.
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Fig. 6. Genetic linkage analysis of the DFNB22-affected consanguineous
family A1. Segregation analysis with polymorphic microsatellite markers lo-
cated on chromosome 16 limited the DFNB22 locus interval to between
D1653069 and D165409. Individuals with prelingual deafness are indicated by
filled symbols and unaffected individuals by open symbols. “0"" indicates
ambiguous positioning of the allele on the gel. The haplotype associated with
the mutated DFNB22 allele is boxed.

IVS12+2T>C mutation was found to cosegregate with the
hearing impairment in family A1, and was not detected in a total
of 417 Jordanian, Lebanese, Palestinian, and Jewish (mainly
from Sephardi and Yemenite ethnic groups) individuals with
normal hearing. This mutation is expected to lead to aberrant
splicing, such as exon 12 skipping (resulting in an in-frame
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Fig. 7. Detection of the IVS12+2T>C mutation in family A1. (A) Schematic
representation of the exon/intron structure of OTOA. Coding exons are
indicated by vertical lines. The IVS12+2T>C mutation identified in the af-
fected DFNB22 family A1 isindicated below. Exonicsequence is represented in
uppercase letters, intronic sequence by lowercase letters. (B) Sequence anal-
ysis of the coding strand at the exon 12/intron 12 junction in a normal control
and an affected child. The T to C transition in the affected child is indicated
(arrowhead).
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deletion of 72 amino acids) or the use of a cryptic site. Although
it could not be formally excluded that the mutation found in the
single-family A1 may be nonpathogenic (27), the nature of the
mutation found, a consensus splice site mutation, and the tissue
specificity of the transcript strongly indicate OTOA is the
causative gene for DFNB22. Mutations in consensus splice sites
are one of the most common disease-causing mutations (28).
Mutations in genes encoding two of the inner ear-restricted
proteins, a-tectorin and otogelin, have already been shown to
cause deafness (7, 29-31). Further evidence supports the rare
occurrence of this form of deafness. None of 150 probands from
multiplex families with nonsyndromic recessive deafness (mainly
from Caucasian and Chinese origin) screened for mutations in
the 28 coding exons of OTOA using SSCP, display mutation.
Furthermore, no other families with deafness linked to the
DFNB22 locus were found in additional collections of 150 large
deaf families (from Israel and Spain) explored.

Discussion

All of the noncollageneous glycoproteins of the acellular gels of
the inner ear that have been described so far in mammals, namely
a-tectorin, B-tectorin, and otogelin, are molecules unique to the
inner ear. Here, with the identification of otoancorin, we provide
the first report, to our knowledge, of a protein specifically
located at the interface between the apical surface of the sensory
epithelia and the overlying acellular gel, and also entirely specific
for the inner ear.

Sequence data show that otoancorin is probably synthesized as
a GPI-linked membrane-bound protein. Motifs characteristic of
endoproteinase cleavage sites were not found in the sequence,
suggesting otoancorin remains membrane-bound. Furthermore,
although transmembrane and/or secreted isoforms of GPI-
linked proteins are often expressed as products of the same gene
by alternative splicing (32), we found no evidence so far for al-
ternatively spliced Otoa transcripts. Finally, results of immuno-
fluorescence and immunoelectron microscopy, especially in
a-tectorin mutant mice, show that otoancorin is present on the
apical plasma membrane of epithelial cells and remains attached
to the cell surface in the absence of a TM. Like GPI-anchored
proteins (32), otoancorin displays a selective enrichment in the
apical domain of polarized epithelial cells. Altogether, the
present results qualify otoancorin as a GPI-linked membrane-
anchored protein.

No homology with known protein domains was found in
otoancorin. In particular, no homology was found with the
noncollageneous glycoproteins of the acellular gels of the inner
ear, all of which have a modular structure (2, 3). Otoancorin
shares weak sequence homology with MPF/mesothelin precur-
sors, which are poorly conserved between mouse, rat, and
human. However, otoancorin and MPF/mesothelin share global
similarity in their predicted secondary structure, being com-
posed mainly of a-helices and random coils [Network Protein
Sequence @nalysis (NPS@) Web Server, http://npsa-pbil.ibcp.
fr/]. Furthermore, the two proteins have conserved cysteine
residues that are likely to be involved in higher-order protein
structure via disulfide bond formation. The role proposed for
mesothelin in cell to substrate adhesion (23) suggests that
otoancorin may act as an adhesion molecule. The relatively high
interspecies divergence of murine and human otoancorin (77.3%
identity) indicates that this molecule has evolved rapidly and may
reflect the fact that this inner ear protein interacts with only a
limited number of other molecules.

Otoancorin is first detected in the cochlea at embryonic day
16.5, on the upper surface of the SL, and persists thereafter in
this zone where the limbal region of the TM remains perma-
nently attached to the SL. Its transient site of expression on the
surface of the GER is also strictly correlated with the transient
presence in this region of the homogenous stripe, a mesh-like
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layer of material under the TM proposed to mediate a contact
between the TM and the underlying neuroepithelium during
development (33, 34). These correlations suggest otoancorin
may mediate TM attachment at two sites, one permanent and
another that is transiently maintained during a short period of
development. Otoancorin is also detected on the apical surface
of epithelial cells in the vestibule in all regions that lie beneath
the otoconial membranes and the cupulae, suggesting it also
plays a role in mediating the attachment of these acellular gels.
Otoancorin may directly interact with otogelin and/or the
tectorins at these attachment sites, as these molecules are present
in the regions of the acellular gels that come into immediate
contact with the epithelial surface (G.R., unpublished data).
However, it is noteworthy that the acellular gels are attached not
only to nonsensory cells but also to the hair bundles of the
sensory hair cells. Because otoancorin has not been detected on
hair bundles, the attachment of the acellular gels to the sensory
cells must be mediated by other molecules, possibly integrins
(35). Thus emerges the idea that a dual cell-matrix adhesion
system is involved in the attachment of the acellular gels to the
apical surface of the sensory epithelia.
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The TM plays an important role in transmitting mechanical
energy to the stereociliary bundles of the hair cells (7, 25), where
sound is transduced into an electric signal. The identification of
the OTOA mutation in family Al strongly suggests that otoan-
corin plays an essential function in audition. The early develop-
mental appearance of otoancorin is consistent with the prelin-
gual onset of deafness resulting from a mutation in OTOA.
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