®3 QYUY NKEROF I/ BRSBTS
SHEOERTHBNI T« a2 VO NKBT S/ BEN%E, Book b, 293,
FEXYODNADGHHANET I ) BMEFI LB LR, EdS, P4V 74+—40
Fvat—, #, K, v COCHREFOT I /BICHKT 2L, Yo7 /B
FlLENFOMO7 I/ BeNHRER*RTLTH S, REENLS6HE 3 L4F
Tt} COCHBETF L 803% LW BB uEREMBON, ChonBERALy
FizEF s 22V vhEo—2THD o LSRENRT,

. position  sequence
protein sequence in hCOCH  identity
p63-1to 8 [ human EGAAPIAITCFTRGLDIRKEKADVLCPGG 25-53 83%
boving ===V--P--#5-cu—mumsuoo—— *-—- -
mouse -=-Y--PY---mesmowom oo 86%
chiken DSS-SN---------- L~==TE~==== AN o 48%
pdd=1to5 | human ATGQAVSTAHPPTGKRLKKTPE 133-154 95%
bovine ===------—- A-—-mm —
mouse -——-R-------- S--mmm———- 86%
chiken ~V-RS-A--R-A----P--—-L- 63%
p40-1to 3 | human TPEKKTGNKDCKADIAFLIDGSFNIGQRRF  152-181 97%
boving ---------- Hommmmm e -
MOUSE ~—————— ===~ —=--mmm——m— e 97%
chiken -L---A----—----------—- Y---—--- 87%

(3} N - A A=V DIV E 21 —F—ERET
ImageMaster 2D Elite software {Amersham
Pharmacia Biotech) %R THE ZXFTTEXIKE
DEERRBIA Ry PO —VREK LI, V
7+ 27 —% %7 2D SDS-PAGE standards
{Bio-Rad Industries) #AwTH+ V7L — =
YL, ARy FOSTE, S88, YA Lo/
EOALy Ficxd T ER2EHELE,

(4) BEAORBBEOBHT—NTFEIVT

{ERK

NRERSEREERT 2 5ETCHD, In-
gel digestion ¥, 22V —735 v Fik L ogty
TV, Lys-C 25 LD LAIE» LA
ATBE, EHA% stacking ¥ VN THOML S8
3, ThEEIKHTE L 20HEARE DY —
Eehs,

2) BREER .
BETOF A — LT E R, YZRBOEA%
ZRICBRRS ey B LA TERME,; %4
R U, fREGRAE & RRTIREE, Rk, #IB
JERIMRIE 2 L OEARREBENICHET 2 2
itk oT, EARBELALOELDHIRSEER
R EEBAT 2 L2 ENEL TV S, 26

bhbhiz v AEERD TZRTESLKE = v
Er Y BT8GR, ERERY 7 TRRE
N 135 ED I L, 89 D ARy b BN - AE

L4,

vy P ORETa Y ICBL TSI
SR AEBEY, OBREHESRCT
2L, UToXiicid,

Qa2 i3 20RAE-F NKRMELS, &
FREZFNF 63kDa, 44kDa, 40kDa @ 3 §
HDTA V7 +—h ph3s, pdds, pd0s o DEE L
2 (%3 K3, 4,

@arzVyTAVIF—AEESIIETSN
BL85T 16 BOEA» MM ENTHS

(F3, H3).

@aZVyERFOBEERD 0% %50 5
(27— EEKERF TR I NG LR,
FEa7 - UBREARALVIEHMLETH B)
(#4),

(DDFNAY BE LA SN BEREREMIZST
p63s IZDHEEILTED, pdds, pd0s IZIZEEH
Twkhot: (H2),

@F 5z, TOERFEEMIZ COCH BIEF
D LCCL B &izdH b, @ LCCL $EIRH

842 FRIE 76#% 125 2004 11 R
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39vd - SAS

pHIC = Isoelectric Focusing =+ pH3

B3 YYAHBEOTRAASERBER
a! TUHREREAERTHEAERYL, rer—7A i W REL A LOSERER T, (VENL
BERIOEDN, 1:BSA, 2° a tublin, 3: B tublin, 4: OCP-2 2R LTH 5., SOEREIF—i
AENTEOLOT, ol Bfrsiizoy—riEfoniy,

b: ZRABREKBEOII VY - FPA V74 —5, Ja0F vy 7 ARDEBRLEL D,

aZYrDn

TAVZA—hETNN)HLGEERZF 5= %), p63-1 42 6 p63-8, p44-1 > 5 pd4-5, pdl-
156 pd0-3 ERFLTHB, pe3-1 4056 p3-8 & if, HTFEMEEALTHLIVFEELADOEL S 8
DOTAY 7 A—LMEELTWHILE2ERLTWE,

p63 . p44
23 45€6 #

# 1

p40
12345 # 123
ﬁf%
T -‘-D
‘!3
— st
'ﬂﬂ
o L

B4 JPUDEBPAVIa—=LORTFETY S
YL AV RPAVIA—LEIN =75 PRI DVEFHLELTEORARTFF
297, BEINHBEO Y FREAINRTVLE, p63, pdd, pODEFTFTA VI 4 —LDE
BONSME (—riE) RHEER—-TH3 L2 RTRENE N,

COCH Rz FOBBICHELTITHL I b
FHlEns (M2),
2 ARFOQ2: A0V FAVYT7A— b
BEOAKICS 2 N NEZE ORI
1) A&

(1) wazl>-
DYERK
OHREDFTHA >
IRABRKERITCEAEL a2 )

FAYVT7A—LGRNAE

V73— LR ENR TR 4 FIEMFR L. #1
HEERT B, X hREFREOHIY F—
TEavE2—¥—TFRT2Y7 TN
T b, 5HEid Epitope Advisor Program (B 158
T AF LIy 2T7 YY) FRGE, R
BYRTFRELT 142519 72 /BEDR
BENRTFFRIER L=, @R s7u—F
AAEIER I U T, KLH (¥ —F—2A - Y >
Ry b e~ PIv) RHEGBERELE, 7Y

BFQRiiH 764128 2004811 A 843
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£ 4 YNAA-IIUE1—5 -
TABEEHZRTERREAS — oL A—Ta vl a5 —RFD
BR, E74AV7+-L02BRIHD IS, SBY, SFBRHERLT
B3, 2703, AEEEAT 0% S50 2 ERE S BIcEET2RAT
HEZIEMRENT, L, Db OBETII S — 4 v FORMRE
EARYARDOLT, CThe0BA*BRWABSORETHS,

protein norm. Vol.% pl MW (kDa)
p63-1 1.7 74 63.0
pb3-2 6.9 72 63.4
p63-3 9.8 7.0 64.0
p63-4 6.6 6.8 64.2
p63-5 4.6 6.6 65.0
p63-6 . 2.2 6.4 65.7
p63-7 0.4 6.3 659
p63-8 0.1 6.1 65.9
32.2 (p63s subtotal %)
pdd-1 39 7.1 43.8
p44-2 2.4 6.9 45.2
pdd-3 46 6.6 455
pdd—4 18 6.4 45.9
pda-5 0.2 6.2 466
12.9 (p44s subtotal %)
p40-1 202 6.1 40.1
p40-2 39 6.0 406
p40-3 1.2 5.8 41.5
25.3 (p40s subtotal %}
70.4 ftotal %)

V104

PS1S VEBG Gaasﬁimsn WITR  A119T

COCH

i
#1 #2 #3 #4
2% —E———
36-49 114-127 |
Cochlin 133 1) .

137184 |
152 | A —
i

|
1
|
|
1
i
I
1

I
1
i '
! !
i f
1 |
I l
| !
|

)
]
f
I
cCTP  im—

5 A2YY - PAU 7 A—LRREBREERRORBRATFF
#l~d i, 74V 72— LERBWCERT2 LI RFVA v ahEREATF FoliiBERT,

FORTIC 2~3 @R LITRDELEZEL, Pro- EDEER L,

tein A 774 F4—A5hu=h &S Peptide #1: “anti-LCCL-N", 18-mer

74 —FROTHETHHL -9, (TRGLDIRKEKADVLCPGG : amino acid residue
TERKFHEL L TALAERTF PEFIZ, M5  36-49) £E 37 Y p63 @ LCCL domain @ N
844 HMEORW 768129 200411 A
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a
1. 2 3 4 1
S
: . 1 133
T ;f} 41
Teas i 30.6
— : " =U,
o @ W -
-ooom 17.8 ..
29— -
6.9

Human Inner Ear

2 3 4
N ®* (e 1) anti-LCCL-N Ab
} : .. {lane 2) anti-LCCL-C Ab
- _ {lane 3) anti-ivdl Ab
o : (lane 4) anti-vWF-Al A
- 4CTP

Human Perilymph

BHe6 AR @), AV (b)) @a7UY - PAYTA—14h
EFAE (@), #U S (b)) 2ERBLEYoy FEETHNCEY, 4 BSotkTRal
HERERT, (0 EFAETE, 90 2RI IBED 74 Y 74— 4 p63, pdd, pdd
DREBMLTHEZ LabeE, b b AV 5T, BAEO p63 &, 16kDa @) CTP ik
Want, (a), b) ORBERR, @2 TRLAEAZYY «TAVZ72A—LDBRAEEE &
EFALAEDOERTED, FHE AL LAY FRBESIkhor, 2% b, bitbhat
PRLTW232Y sy s PAV 74— AORIEMNELWI L 2HIT TS,

PSR

Peptide #2; “anti-LCCL-C", l4-mer
(LSRWSASFTVTKGK : amino acid residue 114-
127y £F a7 ) > p63 @ LCCL domain @ C K4
ICEML, FAVYZ74—4Apdds iZiEE LW
4y,

Peptide #3; “anti-ivdl”, 15-mer (AVSTAH-
PATGKRLKK : amino acid residue 137-151)
LCCL domain & vWF-Al domain ®FEICEEH L,
PAY 74 —5 pds KRG ETHDIMNTAV
7 A4 —Lpd0s RITEETNE O,

Peptide #4: “anti-vWF-A1", 19-mer
{KADIAFLIDGSFNIGQRRF : amino acid residue
163-181) vWF-Al domain @2 & b, p63s, pdds,
pd0s ETEEh 5,

ONEDRRIEDRER .

Vet B, Fy b7y PRIy vo
WNEAGL L b ANLAARERAIIER (Bka
ta—n) #2HERELEYVIAY TRy T4 v
STk ORER LT,

GrIEREAIEE

BEFRER G FIMEFICIRELL 7 & F OAERE,

@—RFTVILAIVTQY T« 27, HERIE,

BRI

BEO RV TAF TRy T4 v %S

V3 PVDF membrane \oHEAZ 70y F L, 3KIC,

HEHEE 648125

fBEsE iRz £ 2B LU 2T, BE
go_toeilu—2iE, JEFRAEE T
oy 7% 5 I blocking buffer i 4°C B
B L7, Z##% washing buffer T 5 43, 3 [H¥E
BL, —KHMEERIEE 7, —RFEE LTI,
farzyy -74Y 7+ —L5E0HE 4 88
# antibody dilution buffer T 1,000 f$Ic#IRL T,
buero—RBICRNL -, RIS, REX
46 2 BT o, ZRAKL LTI, ¥ ¥
B3 anti rabbit IgG antibody (HRP EZ3%) %, Al
#0 antibody dilution buffer T 1,000 fFIZfHRL =
Lo, REZEARS | FREIESE %,
Z 1% 30 washing buffer “T 15 43R, 3 BIZHL
Too FOH, (LEHEEF v b (ECLplus) ZHW
TR FERAES R, RELLY T FLE7 4 LA
(Kodak Scientific Imaging Film} 2B X+ 72,
74N AANDOBERXFRTE 10 & L,

2) BREEE

BcBE LY RBEa 2y P4V 74—
LEFFEREE (I PREFAASHICY
p63s, pdds, pd0s BFTH St (K 6a), 12D,
v, Iy b, TAEY PTHEHLEL TA
V7 x—LhREEHAY = EETHAILTHo7z, &
DRI, FRHTE 27T TV T A4
h7uLY Y IRREINTWE I EERLTY
3, MEEFic k- T, BfEIC k> TRE-

2004 11 A 845
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x5 g&ﬁﬁﬁﬁ!ﬁt&%ﬂ‘?')y cFAYTA—Lh
i

LSS BARAT (Hela cell, 293T cell) < COCH BEF
TMAL T, ML 60, 63kDa DEAMHE
i, BEHRIZIE 60, 50 L 6TFI 6%kDa OER
Mg ahk, —A, b, vONBRRICIE, pe3,
pdd, pd0 TA V7 2 —ABFEEL T B, #) vtz
p63 & CTP (16kDa) M#REL Twiz, TOFKRI, 27
Dy 74V 7+ —LOREALIR, ATMBNENT

HIIEERLTWLE,

/AL 48 cell lysates culture media
HeLa celi (16) 60 60 50
293T cell {17) 63 69
L 718 PIECAE perilymph
b (18) 63 44 40 63 16
7 (15) 63 44 40 63 16
* By 12 kDa
() M3

HEAS—veTTHObHY, 27V v0H
RiBETaRY, BEEATEMAWEAELRTY
CEBTETHE LR RTEERARTH S,

WHMAOMIEZAWEFETIE, 22900
RBEREITHE I3, 22V EFQKET3H
FROMRREE A THE, FTEYETE, &
NIAVRBEBEFELOA - BRITTZO®RITZE
TEEOIFEMNELHSGND, Grabski 5%
(Cell Biology, University of Alabama) I3 F &
fdx N 7 A » HeLa cells (7 50 4FRfjic FEMCLE
{277 AU #A A, Henrietta Lacks % A Hi3#0
fa) #HwT, ¥4 COCH BEFREED
Robertson & 7 (Obstetrics, Gynecology and Repro-

_ ductive Biology, Harvard Medical School) X, 293T

(human embryonic kidney cells} %#v>T, COCH
BEFVaEF Y P ERERERLE. 2OBR
TOSITT LI, 2OFAMEINITIE 63 kDa,
60kDa @ 1 EEHEOERDA LI nlkdh o
o TOMRRAMERLTWEDOESLIH, bh
bIUS, ¥ BIHY v AOBIEMAS S LT,
MEMMERNR a2 ) REBENEEL TV
BT LERL,

3. HREDI:EFAVYNROBIRICELS

WEBFPAYV 7 x—LORAEY
1) 77
EREAGEH T F -7y v e —K

® 6 ZHAOTRAEICL S CTP OB
pH TR

Ra 4Rl CTP (pH7.7)  18.8t023.1kDa
TAAVERA CTP (pH7.9) 177t 22kDa

TRV IAY Ty 4 TR L
2) EREER _

tRAY i, $16kDa ICHAELABO
Ny FhgHER, ChiZZ0ogTFRL S NI
a71) v NFRE- C RIgIAEM A TE{ AL
F— v TRERIN TR EhEa 2 -
Tomoprotein (CTP) (22 Y »-NFIfg7 77 A~
FEH) EELo (EE27 Y p3s DN
KA DS N T LA LW ) HEERD T,
tomo- & V> FEHEEE T ) 2, 6b),
7YY 3 Tid 16kDa & Y RRYFROK
EFWEDEV Y F (17~23kDa) R E h,
Biickh CTP OFHICREp 22N Es L
ERLTWE, 70/ RO RIEERKE
TxARZ 7oy BRI TEEERI CTP
(pH7.7) ¥ 18.8 to 23.1kDa, 774 VEEH:
CTP (pH7.9) T8 17.7 to 22 kDa @ CTP »#&
HWaEht (£6), £, CORF—vizHiary
¥ NFi - C £MEHEATECEL A Y —
TEBEINh, CTP KL EESE, 4FRORRD
TAY7A—LhEH ORI LIE, CTPICH 2
ZYYEBFHDONTVR LI ARBEoRHY:
{heterogeniety) MH B E2RL TV 3,

T, AV rahicizeR a2 v p63s Hid
BRI s, pads, pdls REH s
(B6b), i, "HYvihteEarY)

v p63s 25 CTP AHIBT A TR ENS, Lo

Ya s REAY -V RBENTHE L ET
LTVR3DTREVWIEEZEITVS,
SEIZEBA L 7= Grabski & % Robertson & ¥
T, BREFHAED lysate DAL ST, F0
BREORGRBRRILZT Wk b ERicRT
hTwb, a¥Chs3d, COCHERETFIZR
signal peptide €F—703H 0, 27V B33
EATHIZLETBLTWE, THIIMZT,
ILYVY - TAYT 4 — LIRATORES, pids,

B46 HGES 768128 20F11H
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pd0s Tix LCCL ®F —7MRHAL Twr I &
5, CTP OFESERNEFHEINTHAHST
$H5, LaL, RooBEELAHD EEBERERN
LEERBohz2 2 ) VIRERR, 2080
60, 50kDa & 69kDa ‘TH o7 (£5), TDIL
3227 vOEEERRG, EgLr<irTtasue
Ly FRAENRRENTHAZ L 2FEL T
5,

LT, BEEhzarzyvroluey iz
i

(1) Transcriptional modifications

(DUsage of a different (more 5') polyadenylation
site

(DA product of alternative splicing

(®Exon skipping

(@)Differential use of promoter cap sites

{2) Translational modifications

(DProteolysis at peptide bond removing of other
intervening or C-terminal sequences as for intra-
cellular processing

@)Action of proteolytic cascades in the metabo-
lism of secreted molecules

(3)Chemical modification such as glycosylation
phosphorylation and/or deamination

bitbtild, BZ5(ERAD2 7Y ARFENHN
WEENFETZOTHAI LFHLTwS, %
O k9 e TAERRARBER BERI N,
i REHEROFEEE TR & 20T 5,
¥7- a2 ) yREOEMEEE, COCHBETRE
i mutation 2T 27 ) Y REEHEINE
LEHORRKAIBBEILERRLTWS, Ak
BERRTAYN, T—RICET Iy 7EETY
WEINTVDS,

CTP it, % 5 { LCCL module £DHDTH
2o L HERE 5, LCCL module 2D b D AR
TLAEAE LTHFEETAHIIZICRALNT
Bo?, £V L ERCERR VAT TH D,
4%, CTP QBT 2 7 T v OfiE%:
BETLIATLIEBRBT-STHEL) EHLD
3, =, CTP iZFEREEEREIEE LS
DFNA9 ORRZEEDULETEHFEATED,
DFNA9 REXA A= AL EHATZHIATLER

REATH 3,

IV, 25UV - PAY T+ —LBIFD
BERRIG A~ U ) (R Hr—

EEEXHROBER, MERELEHMERR
BIGRALEEORRE AR BITZ LI
H3,27) iBBEEEEORERETTHD,
Z ORIIGREIE R O BB
U0, bbbz 7Y vy OoRBREEREES
FIAL - BEFEHEOHRBLETFICANT L3S
P38 EWERLAIRIC AL ARSIz E R EREA
o un—=Fritk s, ATREME
DEATFIICHILRIEFEEREITHRAV DD
$29, EFEEHE L -7 DFNAS BE OB
RATHESAV SN, ZORERGREETCH
ZoEMHONTY 3,

RBtbhbiniz, CTP 04 ) v RBIG RN
FALT, o) gl BT AR ELT
W, EEEEY - EDEFWEMEA TS,

1, BEOHY v IEZEE

e, PERMIEEEMSREEI L
TH) v AORMERERT 5, L L, SEHK
FHIBEEETH B It 0 Z20MiTHD 5
bhaBE&ELHYH, TLEBEEMET->THHA
) U ADRHESHE TS TRESH MR IR
F—ALFEELTWE, Y 3 JHRHOHZRD
fARTE, T (b LAREENTEHIERF—
L) ko> ThENTWED, ZoZRBMICHE
NHBIERMITLVERShTwA, 22
T, WEOTHNHICES ShT, BEMNCE
WiTEEMENEERH~—A—2EEL T,
BaYENEEINTER, HRBOBNICH
w2535 B, transferrin 13, BRI FET 2430
BEhREEhTwRYy, Z22THY VEOE
BicbhBRTE20TRLwhALEHFINELD
BRIAREE NS, LhLEE REOHEVLRE
BT ) A0 BEERELLEIA, 6,
transferrin Rtz 1 b o Z B EEH
=2 S ETRLBEDSEd o7 B2 Transfernin
ThHHH, TOAETHY VAAHEBMETICL
Brahul EEBEL, BEoL D AEEM
BurLike—A—3FEL LW,

HEHAS 76#12% 204F 1A 847
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2, CTP EA VY REOBEHY—Hh—Ickb
B/35hH

TAYV 7+ —LBHOESR, EALV_AATEE
Bosyrpe3 OERR, NERRESTHI L
PHEIL =R, 22C, 35K CTPDRE:HE
RC A, ALHE, 773 FFM, EHREEL
DR LA b R BELLLT
%, RS i CTP BER -, —A,
PEICFE LR B ModE, - i 0K
hEERE, BEGHELAOHRE, BHESELD
BHEERELAEIL, Ihsizefigte
Hot:, TOERIZ, CTP 299 Y v aligint
Leffy=—A— L L UTHa 2 RRRRE 2 3N
ATWRZ EETRLTWE,

ZOHOBERREELEEMEIT 2488, BLAY
I LRZORHRNE4Y TS, BEEMETN
BB v, Wiz BRAEMEIEN & SEEtEH
D les, SV ARSI L TRERR
EIETHIDE I D, CTP BEEORER 2R
BHCHW BT, BTBRBEMEL T LK
D53, PLELFNN (REMN) BRETH
RWIHTH2, E5i, NEERMNICE-T
BRLBIEBREORR{ FRCZE T340
(hEEERELT2) ik, ToBZH2ALEYE
LMERH B, TDROICE, CTP RGO
BEREONE, BoUVKEEVRATLONENRK
o, WEMONEEER LERHEET->T
Vi3,
Riebhubhiz, #Y v EHEF» B SN
HHEEE (PR, BE% 03 m EHAHEK
T 3~4 BE¥EE LEIR) DRI EToTw»3EY,
EREOBKEFOMBOER, WIHETEIcHs
CLBRHRATWSIER, 773 HERAER
Tz EOSEMESR Y v ABES T IR R E R I
5z CTP B th o7, —F, wb®3
RS o (SH, FMORED LY, A
HELEDORE) BEITHE I 0. Fdko
BETCRZOFERBSRZ2EBMHABTIHE LD
20N bhbhOBRIOKR, BrHEBERED
RN v TS i CTP Bttt fER A2
Y, WEEN) OUESBOMICERLLTE
ELTWE I EEITNRTIHRE -,

|V.BbDE

SFEYFOEMIBES I pEW RS { ORER
EFrRAESh, RAOBEFLHFRICHERI N,
BEEHROMRIBRMVGESL Tvw 5, HE
YORRLESERE, BERORNEERCRAS
A A7 —3RETHE, EEREMEXREICC
WHERBORFEIC, 2FEYENT S0 —Fd
FlhBEEBE VTN S,

1) Wilkins MR, et al : From proteins to proteomes : Large
scale protein identification by two-dimensional electro-
phoresis and amino acid analysis. Biotechnology (N Y)
14 : 61-65, 1996

2) Walter P et al ! Proteomics : Quantitative and physical
mapping of cellular proteins, Trends in Biotechnology
17 : 121-127, 1999

3) Thalmana |, et al : Biochemical features of major organ
of corti proteins {OCP-1, OCP-2) including partial
amino acid sequence. Laryngoscope 100 : 99-105, 1990

4} Omori A, et al  Proteomic analysis of the inner ear. (in
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5} Khetarpal U, et al : Autosomal dominant sensorineural
hearing loss : Pedigrees, audiologic findings, and tempo-
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HEEE - ff : S o ROF A R LB REER
B HEETRZEMERS BRtERRTERNE
IR SRS I BT B MR, R 15 EE
ST, 2003, pp59-62

AU REXERAROEEN
CTP B EEDHERTE L LTHAL Y 5N

Wi 3 foitid, HBEOEANOERT—%—
FHERRTAILBBRETT, AY vl zh
BEREEORWERTRRVWED, BIEERESAD
ZHHERBRHLEzwERWwET, THROTERTH
BRLEHY 7B ETNE, LAY
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Hair cell loss induced by aging, ototoxic drugs and noise leads to irreversible hearing loss and balance disorders in mammals
due to the failure of hair cells to regenerate. To investigate the possibility of transplantation therapy to repair damaged inner
ear, we have examined whether grafted fetal otocyst cells could survive and migrate into injured sensory organs. We obtained
otocyst cells from green fluorescein protein (GFP)-transgenic rats on embryonic day 12,5, then transplaated these cells into
the inner ears of young rats previously exposed to intense sound, One menth after transplantation, the grafted inner ear
sensory organs were examined immunohistochemically. Grafied otocyst cells had survived and demonstrated special
morphological features in the host organs; cells that migrated into the organ of Corti were similar to supporting cells. These
results indicate that injured sensory organs express some kind of scaffolding that plays important roles in the survival and
differentiation of the grafted otocyst cells. Key words: acoustic overstimulation, fetal otocyst eell, hair cell progenitor,
imuunostaining, inter ear, neural repair, sensory epithelium, transplantation.

INTRODUCTION

Aging and severe damage to the inner ear (e.g.
acoustic overstimulation or ototoxins) induce hair
cell loss that results in irreversible hearing and balance
disorders because hair cell regeneration scarcely oc-
curs in mammalian inner ears. Similarly to inner ear
scnsory epithelia, it has also been thought that axonal
or neuronal regeneration never occurs in the mamma-
lian central nervous system (CNS) (1). However,
several studies reported that transplantation of im-
mature neuronal progenitor cells (e.g. neural stem
cells) induced differentiation of the progenitor cells to
mature neuronal or glial cell types to support survival
and axonal elongation of neurens (2-4). It is antici-
pated that immature neural progenitor cells may be
developed into materials for cell transplantation
therapy for neural repair of the CNS after damage
(5-7). These findings indicate that immature progeni-
tor cells survive and express their potential to differ-
entiate mature principal cell types in the host organs.
In this study, we assessed the possibility of cell
transplantation therapy to repair damaged inner ear
by investigating whether grafted fetal otic epithelial
cells can survive in host inner ear that was damaged by
acoustic overstimulation.

MATERIALS AND METHODS

Fifteen postnatal day 21 (P21) Sprague-Dawley (SD)
rats and 30 embryos from three pregnant dams of the
same strain were used in this study. All experiments
were performed with the approval of the Animal Care
and Use Committee of the Graduate School of
Medicine, Kyoto University.

© Taylor & Francis 2004. ISSN 0365-5237

Donor cells were obtained from green fluorescein
protein (GFP)-transgenic SD rats (8). The expression
of GFP in the somatic cells of the transgenic animals
was driven by an actin promoter. Most of the somatic
cells of the GFP-transgenic animals expressed GFP,
except for nail or hair. When the cells of GFP-
transgenic rats as donors were transplanted into the
inner ear of wild type rats as recipients, GFP in the
grafted cells allowed the fate of the grafted cells to be
traced by immunohistochemistry. Thirty embryonic
day 12 (E12) GFP-transgenic SD rat embryos were
removed from three dated pregnant rats, Sixty otocysts
were dissected from the E12 embryos in phosphate
buffered saline without calcium or magnesium
(PBS5-), then mechanically dissociated in PBS—. After
centrifugation of the cell suspension, PBS— was added
to a 15 ml tube containing cell pellet to establish a
donor cell suspension with a concentration of 1 x 10
cells/ml.

To damage the inner ear of recipient animals, 10
host animals were exposed to white noise for 1 h at a
120 dB sound pressure level with a range from 1 kHz
to 20 kHz. After acoustic overstimulation, the iateral
bone of the cochlea at the level of the middle turn was
bored using a hand drill, and 0.1 pl of cell suspension
containing otic epithelial cells derived from GFP-
transgenic rats was injected through the hole in the
lateral walls of the middle turn of the cochlea. Five
animals received transplantation of the fetal otocyst
cells without acoustic overstimulation.

One month after the transplantation, recipient
animals were fixed transcardially with 4% paraformal-
dehyde, and then the inner ears were removed and
immersed in PBS-, followed by decalcification in 5%
of EDTA solution at 4°C for 3 days. The decalcified
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inner cars were immersed in 20% sucrose/PBS solution
for cryoprotection at 4°C overnight. These inncr cars
were mounted in OCT compound and fransected at 20
pm thick on a cryostat.

The semi-thin sections of inner car were immersed
in PBS containing 0.2% Triton for 30 min, then
incubated in PBS containing 1% bovine serum albu-
min {BSA) and a primary antibody, i.c. polyclonal
anti-GFP 1gG (1:250; Molecular Probes, Eugene, OR,
USA) at 4°C overnight. After washing the specimens
twice in PBS containing 0.2% Triton, they werc
incubated in 1% BSA/PBS with a sccondary antibody,
1.c. Alexa Fluor 594-labeled anti-rabbit IgG (1:250;
Molecular Probes) at 4°C for 3 h. Cell nuclei of the
specimens were stained by incubation with DAPI
(4".6-diamidino-2-phenylindole; 0.1 pg/ml; Molecular
Probes) solution at room temperature for 15 min.
After washing twice, the specimens were mounted in
antifade rcagents (Molecular Probes), and covered
with thin coverglasses. Fluorcscence images of the
specimens were observed under fluorescence micro-
scopc Nikon Eclipse E600 cquipped with a digital
image capture system (Nikon, Tokyo, Jupan).

RESULTS

Eight host animals with acoustic overstimulation and
four host animals without acoustic overstimulation
survived after transplantation. In all of the surviving
cxperimental animals, grafted cells were observed in
the host inner car. Ounly three host animals with
acoustic overstimulation and one host animal without
acoustic overstimulation demonstrated grafted cells in
the cochlea ducts with injection tracts through the
lateral walls, In the other animals, grafted fetal otocyst
cells were observed in the lateral walls, modiolus and
spacc of the scala tympani or scala vestibuli. Most

grafted otocyst cclls were observed along the tracts of
the needle injection for transplantation, and thesc had
survived and intcgrated into the host mesenchymal
tissucs (Fig. 1A and B). When the cells were intro-
duced into the perilymphatic space of scala tympani or
vestibuli, these cells formed agglomerations or lined
the inner lumen of the scala tympani and vestibuli
Only a small number of grafted cells had migrated to
and survived on the base membrane where sensory
¢clls of the organ of Corti had cxisted before being
broken by acoustic overstimulation (Fig. 1C). A few
grafted fetal otic epithelia cells were integrated in the
supporting cell layers of the damaged cochlea,
and expresscd shapes similar to the supporting cclls
{(Fig. 2). In this study, we could not obscrve integra-
tion of the grafted cells into the hair cell layers in the
organ of Corti.

DISCUSSION

Several reports have indicated that immature cells
transplanted into the organs can survive and be
induced to differentiate into organ-specific cell phe-
notypes (c.g. neural stem cells differentiate into blood
cclls), suggesting that the microenvironment of organs
provide some kind of cuc to the grafted cells and
induce the cells to differentiate into the mature cell
phenotypes that the recipient organs arc composed of
(5). Our study showed that grafted otocyst cells from
E12 rat ecmbryos survived in the inner car scnsory
organs of rccipient animals. Moreover, when grafted
Immature otocyst cells integrated in the supporting
cell layers, the integrated cells expressed morphologi-
cal similaritics to normal supporting cells. Thesc
findings support a hypothcsis that inner car sensory
organs provide cues that play important roles in the

Fig 1. Grafted GFP-positive cells survived in the inner ear. (4) A confocal laser image for GFP. GFP-positive grafted cells
survived to form aggregations (arrows) and attached to the inside of the perilymphatic spaces (arrowheads). (B) A fluorescent
microscope image for GFP showing that most GFP-positive cells existed along the tract of the needle injection {arrow). Some
GFP-positive cells migrated to the lateral walls of the apical turn of the cochlea. (C) A fluorescent microscope image for GFP
showing that a small number of grafted cells (arrows) migrated and survived on the damaged epithelial layers where Claudius
cells had existed before damage. (a =apical turn; ¢ =cochlea duct; m = modiolus; st = scala tympani; sv = scala vestibuli.)

Scale bar represents 200 pm (A4); 100 um (B).
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Fig. 2. Integration of a grafted cell into the supporting cell layer, {4 ) Hematoxylin-eosin staining. One cell transplanted into
an inner ear damaged by acoustic overstimulation {(arrow) was integrated as a supporting cell, Hensen's cell layer. (8)
Fluorescent microscope image, The shape of the GFP-positive cell (arrow) was similar to that of Hensen's cells. (C) Nuclear
staining by DAPI. The GFP-positive cell (arrow)} possessed a nucleus, indicating that the grafted GFP-positive cell survived in
the Hensen’s cell layer. (4-C) Same field images. (d = Deiters cell layer; h=Hensen cell layer; os = outer sulcus: s = stria

vascularis.) Scale bar represents 30 pm.

survival and differentiation of grafted immature cells
as described in our previous report (9).

The findings in this study indicate that grafted
embryonic otocyst cells differentiate into mature
supporting cell types morphologically when integrated
into the inncr car epithelia. However, when introduced
to the perilymphatic space, the grafted cells aggregated
or attached to the wall of the scala tympani and
vestibuli, It was difficult technically to induce the cells
to integrate into the epithelia. Moreover, in this study,
the lateral walls, especially the stria vascularis, was
broken when cell suspensions were injected into the
cndolymphatic space of the cochlea duct. For this
reason, we could not clearly evaluate whether grafted
otocyst c¢ells could survive in normal cochlear duct
environments, such as endolymph with a high potas-
sium concentration. However, we continue to antici-
pate ncural repair of the damaged inner car by cell
transplantation therapy, when the difficultics and
technical problems of cell transplantation are resolved
(10).
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Transplantation of Neural Stem Cells into the Modiolus of Mouse Cochleae Injured
by Cisplatin
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Tamura T, Nakagawa T, Tguchi F, Tateya I, Endo T, Kim T-S, Dong Y, Kita T, Kojima K, Naite Y, Omori K, Ito [
Transplantation of neural stem cells into the modiohis of mouse cochleae injured by cisplatin. Acta Otolaryngol 2004, Suppl.
551: 65-68.

This study aimed to examine the possibility of restoration of spiral ganglion neuroas, which transmit sound stimulation to
the brain, by transplantation of fetal neural stem cells (NSCs) into the modiolus of cochleae. Fetal mouse NSCs expressing
green fluorescence were injected into the modiolus of cisplatin-treated cochleae of mice. The temporal bones were collected
14 days after transplantation, and provided histological examinatiot. The cell fate of transplants was determined by
immunohistochemistry for a neural or glial cell-marker. Histological analysis 2 weeks after transplantation revealed robust
survival of transplant-derived cells in the modiolus of the cochlea. NSCs injected in the basal portion of cochleae migrated as
far as the apical end of the modiolus. Grafied NSCs expressing a neural cell marker were identified, but the majority of
grafted NSCs differentiated into glial cells, These findings suggest the possible use of NSCs in cell therapy for restoration of
spiral ganglion neurons. However, further treatments are required to increase the number of NSC-derived neurons in the
modiolus to realize functional recovery. Key words: cell therapy, newrosphere, regencration, spiral ganglion neuron, stem cell,

INTRODUCTION

Hearing impairment is the most frequent disability of
people in industrialized countries. The loss of spiral
ganglion neurons (SGNs) is a major cause for
profound hearing loss (1). SGNs are auditory primary
neurons in Rosenthal’s canal in the modiolus of the
cochlea. Sound stimulation is adapted by auditory
hair cells, converted into electronic stimulation in hair
cells, and transmitted to SGNs. The survival of SGNs
is therefore a critical issue for maintenance of hearing
function, and for obtaining the clinical benefits of
cochlear implants, which are implantable devices
designed to stimulate SGNs electronically. Regenera-
tion of SGNs has thus been an important issue for
restoration of hearing because their regenerative
activity is very limited (2). New experimental ap-
proaches including cell transplantation are, thus, being
pursued to restore hearing (3—-5).

The aim of this study was to examine the potential
of cell transplantation for restoration of SGNs. Fetal
neural stem cells (NSCs) that have the potential for
differentiation into nevrons (4—7) were used as donor
cells, and adult mice affected by cisplatin, in which
severe degeneration of SGNs is induced (8), were the
recipient animals.

MATERIALS AND METHODS

The Animal Research Committee, Graduate School of
Medicine, Kyoto University approved all experimental
protocols. Animal care was under the supervision of

© Taylor & Francis 2004, ISSN 0365-5237

the Institute of Laboratory Animals, Graduate School
of Medicine, Kyoto University.

Fetal mouse NSCs expressing green fluorescence
were used as transplants (4, 5). NSC spheres were
obtained from the neuroepithelium of the dorsal
telencephalon of embryos at embryonic day 11.5 of
C57BL/6]Tgl4 (Act-EGFP) Obs-Y01 transgenic mice
(9) using the neurosphere culture medium (10, 11).
Secondary neurospheres, which exhibited expression
of nestin, but no expression of neuron-specific class 111
beta-tubulin (TwJ1) or glial fibrillary acidic protein
(GFAP), were collected, dissociated and suspended for
transplantation at a density of 1 x 10° cells/pl in the
neurosphere culture medium, C57BL/6 mice at 6
weeks of age (n=4) were used as recipient animals.
A cisplatin solution (2.5 mg/ml in physiological saline;
Sigma, St Louis, MO, USA) was injected from the left
posterior semicircular canal, The procedures used are
described in detail elsewhere (12). In this model, about
60% of SGNs disappcar at 14 days after cisplatin
treatment (8). The left cochlea of recipient animals was
exposed under anesthesia with an intraperitoneal
injection of ketamine (100 mg/kg) and xylazine (9
mg/kg) 14 days after treatment of local application of
cisplatin, The medium containing NSC aggregates (2
ul) was then injected into the cochlea through the
round window toward the direction of the cochlear
modiolus using a Hamilton syringe and infusion
pump. The round window membrane was then cov-
ered with connective tissue and adherent agents.

DOI 10.1080/03655230310016780
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On day 14 after transplantation, the left cochlea of
reeipicnt animals was re-exposed after administration
of lcthal doses of ketamine and xylazine, and 4%
paraformaldchyde in 0.01 M phosphate-buffered sal-
ine (PBS) at pH 7.4 was gently perfused into the
perilymph from the round window. The animals were
then sacrificed by cervical dislocation. The temporal
bones were collected and immersed in the same
fixative for 4 h at 4°C. Cryostat scctions 10 um thick
were made, and the mid-modiolus sections were used
for histological analysis.

The ccll fates of grafted NSCs were determined by
immunohistochemistry for Tull, a marker for neu-
rons, or GFAP, a marker of glial cells. Anti-TuJl
rabbit polyclonal antibody (1:300; Covance Rescarch
Product, Berkeley, CA, USA) or anti-GFAP rabbit
polyclonal antibody (1:200; Sigma) was used as the
primary antibody, and Alexa Fluor 594-conjugated
anti-rabbit or goat IgG (1:200; Molecular Probes,
Eugene, OR, USA) was as the sccondary antibody.
Counterstaining with 4',6-diamidino-2-phenylindole
(DAPI; Moleccular Probes) was performed for demon-
stration of nuclear chromatin. The spccimens were
viewed with a Nikon ECLIPSE E600 fluorescence
microscope {Nikon, Tokyo, Japan).

The numbers of transplant-derived cells in the
modiolus in one scction and the ratios of positivity
for cach marker in transplant-derived cells werc
¢xamincd. Both EGFP- and DAPI-positive cells were
defined as transplant-derived cells. The average of two
sections for cach animal was defined as the number for
that animal. The ratio of positivity for cach marker in
transplant-derived cells in the modiclus was then
calculated.

RESULTS

We confirmed robust survival of the injected cells in
cochleac of all cxperimental animals. NSC-derived
cclls were located in the modiolus of cochleac or scala
tympani (Fig. 1A). NSC-derived cclls injected into the
basal part of the modiolus were also found in the
apical end of the modiolus, indicating the migration
activity of NSCs in the modiolus of cochleac. Some
NSC-derived cells scttled in spiral ganglions. The
mean and standard deviation of numbers of NSC-
derived cells in the modiolus was 190.5 and 60.8.
NSC-derived cells in the modiolus exhibited cxpres-
sion of TuJl (Fig. 1B-D) or GFAP (Fig. IE-G).
Tull-positive grafted cells were predominantly located
in the ossecous spiral lamina or spiral ganglion.
Expression of TuJl was obscrved in about 10% of
NSC-derived cclls. Immunohistochemistry for Tull
also demonstrated an apparent deercase of SGNs. The
majority of NSC-derived ccells were positive for GFAP

Fig. 1. Survival and differentiation of neural stem cells
(NSCs) grafted into the modiolus of injured cochleae. (4)
NSC-derived cells expressing green fluorescence protein
(GFP) settled in the apical portion of the modiolus. (8-
D) Immunohistochemistry for neuron-specific class IT1 beta-
tubulin (TuJl: red) demonstrates that a few of the NSC-
derived cells differentiated into neurons {arrows). (E-G)
Expression of glial fibrillary acidic protein (GFAP; red) is
frequently observed in NSC-derived cells. (SG = spiral gang-
lion; MO = modiolus; ST = scala tympani; SV = scala vesti-
buli; SM = scala media.} Scale bar represents 200 um (A4) or
30 um (B-G).

(Fig. 1E-G). Expression of GFAP was observed in
about 80% of NSC-derived cells, GFAP-positive
grafted cells were found in the modiolus and spiral
ganglion. Interestingly, Tull-positive grafied cells
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were positioned on the periphery of grafted cells (Fig.
2A), while GFAP-positive grafted cells were mainly
located in the center of grafted cells (Fig. 2B).

DISCUSSION

Previous studies have demonstrated that NSCs grafted
into the inner car survive in the cochlear cavity of
newborn rats (3) and adult mice (4). In addition, it has
been demonstrated that NSCs grafted into the co-
chlear cavity migrate into the modiolus and sensory
epithelia of cochleac damaged by aminoglycosides (35).
These findings suggest that NSCs cun be a source of
transplants for cell therapy of degenerative inner car
discascs. It has also been revealed that grafted NSCs
surviving in the cochlear cavity diffcrentiate into
ncural cells in normal inncr cars (4) and in injured
inner cars (5), suggesting that NSCs can be transplants
for restoration of SGNs. We thus used NSCs as
transplants for restoration of SGNs in this study. In
previous studics on NSC transplantation into the
inner car, injection of NSCs into the cochlear duct
(3, 5) or scmicircular canal (4) was uscd as procedurcs
for transplantation. However, no or few NSC-derived
cclls in the mediolus have been identified in these
studics. We thus used a direct injection into the
modiolus as a mcthod for NSC transplantation to
introduce NSCs into the modiolus.

The present findings demonstrate the robust survi-
val of NSC-derived cells in the modiolus. In addition,
NSCs injected in the basal portion of the modiolus
scttled in the apical end of the modiolus and osscous
spiral lamina, indicating the high potential of NSCs
for migration. The migration capacity of NSCs has
also been reported in the spinal cord (13). Therefore,
an injection of NSCs in the basal portion of the
modiolus is an cffective method for introduction of
NSCs into the modiolus from the base to the apex.

Immunohistochemistry for TuJ1 and GFAP rc-
vealed the cell fate of grafted NSCs surviving in the

Fig 2. Distribution of neuron-
specific  class I beta-tubulin
(Tull)- or glial fibrillary acidic
protein (GFAP)-positive grafted
cells in the modiolus. Tull-posi-
tive grafted cells are positioned on
the periphery of the mass of
grafted cells (A), while GFAP-
positive ones are central (B).
(GFP =green fluorescence pro-
tein.) Scale bar represents 30 pm.

modiolus. NSC-derived cclls differentiated into ncu-
rons in the modiolus, indicating that NSC transplan-
tation into thc modiolus may be utilized for
restoration of SGNs. However, only 10% of NSC-
derived cells differentiated into ncurons, similarly to
previous findings when NSCs are grafied into the fluid
spacc of the inner car (4, 5). On the other hand, it is
noteworthy that Tull-positive grafted cells distributed
on the periphery of the mass of grafted cells. SGNs are
located between the modiolus and organ of Corti.
Therefore, NCS-derived cells tend to differentiate into
neurons in the near arca corresponding to the known
arca of auditory ncrves.

Functional recovery of SGNs requires more abun-
dant ncurons derived from transplants. Therefore,
promotion of the activity of neural differentiation or
increase of numbers of surviving NSC-derived cclls
was crucial for functional recovery of SGNs. Neuro-
trophins reportedly stimulate neural differentiation of
NSCs (14). In addition, scveral ncurotrophins have
cffects for promotion of neurite outgrowth from NSCs
{15). Thercefore, the supplement of ncurotrophins may
be a cuc for the promotion of the survival of NSCs
grafted in the inner car and functional recovery. On
the other hand, the microcnvironments where NSCs
scttled influence the fate of grafted NSCs. Cytokines
associated with inflaimmation influence the survival
and differentiation of NSCs transplanted in the
nervous system (16). The microcnvironments of the
cochlea also alter depending on the time after trau-
matic treatment (8). Optimization of the timing of
transplantation of NSCs is hence required for in-
crcased numbers of NSC-derived ncurons in the
modiclus.

In conclusion, an injection of NSCs into the
modiolus of injured cochleac results in robust survival
of grafted NSCs in the modiolus. Grafted NSCs
differentiate into neurons in the modiolus, although
their number is limited, NSC is a possible candidate of
ccll therapy for restoration of SGNs.
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in the auditory system, efforts to reduce degeneration of spiral
ganglion neurens have the immediate objective of improving clini-
cal benefits of cochlear implants, which are small devices designed
to stimulate spiral gangtion neurons electronically. Recent studies
have indicated several neurotrophins can enhance survival of spiral
ganglion neurons. However, the strategy for application of neuro-
trophins in inner ear is still 2 matter of debate. In this study, we ex-
amined the potential of cell therapy as a strategy for application of
neurotrophins in the inrer ear. Neural stem cells obtained from
green flusrescent protein-transgenic mice were used as donor

Key words: Cochlear implants; Neurotrophin; Spiral ganglion; Stem cell; Transplantation

cells, Medium containing neural stem cells was injected into mouse
inner ear. Histological analysis 4 weeks later revealed that trans-
plant-derived cells survived in inner ear and that most transplant-
derived cells in the cochlea had differentiated into glial cells. More-
over, expression of glial cell line-derived neurotrophic factor and
brain-derived neurotrophic facter was observed in transplant-de-
rived cells. These findings indicate that transplantation of neural
stem cells can be a useful strategy for application of neurotrophing
in inner ear. NewroReport 14:77-80 @ 2003 Lippincott Williams
& Wilkins.

INTRODUCTION

Hearing impairment is the most frequent disability of
people in industrialized countries, affecting more than one
in seven individuals. One child in every 2000 is born deaf
from genetic causes. However, options for improvement of
hearing are limited to hearing aids and cochlear implants
(Cls). Cls are small devices that are surgically implanted in
the inner ear to stimulate the spiral ganglion neurons. Cls
have significantly contributed to restoration of hearing in
deafened individuals for decades. However, the Cl depends
on remaining spiral ganglion neurons, and their loss
severely compromises its efficacy [1,2). Therefore, survival
of spiral ganglion neurons is a critical issue for maintaining
the hearing benefits provided by Cls. Recent studies have
revealed the efficacy of application of several neurotrophins
in increasing the survival of spiral ganglion neurcns [34].
An osmotic infusion pump or gene transfection has been
used as a strategy for administration of neurotrophins in
experimental models. However, these methods can provide
inner ear with neurctrophins for only a limited duration of
time. On the other hand, cell therapy has the potential to
enable long-term application of neurotrophins. Cell trans-
plantation has been reported to be a strategy for application
of peptides or proteins in the CNS [5,6]. For cell therapy to
promote the viability of spiral ganglion neurons, the

potential for survival of donor cells and their production
of neurotrophins in the inner ear are required. Neural stem
(NS} cells have been considered donaor cells for cell therapy
in a variety of systems [7,8]. After transplantation, most NS
cells differentiate into glial cells in brain or retina. Glial cells
can be a source for several neurotrophins. Therefore,
transplantation of NS cells into the inner ear has the
potential for application of neurotrophins in the inner ear.
In this study, we examined the ability of NS cells to survival
in the inner ear and the potential for production of
neurotrophins after transplantation into mouse inner ear.

MATERIALS AND METHODS

Preparation of donor cells: As a source of neural stem
cells, we used enhanced green flucrescent protein (EGFP)-
transgenic mice (kindly given by Dr Yamada of the Institute
for Virus Research, Kyoto University). EGFP-transgenic
mouse embryos were removed from staged pregnant
females that were painlessly euthanised early on the 12th
day of gestation. The neuroepithelium of the dorsal
telencephalon of embryonic mice at embryonic day 11.5
was transferred into neurosphere culture medium (DMEM/
F-12 (1:1), Gibco, Grand Island, NY) supplemented with
100 pg/ml transferrin (Sigma, 5t. Louis, MO}, 25ug/ml
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insulin {Sigma), 20 nM progesterone (Sigma), 30 nM sodium
selenite (Sigma), 60uM putrescine (Sigma), 20ng/ml epi-
dermal growth factor {Gibco), and 20ng/ml basic fibroblast
growth factor (Gibco), washed with 0.01M phosphate-
buffered saline (PBS) at pH 7.4 once, and dissociated
completely by pifetting. The cell suspension {100pl, at a
density of 1 x 10° cells/ml) was plated in each well of 96-
well ultra-low attachment plates (Corning, Corning, NY). At
day 3, primary spheres were collected, spun down at 1000
r.p.m. for 5min, and digested with 0.25% trypsin-EDTA and
DNase [ (50 pg/m) for 10min at 37°C. After supplementa-
tion of 0.25% trypsin inhibitor and PBS, the cells were spun
down, resuspended in the neurosphere culture medium,
and dissociated completely by pipetting. The obtained cell
suspension (100p], at a density of 1 x 105 cells/ml) was
plated in each well of 9%6-well ultra-low attachment plates.
At day 6, secondary spheres were collected for transplanta-
tion, dissociated in the same way and suspended at a
density of 1 x 10° cells/pl in the neurosphere culture
medium.

Surgical procedures: We injected 10ul of the medium
including NS cells into the inner ear of five adult female
C57/BL6 mice at 6 weeks of age. Animals were anaesthe-
tized with ketamine (100 mg/kg, i.p.) and xylazine (9mg/
kg, i.p.). We used a retroauricular incision for approach to
the temporal bone. A small hole was made in each of the
lateral and posterior semicircular canals of the left ear. A
glass needle was inserted into the lateral semicircular canal,
and the medium containing NS cells was injected using an
infusion pump. Then, the holes in the semicircular canals
plugged with connective tissue and covered with an
adhesive agent. The surgical procedures were completed
by suturing of the skin incision.

Tissue preparation: At day 28 after transplantation, the
mice were deeply anesthetized with a lethal dose of
ketamine and xylazine and were perfused intracardially
with normal saline, followed by 4% paraformaldehyde in
PBS. The left temporal bones were removed and immersion-
fixed in the same fixative at 4°C for 4 h. After decalcification
with 0.1 M EDTA for 24t at 4°C, 10 pm cryostat sections of
the temporal bones were prepared. The sections were then
mounted on a-aminopropyl triethoxysilane {APS)-coated
slide glasses. Mid-modiolus sections from each animal were
provided for histological analysis.

Histologieal analysis: The fate of transplant-derived cells
was determined by immunchistochemistry for microtubule-
associated protein 2 (MAP2), a cell marker of neural cells,
and giial fibrillary acidic protein (GFAP), a cell marker for
glial cells. The ability for production of neurotrophins was
examined by immunochistochemistry for glial cell line-
derived neurotrophic factor (GDNF} and brain-derived
neurotrophic factor (BDNF). Anti-MAP2 mouse menoclonal
antibody (1:500 in PBS containing 1% bovine serum albumin
(BSA-PBS), Sigma), anti-GFAP rabbit monoclonal antibody
(1:200 in BSA-PBS, DAKO, Carpinteria, CA), anti-GDNF
rabbit polyclonal antibody (1:200 in BSA-PBS, Santa Cruz,
Santa Cruz, CA) and anti-BDNF rabbit polyclonal antibody
(1:200 in BSA-PBS, Santa Cruz) were used as primary

antibodies. The sections were permeabilized in 0.5% Triton
X-100 in PBS for 20 min. After blocking procedures for nen-
specific reaction, the samples were incubated overnight at
4°C with a primary antibody. Samples were washed and
incubated for 1h at room temperature with a rhodamine-
conjugated anti-rabbit goat IgG (1:200 in BSA-PBS; Cherni-
con,Temecula, CA) or an Alexa Fluor 5%4-conjugated anti-
mouse goat IgG (1:200 in PBS; Molecular Probes, Eugene,
OR). At the end of staining procedures, specimens were
incubated with PBS containing 2pg/ml 4',6-diamino-2-
phenylindole dihydrochleride (DAFI, Molecular Probes)
for demenstration of nuclear chromatin. Non-specific label-
ing was tested by omitting the primary antibody from the
staining procedures. The specimens were viewed with a
Nikon Eclipse E600 flucrescence microscope.

Quantification: The numbers of transplant-derived cells
in the cochlear second turn and the rates of positivity for
each marker in transplant-derived cells were examined.
Both EGFP- and DAPl-positive cells were defined as
transplant-derived cells. The numbers of transplant-derived
cells in the scala vestibuli, in the scala tymipani, in the scala
media and the total number were counted. The average of 4
sections for each animal was defined as the number for that
animal, Then, the percentages of the numbers of transplant.
derived cells in the scala vestibuli, scala media and scala
tympani were caluculated. We then calculated the rate of
positivity for each marker in transplant-derived cells in the
second turn of the cochlea. The rate of positivity was
determined as the number of rhodamine- or Alexa Fluor
S94-pasitive cells with EGFP and DAPI signals divided by
the number of transplant-derived cells. The average of the
rates in 2 sections was used as the rate for the animal and
the mean and s.d. of each parameter in four experimental
animals was determined.

All experimental protocols were approved by the Animal
Research Committee, Graduate School of Medicine, Kyoto
University. Animal care was under the supervision of the
Institute of Laboratory Animals, Graduate School of
Medicine, Kyoto University.

RESULTS

Transplant-derived cells were found in every turn of the
cochlea in all the experimental animals. Transplant-derived
cells were predominantly located in the perilymphatic space
of the cochlea (scala vestibuli: 62.0%, 322 in 519 transplant-
derived cells, scala tympani: 37.6%, 195 in 519). Most
transplant-derived cells were attached to the cochlear
architecture, and only a few of them were as floating
aggregated cells. These findings demonstrate that NS cell-
derived cells can survive in the perilymphatic space in the
cochlea for at least 28 days.

Expression of GFAP and MAP2 was found in transplani-
derived cells {Fig. 1). GFAP-positive transplant-derived cells
were frequently observed in cochleae. The mean (+ s.d.)
rate of positivity for GFAP was 0.96 + 0.10, and for MAT2,
0.16 £ 0.09. This indicated that most NS cells transplanted
into the cochlea had differentiated into glial cells. On the
other hand, transplant-derived cells in cochleae exhibited
immunoreactivity for neurotrophins (Fig. 1). Most trans-
plant-derived cells were positive for GDNF, and 50% were
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Fig.l. Transplanted neural stem cells differentiate into glial and neuronal cells and exhibit immunclap.ositivity 1.'or nel.frotropl"nirrs. Left Ii-ne‘ enhancec.l green
fluorescent protein {(EGFP) shows lecalization of transplant-derived cells, Middle line, immunf:s:am{ng for glial ﬁbn!'lary acidic protein (_GFAf'), microtu-
bule-associated protein 2 (MAP), glial celt line-derived neurotrophic faczor (GDNF} ar]d bram-@env:ed n_eurotrophzc factor (BDNF). Right line, merged
images of EGFP and immunostaining, Double positive cells are also demonstrated at a high magnification in small squares. Bar =100 pm,
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positive for BDNF. The rates of positivity for GDNF and
BDNF were 0.90 + 0.07 and 0.49 + 0.29, respectively. This
indicated that N5 cell-derived cells can spontaneously
produce GDNF and/or BDNF in the cochlea,

DISCUSSION

The present findings demonstrate that NS cell-derived cells
can survive for 4 weeks after transplantation into the inner
ear. This suggests that multi-potential NS cells can be
utilized for treatment of inner ear diseases. In this study,
most transplant-detived cells differentiated into glial cells,
identical to previous findings obtained when NS cells were
transplanted into brain or retina [7,9]. We focused on the
ability of transplant-derived cells to produce neurotrophins
in the cochlea in this study. Immunohistochemical analysis
revealed that transplant-derived cells had the potential to
produce neurotrophins. Therefore, transplantation of NS
cells can be a strategy for long-term application of
neurotrophins in the inner ear.

In clinical cell transplantation into the inner ear, trans-
plantation can be performed at the time of CI surgery, which
requires opening of the scala tympani. The present findings
demonstrated that transplant-derived cells had the potential
to produce GDNF and BDNF, which have been reported to
have efficacy for protection of spiral ganglion neurons from
various toxic insults [3,4,10,11]. Therefore, neurotrophins
derived from NS cell-derived cells will support the survival
of spiral ganglion neurons after CI surgery, which can
contribute to the maintaining hearing benefits provided by
Cis. In addition, recent studies have indicated that
neurotrophins enhance the sensitivity of neurons [4,12].
Therefore, supplementation of neurotrophins by transplan-

tation of N5 cells may enhance the sensitivity of surviving
spiral ganglion neurons to electronic stimuli from Cls.
Consequently, we believe that transplantation of NS cells in
combination with Cls can enhance the clinical efficacy of
Cls.

In conclusion, transplanted NS cells survived in the
cachlea for 28 days, and differentiated into glial and
neuronal cells. In addition, transplant-derived cells had
the potential to produce neurotrophins. This suggests that
cell therapy is a promising strategy for maintenance
of spiral ganglion neurons, especially in combination
with CI.
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SURGICAL MANAGEMENT OF SPECIAL CASES OF INTRACTABLE
MENIERE’S DISEASE: UNILATERAL CASES WITH INTACT CANALS
AND BILATERAL CASES
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If a clinician seeks to allow patients with vertigo to return to work as soon as possible, it is very important to determine the
appearance of vestibular symptoms during convalescence just after treatment, as well as the long-term results. Apprehensive patients
with vertigo may undergo severe psychological torment if treatment requires long-term rest in bed before they can return to daily life.
In this paper, we observed postoperative vestibular sympioms (subjective sensation and objective nystagmus) in 50 patients with
intractable Meniere's disease, including cases from our previous preliminary report, during the period of convalescence just after
endolymphatic sac drainage and steroid instillation surgery (EDSS). All symptoms were eliminated within 8 days after EDSS. There
was no significant difference in the duration of any vestibular symptoms between bilateral (n = §) and unilateral cases (n = 42). This
result indicates that EDSS could be as safe a treatment for bilateral Meniere’s disease as for unilateral disease. In unilateral cases with
intact semicircular canal function (n = 17), postoperative evoked vestibular sensation, positional, and positioning {Dix-Hallpike)
nystagmus disappeared significantly earlier than in those with canal paresis (n = 25). This result indicates that EDSS could keep the
vestibular peripheral function of patients with unilateral Meniere’s disease with intact canals quite stable afier surgery. Therefore,
EDSS could be recommended as an initial, less-invasive surgical treatment for intractable Meniere’s disease, especiaily in unilateral
cases with intact canals and in bilateral cases.

KEY WORDS — bilateral Meniere's disease, dizziness, elderly patient, endolymphatic sac drainage, intact semicircular canat,

nystagmus, steroid.

INTRODUCTION

Most patients with Meniere’s disease are relieved
of severe vestibulocochlear symptoms and achieve a
stable condition by means of oral medication.! Some
patients, however, do not have good results with phar-
macotherapy and experience frequent repeated verti-
go, progressive sensorineural hearing loss, persistent
tinnitus, and headache. In bilaterally affected cases,
their daily social life is severely handicapped.?3 There-
fore, various types of surgical therapies should be
taken into consideration for such intractable cases;
the prevalent types for Meniere’s disease consist of
endolymphatic sac surgery,*¢ vestibular neurecto-
my,”-8 and middle ear administration of steroids®-11
or gentamicin.'2-13

When surgical therapies are selected for intract-
able cases, long-term positive results regarding verti-
£o, tinnitus, and hearing improvement are often over-
emphasized.!® However, it is also absolutely impor-
tant for apprehensive patients with vertigo to have
relief from therapy-induced dysequilibrivm during
convalescence just after therapy as quickly as possi-

ble, because they would undergo severe psychologi-

cal torment if a long-term rest in bed were required
before returning to daily life. Patients with bilateral

Meniere’s disease should be especially carefully
treated in terms of possible vestibular peripheral dam-
age induced by surgery, because peripheral functions
contralateral to the operated side may be initially as
weak as the ipsilateral ones.}”-18 In addition, even
unilateral cases with intact semicircular canal func-
tion should also be carefully treated, because severe
vestibular peripheral imbalance induced by surgical
invasion would impair the patient’s daily life.13.19.20

We have focused con the endolymphatic sac as a
therapeutic window according to some basic experi-
mental reports, 2122 and we treated 50 patients with
intractable Meniere’s disease with endolymphatic sac
drainage and steroid instillation surgery (EDSS) as
described previously.2>24 In this article, putting long-
term results of our surgery aside to assess them in
later communications, we first observed not only sub-
jective vestibular sensations but also objective ves-
tibular findings in all 50 patients using electronys-
tagmography (ENG) during the period of convales-
cence after EDSS. We then compared the severity of
these postoperative symptoms between bilateral and
unilateral cases and between unilateral cases with ca-
nal paresis (CP} and those with no CP. It was our
hope that this study would give evidence that EDSS
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