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Abstract

The COCH gene mutated in DFNA9, murine an autosomal dominant hereditary hearing impairment, encodes Cochlin. Cochlin is also
suggested to be the self-antigen of autoimmune sensorineural hearing loss. We previously reported that Cochlin constitutes 70% of the inner
ear proteins and is classified into three types of isoform, p63s, p44s, and p40s. To study the specificity of expression of Cochlin isoforms in
various organs, here we have investigated expression of the COCH gene at both the transcriptional and translational level. COCH gene
expression was studied by RT-PCR and Southern blot analysis. Cochlin isoforms were studied by Western blot analysis using an isoform
specific antibody. At the transcriptional level, COCH mRNA was detected only in the inner ear by RT-PCR. Southern blot analysis of RT-PCR
products detected a high level of COCH mRNA in the inner ear, lower level in spleen, and very low levels in the cerebrum, cerebellum/brain
stem, eye, liver and kidney. At the translational level, Western blot analysis showed that a set of isoform, p63s, p44s, and p40s was detected at
high levels only in the inner ear. In contrast, multiple proteins were detected at much lower levels in other organs tested. Notably, full-length
Cochlin p63s was detected only in the inner ear. Our findings demonstrate that the COCH gene is expressed preferentially in the inner ear and
that expression of full-length Cochlin p63s is specific to the inner ear. These results will be central to understanding the function of Cochlin

and its role in the pathophysiology of DFNA9.
@© 2005 Elsevier Ireland Ltd. All rights reserved.

Keywords: Hereditary hearing impairment; DFNA9; Cochlin; Inner ear; Isoform; Oragan specificity

1. Introduction

The COCH gene, which is mutated in DENA9 [1-7], an
autosomal dominant hereditary sensorineural hearing loss
and vestibular disorder, was initially isolated by organ-
specific and subtractive approaches [8] and found to be
expressed abundantly in the human inner ear [9]. With the
aim of elucidating the pathogenesis of DFNA9, we have
been focusing on the formation of the different Cochlin
isoforms. We have previously shown that Cochlin consti-
tutes 70% of the inner ear proteins and is composed of 16
isoforms that are heterogeneous in charge and size [9]. The
Cochlin isoforms can be broadly classified into three types,

* Corresponding author. Tel.: +81 3 3822 2131x6746;
fax: +81 3 5685 0830.
E-mail address: tikezono@nms.ac.jp (T. Ikezono).

p63s, pd4ds, and p40s, according to their molecular weight.
Subsequent studies using Cochlin-specific antibodies have
identified a novel short isoform, named Cochlin-tomopro-
tein, in the perilymph [10].

Since Cochlin has been shown to be a self-antigen of T-
cell-mediated inner ear specific autoimmune disease [11],
studying the patterns of COCH gene expression is also
important to elucidate the mechanism of immunological
inner ear diseases. To better understand the function of
Cochlin and its role in the pathophysiology of DFENAY,
here we investigated the specificity of the expression of
Cochlin isoforms in various organs. The expression of the
COCH gene was studied at both the transcriptional and
translational level in various organs using highly sensitive
detection techniques, RT-PCR and Southern blot analysis
to study the expression at the transcriptional level, and
Western blot with Cochlin isoform specific antibody and

0385-8146/$ — see front matter © 2005 Elsevier Ireland Ltd. All rights reserved.
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chemiluminescence detection to study the expression at
the translational level.

2. Materials and methods
2.1. Animals

Tissues from Wistar rats (6-week-old females weighing
150 g) were removed under deep anesthesia with sodium
pentobarbital (Nembutal, 50 mg/kg, i.p.). The bovine
temporal bones were purchased from a slaughterhouse.
This study was approved by the Animal Experimentation
Ethics Committee of Nippon Medical School.

2.2. Reverse transcriptase-polymerase chain
reaction (RT-PCR)

Total RNAs from various organs of rats were prepared by
using an RNeasy mini kit (Qiagen, Hilden, Germany)
according to the manufacturer’s instructions. Total RNA
from each organ was reverse-transcribed by using Avian
Myeloblastosis Virus (AMV) Reverse Transcriptase XL
(Takara, Tokyo, Japan) and random primers for 10 min at
30 °C, 30 min at 42 °C, and 5 min at 99 °C (1 cycle). PCR
was carried out by using Takara Taq (Takara) and the
following protocol: a hot start at 94 °C for 5 min, followed
by 25 cycles of denaturation at 94 °C for 30 s, annealing at
60 °C for 30 s, and extension at 72 °C for 30 s. The length of
the RT-PCR product was 639 bp and the following p63s
specific primers were used (Fig. la): sense primer (5'-
GTTCCCATTCCTGTCACCTG-3") corresponding to nucl-

eotides 157-176 in the mouse COCH cDNA and amino acid
(AA) residues 30 to 35/36 (VPIPVT(C)); antisense primer
(5-TTACCCCCTCGGAAACCTACTT-3') corresponding to
nucleotides 774-795 in the mouse COCH c¢DNA and AA
residues 236/237-242/243 ((E)VGFRGG(N)). As a negative
control (NC), duplicate cDNA templates were prepared as
above without AMV Reverse Transcriptase XL and used in
equivalent PCR reactions. PCR products were stained with
ethidium bromide (Et—Br).

2.3. Southern blot analysis of RT-PCR products

The RT-PCR products generated from COCH cDNA were
separated onto 1% agarose gels and transferred to a Hybond
N+ membrane (Amersham Biosciences). The blot was
hybridized with a non-radio isotope probe according to the
manufacturer’s instructions and detected with the CDP-star
kit (Amersham Biosciences). The probe using this assay was
derived from a human expressed sequence tag (EST) clone,
IMAGE ID 27789, was obtained from Kurabo Co (Osaka.
Japan). The COCH cDNA was subcloned from lafmid BA
into the pGEM-T easy vector (Promega) by PCR using
primers S2 (5-GCCGCTCCCATTGCTATCACAT-3"), cor-
responding to AA residues 27-33 (AAPIAIT); and AS2 (5'-
TACTCCAGCATCTACCGTGAAG-3') corresponding to
the AA residues 255-262 (FFTVDAGV) (Fig. 1b). The
sequence of plasmid pGEM-T-COCH DNA was determined
by using the primers S2 and AS2. A digested 708-bp COCH
DNA was labeled by using an Alkphos direct labeling kit
(Amersham Biosciences, Piscataway, NJ, USA). The band
densities in the three representative blots were quantified by
densitometry (CS Analyzer version 2.0; Atto, Tokyo, Japan)

P51S  V66G G88E I109N WI1i7R Al119T

COCH gene + { |
SPE LCCL : E vWF-Al vWF-A2
P63s h

Cochlin  P44s

P40s

l - a
- 30-242/243 v
DRt Rl
B c
163-181

Fig. 1. Antigenic peptide, RT-PCR primer, Southern blot probe and cochlin isoforms. The deduced amino acid sequence of the human COCH gene, which
encodes the protein Cochlin, shows a predicted signal peptide (SP), followed by a region homologous to a domain in factor C of Limulus, and two vWFA-like
domains (VWFA1 and vWFA?2). Six missense mutations in the LCCL domain, which cause the DENA9 deafness and vestibular disorder, are indicated by arrows.
(a) The region of the COCH cDNA (639 bp) amplified by RT-PCR (AA 30-242/243) contains the LCCL domain. (b) The region of the COCH cDNA (a 708 bp)
containing human AA 27-262 was used as a probe for Southern hybridization. (c) The peptide sequence corresponding to this region of COCH cDNA (AA 163~

181) was used as an immunogen to develop an anti-Cochlin antibody.
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and the means and standard deviations of relative ratio with
the inner ear signal were calculated.

2.4. Anti-Cochllin antibody, gel electrophoresis and
Western blot analysis

Generation of an anti-Cochlin antibody, gel electrophor-
esis and Western blot analysis were performed as previously
described [10]. In brief, a 19-mer peptide (KADIA-
FLIDGSENIGQRRF) corresponding to residues 163-181
in the vWF-A1l domain (Fig. lc) was used to generate an
anti-Cochlin antibody (formerly called anti-vWF-A1 anti-
body). Rabbits were immunized by repeated subcutaneous
injections of the keyhole limpet hemocyanin (KLH)-coupled
peptide. The serum was purified by a protein column,
followed by peptide-affinity chromatography. The specifi-
city of the antibody has been reported previously [10].

We homogenized various rat organs and bovine inner ear
in a solubilization mixture containing 0.5% SDS and
protease inhibitors. The homogenate was centrifuged and
the protein concentration of the supernatant was measured
by BCA Protein Assay Reagent Kit (Pierce, Rockford, IL,
USA). First, we used 2 ug of the protein from each sample
for colorimetric detection. Second, to achieve higher
sensitivity, 0.5 ug of inner ear proteins and 50 ug of proteins
from other organs were used for chemiluminescence
detection. The proteins were resolved by electrophoresis
using 15% polyacrylamide gels and transferred onto
nitrocellulose membranes (Bio-Rad). Membranes were
incubated for 2h with the primary antibody diluted
1:2000 and then incubated for 1h with a horse radish
peroxidase-labeled goat anti-rabbit I1gG diluted 1:1000. The
blots were developed either with 0.5 mg/ml 3,3’-diamino-
benzidine (DAB) in 50 mM Tris Buffer (pH7.6) containing
0.03% hydrogen peroxide or with a chemiluminescence
reaction kit (ECL plus, Amersham). The band densities in
the three representative blots were quantified by densito-
metry and the means and standard deviations of relative ratio
with inner ear signal were calculated.

3. Results
3.1. COCH gene expression at the transcriptional level

We analyzed the expression of COCH mRNA in various
organs by RT-PCR using primers specific to the isoform
p63s. COCH mRNA was detected in the inner ear, but not in
any of the other organs tested (Fig. 2a). Band intensity
values after 25 cycles correlated linearly with the amount of
template RNA used in the PCR reaction (data not shown). As
a loading control, GAPDH mRNA was amplified in all
organs in similar amounts.

As a more sensitive assay to detect minimal amounts of
COCH mRNA, we performed Southern blot analysis. A
human COCH cDNA fragment derived from an EST clone
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Fig. 2. COCH gene expression at the transcriptional level: (a) RT-PCR.
PCR products stained with Et-Br. Expression of COCH mRNA was detected
only in the inner ear, and not in any other organs tested. As a loading control,
GAPDH was amplified in all organs in similar amounts. (b) Southern blot
analysis. COCH mRNA was detected in high levels in the inner ear, lower
level in spleen (77.9 4+ 19.5%), and very low levels in the cerebrum
(16.2 £ 12.0%), cerebellum/brain stem (BS) (1.4 +0.9%), eye
(3.9 £ 0.7%), liver (1.8 £+ 0.6%) and kidney (8.9 + 8.5%). No signals were
detected in the lung, thymus or intestine.

was used as a probe. The band densities in the three
representative blots were quantified by densitometry. We
detected a high level of COCH mRNA in the inner ear, lower
level in the spleen (77.9 -+ 19.5%), and very low levels in the
cerebrum (16.2 + 12.0%), cerebellum/brain stem (BS)
(1.4 +-0.9%), eye (3.9 £0.7%), liver (1.8 £ 0.6%) and
kidney (8.9 + 8.5%) (Fig. 2b). No signals were detected in
the lung, thymus or intestine.

3.2. COCH gene expression at the translational level

We first analyzed an equal amount of proteins (2 ug) from
each organ by Western blot analysis coupled with
colorimetric detection (DAB). A set of immunoreactive
proteins with sizes of 63, 44 and 40 kDa were observed in
the rat and bovine inner ear. In contrast, no immunoreactive
proteins were detected in any other organs tested (Fig. 3a).

Next we focused on the cerebrum, cerebellum/BS, eye,
spleen, liver, kidney and inner ear, which showed positive
signals by Southern blot analysis. We used 100 times more
protein (50 ug) from these organs as compared with the inner
ear (0.5 ug), and used an enhanced chemiluminescence
detection technique (ECL plus) to achieve higher sensitivity.
A set of immunoreactive proteins with sizes of 63, 44 and
40 kDa were detected at high levels only in the inner ear. In
contrast, multiple proteins were detected at much lower
levels in other organs tested. Proteins of 200, 90 and 40 kDa
were detected in the cerebrum and cerebellum/BS, proteins
of 80, 55, 40 and 36 kDa were detected in the spleen and
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Fig. 3. COCH gene expression at the translational level: (a) Equal amounts of proteins (2 ug) were analyzed by immunoblot using colorimetric detection
(DAB). A set of immunoreactive proteins of 63, 44 and 40 kDa was observed in the rat and bovine inner ear. In contrast, no immunoreactive proteins were
detected in any other organs tested. (b) The organs which showed positive signal in Southern blot analysis, were analyzed at higher sensitivity. We used 100-fold
larger amount of proteins (50 ug) of these organs, as compared with the inner ear (0.5 ug), and used enhanced chemiluminescence technique (ECL plus) to
achieve higher sensitivity. A set of immunoreactive proteins of 63, 44 and 40 kDa was detected at high levels only in the inner ear. In contrast, multiple proteins
were detected at much lower levels in the other organs tested. Proteins of 200, 90 and 40 kDa were detected in the cerebrum and cerebellum/BS, proteins of 80,
35, 40 and 36 kDa were detected in the spleen and liver, and proteins of 80, 55 and 40 kDa were detected in the eye and kidney. Notably, proteins with a
molecular mass of 63 kDa corresponding to full-length Cochlin were detected only in the inner ear. We measured intensities of bands in the three representative
Western blots. The relative amount of Cochlin in non-inner ear organs were as follows; cerebrum: 65.7 + 32.3% (mean £ S.D.), cerebellum/BS: 58.7 + 22.8%,
eye: 14.2 +0.7%, spleen: 18.0 &+ 14.3%, liver: 18.8 -+ 12.5%, kidney: 16.3 & 3.3%.

liver, and proteins of 80, 55 and 40 kDa were detected in the
eye and kidney. Notably, proteins with a molecular mass of
63 kDa corresponding to full-length Cochlin were detected
only in the inner ear (Fig. 3b).

We measured intensities of bands in the three repre-
sentative Western blots, The relative amount of Cochlin in
non-inner ear organs were as follows; cerebrum: 65.7 +
32.3% (mean & S.D.), cerebellum/BS: 58.7 &+ 22.8%, eye:
14.2 +0.7%, spleen: 18.0 + 14.3%, liver: 18.8 &+ 12.5%,
kidney: 16.3 £+ 3.3%.

4. Discussion

The expression of the genes associated with nonsyn-
dromic deafness is, in general, not restricted to the inner ear.
For example, the gene encoding Connexin26, which is
mutated in DFNA3 and DFNBI, is known to be expressed in
the liver, kidney, intestine, lung, spleen, stomach, testis, and
brain, as demonstrated by Northern blot analysis [12].

By contrast, the COCH gene was initially isolated by
inner ear-specific and subtractive approaches [8]. Expres-
sion of the human COCH gene was previously studied by
Northern blot analysis [8] and by a microarray expression
profile analysis of the inner ear [13], proteomic anlysis [9]
which showed that COCH is highly expressed in the inner
ear, in agreement with our present results. Northern blot
analysis of mouse organs detected expression of COCH

mRNA at a high level in the spleen, lower levels in the
cerebrum, cerebellum/medulla, and thymus, and faint levels
in the eye and lung [14], whereas we did not detect mRNA in
the thymus and lung tissues in rat by RT-PCR coupled with
Southern blot. This discrepancy may be due to species-
specific differences in COCH expression.

Cochlin expression at the translational level of mouse ear
and spleen has also been reported [15]. Using a rabbit
polyclonal antibody against the carboxyl terminus of
Cochlin (AA residues 529-544), four proteins of 60, 40,
32 and 18 kDa were detected in the mouse inner ear, and two
proteins of 45 and 40 kDa were detected in the spleen. The
largest protein of 60kDa detected in the inner ear,
presumably the full-length Cochlin, was not detected in
the spleen. These data also support our results to show the
full-length Cochlin expression is the inner ear specific.
There is a difference between the relative amount of mRNA
and protein expression. Especially in the spleen, the COCH
mRNA was 78%, and Cochlin was 0.18% of that of the inner
ear. The discrepancy between the amount of mRNA
expression and protein product should be due to the
posttranscriptional regulation of COCH gene expression and
protein metabolism, as often seen in other genes [16].

In the present study, the RT-PCR product was designed to
include the LCCL domain [17], which is specific to p63s.
Southern blot showed that COCH mRNA including this
domain is expressed in the cerebrum, cerebellum/BS, eye,
spleen, liver, kidney; however, the full-length Cochlin p63s



