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CTP (Cochlin-tomoprotein) detection in the profuse fluid leakage

(gusher) from cochleostomy
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RUBY PAWANKAR!, SHUNKICHI BABA! & TOSHIAKI YAGI!

! Department of Otorhinolaryngology, Nippon Medical School and *R& D and Business Development Segment,
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Abstract

Conclusions:: By testing :125 samples, we confirmed- that Cochlin‘tomoprotein (CTP) is present in the perilymph; not in
cerebrospinal fluid (CSF). Perilymph and CSF exist in two distinict compartments, even in the case of a malformed inner
ear with: a bony defect in the lamina cribrosa, as described: here. Cochleostomy: might have suddenly. decreased the
perilymph pressure, allowing the influx of CSF into the inner ear resulting in profuse fluid leakage, first perilymph then
CSF.: Objectives: The first purpose of this study was to further confirm the specificity of the perilymph-specific protein
CTP that we.reported recently. Secondly, we assessed the nature of the fluid leakage from the cochleostomy using the
CTP detection test.. Merhods: A standardized CTP detection test:was performed on 65 perilymph and 60 CSF samples.
Samples of profuse fluid leakage collected from cochleostomy during cochlear implantation surgery of one patient with
branchio-oto-renal (BOR) syndrome were also tested by thé CTP detection test. Results: CTP was detected in 60 of
65 perilymph samples but not in-any of the CSF samples. The leaked fluid was shown to contain CTP, i.e. perilymph, at

the ‘outset; and then the CTP detection signals gradually disappeared as time: elapsed.

Keywords: Perilymph, CSF, cochlear implant, COGH gene, Cochlin isoform, branchio-oto-renal syndrome,

sensorineural hearing loss

Introduction

Normally . the  cerebrospinal - fluid  (CSE) ‘in  the
subarachnoid space extends laterally into the internal
auditory canal (IAC) as far as the lateral fundus;,
where it is separated from the perilymph by the
bony plate of the lamina cribrosa, the nerves: that
pass through the lamina cribrosa and the spiral gan-
glion; Profuse leakage of perilymph and CSE is the
result of ‘an abnormal bony defect in the lamina
cribrosa, rather than enlargement of the cochlear
aqueduct. In some congenitally dysplastic ears there
is:-a  deficiency in . this . barrier, - allowing direct
confluence between the GSF and perilymph [1,2]}.
In a large series of cochlear implants, the incidence
of this profuse leakage of perilymph and CSF; i.e. a

‘gusher’, was approximately 1% of all cases. The term
gusher is widely used in the:literature :to describe
egress of ‘clear fluid from the cochleostomy site.
However,; the term is variably applied and bears no
explicit relation to the amount of fluid leaking; time
elapsed until the flow ceases, pressure: of the fluid
column or origin of the fluid. The fluid may be CSF,
perilymph; or a mixture of the two [3]. Even though
the current level of diagnostic imaging technology is
considerably = advanced, at present it is unclear
whether the perilymph and CSF spaces are separate
and. function as two  distinct compartments or not.
The fragile membranous tissue at the fundus of the
TAC can be  perforated 'after: the fenestration of
the cochlea due to a pressure decrease in the peri-
lymphatic- space resulting from the cochleostomy.
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Alternatively, these liquid compartments may be
mixed preoperatively because of a defect in the lamina
cribrosa. The confluence of these two fluids could be
one of the causes of the deterioration of hearing [2].

Recently, we reported the features of Cochlin-
tomoprotein  (CTP), a novel perilymph-specific
protein. By proteomic analysis of inner ear proteins,
we found certain unique properties of the cochlin
isoforms. We detected three cochlin isoforms, p63s,
p44s and p40s, in the inner ear tissue, and a short
16 kDa isoform, named Cochlin-tomoprotein (CTDP),
in the perilymph.{4,5]. Since COCH gene/cochlin is
known to be highly specific tothe inner . ear, we
examined CTP expression 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 fluids, i.e. serum (28 samples), CSF (20 sam-
ples) or saliva (29 samples) [6]. Using CTP as a
biomarker, we have established a standardized CTP
detection test for the diagnosis of perilymphatic fistula
(PLF); using a spiked  standard. ‘of recombinant
human (th)CTP in Western blotting {7}

In the present study, we further analysed the spec-
ificity of | CTP expression in body fluids, testing
65 perilymph and 60 CSF samples. The results con-
firm that CTP is present in the perilymph, but not in
the CSF. Perilymph and CSF are distinguished by the
presence or absence of a particular protein, CTP.
Then we. tested the samples of .the profuse fluid
leakage : collected temporally - from one ' case of
cochleostomy during cochlear: implantation surgery.
The leaked fluid at the beginning of the cochleostomy
contained CTP,; i.e. perilymph, and the CTP signal
gradually disappeared as time elapsed. These results
indicate that even in the malformed inner ear of the
case presented here; with a defect in the bony barrier
at the fundus, the perilymph and CSF fluid spaces
function as two separate compartments. Cochleo-
stomy might have suddenly decreased the perilymph
pressure and allowed CSF influx into the inner ear,
resulting in profuse fluid leakage (perilymph then
CSF) from the cochleostomy site. This is the first
report of a temporal analysis of the CTP protein in
gusher fluid.

Material and methods

Analysis of CTP expression in. CSE and perilymph:
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: cochlear implant: surgery. CSF: was purchased

from Biotech (Valley Center, CA, USA). The CSF
was collected from consenting donors at an FDA-
licensed and registered facility. No adverse events
were observed during sample collection. The samples
were centrifuged at 1250 g for 1 min and the super-
natants were frozen and stored at —80°C until use. All
patients gave their full informed consent and the study
was approved: by -the ethics. committee of Nippon
Medical School.

Samples of perilymph or CSF (4 pug) were mixed
with 5 pul of sample buffer (150 mM Tris-HCI (pH
6.8), 6% SDS, 30% glycerol, 0.3% bromophenol
blue; 300 mM DTT) after normalization per average
protein concentration (perilymph 200 mg/dl, CSF
40 mg/dl) [8], then analysed by Western blot.

Analysis of CTP expression in the profuse fluid leakage
Jrom cochleostomy

We performed. cochlear implantation: in' a: 50-year-
old:'male patient’ who was" diagnosed " as *having
branichio-oto-renal (BOR) syndrome (without renal
manifestation)  based - upon the ' diagnostic' criteria
[9].The patient started to use a hearing aid at
the age of 8 years, and his hearing had progressively
deteriorated. At the tme of his first visit to our
office, 'he  had  profound . bilateral - sensorineural
hearing loss, right preauricular sinus and.a slightly
malformed. left auricle:: The tympanic membranes
showed no anatomical abnormalities.” High resolu-
tion computed tomography (HRCT) of the tempo-
ral bones (Fig. 1) presented findings typically seen
in BOR cases; hypoplastic apical turn of the cochlea,
a funnel-shaped IAC. The fundus of the IAC was
wide, the lamina cribrosa  was hypoplastic and no
bony structure was seen [10]. Echogram and HRCT
revealed no renal malformation. 'An 18-year-old
daughter of the patient had  bilateral profound
sensorineural hearing loss and a history of surgical
removal of bilateral cervical fistulas. She had similar
HRCT findings. The patient’s father also  had
bilateral progressive hearing loss.

. During cochlear implantation in this case, profuse
fluid leakage from the cochleostomy (gusher) was
observed. We collected the leakage samples in a
temporal manner at the following time points: 0
(immediately “after fenestration), 0.5; 2, 3, 6, 15,
25,35 and 40 min. It is the policy of this depart-
ment to wait until the flow of the leakage weakens
and then seal the cochleostomy with fascia and
fibrin glue to avoid lumbar drainage. As a control,
middle ear lavage (MEL); i.e. lavaging the middle
ear cavity three to four times with the same bolus
of 0.3 ml of saline and recovering the fluid, was
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Figure 1. HRCT of the right ear iri'the axial plane. Both ears had findings typically seen'in' BOR cases: (a) the hypoplastic apical turn of
the cochlea; the fundus of the internal auditory canal:was wide, the lamina cribrosa was hypoplastic and no bony structure was seen; (b) the

funnel-shaped internal auditory canal (IAC).

taken from - the ‘middle - ear before cochleostomy.
MEL (16 ub) was mixed with 8 pl of :3x concen-
trated sample buffer (150 mM Tris-HCI (pH 6.8),
6% SDS, 30% glycerol,- 0.3% bromophenol blue,
300 mM DTT) for Western blot analysis.

Standardized CTP detection test by Western blot

Samples were tested by the standardized CTP detec-
tion test [6,7]; with minor modifications. For Western
blot analysis, the rabbit polyclonal anti-CTP antibody
(formerly - anti-LCCL-C. . Ab) = was = prepared - as
described’ previously.” In: brief, a 14-mer peptide
ILSRWSASFIVTKGK) corresponding to residues
114-127  in the L.CCL domain was used as an
antigenic peptide to generate antibodies.

Samples “were loaded onto. 15% polyacrylamide
gels:'and ~ transferred - onto’ PVDF ' membranes,
Membranes: were blocked: overnight at 4°C in 5%
skim- -milk . and: 0.2%  polyoxyethylenesorbitan
(Tween-20) dissolved in PBS (pH 7.5). Membranes
were then incubated in PBS: containing 1%: skim
milk and 0.1% Tween-20 for 2 h at room tempe-
rature with the primary antibody (anti-CTP: anti-
body) diluted to :1:2000. After washing with 0.05%
Tween-20 in PBS, membranes were incubated: for
1 hrat room temperature with horseradish peroxi-
dase-labelled: goat anti-rabbit IgG antibody: (Dako;
Tokyo, - Japan): diluted to  1:10 000 in the same
buffer ‘as used for the primary antibody reaction.
They - were washed  again and the reaction was
developed with 'a chemiluminescence reaction kit
(ECL Advance, ~“Amersham) and  then ‘analysed
with an' image ‘analyser  LAS-3000  (Fuji: Film,
Tokyo, Japan). Tests were performed and analysed

by well-trained personnel” who' did not have any
information ' on - the - clinical - background “of the
patients, to avoid any biased judgments. Test results
were expressed qualitatively (positive or negative) by
the presence or absence of the anti-CTP antibody
reactive protein, with'a molecular weight that exactly
matched - the * molecular weight of " native CTP
(16 kDa) on Western blot.

rhCTP: was used as a spiked standard on the
Western blot. A putative: CTP sequence predicted
from: our previous study, the 101-403 positions of
the '¢cDNA corresponding to..amino  acid residues
32~132, was amplified by PCR from ‘a. human
expressed sequence tag clone, IMAGE ID 27789
(Kurabo, Japan). rhCTP . was  produced using
pCR/TT/TOPO/TA - expression - kits - (Invitrogen).
To establish: a clinical test for the: diagnosis of
perilymph  leakage and  avoid . test' variability; we
standardized the CTP detection test using high
(0.27 'ng) . and low (0.13 " ng) spiked  standard
levels of thCTP on Western blot: When the: inten-
sity of the band in the samples tested was: below
the high-level standard signal, the result was con-
sidered to be negative.. The" low spiked: standard
was used to estimate the protein transfer efficiency.

Diagnostic performance of the CTP detection test

To'evaluate the specificity of the CTP detection test in
the clinical setting, we previously reported the. test
results of samples from non-PLF cases. In that study,
we defined non-PLF as those cases with otosclerosis
(that  had undergone  stapedectomy),  profound
deafness (cochlear implant surgery), or conductive
hearing: loss (exploratory . tympanotomy), without
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