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Summary

Deafness is attributable to autoimmunity in a subset of adult patients with
sensorineural hearing loss (SNHL) of unknown aetiology. To determine the
roles of self-antigens in the pathogenesis of idiopathic SNHL, we analysed
antibody responses to the inner ear-specific proteins, cochlin and B-tectorin as
well as the non-specific heat shock protein 70 (HSP70). Recombinant cochlin
and B-tectorin proteins were used in a qualitative Western blot assay for the
detection of antigen-specific IgG antibodies in 58 patients with idiopathic
SNHL and 28 healthy blood donors. In the same study cohort, we also used a
Western blot assay to assess IgG antibody responses to the recombinant
human HSP70. Of the 58 patient samples analysed, 19 tested positive to the
HSP70, eight to cochlin and one to B-tectorin, giving a prevalence of 33, 14
and 2%, respectively. Only one patient sample was reactive for HSP70, cochlin
and P-tectorin, seven of the remaining eight cochlin IgG antibody-positive
samples were monospecific. Thus, cochlin-specific antibodies were observed
predominantly in HSP70 IgG-negative patients demonstrating an additive
value for testing this antibody response in patients with idiopathic SNHL.
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Introduction

Some cases of idiopathic sensorineural hearing loss (SNHL)
of adult onset are attributable to immune recognition of
inner ear proteins as foreign or non-self, a phenomenon
referred to as autoimmune inner ear disease (AIED).
Although the mechanism(s) in the pathogenesis of AIED is
not known, autoimmunity may be induced either within the
inner ear, in a primary end-organ response, or outside the
inner ear and gain access to the inner ear as a secondary
response. Thus, autoantibodies and/or self-reactive T cells of
inner ear specificity may serve as indirect evidence of
autoimmunity and therefore probable markers in defining
clinical disease. The identity of self-antigens responsible for
disease induction and maintenance remain to be defined
clearly. At present, diagnosis of AIED is by the exclusion of
Meniere’s disease, retrocochlear disorders, otosclerosis, pres-
bycusis, infectious or other autoimmune aetiologies and
response to immunosuppressive therapy [1-3]. Available
therapies are only partially effective, as progression in
hearing loss has been documented regardless of treatment
[4-6].

Initial attempts to identify antigen(s) important in the
pathogenesis of AIED relied on immunohistochemical stain-

ing of mammalian inner ear tissues using patients’ serum
[7-9]. These early studies showed antibody recognition of
inner ear tissues in patients suffering from hearing loss.
Further characterization of antibodies from patients with
SNHL using inner ear tissues from different mammalian
species by Western blot analysis showed immune reactivity
with several antigens of varied molecular weights [4,10-17].
Several putative antigens have been identified as markers of
AIED, but their role in the pathogenesis as well as relevance
in disease-specific diagnosis remains undefined. A
68-kilodalton (kDa) antigen expressed in mammalian inner
ear extract believed to be heat shock protein 70 (HSP70) [11]
has received the most attention. HSPs are ubiquitous and
expressed in a number of tissues and disease situations. Fur-
thermore, antibodies against microbial pathogen and mam-
malian HSPs are present in healthy individuals as well as in
various diseases, arguing against the significance of HSP
antibodies in the serological diagnosis of AIED [18,19].
Other antigens of great potential include the cochlin protein,
identified initially by Boulassel et al. [12] as a candidate
autoantigen for SNHL, myelin protein Po [15], choline
transporter-like protein 2 [17] as well as B-tectorin [20,21].
The hypothesis of a pathogenic role for either cochlin or
B-tectorin is supported by experimental induction of
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hearing loss following adoptive transfer of T cell lines spe-
cific for these proteins [21]. Additionally, stimulation of
splenic cells by cochlin or B-tectorin-specific peptides in that
study demonstrated a Thl-type response, as interferon
gamma was the predominant cytokine produced [21].
Although these findings are of significance in understanding
immune pathogenesis of AIED, the implications of these
results in the clinical setting remains untested.

To define further the roles of inner ear-specific proteins as
well as the relevance of HSP70 autoantibodies in identifying
patients with AIED, we evaluated antibody reactivity to the
recombinant cochlin, B-tectorin and HSP70 antigens in
individuals with idiopathic SNHL as well as adult healthy
controls.

Materials and method

Patients and healthy controls

Fifty-eight patients (12 males and 46 females) with idio-
pathic SNHL and 28 healthy blood donors were recruited for
this study. The patient cohort consisted of individuals with
variable disease onset and patterns with a mean age of
50-9 +15-6. The Institutional Review Board (IRB) of the
University of Utah approved the study protocol (IRB no.
13634).

Construction of plasmids expressing either cochlin or
B-tectorin fusion proteins

Human wild-type COCH cDNA (GenBank Accession no.
AF006740) cloned into a modified form of pcDNA3 was
obtained from Dr C. C. Morton, Harvard University, Boston,
MA, USA. In the case of B-tectorin, a full-length mouse
wild-type TECTB ¢cDNA (GenBank Accession no. X99806)
was obtained from Dr G. P. Richardson, University of Sussex,
UK. The COCH full-length coding region was polymerase
chain reaction (PCR) amplified using the primer pair:
COCHFor (5’-CAC CAT GTC CGC AGC CTG GAT CCC
GGC TCT C-3’) and COCHRev (5"-TTG CTG GGA TTC
TAA GAA ATC TCT AC-3"). The coding region of the
B-tectorin protein without the signal peptide and GPI anchor
sequences was amplified using the following primer pair:
TectbFor (5"-CAC CTC ATG CAC TCC GAA TAA AGC AGA
T-3’) and TectbRev (5’-CTA ATC TGA GAA GTC ACA GAG
GCC GGA-3’). The resulting amplicons were cloned by
directional TOPO cloning into the entry vector pENTR/SD/
D-TOPO for the Gateway System (Invitrogen, Carlsbad, CA,
USA). To generate an expression clone for either COCH or
TECTB, each entry clone was sequenced to ensure proper
orientation and an LR reaction performed between the entry
clones and the Gateway destination vector pEXP1/DEST
(Invitrogen). An LR reaction is a recombination of the open
reading frame from an entry clone into expression vector.
The resulting pEXP1COCH and pEXP1TectB plasmids were

transformed in Escherichia coli BL21(DE3)pLysS strain for
recombinant protein expression.

Expression and purification of bacterially expressed
fusion proteins

Individual clones were picked following transformation with
each of the plasmids and inoculated into 50 ml of Luria—
Bertani (LB) medium containing ampicillin and chloram-
phenicol and grown overnight (O/N) at 25°C to an optical
density at 600 nm (ODsg) of 1-5. A 1 : 20 subculture of the
O/N culture was initiated and grown to ODg of 0-6 after
which protein expression was induced by the addition of
isopropyl-B-D-thiogalactopyranoside (IPTG) (2 mM final
concentration). Three hours after the addition of IPTG, the
cells were harvested by centrifugation and purified as
described by Ding et al. [22] with minor modifications.
Briefly, the cell pellet was resuspended in buffer A (20 mM
Tris, pH 8-:0, 5 mM imidazole, 500 mM NaCl), sonicated and
cleared by centrifugation. The resulting cell pellet was resus-
pended in buffer B [buffer A plus 6 M guanidium-
hydrochloride (G-HCL), pH 8:0] and rocked for 1 h at room
temperature, sonicated on ice and cleared by centrifugation.
The recombinant protein was purified from the supernatant
by Ni-NTA (nickel-nitrilotriacetic acid) chromatography
following manufacturer’s recommendation (Qiagen, Valen-
cia, CA, USA). Briefly, 600 pl supernatant was loaded onto a
Ni—-NTA mini column (Qiagen), washed once with buffer B
and buffer C (20 mM Tris, pH 8:0, 20 mM imidazole,
500 mM NaCl, 8 M urea) and eluted with buffer D (20 mM
Tris, pH 8:0, 250 mM imidazole, 500 mM NaCl, 8 M urea)
under denaturing conditions. Bacterial lysate and samples
from different steps of the purification were analysed by
sodium dodecyl sulphate—polyacrylamide gel electrophore-
sis (SDS-PAGE) and stained with Coomassie blue to assess
protein expression and purity.

Antibody reactivity to recombinant HSP70, cochlin
and B-tectorin proteins

To perform the Western blot assay, thHSP70 (a kind gift
from Dr Morrata Anthony, Stressgen, Victoria, BC, Canada)
cochlin or PB-tectorin were heated at 70°C for 10 min in
loading buffer and separated on a 4-12% NuPage™ Bis Tris
gel (Invitrogen) using MOPS buffer (Invitrogen). Following
electrophoresis, proteins were transferred onto nitrocellulose
membrane (Invitrogen) using the Invitrogen Trans-Blot SD
semidry transfer apparatus. Membranes were blocked in
blocking buffer [5% non-fat dry milk in Tris-buffered saline
(TBS) containing 0-:05% Tween 20, TBS-T] for 1 h at room
temperature to prevent non-specific binding. Following
blocking, patient’s serum diluted at 1 : 100 in blocking buffer
was added to individual strips and incubated for 1 h. As a
positive control, we used the anti-human HSP70 antibody
(Extra EKS 750-P2 kit component, Stressgen Bioreagents
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W = wash, E = eluate. -
Corp., Victoria, BC, Canada) diluted at 1:10 in blocking
buffer. In the case of cochlin and B-tectorin, the mouse anti-
Xpress monoclonal antibody (Invitrogen) reacting with a
fusion epitope was employed as a positive control. Mem-
branes were washed thrice for 10 min in TBS-T buffer fol-
lowed by incubation with a 1: 5000 dilution of horseradish
peroxidase conjugated goat anti-human IgG (KPL, Gaithers-
burg, MD, USA) or 1:10 000 dilution of horseradish per-
oxidase conjugated donkey anti-mouse IgG (Jackson
ImmunoResearch Laboratories, Inc., West Grove, PA, USA)
for 1 h. After three washes of 10 min in TBS-T buffer, the
substrate 3,3",5,5"-tetramethylbenzidine (TMB) was added
for colour development for 10—15 min and antibody reactiv-
ity assessed.

Results

Protein expression and purification of recombinant
fusion proteins

In order to assess human antibody response to the candidate
inner ear-specific proteins in AIED, we subcloned both
human COCH and mouse TECTB cDNAs in the plasmid
pEXP1/DEST for recombinant protein expression in E. coli
(see Materials and methods). The mouse B-tectorin protein
exhibits 94% identity to the human counterpart (mouse and
human TECTB, Accession nos CAA68139 and AAI13500,
respectively) and therefore has comparable antigenic
determinants.

Following transformation and IPTG induction, we first
attempted to purify induced proteins under native condi-
tions; however, proteins were found to accumulate in bacte-
rial inclusion bodies (data not shown). We therefore
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solubilized proteins under denaturing conditions using
G-HCL treatment and evaluated expression in soluble (S)
and insoluble (I) fractions of either protein by SDS-PAGE
analysis (Fig. 1a,b). A major band is visible at ~60 kDa
(Fig. 1a) and ~39 kDa (Fig. 1b) in the insoluble (I) fraction
and flow through (FT) from the Ni-NTA column. Both
bands correspond to the expected molecular size of cochlin
and B-tectorin, respectively, fused to the 27-amino acid his-
tidine tag of the pEXP1/DEST vector. The insoluble fraction
containing the recombinant protein was cleared following
G-HCL treatment and the resulting supernatant purified on
a Ni-NTA column. The single distinct band in lanes labelled
E, and E, (Fig. 1a,b) are eluates 1 and 2 of cochlin and
[-tectorin, respectively, obtained following purification on
the Ni-NTA column. We also confirmed the expression of
purified recombinant proteins in eluates by Western blot
analysis using the mouse anti-Xpress monoclonal antibody
specific for the fusion tag and an unrelated mouse antibody
(Fig. 2: lanes 1 and 2 for cochlin and B-tectorin, respectively).

Detection and scoring of HSP70 IgG antibody in
patients and healthy controls

Using a qualitative Western blot assay, we assessed serum
samples from all patients and healthy controls for the pres-
ence of anti-HSP70 IgG antibody response. We established
the identity of the HSP70 band by using a strongly reactive
HSP70 1gG control strip as a reference (Fig. 3: lane 1). A
negative control (Fig. 3: lane 2) was also included for each
assay. The reactivity of each test sample was visually evalu-
ated by comparison with a reference band on a weakly reac-
tive HSP70 IgG control (Fig. 3:lane 3). Thus, a serum sample
was scored positive when a band was present with intensity
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Fig. 2. Representative Western blot analysis of purified inner
ear-specific proteins with controls and patients’ sera. Cochlin and
f3-tectorin proteins were separated on a 4-12% NuPage™ Bis Tris gel
(Invitrogen) and transferred onto nitrocellulose membranes.
Membranes were subsequently probed with anti-Xpress monoclonal
antibody, patients” and control sera. Arrows indicate bands
corresponding to the respective antigens. M = marker; 1 = positive
control [anti-Xpress monoclonal antibody (MoAb) for detection of
expression of cochlin and B-tectorin]; 2 = negative control (unrelated
antibody); 3 = positive patient; 4 = healthy control.

equal to or stronger than that of the weakly positive control
and negative by the absence of any specific band or one of a
lesser intensity than our cut-off control. Using this method
of scoring, the degree of antibody reactivity varied within
both positive (lanes 4, 9—11 and 13) and negative (lanes 5-8,
12, 14 and 15) samples as indicated in Fig. 3. At least two
investigators scored all samples blindly. Our scoring method
as well as the design of the HSP70 Western blot assay ensured
that the presence or absence of HSP70 antibody reactivity
was consistent within and between assays. We believe these
rigorous conditions may account for the low HSP70 IgG-
positive rate observed in our study.

Fig. 3. Anti-heat shock protein 70 (HSP70) IgG

Table 1. Distribution of IgG antibody responses to recombinant
HSP70, cochlin and B-tectorin proteins in patients and healthy controls.

Subjects HSP70 (%) Cochlin (%) [B-tectorin (%)
All patients 19/58 (33) 8/58 (14) 1/58 (2)
Controls 2/28 (7) 0/28 (0) 0/28 (0)

HSP: heat shock protein.

Prevalence of cochlin and B-tectorin antibodies in
patients with idiopathic SNHL

To determine the prevalence of IgG antibodies directed
against cochlin or B-tectorin in our patient cohort, we
performed Western blot analysis using the respective recom-
binant proteins. As controls, we used sera from healthy blood
donors employing the same experimental conditions. Fifty-
eight sera from patients with idiopathic SNHL and 28 from
healthy controls were tested by Western blot analysis using
recombinant cochlin or B-tectorin. Figure 2, lanes 3 and 4
shows representative antibody reactivity with positive
patient samples and healthy controls, respectively. We found
no antibody reactivity between serum samples from healthy
controls with either recombinant cochlin or B-tectorin.
However, 2 of the 28 healthy donor samples were found to
react with HSP70. This finding is consistent with a previous
study, which demonstrated that some apparently healthy
individuals possess antibodies directed against HSP70 [18].
Of the 58 patients in the study cohort, 19 tested positive to the
HSP70 antigen, eight to cochlin and one to B-tectorin, giving
a prevalence of 33, 14 and 2%, respectively (Table 1). Overall,
only one HSP70 IgG-positive sample was reactive with all
inner ear-specific proteins and none was double-positive for
any of the antigenic specificities tested. No patient sample
reacted exclusively with B-tectorin and seven of the eight
cochlin antibody-positive samples were monospecific.

Discussion

This study addresses the hypothesis that antibody response
directed against specific inner ear proteins is responsible for

HSP70

profile in idiopathic sensorineural hearing loss 2
(SNHL) patients and healthy volunteers.
Human recombinant HSP70 antigen was
separated on a 4-12% NuPage™ Bis Tris gel
(Invitrogen) and transferred onto nitrocellulose
membranes. Membranes were subsequently
probed with positive human anti-HSP70 bt
antibody, weakly reactive and negative control

sera as well as patients” and volunteers’ sera.

Arrow indicate band corresponding to the 70

kilodalton protein. M = marker; 1 = positive
control; 2 = negative control; 3 = weakly positive
control; 4, 9-11, 13 = positive patients; 5-8, 12,
14-15 = healthy controls.
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the induction of autoimmune hearing loss and therefore
may serve as markers for disease diagnosis. Using antigen-
specific Western blot analysis of sera from patients and
healthy controls, we demonstrate that cochlin rather than
B-tectorin-specific IgG antibodies are more prevalent in
patients with idiopathic SNHL, 14% and 2%, respectively. In
the same study cohort, we found HSP70 IgG responses to be
significantly higher in prevalence than either cochlin or
[-tectorin-specific antibodies. To our knowledge, this study
is the first to compare the prevalence of IgG antibodies to
recombinant proteins that are highly expressed in the inner
ear in association with HSP70 antibody responses. Since
McCabe first proposed the concept of autoimmunity in
some cases of idiopathic SNHL [1], there has been interest
and speculation about the antigenic specificity that may be
responsible for disease pathogenesis. Antibody recognition
of inner tissues by immunofluorescence staining using
serum from patients with SNHL [7-9] as well as the induc-
tion of hearing loss via adoptive transfer of inner ear-specific
T cells in experimental studies [21] strengthens the notion
that autoimmunity may indeed be involved in some hearing
disorders of adult onset of unknown origin.

Harris and Sharp [10] first reported that a significant
proportion of sera from patients affected by idiopathic
SNHL showed antibody recognition of a 68-kDa protein in
bovine inner ear extract which correlated with disease
activity. Subsequent studies by other investigators reported
that patients who were antibody-positive for the 68 kDa
antigen responded to steroid treatment more frequently than
non-responders [3,4,11]. The identity of this antigen was
shown by Billing et al. [11] to be HSP70, which is a non-
specific response associated with several inflammatory
responses. By direct sequencing analysis of protein bands
recognized by sera from patients with idiopathic SNHL,
Boulassel et al. [16] identified cochlin as a target antigen.

The cochlin protein is of considerable significance as the
COCH gene is expressed preferentially in the inner ear and
constitutes 70% of the inner ear proteins [23]. In the
mutated form, COCH results in non-syndromic autosomal
dominant deafness (DFNA9) [24]. Thus, cochlin appears to
play an important function in hearing and due to its relative
abundance may be an ideal target of the host’s immune
system by virtue of constitutive expression by the resident
antigen-presenting cells (APCs) in the inner ear. In addition
to cochlin in the inner ear, B-tectorin together with
alpha-tectorin, consist of the major non-collagenous pro-
teins of the tectorial membrane of the cochlea and their
expression is associated with hair cells in the organ of Corti
[20,25]. A pathogenic role of cochlin- and B-tectorin-
specific T cells was shown by experimental induction of
hearing loss following adoptive transfer of these specific T
cell lines [21].

The differential prevalence of HSP70, cochlin and
B-tectorin antibodies observed in our study cohort may
reflect either one or more of the following: (i) variability in
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disease onset in the patients; (ii) a differential role of these
molecules in the induction and/or maintenance of pathogen-
esis; and (iii) the type of hearing disorder — that is, Meniere’s
disease or AIED. HSP70 antibodies have been reported in
many inflammatory diseases [18] and may mark the early
onset of hearing loss. Indeed, several studies have shown that
HSP70 antibodies are less prevalent in individuals with inac-
tive or stable disease [4,10,11]. Therefore, the presence of
cochlin antibodies in HSP70-negative subjects may represent
a subset of patients with chronic AIED for whom immuno-
suppressive therapy may be beneficial. With respect to
[-tectorin, to which only one patient had a detectable anti-
body response, there is an alternative possibility that cell-
mediated rather than humoral immunity may be implicated
in the induction of this response, as reported in a single study
of experimental hearing loss [21]. On the other hand, the
kinetics of the B-tectorin-specific antibody response may be
different from that of cochlin and may appear later in disease.
The only patient for whom anti--tectorin IgG antibody was
detected was a 79-year-old woman. Interestingly, she also
tested positive for both cochlin and HSP70 antibodies.

Inner ear-specific autoantibodies as well as HSP70 anti-
bodies have been reported in patients with Meniere’s disease,
sudden deafness and other forms of SNHL. Because the
clinical presentation of AIED can be variable [11,26,27], it is
unknown if AIED is a completely different clinical entity
from the above-mentioned hearing disorders. Several inves-
tigators have suggested that Meniére’s disease may be an
earlier manifestation or a continuum of AIED [11,26,27].
Although we have not addressed directly the difference in
prevalence of antibodies in the scenario of clinical presenta-
tion, it is worth speculating that the extent of inner ear
antigen-specific responses in patients with Meniere’s disease
may be different from patients with AIED. As there is no
consensus for diagnosing these hearing disorders, interpre-
tations of results based on the patient selection criteria used
as well as the experimental procedures employed are difficult
to assess. However, based on experimental evidence, there
appears to be some concurrence in the literature that there is
an ongoing immune response directed against proteins
expressed in the inner ear [7-11,21,26,27]. What remains to
be defined are the early events leading to the recognition of
these molecules in these patients, the mechanism(s) of
immune-mediated tissue destruction and the nature of anti-
genic spread, if any, in the different clinical manifestations.
Furthermore, it is important to note here that other inner ear
antigens such as the myelin protein, Po [15] and choline
transporter-like protein 2 [17], as well as other unidentified
proteins not investigated in this study, may well be involved
in disease pathogenesis.

We are currently examining the relative prevalence of
cochlin- and -tectorin-specific antibody and T cell
responses in patients with early, chronic AIED as well as in
subjects with Meniere’s disease to define more clearly the
role of these antigens in disease pathogenesis. There is a
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possibility that an immune response directed against cochlin
and/or B-tectorin may be either antibody- or cell-mediated
or both. Dissecting the relative contribution of each arm of
the antigen-specific immune response to these and other
inner ear antigens may have implications for patient care and
management in the future.
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