BABBEEA01 KOELLMENS

EFREBLTHATAEBAHATAFLTL P2
Vv OERT & SN A TR BT
BERHE L -@ERREINTEY, BYFEHL
AR ICHRER SO 126 f5 L OB PBEREN
TWAY, WIS L B2, #E58 1~3 15
BTBALAATOA FORBEY — 7 fHicE
L, 206 LRETT5, 7T A7 Uik
FHOTHEEaLF a4 FLk 7% —DigjaE
T, w7 AME RO 2 BRIl
ok b, BENEAR 60 TICBTRER
2oL, 2RO S e o8, R, o
ANFER, T MEEEIIAIRRT A I L S T
ENTHwEY, LEd-T, EMEEELAL TR
BEESEERCBITLEATaA Fig, 8EE»
5 HTRERE - B, AREEED O EEEA L4
L, O NVFRICEHET S LVAS, £
Fo, BEEICHEAT R AT O A FIZBESEVZ
ERIERETIRET 2 2 MG TE LY,
FEATAAT VA FOBRERECIED BT L
i,

P EEAES h LSt BEEE

¢ Flck 2REESR

FHFEMOFAHEEC L Y NHESER £ U728
&, BEEOLEREEREL 20T, AEREE
U A D ERTFMEE L U CEBREGE R 0%
AR BE{ED 7 7 2 BRRMR L &%
Fodid, MREAAEOEO A Fu A FONE
IR > TR S TS L 28 a6
N, fiihoRFoA FEFEOMRICEL T
12, BAEEPE CNEBREORFICHESZ
LG INT WS, 70, BEAIERE
Witd, Hoh i EF U ARS L LTty
7, BB LT LH o WHESEOK
W, FHEHNE LEAFoA FOoREE507
b TERY, L L, Riechelmann 5 1% 95 f
DEERE R AR E LT, RF 04 FIETESE,
LB OMIRIES % il U 7 S 0E B ol Ba %
fTo7efER, HohaREIRERD S NLd-o
FEELTwE, ZOWMED I, EELLE

BRI L, HEM{EICB 325704 FERE
GOEMECOVTH IR EFr AR
TR,

=, AR ERE BRI R T AR ERE
R LT, BREBAOEZEHLAATLRE
(electric and acoustic stimulation : EAS) “F#iHMT
hid Lo TERY, BHENEOME,
BHR A LD NERBRBIZREL A hviand
NTWiads, BEBIORGINI0P% HE
EndLkIchh, BRELomEEENE LAE
B FHMTFE E 2 Db OB B EHERE S
NHILE-o T, REBELFMFER L L TIEMEE
HOEBMALThN S, HEHIBFET LNE
BREoBREXHNE LA a4 FoRpigse
LR fTbTw 3, EEREE AN AEH OB
FHREHN T 2 A5 24 FOROBF i, A
FEAME & RIRIC AT A P A A o fllElc &
2HDEEZSNTHRY, S OF
DT FRENRE L mEALEHEEZTON
Twipndd, BEEAL X ANEAOFHEIC
W sATus FRESOSREELVEY M %
o7 B EBR TR I N T s,

v BEENERY

PFEEEESETH DL A7 75 v OHBEEIE &
CHISILTE D, FEEEECIETHEO N EE
FEEELT, BHEEOREBEEL 15~100% & &
CW O HHBROEEAE BN E LS 3 F 20
EROWERH»oNL, BlE, VAT IF 0L
5 HA RO ENEI BT 2 G EBERD
BEERINE A L AR, #asE (PR b -
A) WkBbDEELZLNTVE, BbEELZ
T LA RER A BT H 5 72 0,
MHEETEENOBREH 2R T, EEBEED
BMBEREZ->TwEZ Eds, HBERZ
HT28PRB 2795 v 0EEE2BHLE
5, A4 FOPEBULERZET 2880 1 -
THY, AFo4 FOEEENEAC KD EBNI
HHBESEER SN S Z LARINTH R,

77 RRIER L A EREE R AT
7 F v kR, R AR
EfilETd 2, AR X 2 HBRERREOBF X

666 HHEHYH 858 9% 20138 H

PIRETEER  BIESA KRS 100-51-03489
e e e e e e e

2014/03/11 11:48:44



7 I AR IEESSEY L — P & LT
L, WHICB T 2 EEBREEOEE 2 IET 572
DEZBZONTS, LTy AT+ E
FRRIC T LR 28 T2 2570 4 Fitld—ED
HERBH AL O L FHENS, 7/ EBERRT
WREOHHRERREZHWE L2574 FREITH#
Ho@Bic BT s ME 3w, sLEy bR
Flo 78 5 CRERE N IC b IZRERY 12 b N E s
EEMLES I EPHESIN T3,

| B tEBER A

it

AV 7N yFRE b BT 29 (Hib 775 )
DA Z AT, MM OBRRE L LT
BT R BRI S B o T B, HligeER
B & 2 HHEERE A8 1 A T & U
N Th, BB L LT 1/3 [ RS
BHETEIEBMONT Y A ICRET
% SEEE ORERS IS B & NE A~ RS, SOREDSIE
L.MIEENERLZ s TRbEEL 0N TS,
¥ 7o, @YY ERCIEAEY e BAE R L O &
FEX D b v HERETAIEO BE OB & L (AT
20 AL EN TV A, MBS LOE
B BRIGERFEICRZ L LW EOR S T
HBHD, ATaA FIEBEETA A9 v Ol
UL, PSRRI EE TS Lo HOR
WAEHME LAVBEEE AF o4 FOFRBED
Kb Tws, A5Fo4 FLiiEEogHE
HIZ X BFHEIRICOOTIRIERTE W ETS
WMELAONBED, AFZ7F U ATIHANEER
I & 2 SEEEORE LS 2 20808 H
EENTLRY, 25704 FOREGHEETRT
EHEETHD, FLEEHEARSC ISR ER
S UEREREERIEERE SN ey, Lbl, %
BROVAT A BRE ML 7 v PR HVC, FIREE+
REY A Z ) RN ARE & IS+ AR
BCENIEAMCER S HHERCY (DPOAE), B
MR G (ABR), 7% o iRl 2 i
L&D D, Tk o miifiE o m % B
T 5 AE D Ty 345, ABR DL I i
IR D THRLD,

! EETHOSERSHE

Bl REVERE

RO A SR O ERERTH 2
EHEHEOBRB I FIC AT a4 FPHw s
o ZORLE > T WA DH, Wilson 520 k
LIEEENEE AT oA FGH L o JHERE
EA IR T H 253, # D% Cinamon 5% %[
el TEEHBREAIEGERE T > Tu 338
HEERDTuslsv, 20728, Cochrane review T
FAFud FofgdEicoreTEEs TRy
L L T 5, RSN E U iERLL
BWTH, Z02 DOWEITREGA S
B ZLe I EPERSTwE, Lizd-
T, REWHRIINT 3 A7 o4 FoOEYEHE
PRbLO LR R, KRENCEY 5958
WA B9 4 Y TRAF A FOYHAHE
% recommendation TlE 7 < option & L T35,
—7, BENEEICOWTHREE, AFOAF
B SN B R, B C e
F1E O WG OWIAE, Bl coRiingL
EESFETERWMEDDH LD, BIEERROIEES
FelaUs e, SRl 2 e 1,
FF2WEOARTH M, wInb AT a1 P
HRNEAORBHBE L LTwaS, BHOY 2
FRFy 7L a—s kiud, B ek
DEIEFVAELTEHELEATDTHD, FHli
LT, OuilEEclesks S RSO
2ET 5, QEFHETE 13.34dB OFEOIEE
(X 7FH YT R) 2D DD, ZOREISEDIR
FRIYICE 82 S0 ], L LTwaY, i,
2011 SEICIE AT 04 FOBRORE L8NS
DHIE E WA LA O S R 2 T,
Z D HRER L 16 R OB MM ) & B8 E
fo 250 flE NS E LT, BBORE 12161 (7L F
=Yy 60mg 25BN LEEAKRS 129
Wl (XFA7VF=yuy 40mg 48/2H) ©
WA R L 2 b 0Th B, HRIKEHOE
BRI HEER R, HEARS OISR
SNz, fEame UC, JEEEMNDD 2 R b 23Rl

HERE 85808 20138 ELH 667

2014/03/11 11:48:44

MEFR BESRAE 100-51-03489




BREBERAFOA FOELLELS

THEL LS THERZZUIRTOLRIIBEDIES
PN TEY, FEEREAEBONRSTER Y

BEIEBIRTREL LT3, LiL, 2012 I
"5'\3;% éif'?&&i{;}afﬂaﬁ ’{ 3 7 :’/ < iiﬁ?ﬁ

ELTATUA FOEENEAL recommenda-
tion & L72%, ZoH4LE LT, EEALEGR
DAHOHELAD T, #HOWMETELTHS
@ﬁ@%)&%ﬁ%bﬁ?%%:w@§ﬁfw

o RHEEIEENGEE TR, EBICHBL,
3~7 Hf’ﬁﬁ% 3~ [T S EREEL TWw B
7z, &@ﬁ%”@ﬁf@%%@@@@ﬁw
BT AV v L AFLT L Favyurk
Fﬂm 0.4~0.8 mL ZEEENITHEA L 2B EHE A

Pt A 15~30 fERRT A & 5 RS L

T Z“) o

O Qe L [ V1

A== UWRIE BT B A7 04 FEENEAR
HIZ oW TH DR viEd s 2 Ho0BIER i
BoRESH S, OFOFREFICE L TS
22 il & A o s BefE A LLEGHBE CH B 2 IS
EAREINTW A, 7, B, sy
BUEHRIZ RO EINT L LY,

" sbhuic

MEAE, AT 04 FOESEMNEARGEEERS L
0% BH, ke A B oS
BhTT, EFrREEREESR BHEE, GH
LAZEEOLEF 2 YR s FKELT
Vb, Lo, BRETIEL Wil hzmRd
DEFWETH B, YiaroESRTHNEICEIRE
DAFOA FEEET2ICHEHOFRTHID
FHBE G, ZORBRTAT oA FOEERE
EUSHBORBESEL A 5845k L0235,

XHR

1) BRI e
1424, 1982

2) B  BENEAK LANEAORT O 4 FBIT
BT B ALHERTZE. Otol Jpn 21 0 157-160, 2011

3) EEEAIE - OMC RFuAs FOdE LY NE~D
BAT, HAEME 82 1 715718, 1989

4} Bird PA, et al : Intratympanic versus intravenous deliv-

SR 2P HEH 85 14127

668

FISSTEER  BEREREKS 100-51-03489
o e s e e R e e e

5

18)

19

20)

o
Lt
st

ery of methylprednisolone to cochlear pertlymph. Otol
Neurotol 28 © 1124~ 1130, 2007

Hargunani CA, et al @ Intratvmpanic injection of dex-
amethasone © time course of nner ear distribution and
conversion to its active form. Otol Neurotol 27 @ 564~
564, 2006

Fu Y, et al @ Intratympanic dexamethasone as initial
therapy for idiopathic sudden sensorineural hearing
loss © clinical evaluation and laboratory investigation.
Auris Nasus Larynx 38 1 185-171, 2011

Dornhoffer JL, et al ! Management of the open
labyrinth. Otolaryngol Head Neck Swrg 112 © 410-414,
1995

Gocea A, et al * Preserving bone conduction in patients
with labyrinthine fistula. Eur Arch Otorhinolarungol
269 1 1085-1090, 2012

Shambaugh GE, et al © New concepts of management of
otospongiosis. Arch Otol fir}rngﬁk 100 1 419426, 1874
Riechelmanm H, et al @ Perioperative glucocorticoid
treatment does not influence early post-laser stapedec-
tomy hearing thresholds. Am J Otol 21 ¢ 809-812, 2000
von llberg C, et al ¢ Electric-acoustic stimulation of the
auditory system. ORL J Otorhinolarvagol Relat Spec
61 1 334-340, 1999

Rajan GP et al @ The role of preoperative, intratym-
panic glucocorticoids for hearing preservation in coch-
lear implantation © a prospective clinical studyv. Laryngo-
scope 122 ¢ 190-195, 2012

Eshraghi AA, et al ! Local dexamethasone therapy con-
serves hearing in an animal model of electrode inser-
tion trauma-induced hearing loss. Otol Neurotol 28 :
842~849, 2007

McKeage MJ : Comparative adverse effect profiles of
platinum drugs. Drug Saf 13 1 228-244, 1995

Daldal A, et al ! The protective effect of mtratympanic
dexamethasone on cisplatin-induced ototoxicity in
guinea pigs. Otolaryngol Head Neck Surg 137 @ 747-
752, 2007

Hill GW, et al * Cisplatin-induced ototoxicity © effect of
intratympanic dexamethasone injections. Otol Neurotol
29 1 10056-1011, 2008

Himeno C, et al ! Intra-cochlear administration of dex-
amethasone attenuates aminoglveoside ototoxicity in
the guinea pig. Hear Res 167 © 61-67, 2002

Weisfelt M, et al : Dexamethasone and long-term out-
come in adults with bacterial meningitis. Ann Neurol
60 © 456-468, 2006

Brouwer, et al ! Corticosteroids for acute bacterial
meningitis. Cochrane Database Syst Rev CDO004405,
2013

Worsoe L, et al @ Intratympanic steroid prevents long-
term spiral ganglion neuron loss in experimental
meningitis. Otol Neurotol 31 © 394~403, 2010

} Wilson WR, et al : The efficacy of steroids in the treat-

ment of idiopathic sudden hearing loss. A double-blind
clinical study. Arch Otolaryngol 106 © 772-776, 1980
Cinamon U, et al * Steroids, carbogen or placebo for
sudden hearing loss © a prospective double-blind study.
Eur Arch Otorhinolaryngol 258 © 477-480, 2001
Stachler R], et al : Clinical practice guideline ° sudden
hearing loss. Otolaryngol Head Neck Surglds (3
Suppl) © 81-35, 2012

9% 20138 H

2014/03/11 11:48:44



24)

26)

Battaglia A, et al @ Combination therapy {intrat¥mpanic
dexamethasone +hig-dose prednisone taper} for the
treatment of idiopathic sudden sensorineural hearing
loss, Otol Neurotol 29 1 453460, 2008

Plonkte SK, et al @ Randomized, double blind, placebo
controlled trial on the safety and efficacy of continuous
intratympanic dexamethasone delivered via a round win-
dow catheter for severe to profound sudden s idiopathic
sensorineural hearing loss after failure of systemic
therapy. Laryngoscope 119 © 359-369, 2009

Spear SA, et al ¢ Intratympanic sterolds for sudden sen-
sorineural hearing loss * a systemic review. Otolaryngol
Head Neck Surg 145 © 534543, 2011

27

28)

Rauch SD, et al * Oral vs intratympanic corticosteroid
therapy for idiopathic sudden sensorineural hearing
loss. JAMA 305 @ 20712079, 2011

Garduno-Anaya MA, et al @ Dexamethasone inner ear
perfusion by intratympanic injection in unilateral
Meniere's disease ' a two-year prospective, placebo-
controlled, double-blind, randomized trial. Otolaryngol
Head Neck Surg 133 @ 285-264, 2005

28} Silverstein H, et al @ Dexamethasone inner ear perfu-

sion for the treatment of Meniere's disease * a prospec-
tive randomized, double-blind, crossover trial. Am ]
Otol 19 7 196-201, 1998

B0 201348 H 669

2014/03/11 11:48:44

BRAR BERBAF 100-51-03489




Otolaryngology -- Head and Neck Surgery

hitp://oto.sagepub.com/

Labyrinthine Artery Detection in Patients with Idiopathic Sudden Sensorineural Hearing Loss by 7-T
MRI
Hiroaki Sato and Kazuaki Kawagishi
Otolaryngology -- Head and Neck Surgery published online 31 December 2013
DOI: 10.1177/0194599813517990

The online version of this article can be found at:
hitp://oto.sagepub.com/content/early/2013/12/30/0194599813517990 .

Published by:
©SAGE

hitp:/fwww . sagepublications.com

On behalf of:
5 AMEHICAN ACADEMY OF
OTOLARYNGDLOGY
HEAD AND HECK SURGERY

FOUNDATION
American Academy of Otolaryngology- Head and Neck Surgery

Additional services and information for Otolaryngology -- Head and Neck Surgery can be found at:

P< P Published online 31 December 2013 in advance of the print journal.

Email Alerts: htip//oto.sagepub.com/cgi/alerts
Subscriptions: htip:/oto.sagepub.com/subscriptions
Reprints: hitp://'www . sagepub.com/journalsReprints.nav

Permissions: hitp:/iwww.sagepub.com/journalsPermissions.nav

>> OnlineFirst Version of Record - Dec 31, 2013
What is This?

Downloaded from oto.sagepub.com at IWATE MEDICAL UNIVERSITY on January 8, 2014

99



Original Research

AMERICAN ACADEMY OF
gy OTOLARYNGOLOGY~
%{\ HEAD AND NECK SURGERY

FOUNDATI!ION

Labyrinthine Artery Detection in Patients
with Idiopathic Sudden Sensorineural

Hearing Loss by 7-T MRI

Otolaryngology—

Head and Neck Surgery

201X, Vol XX(X) 1-5

© American Academy of
Otolaryngology—Head and Neck
Surgery Foundation 2013

Reprints and permission:
sagepub.com/journalsPermissions.nav
DOI: 10.1177/019459981351 7990
http://otojournal.org

®SAGE

Hiroaki Sato, MD, PhD', and Kazuaki Kawagishi, MD'

Sponsorships or competing interests that may be relevant to content are dis-
closed at the end of this article.

Abstract

Objective. To compare the detection rates of the labyrinthine
artery in subjects with idiopathic sudden sensorineural hear-
ing loss (ISSHL) and in normal-hearing controls using 7-T
magnetic resonance imaging (MRI).

Study Design. Cross-sectional study.
Setting. Tertiary referral center.

Subjects and Methods. In 18 patients (9 males, 9 females) with
ISSHL and 32 volunteers (21 males, 1] females) with normal
hearing, 7-T MRI (Discovery MR950; GE Healthcare,
Milwaukee, Wisconsin) was performed with the 3-dimensional
time-of-flight spoiled gradient echo (3D TOF SPGR) sequence
to compare the detection rates of the labyrinthine artery.

Results. The MRI scans were performed from 3 to 54 days
after onset. Of the |8 patients with ISSHL, 8 showed com-
plete recovery, 9 showed partial recovery, and the rest
showed no recovery. The labyrinthine artery was depicted
in 36 of 36 ears (100%) in the ISSHL group and 63 of 64
(98.4%) ears in the normal-hearing group, with no significant
difference in detection rates.

Conclusion. To our knowledge, the present study is the first
to report depiction of the labyrinthine artery by 7-T MRI.
These preliminary results indicate occlusion of the labyr-
inthine artery would be rare in the pathogenesis of ISSHL,
and they also demonstrate that the labyrinthine artery could
be detected by ultra-high-field MRI.

Keywords

labyrinthine artery, 7-T MR, idiopathic sudden sensorineural
hearing loss

Received September 23, 2013; revised November 21, 2013; accepted
December 4, 2013.

hearing loss (ISSHL) is still unknown, but an inner

The pathogenesis of idiopathic sudden sensorineural
ear circulatory disturbance has been considered one

possible pathogenesis, comparable to cardiovascular diseases
such as stroke or myocardial infarction. A recent meta-~
analysis of the cardiovascular risk factors for ISSHL indi-
cated a positive association between cardiovascular risk fac-
tors and ISSHL." It is also well known that the inner ear can
be infarcted in patients with anterior inferior cerebellar artery
(AICA) stroke, because the labyrinthine artery, which usually
branches from the AICA, is an end artery.™* Cases of labyr-
inthine infarction secondary to AICA occlusion are often
accompanied by clinical symptoms other than hearing loss,
including Horner’s syndrome, diplopia, ipsilateral facial
weakness, vertigo, and ataxia.* However, AICA infarction’
and labyrinthine artery infarction® exhibiting only deafness
and vertigo have also been reported, although rarely.

The labyrinthine artery is very difficult to depict due to
its small diameter.”® However, ultra-high-field magnetic
resonance imaging (MRI), such as 7-T MRI, may have the
potential to detect the labyrinthine artery because of its high
signal-to-noise ratio, being able to provide fine images with
the resolution of a few hundred microns. In the present
study, depiction of the labyrinthine artery was attempted
using 7-T MRI with the 3-dimensional (3D) time-of-flight
spoiled gradient echo (3D TOF SPGR) sequence, and the
detection rates were compared between normal-hearing con-
trols and patients with ISSHL.

Subjects and Methods

Subjects

This study included 19 consecutive patients with ISSHL
(male-to-female ratio of 9:10; age range, 25-75 years; mean
[SD] age, 53.2 [17.0] years) and 32 normal-hearing controls
without a history of hearing impairment (male-to-female
ratio of 8:6; age range, 21-55 years; mean [SD] age, 27.6
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Table 1. Criteria for the diagnosis of idiopathic sudden sensori-
neural hearing loss.

Main symptoms
I. Sudden onset of hearing loss; patient can say clearly when it
appeared
2. Sensorineural hearing loss, usually severe
3. Unknown cause
Accessory symptoms
I. May be accompanied by tinnitus
2. May be accompanied by vertigo, nausea, and/or vomiting
without recurrent episodes
3. No cranial nerve symptoms other than from the eighth nerve
Definite: all the above criteria
Probable: main symptoms | and 2

[6.7] years). The diagnosis of ISSHL was based on the cri-
teria of the Sudden Deafness Research Committee of the
Japanese Ministry of Health, Labor and Welfare (Table 1I).
All subjects met the audiometric hearing criteria of more
than 30 dB affecting at least 3 consecutive frequencies.’
Hearing level was defined as a pure-tone average (PTA) of
0.25, 0.5, 1, 2, and 4 kHz. One patient (65-year-old woman)
with ISSHL was excluded from this study because evalua-
tion of the labyrinthine artery was not possible due to
motion artifact. Therefore, 18 patients with ISSHL and 32
normal-hearing controls were enrolled in the present study.

All patients with ISSHL were given oral administration
of corticosteroid (betamethasone 4 mg with tapering), vita-
min By, and adenosine triphosphate for 12 days, as well as
intravenous administration of low-molecular-weight dextran
for 5 days. Hyperbaric oxygen therapy was used simultane-
ously for 11 of 18 patients with ISSHL.

Hearing Level Evaluation

Hearing levels were evaluated at the initial and final visits.
The final visit varied from 3 to 231 days (mean [SD], 94.3
[97.0] days) from onset. When the patients did not respond
to the maximum sound level generated by the audiometer,
the threshold was defined as 5 dB more than the maximum
level. Recovery was classified into 3 categories: complete
(PTA within 10 dB of the initial hearing level or within 10
dB of the hearing level of the unaffected ear), partial (PTA
within 50% of the initial hearing level or >10-dB improve-
ment of the hearing level), and no recovery (<10-dB
improvement relative to the initial hearing level).’

Scan Parameters of MRI

A 7-T MRI scanner (Discovery MR950: GE Healthcare,
Milwaukee, Wisconsin) with transmission and 32-channel
receive head coils was used. Acquisition parameters for 3D
TOF SPGR magnetic resonance angiography (MRA) were
as follows: repetition time, 19 ms; bandwidth, 20.83 kHz;
echo time, 4.3 ms; flip angle, 15 degrees; field of view

Figure I. Comparison of magnetic resonance (MR) images of the
labyrinthine artery with and without gadodiamide (Gd) enhance-
ment (left ear of a 30-year-old man, normal control; case 2). The
labyrinthine artery (arrowhead) can be clearly depicted on MR
images with (right) and without (left) Gd enhancement.

(FOV), 12 X 12 cmz; matrix size, 512 X 512; slice interval,
0.3 mm (after zero-fill interpolation [ZIP]); number of
slices, 120; number of excitations [NEX], 2; no phase wrap;
and acquisition time, 20 minutes 49 seconds. Imaging was
first performed without contrast enhancement and then per-
formed using contrast with 0.2 mL/kg gadodiamide hydrate
(Omaiscan; Daiichi-Sankyo, Tokyo, Japan).

This study was approved by the Ethics Committee at
Iwate Medical University (H24-67). All subjects provided
written informed consent.

Evaluation of the Labyrinthine Artery

Visibility of the labyrinthine artery was defined as at least 1
linear structure in the internal auditory canal depicted with and
without contrast media (Omniscan), which appeared to be
separated from the AICA. Visibility of the labyrinthine artery
was evaluated by both authors (H.S. and K.K.) independently.

Data Analysis

To compare the detection rates of the labyrinthine artery
between controls and patients with ISSHL, the y? test was
used. P values <.05 were considered significant.

Results

Magnetic resonance images of the labyrinthine artery are
shown in Figure . The artery could be clearly seen in the
anterior aspect of the internal auditory canal (left ear of a
30-year-old man, normal control; case 2). It was clearly
detected both with and without contrast media. Figure 2
shows another representative MRI of a normal control sub-
ject (case 3). In this noncontrast image, the labyrinthine
artery could be depicted in both ears in the anterior aspect
of the internal auditory canal. Figure 3 shows an MRI of a
patient with left ISSHL (25-year-old woman), which had
been taken 18 days after onset. The labyrinthine artery
could also be depicted in patients with ISSHL involving
both ears, as in this case.
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Figure 2. Representative magnetic resonance images of the labyr-
inthine artery in a normal control (right and left ear of a 33-year-
old man, normal control; case 3). Images were taken without con-
trast (gadodiamide). The labyrinthine artery (arrowhead) can be
clearly depicted in both ears as a linear structure in the internal
auditory canal.

Figure 3. Magnetic resonance (MR) images of the labyrinthine
artery in a patient with left idiopathic sudden sensorineural hearing
loss (ISSHL) (25-year-old woman, ISSHL patient; case I). These MR
images were taken without contrast media 18 days after onset.
Note that the labyrinthine artery can be clearly seen not only on
the unaffected side (i"ight, arrowhead) but also on the affected side
(left, arrowhead).

Most of the subjects experienced transient dizziness
when being moved into the gantry; however, no specific
hazards were noted after the scanning. No subject was
unable to be scanned due to the transient dizziness.

In 32 normal controls, the labyrinthine artery was
depicted in 63 of 64 ears (98.4%). In 18 patients with
ISSHL, it was detected in 36 of 36 ears (100%). There was
no significant difference in detection rates between the 32
normal-hearing controls and the 18 patients with ISSHL (P
= .769). Results of the visibility of the labyrinthine artery
correlated well among authors. The locations of the labyr-
inthine arteries were mainly in the anterior aspect of the
internal auditory canal. In 32 normal-hearing controls, it lay
in the anterior aspect of the internal acoustic canal in 51
cars, in the middle aspect in 8 ears, and in the posterior
aspect in 14 ears. Multiple positioned additional labyrinthine
arteries (biarterial type) were observed in 8 of 64 ears. The

labyrinthine artery lay in the anterior aspect in 32 of 36 ears
in 18 patients with ISSHL, in the middle aspect in 5 ears,
and in the posterior aspect in 3 ears. The biarterial type
(Figure 3, right ear) was observed in 5 patients.

Demographic, audiologic, and MRI data from 18 patients
with ISSHL are listed in Table 2. Intervals from onset of
MRI examination varied from 3 to 54 days. As for hearing
outcome, 8 patients showed complete recovery (CR), 9
patients had partial recovery (PR), and 1 patient had no
recovery (NR). Hypertension, hyperlipidemia, and diabetes
mellitus were observed in 4, 1, and 2 of the 18 patients with
ISSHL, respectively. The labyrinthine artery was detected
both with and without contrast media in all subjects.

Discussion

The labyrinthine artery usually arises from the apex of the
loop of the AICA. It runs along the upper groove of the
eighth cranial nerve toward the fundus of the internal acous-
tic meatus. In about 10% of individuals, it runs under the
surface of the eighth cranial nerve in the internal acoustic
meatus.'® In the present study, most labyrinthine arteries
were depicted in the anterior aspect of the internal auditory
canal, the location of which coincides with the previous
human temporal bone observations. '

Even a short period of ischemia can cause inner ear
damage because the labyrinthine artery and its branches are
end arteries with minimal collaterals from other major arter-
ial branches.!! With circulatory impairment of the AICA or
the labyrinthine artery, cochlear symptoms, predominantly
hearing loss, usually develop, and vertigo often occurs.
Although it is rare, sudden hearing loss associated with ver-
tigo in a patient with AICA occlusion without neurological
deficits other than the eighth cranial nerve has been
reported.” Kim et al® reported a patient who exhibited
sudden hearing loss and vertigo, who then died 7 years later
due to myocardial infarction. They found degeneration of
the inner ear sensory epithelium as a result of reduced per-
fusion of the labyrinthine artery due to arteriosclerosis on
postmortem examination. However, these reports lack direct
evidence of vascular occlusion on imaging. To resolve this
issue, visualization of the labyrinthine artery is absolutely
necessary.

In the present study, 7-T MRI examinations with and
without gadodiamide contrast were performed using the 3D
TOF SPGR protocol. This ultra-high-field MRI unit enabled
imaging of the labyrinthine artery, which until now has not
been possible to depict. As a result, the depiction rate of the
labyrinthine artery in the 32 normal-hearing controls was
98.4% (63 of 64 ears), and that in the 18 patients with
ISSHL was 100% (36 of 36 ears). The detection rates and
the magnetic resonance images obtained were basically the
same both with and without contrast media. Therefore, con-
trast media is not necessary for the depiction of the labyr-
inthine artery. Extremely high depiction rates in the present
study made it possible to evaluate the presence of a circula-
tory disturbance of the labyrinthine artery to some extent.
To our knowledge, the present study is the first to report
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Table 2. Demographic, audiologic, and MRI data of 18 patients with ISSHL.

Hearing Level, dB Depiction of LA Cardiovascular RFs
Patient Age, Affected Days from Alcohol
No. y/Sex Ear Initial, R/L  Final, R/L Outcome Onsetfor MRl Gd (-), RIL Gd (+),RL HT HL DM Consumption
[ 25/F L 11/45 2/23 PR 18 +/+ +/+ ~ = = No description
2 63/M L 20/76 16/65 PR 10 +/+ +/+ + = = | drinkiwk
3 25/F R 106/14 70/14 PR 44 +/+ +/+ - — = No description
4 36/F R 103/ 4 59/2 PR 15 +/+ +/+ - = = 1-5 drinks/wk
5 56/F R 12 72/11 PR 28 +/+ +/+ + = = | drink/wk
6 67/M L 12/100 6/11 CR 14 +/+ +/+ - = = >5drinks/wk
7 34/M L 10/75 2/11 CR 15 +/+ +/+ - = = |-5 drinks/wk
8 65/F L PAVAREI 16/77 PR 35 +/+ +/+ - = — No description
9 25/M R 48/19 17/13 CR 50 +1+ +/+ - = = |-5drinks/wk
10 64/M R 11022 56/21 PR 30 +/+ + -+ - = = >5drinks/wk
I 63/F L 17/53 10/21 PR 21 +/+ +/+ - = = ldrink/iwk
12 64/F L 19/55 20/30 CR 7 +/+ +/+ + 4+ = | drink/wk
13 68/F L 87/53 59/54 CR 23 +/+ +/+ - = = ldrink/wk
14 75/M L 28/74 29/74 NR 39 +/+ +/+ + -+ 1-5 drinks/wk
I5 62/F R 7111 15/13 CR 3 +/+ +/+ - — = >5drinks/wk
t6 61/M L 29/92 32/48 PR 7 +/+ +/+ - = = >5drinks/wk
17 64/M L 26/80 23/21 CR 7 +/+ +/+ —  ~ 4+ >5drinks/wk
18 41/M L 12/24 10717 CR 54 +/+ +/+ ~ = = | drink/wk

Abbreviations: CR, complete recovery; Gd, gadodiamide; HT, hypertension; HL, hyperlipidemia; ISSHL, idiopathic sudden sensorineural hearing loss; L, left;
LA, labyrinthine artery; DM, diabetes mellitus; MRI, magnetic resonance imaging; NR, no recovery; PR, partial recovery; R, right; RFs, risk factors.

depiction of the labyrinthine artery in humans using MRIL. However, an association between visibility of the labyr-
The labyrinthine artery could not be depicted in 1 ear of the inthine artery and cardiovascular risk factors could not be
normal-hearing controls. This was attributed to the variation observed.

in diameters of the labyrinthine artery. Its diameter has been The present study has a few limitations. First, the interval
reported to range from 200 to 900 pwm’ or from 68 to 140 between the onset of hearing loss and the MRI examination
wm.® Therefore, many can be depicted, but some are impos- ranged from 3 to 54 days. Thus, the magnetic resonance

sible to depict. In addition, one of the original 19 patients images obtained in this study do not reflect the images just
(5%) could not be evaluated due to motion artifact. This after the onset of hearing loss. In other words, there remains
might be attributed to the length of acquisition time (20  the possibility that a transient ischemic event due to vasos-
minutes 49 seconds) rather than the strength of the magnetic pasm could have been missed. Vasospasm might occur in
field itself. the labyrinthine artery because it has a muscular media.'*'*

The labyrinthine artery could be depicted in all affected Second, other small arteries that supply the inner ear circu-
ears of 18 patients with ISSHL. These results seem to be lation, such as the common cochlear artery and the main
quite natural because they showed some hearing recovery (8  cochlear artery, were not evaluated. Third, the sample size
complete recoveries and 9 partial recoveries) and, at the was small to conclude whether an inner ear circulatory dis-
same time, they also suggest that occlusion of the labyr-  turbance is present in ISSHL. However, to our knowledge,
inthine artery is rare in the pathogenesis of ISSHL. The no previous attempts to depict the labyrinthine artery have
results obtained in the present study are compatible with the been reported. The present results have clinical significance
findings of temporal bone histopathology of patients with in offering a useful method to evaluate circulatory distur-

ISSHL; the hallmark of vascular insult to the cochlea, con-  bances of the labyrinthine artery.
sisting of deposition of connective tissue and new bone, was .
observed in only 1 of 17 cases with ISSHL."? Conclusion

Hypertension and diabetes mellitus were found in 22.2%  The present study is the first to report depiction of the labyr-
(4 of 18 patients) and 11.1% (2 of 18 patients) of patients  inthine artery by 7-T MRI. The depiction rate of the labyr-
with ISSHL. In addition, 27.8% (5 of 18 patients) of  inthine artery was 98.4% (63 of 64 ears) in 32 normal-
patients with ISSHL consumed more than 5 alcoholic drinks  hearing controls and 100% (36 of 36 ears) in 18 patients with
per week. These cardiovascular risk factors were frequently ~ ISSHL. These preliminary results indicate that occlusion of
seen in the present patients as reported by Lin et al.! the labyrinthine artery would be rare in the pathogenesis of
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ISSHL, and they also demonstrate that the labyrinthine artery
could be detected by ultra-high-field MRI.
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Objective: Molecular analysis using archival human inner ear specimens is challenging because of the
anatomical complexity, long-term fixation, and decalcification. However, this method may provide great
benefit for elucidation of otological diseases. Here, we extracted mRNA for RT-PCR from tissues dissected
from archival FFPE human inner ears by laser microdissection.
Methods: Three human temporal bones obtained at autopsy were fixed in formalin, decalcified by
EDTA, and embedded in paraffin. The samples were isolated into spiral ligaments, outer hair cells,
spiral ganglion cells, and stria vascularis by laser microdissection. RNA was extracted and heat-
treated in 10 mM citrate buffer to remove the formalin-derived modification. To identify the sites
where COCH and SLC26A5 mRNA were expressed, semi-nested RT-PCR was performed. We also
examined how long COCH mRNA could be amplified by semi-nested RT-PCR in archival temporal
bone.
Results: COCH was expressed in the spiral ligament and stria vascularis. However, SLC26A5 was expressed
only in outer hair cells. The maximum base length of COCH mRNA amplified by RT-PCR was 98 bp in 1
case and 123 bp in 2 cases.
Conclusion: We detected COCH and SLC26A5 mRNA in specific structures and cells of the inner ear from
archival human temporal bone. Our innovative method using laser microdissection and semi-nested RT-
PCR should advance future RNA study of human inner ear diseases.

© 2013 Elsevier B.V. All rights reserved.

1. Introduction

Mechanisms of sensorineural hearing loss have been analysed
using advanced molecular techniques. Molecular genetic studies of
experimental animals including mice have identified genes

enediaminetetraacetic acid; mtDNA, mitochondrial DNA; LMD, laser microdissec-
tion; SV, stria vascularis; SGC, spiral ganglion cells; OHC, outer hair cells; SL, spiral
ligament.
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involved in deafness and have determined genotype—phenotype
correlations (Gibson et al., 1995, Everett et al, 2001). However,
molecular analysis using fixed and embedded human inner ear
specimens has been challenging because they are usually inacces-
sible. While formalin-fixation and celloidin-embedding are stan-
dard histopathological methods for human temporal bone
specimens, they are unsuitable for molecular analysis (Schuknecht,
1993). However, there are several reports in which DNA has been
successfully extracted and analysed from human inner ear speci-
mens. Genes involved in deafness were identified using a cDNA
library from the human fetal inner ear (Robertson et al,, 1998), and
quantitative analysis of a mitochondrial DNA (mtDNA) mutation
using archival temporal bones was reported (Takahashi et al., 2003,
Koda et al, 2010). Recently, mitochondrial DNA deletions were
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detected in human inner ears from patients with presbycusis by
laser microdissection (Markaryan et al.,, 2009).

In contrast to DNA analysis, RNA expression analysis can
demonstrate the spatio-temporal activities of gene transcription
and expression in tissues, providing important physiological and
pathological information. Further, mRNA analysis is important
because it examines the “working copy” of a gene. Therefore,
studying mRNA extracted from human inner ears can provide
further information concerning the molecular mechanisms of
inner ear disorders of humans. Previously, we established an
optimal method of extracting mRNA suitable for molecular
biological applications from the autopsy specimens of human
temporal bones (Kimura et al, 2007). However, this method
uses frozen whole cochlea, and can not be applied to the retro-
spective analyses using formalin-fixed archival temporal bone
specimens.

The objective of this study was to establish an optimal method
of RNA expression analysis of specific sites in the human inner ear
using archival (stored) FFPE human inner ear specimens and the
laser microdissection techniques.

2. Materials and methods
2.1. Temporal bones

Three human temporal bones from individuals with no hearing
impairment according to nursing records were obtained at au-
topsy. The cases were 2 males and 1 female of 70, 71, and 71 years
of age, respectively. The post-mortem time before autopsy ranged
from 1 to 15 h. The temporal bones were fixed in buffered 20%
formalin at room temperature for 12—20 months, followed by
decalcification in 10% ethylenediaminetetraacetic acid (EDTA) for
6—9 months at room temperature. After decalcification, the
specimens, including the bony labyrinth, was cropped to a cube
measuring 15 mm to fit standard plastic cassettes and glass slides.
The specimens were embedded in paraffin, serially cut into 6 pm-
thick thin sections, and mounted on a membrane slide for laser
microdissection.

2.2. Laser microdissection

After deparaffinization of the thin sections by xylene and
staining with toluidine blue, the spiral ligaments, spiral ganglion
cells, stria vascularis, and outer hair cells in the basal turn were
isolated using a laser microdissection system (Leica AS LMD;
Wetzlar, Germany). This system uses a UV laser to isolate micro-
scopic regions from samples, Tissue fragments from 3 successive
sections of inner ear were placed gently into 0.5 ml microtubes
filled with 50 wl tissue lysis buffer. The specimens were not
touched, which makes specimen collection by gravity a
contamination-free procedure.

2.3. RNA extraction

RNA extraction and cDNA synthesis was performed using the
methods described by Hamatani et al. (2006). RNA was isolated
from the microdissected tissue using the High Pure RNA Paraffin
Kit (Roche Diagnostics; Basel, Switzerland) according to the
manufacturer’s protocols with some modifications. Briefly,
microdissected tissue was digested with proteinase K at 55 °C
overnight, followed by DNase | treatment. After the lysate was
purified by the High Pure filter, RNA was eluted twice with 100 ul
of RNase-free water. RNA was then precipitated by ethanol in the
presence of 2 pl of ethachinmate (Nippon Gene; Tokyo, Japan),
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which is a carrier solution for the alcohol precipitation of DNA and
RNA and resuspended in 30 pl of RNase-free water. The concen-
tration of RNA was measured by absorption at 260 nm with
GeneQuant 1300 (GE Healthcare UK Ltd; Buckinghamshire,
England).

2.4. Heat treatment of RNA

Approximately 150 ng of total RNA was heated in 250 pl of
10 mM citrate buffer pH 4.0 at 70 °C for 45 min. After 25 pl sodium
acetate was added into the solution, RNA was precipitated by
ethanol in the presence of ethachinmate as a carrier, dried,
and dissolved in RNase-free water to the final concentration of
10 ng/ul.

2.5. c¢DNA synthesis

The 11 pl of RNase-free solution containing 90 ng of total RNA
and 50 pmol/m! of random primers was heated at 65 °C for 10 min
and chilled in ice water. A mixture consisting of 4 yl of 5 x RT buffer,
2 ul of 20 mM DTT, 1 pl of 10 mM dNTPs, 1 ul of RNase Inhibitor (10
U/ul), and 1 p! of ReverTra Ace (Toyobo, Osaka, Japan) was added to
the RNA solution and incubated at 42 °C for 60 min and at 70 °C for
15 min.

2.6. RT-PCR of COCH and SLC26A5 mRNA

We selected COCH and SLC26A5 as the target genes for RT-PCR
because cochlin, coded by COCH (accession No. NM_001135058), is
the protein expressed most commonly in the inner ear other than
collagen, and prestin, coded by SLC26A5 (accession No.
NG_023055) is a motor protein expressed specifically in outer hair
cells. GAPDH (accession No.NG_007073), a typical house-keeping
gene, was used for standardization. In order to detect very small
amounts of target ¢cDNA and to reduce the contamination in
products due to the amplification of unexpected primer binding
sites, semi-nested RT-PCR was performed. Forward and reverse
primers were designed to cover different exons and introns to
prevent a carry-on of the genomic DNA, in order not to detect a
carry-on of genomic DNA using the free program on the internet,
Primer 3 (http://primer3.sourceforge.net/). Primer sequences are
shown in Table 1.

First RT-PCR was performed in a 20 pl volume containing 10 pl
Premix Taq® (Takara Bio, Otsu, Japan), 0.5 uM of each specific
primer and 1 pl of cDNA from the RT reaction. After an initial in-
cubation at 94 °C for 3 min, the reaction mixtures were subjected to
30 cycles of amplification using the following sequence: 94 °C for
305,55 °C for 30 s, and 72 °C for 45 s. This was followed by a final
extension step at 72 °C for 7 min. The second RT-PCR was carried
out in a 20 ul mixture containing 10 pl Premix Taq®, 0.5 uM of each
specific primer and 1 pl of 9x first RT-PCR product following the
same sequence of the first RT-PCR. Finally, 8 ul of the reaction
mixture was run on a 3% agarose gel and visualized with ethidium
bromide.

2.7. RT-PCR of COCH with different sizes of PCR products

To elucidate how long mRNA could be preserved in very small
samples microdissected from formalin-fixed, long-term EDTA-
decalcified, and paraffin-embedded thin sections, cDNA of COCH
from the specimens of the spiral ligament was amplified using 5
sets of primers that would yield PCR products of different sizes
from 98 to 180 bp as shown in Tables 2 and 3, and Fig. 1, with the
second PCR product size of 87 bp.
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Table 1

Primer sequences and product sizes for semi-nested RT-PCR of COCH, SLC26A5, and GAPDH mRNA.

mRNA Forward primer Reverse primer for the first Reverse primer for the second Product size of Product size of the
PCR PCR the first PCR second PCR

COCH GGCATCCAGTCTCAAATGCT GTGCTGTGGACACTGCTTGT GTCCTGTGGCCTCCTGTGTA 103 85

SLC26A5 GTCTCGAAGCCTTGTTCAGG GGGCAATGATTCAAAGAGGA GGAAGACACAGCTTGCAGGT 118 86

GAPDH AATGACCCCTTCATTGACCTC ATGGGATTTCCATTGATGACA TTCCATTGATGACAAGCTTCC 122 115

2.8. Ethical considerations

Consent for using temporal bone tissues removed at autopsy
was obtained from the patients’ relatives. The present study was
approved by the Ethical Review Board at Tokyo Metropolitan
Geriatric Medical Hospital, pursuant to Article 18 of the Cadaver
Autopsy and Preservation Act.

3. Results
3.1. Laser microdissection

The microdissected areas in the cochlea are shown in Fig. 2. The
outer hair cells, spiral ganglion cells, the stria vascularis, and the
spiral ligament were dissected separately.

3.2. Site-specific expression of COCH and SLC26A5 in the cochlea

The results of COCH and SLC26A5 site-specific expression are
shown in Figs. 3 and 4. COCH expression was detected only in the
spiral ligament and the stria vascularis, and SCL26A5 was expressed
in the outer hair cells only. GAPDH expression was detected in all of
the structures examined.

3.3. RT-PCR of COCH with different sizes of PCR products

The maximum length of PCR amplicons for the first RT-PCR was
98 bp in 1 case and was 123 bp in 2 cases in each experiment
(Fig. 5). These results suggest that approximately 100 bp was the
maximum preserved length of mRNA after the long-term succes-
sive processing of formalin fixation, EDTA decalcification, and
paraffin embedding.

Table 2
Primer sequences for semi-nested RT-PCR of COCH mRNA.

Primer codes Primer sequences

Forward primer F CAC ATG TGG GCCTTG TTC AA
Reverse primer R1 CAA ACA AAA CAT CTT TGG CTG A
R2 TTC CTT TAT GGC AAA CAA AACA
R3 TGG AAT TAC CCC CTC TGA AA
R4 TGC TTC AAG GCT TTT CCT GT
R5 CCG TGA AGA ATT TCT GAG CA
R6 CTC CAG CAT CTA CCG TGA AG
Table 3

The product sizes of semi-nested RT-PCR of COCH mRNA.

Primer Product size of  Primer combination Product size of
combination of  first PCR (bp) of second PCR second PCR (bp)
first PCR

F-R2 98 F-R1 87

F-R3 123

F-R4 145

F-R5 168

F-R6 180

The primer codes are defined in Table 2.

4. Discussion

We have successfully optimized a semi-nested RT-PCR method
of detecting COCH and SLC25A5 expression from specific sites of the
inner ear using archival FFPE human inner ear specimens and the
laser microdissection techniques. The maximal size of the COCH
PCR amplicons was 98 bp and 123 bp.

4.1, DNA study of inner ears

Wackym et al. reported the first molecular analysis of human
temporal bone pathology in 1993 (Wackym et al,, 1993). However,
DNA analysis of the whole section, as in their method, is of limited
value because the inner ear is composed of heterogeneous and
highly differentiated cells. Laser microdissection is a useful tool that
allows the combination of morphological analysis and molecular
biological analysis. We introduced this method for mitochondrial
DNA analysis in the human temporal bone for the first time (Kimura
et al,, 2005), and elucidated a correlation between the mtDNA
mutation rate and atrophy of the stria vascularis, as well as de-
creases in spiral ganglion cells (Koda et al., 2010). Markaryan et al.
reported a large scale deletion of mtDNA in the cochlea and showed
that major arc mtDNA deletions contributed to the observed deficit
in COX3 expression (Markaryan et al., 2009). These results suggest a
correlation between presbycusis and the deletion of mtDNA in the
cochlea.

4.2. mRNA expression study of the inner ear

Although DNA analysis using the laser microdissection method
has become established to some degree, gene expression analysis of
targeted mRNA remains challenging because RNA is more suscep-
tible to strand breakage and cross linking by formalin fixation than
DNA after fixation and decalcification (Chung and Hewitt, 2010). To
overcome this difficulty, several research groups have attempted
RNA analysis of archival human temporal bones. Lee et al. reported
the first study of RT-PCR for archival temporal bones in 1997, in
which they examined the expression of the y-actin gene (Lee et al,,
1997). In their report, the expression of y-actin mRNA was detected
in only one of ten archival temporal bone specimens, and the au-
thors concluded that the analysis of gene expression from an
archival section was very limited because the mRNA had been
degraded by RNases. Lin et al. reported the RNA analysis of tem-
poral bone soft tissues (Lin et al., 1999). They harvested temporal
bones at immediate autopsies and showed the manifestations and

COCH gene E

Y - :
5.end 3-end
--ED-—[ Exon 7 ] Exon 8 - Exon 9 | —

- & & - & &
Rt R2 R3 R4 R5 R6
Second PCR First PCR

Fig. 1. Positions of forward and reverse primers that were used to elucidate the
maximum preserved size of mRNA in the COCH gene. Forward and reverse primers
were designed to cover different exons and introns and not to detect a carry-on of
genomic DNA.
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Fig. 2. Histological images of the spiral ligament, spiral ganglion cells, the stria vascularis and outer hair cells in the basal turn of the inner ear, After deparaffinization of the thin
sections by xylene and staining with toluidine blue, the spiral ligaments, spiral ganglion cells, stria vascularis, and outer hair cells in the basal turn were isolated using a laser
microdissection system (Leica AS LMD; Wetzlar, Germany). All microdissected tissue fragments from 3 successive tissue sections were collected into 0.5 ml microtubes filled with

50 pl tissue lysis buffer.

localizations of mRNA of mucin genes, such as MUC5B and MUC1, in
the submucosal gland of the Eustachian tube and the middle ear.
They suggested a high possibility of RNA analysis within 6 h of
death. Under clinical circumstances, however, it is not realistic to
harvest a temporal bone in 6 h after death. We developed a method
of detection of COCH mRNA expression, as well as GAPDH mRNA
expression using RNA extracted from membranous labyrinths
dissected from formalin-fixed or frozen human cochlea (Kimura
et al., 2007). This method is useful because removal of temporal
bone specimens could be incorporated into the protocol of a

SL QHC 8V SGC

Lane 1 2 3 4 5 & 7 8 g 10

Fig. 3. Optimized semi-nested RT-PCR analysis of GAPDH and COCH in the FFPE human
cochlea. The length of amplicons of GAPDH and COCH is 85 bp and 115 bp. Lane 1 and
10 are 50 bp ladder markers (asterisks(*)). Lane 2 and 3, semi-nested RT-PCR results
from the spiral ligament(SL) using primers to GAPDH and COCH. Lane 4 and 5, semi-
nested RT-PCR results from outer hair cells (OHC) using primers to GAPDH and
COCH. Lane 6 and 7, semi-nested RT-PCR results from the stria vascularis (SV) using
primers to GAPDH and COCH. Lane 8 and 9, semi-nested RT-PCR results from the spiral
ganglion cells (SGC) using primers to GAPDH and COCH. Universal expression of
GAPDH is noted. COCH is expressed in the spiral ligament and the stria vascularis, but is
not expressed in the outer hair cells and spiral ganglion cells.
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conventional autopsy. However, this method was not able to utilize
archival sections effectively. Hall et al. reported optimization of RNA
detection from archival guinea pig temporal bones by the Trizol
extraction method (Hall et al., 2007). This approach may be useful,

= 8L OHC 8Y 8GC

(bp)

150+
100+

50+

Lane 1 2 3 4 5

Fig. 4. Optimized semi-nested RT-PCR analysis of SLC26A5 in the FFPE human cochlea.
The length of the amplicon of SLC26A5 is 86 bp. Lane 1 is 50 bp ladder markers (an
asterisk(*)). Lane 2 to 5, semi-nested RT-PCR results from the spiral ligament(SL), the
outer hair cells (OHC), the stria vascularis (SV) and spiral ganglion cells (SGC) using
primers to SLC26A5. SLC26A5 is expressed in the outer hair cells, but is not expressed in
the spiral ligament, the stria vascularis, and the spiral ganglion cells.
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Case 2
98 123 144 168 180

Case 3
98 123 144 168 180

Case 1

First PCR product
length (bp)

(bp)

98 123 144 168 180

—87 bp

Lane 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18

Fig. 5. Optimized semi-nested RT-PCR analysis of COCH to elucidate the maximum
preserved length of mRNA extracted from FFPE human cochlea by using different
reverse primers in first RT-PCR. Lane 1, 7 and 13 are 50 bp ladder markers (asterisks(*)).
Lane 2 to 6, semi nested RT-PCR of COCH of the stria vascularis of case 1. Lane 8 to 12,
semi nested RT-PCR of COCH of the stria vascularis of case 2. Lane 14 to 18, semi nested
RT-PCR of COCH of the stria vascularis of case 3. Lane 2, 8 and 14 are the semi nested
RT-PCR products of which first RT-PCR product length is 98 bp. Lane 3, 9 and 15 are the
semni nested RT-PCR products of which first RT-PCR product length is 123 bp. Lane 4,10
and 16 is the semi nested RT-PCR product of which first RT-PCR product length is
144 bp. Lane 5, 11 and 17 are the semi nested RT-PCR products of which first RT-PCR
product length is 168 bp. Lane 6, 12 and 18 are the semi nested RT-PCR products of
which first RT-PCR product length is 180 bp. The length of semi-nested PCR products is
87 bp. Up to 123 bp can be preserved in two cases and up to 98 bp in one case.

but it is not clear that this method could be applied to human
archival inner ear specimens dissected by laser microdissection
because, in their study, whole sections of the temporal bone were
used and the period of fixation and decalcification was much
shorter than those used for human samples.

4.3. mRNA expression study using tiny tissue samples that were
laser-microdissected from archival human FFPE temporal bone

Pagedar et al. were the first to succeed in the analysis of RNA of
the human inner ear from FFPE tissue using laser capture micro-
dissection (Pagedar et al., 2006). They examined the vestibular or-
gan dissected from a temporal bone block before fixation, and not
archival cochlea samples. Therefore, our trial to extract mRNA from
laser microdissected tissue (outer hair cells, the stria vascularis,
spiral ganglion cells, and the spiral ligament) of human archival
FFPE temporal bone sections was extremely challenging. Hamatani
et al. indicated that RT-PCR amplification of degraded RNA extrac-
ted from archival unbuffered formalin-fixed, paraffin-embedded
thyroid cancer tissue samples, which were preserved at room
temperature for 19—21 years, could be improved by heating RNA in
citrate buffer prior to cDNA synthesis (Hamatani et al., 2006). Since
FFPE-derived RNA is degenerated into very short fragments and
chemically modified, and reverse transcription from polyA tail is
inefficient, the use of random primers instead of Oligo dT primers
was recommended for cDNA synthesis (Farragher et al., 2008).
Using these ideas and semi-nested PCR enabled us to amplify
extremely small amounts of nucleic acid, and to extract mRNA from
laser microdissected tissue of human archival FFPE temporal bone
sections. Hamatani et al. reported that longer fragments up to
250 bp in the preheated RNA could be amplified in all cases
compared with the non-treated RNA (Hamatani et al., 2006), while
only very short fragments of RNA of approximately 100 bp could be
obtained in our study. The fragmentation of the RNA strands could
be ascribed to different tested organs (temporal bone in our study
vs. thyroid tissue in their study), longer formalin fixation-period,
and long-term decalcification in our study. These disadvantages,
such as a long-period of formalin fixation and decalcification, in-
fluence the preservation of morphology such as shrinkage of tissue.
‘Takahashi et al. reported excellent immunostaining results for
the human cochlea, such as immunostaining for prestin in the

cytoplasm of the human outer hair cells (Takahashi et al., 2010).
We consider that the complementary use of molecular and
immunohistochemical techniques will become a valuable tool for
future study of the human inner ear.

5. Conclusions

Although molecular analysis using human inner ear specimens
is challenging because of the anatomical complexity and long-term
fixation and decalcification, it can provide significant data for the
elucidation of otological disorders. We extracted mRNA from
archival FFPE human inner ears by laser microdissection, and
detected site-specific COCH and SLC26A5 mRNA expression by
RT-PCR from archival human temporal bones. We hope our inno-
vative methods will pave the way for future RNA analyses of human
inner ear disease.
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Sphingosine-1-phosphate (S1P)is a sphingolipid metabolite that regulates various critical biological pro-
cesses, such as cell proliferation, survival, migration, and angiogenesis. The action of S1P is exerted by
its binding to 5 specific G protein-coupled S1P receptors (S1PR), S1PR;~S1PRs. Aminoglycoside antibi-
otics including gentamicin induce cochlear hair cell loss and sensorineural hearing loss. Apoptotic cell
death is considered to play a key role in this type of cochlear injury. S1P acts as a cochlear protectant
against gentamicin ototoxicity. [n the present study, expression of S1PRs in the cochlea was examined. In
addition, the effects of S1PR antagonists on gentamicin ototoxicity were investigated using tissue culture
techniques. Cochleas were dissected from Sprague-Dawley rats on postnatal days 3-5. Basal turn organ
of Corti explants were exposed to 35 uM gentamicin for 48 h with or without S1PR antagonists. S1PR;.3
were expressed in the organ of Corti and spiral ganglion. The S1PR; antagonist increased gentamicin-
induced hair cell loss, while the STPR; and S1PR; antagonists did not affect gentamicin ototoxicity. These
results indicate the possibility that S1P act as a cochlear protectant against gentamicin ototoxicity via

activation of S1PR;.

© 2014 Elsevier Ireland Ltd. All rights reserved.

1. Introduction

Sphingolipid metabolites, such as ceramides and sphingoid
bases, have been implicated in the modulation of membrane sig-
nal transduction systems and in diverse cellular processes, such
as cell proliferation, survival, migration, and angiogenesis | 1-41.
We recently reported that exogenously applied sphingosine-1-
phosphate (S1P) protected cochlear hair cells against gentamicin
ototoxicity [3]. S1P exerts its cellular responses through a family
of 5 G-protein-coupled S1P receptors (S1PRs) known as S1PRy_5
[6~91. These S1PRs are differentially expressed in various cell types.
S1PRy, S1PRy, and S1PRj are widely expressed in cells and tissues,
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whereas S1PR4 and S1PRs are expressed only in the cells of the
immune and nervous systems | 101 Presence of S1PR;_3 has been
shown in the organ of Corti [ 11,12}, but expression of SIPRy4 5 has
never been examined before.

Aminoglycoside antibiotics are widely used for the treatment
of infectious diseases. However, the clinical usage of aminogly-
cosides has often been limited owing to their side effects -
ototoxicity and nepherotoxicity. Aminoglycosides are well known
to damage cochlear inner ear hair cells, causing sensorineural
hearing loss and balance disturbance [12]. Recent findings have
demonstrated that death of cochlear hair cells was elicited by
gentamicin via an apoptotic pathway, at least in part {13,714},
Particularly, evidence of the involvement of the intrinsic apop-
totic pathway in gentamicin ototoxicity has been demonstrated

1151
The present study was designed to investigate the expression of
S1PRs in the rat cochlea and to examine the role of SIPRs in hair

cell death induced by gentamicin.
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2. Materials and methods
2.1. Animals

Postnatal days 3 (P3) to 5 (P5) Sprague-Dawley rats were used.
All animal procedures were carried out according to the guidelines
of the Laboratory Animal Research Center of Tsukuba University.

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

The cochlea, organ of Corti, and spiral ganglion were dissected.
Total RNA was extracted from each cell, using Trizol (Invitrogen,
Carlsbad, CA, USA).Reverse transcription was performed using total
RNA (1 pg)with a GeneAmp PCR System 9600 (Perkin Elmer, Tokyo,
Japan). The mRNA expression levels of S1PR;_s were detected by
conventional RT-PCR with Taq polymerase (Takara, Shiga, Japan).

Glyceraldehyde-3-phoshate dehydrogenase (GAPDH) was used
as an internal control for RNA integrity. S1PR primer sequences

were as follows:
S1PR;~F: 5'-AGCGTTTGTCTGGAGAAGTACC-3’

S1PRy-R: 5'-TAGCAAGGAGGCTGAAGACTGA-3

2) S1PR,-F: 5-CCTGAGAAGGTTCAGGAACACTAC-3'
S1PRy-R: 5'-CCCAATGAGCATCAACATTCGAC-3

(3) S1PR3-F: 5-ATGTCCGGTAGGAAGACGTTCA-3
S1PR3-R: 5-AAGAAAGCACGCCGCATCTC-3"

4) STPR4-F: 5-GATCTTGGTGGCTTTIGTGG-3
S1PR4-R: 5'-CTCTCGCATCTTGAAGCTGA-3'

(5) S1PRs-F: 5'-CCAGTGCACAAATGCCAA-3
S1PRs-R: 5'-GTTGTAGTGAAGGACGATGAC-3'

(6) GAPDH-F: 5 -AAGGTCATCCCAGAGCTGAA-3

GAPDH-R: 5'-GTTGAAGTCACAGGAGACAACC-3'
2.3. Culture technique

The basal turn of the organ of Corti was dissected and cultured
according to the methods of Van de Water and Ruben {16} and
Sobkowicz et al. {17]. Cochlear explants were maintained in Dul-
becco’s modified Eagle’s medium (DMEM) with 10% fetal bovine
serum (FBS), 25mM HEPES, and 30U/mL penicillin. They were
cultured in an incubator at 37°C with 5% CO, at 95% humidity.
Cochlear cultures were maintained in the above-described medium
overnight (8-12h) and then exposed to a medium containing
35 M gentamicin for 48 h to assess the effects of SIPR antago-
nists { 18,19, Each S1PR antagonist was tested at concentrations of
1-100 WM.

2.4. S1P receptor antagonists

S1P  and (R)-3-amino-(3-hexylphenylamino)-4-(oxobutyl-
phosphonic) acid (W146, a selective S1PRy antagonist) and
1-[1,3-dimethyl-1-4-(2-methyllethyl)-1H-pyrazolo[3,4b]pyridin-
6-yl]-4-(3,5-dichloro-4-pyridinyl)-semicar-bazide  (JTEO13, a
selective S1PR; antagonist) were purchased from Sigma Japan
(Tokyo, Japan). 2-Undecyl-thiazolidine-4-carboxylic acid (BML241,
a selective S1PR3 antagonist) was purchased from Cayman Chemi-
cal (Ann Arbor, MI, USA). W146 was initially dissolved in methanol
to 10mM and stored at —20°C. JTEO13 was initially dissolved
in dimethyl sulfoxide (DMSOQ) to 10mM and stored at —-20°C.
BML241 was initially dissolved in dimethylformamide (DMF) to
10mM and stored at —~20°C. Each antagonist was diluted in the
culture medium to the final concentration immediately before use.

2.5. Cytochemistry

At the end of the tissue culture, the explants were fixed with 4%
paraformaldehyde in phosphate-buffered saline (PBS) for 20 min

[oc] [ss] [inc]
x32
35
. x3
[aror | . x32
(cycle)

Fig. 1. Expression of S1PRs in the cochlea. RT-PCR analysis demonstrated that 3 S1P
receptors (S1Py.3) were expressed in the organ of Corti (OC) and spiral ganglion
(SG) of Sprague-Dawley rats on postnatal days 3 (p3) to 5(p5). However, the other 2
S1P receptors (S1P4s ) were not detected. GAPDH primers served as a cDNA loading
control (NC; negative control).

and then permeabilized with 5% Triton X-100 (Sigma, St. Louis, MO,
USA) in PBS with 10% fetal bovine serum (FBS) for 10 min. The spec-
imens were stained with phalloidin with a conjugated Alexa Fluor
probe (1:100, Molecular Probes, Carlsbad, CA, USA) at room tem-
perature for 1h. Phalloidin is a specific marker for cellular F-actin
and labels stereociliary arrays and the cuticular plates of hair cells

112,18}, All experiments consisted of 8-20 explants per experimen-
tal group.

2.6. Assessment of cochlear hair cell damage

Hair cells were characterized as missing if no stereocilia or
cuticular plates were observed by phalloidin staining. Quantitative
results were obtained by evaluating 30 outer hair cells in a given
microscopic field [ 15]. The average of 3 separate counts was used
to represent each culture.

2.7. Western blot analysis

The organ of Corti and the spiral ganglion were homogenized
in lysis buffer containing 0.25M sucrose, 50 mM dithiothreitol,
3mM HEPES (pH 7.9), 0.5mM EGTA, 1mM 4-(2-aminoethyl)-
benzenesulfonyl fluoride, 0.8 mM aprotinin, 21 wM leupeptin,
36 M bestatin, 15 wM pepstatin A, 14 uM (4-guanidino) butane,
and 1% Triton X-100. After centrifugation (12,000x, 10 min, 4°C),
the supernatants were used for Western immunoblot analysis.
Appropriate volumes of the samples (10 pg/lane), were mixed with
equal volumes of sample buffer {100 mM Tris—HCl, PH 6.8, 4%
SDS, 20% glycerol, 10% 2-mercaptoethanol, and 0.02% bromophenol
blue), heated at 95°C for 5min, and then subjected to SDS-PAGE
using 10% polyacrylamide gels. The proteins were transferred by
semidry electroblotting from the gels to polyvinylidene difluo-
ride membranes for 120 min. The blots were then blocked with
the primary antibodies, cleaved caspase 9 or caspase 3 polyclonal
antibody (Cell Signaling Technology, Denvers, MA, USA) for 18h
at 4°C. Next, the blots were incubated with an appropriate sec-
ond antibody, horseradish peroxidase-conjugated goat anti-rabbit
IgG (Cell Signaling Technology), for 1h. Immunoreactive bands
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were visualized using enhanced chemiluminescence (ECL kit; GE
Healthcare Japan, Tokyo, Japan). The scanned immunoblot images
were densitometrically analyzed with an ImageQuant LAS4000
mini imager (GE Healthcare Japan, Tokyo, Japan). The result of each
ratio of examined protein/[3-actin protein was obtained from inde-
pendent measurements (n=_6 per group for each measurement).

2.8. Data analysis

All datawere expressed as the means + SEMs. Statistical analysis
was performed by unpaired t-tests or one-way analysis of vari-
ance (ANOVA) followed by Bonferroni post hoc tests, as required
(StatView 5.0). Probability values less than 0.05 were considered
significant.

3. Results
3.1. Expression of S1PRs in the cochlea

Nonquantitative RT-PCR analysis clearly detected S1PR, mRNA
in the organ of Corti and spiral ganglion. SIPR; and S1PR; mRNA
was also detected in both the organ of Corti and the spiral ganglion.
In contrast to the results for S1PR;_3, no expression of S1PR4 or
S1PRs mRNA was observed both in either the organ of Corti or the
spiral ganglion (Fig. 1).
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3.2. Effects of S1PR antagonists on cochlear hair cells (control
study)

In control explants maintained in the initial medium for 48 h
without exposure to gentamicin, almost all hair cells including 1
row of inner hair cells and 3 rows of outer hair cells were present
(Fig. 2A). The effects of each antagonist and each solvent (W146,
DMSO; JTEO13, methanol; BML241, DMF) on the outer hair cells
were examined and compared with the control explants. These
antagonists and their solvents did not induce any significant outer
hair cell loss when explants were cultured for 48 h in the medium
containing these agents (data not shown).

3.3. Effects of S1PR antagonists on gentamicin ototoxicity

The effect of each antagonist on gentamicin-induced cochlear
hair cell loss was examined using basal turn explants. The explants
treated with gentamicin alone showed significantly reduced num-
bers of outer hair cells (Fig. 2A). Compared to the explants treated
with gentamicin alone (the gentamicin control group), JTE013
increased the ratio of outer hair cell loss induced by gentamicin
at the concentrations of 10 and 100 M (Fig. 2A and B) (Bon-
ferroni test: p<0.05). The ratio of outer hair cell loss differed
significantly between the 10 and 100 wM subgroups, suggesting
the dose-dependency of outer hair cell damage within this range

control

GM 35uM
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Fig. 2. Effects of S1P;.; antagonists on cochlear hair cells. The organ of Corti explant was cultured with or without gentamicin. (A) Representative microphotographs. (B) The
effects of STP antagonists on gentamicin ototoxicity were examined. The organ of Corti was cultured with 35 M gentamicin alone or with 35 wM gentamicin plus 100 wM of
each S1PR antagonist for 48 h. JTEO13 (an S1PR; antagonist) increased hair cell loss at 10 and 100 pM as compared with the culture with gentamicin alone (p <0.05, one-way
ANOVA and Bonferroni test). Scale bar: 50 pm.
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Fig. 3. Expression levels of cleaved caspase 3 in the organ of Corti were assessed by
Western blot analysis (11 =6 in each group). (A) Typical blot images. 3-Actin was used
as an internal control. Cleaved caspase 3 was not detected in the control organ of
Corti (without gentamicin). Cleaved caspase 3 was detected in the explant exposed
to gentamicin. JTEQ13 increased expression levels of cleaved caspase 3. (B) Quan-
titative analysis of cleaved caspase-3. Control: tissue sample from organ of Corti
maintained in the initial medium for 48 h. GM: organ of Corti treated with gentami-
cin 35 wM for 48 h. GM +JTE013: organ of Corti treated with 35 M gentamicin plus
100 M JTEO13 for 48 h.

| GM+TEOL3

of concentrations (Bonferroni test: p<0.05). However, W146 (1,
10, and 100 uM) or BML241 (1, 10, and 100 uM) did not influence
gentamicin ototoxicity (Fig. 2A and B).

3.4. Activation of the intrinsic apoptotic pathway in gentamicin
ototoxicity

The protein expression levels of cleaved caspase-3 and cleaved
caspase-9 in the cochlea were examined by Western blot analy-
sis (Figs. 3 and 4). Neither cleaved caspase 3 nor cleaved caspase 9
was detected in the normal organ of Corti cultures (without genta-
micin). Gentamicin induced expression of cleaved caspases 3 and
9. In addition, JTEO13 treatment significantly increased expression
levels of cleaved caspases 3 and 9 as compared with the gentamicin-
alone group.

4. Discussion

Expression of S1PRy_3 in the organ of Corti was shown in pre-
vious studies [ 10,11}, In the present study, we demonstrated that
S1PR;_3 mRNA was expressed in the spiral ganglion as well as in the
organ of Corti of Sprague-Dawley rats’. However, S1PR4 and S1PRs
mRNA were not detected in the cochlea. The present findings seem
reasonable because S1PR;_3 are widely expressed in various tissues,
whereas expression of S1PR4 is reportedly limited to the lymphoid
and hematopoietic tissues and that of S1PRs to the central nervous
system {10,201

On the basis of the results obtained for S1PR expression in the
cochlea, we examined the effects of S1PRy_3 antagonists on gen-
tamicin ototoxicity. The results showed that the ratio of outer hair

control GM GM+ITEO13

cleaved
caspase 9

B-actin

i
20 §
|
15 |

19

cleaved caspase B protein expression [ratio]

control GM GMITEDLZ

(8)

Fig.4. Expression levels of cleaved caspase 9 were assessed by Western blotting. (A)
Typical blot images. 3-Actin was used as an internal control. Cleaved caspase 9 was
not detected in the control organ of Corti (without gentamicin). Gentamicin induced
cleaved caspase 9, and JTE further increased expression level of cleaved caspase-9.
(B)Quantitative analysis of cleaved caspase-9. Control: tissue sample from the organ
of Corti maintained in the initial medium for 48 h. GM: the organ of Corti treated
with 35 u.M gentamicin for 48 h. GM +JTEQ13: the organ of Corti treated with 35 uM
gentamicin plus 100 pM JTEO13 for 48 h.

cell loss increased in the JTEO13-treated group as compared with in
the gentamicin-alone group. On the other hand, W146 or BML241
treatment had no effect on the gentamicin-induced damage of hair
cells. S1P, produced intracellularly, generally functions as an anti-
apoptotic substance. In our previous study, S1P protected hair cells
against gentamicin ototoxicity [S]. The present findings strongly
suggest that S1PR; signaling is important for cochlear hair cell sur-
vival in gentamicin ototoxicity. Kono et al. |10} and MacLennan
etal. [21]recently reported that S1P signaling was essential for the
maintenance of the cochlea in infantile animals via the activation
S1PR;. The S1PRy-null mice were profoundly deaf, and the struc-
ture of the cochlea in S1PR; null mice was abnormal [10,21]. Their
findings support our assumption that S1PR; signaling influences
the fate of cochlear hair cells during gentamicin exposure,

The mechanisms of aminoglycoside-induced cochlear hair cell
death are not fully known. However, it has been reported that the
intrinsic apoptotic pathway is one of the major pathways leading
to cochlear hair cell death | 15,22]. We examined the activation of
the intrinsic apoptotic pathway by measuring cleaved caspases 3
and 9. In agreement with the previous reports {15,22], gentamicin
activated the intrinsic apoptotic pathway. Namely, both cleaved
caspases 3 and cleaved caspases 9 were detected after gentamicin
exposure. Furthermore, JTEQ13, an S1PR; antagonist, enhanced the
cleavage of caspases 3 and 9 induced by gentamicin. On the basis of
the present finding, it is assumed that S1P may inhibit the intrinsic
apoptotic pathway via S1PR; in gentamicin ototoxicity.

5. Conclusions

An S1PR; antagonist enhanced the intrinsic apoptotic pathway
of cochlear outer hair cells in gentamicin ototoxicity. This finding
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