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Gene transduction into the cochlea offers the potential for developing therapeutic strategies to

treat both inherited and pathological hearing disorders. However, in order to develop a gene
therapy strategy that will successfully treat hearing disorders, appropriate vectors must be
developed that are capable of transducing cochlear hair cells and support cells, which are free
of serious side effects.

Virus-mediated gene transfer into the cochlea has been previously
accomplished with limited success. The previous methods failed to either transduce the hair
cells and specific support cells or resulted in negative side effects, such as destruction of the

transduced cells after treatment. For example, gene expression following transduction with
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In contrast to the prior art, the inventors surprisingly discovered, and provide

herein, a method of transducing cochlear hair cells and support cells with AAV.
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promoter. In one embodiment, the promoter used is the CAG promoter.

Advantageously, the AAV may also comprise a woodchuck hepatitis virus
post-transcription regulatory element (WPRE).

In a preferred embodiment, the transduction efficiency of the disclosed
method is at least 30%; preferably the transduction efficiency is at least 50%; more preferably
at least 60%; and most preferably at least 70%.

The AAV can be any AAV serotype. Preferably, however, the AAV
comprises serotype 1, 2, 6, or a mixture of two or more serotypes. In a preferred

embodiment, the serotype is a mixture comprising serotypes 1 and 2.
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and outer hair cells following treatment with AAV-1 and AAV-2. Basilar regions of the
cochlear explants are shown. (*) indicates GFP positive inner hair cells, (Arrow heads)
indicate GFP positive outer hair cells. Magnification = 100X, scale bar = 8um. Please note
that not all of the GFP positive hair cells have been marked in the figures, only a
representative number for the convenience of the viewer.

Figs. 2A-F show the transduction of E13 cochlear explants with AAV-1-CAG.
The top three panels show low magnification of fluorescent images; GFP (Figure 2A),
Myosin 6 (Figure 2B) and merge respectively (Figure 2C) in an E13 cochlear explant cultures

after 5 days in vitro. The lower three panels show high magnification of same images of GFP
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that was transfected with a Math1/ER-IRES-GFP expression vector and then maintained for 6

days in vitro in the absence of tamoxifen. Hair cells in the sensory epithelium are labeled in
red with an antibody against myosin 6 (Figure 6A). Transfected cells (Figure 6B) are green
and are present in the greater epithelial ridge (GER), but no ectopic hair cells have developed.
Figure 6C shows merged red and green images of Figs. 6A and 6B. Bottom Row: Figs. 6D-

F are low magnification images of a sister explant that was transfected with the same vector
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absent in the control, uninjected cochlea. The strongest region of GFP expression appears to
be in the support cells, between the inner and outer rows of hair cells and possibly beneath
the hair cells. This is consistent with our previous data and suggests that GFP expression

from the GFAP promoter is localized to support cells and not hair cells.
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n Figure 8A (indicated by arrows) is, absent

staining i ;
gene delivenag gr@mgeaﬁﬁ tofhgssj C_éﬁ,%- ehlotedbapEengeyHals ekpgriay observed with
n . ) :
v 3 80l 5 PP BT b RS e
and DPeidr’poslss. bl y beneath the hair cells. This is

consi stent with our prevjous data and sugges t
GEP ex FiBYS 101 F FOIRFIHG eseimn B g amA LA G ers 03 bpsgtar

b I ' : : .
memRR30] HER S RIS (ERGAR {cchE (T omettiir () B pillar clls ©
innertpliléargeilng€d) putgr haic bélk48) ifioerqbalangeal télks (hordszapll; (10-11)

) %normt ﬁr sel ectively drives transgene expression
interdgnfiph 61l pport cell's, cross sections of paraffin
enbedded cochl eas from control were exam ned (Figure
9A) and AAV-2-GFAP-GFP injected (Figure 98%\/1 gui nea
pi PETAHEEDDESCRIBRIONOF THE PRAFERRED EMBODIMENTS
i mmunocyt ochem cal anal ysis using DAB. No GFP specific
st ai ni ngll paendene titeshuidrefdienceocitgddh tide spdctfcation are hereby
However, GFP positive cells were observiggl‘I in the

incormgrcH R TAArea b O Hiel SEE P ranRAHIed I SO DR Rend in the claims, "2’
I cal 1.zatd : Ly [
can A Eh6r 8 Miolr¥fl ROl i Rpio RRL, YO PO TS

dri ves 'Ehgyresat mventiod pravslgenesthudtdfittansdueingupgomnlian cochlear
cel|ls of the cochlea and that AAV-2 is .an efficient. .
cellsREafsEbBY hajoesdls GEFYRRSFS %ﬁS-t EE%%‘&%WQWP’BH{S??&E% s{gB pf dolivering an
i i AR RAD v (A dsBiet
sdeniBoist OREL (ANSG)  GrEpHR R SbIERSRIL Ao PLEY wsafto
transéuqerths soahivai pelbismuedified amkeongivibaPdathatis¢xDeénoys tasthe AAV
cells. F}'ﬁj%u%e 10 is a schematic diagram of the
and gpgFARYPEYAMKEd (¢ BOMAE) pasel ar nenbrane; (2) Hensen's

cell's; A3bciieirt@hir BelPeslaSendoty cQlinghe B 1A étnla$ hait 881l is in
outer pillar cells; (6)

synaptic contact with sensory as well as efferent fibers of the auditory nerve and has fine

projections resembling hairs. Hair cells are also sometimes referred to as Corti's cells. There
are two types of hair cells: outer and inner hair cells. Outer hair cells are distal from the
spiral limbus, and generally there are three to five rows of hair cells that run the length of the

cochlear duct (about 20,000 in number in humans). Inner hair cells are proximal to the spiral



inner pillar cells;,( 7) outer hair cell; (8) inner
phal angeal cells; (9) border cell; (10-1 1)
WO ndoesdsse i al cel |l s. DETAI LED DESCRI PTI ON OF TPEL/US2005/021486
PREFERRED EMBODI MENTS AUpatents and literature
limbuse fikkesnie aﬁlygdﬂg&dwiotﬁ irirfeir Bais pelts thataat ilwrieagth ofidreaioghlear duct
ncor por at e reference in their entiret As used
(abothSQ%@@gl&qrmglg # and in the clainms, " a¥ can mean

one or Tﬂg{)&lea‘}ag&@ghqgﬂu RABcAOLInGROEXbry 1tﬁ€'lhﬁﬂ ahd isiifi close

used. present “i nvention provides a ne
contat:t wits dwwo clﬂgarﬂmrm:all; mafecabd i tlieent conthéts Gepp@ﬂmr smp 91”[ ells include:

Dietegt cglly Hrapithgect Bin e sc B p S PUG Pty Ly & irdential

cells.t §<§@ eloubai 0 fcf-f%l s'ché?ﬁatﬁ:%ﬁﬂ’@ﬁﬁl oF¢hd marhifliAYodts&d to

transduce the cochlear cell is nodified and conprises

DNA t h athe terne Xoapsdewiont’ dendies thelaw @%@DQ{A inlseule to a recipient
celleth d toooall rﬂpm)t e cochlear "hair cell"” is a
3 ?fs’grf)’ érI’V if> ¥ A nornal hair cell is in

synapt i SAYQ L@kt dlﬂblteht Aﬂ\ssv’ratypés %&aw 1a8) tefvt Be@nidentified based
fibers of the auditory nerve and has fine projections
on arpiag epid) semgenhg drf&renqas in their respegtive spRNM BISHRIRS. n%éo types 1 and 6

shareh ?9?/r élﬂqur}ot a,%1 gﬂr/]%r?c} %ﬁ%&&ﬁ gli@&ft g\lnﬁc'ﬁ%n%‘{?dffﬂé%%ﬁa@ﬁ. The
AAVCEkl $n ﬂfe@r&bﬁﬁ 1ﬂ{/erfal’oﬁm be aspARA sdrotypeisIn aypdfagredendiodiment,

there are three to five rows of hai.r ce@jjs that run
howevRe theesesRthposomTEscs BB L. 40 T ¢ BBELES SFWOEE nse serotypes, for

hixch? [H{r@%g NO6Ls haido.cells are proximal to
exam@@sﬁlxr a?P us s]ek Pgsl s onl'y one row of inner hair
cel I s tTiat AAVusetién thepgesentafivérttendoe Hereaative of the(adbaerassociated

virus; g P GHOBTOLH BNIb RO SHHER (e 0 ioh of Piggious
recorﬁﬁﬂalﬁ%A (%H n?etﬁ%flﬁl'blf ?ﬁﬁﬁé‘ﬁio‘h a?@%ll ld%\@fl ?1{ fllayt. Heb LS., US.

cont act . ner a ort cells include: Dieter's
Patert &ldssS, 1 FRASES, oy 5,74p683 ;46387 6,47A769; audefl, B3R

R IR L AL X —

herelﬁ@,g,qgﬁgencg'he term "transduction” denotes the delivery
a DNA nolecule to a recipient cell either in vivo
r i n viha AAWgenomaNs composettiof Adingars sipglerstranged DNA molecule that

O
conc 5] BT AR GRS BaB0: Pl i

repeeﬁ@(l?kg) RreatieenbthatSRheiondia Tislasdtigis DNA ré}ﬂ&%lmmbas packaging
acl d honol o’%‘ﬂand therefore are not functionally

s1gnad|s for greevitusaleell TR ee pppyoriswaiely A43 B ipleggiénthe WidaglingArepeated
port1ﬂlb &E@g Ig%ﬂ%{rhle 1nclusd%% 8{73/ e ngldﬁn?eeﬁﬁ ﬁgfngsg ekﬁg(pﬂ gé ﬂ%%%V arep and

e sero rises
cap 18Eishs) f&spettively ’ﬂ{esﬂﬁsrgﬁ)rs eodd fopeiss vitadproteins that provide AAV helper

functions, i.e., the proteins involved in replication and packaging of the virion. Specifically,
a family of at least four viral proteins is synthesized from the AAV rep region, Rep 78, Rep
68, Rep 52 and Rep 40, named according to their apparent molecular weight. The AAV cap
region encodes at least three proteins, VP1, VP2 and VP3. For a detailed description of the
AAV genome, see, e.g., Muzyczka (1992).

AAV vectors can be engineered to carry an exogeneous nucleotide sequence
of interest (e.g., a selected gene — e.g., Hathl or SOX2, antisense nucleic acid molecule, or

the like) by deleting, in whole or in part, the internal portion of the AAV genome and
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exanple, a m xture conprising serotypes 1 and 2. The
AAV used in the present invention is a derivative of
WO b@easssd- associ ated virus, into which exogenptBURNAS/021486

has been introduced. The construction of infectious
insertin@ganaDINYapdquékdé efinterest tedeisencthe TR S. f TlallRsrenain fwettional in

known in the See, e g.., US ,Patent Nos.
such iprgalping seryisefionsand ngcsdkins iR 4 AN Song g hy peterplggous
nucle@tFtQ; s?glzér%e %? teréQ! @by h@ﬂefbl@éou@ hucled@®Nequaied 15(331‘sdlg?pﬁ>blly

998 and 1999), al whi ch are incorporat
llnkemmaepmnmyerrseah@nemwablﬂmé dnmg@n@ n@rpasmm eaticnts target cells
e g G o T NS PR <SGt DR RGNS comtsove

mcludeaqh%ge@ectd@verted term nal repeats (ITRs) at each end
hat function in cis as origins of DNA replication and
as pacHag prapagatipnaif $he vactar i vigos ssceptifde petirgrgpstransiected with

o BT B D 08 P i, s,

Vectopfb@ﬁnsf ﬁaﬂl Ay Vi dsedikially il \wie &80 gtﬁ’&mMg‘mﬂeﬁJraephcaam and
regi ons, respectively. These regions code for the
packasgmga| protei ns that provide AAV hel per functions,

- €. g &%ﬁt oze'n%d Eéb\ggﬁéégﬁo 13 ﬁ&EHagiﬁ; I‘ééi’/? 16t Eﬁresgond exactly

packagln e Virl peC| i ca
with theistild-pe pyototgpesp ol exaisple,sthe WA Viesstama fthetpm&ehlelmmlon may

Featuia G RSO HTEN P EPSRP ot POVISECITR Y Sl pgpplicated
and pﬁﬁ%g%gﬁt’ﬂﬁhg BRERee 3{ héé}%é“%‘iru& W&tk Rk tﬂl%et ok, OpH8nally, the

et al escri ption of AAV genone,
helpes eftus ®agbe revhmyadzk thogd @8BYdimenys wiert o hslpclawntses used, for

examgfe by bk gt o S6” CPL R B fenar Shaid e BT Rav
Vectogcﬂfszeen%gétﬁﬁﬁﬁ AVesiLRl hl@fdehri@bgcul e, or the like) by
eting, In whole or in par the internal portion of

t he AA\Ingxan embodimtinhtherAA¥ds pméuqzwcwsmgqth ba@mgi—based method as
st be
sl fESEER o AR U P M G i

ZolothREnAAYL. qR0081 ni ng the heterol ogous nucl eot| de
sequence of i'nterest. The heterol ogous nucleotid

sequencéirisss arestdeuegi fob'éleﬁ ymipar o genargic papickypeel- Titers of the

Anv3SHNGREBa ARk acRl Yl ORH: ERHPRABP A et
high-fie Rrfabf &Nedst 00PppRul 280 @{brapremmylggangdsaml& pp/gi. tMethods of

can al so be included in the vector. For %a§a1;| on
producieg highttiser vimses are also siel kapynn ghecat. I%eeafé e NG.

6,63587d & (ra%;gﬁ %@% o‘fv'ig aét }% kﬁét} bt rdo\‘lﬁaﬂ‘lﬁi %@Qnﬁmant AAV

QUi t vViTus or asn"n
vector¥ @flereelfuyntitidde vector retains from AAV essentially

only the recognition si for [
y DNA: B}g exogenous Dq\?ﬁj ?s meant an? hét%l% g)g%?ls %II]\FA, i.e., not

normally found in wild-type AAV that can be inserted into the AAV for transfer into the

target cell. By “operatively linked” is meant that the promoter can drive expression of the
exogenous DNA, as is known in the art, and can include the appropriate orientation of the
promoter relative to the exogenous DNA. Furthermore, the exogenous DNA preferably has
all appropriate sequences for expression. The DNA can include, for example, expression

control sequences, such as an enhancer, and necessary information processing sites.



packagi ng. The AAV-derived sequences do not
necessarily have to correspond exactly with their
wowdodAos3spe prot ot ypes. For exanpl e, the AAV vertDUS200$/021486
the present invention may feature nutated inverted
Typidatlybecabsercfhapakaging limitation afetiAVhitie exbgenoas DIVA wilhhave a

enuiGpt e p RIS Lo oeRr TS, Mabp st ASoBFRes! 2o

Option <] h IRatt
Crboq ek REIPLP R KEISATRY ST o iogc

cochlogr hagratelli growth aratellalifferentitioq, 4.gr p®Matesrwppert celt differentiation into
arated from ack

hoir S 0PI ERFSR B0k g Srag PRt HEER {p8lencodes

MathWat'ﬁ PORI USRI exiRi2Bort ahgfoﬁzlt}@fa@’td? phR&ad BxRmpRd ofigrowth factor
described in Lai, et al. 02) and the virus is

proteipgrindliday Norva GriiwehFeptoy Nd )eﬁilgl—a)@n@rewﬁm@epmn Factor (GDNF),
andFZfS:s}Efg%’tk@' n %aaor(FGaﬁ)ZOOZ). Viruses are titered by the

nomc ticles per mM. Titers of the AAV

can varij.a mafehle@ k‘a‘hﬁb&%@l@ e ONAgeriepass Math1tor rcmun@@i drtholog,
but preferably the AAV used _is a high-titer_ virus
Hath bt Bxiargssion @lgthg pasi¢ helivdlogprhelip franssrinhes factar, M@H&torf@ﬂ@l has

been QIFJVQA l?ell\ﬂ%kﬁ ggwc%sl %y Fxé}(gglgﬁél ggf ﬂzﬁr &élf cﬁffl}’egﬁg%ﬁ? ﬂ{eﬁ&band Gao,
(2009 16352108 The ﬁéxem;immbhmwsmmgqmméucans éﬁ;géssimgtl\dathl within the
cont, am nant free,. reconbl nant AAV _vect rs inlar

| greatey ppipphial gidge follgrvingiheclectigaaration pRyet cochlen sxplanty fith the Math1

h
B P GO 0 S g
immdtwarhafreells witbirt the otgan@é tortieind noByensoyepitheliad bglld ﬁoﬂkwdig
iS. meant_.th f he r. can drive expres n t he
AdengisHeamia v gelivasy SRR R S0t e s SR Sfiesfnetiie

Kawitﬂ@co %PB[ ARG r&iRtelhA Ak M v@éie ektchdiR tB'sORR e theifiInRthré Bair cells
to the exogenous DNA. Furthernore, the exogenous

withip tlesf mbﬂs;mhmgloalm Dappg qulmm,dﬂg‘@ﬁ deenlfygrpressed between
The DNA can include, for exanple,
ElZi—E@@ '%(ﬂn%ontrol sequences, such as an enhancer, and
necess danbthePprofdrtcAreniiodfifss, te DNA escolitPh® BRIr¥ceptor fusion
because of the packa g ng linmitations of AAV, the

proteisy sepdrasudaNAER) Hath oa SOSAJER pestteiap &u thig embodyment, the fusion
o A SN o, BB, povivis

regulbied by oo EIasRieGbkain dfahd fgRInl proteiéynthe restﬁ@eh receptor. The use
differentiation, e.g., pronotes support cell

of angrHiyangeommeresh ¢ gy Bmpsiton, issrecessaiyyto psrmid draslecagien of the fusion
proteﬁttgg%é 20 qufhér%_gt %P@g g%ﬁggpz{l nar?ggig.lnﬂg%e%otdﬁﬁ%rgﬁaﬂwmfen 18

admihidtel at feast £day after anpsdestial agl, awtrd pfedatisly, several weeks after
transduction. In a preferred embodiment, the activating compound is administered two to
three weeks after transduction. By waiting to administer the activating compound, the patient
is allowed to recover from treatment and a high and consistent level of exogenous gene
expression in the patient is more likely.

Promoter: The promoter can be any desired promoter, selected by known
considerations, such as the level of expression of the DNA operatively linked to the promoter
and the cell type in which the DNA is to be expressed, e.g., hair cells or support cells.

Promoters can be an exogenous or an endogenous promoter. Promoters can be prokaryotic,
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proteins include: Nerve G owth Factor (NG-),
G ial -Derived Neurotrophic Factor (GDNF), and
wo-2Me0Bie8st G owt h Factor (FGF). In a preferrebPlCT/US2005/021486
enbodi nent, the DNA encodes Mathl or the human
euka Bﬁ@ G0, ﬂd@lehi mifocp6RE R, ofral ferd. h‘ledchamaﬂy, ch1mer1c regulatory

el i x-1o0p ~hel i x transcription. fac
promoters fas t2pesiee Wpteéﬂ% cahevilieds é OGRS e coctear

hair spg&ﬁt‘)?{'ogn&tﬁljs and e;?p%&'te&'ﬂ' sﬁé?ﬁﬁgroﬁ%&g and Gao, (2000)

opment osin Vila positive cells
expr es Boega baah (200} i'uoenttyhélagrc&anzed the gV IOANA pﬂomqteig‘efhlch

exhl‘t{;\ﬁ(s) lts{ngvgq gglﬁér{]\% e?(lagq%tgrog F‘)ygfaag; ﬁl:eg]é @g{}}e{p%%w%g\éﬁ%?%tt 8{1 ore recently,
the gﬁeﬁ%ﬁla@ a| ?RC it l{’%ﬂé\})?ﬁrloh{d%rtv@ﬁ sHOWE 36 Hﬁ“eese%twe act1v1ty within

mrat ur n the organ of corti and
certainanbpositatipne pf suppbitaklle@id st dlo IZDQZ'g)t Adhe authors observed GFAP

Adenquvi r us-nedi at ed, d f th thI
actviEg ) ] HBBPEIRE AL SR 15 Y RO bt capcih g Sotlfom he
base fo%?diétﬁsi a,%]éa@tuﬁéme MR 11D 0PRSS HAS bdeBvedianEmibr pdtRrm of GFP
Inmature hair cells within the nonsensory re 1 ONnsS.

GXPrden Pl eachileap aupients webeh the GF AR pyoragisr wakused e dijge Hansgene

= PO 0 [n_an
e AR SRR BB B 1S G TR s sy
restrig®d tdVinBY} pHiaRingbiatdallé, BRrded el EMA/ R ePs @EKRd.N. I n this
enbodi nent, the fusion protein |s useful in regul at IC%

the actExamplesyif ailrss mepmiters foat pan beysedineluds the apyae
i Vi r
emCR el S EPAEpBhHREF KRRV RS EABILEEL LA, 599)
Furnésk a8 La®toin(@003)gepartgdatiadhe sstgcytid giraxiatemansperter (GLAST) is
necessary tqQ permt_translocation_of_the fusion.
cxprogpest @I T ko prEeHE AR BCTREO 2pAl oFUS PHBATS iR oRig | [pdeed. a
{
s1m1l‘21[9158 16 ?11 @L%E?/ egpggériblgr@gl%g g{@:&gfﬁ ng %oblﬁﬁnﬁ'@ir ebﬁh& &8s, Other
exan@ll@ﬁﬁcﬂadﬂ Jaggab ¥ and Novebek svhadh may tlsahe dseful fonsuppertaell specific
preferred enbodi nent, the activating conpound is
eXPIesdifini stered two to three weeks after transduction. By

wai ti ngE)Eéi’mﬁgéT&fBréfe%dEﬁﬁ)oﬁ%ll\éﬁédlﬂgpm&’d ﬁlﬂaludehﬂle glial

patient 1s allowed to recover fromtreatnent and
ﬁbrﬂlarg hcmcpmtcms(cmpdﬁtpwmoer, the exsitatpen emmOge@nbtr@nspmé@slu GATI)

promegm e i fltericle oo e cebhePh Ty GRAR) BEtGEr.

BshARERILQ ASir cSlY %bcﬁ‘ﬁ: prbfotetyviatluaé: thX RIS tRdmeEalbvieus
operatively linked to the pronoter and the cell

(CMW promaiemHieothiakion Cenging QMV diybed é& A0 peemoten agd thaygyesin VIIA

cel | or s A

vy 1o SRk S AR P OB B gfpotRaenvs
prokar YDEIN?erFU IoRdlivetyl dan be Wogah llshett‘bﬁ fuly, standard means for
m t ochondri a viral, etc. cﬁ tionall chi me

admmes@amngtﬁew Fob Frenle, mmpbfr@étaéansgﬁw Yp?l&f%ﬁahﬁ cenfpined in a
desir38 haltud sh@Ck i RLELANLEhRLAIRE §harrkRa sHile SRAYNCRith the target

cell. The AAV can be allowed to remain in contact with the target cell for any desired length

of time, and typically the AAV is administered and allowed to remain for a time sufficient to
effectively transduce the target cell.

For in vivo delivery, the AAV may be delivered by any suitable method.
Examples of delivery methods that can be used include: via osmotic mini-pump infusion via

the round window (Derby et al., 1999, Komeda et al., 1999; Raphael et al., 1996; and Yagi et
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hair specific pronoters and support cell specific
pronoters. Boeda et al. (2001) recently characterized
WO b@6NYBFA pronoter, which exhibits strong, sePEDUB05/021486
expression in hair cells of the cochlea and vesti bul e.
al 1999ty delivenyentol thie scaketygipani eithiebvialtheroynd wiiadoyr et edchleostomy

AP onpt s sh h t4 i.yi
(CarvifBp P LTS RSB ot o doRr alr Gy L GpRCh oy 196, 1997,
1998221 99812 2D 3Dk TRE, 2001 BOR SpHABBRION €W AindRt alC,11199DY; Wid diredk Injection
_Supporting cells ear after birth with an intensjity )
of virgy mth detendepmphatiarge &@m&qbé ehals €l 9P BNaFsvie HEeg pRjgction of virus

. Li kew se,. r. | abor at h i i .
o ol K6y R B OO 3 BRI FSRE) le Anri
delivéré@dﬁ:oﬁ? o iiRERY ine shelnehleh. OlitsrievendodanageeAAV is delivered

. expression. Interestingly, Rioet al, also reported
directlshito tpsedla PIHABEAP expressi on was nostly restricted

to inn %%a@@c%?g gl?lﬁ lisl-:pcend kA rtﬁé%ubg&% hﬁné‘ ReaiBh g2 &1 h%man or

cells. es 0 ers pronoter at~can be use
nonhii prik@ate e other imaemnG) agertidd/enerad condition ofithe kulgrdtith be sreated,

the soRgR S e RATL RIS SO Deupo PRI rios BILhs BTk Finone
other %é;ﬂ%g.pﬁ%gﬁ;f@ﬂﬁ%%fe@fivé Sthétmitbart Be Fe’é@ﬂf 8&86niABd ¥y bhe of skill in

[ efts and 1 nner phalangeal cells of mature
the argui nea pi gs. Indeed, a simlar pattern of GAST

Ul t ur ek @ Ter Bl REe AT Gagne SR AR s Iptigly foad renge
that cin b¥ALERNRBY tRbid dRidas el FRlexSHPRO: i B 1§ 8Qidhf i.&,

~ expression. Exanples of preferred suptpor_t cell
injectsqpedirecily tpthesobjects a preféructletheranentighily pifeqtiye idoseawill be on the order

or o %o BRRHE o af T e TR B b P R AT bbb
50 p1R6 AIOLE MorrB@miplte ifbiid drbsiiinentei@alDisideliserédtaMify human cochlea.

pronoter. Exanples ofa%geferred air cell specific .
pr onot k4 Vicemnpesisionsh d e prrsantdpreien alsevelaies tq egmpositions for

trans qtcgr%% xglrral,’mrtéaﬁgn ?:Ec':lﬁé(a? 'ﬂa{r%é@?{ il{yg%{fg ?Bé ﬁ%ﬂso(&nﬁ@on compositions

_ € hyosin
comp®idb afl hdedtassddiedviedAAY) rapmint siffitient (6AGnsduce the cochlear

_ pronoter. Delivery: Delivery can be ac i shed .
hair cgHyr sepnedtnel- FoaRAY &PH@&F@S?/P%IMFIW@ HORIIORIP tﬁ&éﬁ*& gnd that 1s

. : . . | . :
oniel SR PAISRS! L A0 1A Kot BRREL Dy i
buf f er ethes@AVr@ngokitionowill eompritersafiiceny et A ¥ ¢d Effectively produce a
AAV can be allowed to remi.n tn contact with

therapéigaly eiroEvs amONHy0 RSPV PERUER it e get bl ., an smount
oAty LD 0 g U o
suffiditret t6 aoifet the dbdired benefit. Thus, the AAV will be presg/nt in thescolrjncl:)%sition n
an amount sufficient to provide a therapeutic effect when given in one or more doses.

The composition may also contain a other ingredients, such as,
pharmaceutically acceptable excipients. Pharmaceutically acceptable excipients include, but
are not limited to, liquids such as water, saline, glycerol and ethanol. Pharmaceutically
acceptable salts can be included therein, for example, mineral acid salts such as
hydrochlorides, hydrobromides, phosphates, sulfates, and the like; and the salts of organic
acids such as acetates, propionates, malonates, benzoates, and the like. Additionally,

auxiliary substances, such as wetting or emulsifying agents, pH buffering substances, and the
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For in vivo delivery, the AAV may be delivered by any
sui tabl e net hod. Exanpl es of delivery nethods that can
wWheood®ssd ncl ude: via osnotic mni-punp infusi POT/VYBR05/021486
the round wi ndow (Derby et al., 1999, Koneda et al.
like, m@g&; prRsgh ireduch tvehicles. desougndisonsgipn ef pharmggayically acceptable

excip{ghisd gy e g mﬁ%%%%EWE#M%%W%%W°k Pub.

Co., Nignioet).al ., 1999; Jero et al., 2001; Lalwani et al.
1996, 1997, 1998a, 1998b; Luebke et al
Raphae|Pr<2ngqd exaiiFHg cenferq proteptiyo pifecsion the g@é{ such that loss of

Ak il Bss K bl oty oD P R R rocedures,

packa‘girfgyﬁofdgbotratﬂépoﬁcaﬁﬂah&lﬂch & thlshizdt o et al. (2002). in
a preferred embodi nent, the MVliygellve ed dire IF% 1
or i ndilhegrgsgni IRYtiORAS RIgEPaECUlPY ?Tﬁalﬂpwe examples
that a%}{te'nae&i RN a%féfe QA }ﬁﬁ‘i‘ﬁég)ﬁ tlﬂ&ﬁﬁ&ﬁ{o{ﬁs taﬂd'pﬁﬁ{tmns therein will
en

ate oses Wi on the subject being
be appareatte dhdse skilled i artor nonhurmn primte or ot her
manmal ), age and general condition of the subject to
be treated, the severity of the condition being
treated, the node of admspA®ipigld on of the AAV, anong
ot her factors. An appropriate effective anobunt can be
EXAMER 1y Kianeduditivacfleychdear ludir sélid and supploet cells in vigtes, a

"therapeutically effective amount™ will fall in a
wﬁéﬁ&gﬂ&@ﬁroad range that can be deternined through
Cl | Ni CapradhiidbRstrleBbn. e XV oRbParate FFanks e Yasrhitis @dré edhstructed for
e., injection directly to the subject, a preferred

packagttamtte&mvc abmtgunefg atber the %@@rwouer oiethe GEARepIompigr. dhe CAG
prompiﬁr bs&]léblgla‘g)ué g{ogn?t?r %%1 I}aggeéo"o%\eﬂrogx)& g rdg% g%)%#) )&)Pés%‘ga 1in liver and

brain quu ef 81, zemnmﬁ et 8. mzﬁrmogommam}momsfr@mmwmﬂmng the
t he ‘human cochl ea. AAV conpositions: The present
humamm?é Renidia %ﬁ@ﬁ%%ﬁ?@é’f@"ém&ﬂiﬁﬁa g% ﬁ%tr%t%ﬁ@nt? WasEHE! Oﬁ‘@d into

the C dm rr(gﬁAtb%ct%P Cﬁﬁc%acro Qt?l.\crt afs§ lcl)ntﬁfneﬁ Yi3p REE The WHKE Cf)lved to

Ion conposi | ons conprise an a enO associ at e
promUtertlié eXpésdjoni of llﬁfblﬂm tvirhl meésﬁgefsl adtha$ bednrshnwdlm): enctdase the

cochl ear hair cell port cel \Y conp e
sabi Pptane Fel 9Ls°0s SGRREE DB R KA Y i p P e e
al 1@@? atively linked to a cochl ear hal r cell pronoter or
' upport cell pronoter. The AAV conpositions wll
conpr i sErarbilgdtiont ANV strotypbs &c2,iané Sywere paikegedin HEK293T
erapeutically effective anpunt of

cells. ,t Grltwes Preremaigtained ip gfOvE jopedium cgns1st1t51%eo£ mﬁf/l snup% emented with
10% %B%f b 858 enic‘?lhflfas g‘%tgrr&ﬁma(%d)o 07181 £0.$3 YV INPM inebd@tial amino

Sease in stion or an anount sufficient to
amds;:b nMMEMeso«ianm pm[ivhtenza‘fd gentafigig, (29 mg/mBy The |d|ay before

resent in th on|n t sufficie
trans i G B R bk [ 61 B RHGA O Ty rsgre  SiplyR growen
mediRS BSventy-four hours later, med1um was changed to DMEM containing 5% FBS and

antibiotics and cells were transfected using Polyfect transfection reagent (Qiagen). The
plasmid-based method of AAV production was used (Lai, et al., 2002). Plasmids used for
transfection were (1) pFA6 (adenoviral helper plasmid); (2) pRVI (cap and rep genes for
AAV serotype 2), pH21 (cap gene for AAV serotype 1 and rep gene for serotype 2), or
pH25a (cap gene for AAV serotype 5 and rep gene for serotype 2); and (3) trans-gene
plasmid containing the GFP expression cassette flanked by the AAV-2 ITRs. These plasmids
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The conposition nmay al so contain a other ingredients,
such as, pharmaceutically acceptabl e excipients.
w@h@smsdseut i cal |y acceptabl e exci pi ents i ncl udeCT/81005/021486
are not limted to, liquids such as water, saline,
were gbtyimed dlonaithe 1abonztonyl of Ihh Matthew Rurig Jiey(Undegptyads] Auckland, New
salts. can be |ncluded therein, for exanpl 1N | .
Zealaly Vi Ve B4 IR B E PrRy RP b et BEL (Zolotukhin e
al., 26618.8 Rk Gifors Sdkd @l @mind) quhBtifatik € PCRNdIRBresldtis gefomic
~organic acids such as acétates, propionates,
partictes/molnat es, benzoates, and the like. Additionally,
auxi | i ubst ances, .such wetting or enmul sifyi
agent s, CHHAL PP PR PR CaRTEE Oxp It Vap BTl 813 or PO-
P1 CIBf RSRChhMesSRIGBr)Y Gk @b 6f bifthtwiRrdesighateld pests@alaay Of All animal
pharmaceutically acceptable excipients is available in
procefEws NETpe! Srmied RVRCEUTFepRn SOy NThardeien Capgand Use of

. 1991 Pref er i i AN .
s R S EPSA BSOREtf i
Care ?ﬁlﬁUbélJStSmﬁﬁttéd. av@%hme aleid ditgected anitdcniged preniously (Mueller ef al.,
2002:2Re e 19908, BriSt te Fchiap AnaHe S aRE OF NraATBALY dissected

o I (o i f @ll omt
oy B S 50F S BB g Srap e
Hepesrmt ®.'60’ag1i1lc(trs|%i dihd vesibiuhr regien whepiahed dowih atubthappay ewter capsule
to those skilled jn the art. LES. EXAMPLE, 1:
was cppefbedisiectsh ey diemhedpst b oehee S Eh?;?ﬁgWFa gejepds more
than 6Irr%> i St POMH R ERES wab et ¥R HRE iddeaiatt chroMNP trakitir@to Mat-Tek

Wo separate trans-gene pl asm ds were constructed for
dishep ecdteywith 0i 05t mg/A\polye Brllysina (BIR) &illowed biyt3e7 2B 3rigehi BBy

or the GFAP ter. Th s [ i qui o e
Culnf wieer A RSB 5P FBR o B aPo LAl M Ppenicitn
G (15900 U/ eC a®isbhBd aﬁhd@ﬁ%gi@bn u R0 G allochet). KAWH,-CAG-hrGFP,

2002) . A 730-br "anH - ECORI fragnment containing the
AAVH R G-DEQFRehAVH & ChrGorGFR, Lok Vs GRARRSIRR, AA Yr2eSRAP-hrGEP, or

AAVEERE ARSI R BR3P 5 PRl G per i
at the WRREo £ylative dCtibures weRlRaihfAtheapB PESISONCOL fort dyBlies Sumidified

. .viral messages and has been shown to increase the
incubgtogbi ity and | evel of gene expression, both in vitro

Ut uspr iR R Bl B Rfer 88 m bR w ! ittt Bithted and
cultuRR SHagEded i JIRKEAPhrafeimAdehgat (RE Apatweors termperatateabd 30 min

rowt h nmedi um consij sti ng of M su epented wit
follov%ed by a postfix in ice-cold methar?ol for %n at -2'(0)9&. IFOE reneloveV\ldesiHual PEA and

methanol, cultures were rinsed with PBS (3 x 15 min). Tissue was permeabilized with PBS
plus 0.5% Triton X (PBS-Tx) for 1 h at room temperature. Tissue was then blocked with 5%
normal goat serum (NGS) for 1 h at room temperature. All immunocytochemical reagents
were diluted in PBS-Tx unless otherwise noted.

All primary antibodies were diluted in PBS-Tx containing 1% NGS and were
incubated overnight at 4°C. Anti-myosin VI (Sigma) was used to identify hair cells.
Unbound primary antibody was reméved by washing tissue with PBS-Tx (3 x 20 min).
Primary antibodies were detected by incubation with secondary Alexa-Fluor 546 (1:2000;
Molecular Probes) for 1 h at room temperature. To remove any unbound secondary antibody

and residual salts, tissues were washed with PBS-Tx (3 x 10 min) and PBS (2 x 5 min).
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10% FBS, 0.05% penicillin/streptonycin (5000 Um),
0.1 nmM MEM nonessential am no acids, 1mM MEM sodi um
wWEawaiee9 and gentamicin (25 ng/m ). The day PEf/O8M05/021486
transfection approximately 1.5 x 107 cells were plated
Embrgonit 50k imdgashesre takeh anri ZejssdrSivib ) eapddaairmicroscope and PI

Twent y-f our hour.s r,. medi changed to M.
cultu EE ARG e R B 000 M B SEBTLeE GERPe Hicroscope.
i ' § | i 1 Imaging).
7 IR U8 e Ao O e i

Positiva sdensifidat{dnedf, traasdushd celtpopys detiradnriddy GER greepdluorescence at 488
transfection were (1) pFD6 (adenoviral hel per
M. nlasmid); (2) pRVI {cap and rep genes for AAV serotype

2), pHXhe{spasfie @Blggg@é whAMdealfdbaed iraminé Rioretrcef 2543 nm.
serotype 2), or p a {cap gene for AAV ser otyi)e 5 .and
Cell qouptsgese expssse pd eyt afgreanr(aly Sypressifsavgs e d5llzpaqitic red

B
base, va@ i@ dyat Gl0x Biagnifidatibe WPl mimgy dxperiniémits/eysiled/a difference in

Auckl and, New Zeal and). Virus was Euri fied on .
transqusgipy Hisiengy deivessndnags apd eytrobalf Gellds9 Sriasag counts were obtained

for e%ﬁp l@h&?h{ré}? fso %E@%Q(%) zg)iégl Eﬂéb%ﬁaf ﬁ&ﬁoﬂ‘@&ﬁhg 86 &1idH iR %o the
y quantitative and eéxpressed I'n genom C
fact thatrttansdvesibnkfficiaclappgarciol follove 8. baglitormpicakpreferame. GFP gene

expl ants were prepared.from El or .P CDl nmic .
cxpreg e NE IRIRSE J e Ko Y SHORIb g iy the reltive
mearP@R Rk e déﬁylgpgot@i ﬂu&_@éc@ﬁée/aﬁé@@ie&& ﬁ§n¥/ﬁﬁ§ PRI RFtware

r h the H i def or

i'n strict accordance wt NT re and
(Medis€yladmdtasoinas, Silyerdyirimgs, MBnUSWer Datippersvnalybgd Wik ANOVA

. Uni f [ . . Gar. d
wsina RS LA YRR 2 b5 b 8L b R0 R
previously (Mieller et al, 2002; Raz et /. 1999).

Briefly, the cochlea and vestibul ar region were
Resulisepti cal |y dissected away fromthe skull in cold

di ssecti o dium c osed.of 1 x HBSS co j.hi ng 5nmM
Hepes dﬁdﬂérﬁg‘%nd%%ggzzrc hE TESY Bolﬁ%gerarre xglltmg}rﬁ was

pi nned TiywhiRRDITAEV Remyypesl €7 akbP fllrsiice tadr ellskithin cochlear
di ssected away fromthe rest of the _cochlea. Since the

explantrcof Bal axiecwasstndied Pramousrindiesrhad dndipated ek AdoC W HO

s.cut i i
cosfEr Bl LB SRR PR ST LI ISR e
surfat QY edod: L y®ED1HKh3 7 HRH 205 Ligbke €BM), 200H)t lim eontredt torthe prior art
was DMVEM suppl enented with 10% FBS, I}EE

(1:100Q; ..
teachings; the dajesmiors paaTisinglydisceyqred tgt. ystne:; ?&é{nsr]l@g‘héﬁ)", is i fpot

[ | e G [ .S AAVL - (CAG hr GFP,
capatiif %@@ﬁgﬁﬁ%ﬁw %‘X‘%&ﬁ%ﬁ% R P A op, _
AAV- 2- GEABhdwiIGHFigarl AAR\edshigk R heeGF enasucacks Bdlytteansdused with
medium for _a final_.co rati.o f 101 er. di,sh
A T L M SR 15E A S e G ore
expreséfon caséeftCPAlREugh F3¥EdikBreRcdd it hin®Skrs of inner hair cells and outer
hair cells transduced by AAV-1 compared with AAV-2 within the basal region were

observed, these differences were not statistically significant (Table 1). Approximately 43%
of inner hair cells and 64% of outer hair cells were transduced by AAV-1 compared to 36%
of inner hair cells and 59% of outer hair cells transduced with AAV-2.

-15-



i ncubat or. I mmunocytochem stry. After 5 days, nedi um
was carefully aspirated and cultures were fixed in
wa@ olod/odspar af or mal dehyde (PEA) at room t enper BET/US2008021486
30 min followed by a postfix in ice-cold nethanol for
2 mn at -20C. To renove residual PEA and net hanol,

cultures were rinsed with PBS (3 x 15 mn). Tissue was
bilized with PBS nlus 0 5% Triton—X{PBS-—Tx)}f

o
T U1l

D
1 h_at TAREEd:nk fign efficienpy. angGFP expresgion lexals i 1 1

S&otypor mal gdBIC baseum ( NGOHE base1 h at IHedipex OHC apex
t enper ature. AU mmunocyt ochem cal reagents were
diluted in PBS- Tx urlessivotitresfficeacnoted. Al primary
AAVAanti bodi es 108083 @iy ed 25 4BBE4TE) CconB4il 80 (IPYAY6 NESB/660 (66%)
AAV-%g;ng‘n’g; ewiag qohRag %%%)/ SL 2{1 _9)557 24991 IAPS/'usm/Lydeuszmos (37%)
2 ofy Ce [\
AAVpri mary anti bo y( V\g/é)) renofi\fe/)t’f @?@ashi nZO/%(igjrs]gﬁ/{émvw th 5/405 (1%)

PBS-Tx (3 x 20 mn). G‘lifré,ienar si%ﬁleiv%ﬁdi es were detected
1nh§‘ﬁ9?ﬂ

y incubation wth s a-Fl u 46 (,1: 2009,
AAVqlpl ecul ar Pr ob]emgi £ilg tenp]gié?ﬂlj? 450 .96+2.52

AAV2emve any unbed i cond3-08 2464 0dy ahdl Fd9ual 2144 +4.87

Transdudtios effidiensysbowe the nesesntageyw { irgds enydycsd byezshHAV
serotypa.d VEBSs a2 presntedrap tHEntota) ominbermflnpyasin szagéévwxhaiécells counted
and répadsemnt cell caute ifiom 4 Blifihfine offooc differdnt exysrinpants ndal@s are given
for cablbdrbtyps fordioeh basapad apicairdgions RGFPRagiassion IRGRAIR the relative
GFP d:@8&kiof AR dMders e {Pinntr HHirCdels 6RPEuter’hdit @l ih TRIRSe and apex of
the cofhles. Val@§ ekt ARAhNMZSImEaRdg WRI_MALS ﬂu%gééﬂ?é fhtensity/area of

indivigtll 8L SEc, iRY A e T ORI biier hfEQD f 1 cation o

trarnstottU CerTrSs—vwas actcernrTeu Uy G- F Ul Tl

fluorescence at 488 nm The specific cell types were

i dent i RoBEstiFT eehrbdivaiablieehais earamnsduced JvitheitheeAIAV-1 or
counts were expressed as a ratio of green GFP

AAV@xprsesbseryad.oflererere GEB| expsptien Pag loweg (P Rl M) & @ner hair cells

Three. r g i a £ _
wansdl PG A B i BARR AR CPMBETL  ot E ppession
withiHB¢ AR Rbi iceldd ofthe biVeehtl AheafollowkRet dnydidtdnrveiteaitted AAV-1 or

difference in transduction efficiency bet '

ARV Grers deispiciiaThe s vl Sereaes et esn bt SR & Vop PTe Rhgerved
oyq r . . Q.. O i f i .
i B 508 o ML A B DbRL 001 L8 byl i
apicalbdlﬂérlﬂﬁimiell@ﬁaﬁsl‘dhbm with W AP peanpated t6 NAYGW @able 1).
asal -t g-api cal preference. G-P gene expressjon,k| I

in i nn&lVﬁh@e@Bfe@Flaﬁg?tr e(Y@PP’%‘e’(}@g%r a@@i‘éﬁ‘fﬁcﬁéﬁmﬁ ifications can

affect{fﬁ%téig{ré%g?)ll}tﬁﬁ eSS tf%@c?ipféigﬁ?ra%ﬁ%&%%s eMSdstiie cell surface

orescence/area o using I mage Pro Plus
expresdii vfinrzef MeeptarsCy ealitativecmalysisovas pSifbxeed iBpvhiolyE 13 meghlear

el PSR IO A AL AR5 2 et s
Figs. 8139 Nk CBAIR show images of E13 cochlear explants transduced with AAV-1-CAG;
whereas, Figs. 3A-F show representative images of E13 cochlear explants transduced by
AAV-2-CAG. Similar to the postnatal day 0 (P0) explants, robust GFP expression was
observed in the outer hair cell population following transduction with both AAV-1 and AAV-
2. However, limited GFP expression in the inner hair cells of E13 explants compared to PO
cultures was observed. As with the PO cultures, a clear gradient of GFP expression was
observed in the transduced E13 explant cultures, with the strongest expression detected in the

base and decreasing toward the apex.
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Results A AAV transduce hair cells in nurine cochlear
explants The ability of AAV serotypes 1, 2 and 5to
WO e@assisse hair cells within cochl ear expl ant SPOf/URPI00$/021486

m ce was studi ed. Previous studies had i ndi cated that
AAV wasThest reselpratita]yodemorstrstd dladt gthod AN band A V-2sen frgnsduce

due to the ck,,of arin sulfate their cell .
coctigfielhel1s it B 18 CAG BB iy Rbrdl A58 ik le g et
clear &lom theQOERIts thét LAVLT @it mbdlafet@niducton 8f nutifeEHHGS hair cells,

the inventors surprisingly discovered that, using
althougienet ageffiviently AAAAY-]; fmdf&éf’-%-apabl e of transducing

hair cells, inner and outer. See, Figs. 1-3. As shown

in Figs. IA-F, cochlear hair cells were successfully
B. AUV ARgREIG b MG pplF QAls ik SoB)learriEdpidntf Fi gs.

ICD), and AAV-5 (Figs, IE-F) carrying the gAG,gC;JlFP i

expr esstoexaise Avy\emealatedfrgisdugtiogiof sgpnofigseds paduy purine

e i - haj P [
T e
contrblsfthe aﬁgiclg)l:’e—spe(fiﬁc Gyt pethotérheserditdd €FlenGEAP \peomotentvas

Sstatisti i.gnifi t (Tapl . A ' Ly 43% ...
previgysly FRBHSRIA be SEHF 41 b RpAYER PORBHOIAT S B R RREIES (o e
al., 2b6 n%gﬁg DYindiMed, (SR BhAdul B fhort E‘éi%rwilﬂi"ita(ﬁch AAV-1 and

cel'l s an 9% of outer hair cells transduced w
AAVANWaR ofiseBldd. TGFPTexgnesdiont fobowimiftiapsdnction witl tBFRAV-5 vector was

i SRR R R S BB  Byomotr
GFP 8%51%&% W el HBRaif é@f@wiﬁ?ﬁ{(}ﬁﬁ(?hé %&ﬁgp&%&iﬂéd 118
(369 211/ 357 (599 25/159 (1699 152/ 408 (37% AAV-5

2/ 279 (Dughthelagk f goodsmpport tell-spaifc Bytibgdics,1sppcifiFpupport cell

popu RS SSRGS ROV o Hgfreqhast s Mg e
analybisFeort beifd co Ffb?edﬁh%@@&%@ Hétermiak tecdcant persbguge dfteansduced
percentages of hair cells transduced by each AAV

suppesé eelisy fased om lnselization i exdationde thesmperent optar hawissls, heyever,
soon P45 SRS e DL e IPUE RO L BAR s, v

phal#2%paIcelE Bbfler ¥ellsuad iserlcgiialeslls illosanhtrasdadtioneoffROrcochlear

bot h. basal and api cal_regions. P expression | evel
explagtiowith e Y@l (Biguped - FLERIse &S uqtl@v@f% EE@EEJ@W@W V-1 also

i i 0 er.. - - i 5 .
18 8 A0 Ol A ot
cells fiaAkivg iteginhérend @uter hvie cEllud@igse BE eAAM-&mais talsbahewsn ¢ strongly
transduce E13 support cells (Figure 5). GFP expression was more limited in support cells

transduced with AAV-5

Thus, as evidenced by Figs. 4-5, AAV efficiently transduces support cell
populations, especially AAV-1 and AAV-2. The differences in cellular tropisms between
AAV-1 and AAV-2 could be beneficial for certain treatments.

EXAMPLE 2: Inducible activation of Math/ER fusion protein

We were interested in developing an inducible Math1 protein that would
permit tighter regulation of Math1 activity and allow the study of the temporal effects of
transient Math1 activity on hair cell development. Therefore, a Math1/estrogen receptor (ER)

construct was cloned and expressed under control of the CMV promoter. In the absence of
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i ndividual cells. ITHC, inner hair cell; OHC, outer
hair cell. Robust GFP expression in outer hair cells

wWo e@assissed with either AAV-1 or AAV-2 was obsPCT/E82005/021486
However, GFP expression was |ower (P < 0.001) in inner

an indrmilrle ohdtivating ageitsoch ad oA, theMathiA AR Fusiaprotein is

o SRR £t R BB ER TR G B o

the nidlezSAeé Mith MednMhceith &k ta%éé(—sbq%cé&/h‘ﬂd&nm ehaﬂ‘eéﬁ diféatentiation.
The maj or differences between AAV-I and AAV-2 were

Figurg |§sbpwa dlugresefny imagss dmsgatl%ﬁhis raant, Eldrmeysg caehlpapyvere
s B T A AR ST e s et

for 6 HeysAhith Il SiiMialmexifgn. CIntebsisteecylniresweraimdifiained in tamox1fen—free

deve ifi

medigf ,f\gl@? Heﬁ}gqt’ gxlg( Bgé%\ggrglﬁig gg gtg{ﬂe dl gl g?itr IcglP spemainc marker myosin
I
6. ALIRRION) BRMYE by Reahy Bl 8 ;ﬁm BRSpin G PO U s the
activitasf Matlﬂo ITtagpiomidehilelabiity 8 cantiol bar cakdifremsiatien after
ransduced with AAV-1 and AAV-2 carrying the CAG GFP

trans ’él BtPceu8Ee. Figs. 2-3. Figs. 2A-F show i mages of

E13 cochl ear explants transduced with AAV-1 - CAG

whereas, Figs. 3A-F show representative i mages of El 3
EXAthéarqusdacﬁml ofrcanksldar baiirepllyand suppaet cedlsii vése vig direct
injectib® byasthiebstbmyay O (PO expl ants, robust GFP

expressi on was observed in the outer hair cel

po p ul atfinditeRt lrHamiss of AANEAUCA GORFMirith tHeohbriddd6chleanth a
2. However, |imted GFP expreSS| on in the inner

cochlhaﬂomwétﬂuéte@Prlmsl}@ﬂﬁh%ﬁ%@déﬁm@&f@@ § eespnted Mt the was

observed. As th t t
pu QERRE P AN DE VAL 306 SRS Rl v
scala@¥ipaitang @bzﬂ&lfzmbuw Howihe, ﬁﬁﬂsdﬂwlﬁtellemfman@ within the scala
detected in the base and decrea5|n ﬁpﬁ@xthe

media pe% orhelsbe § asimalsexanined (Fige FBriok rime 3B drCAYy s
obsel%ncq V\%&l 1% if @eq t{ u%Pgﬁj 1Egﬂas aﬁl‘&c\sﬁaﬁa%angﬂbx{ cdg! h?le%}@sﬁlﬁ%monstrate

ronD é unc ctive int
that A‘AM niedlhﬁedltﬁnﬁlu%ﬁorcbﬂmir deiloemd bgpertroeHsivithint &labrg%\A\szBorti is an

can nedi ate transduction_of, ri ne coc ai
teofen o SRS L PR S GieRes Altrned Hihimgsls of the
orgalgof il ﬁ&%‘i@ﬁ oﬁgl;(f ng]Elhs@l%d %&BRQ ﬁﬁd Q%Igleﬁs {3t virus entry into the

ear plant ne AAV-nedi ated transduction
scalaafedia pmgrdccme if the paml}mphmlc-lemlmpmwémrmrpﬂi reeeheda Thus, direct
seco essi set e.in whi

AelivED LTS Do ORTVOPIEIS PAEF HEI Pt Eopee Fpraguction

effici éfwgﬁgﬂﬁggfaﬂ@@cgﬁeated The GFAP pronoter was
viously reported to be active in all support cel

popul ations of newborn guinea pigs (Rio et ah, 2002)

EXA?\@}’EE%U ﬁiﬁ}flg{qg i }f qocgkglb lsjl?lt)p(}rrt 20T dtlljzcvtiiloo\;ia %n‘ecy ﬁ)lj ectlon into

the scala tympani

Recombinant AAV-2 GFAP-GFP was injected directly into the scala tympani
of adult male guinea pigs (approximately 300g) according to the method of Luebke ez al.
(2001b). Briefly, the inferior wall of the tympanic bony bulla was surgically exposed and a
small hole made in the bony bulla. A small hole was drilled into the scala tympany of the

basal turn of the cochlea just below the oval window. Ten pl of virus in an artificial
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AAV- 2 was observed. GFP expression foll ow ng
transduction with the AAV-5 vector was limted in
weommpasiesdn to transduction with AAV-1 and AAWPQI/UBKI0FI0R1486
the GFAP pronoter, G-P expression was observed in hair
panlymplh solmimhwarwdednfvextetieteo thersoaly (yespank aid a@itro@oeulpattadhed to a

micre BRI QST B dlier ot Rt drlfred 3 fld pLapogymour. The

yrm&hﬁ{ @gBuas d«ah eRALd ﬁ’s"'n% DlaforPdrRIGhe BRich AuaatwiiRbeMealon.
anal ysi s from bei ng eted in order to determ ne

the act dakhger ueﬁgag?e’x Bt Aty\asisgersadlystamsduaed seppost cells in vivo —

) n | ocal za ion.in rela |on t inner
Dictg g AepieRcaiets gl B LGt B gpaaf] offifadentiat colt
AAWD S@ét@sﬁctan@lﬂghﬁe £ EMofes€pt bﬁ»telﬁ)(@FB) g@eﬁmﬂbﬁconﬂbl d>f6the GFAP
cells, inner eal cells, border cells and

promotarayede d@lnwecg@mcélyg@ fhedapal durnod tasinshlea iathe pegla tympani of the

cochl |:
sinf L SR B ol Ml e ) bl i
analys@isats @XPGEB Slhﬁblodléb #d[IPAB! Reptesantatpre immmped of witole hwunts were
Hensen' s cell s and i nterdenti

| | f 1 anki
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7. The method of claim 6, wherein the support cell is a Dieter’s cell,
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8. The method of claim 7, wherein the promoter is a support cell specific

promoter.

9. The method of claim 8, wherein the support cell specific promoter is a glial
fibrillary acidic protein (GFAP) promoter, a excitatory amino acid transporter-1 (EAAT1)
promoter, a glutamate transporter (GLAST) promoter or a murine cytomegaloviras (mCMV)

promoter.
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18. The method of claim 1, wherein the AAV comprises serotype 1, 2, 6, or a

mixture of two or more serotypes.

19. The method of claim 18, wherein the AAV comprises serotype 1.

20. The method of claim 18, wherein the AAV comprises serotype 2.

21. The method of claim 18, wherein the AAV comprises a mixture of AAV
serotypes 1 and 2.

22. The method of claim 1, wherein the mammalian cell is a human cell.
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t he AAV2Zoitpe coraposiivn ofdaim 26, sshsrpimtheAAY is hdighabitenwigus of at

that | s operatively linked to a cochlear hair cell
leaStplrrboﬁPjﬂli‘r or a support cell pronoter. 27. The

conmposition of claim 26, wherein the AAVis a
high-titer virus of at |least | g9 gp/m_. 28. The

conposi £8omhetompesitienet claime?® ivherdie toNPNAfmsedsas agMathl, Hathl,
SO%%grllﬂexﬁllaiéj lor growth factor protein.

29. The composition of claim 28, wherein the Math1, Hath1, or SOX2 protein

is an ER receptor fusion protein.

30. The composition of claim 26, wherein the support cell specific promoter
is a glial fibrillary acidic protein (GFAP) promoter, a excitatory amino acid transporter-1
(EAAT1) promoter, a glutamate transporter (GLAST) promoter, or a murine cytomegalovirus

(mCMYV) promoter.
31. The composition of claim 30, wherein the hair cell specific promoter is a
human cytomegalovirus (CMV) promoter, a chicken §-actin/CMV hybrid (CAG) promoter,

or myosin VIIA promoter.

32. The composition of claim 31, wherein the promoter is the CAG promoter.
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SOX2, connexin 26, or growth factor protein. 29. The
conposition of claim28, wherein the Mathl, Hathl, or
WENB/0pIe8d ei n 1S an ER receptor fusion protei nPCBOS20051@21486
conposition of claim 26, wherein the support cel
speci f i 83pTbevomposigornofiflaiad 26, mirerdin theyA AY| wimprisepsesotype 1, 2,
(GF@%&.pr noter, a excitatory am no acid transporter-
6, orye TEARP|Of TP SHENOLT STYYRSut amat e transporter (GLAST)
pronoter, or a murine cytonegal ovirus (nmCW) pronoter.
31. The conposition of claim 30, wherein the hair cel
speci f i 84pAbaoemposidorofaleiend S yehsraig decA\Vigonipaivky a mixture of
rompter, a,chicken /3-actin/CW hybrid (CAG
AngF%ﬁﬁ?S??a%thyosin VI LA pronoter. 32. The conposition
of claim 31, wherein the pronoter is the CAG
pronoter.33. The conposition of claim?26, wherein the
AAV congpi Jhe cempestifjgreoficlaim 26 whepein thej Ay farther qoprises 2

oo R B RIS RES, o
and 2. 35. The conposition of claim26, wherein the

AAV further conprises a woodchuck hepatitis virus
post-transcription regul atory el ement (WPRE).
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