B X 0 RMEMBR OB L FIFREIC MCP1 72

EDOEIHERFORENEE >R, B
fE L 7- MZER A B ERICEA L L
Ex b,

AW TIL, EERF MCP1 & MCP1
LE7%—CCR2 O u—=2 7 %7\,
TEIVAT U RBAFERT A2 AN
T, FRUCR Uz & O IZRIBERS AR DR
THE{LERT MCP1 & MCP1 V&7 % —
CCR2 DT E BENFHFE R ROME
KEHEME L, BICIEAFESME A~
CCR2 BETH#HEA LREETORERKE
WEB/LZDDORY Z—L LT CCR2 EH
VYFUANRERBEL, ZHhIZLD
CCR2 ZEFR B REMIAZ FR L7z,

S OICBEMRORER~BHERT%
BEHIHB X B AT 52 LB H%ES Flpln
VAT LEODoLEETEANED AV,
BMROSENZEBEBTFEANT AT AEFT

27,

B. Wt {E

~ U ARNHEMEME Y RNA ZHiH L, ¥
BB L V57 ¢cDNA %8582, PCR % A
WTEERF MCP1 36 L OVEER T L
® 7% —CCR2 DEIGFDI/ n—=T %
1To7,

7 a—=7Z1% Clontech #:® Tet-on
Advaced Indusible Expression
System ZFAFL7=~_T Z—% iz (K
1) TOYAT ATIX, DOX OB K
D —iEE), RFTANCEEBETFERB T2 L
DR D,

Gene

EHERFLESH—CCR2 D7 u—=
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7

PCR SNV T T A ~=—F, =T R
DOHEHERTF L& 7% —CCR2 DEf=TE
Bl 20X IC&et L, (AT
AULEESCEa Ty 7EFIB LV, 78
—= TR Z—~FRANT DT DOHFIRREE
FTA NEAMIMLE,)

BANZ cDNA 28581 & LT, IREATHRL
2o 4~—%y hEHAWT PCR K%
TV, PCR EM % 5L HF R CRLET T
A ~<—% v & HAWVT nested PCR #17-
7o PCR UG ZERLIL | HIBREERALEE %
Tolcth, 7 a—=2 7Ry Z—OHIREE
REMLICHA L, RIBEICEA L v—r
BE, BT u— L OBEGEFERSIL.
U Z YRR L HEREIT o T2,
E{LERFMCP1 D7 u—=7

PCR SR WE S A4 ~=—F, =¥
A DFELHERF MCP1 D& T %2 £,
K 30X 9ICEkE Lz, (FEaTRLEESY
WZiEa Yy 7B LI, 7r—=r 7R
7B —~FEANT D OOHIREEY A + &
fnLiz,)

FREOEERFLETH—CCR &
BOFET/a—=2 T 51T o1,

CCR2 HEHV V' FUANADRF
AT, E(LERF L& 7% —CCR2
DEERBMEHEDT-HIZ, Invitrogen %t
@ VitraPower Lentiviral Expression
Systems Wz, ZDOY AT ATIE, &
EFRBALZFET L2 DOEHREKRFO
VER L, BECERERTF LT & —
CCR2 DIEFFBMAFREL 72 D,
VitraPower

Lentiviral Expression



Systems T, & h HIV-1 kDL F
ANADY ) 5D 3  LTR ZKBEE, #
—7 v FOMEIIRA LMD S 7 ATHE
BIAEND LR =V T AR ) A
HENR L 7D “ACARIEE” R EowE
A, ZRIEAIEMIE~D B KB F
DA &M TOEWFEBL A ATEEIZ LT
W5, DLNICEEEL R,

2 Lk 0 W) - &
T L

WAL S LA
AL L MENR D, R
Az,

DA L ZERLY 2T AOREE (Invitrogen #1242 1)

AW TIE, BRI 4L LT
pLenti6/V5 Directiona TOPO vector % /]
W, ORI Z—TiX, HFatafFoTro
H W51 OB AR CRhERAIAT S
ZEMNFERETHY, o, HHEEBTFOT
IElZ V5 epitope Z£F7-H 5 Z L RS 7
O, BREEFORRERSICH~DLZ L
NHED, I5DEHITLTFFAI RX
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7 B —~ELMERN - L7 % —CCR2 i
ALT,
R7TAIRETANANRyr—0 73
v 7 AL & BT 293T Mifld~Eis - EAT
HZ LR VERE BERICL T AR
Lenti-CCR2-V5 % 157=,

FlpIn ¥ 27 A & 28~ DZhRAE
ETFEAT AT LOBR%

AWFFE CIERPER 7 L& 7% —CCR2 @
—Ey, REFTEEEZ TR L T 5700,
Clontech ft:? Tet-on Advanced Inducible
Gene Expression System # HV 7z, L U f
FIZME N T EMMER T L& 7% —CCR2
ERBLIEDLHZDIC,
Flp-In System #F|ffl L7z, ZDOT AT A
TIHMERE DO FLIE cell line ORI T, 4F
EDT ) LRI BB 2 A LIEHL
SHDLZENHEKRDT-O, LZE LI FBBE
EGLH T ENAREE I D, IR Lo M pafE
D47 7 LT Flp Recognition Target (FRT)
site ZHAT D, B ¥ — |2 RIS
FAE AT 5H L, FRT site (28175 Flp
recombinase (ZHE 415 DNA OFH[EE
WZIZED T hfEAESND, BLTIC,
Flp-In System OEE % 7=,

Invitrogene £



{N'RW-HZN' 1. Cell LinelZpFRT/lacZeo® bS5
L L YATxHLAUL. ZeocinlZ

\ J  LEBORBESL. oo
<« ’

Host Cell Line & ALY &

4 Hygromycin| = £ HERRDIF 75

FlpIn & A7 A K 2 R 2 O % (Invitrogen

o BBELD)
A HFFE Tix. pcDNA5/FRT expression
vector & L T

pcDNA5/FRT/V5-His-TOPO vector % %I
Lic, 2O EZ—X, b A RAdE
U A L A(CMV)/TetO2 7' 1€ — & — % kf
B IRV O M T o B #E RO
T T AU RN X B E IS A RE
Lo TWWah, EIZ, TOPO cloning site
ITHWE T, ZhEM R 7 v —=2 7 % alhE

L Tuv %, pcDNA5/FRT/V5-His-TOPO
vector ~® CCR2 B T DEANITLL T D X
L TT- 7,

U ANHEMEEI OV L =
7 LIzERF 17 % —CCR2 @ 3~
Kl TOYOBO £ A-attachment mix
ERNTTAX 77 = QDR ME1T
72, pcDNA5/FRT/V5-His-TOPO vector
DRI L TV 5D TOPO isomerase
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I O@ZizXv, CCR2 @ 3~ KimizfHm
EhksgAxr75=v0QA)¢E
pcDNA5/FRT/V5-His-TOPO vector 3~
KO TAXFF IV MEDHEEEN
5 Z L&Y EkERTF L' 7% —CCR2
i 1z 7 % pcDNA5S/FRT/V5-His-TOPO
vector (2 A L7, 61, WEETRT,
C. #FFeAER
FROFECE ECERFLET ¥ —
CCR2 B LU, #&fbK+ MCP1 = Eh
Wt LT, Dox (7 FZH% 427V v) fF#1E
TOARFEBFERGERTTAI Fa A b
77 N BT,
FI-RRR O FIETHE LI CCR2 3B L
F 7 A JL AL MSC ~DEYLNFRD H i, 3R
AlEEICEL D CCR2-VS 2 RERRTH
MSC Bz s 7,
HICHERBHEICB W TSR OEE
HMAZ RS\ D FRT fHHA 2 A b & Y
R FICHAT S Z ST LTRY ., &
%%ﬁLtFMnVX%A%ﬁwtﬁ@@
(2L D %< OBIR T DRI Y B IR~
%A?éVXTA%%%Lto

D. B
AHIETiE~ 7 A AL~ MSC @
FHELEAZNEE RN ED DT H DN
7 B— AT ARSI N,

iy A= R AE A A HE A R (CMCP 1L L O'CC
R2OFH D ®EDEEROCEICHL, K
T rr—=" 7 ENTZMCPIE L
CCR2OFEHLT 7 2 I REBAMIDAN T
BEHIELZLICEY., EENTOH
R HIRRFE E L & B 9R S, AN~
DMSCDEAZNZ A FEFRAZ &1 6> D F ik



ERENLTEX D EEZBND,

AHFFE TMCP1E L O)CCR2D e+ &
BT A FPFER L., REMEE LT
LN OBIETEMSC~E A - ZEK
2RI L, MCPIREIMSCH L ("CCR2%
HMSC% BB i N A~ 5 L& & 1x
TEFEHET D, L0 HEE A
ERRENICEEY, BEEEERCOIE
R EN 0T X 5,

I

=

E.
AR C U B i [ 22 R 0 A B D i A= R PN
~DBE AR % & HMCP1E L U'CCR2
DEMHTEFHETT A FEER L, 2
FPBHEMEFED DDy X — R
T ADTER LT,
FIZCCR2ZEB L F T A )V ADBAFIC K
V) CCR2%: 7E F& BRI ZE Rl i 23 BA 3E S
77

o =T
=]

k=1
Eil

G. Wk
1. FRSCFEE

H. i pEsED HFE « Bk
L
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rtetR

DOX

DOXFHAL TOHBEEHL RS,

Transcription

-

CCR2

,

BEd1 Tet-on Advaced Indusible Gene Expression System

EZRALI-cCRRO—BHRBRZE

TGCCATCATA2AgGAGCCATACCTGtaaat g CCATECAAgTtCaAgCTIgCCtgeaaagace
@mﬁé&xcaccaca:qcqc:aacaa:tqaac::qaabcacccqcauaa
caaatcaaaggaaatggaagacaataatargriacctcagttcat ccacggcatactate
M EDNNMULUPOQTFTIHGITULS
aacatctcattctctatttacacgaagtatocaagagettgatgaaggggecaccacace
TS HSLFTRSIQETLDEGARTT?®P
QTAaTgacTtacyatgatggTgageCitgicataaaaccagtytqgaagcaaatggagetty
Y DY DDGEPUCHEIKT SVEKQIGAW
gatcectgecteca //  gagaagrtcoogaaggtatctctecatattittcagaaagea
I LPP EXKFRRYLSITFTFRIKHEH
. cattgcraaacgrcrctgcaaacagrgcccagttrictatagggagacagcagatcgagt
I AXKRLCKOQCPVFUYRETA ATDRYVY
. qaqc:ctacac:cactcct:ocac:qqqqaqcuﬁ‘a;iiﬁ:ﬁ&?q‘g@q:augun
SSIFTPSTGEQE‘VSVGL'
. gTGAcCagTITGCCTItiittaagcaggyaaggagggageaggrgracatagca acaage
CTCAaagACAgTgGTLCITACTLIgYGTca //CCCtatgaggagectctitgeettgey
. gCa3aTATTATTITACCAATCITCACCAatgittitccttacttatgacatgasagacatyy

. aatTt

gggcatgaggeTgT gag atgeact
. QTTgCTCCTgagtgaaaatggaaatgaaagtgagcagggetctcaaatttctttcrcart

2 EFEHETFLETS—CCR2
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PTRE-Tight

a a gaa

qccaqcbctc:c:ccctccaocaoc‘cgcgg:éoc:fnca:’b&)cccwqcc:qctqtc
MQV PV ML LGLTLTFE

cacagt Gagcatccacgguigy

gccagatgcagttaacgecccact
T VAGW S I HV L AQPUDA AVNR BATPTL
cacctgctgctactcattcaccagcaagatgatcccaatgagtaggetggagagetacaa
T CCY S FTSXMHXTIPMSIR RKIELIESTYHREK
gaggatcaccagcagcaggtgtcccaaagaagctgtagttttigt Caccaagetcaagag
R I T S S RCUPIXKEWARAVV FVTZ KTLIE KR
agaggtctgtgetgaccccaagaaggaatgggtoccagacatacat taaaaacctggatcy
E V C ADUPIXKEWV QT YTIIZ KNTULTUDR
gRaccaaatgagatcagaacctacaactttatttaaaactgcatctgecctaaggtctte
N Q MR S EPTTULTFI KTA AS S BATLTRERS S
agcacctitgaatgrgaagttgaccecgtaaatcrgaagctaatgcatccactacctotee
A PLNVYEKTLTRIKSEA RAMNARMSTTTF S
cecuccacctcuqcacctcwcuqutucﬁm@ucugwtwccc
TTTSSTSVGEVT SVT VN -

$gactgrgatgccitaattaatattaaacttatttaacttattgatgrtatggrattcee
TTTCatgaatactaaaatiticitadatgCaaggigtgyatcCATTTTTICOCTCTCTgTga

ATCCAgatTCcaacactitCaatgtatgagagatgaatittgtaaagatgaatgggraaac

E3 F{EHEEFMcr1



B ERY YUY (Dox) ICEDFEANERRIRERE

@
l oo Dox
$oe®

—OIHESHMSC ZHHERSHMSCIEIZEPSHa

4 BEHROEANRERENCO ESEDTHD MCP1, CCR2 [CXDT FSHY1DOUY
RIFAEY T LhDOHE

F—RBEHIREE L TMCP1 #IRMSC (RREBEYIRHED ZH40 ) Y/ VRANERES, €
DEF__REMIRE LT CCR2 IR MSC OERKRSZTD, F_RBIEHMROERMRICIIIE
REFFIYCOUY (THRIOUYADIY) 3B, BELCFORERZEBIED, N
[CKDE—RBEEICHIRIEA UIZ/DED MSC [ MCP1 Z8FIR L,

ZOEBRTHD CCR2 Z2RKIRT DE _RBEHMIRNAZ(CHFHBBICHEEIND,
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Forward primer

m
)

B

Reverse primer

; CCR2

Overtang

Overtang rvades dobe svandnd
ONA, dipiacing the batom stmed

—ee sTOCTTEACE ATG JOBI oe ses msn WM AAG GG =ee
- ~GOOA 1'-'6:"01‘:— _________ o T o

CCR2BIZ T ORMEIF D ERIZCACCE (T
DL 7= Forward primerd . ¥:4671F L O ERTD
ECHIN S IBIE= 1 2 L D73Reverse primerZ 48
HEDHE TPCREITI:.

FEEDF L O ERICCACCO BEFIE 155 . #45
Ok EIFRELWPCREME IS,

plenti6/V5-D-TOPOvector(3. 20—
THAMIGTGEHEEEHF oo liE Lo~
29— . TopoisomeraseD {THEN TS,

CACCE {TNILT-PCREMH GTGGTEIE(Z
BEEY-$5 S TR &L, Topoisomerase
(CLBRIERIGICLY . BmOELGH OIS
Foroo0 - MOJREETI > TR £
fo CCR2BIZETEEDFIEOF & RIBX
BTLAIE . VsepitopeX THEEILT-
TSN EE- 2 & TCCR2EVS epitopeD F
ASORIOENEEINS.

pLenti6/V5-
D-TOPO®

5 CCR2-V5HEHL UV FIANAERBA 7T 2 I R X —D %
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A-attachment mix

| CCR2 [N CCR2 g

pcDNAS/FRT/
V5-His-TOPO*

X 6  Flpln #fsF# % > AT LD7=HD CCR2-V5 #2175 A I R Z — DL
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BEAG @R E R E (FEERFEREIEEE)

SRR RS E

NE A~ iEES L OEEFEANEDR K 3
‘B B TR BRI D Zh S OB A AL A5 D BR%E

WA MEFItE  NERERZE S R P 2 A= AT

WREE

BB R BRI D HAERR C & B 2R B Ml CTh 0, BEOER L
DRISTT D 2 L ANEBEZR T2 BRI USRI BV TR TOH FAMA R EN TE Y NHE~
DISHELIEFICHENTH D LEZ LN D, WRARKE D LI HERBHABMEE T,
FERE AT W A HRAMERIAE D 2 (Z IR EE 2R W IR G & 5 2 = DB EIICH M s BT 5 % %
WS LT, Fx T I E CHUMERMIBIEIC LY AREG L 52 ERET L TO
BEAEEIZREI LTV AR, S%iTe MEEHETEOREL B L L CREMEN S EF
MR ~oOMBERREY B L TR 21T-o T\ 5, ZHERDSEAEDIITRENS
REPEE M AE & MR AR N~ B A S D NERH D, AUETITHIEEANEZEHD D720
DN DO FIEE R URET 21T 72, TOFE, I har KU 7 FF 2 3NP T4
SMABEZ Z < BIMAREEE 525 2 L CERHMMERBMBOME AR RIS &
W LTc, ZOFEMAZI0H L CERHMERSMRO N EARN~OFEDHEL IO
MBI REBAICEDE LR TER LEZDND,

A. HHEER SEFET DLV EIFHLVERTON

THVE CHA TR REMBROZIZE EROBESEMGTE DL, ZOFEREHE
BRANIC AT G 2 5 2 £ OBREMICEHE O BIE TV Z EICE D, kit
Rz WIS BT EE I CHSL L (Um J RS s o L, EBihE, @i
Pathol 171:214-226, 2007), RFELZSHAT FIEFE, EEBE S IZRE R Y | HEEED
HZ Tk, HIZMEBESTH7Z10T FEE & A WVIZHL LR Y 27 CEWLED
W7 Bl EREFOMILZ EEMEC RE2FOIBRIEOREIYFTX 5,
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AW TIEIINE CHRL BB L TX
TERNE~OFHRERTME (MSC) BiE
EE & DICHE IS, WAHEEE~D MSC &
AR EmD L FIEEZRET LI LB
& L7,

B. Wk

B HEFZE R MR E DR ET B L O
E=H YT
FREMIER MR (MSC) ZAWEANE
MBI OBRN 21T/, EF~ T R (&
#% 10 B, 81038, SHALLED3E) I
LT, MErE1Tieof2th, %FHER
FOGMAPERE LA BRI, AMERER
ELEREEREA~mT TN 2 —
7 &N, 2 X10° cells in 20p1 @ MSC i
HifEik (EGFP #£5%) % 10 ZrRIOEANIZ
FVER LIz, A, &5 4H%, 7H
BICHEADEZRE LT, TENEORRE,
Al L7z MSC OBIZEIL GFP D5 E i E
WCEVIToTz,

AR RO IE R OB T

MEEIZ Y YR AT 7 F VB (LPA)
% MREETRETIWEEMA TR
B 17, Mlaos&Ee UL, Mia+
LPA %##5 L7#t & TR OZE N, HEfk
BALOFHOmZIT > 72,
IBAMRRICREORELX 5 X 57,
F=y KU 7 ¥ (3-nitropropionic acid,
3-NP) %25 L7-EBIZMSC &5 LT,
‘EFIEE LTR, PEERINLE DT,
EMEZELY 1pe D 300mM D 3-NP 25 L
7o

Fio, MRBESEOR EEBHE L,
3NP 5% ORERGEFA L TESFZER
EED D HFEEREF Lz, 3NP &EE%, iy
FHMABE CITRIERUSHEL D & L bITr

~
<J
~
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THA L THD MCPl BEETH, I~
MCP1 ® L7 % —_ CCR 2 %> MSC 28
FlEFE LT, SMUBEICE | AT TE
BERISHBZDEE2OND, ZORIEE
M L. CCR 2 Z @R 9 5 M % 1ERK
Lico, ~UARNELVHEZ CCR2 BisT%
sa—=V7 L, TTAI R H—~fF
AL.V5 tag L7 CCR2 DFEH I 1
—VERER L, ZoMiaEREDFIET
NP EHIZ~ Y ZARNE~RE 21T o7,

C. WrsefER

MSC 551, %54 Bi&, 7 BRICHEN %
BIEL. ALPRIEESOETIERD 20>
7
NEDOERE, B L7 MSC OEIZIL GFP
DEEGREIZ L VITV., BESZMAD
—EE. BRI~ DR A DR
iz, BHEHEORFEHEIEITEE D b
27,

F 72, MSC MIfEWEIZ LPA 2Nz %5 L7
HETHIRBREAORA L L Z2EITRD b
72Dy T, A~ DHEFRR AT MSC #ifa
HMTRELEHLEALOLREITRD L
nizhot,

MSC #5812 3-NP &5 L7-#ETid, Hifa
DOHEE LI b0 EERITBRI
ThoTz,

CCR2 % BFIFH LMz &S5 LIt
TiE, AEROER LM EEWBOTN, #
EOWETHY, 4%I% CCR2 xR ERH
TOMBEERTETH S,

D. B4

MSC 135 biE %D, B - lELMm
BR~OFELEDZ EBHESI LT
%)

o



BREESEEDOHAEERICIBWTT TIZER
SRS TR | &I Tid MSC & vzl
EEREE~OMBBELITPATNS,
MSC IZBECOENICH AMIITHD = &,
F 7o OEHIE & PR LR L3 T
B, BEENENEZEZON TV,

F UARe s e VT, RERTIIL
EPOFEN~ U AMREAERENIC MSC &
TS HERFIEOMSL Z R LT,
NP 5-1% OMSCHAE TITHLHRPI I B D
RIEZRLZTIETTENA L THDHMC
PIOFHFEPRES L. ENITHEVMCPIO
LT H—ThHCCR2VBEIFHET D, 2
D EITE Y, MSCOMHE~DFHEE M
BELD, BE~OEERNEEL L E
2N, TOFEEWFZILH L CERER
TR O N BN ~DOFES R &
VCHifaERE BODLZ LN TEDEEZD
h5, #Z TMSCIZMCP13H L TRCCR2D 5
B2 FEEALLBRT BB
MR EER Lic, ZoMiao®ElzL
e TA, Mia0EAZERIIM L2 T

W5, 5 BITHIOCCR2ZEERER 2 HIZED,

BHETOITETH D,
L
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Fo, ERRAOHMICIVRNEEREETS
= U RZRIEBRZITVOMSCHEICHE D
B RO Z BT 2 5 Th 2D,

E. f&#
ARFFECIIMBAAR I O B EE LY 5
2B L XY BRI R AL O WA
A~DEANEEEmDD Z LI LT,
7o, RIERISZEISH UIER U7z fiin % &
42 L TRIZBHEZIEROR 2RO,

G. WrFEREK
1. F3CHER
2L

2. FRER

Hiromi Kasagi et al. Transplantation of bone
marrow Mesenchymal stem cell into neonatal,
adult and aged mouse cochlea. 32rd ARO Mid
Winter Meeting, 2010 2 A KE 7 F A
VA

H. a9 EEME O HIRE - BRI
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HEV D ADBIEMEB TIEZ <D MSC (1) DOHEBIES

MSCHIfER G # DEHEIE

|

transplantation 4 days 7 days  Pretr days  7days Pretransplantation 4 days 7 days

8kHz 24kHz 36kHz

AR, fblerEERD ABR BIIBOZEL
RIEMRICIIZ <D MSC (1) DIfiEAN RSN,
BREFMCLDIBODETERONT. BHEERGBIENE
BEOZEUNTERSNIZ,

MSC+ SNPERSEODERFAYIANE

BALTLS
1

Hair Cells~

GFP Positive cells

3NP+MSCIFS (MSCit5 % 1:8M)
MSCHilaA#laxh. . 4N HER~DEFM
2voht-, —EBSEOAER~AOBAZEDS,
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BHREAREREORN

NP 5. . MCP-1H %18

CoRzii@@I%iﬁéﬁf:MSCé?&%

MSCOEFMHBA~NDHBEAEDRHE L
NEFHES,

L Vv S 1)
| ELHRET
MCP1D'SFI

3NP+MSC-CCR2 1W

CCR2ZEFRFRIE S
EMCP1ICKOAED
BN FEEIND

SNP [C KD $RL-oMAIEE (TR
BDRAEZH C UICTE,
CCR2 @&RIXRRZzRS,

SR IMAIEE [C 2 < DFBAID
FEZROEC.
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ETBPE R ME (BEERERIEFE)

SRR

NE~OmiilaBiEEl X OB G FEAEDORZE 4
Connexin26 K8~ 7 AMFHERE~D 7 A VAT X — & AW - B FIEEEOME

WooinE RS
WIS A HEBA

JER B REFEE S
NECR R 52 B 0 B SR MR S B B R

HRE SRR} S = B

MREs
SERMEEEREIZ 1 0 0 O AT

—ANEEHEICRAELEZOEHIERETHD EE XD
TN D, aRxFLU26% 3 — RTH6jb2EEFILBEREEEO T CR b EEEICRET
HBEHEEHERRBERTE LTHLNTWS, RIFE CIHEREER ORI 2 B
& LGB BT ERBANTET T ) FEfE T A VA (AAV) BER LTz, BT A VARY X
—DGb2) v 7T U MY URA~DEANEBERFL,
BWEFRI— RTHaxF 02602 BBEIEDZ LTI Lz,

I XY El~ T A OAFERENICGb2

A. BHEEE®

HAE1000 A1 ADEIETAEEN
TL 2EEHERD S 5407 < &b 28U
BETOBEIZL D EHA SN TND, Z
DHFTH GJ/B2 BRI X DB MEEETEA &
LHEENBNI ERMONTNDD, BE
AR ZRIBEIL R, GIB2 BIEFIXF ¥ v
I a EHTHD Connexin 2 6
(Cx26) #a— NI HBETFTHD, Mia
MOBAEHFERD 1O THEIX vy v I Vv
7 v a VW ERE T IR
FELTRBY, KSHY T LAF 08Ky
FYEEABICHREOBEEZ SE T, N
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U DOR Y T hA TP A 7050,
A F U U RNOERICHEE L TnWD L X
. BEHCARRIR T D, £, BintkE
W%TW T AR ELIA Z EBELN

. RR LT~ U 2 TR BN
FMRICED FEATELBREIT RV,
5. GJB2 BIEFERET V< T ADRFNC
LU HERDOIBF AN TFHROBENEES
NTNWBZ ER¥ -7, 2 TR IERE
HEREET NV ThD Gb2 2T 4 at
NIy I T UM URERANTEERED
aNFRrBECFIERCTEHESY D% H
BIZ~ T 2RI~ D T A VAR




= L DELETFEAZRART,

B. B3 E
NE~OBERTEADFEE U TR
WANLEBRT Co®RE, EMENS OFRE,
PHRENOORENRH AN, FHENLD
B GIE AR MR N2 DA EIRE LA
Mmole, TANANRT Z—XTT /) T4
ARy H— (AdV) 77 FEfEY A VA
Ry &Z— (AAV) EHWE, £, &5
BICHEME N UG 21T B 2 i LTz,

C. MroufER
WEICEMFBETHEST D Gb2 /v 7
T RT U RERNERA ORETIZ, B
EOHE L FERICH U A EA~DEATIE
INTF RPN Y U RBEADEBRITA LT
WY o RPE~DERE TIIEEHRZ RO,
FExid~vrU R Gb2 B TFEMBAAT
AAV BVERR L. Gjib2 / v 7T 7 h<T AD
WAEIZE AN UTe, BRREED A & VR L s G
FUIZTHREI LT E ZALRANRKE DA
AT IC Cx26 DB ERBOT, g & LT
J B —FBALTWR Gib2 /v 7T v
DU 2AZRAWEHDIFRBAZBD 2o
77

D. &%

FAITEMRREHRT AAV ZHAEBERZO
TR IERET S LI VB DELR
IR FRFAIC BT A2 EATAZ L%
#E L7 (T iizuka et al. 2008), 5% = D&
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AFWET Gb2 7 v 777 h< U A Gib2
B FEHEAIAAT AAV OEAZTT-T
WS FETH D,

E. f#

AR CIIBE B O1R R IEfE L % B
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Gene Transfer Targeting Mouse Vestibule Using
Adenovirus and Adeno-Associated Virus Vectors

*Hiroko Okada, *Takashi lizuka, THideki Mochizuki, 1 Tomoko Nihira,
*Kazusaku Kamiya, *Ayako Inoshita, *Hiromi Kasagi, *Misato Kasai,
and *Katsuhisa Ikeda

*Department of Otorhinolaryngology, Juntendo University Faculty of Medicine, Tokyo; and {Department of
Neurology, Kitasato University School of Medicine, Sagamihara, Kanagawa, Japan

Hypothesis: The present study assessed how to inject a gene
into the mouse vestibule and which is the optimum gene to the
mouse vestibule adenovirus (AdV) vector or adeno-associated
virus (AAV) vector.

Background: Loss of vestibular hair cell is seen in various
balance disorder diseases. There have been some reports con-
cerning gene delivery to the mouse vestibule in recent years. To
effectively induce transgene expression at the vestibule, we
assessed the efficiency of inoculating the mouse inner ear using
various methods.

Methods: We employed an AdV- and AAV-carrying green
fluorescent protein using a semicircular canal approach (via a
canalostomy) and round window approach.

Results: AAV injection via canalostomy induced gene expres-
sion at the hair cells, supporting cells, and fibrocytes at the
vestibular organs without auditory or balance dysfunction,
suggesting it was the most suitable transfection method. This
method is thus considered to be a promising strategy to prevent
balance dysfunction.

Conclusion: AAV injection via canalostomy to the vestibule is
the noninvasive and highly efficient transfection method, and this
study may have the potential to repair balance disorders in human
in the future. Key Words: Gene therapy-—Vestibule—Virus
vector.

Otol Neurotol 33:655-659, 2012.

The loss of vestibular cells is seen in various balance
disorders such as aging, aminoglycoside toxicity, and
herpes zoster otitis (1-3), and it is known that many
children with congenital deafness have a disorder in the
vestibular function. In such cases, bilateral vestibular
loss results in permanent chronic balance dysfunction.
The vestibular system is an especially important target
for hair cell regeneration because no clinical treatments
are currently available for patients that have lost all
vestibular function. Animal models with genetic bal-
ance disorder were discovered and generated mostly in
mouse, such as shaker-1 or waltzer mice, a mouse model
for Usher syndrome. There have many reports about
gene delivery to the mouse inner ear in recent years.
Several investigators reported that gene transfer using
adenovirus-based vectors results in vestibular hair cell
regeneration, recovery of balance function (4), and
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vestibular hair cell preservation from aminoglycosides
(5). However, it is difficult to use adenoviruses because
they would be used for only short-term treatment (6).
Therefore, we compared the effect of adenovirus (AdV)
vectors with recombinant adeno-associated viral (tAAV)
vectors, which has the advantages in causing long-term
gene expression compared with AdV (7). Moreover, we
assessed how to inject a gene into the mouse inner ear.
Three main routes of gene delivery are possible, namely,
scala media approaches (via a cochleostomy), semi-
circular canal approaches (via a canalostomy), and round
window approaches (8,9). Hearing loss by the method of
cochleostomy has been reported in some studies (9,10).
Thus, in this study, the delivery of AdV and rAAV via
semicircular canal or round window was investigated to
elucidate the implications for hearing and balance func-
tion and cellular specificity of the transgene expression in
the mouse vestibule.

MATERIALS AND METHODS

Animals
Healthy C57BL/6 male mice were used at pl4. All experi-
mental protocols were approved by the Institutional Animal
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