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Abstract

Background: Perilymphatic fistula (PLF) defined as an ab-
normal communication between the Inner and middle ear,
presents with a symptomatology of hearing loss and ves-
tibudar disorder that is indistinguishable from a number of
ather inner ear diseases, Methods of diagnosis remaln con-
troversial. We have previously shown that Cochlintomopro-
tein (CTP s selectively detected in the perilymph. To estab-
lish a definite diagnostic test for PLF using CTP as a
biochemical marker, we examined the dlagnostic perfor-
mance of the CTP detection test, Methods: CTP detection
test was performed by Western blot using recombinant hu-
man CIP GhCTP) as 2 spiked standard, We evaluated the
spedficity of the CTP detection test by testing non-PLF cas-
¢4, To describe the Emitations of the test, we tested samples
from patients with middle ear infection, We also studied the
stability of CTP protein by storing the samples at room tem-
perature 25°C) or 4°C for 55 days, The effects of repeated
freezing and thawing were also evaluated. Serially diluted

versity, Kanazawa, Japan

perilymphy was tested to find out the detection limit of (TR
Findings: We have established a standardized CTP detec
tion test using high (027 ngd and low (013 ng) spiked stan-
dards of thCTP in Western blotiing, Middie ear favages (MEL
from 54 of 553 non-PUF cases were negative in the CTP detec
tion test, Le, the specificty of the test is 98.29. MEL from 43
out of 46 cases with chronicsuppurative otitis media or mid-
dle ear cholesteatoma were negative for CTRCTP s a stable
protein and detection was not affected by the storage, o¢
freezing and thawing, The detection limit of perilymph was
0161 plflane inan average of 5 sampiles. Interpretation: CTP
is a stable perilymplspedfic protein, and this CTP detection
could be the fiest dinically established disgnostic tool to de-
tect PLF with a high spedfidty. PLF is susgically comrectable
by sealing the fistula, Appropriate recognition and teal-
ment of PLF can improve hearing and balance in afficted
patieriis, Copyright © 2009, Karger 4G, Bassl

Introduction

Pertlymphatic fistula (PLF} is defined as an abnormal
communication betwesn perilymph in the labyrinth
and the middle ear. Representative symptoms of PLEare
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sndden onset and/for progressive hearing loss with epi-
sodic attacks of vertigo; however, reports in the litera-
ture have suggested PLF to be putatively involved in a
broad spectrum of hearing loss symptoms and balance
disorders, PLF can be congenital or acquired, and in the
latter it is agsociated with a traumatic or barotraumatic
event resulting in labyrinthine fracture, fatrogenic arti-
facts (ear surgery), or a disruption of the membranes of
the round and/or oval window(s) [Goodhill, 1971 House
et al, 1991; Fitzgerald, 2001; Minor, 2003; Weber et al,,
2003],

Unlike other causes of sensorineural hearing loss, PLF
is surgically correctable by sealing the fistula. Appropri-
ate recognition and treatment of PLF can improve hear-
ing and balance, and hente the quality of life of the af-
Hicted patients. However, despite extensive efforts to es-
tablish definitive methods for PLF detection, such as
audiometry, electiocochleogram, electronystagmogram
and radiolagical examination, there is as yet no widely
accepted specifictest for diagnosing PLF [Podeshin et al,
1994; Wall and Rauch, 1995 Nomura, 1994 Black et al,,
1992]. The conventional definitive diagnosis of PLF de-
pends on the direct visnalization of the. pertlymphatic
leak and fistula, but this is both difficult and highly sab-
jective, The difficulty of making a definitive diagnosis of
PLF has caused afong-standing debate regarding its prev-
alence, natural history, management, and even its very
existence [Hughes of al., 1990; Schuknecht, 1992 Fried-
land and Wackym, 1999,

Previously, by proteomic analysis of inner ear pro-
teins, we found very unigne properties of cochlin {en-
coded by the COCH gene and mutated in DENA9Y - a he-
reditary form of hearing loss), which is expressed abun-
dantly in the inner ear [Robertson et al,, 1998 Thezono et
al,, 2005 Robertson et al, 2006: Shinda et al, 2008], We
detected 3 cochlin isoforms, p63s, pads and pdds, in the
inner ear tissue and a short 16-kDa isoform named Co-
chlin-tomoprotein {CTP) in the perilymph [Thezono et
al, 2001, 2004}, Since cochlin was found to be highly spe-
cific to the inner ear [Robertson et al, 1994 Abe et al,
2003; Li et al, 2005), we tested the expression specificity
of CTP in perilymphy CTP was indeed selectively ex-
pressed only in the perilymph, and not i CSF saliva or
serum [Tkezono et al, 2009]. In sddition, we reported the
molecular mechanisms that regulate the perilymph-upe-
cific expression of CTP [Sekine et al, 2000),

In order to establish CTF as a diagnostic marker of
PLE, we standardized the CTP detection test using spiked
standards of recombinant human CTP (thCTT) in West
ern blotting. We evaloated the specificity of the CTP de-

Performmnce of CTP Detection Test in
PLF

tection test by testing samples from non-PLP cases. To
describe the limitations of the test, we evaluated the in-
fluence of middle ear infection on the test results, We also
studied the stability of CTP protein when samples were
stored at room temperature (25°CY or 4%C for as long as
55 days, The effects of repeated freezing and thawing
werealso evaluated. Serially diloted perilymph was tested
to find out the detection limit of CTP. The present study
showed that CTP could be the first clinically established
biochemical marker to allow a definitive diagnosis of
PLP-related hearing loss.

Methods

Standasdization of the CTP Detaction Test by Westerss Blot

For Western blot analysis, the rabbit polyclonal anti-CTP an-
tibody (formedy anti LECL-C Ab) wasprepared as previously de-
sribed Mhezonoet al, 20041 Inbrief,  14-merpeptide (LSRWSA-
SETVTRGK correspondingto residues 114-127 in the LOCL do-
mainwas used to generate the antibady. Rabbits were immunized
by sepeated dubcutandous injections of the KLH-coupled pep-
tidzagém ghmm ;&zs purifiedbya %Mu Afi:«émmg,h ﬁmg;}é“

eptide-aftinity chromatography. The speci of the ant
mr‘&wmm};{mmiﬂg ﬁ@eﬁm meﬁmﬁm bydot
blot analysis snd @ peptide absorption test {data not shown} The
vhCTP was used a8 & spiked standand in the Western blot. The
exact N and O-terminal sequence of CTP isnot yet knowa, How-
ever, 4 putative CT8 sequence predicted from our previous
(Teezone ot gl 2004, locsted ot positions 101-403 of the cDNA
and corespanding te amine acid sesidues 32-132, was amplified
by PCR from & haman-expressed sequence tag clone, Image [D
2799 (Kurabok thCTP was pradiced using pCRIT/TOPOTA
expression kits (Tuvitvogen),

Samples were logded onto 15% polyacrylamide gels and trans-
ferred onto polyvinylidene fluoride membranes. Membranes
were blocked overnlght at 4°C tn 5% skimmed milk and 0.2%
polyosyethylene sorbitan (Tween-20} dissalved in PBS (pH 75}
Membranes were thes incubated i PRS containiag 1% dkimmed
milk and ©.1% Tween-20 for 2 b at voons temperatire with the
primary aotibody (anti-CTP antibody} diluted a8 1:1000, After
weasdving with 01% Tween-20 in FBS, membranes were Incubated
for 1.h at room temperature with horseradish peroxidase-fabeled
goat antl-rabbit IpG antibody (Dako}diluted o 11000 in the sume
buffer used fur the primary astibody resction. They werewashed
wguin, and the reaction was developed witha tkcmimnimmm@
vesction kit (ECL advance, Amersham) and then analyzed by an
image analyzer LAS-3000 {Puji Film), Tests were performed and
amalyzed by well-trained personnel whe did not heve any infor
matkon on the cdinlcal background of the patieats, to wvold any
bigsed judgments. Test results were expressed as positive or nega-
tive by the presence or absence of the antb-CTP antibody reacting
protein with the molecular weight that exsetly matched the mo-
lecylar weight of native CTP (16 kDa) on Western blotting.
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Method of Sampling

In our previous study, we showed that CTP is selectively ex-
pressed in the perilymph, and not in samples of the body flaids,
serum, CSF orsativa, The nltimate purpose of this testis tobe able
tor detect the presence of leaked PLE fn the middle ear cavity pre-
operatively in the outpatient clinic. We aimed ot establishing an
casy-to-perlorm sampling method. Ssmples were collected by la-
vaging the miiddle ear cavity 54 times with the ssme bolus of 6.3
misaline and recovering the fluid, and these were defined as mid-
dle exr lavage (MEL). MEL was collected from non-PLF cases and
those with suppurative otitis mediz or middle ear cholesteatoma.
Samples were centrifuged at 1250 g for 1 min, and the superna-
tants were frozen and stored at -80°C until uses 16 pd MEL way
mixed with 8 pl of 3 fimes concentrated sample buffer (0.188 M
Tris buffer, 2,39 mid SDS, 30% glycerol, and 15% of Z-mercapto-
athanol} for Westers blotanalysis,

Tortest the stability and detection lmit of CTP, perilymph was
collested from 5 cases of cochlenstomy for cochlear implant sur-
gery, We collected the leakage from the cochleostomy using a 27-
gange (0,22 manyinternal didmeter) blant-end fine needle. All po-
tients gave thelr full informed consent, and the study was ap-
proved by the Ethics Committee of Nippon Medical School.

NonPLE Cases

In order toevaluate the specificity of the CTE detection test,
we exsmined MEL from non-FLE cases. In this study, we defined
‘non-PLE as those cases with otosclerosis (which had undergone
stapedectomy), profound desfoess (cochlear smp!mt surgery) of
conductive hearing loss (explovatory tympanotomy). We took
MEL prior to the stapedectomy or cochlenstomy, or prior to sur-
gical treatment for conductive hearing loss, These casesdid not
have any symptoms or test results suggestive of PLF {including
highqcmiut:m :¢mporal bone target ﬁ'l“ scans and :nlmwﬂaw
tive findings, such as microscopic visualization of perilymph
feakage andfor fistula). Patients who had revision stapedectomy,
revision cochlenr tmplantation, ossified cochlex or infection of
the middle ear were excluded.

Effect of Middle Ear Infection on CTP Detection Test

Tt is well known that protein-rich samples, such as pus, can
cause nonspecific signaks on o Western blot, Therefore, we fnrther
clarified the influence of the infection in the middle ear on the
test results, The MEL from surgically treated chronic suppurative
ofitis media cases {n = 12) and middle ear cholesteatoms cases
{n = 34) were evalnated, None of these cases had any symptoms
oF test results suggestive of FLE

Testing the Stability of CTP

I everyday clinical settings, collected samples may notbe fro-
2en immediately, We therefore evaluated if the results of the CTP
detection testwere affected by storage conditions that could lead to
protein degradation. We tested diluted perilymph (1: 20 with saline)
lkeptat room temnperature (25°Cor tna refrigerator st 4°C for 1,2,
68,9, 12,1315, 16, 19, 20, 23,27, 34, 41, 48 or 55 days; 4 pl dibuted
saline wasmived with sample buffer {24 pl total velumse) and 22 pt
sanaple, Le. 0.18 pl of perilymph/lane, was Joaded on to the gel. In
addition, MEL could be tested multiple times by Western blatting
or by an alternative method to confirm the fest results. We per-
formed the CTP detection test of diluted perilymph after repeat-
cdly freezing (-70°C) and thawing (25°C) for 10 times,

170 Audiol Menrotol 2010:15:36%~ 174

thiTP (g}

Lane: 1

Sample: 027
Lane Sample Ammount of

- sample/lane

(8 th(TP 0.3 nyg
7 rh(ip ti3ng
ko perilymph 1833 gl
4 perilymph 0917 ¢b
5 perilyraph 0A58 gl
& perilymph 0,229 pd
* perilyraph B35l
8 perilymphs GORF pd
& perilymphs 0009 pl

Fig. 1. The detection Bmit of serially diluted perilymph sanples
wsing & standardized CTP detection test o define spiked stan-
mm Weloaded thCTF a8 high and low spiked standard (lanes

1,2} and seriatly diteted perilymph samples Canes 395 When the
mtmmy of theband in samples tested was beJow the high stan-
dard signal, the result was ‘considered to be negative. The inten-
sity of the band in lane 8 is below the high spiked standard (lase
1y thus, lene 8 was considerad to be negative. The detection limit
of CTP in the diluted perilymph (0115 i lane; lane 7} is shown.

Dletection Limit

Pive serially diluted perilymph samples were tested indepen-
dently to establish the detection limit of CTP. We mixed 4 pl peri-
fymph with 28 pisaline and 16 plof 3 times concentrated sample
buffer. This mixture was serially dilated with sample buffer. 8-
luted samples were heated to 100°C for 10min. Then 22 plofthese
samiples were Joaded onto the gel and the volume of loaded peri-
hymph samples was caloulated asfollows L33, 6. 917,0.458,0.229,
0,115, 0,057, 0,029 (pllane).

Raesults

Standardized CTP Detection System

As previously reported, the detection limit of the seri-
ally diluted thCTP was between 0.27 and 0.13 ng/well.
These 2 amounts of thCTP were set as the high and low
spiked standards, respectively, and were the amounts
electrophoresed each time when we tested the samples

Tkezono/Shindo/Sekiguchi/Morizane!
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Case A Case B
& &
- ? % 2
b & &
wron g% 3E ¥E
Larg: k &
Sairmypbe: 16
Lane  Sample Amount of
sample/lane
i rhCTP Q27 ng
b rhTp G13ng
kS Case A MEL prefenestration 16 pl of MEL
4 Case A: Perllymph leakage 2l of peritymph
51 Case B: MEL pre-fenestration 16 pd of MEL
B Case B; Pesilymph leakage 2 pd of perilymph

Fig. 2. The result of CTP detection from non-PLF cases and the
perilymph (samples from 2 cochlear implantsurgery cases). MEL
taken prior to the fenestration and the perilymph leakage from
the cochleostomy were subjected to the CTP detection test, MEL
taken before fenestration did not have any signal, whereas CTP
was detected at 16 kDa in perilymph ssmples.

Table 1. CTP detection in mon-PLF samples

Prior to stapedectomy 35 1 34
Prior to cochdesstonmy 12 o 12
Explovatory tympanatomy & & B
Total 55 1 54

Tahlbe 2. Effect of middle ear infection on CTP detection test

Chronic suppurative oliths media 12 1 i1
Middle ear cholesteatoma 34 2 32
Total 46 3 43

Performance of TP Detection Testin
PLF

(fig. 1). When a high standard was detected, we accepted
the result; otherwise, samples were re-evalnated. When
the intensity of the band in samples tested was below the
high-standard signal, the result was considered to be neg-
ative, Low spiked standard was used to estimate of the
protein transfer efficiency. The molecular weight of
rhCTP exactly matched that of mative CTP (16 kD) on
Western blot. Inter-assay and intra-assay reproducibility
was tested and confirmed {data not shown).

CTP Detection from non-PLF Cases

MEL from 34 of 35 cases prior to stapedectomy, 12 of
12 cases prior to cochleostomy, and 8 of § cases duving
exploratory tymipanotomy were negative for CTPR Into-
tal, 54 MEL from 53 non-PLF cases were negative for CTP
(table 1) therefore, the specificity of the CTP detection
test for the diagnosis of PLF is 98.2%.

Figure 2 shows the results of CTF detection from non-
PLF cases and the perilymph. Samples of MEL taken pri-
or to fenestration and the perilymph leakage from the
cochleostomy of 2 cochlear implant surgery cases were
subjected to the CTP detection test. MEL taken before
fenestration did not have any signal, whereas CTP was
detected at 16 kDa in perilymph samples.

Effect of Middle Ear Infection on the CTP Detection

Test

MEL from 11 out of 12 caseswith chronic suppurative
otitis media and 32 of 34 cases of middle ear cholestea-
toma were negative for CTF {table 2). Thus, the specific-
ity of the CTP detection test is 93.5%.

Stability Test of CTP

We tested samples stored at 25°C or 4°Cfor 1, 2,6, 8,
9,12, 13,15, 16, 19,20, 23, 27, 34, 41, 48, 55 days. In the
Western blot, CTP was detected in all 34 samples tested.
The intensity of CTP signals did niot change remarkably.
After repeated freezing and thawing {10 times), the inten-
sity of CTP signale did not change (data not shown).
Theseresults suggest that CTP is a stable protein, and the
resitlts of CTP detection test by Western blotting wounld
not be altered by storage conditions within this rage.

Defection Limit of CTP

Five serially diluted perilymph samples were tested 10
show the detection limit, Detection limits were 6.229 pl/f
lape (2 samples) and 0.115 pllane (3 samples), which
gives an average of 0.161 plilane (fig D. This detection
Limit could be useful in the clinical application of CTP as
a diagnostic marker of PLE

Audiol Mewrotol 201015 168174
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Discussion

We previously analyzed the expression of CTF in var-
ions human bodily fluids, including the seram, CSE, sa-
livaand peritymph [Tkezono et al, 2009, All bodily flaid
samples, except the perilymph, were negative for CTP
These results strongly suggest that CTP is expressed spe-
cifically and exclusively in the perilymph, from amongst
these 4 kinds of bodily fluids that may be present ina
healthy or diseased middle ear, and that CTP can be con-
sidered to be a specific biochemical marker for PLF, Re-
cently, we reported the molecular mechanisms that regu-
late the perilymph-specific expression of CTF [Sekine et
al,, 2008], We performed RNA ligation-mediated ampli-
fication of ¢DNA ends (RLM-R ACE) using RNA isolated
from the inner ear and spleen of rats, which are known to
express abundant cochlin mRNA. We detected a novel
short mRNA (a spliced variant), which incladesthe LCCL
domain. Thisshort mRNA was detected in the inner ear,
and not in spleen,

The conventional gold standard of PLE detection isthe
intraoperative microscopic visnalization of perilvmph
leakage and fistula, which ostensibly confirms the exis-
tence of PLE, If the patient does not have PLE, leakage will
not be detected, However, since the surgical procedure
itself can induce seepage that accumulates in the con-
cave-shaped round and oval window niches, thiscould be
misinterpreted as perilymph leakage [Nomura, 1994
Friedland and Wackyrn, 1959], The difficulty of making
a definitive diagnosis of PLF has caused a long-standing
debate regarding PLE [Hughes ot al, 1990; Schuknecht,
1992; Friedland and Wackym, 1999].

The appropriate recognition and treatment of PLF
can improve hearing and balance in the afflicted pa-
tients, Ounr witimate goal has been o establish a clinical
test to allow a definitive diagnosis of PLF using CTP as
a biochemical marker. It should be a clinically nseful
and specific test for the ‘preoperative’ diagnosis of PLE.
in order to avoid unnecessary exploratory sargery. At
the same time, this method has to be applied to a variety
of clinical scenarios in PLE wherein the leakage conld
take place in the oval or round window, fractured bony
labyrinth, or minor fissures [Kohut et al,, 1986]. More-
over, the leakage conld be intermittent, ongeing or conld
have ceased with the leaked perilymph pooled in the
middle ear. Therefore, we nsed MEL for collecting the
sanples from the middle ear in which the sampling was
easily performed in an outpatient setting, only by the
conventional method of myvingotemy under local anes-
thesia. Saline lavage should include all the perilymph

172 Andol Neurotel 2010,15 168 17¢

from wheraver the perilymph leaked out or became
pooled,

Dietection of the target protein in a Western blot is af-
fected by the efficiency of protein transfer. Transfer offi-
ciengy depends on factors such as the composition of the
gel, mmpi&w contact of the gel with the membrane, the
position of the electrodes, the transfer time, size and
composition of proteins, field strength and the presence
of detergents. In the present study, we have standardized
the CTP detection test through defining high and low
spiked standards as 0.27 and 013 ng rhC TR, respectively.
When a high standard was detected, we accepted the re-
sult; otherwise, samples were re-evaluated, When the in-
tensity of the band in samples tested was below the high
standard signal, the resalt was considered to be negative.
The average detection limit of CTF in 5 serially diluted
perilymph samples was 0361 phlane. This means that
the test can detect CTP if there is 3.3 pul perilymph in 0.3
ml MEL famount of perilymph contained in the diluted
sample of the detection limit: 0361 ¥ 24/22 = 0,176 plb;
perilymph in the total MEL: 0476 > 30016 = 3.3 pl)
This detection limit could be used in the clinical applica-
tion of C'TP as a diagnostic marker of PLE,

MEL should contain middle ear mucosal secretion
and other sabstances normally expressed in the middle
ear cavity, Since these substances may cause false-posi-
tive reactions to the antibody, we tested MEL from non-
PLF cases. In this study, we defined ‘non-PLE as those
cases with otosclerosis (who had undergone stapedecto-
my)s profound deafness (cochlear implant sargery), or
conductive fxaazmg loss {exploratory tympanctomy}, We
took MEL prior to the stapedectomy or cochleostomy, or
prior to surgical treatment of conductive hearing loss,
Noneof these cases had any symptoms or test results sug-
gestive of FLF (including high-resclution temporal bone
target CT scans and intraoperative findings}, We detect-
edanti-CTP antibody reacting protein at 16 kDain Lolo-
sclerosis case. The diagnostic performance of CTP detec-
tion test for the diagnosis of PLF was found to have a
specificity of 98.2%. We are now trying to evaluate the
sensitivity of the test by perferming the CTP detection
test in “definite PLF cases’, such as traumatic stapes in-
jary.

Thereare imitations to this test, Analysis of MEL col-
fected from patients with middle ear infections can give
a faiseﬂ;wm;w result {as in this study), where the high
protein concentration of the thick pus was the most like-
Iy cause. Specificity of CTF detection test decreases to
93.5% when testing infected ears. We have reported that
CTPwas not detectable in 28 serum samples [Thezono et

Thkezono Shindo/Sekiguchi/Morizane /
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al,, 2009), and was not detected in multiple hemolyzed
samples (data not shown}. However, to ensure the accu-
racy of the test, MEL samples should ideally be kept fro-
zen after removing the cells or tissue debris by the centri-
fage to provide the minimum protein concentration.

Protein markers sach as CTP may become degraded
through the process of storage prior to the detection test
or during the handling of the samples. The result of the
test may vary if the marker is easily degradable protein,
We have tested the stability of CTP by storing the diluted
sample (1:20 with saline} at room temperatare or at 4°C
for 17 time points maximum of 35 days. CTF was detect-
edt in all 34 samples tested, without remarkable changes
in the intepssity of CTP signals. In addition, CTP was sta-
ble after repeated freezing {-70°C) and thawing (25°C)
for 10 repetitions. CTP has enongh stability in the various
storage conditions in hospitals, and it is responsive to
multiple measurements afrer thawing,

Condlusion
CTF is a stable perilymph-specific protein, for which
we have established a standardized CTP detection fest.

This is the first clinically established diagnostic tool for
the detection of PLF with a high specificity. In PLF, inner
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ear damage is affected by the speed, duration of the peri-
Tymph leakage, the site of the Jeakage and other biological
factors. Hence, these patients’ symptoms, physiological
test results and outcomes of treatment are widely vari-
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Cochlin-tomoprotein (CTI) detection test identifies traumatic
perilymphatic fistula due to penetrating middle ear injury

TETSUO IKEZONO', SUSUMU SHINDO!, KUWON SEKINE', KYOKO SHIIBA',

HAN MATSUDA', KAORU KUSAMA', YASUO KOIZUMI', KAZUKI SUGIZAKI',
SATOMI SERIGUCHI®, RYOHEI KATAOKA?!, RUBY PAWANKAR', SHUNKICHI BABA',
TOSHIAKI YAGD® & KIMIHIRO OKUBO!

' Deparsment of Crorhinolaryngology, Nippon Medical School, Tokyo, *R&D and Business Developmens Segment,
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Abstract

Conelusions: The cochlm-toraeprotein (7TP) detection test can be used to make a definite, objective disgnoss of trawraatic
peritvrophatic fstula (PLE), and therfore offers valuable information on patient selection for surgicel wentment, Ofjecwves:
Peneomting raiddle o tnjury cun couse tramematic PLE, which s s swrgically treatable otologic emergency. Recpntly, we have
reported on CTP & novel perilymphespecific protein. The purpose of this study was to determine f the CTP detection testis
wseful for the dizgnosis of trauwmatic PLE. Merhode This was » prospective study of CTP detection o penctrating middie ear
pary cases with tyrepace membrane perforation sod hearing loss, Rowdis: A wial of seven tnthviduals were mehuded in this
study. CTP was detected m fhree of four cases with posterosuperior quadrant perforstion of the fyrapanic membrane. In one of
these three cases, even though the high resolutien C7 scan was not suggestive of PLE god the pesitymph leakage could not be
visualized intoperatvely, the TP detection test was able to detect PLE. In two cuses, the preoperative posihve test vesults
enabled us to make a Jingnosis of PLE and a decsion for sungeal meamaent, CTP was not detected i the cones with antetior or
mferior tympanic membrane paforation.

Keywords: Middle ear srawoma, heaving loss, COGH pene, cochlin soform

Introduction

Penetrating trauma of the middle ear can occuras a
result of the introduction of a variety of foreign bodies,
for example, 1 koitting needle, hairpin, bullet, twig of
A tree, ear pick, cotton-tipped applicators, stone, and
istrogenic damage [T 9], Trawna sssociated with the
ossicular chain s » frequent finding in these cases and
carries 5 good prognosis. Inner esr damage, however,
while less frequent, exposes the patient to permanei
disabilities i hearing and vestibular fumction.
Edologies of mer ear damage dae to penerating
middle ear injury fnclade Ilabyrivehine concussion,
acoustic paums, and perilympharic fistuls (PLF)
{10 12}, Among these conditions, PLF is an owlogie

emergency and s surgically cotrectable by sealing
the fistuls. Appropriste recognition and treatmendt
of PLF can improve hearing and balmee i the
affficted patients; otherwise, permanent deafness
may result (2] In the absence of high resolution
CT sean (HRC'T) findings suggestive of PLF, such
as otic capsule fracture, stapes luxation or pneumo-
Iabyrinth, it is difficult to make a definite, objective
dingnosis of PLF.

Recently, we reported our findings on cochlin-
tomoprotelny (CTP), a novel perilymph-specific pro-
tein. By protecmic snalysis of nner ear proteins,
certain wnique properties of cochlin isoforms were
discovered. We detected three cochlin isoforms, p63s,
pdds, and pdls, in the ner ear thsue and a showt
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16 kDa soform, named cochlin-tomoprotein (CTP),
in the peribymph [13,14], CTP was selectively
expressed only in the perilymph, not in cerebrospinal
fhaid (CSF), saliva or serum on testing 63, 60, 29, and
28 samples, respectively (14 16],

We have reported 9 stapdardized CTP detection
test for the dingnosis of PLF, using a spiked stan-
dard of recombinant homan GHCTP on Westem
blot [17].

Using this disgnostic method, we detected CTP
in three of seven cases of penetrating middle car
ooy, To the best of onr kaowledge this is the firet
definite disgnosis of panmatic PLF wsing CTP as the
diagnostic marker.

Materinl and methods
Study design and parvicipams

The participants in this nvestigation were derived
from the patients whe had been consenutively referred
to the first author’s outpatient clinie. Enrolment took
place from June 2005 to December 2007, and patients
were meluded based on v history of nsertion of an
objeet into the middle ear, tympanic membrane per-
foration, and accompanying heaving loss with or
without balanee disorders. A total of seven patients
were envolled i this study, An ear pick caused injury
while removing cerumen (A common practice m
Japan) I cmses 15 and 7. A screwdrver was
aceidentally inverted nto the ear of case 6.

We performed physiological resting by pure tone
audiomenry and nystagmoscopy with infrered radia-
tion, HROT was performed inoall cases. In this study,
HROT findings suggestive of PLF are defined as otic
capsule fracture, pueumolabyrinth (Vestibulwm or
cochiles), ossicular dislocation of e stapes Or incu-
dostapedial joint. Fistula test {applying positive
and pegative pressure to the middle ew) was pot
performed 10 svoid further demage of the nner ear.

Standaydized CTP devecvion test by Wesrersr bloe

Ssmples were tested by the smndardized CTP
detection test [17] with minor modifications. For
Western blot amalysis, the rabbit polyclonal anti-
CTP antibody (formerly anti-LCCL-C Ab) was pre-
pared as described previously, Tn brief, o 14-mer
peptide (LSRWSASFTVTKGK) comesponding 1o
residues 114 127 in the LOCL domain was used
an an sotigenic peptide to generate antbody. The
hCTP was med as a spiked standard on Westerm
blot. A gumtve CTP sequence predicted from our
previous study, the 101 to 403 positions of the cDINA
covresponding o aming scid residues 32 132, was
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amplified by PCR from » human expressed sequence
tag clone, IMAGE ID 27789 (Kurabo, Japan). thCTP
was produced wsing pCR/TTVTOPOMTA Expression
Kits (Invitrogen),

Suruples were loaded ontw 15% polyserylamide gels
and transferred onto PVDF membranes. Membranes
were blocked overnight wt 4°C in 3% skim milk and
0.2% polyosyethylenesorbitan (Tween-20) dissolved
i phosphate-bufferd saline (PBS; pH 75). Mem-
branes were then incubated in PBS containing 1%
slam milk and 0.1% Tween-20 for 2 b ot room
texaperature with the primaxy antibody (ani-CTP
antibody) diluted ar 1:2000, After washing with
O05% Tween-20 in PBS, membranes were incubated
for 1 h at rovum tempersture with homeradish
peroxidase-labeled goat anti-pabbit IgG  anubody
{Drako, Japan) dilimed st 1:10 000 in the same boffer
ag vsed for the primary antbody reaction. They were
washed again and the resction was developed with a
chemibominescence resction kiv (ECIL. Advance,
Amersham), and then malyzed by an image snalyzer
LAS-3000 (Fuji Fibm, Japan), Tests were performed
and analyzed by well-trained persormel who did pot
have any information on the clinical background of
the patients.

The detection it of the serislly diluted thCTP
was between 0,27 and .13 pgiwell. These two
amounts of thCTP were set as the high and low
spiked standards, respectively, and were the amounts
electrophoresed each time when we tested the sam-
ples. When the imensity of the band in the samples
tested was below the high standerd signal, the
result was considered 1o be negative, The low spiked
stavcdard was used to estimate the protein transfer
efficiency.

Test results were expressed qualitatively (posiiive
or negative) by the presence or absence of the anti-
CTP antibody rencting protein with the molecular
weight, which exactly marched the molecular weight
of native CTP {16 kDa) on Western blot. The result of
the CTP detection test was provided to the clinie
within 4 days of sarmpling.

Performanee of the CTP desection vess

The performance of the CTP detection test was
desenbed previously [17]. In brief, the detection Tt
of perilymplh was (U161 pl per lane in a0 average of
five saraples. This means that the test can detect CTP
if there is 3.3 ul of pexilyrmpls s 0.3 ml of middle ear
lavage (MEL} (explained in dewil by Tkezouo et al.
(1773 We abo stodied the stability of CTP protein
whent samples were stored st room terpersture
(25°C) or 4°C for as long as 55 days. The effect of
repeated freexing and thawing was also evaluated. The
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results showed thet CTP s a stable protein snd
detection is not affected by the storage condition or
repeated freezing und thawing [16].

We ulso reported the specifichy of the CTT detec-
tion test by testing non-PLEF cases [17]. We defined
‘mon-PLE as those cases with otosclerosis (that had
undergone  stapedectomy),  profound  deafhess
{cochlear implnt surgery), or condustive hearing
loss (exploratory tympanotomy) without any sign of
mflammation or infection. We took MEL before the
stapedectomy or cochleostomy, or before surgical
meatment of conductive hearing loss, The MEL in
54 of 55 non-PLF cases was negative with the CTP
detection test, Le. the specificity of the test was found
10 be 98.2%. To further clucidate the fmiations to
this test, we analyzed the MEL collected from patiens
with middle esr infections, which can give a false-
positive result, The MEL in 45 of 46 cases with
chronic suppurative otitls media or middle ear cho-
lesteatoma was negative for TP, The specificity of
the CTP detection test decreases to 93.5% when
applied 1o nflamed and fected ears. The high pro-
tein concentration of the thick pus present with
infeetion was the most likely cause. o the presem
investigation inflarned ears were studied; so the spec-
ificity is thought to be due to the fatter. These findings
indicate that CTP can be considered a marker for the
dingnosis of PLF.

Sanpling mashod

We simed 1o establish an easy-ro-perform sampling
method, Smmples were collected by lavaging the
middle ear cavity four thmes with the same bolus
of 0.3 mi of saline and recovering the fluid. "This
was defined as middle esr Javage (MEL). In the
outpatient clinie, MEL was collected fhrough a pes-
forated tympanic membrane (eases 3 7), or at myr-
mgotomy in ease § whose meumstic tympanic
membrane perforation had been closed during the
27 day period between the onset and the first visit to
our clinic, MEL was alse collected during surgery in
eases 1 3. Hence, in cases 2 and 3, MEL was
collected twice (before and during operation} snd
we could test whether the leakege continued during
these two sampling time points. Samples were cen-
trifuged st 1250 g for 1 min and the supernatants
were frozen snd stored gt 80°C watil vse. Sixteen ul
of MEL were mixed with 8 pl of three times con-
centeated sample buffer (350 mM Tris-HCI (pH
6.8}, 6% SIS, 30% glyeerol, 0.3% bromophenol
bloe, 300 mM DTT) for Western blot snalysis.
All patiemts gave thelr fall formed consert and
the stady was approved by the Eihics Conumittee
of Nippon Medieal School.
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Thevapeutic procedure

All cases excepr for cases 4 and § received mpesing
doses of oral preduisolone (60 30 mg) down o 5 mg
in an 8 14 day period depending on the patient’s
general condition and any other systemic illnesses.
Surgery (explomtory tympanotomy and PLEF repair
surgery) was performed wnder generl anesthesia o
cases 1 3, o order to inspect and seal the potential
pexibyph leak from the fistuls and to reconstruct the
ossicular chain (explained m detail In the Hesuls
section), Consersative frestment (medication and
bedresty was selected i cases 4 7 and tympanic
membrane perfortion was closed with patching.

Evauation of the thevapewric ouscome

Pure tone audiogram was obiained before and after
trgatinent. The pure tone average (PTA) hearing
thresholds of boue conductivn and sk conduetion
were determumed by fowr frequencies (500, 1000,
2000, and 4000 Hzh The patients were followed
up regularly and PTA was performned unal complete
recovery, or for more than 2 months (svernge
8 months). Hearing dmprovement after treatment
was gauged by PTA of air conduction wsing the
following eriterin; CR, complete recovery (final andio-
gram <20 dB HL, or improvement 1o the same degree
of hearing as the wnaffected enr); RI remarkable
mmprovement Gmprovement >30 dB HL); 1, tmprove-
ment (nprovement of 10 30 dB HLy WO, ne
change or deteroration (mprovenwnt <10 dB HL)
{modified from Kanzeki et al. [18]). Successful hear

g improvemnent was defined as complete recovery or

remarkable Improvement.

Results

The patient nformation and test results (age, sex,
affected side, HROT suggestive of PLF, CTP test
results, ouset to MEL sampling (days}, site of perfo-
mation, pre- and post-reatment PTA, air bone gap,
hearing improvement, nysiagmus} e swmmarized
in Table I Representative Western blot analysis of
CTP detection in MEL from cdses 2, 3, and 7 are
shown in Figures 1 and 2. None of these cases pre-
serited with infection i the middle ear. The comtea-
lsteral emr exhilbsited normal hearing i all cases.
SBuceessful heaving improvement {complete reovery
or reynackable mprovement) was achieved i all coses
except i case 7. Vertigo, a8 a sign of hmer ear
dumage, was observed in cases 1 4, and disappeared
in all cases during the follow-up pedod. In cases 5 7,
perforation was not in the postevrosuperior quadsant
(P5CY) and CTP was negative (Figure 2), suggesting
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Case no.
Parmneter L p 3 4 5 & 7
Age 4 29 ¥ 27 a8 ki 48
S ¥ ¥ M ¥ ¥ M M
Affecred dde L I. R L ® L. i
BERCT snggestive of PLF + +
CLP rest revuhe + byt *, +
Omser 1w MEL sampling (duys) |9 AT, 34 2,8 i 4 i i
Site of perficadon PEG PSQ PEQ PG 5 A Aprerio;
Presresmmeny bone PTA 33 bl 5 35 14 an 35
Prevregement wle PEA 65 i 20 46 ’ 40 Ee 36
Pretreatment ABG 32 5% 15 21 26 38 3t
Por-trewtmment Bone PTA 3 ig 3 %4 131 i5 8
Post-treatment air PTA 3 13 10 6 15 19 36
Posttreatment ABG 3 14 8 13 4 * 9
TFlewring dmprovement RI RI CR CR CR CR I
Nystagnros 5 h . & 5 P, BRPY P 5

Middle sar Tavape (MEL} was collectad only once swoept in ceees Sand 3,

MMm&mmpmmmmﬁcwmﬁm

+t, CTE devection vmtwas pecformed twice wd both rosuln were positive, ARG, air bone gap; BPPV, beniga parecrsoon] positions] vertigs;
OB coanplew recoverys CTF, sochlin-vomoprotein; HROT, high resolution CT seans T improvement; MEL, middle enr lavages NC, no
change or devedorntion; P, womtory sad hericontal, paretics PLF, peilymphatic Ssubn PSQ, posterosupedor quadnt; FTA, pue tone
average: BRI, remarkable fnnprovemeny S, rotetory amd horizontd, stmuoletory,

that the inmer ear damage could be antributed to non-
PLF canses. Therefore, in the following section we
foous on discossing cases 1 4,

Cmse 1 had mixed hearing loss snd developed
severe rotatory vertige 36 b after the traumatic event.
HROT exhibited prieumolabyrinth in the vestibokum
angd dislocation of the incudostapedial joint. The
stapedial footplate seenzed 1o be fn an ntact position.
The tracperative findings showed that the stapes
annular lignment was lax with excess mobility of the
stapes, The stapedial footplare was slightly elevmed
(probably an ear pick with a spoon-Tike tip lifted the
stapes when the patient pulled it owr after penetration,
as shown by Kobayashi and Gyo [1]). Perilymph
leakage was dewected, the stapes was replaced after
coverage of the oval window with fascia, and the
ossiculay chain was reconstrueted. The MEL per
formed mtrmoperatively was positive for CTP, The
PTA demonstrated remarkable hearing improvement
after sargery (Figore 3a).

Case 2 was referred to our clinic becavse of sus-
tained conductive hearing foss md vertigo for 1 maonth
post injury. HRCT revealed stapes luxation and sir in
the vestibulum, MEL was taken on the 35th day
and CTP was detected (Figure 1), suggesting tha
the perilymph had been continuously leaking out
andior bad pooled in the middlke eswr cavity for

35 days without remarkable exacerbation of the sen-
sorinewral component of hearing Joss. During sar-
gy, peritymph leakage was detected and the stapes
was smoothly taken out through the owal window,
The ossicular chain was reconstructed with & Teflon
plston aned the oval window was covered with fascia to
senl the perilymphatic leakage. MEL taken intrao-
peratively was positive for CTP. The PTA demon-
strated remarkable hearing improvement post surgery
(Figare 3b).

Cuse 3 had severs rotatory vertigo 10 I afier the
ravnatic event and mild conduetive hearing loss
Figure 3¢). HRCT did not extibit any finciings
suggestive of FLF. MEL mken on the second day
after the event showed positive CTP expeession
{(Figure 1}, Due to the wamnatic PLF and the pos-
sibility that the hearing might worsen, surgery was
performed on the ninth day, Intmoperstively, the
stapes annular Bgament was lax with excess mobility
of the stapes, and there was slight dislocation of the
weudostapedial jomt. Granulation was  observed
sround the stapes without identifiable leaknge of
perilymph. MEL taken intrmoperstively was positive
for CTP. The oval window was sealed with fascia and
fibrin glue and the incudostapedial joint was recon-
structed. The audiometyic findings were normal and
there was no vertigo post surgery (Figure 3¢), The
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Figure 1. The middle sar Ivvage (MEL) swnples collected proap
expsively fram coses 2 and 3 were tested by Western blat nsing otk
cachiintomoprownin (CT) aibody 1o derent OTF. The MEL
frows both coaes 2 and 3 shows & positive result. Lane 1, shiOTF low
spiked stmdard (0.03 nghweed), CTPwaegative; 2, hOTP high
spibed standmd (0027 vl CTPepositive; %, 16 ul of MBL
framm case 3, CTPepasitive; 4, 2 ul of perilymph (positive contzal),
CTP-pasitbee; 5, blank, CTP-negative; 6, 16 1l of MEL from case 3,
CTPopositve.

MEL samples when preoperatively and av surgery
were both positive for CTP, indicating thar the peri-
lymph was still leaking our and/or had pooked in the
middle ear cavity for 8 days.

In case 4, perfomtion was in the PSQ, bur the
HRCT finding was not suggestive of PLE and the
TP was negative. The vertigo and hearing loss
resolved with conservative treatment.

Drscussion

Penetrating middle ear injuries are reportedly com-
monly caused by the insertion of variows kinds of
foreign objects. These foreign objects result in perfo-
ravion of the tympenic membrane, ossicular dislocs-
tion or, most seriously, direct damage 10 the stapes. In
Japan, removing the cerumen by an ear pick is a
common practice, and there were 20 cases of pene-
trating middle ear injuries reported over a 10wyear
period [1]. The current report comprises the largest
number of middle ear inpury cases (seven cases) in a
single study.

We would like 1o emphasize that even though it s
not & commeon trawma, penctrating middle ear injury
is a very impormant condivon for understanding the
pathomechanisms of raumatic inner ear injuries. An
improved understanding will enable thempeutic and

Figuze 2. The middle eor lavage (MEL) sample from case 7 was
testid by Western blot using snt-cochbin<mmoprotein (CTF) ami-
baody 1o detect CTP, which shows » negative result, Lane L oh(OCTP
Tow spilted standard (013 npiwell), CTP-negstivey 2, hCTP
high spiked swmndard 007 npledl, CTPepositive; 3, blandy
CTP-negatien; 4, 16 1l of MEL from cese 7, penetrating middle
earinjury, T Baegative; 5, 0.25 ul of perilymph {positive contml),
CTP-positive,

134

preventative strategies for acune, Ime onset, and debil-
itating newro-orological problems of patients with
similar pathomechanics, such as temporal bone frac-
rure, prewmokbyrinth or lawogenic juries during
otologic surgery.

Symptoms commonly assoctated with this ype of
injury include acute hearing loss, vertigo, tinnitus,
and pressure sensation in the affected ear. The severs
ity of the injury was first analvzed by the spmptoms
and test results such as HROT findings, audiogeam,
and nystagmus. Inner ear damage can have various
etiofogles, such as labyrinthine concussion, acoustic
trauma or PLE [10-12], Conservarive weatment is
adequate for labwrinthine concussion and acoustic
wrauma, but traumatic PLF is an otologic emergency
that may require surgical trestment. Appropriate ree-
cgnition and reatment of PLF is especially importans
and It can improve hearing and balance, and hence
the quality of life of the affiicred patients,

However, differential diagnosis among these vart-
ous eriologies is not a simple sk This has led 1o
a series of rescarch efforts to identify an endogenous
marker  of  peribymph  [14]. Previously  bend-
rransferrin was thought o be a marker; however, a
more recent study showed that, because of the relative
snount of serum and perilymph in & mixed sample,
electrophoretic separation of the rransferrin variant
might not be dingnostic [19]. As explained in the
Methods section, we have shown that CTP was selec-
tively detected in the perilymph and established a
standardized CTP detection rest for the disgnosis
of PLP, using a spiked standard of thCTP on Western

- blot [15-17]. We have reported the performance of

the CTP detection test, inchuding the specificity of the
west and the stability of the CTP prowin.

In the present study, we have shown the usefulness
of the CTP detection test for the diagnosis of wau-
meatic PLF in the clinical serting. In four middle ear
trauma cases suspected to have stapes Injury due to
the symptoms and the site of perforation Goe the
PSSO, threee cases had a posivive CTP detecrion tesy
{cases 1-3). When the site of perforstion was in the
PSG and HROT detected pneumolabyrinth, a diag-
nosis of trawmatic PLE due to the direct injury to the
stapes was made, a8 n cases | and 2. Even HRCT
was not clearly indicarve of PLE, sinee it was the
CTP detecrion test that enabled the derecton of
PLE in case 3. If the site of peforation and
HROT findings are not suggestive of PLF, a negative
CTP result can thus help w exchide PLF, as in
cages 57,

The conventional gold stndard for PLEF detection
is the mtrsoperative microscopic visualization of peri-
Iymph lkeakage and fistula [17]. By this intracperative
microscopic visualization, » definitve disgnosis of
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Figura 3. Pre- and pos-trextment purs wone sudiograms of case 1 (8, case 2 (), and coze 3 (6}, with positive CTP demcorion ey vesults,

iravmatic PLE was made in both cases 1 and 2, sod
the CTP positive result confirmed this. In case 3, the
oval window fistuly and leakage were not apparent,
eventhough the sonular igament was identified as fax
with excess mobility. Bven i this type of ambiguous

condition, the CTP detection test was able to clearly
identify PLF. In these cases with a positive CTP
test yesult, severe rotmtory vertige was ome of the
main complamts. Bven if the hearing loss was stable
or bad not deteriorsted remarkably, the presence of
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vestibular symptoms is importan for an scourate
diagnosis.

The preopermrive CTP detection test was valoable
for the decision as to the need for surgery o cases 2
gl 3, In chronic ‘cases such as case 2, the key
question is whether the perilymiph leakage persists
or not due 1o spontaneous healing with geanwilation
formation in the oval window, When the leakage
ceases, conservative treatment in indicated., When
the leakage persists, swigical treatment (sealing the
fistuls and reconstruction of ossicular chain) s
needed to prevent inver ear infection, meningitis or
further deterioration of e inner ear dysfinction.
On the other hand, with mild teauwaatic PLF a8 in
case 3, sealing the damaged annular lgament can be
performed without serious complications.

We were able 1o achieve hmprovement in both
hearing and vestibular symyproms in cases 1 3. How-
ever, surgical treatment is stll a controversial issue in
these types of stapes jury. Hearing and vestibular
funetion vary after surgical weatment due 1w the
initial degree of inner ear damage cuused by the
wfury, and the sdditional effect caused by the sur-
gical procedure fself, which may furdrer damage the
nmer ear,

Conclusion

The CTP detection test enabled a definite disgnosis
of travrpatic PLF smong penctrating middle ear
injury cases. These PLF cases, which weve definitely
disgnosed with the positive (TP rest results, revealed
the patient symptoms and physiological test resules
1o be widely variable. The inner ear damage may be
dependent npon the rapidity of onset, dumtion of the
perifymph leskage, the site of the leaknge, and other
biological factors. Using this CTP detection test, a
defimitive disgnosis of PLF can be made and appro-
priate therapentic options for this surgically comeet-
able disease con be taken mto consideration, Further
studies will be needed 1o provide insight into the
eticlogy and pathomechanisms, snd such hsight may
lead 1o the development of thefapeutic and preven-
ative strategies for acate, late onset, and debilitating
neuro-otelogical probles,
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CTP (Cochlin-tomoprotein) detection in the profuse fluid leakage

(gusher) from cochleostomy

TETSUQO IKEZONO', KAZUKI SUGIZAKI', SUSUMU SHINDO', SATOMI SEKIGUCHE,
RUBY PAWANKAR', SHUNKICHI BABA' & TOSHIAKI YAGI'

' Deparmment of Owrkinolaryngology, Nippon Medical Schoot and *RE&D and Business Development Segment,

Mirssebishi Chemical Medigner Corpovation, Tokyo, Japon

Abstract

ilwimi&m: By testing 123 samples, we confirmed that Cochlin-tomoprowin (OTP) fs present in the penlymph, not in

cercbrospingl fhuid (CSF), Perilymph and CSF ewist m two distinet comparoments, even in the case of » raalformed wmoer
car with a bony defect o e lunina oribross, as described here. Cochleostomy might have suddenly decreased the
peribvmph pressurs, sllowing the influx of CSEF it the taner sxr vesultiog in profuse fTuid leakage, firsy pevilyraph then
CSF. Objectives; The frst purpose of this study was 1o further confirm the specifiony of the pertlymph-specific protein
CTP that we weported yecently. Secondly, we assessed the nature of the fuid leakage from the coclileostomy using the
CTP detecrion test. Mezhods: & standardized CTP detection st was performed on 65 perilymph and 60 CSF suraples.
Sarnples of profuse Suid leakage collooted frora cochleostomy during cochlear implantation purgery of one patient with
branchio-ote-remal (BOR) syndrome were also tested by the CTP detection test. Reudesr TP was detected in 60 of
65 perthyroph samples but not in any of the C8F seoples. The leaked Suid was shown to contaen CTP, 1e. perilyraph, at

the outset, snd then the CTP detection signals gradually disnppeared as time elapsed.

Keywords: Perilymph, CSF, cochloar implant, COCH gene,
sensorineiral hearving loss

Introduction

Normally the cerebrospinal fluid (CS8F in the
subarachnioid space exvends lateraily into the internal
auditory canal (TACY as far as the latexal fundus,
where it & separated from the perilymph by the
bowy plate of the lmuina cribrosa, the nerves thar
pass through the laming cribrosa and the spiral gan-
glion. Profuse leakage of perilymph and CSF is the
result of an abmormal bony defect i the lamina
eribross, rather than enlargement of the cochlear
agqueduct. In some congenitally dysplastic ears there
is a deficency in this barrier, sllowing direct
confluence between the CSF and perilyraph [1,2].
Iy & lange sevies of cochilear buplais, the mcidence
of this profuse leakage of peribymph and C8F, ie. 2

Cochidin ssoform, branchio-oto-renal syndrome,

‘gasher’, was approximately 19 of all cases, The term
gusher is widely used in the literature to describe
egress of char fluid from the cochleostomy site.
However, the term is variably apolied and bears no
explicit relation 1o the amownt of Auid leaking, dme
elapsed watil the flow ceases, pressure of the fluid
column or origin of the fhuid. The fludd may be C8F,
pexilymph, or a mixture of the two [3]. Even thoagh
the current level of disgnostic imaging technology is
considerably advanced, at presemt It s unelear
whether the perilymph and CSF spaces are sepasate
and function as two distinet compartments or not.
The fagile membranous tissue at the fonudos of the
IAC can be perforsted after the feneswation of
the cochilea due to a pressure decrease in the peri-
lymphatic space resulting from the cochleostomy.
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Altervatively, these liguid compartments may be
mixed preoperatively because of a defect in the lamina
exibrosa. The confluence of these two fluids could be
one of the causes of the deterioration of hemmg {2}
Recently, we repmed the featuwes of Cochilin-

mmngrmmm {f:’i‘i’f} a novel malymphwpemﬁe

protein, By pmtmmxe: analysis of inner ear profeins,
we found certain unique properties of the cochlin
isoforms. We detected three cochlin isoforms, p63s,
pdds and pds, in the inner ear tissue, and a short
16 kDa isoform, named Coctilin-tomopratein (CTP),

i the perilymph [4,5]. Stnce COCH gmefw«:him is
known o be highly spcmﬁa to the inner ear, we
examined CTP ::x;m:mm in body fluid. CTP was
selectively expressed in the perilymph of all 20 peri-
lymph samples tested, but not in 77 samples of the
body foids, e serom (28 samples), CSF (20 sam-
plesy or saliva (29 smmples) [6]. Using CTP as a
biomarker, we have establishied a standardized CTP
detection test for the dingnosis of perilymphatic fistula
(PLF), using o spiked standard of mmmbmx
hamnan GhYCTP in W»mmxhimmmg 7.

In the present study, we furiher analysed the spec-
ificity of CTP expression i body fluids, testing
65 perilyoiph and 60 CSF sanmples. The resilts con-
furen that CTP is present in the perilymph, butnot in
the CSF. Perilymph sand CSF are dinuwnﬂmiby the
presence. or absence of 4 pmulnr protein, TP
Then we tested the samples of the profuse fluid
leakage collected temporally from one case of
cochleostomy during cochlear mplantation surgery.
The leaked fluid at the beginning of the cochleostomy
contained CTP, e perilymph, and the CTP signal
gradually disappenred as time elapsed. These results
indicate that even in the malformed mner ear of the
ease presented here, with a defect in the bony barder
at the fundus, the perilymph and CSF fluid spaces
funetion ns two separate compartments. Cochleo-
stomy might bave suddenly decreased the peribymph
pressure snd allowed CSF influx into the bmer ear,
resubting in profuse fluid leaksge (perilymph then
C8F) fom the cochleostomy site. This s the fimst
report of a temporal soalysis of the CTP protein in
gusher fluid.

Material and methods

Anatysis of CTP expression in CSF and peribymph:
collection and processing of body fluid samples

For the assessment of the specificity of CTP expres-
sion in body fluids, we collected perilymph during
stapedectomy for otosclerosis or during cochleostomy
for cochlesy mplant sargery. CSF was purchased

from Biotech (Valley Center, €4, USA). The CSF
was collected from consenting donors at an FDA-
licerised and registered facility, No adverse events
were observed during sample collection, The saraphes
were centrifuged at 1250 g for 1 min and the super-
nETRLE Sweve frozen and stoved st 80°C wntil use. All

patients gave their full informed consent and the study

was approved by

Medical School,
‘Samples of perilymph or CSF (4 pg) were mized

with 5 (il of sample buffer (150 WM Tris-HC pH

the ethics contmittee of Nippon

6.8), 6% SDS, 30% glycerol, 0.3% bromophenol

‘blue, 300 mM DTTy aﬁnnm&mﬁm per average
profem concentration (perilymph 200 mg/dl, CSF
40 mg/dl) [8], then analysed by Western blot,

Analysis of CTP expression in dhe profice fhid hakage
Srome cochlpostomy

We performed cochlear implantation in » 50-yeur-
old male patient who was disgnosed ss having
beanchio-oto-renal (BOR) syndrome (without renal
manifestation) based upon the diagnostic criteria
[0]. The patent smrted 10 use a hearing aid at
the age of 8 years, and his hearing had progressively
deteriorated. At the time of his first visit to our
e&ﬁ?m, he had profound bilmeral sensorineural
hearing loss, right preauriculsr sinus and a slightly
wulformed feft awdele. The tympasic menibranes
showed no sostomical abnosomalities. High resolu-
tion computed tomography (HRCTY of the tempo-
ral boves (Fig. 1) presented findings typically seen
in BOR cases; hypoplastic apical tum of the cochlen,
a fumnel-shaped TAC. The fundus of the TAC was
wide, the lamine cribrosa was hypoplastic and no
bony structare was seen [10]. Echogram and HRCT
revealed no remal malformation. An 18-year-old
danghter of the patiemt had bilsteral profound
sensorinewral hearmg loss and a history of suripiesl
removal of bilateral corvical fistulas, She had similar
HRCT findings, The patlent’s futher also had
bilateral progressive hearing loss.

Dhuring cochlesr implantaton in this case, profie
fluid leakage from the cochleostomy (gusher) was
observed. We collected the leakage samples In a
temporal manner at the following time points: ¢
(mmediately after fenestration), 0.5, 2, 3, 6, 15,
2%, 35 and 40 min. I s the policy of this depare-
ment to wait until the flow of the leakage weakens
and then seal the cochleostomy with fascla and
fibrin ghie 1o avoid fumbar desinage. As 4 control,
middle enr lavage (MEL), ie lavaging the middie
ear cavity three to four times with the same bolus
of 0.3 ml of saline and recovering the fhud, was
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CTP detection in gusher fuid 3

Figure 1. HRCT of the right ear in the axial plane. Both ens had findings typically seen fn BOR ousesr (8) the hypiphiatic apleal turn of
the cochles, e fundus of the intermal auditory canal was wide, the ming cribross win hopoplasdc and 26 bony stractute was beens (b the

funnelshaped interral wuditary cunal (TAC).

saken from the middle ear before cochlesstomy,
MEL (16 ply was mixed with 8 pl of 3x concen~
wated sample buffer (150 mM Tris-HCI (pH 6.8),

6% SDS, 30% glycerol, 0.3% bromophenol biue,
300 mM DTT) for Western blot analysis.

Standardived CTP derecrion test by Westerns blot

Samples were tested by the standardized CTP detec-
tion test [6,7], with minor modifications. For Western
blot analysis, the rabbit polyctonal snt-CTP antibody
{formerly  and-LCCL-C Ab) was  prepared as
described previously, In brief, a Id-mer pepride
(LSRWSASFIVTRGE) comresponding to residues
114-127 in the LOCCL domain was used as an
wntigenic peptide 1o generme antibodies,

Samples were loaded onto 15% polyacrylamide
gels and  wransfemred  omto PVDE  membranes,
Membranes were blocked overnight at 4°C in 5%
gkim milk and  0.2%  polyoxyethylenesorbinn
{Tween-207 dissolved in PBS (pH 7.5). Membranes
were then ncubated in PBS conmining 1% skim
milk and 0.1% Tween-20 for 2 h ar room sempe-
rature with the primary antibody (anti-CTP anti-
bady) diluted to 1:2000, After washing with 0.05%
Tween-20 in PBS, membranes were incubared for
1 b at room remperature with horseradish peroxi-
dase-labelled gosr anti-rabbit IgG anibody (Dake,
Tokyo, Japan} dihued 10 1110 000 in the same
buffer as used for the primary sntibody resciion.
They were washed agaln and the resction wag
developed with a chemiluminescence reaction kit
{BECL Advance, Ameérsham) snd then wmwlysed
with an image analyser LAS-3000 (Fuji Film,
Tokya, Japan). Tests were performed and analysed

by well-uained personnel who did not have any
informations on the clinical background of the
patients, w avaid any bissed judgments. Test resulis
were expressed qualintively (positive or negative) by
the presence or absence of the ant-CTP antibody
reactive protein, with a molecular wf:tght that exactly
matched  the molecular sweight of native CTP
{16 kDa) on Western blot.

thCTP was used 33 a spiked standard on the
Western blor. A putative CTP sequence predicted
from our previous study, the 101403 positions of
the ¢DNA corresponding w amino acid residues
32-132, was smplified by PCR from a human
expressed sequence tag clone, IMAGE ID 27789
(Rurabo, Japan), thCTP was produced uging
PCRITTTOPOITA expression kits (Invirrogen),
To esmblish a clinical rest for the diagnosis of
perilymph leakage wnd avoid test varisbility, we
standardized the CTP detection test using high
(0.27 ng) and low (0.13 ng) spiked standard
levels of thCTP on Western blor. When the inten-
sity of the band in the ssmples tested wan helow
the high-level standard signal, the result was con-
gsidered to be negative. The low spiked standard
was used ro extimate the protein rransfer efficiency.

Diagnostic performance of the CTP derection text

To evahute the specificity of the CTP detection testin
the clinical sexting, we previously reported the test
results of senaples from non-PLF cases. In that study,
wie defined non-PLF as those cases with otosclerosis
(that had  undergone stapedectomy),  profound
deafness {cochlear implant surgery), or conductive
hearing loss (explorarory tympanotomy), without
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