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Abstract

Background: Pellymphatic fistula (PLFY defined as an ab-
normal communication between the inner and middle ear,
presents with a symptomatology of hearing loss and ves-
tibular disorder that is indistinguishable from a number of
other inner ear diseases. Methods of dlagnosis remaln con-
troversial. We have previously shovn that Cochlin-tomopro-
tein (CTP)is selectively detected in the peritymph. To estab-
lish a definite diagnostic test for PLF using CTP as a
biodvemical marker, we examined the diagnostic perfor-
mance of the (TP detection test. Methods: CTP detection
test was performed by Western blot using recombinant hu-
man CIP thCTP) as a spiked standard, We svalusted the
specificity of the CTP detection test by testing non-PLF cas-
s To describe the limitations of the test, we tested samples
from patients with middie earinfection, We also studied the
stability of CTP protein by storing the samples at room tem-
perature 25°CY or 4°C for 55 days, The effects of repeated
freezing and thawing were also evaluated. Serially diluted

perfymph was tested 1o find out the detection imit of (TR,
Findings: We have established a standardized CTP detec
tion test using bigh (0,27 ng) and low (0,13 ng) spiked stan-
dards of thC TP in Western blotting, Middie ear lavages (MEL)
from 54 of 35 non-PLE cases were negativein the CTP detee
tion test, Le. the specificity of the test is 98.7%, MEL from 43
out of46 cases with chronic suppurative ofitis madia or mid-
dle ear cholesteatoma were negative for CTR.CTP s a stable
protein and detection was not affected by the storage, o
freezing and thawing, The detection limit of perilyroph was
0161 piflane inanaverage of 5 samples. Interpretation: CTP
isa stable perilymph-specific protein, and this CTP detection
could be the flest dintcally established diagnos tic 1ol to de-
tect PLF with a high spedificity. PLF is surgically correctable
by sealing the fistula, Appropriate recognition and freat-
ment of PLE can improve heating and balance in afflicted

patients, Copynght € 20065, Keqer A%, Basel

Introduction
Perilymphatic fistula (PLF) is defined as an abnormal

communication between perilymph in the Iabyrinth
and the middle ear. Representative symiptoms of PLF are
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sidden onset and/or 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 i3 associated with & traumatic or barotraumatic
event resulting in labyrinthine fracture, iatrogenic art-
facts (ear surgery), or a disruption of the membranes of
the round and/or oval window(s) [Goedhill, 1971; House
et al, 1991 Fitzgerald, 2001; Minor, 2003; Weber et al,,
2003},

Unlike other canses of sensorineural hearing loss, PLF
is surgically correctable by sealing the fistula, Appropri-
ate recognition and treatment of PLE can improve hear-
ing and balance, and hence the quality of life of the af-
flicted patients, However, despite extensive efforts to es.
tablish definitive methods for PLF detection, such as
andiometry, electrocachlpogram, electronystagmogram
and radiological examination, there is as vet no widely
accepted specific test for diagnosing PLF [Podoshin et al.,
1994; Wall and Rauch, 199% Nomura, 1994 Black et al,,
1992], The conventional definitive diagnosis of PLF de-
peads on the direct visnalization of the pertlymphatic
leak and fistula, but thisis both difficalt and highly sub-
jective, The difficulty of making a definitive diagnosis of
PLF has caused a long-standingdebate regarding its prev-
alence, natural history, management, and even its very
existence [Hughes et al., 1990; Schuknecht, 1992; Fried-
land and Wackym, 1999],

Previously, by proteamic analysis of inner ear pro-
teins, we found very unique properties of cochlin {en-
coded by the COCH gene and mutated in DFNAY - a he-
reditary form of hearing lose), which is expressed abun.
dantly in the inner ear [Robertson et al, 1998 Tkezono et
al., 2005 Robertson et al, 2006; Shinda et al, 2008], We
detected 3 cochlin isoforms, p63s, pd4s and p40s, in the
inner ear tissue and a short 16.-kDa isoform named Co-
chlin-tomoprotein {CTP) in the perilymph [Thezonc et
al, 2001, 2604], Since cochlin was found to be highly spe-
cific to the inner ear [Robertson et al, 1994, Abe ot al,
2003 Li et al. 2005], we tested the expression specificity
of CTP in pertlymphy CTF was indeed selectively ex-
pressed only in the perilymph, and not in CSE, saliva or
serurn [Lkezono etal., 2009]. In addition, we reported the
motecular mechanisms that regulate the perilymph-spe.
cific expression of CTP [Sekine et al., 2009,

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

Performance of OTP Detection Test in
PLF

tection test by testing samples from non-PLE cases. To
describe the limitations of the test, we evaluated the in-
Huence of middle ear infection on the test results, We also
studied the stability of CTP protein when samples wers
stored at room temperature (35°C) or 4°C for as long as
55 days. The effects of repeated freezing and thawing
were also evaluated. Serially diluted perilymph was tested
to find ount the detection limit of CTP. The present study
showed that CTF could be the first clinically established
biochemical marker to allow a definitive diagnosis of
PLE-related hearing loss.

Methods

Standardization of the CTP Detection Test by Western Blot

For Western blot anslysis, the rabbit polyclonal anti-CTP an-
tibody (formerdy anti-LOCL-C Ab) wasprepared as previously de-
scribed [Thezonoet al, 2004] Tnbrief  W-mes peptide (LERW Sa-
SFTVTEGKcorrespondingto residues 134-127 in the LOCL do-
main wasused to generate the antibody, Rebbitowere immunized
by yepested subcutaneous injections of the KLH-coupled pep-
tides. The serum was purified by a protein 4 colump, followed by
peptide-affinity chromatography. The specificity of the antibod-
ies forthe corresponding antigenic peptides wasconfirmed by dot
blot anadysis and a {wxidﬁa absorption test {data not showel The
TP was used as a spiked standard o the Western blot. The
exact M- and C-terminal sequence of TP is not vet known. How
aver, a put ative CTP sequence predicted from our previous study
{Thezono ef al., 2004], located st positions 101-403 of the cDNA
and corresponding to amine acid residues 32-132, was amplified
by POR from o buman-expressed sequence tag clene, Tuage 1D
17789 {Kurabok thCTP was produced using pCR/TWTOPO/TA
expression kits {Invid rogen).

Saraples wereloaded npto 15% polyacrylamide gels and trans-
ferred onto polyvinylidene fluoride membranes. Membranes
were blocked overnight at 4°C in 5% skimmed milk and 0.2%
polyoxyethylene sorbitan (Tween-20) dissolved in PBS (pH 7.5),
Membranes were then incubsted in PBS containing 1% skimmed
mille and 0.1% Tween-20 for 2 b ot room tempersture with the
primary antibody (anti-CTP antibody) difuted st 11000, After
washing with 0.1% Tween-20in PBS, membranes were incubated
for 1h at room termperature with horseradish peroxidase Jabeled
goat anti-rabbit IgG antibody (D ako} diluted st 1:1000in the rame
buffer used for the primary sntibody reaction. They were washed
again, and the reaction was developed with s chemiluminescence
resction kit (ECL sdvance, Amersham) and thes analyzed by an
image analyzer LAS-3000 (Puji Film), Tosts were performed and
analyzed by well-trained personned who did not have any infor-
mation on the clinical background of the patients, to avold any
biased judgments. Test results wercexpressed as positive or nega-
tiveby the presence or absence of the anti-CTP antibody reacting
protein with the molecular weight that exactly matched the mo-
lecular weight of native CTP (16 kDa) on Western botting
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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 fluids,
serum, CSFarsaiiva, The ultimate purpose of this testis to be sble
to detect the presence of leaked PLF in the middle ear cavity pre-
operatively in the outpatient clinic. We aimed at establishing an
easy-to-perform sampling method. Samples were collected by la-
vaging the middle ear cavity 34 times with the same bolus of 0.3
ml saline and recovering the fluid, and these were defined as mid-
dle ear lavage (MFL}. MEL was collected from non-PLE casesand
those with suppurative otitis media or middle car cholesteatoma.
Samples were centrifuged at 1250 g for | min, and the superna-
tants were frozen and stored at ~80°C until use: 16 pl MEL was
mixed with § plof 3 times concentrated sample buffer (0,188 u
Tris buffer, 2.39 msd SDS, 30% glyceral, and 15% of 2-mercapto-
ethanol) for Western blot analysis,

To test the stability and detection limit of CTE, perilymph was
collected from 5 cases of cochlenstomy for cochlear implant sur-
gery. We collected the leakage from the cochleostomy using a 27
gange (0.27 mun internal dismeter) blunt-end fine needle. Al pa-
fients gave their full informed comsent, and the study was ap-
proved by the Ethics Committer of Nippon Medical School,

NonPLF Cases

In order to evaluate the specificity of the CTP detection test,
we examined MEL frowonon-PLE cases In this study, we defined
‘non-PLE a5 those cases with otosclerosis fwhich had undergone
stapedectomy), profound deafness (cochlear implant surgery) or
conductive hearing loss (exploratory tympanotomy). We took
MEL prior to the stapedectomy or cochleostomy, or prior to sur-
gical treatment for conductive hearing loss. These cases did not
have any symptoms or test results suggestive of PLF {including
high-resolution temporal bone target CT scans and intraopera.
tive findings, such as microscopic visualization of perilymph
leakage and/or fistula). Patients who had revision stapedectony,
revision cochlear implantation, ossified cochlea or infection of
the middle ear were excluded.

Effect of Middle Ear Infection on CTP Detection Test

It is well known that protein-rich samples, such as pus, can
ciuse nonspecific signals on a Western blot. Therefore, we further
clarified the influence of the infection in the middle ear on the
testresults. The MEL from surgically treated chronic suppurative
otitis media cases {n = 12) and middle ear cholesteatoma cases
(n = 34y were evaluated. Nome of these cases had any symploms
of test results suggestive of PLE

Tasting the Stability of CTP

In everyday clinical settings, collected samples may notbe fro-
zen immediately, We therefore evaluated if the results of the CTP
detection testwere affected by storage conditions that conld lead to
proteindegradation. We tested diluted perilymph (126 with saline}
keptat room temperature (25°Chor ip a refrigerator 384°C for 1,2,
68,9, 12,1515, 16, 19, 20, 23,27, 3, 41, 48 or 55 days; 4 ] diluted
suline was wised with sample buffer (24 gl total volumey and 22 1
sample, Le. 0.18 pl of perilymph/lane. was loaded on to the gel In
addition, MEL could be tested multiple times by Western blotting
or by an alternative method to confirm the test results. We per-
formied the CTP detection test of dilmted perilymph after repeat-
edly freezing (-70°Cy and thawing (25°C) for 10 times,
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Lane Sample Arsount of
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1§ rhdip 37 ng
2 rh(Ip .13 ngy
* petilymph 1833 gk
4 pearibymph 0.917 i
5 perilymph 0458 pl
& perilymph 0.279 p!
I8 perilyraph 0115l
8: perilymph G057 ul
& perilymph 0.029 pd

Fig. 1. The detection limit of serially diluted perilymph samyples
using 4 standardized CTP detection test to define spiked stan-
dards, We loaded thCTF as high and low spiked standard (lanes
1.2y and serially diluted perilymph samples (Janes 3-9) When the
intensity of the band in samples tested was below the high stan-
dard signal, the result was considered to be negative. The inten-
sity of the band in lane B is below the high spiked standard {lane
1) thus, lane & was considered to be negative. The detection limit
of CTP in the diluted perilymph (4115 pl/lane: lane 73 is shown.

Detection Limit

Five serially diluted perilymph samples were tested indepen-
dently to establish the detection limit of CTP. We mixed 4 pl peri-
lymph with 28 4ol saline and 16 1) of 3 times concentrated sample
buffer. This mixture was serially diluted with sample buffer, Di-
tuted samples were heated to 100°C for 10min. Then 22 gl of these
sumples were loaded onto the gel and the volume of loaded peri-
Iymph samples was caleulated as follows: 1835, 0.917,0.458,0.239,
0115, 0.057, 0.029 (plilane)

Results

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 rhC'TP were set as the high and low
spiked standards, respectively, and were the amounts
electrophoresed each time when we tested the samples
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Case & Casa B
i {9 o 4
merew g
Larién 1 2 3
Sprplec 027 013 £yt
Lane  Sample Arnount of
sample/lans
t: TP 427 g
2 ThCTR A13ng
ES Case A MEL pre-fenestration 16 pl of MEL
4 Case A Periymph leakage 7 plof peritymph
5 Case B: MEL pre-fenestration 16 pd of MEL
& Case B: Perilymph teakage 7 pd of perilymph

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

Table 1. CTP detection by non-PLE satples

Total orp oI
posithes - negative
Prior to stapedectomy 35 1 34
Prior to cochleostomy 2 ¢ 12
Exploratory tympanetomy 8 & S
Total 55 1 54

Table 2. Fffect of middle ear infection on CTP detection test

Total  CTP TR
positive - negative
Chranic suppurative olitis media 12 i 11
Middle ear cholesteatoma 34 Z 32
Total 46 3 43

Performance of CTP Detection Teatin
PLF

(fig, 1). When a high standard was detected, we accepted
the results otherwise, samples were re-evaluated. 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 molecalar weight of
rhCTP exactly matched that of native CTP (16 kDa} 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 8 cases during
exploratory tympanotomy were negative for CTP Into-
tal, 54 MEL from 55 non-PLF cases were pegative 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 CTP detection from non-
PLF cases and the perilymph. Samples of MEL taken pri-
or 1o fenestration and the perilvmph 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 kD in perilyvinph samples.

Effect of Middle Ear Infection on the CTP Detection

Test

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

Stability Testof CTP

We tested sarnples stored at 25°C or 4°Clor 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 sarnples tested.
The intensity of CTP signals did not change remarkably.
After repeated freezing and thawing {10 times), the inten-
sity of CTP signals did not change {(data not shown).
These results suggest that CTP is a stable protein, and the
results of CTP detection test by Western blotting wounld
not be altered by storage conditions within this rage.

Detection Limit of CTP

Five serially diluted perilymph samples were tested to
show the detection limit. Detection limits were 0.229 1/
lane (2 samples) and 0.115 plilane 3 samples), which
gives ap average of 0.161 plflane (fig. 1. This detection
timit could be useful in the clinical application of CTP as
a diagniostic marker of PLE
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Discussion

We previonsly analyzed the expression of CTF in var-
ious human bodily fluids, including the serum, CSE, sa-
livaand perilymph [Tkezono et al, 2009]. Allbodily finid
sarmples, except the perilymph, were negative for CTP.
These results strongly suggest that CTP is expressed spe-
citically and exclusively in the perilymph, from amongst
these 4 kinds of bodily fluids that may be present in a
healthy or diseased middle ear, and that CTP can be con-
sidered to be a specific biochemical marker for PLE. Re-
cently, we reported the molecular mechanisms that regu-
late the perilyraph-specific expression of CTP [Sekine ef
al,, 2009]. We performed RNA ligation-mediated ampli-
fication of cDNA ends (RLM-RACE} using RNA isolated
from the inner ear and spleen of rats, which are known to
express abundant cochlin mRNA, We detected 2 novel
short mRNA (aspliced variant), which incladesthe LOCL
domain, This short mRNA was detected in the inner ear,
and not in spleen.

The conventional gold standard of PLF detection isthe
intraoperative microscopic visnalization of perilymph
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, thiscouldbe
misinterpreted as perilymph leakage [Nomura, 1994
Friedland and Wackyrm, 1999], The difficalty of making
a definitive diagnosis of PLF has caused a long-standing
debate regarding PLF [Hughes et 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. Our ultimate goal has been to establish a clinical
test to allow a definitive diagnosis of PLF using CTF as
a biochemical marker. It should be a clinically useful
and specific test for the ‘preoperative’ diagnosis of PLE.
in order to avoid unnecessary exploratory surgery. At
the same time, this method has to be applied to a variety
of clinical scenarios in PLE, wherein the leakage could
take place in the oval or round window, fractured bony
labvrinth, or minor fissures [Kohut et al, 1986]. More-
over, the leakage could be intermittent, ongoing or conld
have ceased with the leaked perilymph pooled in the
middle ear. Therefore, we used MEL for collecting the
samples from the middle ear in which the sampling was
easily performed in an outpatient setting, only by the
canventional method of mytingotomy under local anes-
thesia, Saline lavage should inclade all the perilymph

172 Aundiol Neuroted 201015168 - 174

from wherever the perilymph leaked out or became
poaled.

Detection of the target protein ina Western blot is af
fected by the efficiency of protein transfer. Transfer effi-
ciency depends on factors such as the composition of the
gel complete contact of the gel with the membrane, the
position of the electrodes, the transfer time, size and
composition of proteins, feld 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 0.13 ng thCTE 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 result was considered to be negative.
The average detection limit of CTP in 5 serially diluted
perilymph samples was 0161 pl/lane. This means that
the test can detect CTP if there is 3.3 pl perilymph in 0.3
ml MEL (amaunt of perilymph contained in the diluted
sample of the detection limit: 0.161 ¥ 24/22 = 0.176 pl;
peritymph in the total MEL: 0176 x 300/16 = 3.3 pl).
This detection limit could be used in the clinical applica-
tion of CTF as a diagnostic marker of PLE,

MEL should contain middle ear mucosal secretion
and other substances normally expressed in the middle
ear cavity. Binge these substances may cause false-posi.
tive reactions to the antibody, we tested MEL from non-
PLF cases. In this stady, we defined ‘non-PLEF as those
cases with otosclerosis (who had undergone stapedecto-
my}, profound deafness (cochlear implant surgery), or
conductive hearing loss {exploratory tympanetomy), We
took MEL prior 1o the stapedectomy or cochleostomy, or
prior to surgical treatment of conductive hearing loss,
None of these cases had any symptomsor test results sug-
gestive of PLF (including high-resolution temporal bone
target CT scans and intraoperative findings). We detect:
edanti-CTP antibody reacting protein at 16kDain L ato.
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 Irving to evaluate the
sensitivity of the test by performing the CTP detection
test in ‘definite PLF cases) such as tranmatic stapes in-
jury.

There are limitations fo this test, Analysis of MEL col-
lected from patients with middle ear infections can give
a false-positive result {as in this study), where the high
protein concentration of the thick pas was the most like-
ly cause. Specificity of CTF detection test decreases to
93,5% when testing infected ears. We have reported that
CTP was not detectable in 28 serum samples [Tkezono et
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al, 2009, and was not detected in multiple hemaolyzed
sarples (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-
fuge to provide the minimum protein concentration.

Protein markers such as CTP may become degraded
through the process of storage prior to the defection 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 temperature or at 4°C
for 17 time points maximon of 55 days, CTF was detect-
ed in all 34 samples tested, without remarkable changes
in the intensity of CTP signale. 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 hespitals, and it is responsive to
multiple measurements after thawing,

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

This is the first clipically established diagnostic tool for
the detection of PLE with a high specificity. In PLF, inner
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ear damage is atfected by the speed, duration of the pexi-
lvmph leakage, the site of the leakage and other biological
factors. Hence, these patients’ symptoms, physiclogical
test results and ontcomes of treatment are widely vari-
able. Using this CTP detection test, a definitive diagnosis
of PLF can be made and appropriate therapentic options
for this surgically correctable disease taken into consid-
eration. Further studies will be needed to provide insight
into the eticlogy; pathomechanisms, prevalence and nat-
ural history of PLE and these may lead ta the develop-
ment of therapentic and preventative strategies for acute,
late-onset and debilitating neuro-otological problems,
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