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METHOD FOR RECOVBI NANT ADENO- ASSOC! ATED VI RUS- DI RECTED

GENE THERAPY This work was supported by the National Institutes
of Health Grant No. DK47757. The U. S. Governnent has 5 CF&%ﬂéﬁ/1§J99hts in
t hi s i nvent WE{8/09657 Background of the Invention

Adeno-associ ated virus (AAV) is a replication- defici ent parvovirus,

t he genone of which is about 4.6 kb in length, including 145

nucl eotide inverted termnal 10 repeats (I TRs). The single-stranded DNA

or mati on of i rm%g%iié?sﬂ@&mﬁ&p@;&%&%ﬁ@é%%@% A B TREEREY f us

i nfects a human cell, the viral genone 1 ntegrates into chronosone 19
15 resulting in latent infection of the cell. Production of
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t he ce is coinfecte ytl uch _as virus or
her, pesvi rus. UpBﬁ #ﬁ?gE?léﬁF %ngégﬁélpg?e (?EQRGng §ggrus i's
rescued ands20 ceatphinfiightsrih Bitis AAVeandohelper virus are pr oduced.

AAV possesses uni que features that nmake it attractive as a vector for
delivering foreign DNA to cells. Various groups have studied the
potential use oP2ERIXD o of disease states. 25

St udi es of reconbi nahGeddragsdAMtadn wirtso (RAVE been replicditdappoi nting
because of '0“’EE?@HE?H%eﬁaf%oéif%&ﬁd%ﬁb'QBnome of'iﬁiéﬁﬂﬂsoﬁbﬁﬁtcﬁ|kSPMﬂth

rAAV in the absence o

contan1nat|ng &A Hﬂ¥ AAV or helg
adenovirus is in lgagbl; olRRLURiNg 445: pECreeh B&dion [D.
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cell, the viral genome integrates into chromosome 19

15 resulting in latent infection of the cell. Production of
infectious virus and replication of the virus does not
occur unless the cell is coinfected with a lytic helper
virus such as adenovirus or herpesvirus. Upon infection
with a helper virus, the AAV provirus is rescued and

20 amplified, and both AAV and helper virus are produced.

' AAV possesses unigue features that make it
attractive as a vector for delivering foreign DKRA to
cells. Various groups have studied the potential use of

- AAV in the treatment of disease states.

25 studies of recombinant AAV (rAAV) in vitro have been
disappointing because of low fregquencies of transductieon;
incubation of cells with rAAV in the absence of
contaninating wild-type AAV or helper adenovirus is
associated with little recombinant gene expression [D.

30 Russell et al, Proc. Natl. Acad, Sci. USA, 91:8915-8%519

' (1994); I. Alexander et al, J. Virol., 68:8282-8287
(1994); D. Russell et al, Proc. Natl. Acad. Sci. USA,
92:5719-5723 (1295); K. Fisher et al, J. Virol., 70:520~
‘532 (1996); and F. Ferrari et al, J. Virol., 70:3227-3234

35 (1996)]. Furthermore, integration is inefficient and not
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directed to chronosone 19 when rep is absent [S. Kumar et al, J. Ml.
Bi ol , 222,:45-57 (1991)]. AAV transduction is substantially enhanced
in the presence of adenovirus because the singl e-stranded r AAV genone
i s conver tW@%B%57 5 non-integrated, double-stranded i nteVR¥GIEEE which
S transcriptionally active [K Flsher et al, J. Virol,

70:520-532 (1996); and F. Ferrari et al, J. ViroI., 70: 3227- 3234
(1996)]. Adenovirus augnments rAAV transduction through the expression
of the early gene 10 product E4 ORF6 [K Flsher et al, J, Virol,

70: 520- 532 (1996) and F. Ferrari et<2al, J, Virol, 70:3227-3234

(1996) ]. eLf ormance f V s a, ye f s I Q. Vi Vo
nodel s of gene tlﬁgf'gﬁ ﬁgs e‘g’%@&n 3 %ﬁé @ “erndtmoty ng Ye5uPEs have ,

been in the ceﬁﬂ-naﬂm&ﬂl&xﬁi&b. &i’éﬁénﬁ"wﬁé?%ﬂslabl@\f e dgsictd®nhas been

iEZ' ?\1884; ]n is ag&%&ah&iapheaérhﬁz{d&h K,ﬁp{:h&tp@sé\{ae Nt ad@%%t rusS 148-
. ncupa rrqw.ce
Foaul to 1 sonBeErRRERRe SIS I aneg: Bl Stnchel ke sarEraeg © a

hemat opoi e6i ¢ BAgrahtegnateds dmiblsewtrandeddimberiaditedee imiichadspl ant

nodels [J. M| C 1: 101 187 (1994),;
G Podsakof f k%ﬁn@Er@#tzonall}*Hét v@ §g56§5%%%P$%59 iH | sh et

Vi'rol
al, J, Gin. |38 ?0‘592 111%%6&-4@5( fggifffaﬁs et Ry Aedadalon of r AAV
Into the airwayoes2eine3dioolissds AdenbuvigeseadgmensisxrAAvt o | ung

epi thel ial cel bsahKauELSbRTeitfousn 118l exdrolbigh of MSUAP h906); and
T. Flotte et al, t ad. Sci USA, 90:10613- 0 7 81993)

and A8pat BE?FB?‘:[R‘ %‘l‘%‘hefrx etF%PerJet\/F}olL——-‘-@G’-—qé@O 5321996) ]
respectively; hosesgr, ahdansEneaipeeselonIhasirol., , b_fg_;emzmu-lsdzho be | ow
unl ess adenOV|QE§QB$ present [K. Fisher et al, J. Virol., 70:520-532

(1996)]. at_is_ needed is a method of inproving rAAV-
medi at ed gene t r ansTR¢ performance of riAV as a vector for in vivo

nodels of gene therapy has been mixed. The mogt

15 promising results have been in the central nervous
system, where stabkle transducticn has been achieved in
postritotic cells [M. Kaplitt et al, Nat. CGenet,, B:148-
154 (1924)]. Incubation of bone marrow cells ex vivo
with rAaV results in some transducticn, although stable

20 and efficient hematcpoietic engrafiment has not been
demonstrated in transpiant models [J. Miller et al, Froc.
Natl. Acad, Sci., USA, 81:10183-10187 (198924); . Podsakoff

et al, J. Virel,, £8:5656-5666 (1994); and C. Walsh et
al, J. Clin. Invest., S4:1440-1448 (1994)].

25 Administration of rAAV into the airway or the dlocd leads
to gene transfer into lung epithelizl cells [K. Fisher et
al, J. Virel., 20:520~532 (19%6); and T. Flotte et al,
Proc. Natl. Acad. Sci. USA, 50:10613-106217 (1983)] and
hepatocytes [K. Fisher et al, J, Virel., 70:520-532

30 (1996)] respectively; however, transgene expression has
been found to be low unless adenovirus is present [X.
Fisher et al, J. Vireol,, 70:520-532 (3199%6)].

What 1s needed is a method of iwmproving rAaAv-
mediated gene transfer.
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3 Summary of the Invention Eé‘spWéEﬂnHAS BEE‘}

i nvention provides a nethod of expressing a heterol ogous ¢ REPLACED
delivered to an animal via a reconbi nant AAV (rAAV). -y
one aspect,‘gh | ntion provides for the use of a reconblﬂggﬁ

adeno- associ 9§5QQ§$ virus (rAAV) conprising a hetero ogous“a%%e
operably linked to sequences which control expression thereof in
a cell for the manufacture of a nedicanent for delivering the

het er ol ogous gene in the absence of a destructive cytotoxic inmune
response, wherein the medi canment ,conprising the rAAV is
substantially free of contam nation with a Helper Vi rus and is

adm ni stered to guﬁkgfgtgg ﬁqgg clrfre®@ls In another aspect,
the invention provides use o econblnant adeno- associ at

virus (rAAV) conprisi 'ﬁﬁeap’f?sﬁ?géﬁ’é'eﬂﬁéPBbP’FYWﬁ%& F@@Q&u@ﬁcégpﬁﬂYb’ﬁg
control expressi erpression of # lserllectetnganeedél fvmrdshéomanuénihalevbd a

medi carent Tor PEGLORGIMMEMDNRSSUAR GhehOE involves int#,g 89Rge, wherein

the r AAV i s subs ree of “‘contam nat1on s and
i s adni ni st eBed Fﬁc%ﬂ%k%ﬁﬁﬁeﬂAWnﬁﬁﬁFQrcﬁPPprﬁfﬁng a desired rFﬁsﬁﬁﬁe
preferred enmbodi irtid, atimescleA\edd| ivethd sbsersgene ennhedgeravirus. The

t abl d/ I h t t L ful. |
fﬁlc;e apbl e an O{rﬁgé%} Uﬁ%{’ se @&x‘i‘z’ﬁ&t&@é& 1 ho [AGIARRUL LGAbLL ﬁéuéx‘? u n

e transgene product nmy have thérapeutic
effect on sites E§9§P€ﬁ%¥¥mu§¥e etal musclerom the delivery site. In another

<(9nb0dl m?néI t he transmrmu@rn@fe&fradnsﬂbodmerlxt the mveaamieejl,aé@duct
e.g., a dystrop e or | e scle

ol o (30T PR iRl BOLelRLER£2 ok b2ebiSafYE bhodtee |
anot her aspect, ‘Flheﬂpr%é-'rheﬁw’ﬁtlpéhlbrw% a Imethés srbedidenthg %’Fﬁ
ani mal w th hem)ﬂ‘&:'xs@anJ e ciRichoslay NHEVY eshaipatiticebEB@ct NbR & Deesusc| e

of the n+,£%cea {:%Vtggnggiﬂg&tgﬁegen?ﬁ{eggggkgg factor |1 X and

sequences which regu ene
In yet another a@peedimeno M\?e‘ﬁf-’ﬁbﬁ“ﬁ?%v?%@%ﬁwé BeE~ SPCFQE% nant

adeno- associst edprddutst ((AAN), QO&PEtﬁbﬁﬂu@ poBRpRieesneodi GRLAPOE operably
i nked to exivgNE R MkbDe OO GOl (@Y, O ek Dot ol eddn ! !

for the nanufactur I Cairen
apol i popr ot ei n BWSPURr dMsEreprhylhe rAAV is substantlally free of
contam nation w th a figlaiRsther’ depadt, | thaBPdicHiceiadehOidn S Riaeld .

3a method of treatlggygﬁ gﬁ%ﬁgf” nan%hg%hf;énveiﬁé éa” des

t he use I‘ECO 6no0- associ ated VI rus

(rAAV) conp?@si niprvplves adminigfaripgntntehddw M@SFéEtéﬁ ¥he it 2 | i nked
to sequences Whixdcdidrapit enahesaseﬂclatea virust E@gf?isiﬁlg aKelderderr the

manuf acture of a nmedj.c ngnc 0 %xgﬂ355|qgﬂfacto L 1 wherein the
FAAV S Subst antSBRAGATG dBCEPTC R AN rRRTTNGAS FRACHeF 8P 1%T% us and | s
adnmi ni st ered to expnessieoncelf] the gene.
. In yet another aspect, the invention provides a
25 nethod of treating an animal with atherosclerosis. The
method invelves administering into the muscle of the

animal a recombinant adeno-associated virus comprising
the gene encoding ApoE and regulatory seguences capable
of expresszng said gene.

30 Other aspects and advantages of the present
invention are described further in the following detailed
description of the preferred embgdiments thereof.

This Sheet Has Been Replaced
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The invention al so provides a nethod for expressing a transgene

in a skeletal nmuscle cell in the absence of a destructive imune response
di rected against the cell. The method involves the step of introducing into
the cell a rAAV conprising a transgene operably |inked to
sequences WRi%MASAntrol its 5 expression. The r AAVPCEUETBSPAnt i al |y
free of contamnation with a hel per virus and the transgene is
expressed in the cell. The invention further
provi des a nmethod for expressing a transgene in a skeleta

muscle cell in the absence of a cytotoxic inmune response

directed against the cell. The nethod invél ves the step of introducing into
the cell a 10 ; r AAV, conpri sing a_transgene encodi ng apolipoprotein E
(ApoE) operabl whi ch control its expression.

In the nethod, the FPaw 1sisubsichemaglicy ifigetration showjing dheani nation
WEE S hel pgr !ihfaafaaﬁrﬂ%t étnsc %;fpm?m@ﬁvwctlh@wﬁ lpp)QUC R

met hod may be useful for_treatment _of ather erosj s . , :
Ot her aspects SﬁgegaQQn?%@ﬁﬁp ﬁﬂﬁQUSFe§g§t9§%§eLﬁ?iﬁ§eﬂ¥§q§e§€Fﬁﬁéd further
in 15 5 toEvipltbootey (hettxiledd adeow) i, pBVODh Lrtitdre qovdef erred

enbodi ments th 3 nad/ Q3884 bo d shaded
PCT/U897/15692§5§9£deny1at10n SAQ Q38 xes), an‘4lacz DﬂérﬁePa e

Descri ption of PPKe: Dr B ntReation of a gpPHA proke tthat,gan be pEedstPati on
showi ng the detéchethe aintergeile Bandl AdWgidhtacae (WERA3 alsp)fullke

rel evant eIenﬁFgﬁgkacbgggbffw%%Eﬁgcg§Bbgﬁ bl ack boxes), 5 CW pronot er

(hatched arro 0O Intron P iadenglatjon si gnal (open boxes),
and | acZ BRA (shadeBig- 2Apkk)2 sphempgdqt FohusFratianet 18R8RTcan be
used to deteshgéhent nderazal. ddavmklezf cagoetémerns Weld rasekablk-

| ength vector, .Ls.also._ s 1 [ 1,S ch ic illustration
of the linear léndméf %ng@%gﬁEa2?“%%$Fawﬁhg%§gcoﬁ§5?§iﬂ.‘ he rel evant
| andmar ks i ncl eubapagr [AFenqtar fed dokdask TRew) . SVthdmEarnppbfot er
(solid bl ack apeDyhdedyItist rGryrand (open pokysrendatiazy ebgmal (open

poxes) . ang | a7, LhbE dox) . ( AIARRALE: noANn M ARG RS Shown

j oi ned accordrng To a direct end-to-end_ T'Tgation nmechanism

(1 abel ed j) ataefperdimg tqersct, epd-tazerdr} AtiaRo nechandspi es of the

AAV | TR are presgpélad jpeat Wi ilRs. Thereforé) Gin 2BAd TaztbohetRbi C

IITustration SQS&&QQ 8F the AAV ITE are present at the junction.

Fig. 2B is & schematic illustration showing zn

20 amplified view of the junction domain. Relevant
landmarks are as indicated in Fig. 32 above. Horizontal
arrows indicate the location and direction of PCR primers
used to amplify across the provirus junction. Primer 005
is a sense~-strand primer. Primers 013 and 017 are

25 antisense-strand primers.

Fig. 3 is a schematic illustration showing the
predicted PCR product assuring a direct end~to-end tandem
ligation of monomer AAV.CMVLacZ gencmes. Two complete
ITRs (shaded box) with their respective “FLOP®" and “FLIP¥

30 orientation are shown at the junction (labeled j). The
CMV promoter (solid black box) and polyadenylation aignal
{(open box) are also indicated. The PCR cloning site in
PCRII is flanked by EcoRI sites as shown. The location
of three SnaBI sites positioned within the PCR product

35 are also shown. Primers 005 and 013 also indicated.



20 .—anplified view of the junction donmain. Rel evant | andmar ks are as
I ndicated in Fig. 3A above. Hori zontal arrows indicate the |ocation
and direction of PCR prinmers used to anplify across the provirus

junction. RBpj 5 IS a sense-strand priner. Pri el fdded gh 017
are 25 ant‘&é%@g&rand prinmers. Fig. 3is a schemat;”g&

Il lustration show ng the predi cted PCR product assum ng a direct
end-to-end tandem | i gati on of nononmer AAV. CWLacZ genones. Two conpl ete
| TRs (shaded box) with their respective "FLOP" and "FLIP" 30 orientation
are shown at the junction (labeled j). The5 CW pronoter (solid black
box) and pol yadenyl ati on si gnal (open box) are also indicated. The PCR

cloning site in B 45 thaskeduRueFsoRi) ragsas.abpen. | The |ocation
of three SnaBl sjte;ssr;lpro?g:iti ed within the PCR %rgo uct 35 are also shown.
Priners 005 and P& S5 dPeaflgucture of Kif $5pgygss that map to the

PCT/ US97/ 15692 head-to-tail juncEign 4f\ 23 OViljacdctoncatbhérdsi @b . FUR- 4G
ill.ustrates the Sfrugtyr.e Qf <& p i H&a-4 o-tai
junction of AAV.%WL%‘ cgﬁ‘caﬁgﬁse‘r_éﬂgﬁ%l.éﬁtd %%Agggég&4%s?homs taLe
predi cted PR pridifdt &&tPngnd tandey; Ligationg of oeRe®e%Endem | i gati on of
nononer AAAONMIMVLAGZgeneses. Tvibwe aypdietel TRRs ( shiaskdel soe)) writh
their respectives. y SEL| Rpr Ok €3 Aty ar .

junction (I abel }é‘éj;llr:%ﬁ??}%{:ﬁ%r oﬂ%tﬁér %}fs%l irg.’ip grg%g%%%%?()a%d%ﬂb%

pol yadenyl at i on &% JBREACBokIabeed  Ho 18be MY BEemREter (solid g
4B il lustrates tHleck boxt)ueadopelyeiditR aiettuetignal (dpernBdsdnard also
Fig. 4C iIHg§trqgﬁﬁﬁgggd§tructure of the PCR product from C one 8.
Clone 8 is nearly tdentical in size to 15 clone 3, but contains a

di fferent rearrangemEnf oftBt hdlustratemg theetryfture of the RGR) prgguct

il lustrates the fxomuctione 6f the PCR product fromC one 5.

D0 R LIt a s s SRl LR 4P nd TR Gk
Fig. 4G illustr#res CAengt Buct Gderd 8 tife negR1pr ddentical in size to

15 clone 3, but contains a different rearrangement of the
ITR junction.

Fig. 4D illustrates the structure of the PCR product
from Clone 5.
Fig. 4E illustrates the structure of the PCR product

20 from Clone 2.

Fig. 4F illustrates the structure of the PCR product
froim Clone 6.

Pig. 4G illustrates the structure of the PCR product
frem Clone 7. '

25 Fig. 5A characterizes the activation of cytotoxic T
lymphocytes directed against adenoviral antigen as well
as lacZ. This is an analysis of lvmphocytes harvested
from Group 1 of Example 5.

Fig.: 5B characterizes tha activation of cytotoxic T

30 lymphocytes directed against adenoviral antigen as well
as lacZ. This is an analysis of lymphocytes harvested
from Group 2 of Examplé 5.

Fig. 5C characterizes the activation of cytotoxic T
lymphecytes directed againsf adenoviral antigen as well



fromdCone 7. 25 Fig. 5A characterizes the activation of cytotoxic T

| ynphocytes directed agai nst adenoviral antigen as well as lacZ. This
is an anal ysis of |ynphocytes harvested from G oup 1 of Exanpl e 5.

Fig. 5B characterizes the activation of cytotoxic T 30 hogyt es

di rected ad¥® P&@%Hdenoviral antigen as wel | as | acZ (975568

anal ysi s of |ynphocytes harvested from Goup 2 of Exanple 5.

Fig. 5C characterizes the activation of cytotoxic T | ynphocyt es

di rected agai nst adenoviral antigen as well WD 98/ 09657

PCT/ US97/ 15692 6 as lacz. This

i s an analysis of |ynphocytes harvested & from Goup 3 of Exanple 5.
Fig. 6A shows the actjvation of T | ocyte Lesponse to different
anti gens i ncl ufishdq%rr Qéfsacfoéf‘d%ggﬂ S%s “p&?’f“?’r@ﬁy ph‘b?"%%‘e%%w rus,
for each of G disse 151‘4WM3 cf EgExmppeedb. Activation is denonstrated by t he

secretion of | iy, eml shgwseﬁﬁetw:gwmow&fwbwﬂp&écg&é@l 415

Fig. 6B shows the actlv | ynp tes nseto di fferent
anti gens i ncl udiS® gggggfﬁg?% '\.ﬂaf“fir"gﬂ é\ﬁ/g A ERIIARA 1 us,
for each ofs Gmmfhed é.ﬁw or Edamavertﬁs, Ats:m wachonf i Sroepwnkts aied by the
secretion anpgielQ. reﬂ&gie&wﬂ wedéﬂ-&s%%%s& By th&&idSretion

Fig. 7A illust rat es results an enz | hyunosor bent assay
(ELI SA), showi if tWé"‘dev’f&PEﬁﬁEﬁF*%‘? She T’?ntﬁ“ﬁ’&&l eST T reet & agai nst
[err]-gal act osi dase ¥ig.t 68 showsvihé cast iratuips: of Exayrmbleo@tes in Fig.

7B illustrates J@sidrss ft—@&ké@gﬁ@%&”&n%d’é&ﬁd fncludkﬁg”rect i

(ELI SA), showi n the evel opnent _of ant i bodi es al nst
adenovi r ust® yp&@% it egh 8830 °rv?i‘ti‘?‘%%%n§+%urf§’r £aERaRP| 3PS % of Fig. 8
is a graph of mmmecﬁncehbtanbmmflﬁladniénstra ed O ABié eantiam a

function of ting gl (lgv\ﬁzgg,ggjmtmglg,gcﬁ.ogug egxg,g[ﬁré 11 HAV- hF. | X vact or

genones/ ani mal IS a grap ow ng, circul ating
ant i body agai nFEghukdniklpxtrates rrt%"‘tﬂ-ttsoffrf’% hj LRFVh TonesAy-
hF. I X in C57BL/:.&mmmo»-Bhatt eaBayp O(XSESKY, aiowihi. tXe devenspndrad\cf

concentratyson i dihRaTRs2kh bt 08 65dd O MFRatactosicase in the
various greoups of example 5.

Fig. 7B illustirates results from an enzyme linked
immunosorbent assay {(ELISZ)}, showing the development of
antibodies directed against adenovirus type 5 in the

20 various groups of Exanmple 5.

Fig. 8 1s a graph of plasma concentration of hF,IX
in C57BL/6 mice as & functich of time following IM
injection of 2X10'! raAV-hF.IX vector gyeromes/animal
(n=4).

25 Fig. 9 1s a graph showing circulating antibody
against human F.IX as & result of im injection of raAAV-
hF.IX in C57BL/6 mice. The time course of anti-hF.IX
antibody concentration in plasma after injection with
2x101? vector genomes/animal (n=3) was determined by

30 ELISA using mouse Hibk anti-hF.IX [Boehringer Mannheim] as
& standard. Each line represents an individual animal.

Fig. 10 illustrates plasma cancentration of hF.IX in

. three mice as a function of time post-injection. Each
symbol represents a different animal. The fourth animal



2X10[ err] vector genones/animal (n=3) was determ ned by 30 ELI SA usi ng

nouse MAb anti-hF.| X [ Boehri nger Mannhein] as a standard. Each line
represents an individual aninmal. Fig. 10 illustrates plasna
concentration of hF.I1X in three mce as a function of _tine

post - i nj ect WePBIOSZch synbol represents a different aRFFEPP™ %% fourth
ani mal WD 98/ 09657

PCT/ US97/ 15692 7 in this
experinment died 5 weeks post-injection follow ng traumati c phl ebot ony.
Fig. 11 is a graph illustrating plasm concentration of hF.IX in four

Rag-1 mce as a function of tine post- 5 7 injection wth rAAV-hF IX

Each synbol reptgs feren -in |

schematic dlagraﬁlgﬁs‘é %E%df? éﬂé 168" ggéﬂga %ﬁ&ﬂl(? W%OE %R& pre %nt in
transduced cel | §raumatic phlqbqfomys is a schematic diagramillustrating the

10 construction of pfY, CM/AﬁpE gra.ph i1Daserd ethdeaeiEmll ceRcehttBeion

| nvention ent nt i.,on rOVI no-
nesoci ated vi ru8E(RRVE LR S A Al BLAP BE B Gt oR of EAZRLPBFERnI oh
provi des hi §h | énpechhen seith aMAVahEgdRe 1Bach esymbsdsirepriesenke absence of
hel per virus or ge¥peetPt'Sanimal. helper nnlecules. Particularly, this nethod
i nvol ves i nt rodugi ng. .a reconbj nant carr hvg a_desired

transgene into a nustt® 118 Be & 3HF§l°t a9 & bead-to-failyj ected
directly into cacdcatzmekaifettie rdaAvVspoesan(iin ruscisduaed thélbr ansgene

encodes a secreted apdyors ie oiebhungbhe dhepaprutinepradynt, chuch as a

pol ypepti de_or | e... However,” t he nmethod of e invention
i's S|ﬁ?larF?nfﬁﬁﬁ?ﬁl?Qn°§nﬁ% f¥BPEr on of nucleic acids encodi ng
non-secreted, therapeutically useful products. 25 Particularly, the
i nventors have S égegg Nt § ‘94 njection of hel per-free
purified r AAV antrally free of contam nation

with adenovirus or quﬁiHﬁﬁif?&AW?VFBEdgntQF?H%ﬂﬂ%/a meth@PfFEFeﬁ enc-
transducti on ofassccilatdd baruisl ¢adVhgnedisted|msdle-dindcped| ganed

transgene expressifirer BhiRe PebviiE hfgh level and stable transgene

15 expression in the absence of helper virus or exogenous
helper molecules. Particularly, this method involves
introducing a recombinant AAV carrying a desired
transgene intc a muscle cell. Desirably, the raiv vector
is injected directly into cardiac, skeletal, or smooth

20 muscle and the transgene encodes a secreted ang/cr
diffusable therapeutic product, such as a polypeptide or
an RNA molecule. However, the method of the invention is

- similarly useful for administration of nucleic acids

encoding non-secreted, therapeutically us=zful products.

25 Particularly, the inventors have discovered that
intramuscular injection of helper-free purified raav
{(i.e., rAAV which is substantially free of contamination
with adenovirus or wild-type AAV) leads to highly
efficient transduction of muscle fibers leading to stable

30 and prolonged transgene expression. By helper-free is
further meant that the AAV is in the substantial absence
of helper virus or other exocgenous helper molecules
(i.e., helper molecules not native to or normally present
in muscle cells). This is accomplished without



further neant that the AAV is in the substantial absence of hel per

virus or other exogenous hel per nol ecul es (i.e., hel per nol ecul es not
native to or normally present in nmuscle cells). This is acconplished
wi t hout WO 98/ 09657

PCT/ US97/ 1%838/09657 significant inflammation or act?EYPE%Et i mune
responses to the transgene product, despite the fact that t he product
may be a neoanti gen. : The stability of transgene expression
produced 5 according to the nethods of this invention is

particularly inpressive. Wthout w shing go be bound by theory, this

stability is believed to be due to the hi ghly 1 nefficient chronosonal
i ntegration of ﬁﬁy r I , i absence of

hel per 10 virts tig et? fe}'x\@(}gengt'J'J”cﬁ pgyégrm ecfe‘t%“l 2t rlgtmtlglr‘g"al
observati ons s¥@PRPRESH| &0 rﬁhﬁotthéé‘isge“ﬁspﬁ%%qﬁrbé@ﬁpﬁte thet facExEhpfFes
bel ow, anal ySlﬁh@fp%dﬁc’@Xid}a(HeSaf aebaﬂti@en. detect a doubl e- stranded

epi sonmal form of t Y'sf;rae‘?ﬂ%a’ng’%nggg“ o#é z%’ rl_ﬁl Si_S. f,oLgt al cellular

DNA reveal ed 15 a wiehn a gest an"énzyrre that has two
cl eavage sPt esaggerding Heo Ahe wethods aficthis invantdieneds band was

observed when the: SaiEatNA Mt e@isdetl edwithdufrishinge Ry B8 bBahddees not
have sites w thi n the t\;/klxr al gﬁg Lijc[ther DNAtan sis focused
on the formati 20 %(ﬁ%g? Ysignhelieyed 9 £& P8 °pFRYi ous studi es

of lytic mﬁghlylfmfmmghrhmmomhhtmmm;mmlf ARV replication
of rAAV proce?ﬁfovsmpy ﬂeﬁp ﬂugca@aeeﬁs in tﬁ@absteacteabk: gaggaganers,
while latent ihfections t resuj t proviral integration are
establ i shtf asVHERR-2Bethey teéﬁqgef‘ﬁﬁﬁeﬂ?é??’éﬁl[%"llesler REVeRRLr obi ol .

Rev. 54; 3d15sSOG { U@oH )sunborD. thiat srpothesisnl | ABbResCelibed in Biol,

5: 3251- 3260 (1985)ex ax§> mwaangwyeﬁetoﬁqpvﬁ extrab&slvlfamaaokegy and
| munol ogy, 158:97- 1 #%‘

et
62: 1963- 1973 (19985 %gdg"st&&f‘geée?l’i% r#é%fé‘i ﬁ’*dé‘hﬁngﬁﬁie t hat
nmuscl e cells gen¢mansoﬁmﬁdxamrt lkneApYiseof crstaic carldulgrt DNAhreveavedt i on
contain Cgﬁcatér@{écﬁé‘g%'ﬁdé"%h@h E@SQsQQﬂt@idh ta@ﬂ@z?‘i&me +RhE YIS WHD

vari abl e del etion con5|st ent transducgti on
nechanlsnllnvd?¥??ﬁFQ?n %ﬁlqh$h&p he AAV vector, whereas no discrete
band was observed when the same DNA was digested with an

enzyme that does not have sites within the viral gencne.
Further DNA analysis focused on the formation of
20 concatamers and their structure. Previous studies of
lytic AAV infections have shown that the episomal
replication of rAAV procesds through head~to-~head or
tail-to~tail concatamers, while latent infections that
result in proviral integration are established as head-
25 to-tail tandem arrays [K.I. Berns, Mi iel. Rev,,
54:316-329 (1990); J.~D. Tratschin et al, Mol. Cell.
Biol., 5:3251~3260 (1%8%5); N. Muzcyzska, Qurrent
in Microbiologvy and Immunology, 158:97-12% (1993); S.K.
McLauvglin et la, J, Vireol., 62:1963-1973 (1988)]. The
30 data set forth herein demonstrate that muscle cells
transduced with rAAV vectors according to this invention
contain concatamers consisting of head-to~tail tandem
arrays with variable deletions of both ITRs, consistent
with a transduction mechanism involving integration of
35 rAAV provirus.



35 r AAV provirus. WO 98/ 09657

PCT/ US97/ 15692 Sequence analysis of the junctions created
by r AAV concat aners i ndicated consistent but variable deletions

of both ITRs. Fluorescent in situ hybridization (FISH) %

consi st ent MFWQPW??FGIe integration sites in 5 approanate?p

nucl ei, while Southern anal ysis I ndi cated an average of 1 prOV|raI
genone per diploid genome of the nuscle fiber. Together these findings
i ndicate that the average concataners mnimally conprises ten proviral
genones. 10 Anot her advantage of the _nethod of the invention is

the surprising absence of inflamuation upon” adm ni stration of

therapeutic doses of F@&EgécaFQﬁa...vs;.s @@@Hlee'r}ugéz&-ﬂé é?é&éd"lb@c'fr@ﬂvw th a
| acZ AAV vect or to_pount_. a hunora es onse t% coI

ne r
[err]- 15 gal acCHSCakaBeYEspNELECTHRE CRNSIERERT PHF aYR L
gal act osi dase antoifbdxebiths ITRse eF lwiteatent uhesétanhymmlzatxqmqwmxl)acZ

adenoviral vect opy gsz.QJ @Qﬁegﬁﬂ\ﬁ&eﬁl@lﬁ% Sin?len#%érir%ogﬁsf 2pen jhhe

hel per-free AAV Joct accaor this
i nventi on, |#hunéPE@°X1Pé§ﬁbﬁsb51¥c?qIﬂécﬂﬁémsgﬁhéﬁvﬁﬁ%?qﬂﬁﬁn%ﬂﬁ%351sTh|s

contrasts sharpl yndiithtpdi ap avéragd Al proytnel genocre eaf @ipisdah as

those which enplgéag?éegprﬁénﬁﬁ%éyg\flber [ I é? gﬁg fbﬁg lflngﬁrégce

247: 1465- 1468 (1 rus- medi gene ther a
Tripathy et al, Apdicpke thes. th%!%ﬁﬁ?ﬂgﬁoCPEQQBﬁTer%w#%ﬂiﬂﬁﬁéﬁb&PF?réFPE|t

strong i mmune re&agngesvigalh@eﬁmﬁnagene Thus, the nmet hod of the
et O Pyl des B ApSEhbE AN AR GH0Ene petRUE oI Tl%%%&sh' YETY

systens, particularly™w reatmnen
di sorders that nhkhe3gurpraging cahsgnas of Anfilarsatien gpon The

Recombi nant AAV admxnxstra@&é@G@fﬁﬂﬁé¥ﬂbeﬂﬁﬂbV§6§éﬁ SR RFaHtRE . a ?ekected
{ransaen 15 usedubife BELDPRE e IRSLBE LI d oy sAPLLER; O (e
failed to mount a humoral immune response to E.coll B-
15 galactosidase despite the fact that vibrant anti-B8-
galactosidase antibodies were elicited in these animals
when a lacZ adenoviral vector was injected into skeletal
muscle. Thus, when the helper-free AAV vector was used
according to the method of this invention, immune
20 responses to the transgene were modulated. This
contrasts sharply with prior art methods of gene
transfer, such as those which employ naked plasmid DNA
[FJ.A. Wolff et a2al, Science, 247:1465-1468 (19380)] or
. adenovirus-mediated gene therapy [S.K. Tripathy et al,
25 Nat. Med,, 2:545~550 (1996)], which typically elicit
strong immune responses to the transgene. Thus, the
method of the invention provides a significant advantage
over other gene delivery systems, particularly with
respect to the treatment of chronic disorders that may
30 reguire repeated administrations.

I. The Recombinant AAV

A recombinant AAV vector carrying a selected
transgene is used in the methods of the invention. In
addition to the transgene, the vector further contains
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regul atory sequences which control expression of the transgene in a
host cell, e.g., a muscle cell. Many rAAV vectors are known to

t hose of t he art and the invention is not | , any
parti cul ar"%gkm%?AAV vector. For exanple, suitable AAV ve é@é‘?%qféérfg

nmet hods of produci ng sane are described in u S Pat ent No.
5,252,479; U S. Patent No. 5,139, 941, I nt er nati onal Patent
Application No. WD4/13788; and I nternational Patent Application No.
W93/ 24641. One 10 particul arly desi reci vector is described bel ow

A.  The AAV Sequences CUrrentIy a preferred rAAV is del eted

of all uﬂile:ﬁk'\F %ﬂﬂﬁncfe%aﬁﬁ§uﬁ Bhstrénd e&enoekytﬁae
cis-acti ng 5' i nverte Q?I re‘ggaf%\(ﬂT sequences [ See,
\

e.g., B. J. gf%?sg‘?‘?ﬁ"ﬁ%r?d 5 eldq ' P Tijsser,
CRC Pr ess, pp. 155- Dedny rAAY L@@:&):rs afaukpowheca eth@ndofapkphuy{bnpthde

encodi ng SLEAUSHE Bsh &G Wi ebRd u.sTH@t Af%ite-ﬁ?t%eg.ﬁ?nﬁﬁ§t§é§1éi90m
143 bp in Length. Wiile it is refer hat 20 _ subsfantially the entire

5 and 3' SequEMBSVEHITH FO Eﬁﬁﬁpﬁge FREEG RS 2BV VESERTPNaPRe vect or s,
the skilled metﬁwdssmﬂlpmdducumdesamandrerdﬁscﬂmheddegree ofi. nknor

nodi fication of ¢ gecgjg},c_,es-,bs gergq sﬁi‘éﬂrﬁ: NH€s 135 @8RhLity to nodify
these I TR sequences 11e'retdin gB s eir biological “fuhctions is
lga

within the skifnteynapienal Paé’—lef‘t agion ot §’°§ ¢éA3388samPiook et al,
"Ml ecul ar Infiamtipnal Faitenhat apmhbmumn "No.2a&oediyR4s4Col dodpri ng

Har bor La 8rat§£¥r6#?§%§gég_%&%@g)ve |Iu§e%f‘lbé£h | TR sequences

may be obtfaine nown ng prese [y identified
human AAV types. T%Whe AAV type’'is not anticipated

to IlmtltBF lnventlon dhrtinitaly afpfé%iw?&uv 1s| lua@laudaneftapps 1- 4,
by request 11 ol Ryt resinn, R (orih) Al reberFE PR bl el ©
Simlarly, AANgls—act1n~ 5t and 3! inverted terminzl repeat (ITR)

15 sequences [See, e.g., B. J. Carter, in "Handbook of
ParvovirusesY, ed., P. Tijsser, CRC Press, pp.l155-168
(1990)}3]. Thue, the rep and cap polypeptide encoding
sequences are deleted. The AAV ITR sequences are akout
143 bp in length. While it is preferred that

20 substantially the entire 5' and 3' sequences which
comprise the ITRs are used in the vectors, the skilled
artisan will understand that sone degree of minor
modification of these segquences is permissible. The
ability to modify these ITR sequences while retaining

25 their biological functions is within the skill of the
art. See, e.g., texts such as Sambrook et al, "Molecular
Cloning. A Laboratory Manual.", 2d edit., Cold Spring
Harbor Laboratory, New York (1989).

The AAV ITR sequences may be obtained from any

30 known AAV, including presently identified human AAV
types. The selection of the AAV type is not anticipated
to limit the invention. A variety of AAV types,
including types 1-4, are available from the American Type
Culture Collection or available by regquest from a variety

35 of commercial and institutional sources. Similarly, AAVs
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known to infect other animals nay al so be enployed in the vector used
in the nethods of this invention. In the exanpl es set forth herein, an
AAV-2 is used for conveni ence. Specifically, the 5 ap CAAV ITR S
sequences fWOPR¥G72 flank a sel ected transgene sequence Pgn%gﬁ6562

associ ated regul atory el enents, as described bel ow. B. The
Transgene The transgene sequence contained within the

r AAV vector is a nucleic acid sequence, heterol ogous to 10 t he AAV
sequence, which encodes an RNA or pol ypeptide of I nterest. The
transgene is operatively linked to r | at ory conponents in a manner
which permts tgq e : 1.QN |l e celld.s. : The
conposition of %ﬁgégrg%sé%ﬁ%cgéﬁjﬁiea%vﬁm%?sﬁggd%‘pgecﬁc#éufénﬁ]toﬁgduég Fgewhi ch
the resul ting v¥8esprupsedpEn the mephode,pfekhip| B1veifeanspe I theansgene
sequence | agbifResaseCPOitt RLQ@IGNCan RAVEH 1HQikeRXFoRsSi on

produces a dete . sl gpal . Ny te egue l.pgl ude w t hout
limtation an E%Egg{aﬁlgégg ga%pa%&% ro%sllc%g‘gg 'ZEhé Lac %C'DMV AA%al kal i ne
phosphat ase5geneeguengegr £eem AAV-Z [SlgnésgchelerirditrayegeneTseguence
sequences, WheNand as386908téd bglilaftcr@Uul ahenys £l S RidsTribleahpdlibve their

expressi on, provide igna‘Jr,e tabl e by conventi onal nmeans, e.(g.
ultraviol et wavel ength abs : ible 25 color chaqgg“ etc.
Expressi on of such transg@esnapasae sequenes ¢eptpdmeddyitbincthe

quantitation, cehhv vectbdleld id imalledt agddt drc, heterologous toA NDre

preferred transgene uence includes a t herapeuti c _gene l,ch gncodes
D Gest rad tBno BROGMY Segiéncdic WiIEh Bngades S IR Bofuperlinf el
typi cal | y encodénteregt odUthe tainsyenahés operatiistedived inked patient in vivo

or X Vivo, ra5818bbey tonRRleAte 2h SORLRSdr Ak idM BelkhedsOtransgene -
non-inherited genetic defect or treat. an epigenetic di sorder or
di sease. expression in muscle cells.

The composition of the transgene seqguence will

15 depend upon the use to which the resulting vector will ke
put. For example, one type of transgene seguence
includes a repcrter sequence, which upon expression
produces a detectable signal. Such reporter seguences
include without iimitation an E. coli beta-galactosidase

20 {(ILacZ) cDNA, an alkaline phosphatase gene and a green
fluorescent protein gene. These sequences, when
associated with regqulatory elements which drive their
expression, provide signals detectable by conventional
means, e.g., ultraviolet wavelength absorbance, visible

25 cclor change, etc. Expression of such transgenes may be
used in methods for cell quantitation, cell
identification and the like.

A more preferred transgene seguence includes a
therapeutic gene which encodes a desired gene product.

30 These therapeutic nucleic aciad sequences typically encode -
products which, when administered tc a patient in vivo or
ex vivo, are able to replace or correct an inherited or
non-inherited genetic defect or treat an epigenetic
disorder or disease. '
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12 The nmet hod of the invention, which delivers the
transgene to the nuscle cells, is particularly well suited for use in
connection wth secreted therapeutic proteins, such as factor [X,
useful in wossbsesnt of 5 henophi | i a, or apoli popr ot ei nPCRpaYiE§s2 usef ul

I n treatnent of atherosclerosis. However, other therapeutic gene
products, particularly those which are secreted, nmay be readily
selected by the skilled artisan. Exanpl es of genes encodi ng secreted
and/ or diffusable products, 10 i nclude, without limtation, cytokines,
grom h factors, hor nones, differentib;ion factors, and the |ike, e.qg.,
[err]- i nterferon ( err]-IFhD t hropoi etin (epo) insulin, growh
hormone (GH), and par at hjpeiBEHEKmsfe theTRpYeThiar, JaHeh delivers thef ul
for treat rrent efafsushé ety Be candild Qﬂ&&,lsl5ls pﬂﬁiwﬁlr&lmllw‘ellm e sclerosis *

and cancer ([e ne woLab | in mal

stature (GH), gﬁ%“egl\gorqfe%n%? ocsonne%:gl}‘&%’ #‘ﬁ Séc s#mt“ﬁée %vent ion is
al so usefHFO#Q#nﬁel$W@hyaﬁﬁf%$§@ésI@mcﬁé?ﬁglnbﬁle#ﬂﬁﬁaﬁat of  products
to Lhe nu?s:e_hEﬁspaxaﬂalebrtiﬁbﬂm§5yyateﬁntggpap E?#ﬂﬁgﬁﬁl gm is anticipated
to be useful i reat nen cul.ar strophie n

delivery of a grgagﬂ IEF ‘g%h?“fpegeohsec 8615, % é) é’eexyt% deﬁﬁguf;e

349: 334-336 (998¢) p}'OWfat%, rmtm@mynghpeetwmmtm secreted,t hay

i nvention. Thepgelgg&idy sdiddid rb@n%aanexnl@@taéé;saxponmgb.e;ést grbe a

nowi odge of t EPER| PREdRHN jasieten and/or QA FELRG Tr8b®ERa i s of the
Vect or 10 include, Iwmﬁe .mmtnne,W¢mmqm inctohs,
| Ve oxpr essl o BpALe ] EIEctentlat IoRauhBL Oty E’*‘?‘e‘m&?e ' SFBET R s the
vect or d25|rab$ te fer%%n{éqﬁgﬁa 55?&8F88°b?5ﬁ%tgﬁ”ﬂnggéﬁh BerquVtQ
desi r ed) hhrmhnes(@ﬁ&yeﬁnduﬁarathykeddtbutmmner&Bﬂﬁgenewaadelgeaeed,
Wi th the transgepeysbpivesit tél%a%\énUstﬁq@f‘fé@yP@f Té&%ﬁ@mn&em or.
WO 98/09657 SQ/7/ 15692
including multiple sclerosis and cancer (B—IFN}. anemia
(epo)}, diabetes (insulin), small stature (GH}, and
ostecporosis {PTH). The method of the invention is also
useful for delivery of genes encoding non-secreted
products to the muscle, For example, the method of the
20 invention is dﬂulCipa ted to be useful in treatment of
muscular dystrophies, by enabling delivery of a
dystrophin gene [see, e.g., C. C. Lee et al, Nature,
349:334-336 (19921})] via a rAaV according to ithe method of
the invention. The selection of the transgene is not
25 considered to be a limitation of this invention, as such
selection is within the knowledge of the skilled artisan.
c. Requlatory Elements of the Vector
In addition to the AAV ITR sequences and the
transgene, the vector also includes regulatory elements
30 necessary to drive expression of the transgene in
transduced muscle cells. Thus the vector desirably
contains a selected promoter and enhancer (if desired)
which is operatively linked to the transgene and located,
with the transgene, between the ARV ITR seguences of the
35 vector.



13 Sel ection of the pronoter and, if desired, the
enhancer, is a routine matter and is not a limtation of t he vector
itself. Useful pronoters may be constitutive pronoters or regul ated

(i nduci ble) pronmoters, which will 5 enable controlled expression of the
transgene. VP809657 oyanple, a desirable pronoter is that {15092
cytonegal ovirus inmmedi ate early pronoter/enhancer [see, e.g., Boshart
et al, Cell, 41:521-530 (1985)]. O her desirabl e pronoters incl ude,

wi thout limtation, the Rous 10 sarconma virus LTR pronoter/enhancer and
t he i nduci bl e nmouse netall othienien pronoter. Still other

pr onot er/ enhancer sequences nay be selected3by one of skill in the
art. The vectors.will, i I on{ Ai | G

aci d sequences which aff egtglgg:é"r‘lé%[lé‘pta%%g %ﬁ#%?s%g?f o}hé1 ?e%‘%?e't h"'eh]es
transgene incl udim@nsequedses pravine fptighand is noteqyul Helkaoione 3t ci ent
pol yadenyl ati on e tetiorangselpl UsefulGrichiotePs by hbé uneistortaltise i ce

donor and acceptor sites, . JA_seguence [ 4 pl-oyed
nthe 20 exerBPBRFTE b seaf ERRY | ibintelel TEEBREeAE, Rhich FER
t he papovavi us e3abi@ cPhsrpdled fexprprsicn gén&hegl tyarsgene. F@erted into

the vector foll Quiapile)eat ERESHEP e promRFULBCEEaANGr D{Ore the 3' AAV I TR
sequence. A conmo ' on sequence i s gl SQ der'tvrg}j fromSV-40, and is
Hc BT ORERFR t

i ntr u
2 el erred ¢ GVhomeRR VAR (RRET LS &2 HEPGRE (590 ose
and ot her el ene®.g.deSioshbrs ebd abntlell,o4lsBRanBa0 (128%che E{HSdSsion are
The art [oae, o e o e e a 30
The conbi nad on S%F’CPH'@ # ?‘5H§g£}ﬁ§,prmgteifrﬁﬁ?ﬁ‘?@??ﬁnﬁ%%c & aiﬁ'ti{{ﬁfgﬁ& her
regul atory el ensouseametallothibénien bramodera "#thllestdierd or ease of
ref erence herei BromoterfenflA¥er Séfthcds % BLOSEEdted IHNkeRd i the &

and 3' AAV | TR.sequences., Provided with the teachings of this
VO 98/ 09657 eki11° IR EhE Ere. PCT/ US97/ 15692
14 The vectors will also desirably contain nucleic

15 acid sequences which affect transcription or translation
of the transgene including sequences providing signals
required for efficient polyadenylation of the transcript
and introns with functional splice donor and acceptor
sites. A common poly-A seguence which is emploved in the

20 exemplary vectors of this invention is that derived from
the papovavirus §V-40. The poly-A sequence generally is
inserted inte the wvector fcllowing the transgene
sequences and before the 3' AAV ITR sequence. A common
intron sequence is also derived from 'SV-40, and is

25 referred to as the SV-40 T intren sequence. Selection of
these and other elements desirable to control or enhance
gene expression are conventional and many such seguences
are known to those of skill in the art [see, e.qg.,

. Sambrook et al, and references cited therein].

30 The combination of the transgene,
promoter/enhancer and the other regulatory elements are
referred to as a "minigene" for ease of reference herein.
As above stated, the minigene is flanked by the 5' and 3!
AAV ITR sequences. Provided with the teachings of this



I nvention, the design of such a mnigene can be readily acconpl i shed
by the skilled artisan. An exanple of a rAAvV, i.e.

AAV. CWLacZ, and its use in the nethod of the invention is provided
in the 5 exanples below As illustrated in Fig. 1, this exe

r AAV cont aVRS8/E%657 AAV | TR, a OW pronoter, an SV-40 WQWéH%V”%bLacZ
transgene, an SV-40 pol y- A sequence and a 3' AAV | TR However,

stated above, the nethod of this invention is not limted to use of
any particular rAAV. 10 D. Producti on of rAAV The
sequences enployed in the construction of the rAAV used with the

met hod of this invention nay be obt &i%ed from comercial or acadenic

sour ces based r ey u h d. descri bed terlal These
15 nmateri al sgﬁe?/ntéjrmg be ob ﬁg‘ Qh% 84 grkld" Vedgal paglé1 hEee dity or
generat ed and aeterpkished Ry ﬁl&néaiéﬂ%@ceﬁﬁ%t mol ecul ar cl oni ng
techni ques known and pr agi ies@shphy bhosermv, sl edvi, Mhsczrt aﬁ@y

nodi fi cati on of eX|st| ucl ei sequences use oductlon
of the rAAV 20*%5 858 o’f’iJ trﬁen@le& ﬁg°§egﬁ%n¥e %"&rﬂ &ﬁsprP'ﬁ%a?% bﬂ h‘?‘;lnd
ot her nut a®i onexamyles Soe dray . geAsr Alddsbraveg simifiardl, uhLSeehﬁmqllesy

Assenbly of thgaidMibntGlad snmvhswﬁeqye@wsgromteof AAVsvLlhg transgene
and ot her vector el enent s acconp“ts ﬁ usi ng convent i onal
q

techni ques. CHBE¥oR, éba‘ﬁ‘i g%%&?‘??eﬂ@& PRFE 4 GHeSPIRARER #BRAL i n K.
J. Fi sher3 eazwalITR. VHowelver,78613t&5R€d Z3dvelanher peth8969f this which

i s incorporate?n$@h€fgﬁ”fﬁ“ﬂ%th§EikEedF@&BWEQ '0 OSY’§59€ECEE%£In text s

technlques i ncl ude cDNA cl onlng such as_30 t escri
[ Sambr ook*®t al, ciRed f overl appi ng ol i gonucl eoti de
sequences of the AAV Thegannencpslml@sﬁ chaither canstouct dol @y

sui tabl e £%d Nothwhi wlew féga hBEnsesd df%.euehe%wsnss enge.

Wher e approprlate standard transfection and. co- transfection
techni ques ar ePRERIRAEFEE ﬁP&ESESt‘éltﬂe academic =(prggfobesed on
PCT/ US97/ 15692srevicusly published and described materidbs. These AAV viruses

in the Presencea Ol fig) Pefay/husChe Sblained rrodRNANbIVEESafiSbElAthd o7 Bl
usi ng techni ques su err trans ection techn| gues, and may
be readily or generated and selec ed asing standard recombinant

molecular cloning technigues known and practiced by those
skilled in the art. Any modification of existing nucleic
acid sequences used in the production of the rAAvV

20 vectors, including segquence deletions, insertions, and
other mutations may also be generated using standard
techniques.

Assenbly of the rAAV, including the seguences

of AAV, the transgene and other wvector elements, may be

25 accomplished using conventional techniques. One ‘
particularly desirable technigque is described in K. J.
Fisher et al, J. Virol., 70{1):5z0-532 (January, 1996),
which is incorporated by reference herein. However,
other suitable techniques include cDNA cloning such as

30 those described in texts [Sambrook et al, cited above}l,
use of overlapping oligonucleotide sequences of the AAV
genome, polymerase chain reaction, and any suitable
methed which provides the desired nuclectide seguence.
Where appropriate, standard transfection and co-

35 transfection technigques are employed to propagate the



selected by the skilled artisan. O her conventional 5 nethods which may
be enployed in this invention include honol ogous reconbi nati on of AAV
viral genones, plaguing of viruses in agar overlay, nethods of

nmeasuri ng Ssi generation, and the |ike. | rably,
t he r AAV prvgggﬁﬁ'%re purified to 10 renove any contaninéf?ﬁﬁmﬁgg ovi rus
or wild-type AAV. particul arly desirable purification schene is
descri bed in K. J. Fisher et al, J. Virol., 70(1):520-532 (January,
1996), which is incorporated by reference. Fbmever, one of skill in
the art can readily sel ect other approprlaég purification nmeans.

1. Therapeutic Applications a rAAV containing a desired

transgene is  raobtaiRRds t~hetxsc%~0ésé§c@% ﬁesEE{:eduiﬁg&gt'a dgnto an
animal 's nuscle. One advanta e}géaé i nvention is that

muscl e is parti @AfSRAXITRSSS B °€1E1 us‘?ﬁtEeFﬁ?lﬁV%ﬁu%¥?QnP§ﬁ
secreted therapataia predsfestion tectuciguas, fanumaY)be)rremﬂlm;poprotei n

(Apo) E, andng seedHeldiy: théléfiiﬁgd saﬁhe ?ﬁvéﬁ%&é ntion s
nusC

used to deliver a non- sec eted ene uct to t

The rAAV ved or 2&3hadee Whigicpt |1'|’I%e‘m§]tﬂi’eﬁ‘a9‘“b§hls m‘é%ﬁﬁ#ﬂ%t-‘é?“e‘dl% a
patient, preferainologomangedonbination df @AVOvEnhl yoeosmes ) [ ¥adinidd i on or

D e oo, viruBBRCRhoRLEr (R dd iy OhelEbhd by xxeeﬂ&ﬁg Bigiae™ © %

vehi cl e includes’s ueous and non-
i sotonic steril| gengraddirdn 888 utr®Nkikind aqueous and non- aqueous

sterile suspenS| ons knownpkgibgbly, tH¥AKYCPYbEGSEd Yars G idlles @ riers

g?;'?'/ \[/J\BS|9|7 / 15802 E:%move any c%gg{gagé%g adenovirus or vGi.ld-vtype[ Iﬁf‘s 012\ skill

in the art may Parddsndpcdyfdesimalzle purificpbien scheme is dEsenihgd
vectors of thi smnxentn.omaneras&nam sug_gdml,_ OB FI o (@RS, t O

provi de for Intﬁg%%%lOQh%ene dé eﬁgglectggltgggsgene such

that a t herapeuti C out” u
of skill in the art can readlly select other appropriate

15 purification means.

II. Therapeutic Applications

Once a rAAV containing a desired transgene is
obtained, the vector is administered directly intoc an
animal's muscle. One advantage cf the method of the

20 invention is that muscle is particularly well suited as a
site for production cf secreted therapeutic products,
such as factor IX or apolipoprotein (Apo) E, among

. cthers. Alternatively, the method of the invention is
used to deliver a non-secreted gene product to the muscle

25 cells.

The rAAV vectors of the present invention may be
administered to a patient, preferably suspended in a
biologically compatible solution or pharmaceutically
‘acceptable carrier or delivery vehicle. A suitable

30 vehicle includes sterile saline. Other agqueous and non-
aqueous isotonic sterile injection solutions and agqueous
and non-aqueous sterile suspensions known to be
pharmaceutically acceptablé cérfiers and well known to



effects and with nedically acceptabl e physi ol ogi cal effects which can
be determ ned by those skilled in the nmedi cal arts. In a preferred
enbodi ment, the rAAV are 10 injected directly into cardiac, skeletal, or
snmoot h muscle. One of skill in the art will also appreciate t hat
ot her net h¥YE%P6¥dmi ni stration, e.g., intravenous o CTRISP S Y2er i al

I njection may al so be utilized in the nmet hod of the invention so |ong
as the rAAV is targeted 15 to the nmuscle cells. Dosages of the
rAAV vector will depend primarily on factors such as the condition
being treated, the selected transgene, the age, weight and health of
the patient, and may thus vary anonglPatients. A therapeutically 20

effective dose Qf the.r of .th resent_.invention i . bel i eved to be
in the range of“q’fcrsgm°§b§§¥li t8 g‘%%uefr%(fl“" e ﬁnpggygil fee ts’bf%t i on
cont ai ni ng con@@PesE-ons of from about 1 x 10[err] to 1 x 10[err]

Sart icles/m rAAV vmhbol rral Betors oﬂrtﬁﬁi?tiniv@\&embhoﬂre Dectrh ms’]g&ﬁére?aﬁh

ose contains cpd rticl.es AAV npre. preferred human
dosage o s T B e #o3aRY, ABufhEy RS mAGRIRR, PO 1nbpETEE 1 BY

concent r at i%ons expreseden| gforhexprleciesh tomnsgengekuch ethat a transgene can
bg noni Eorfd bxﬁhtég%a%upt _seﬂefft r&ﬂefs{%btaﬂsaoumgo@@%d;l{e fam*%récg Sf
adm ni stration. _Admioni stration er y_be repeat ed as neede
The exanpl es s@F%FSFFhaBSI8&%#I?ﬁ§f?éh%¥tﬁﬁ?ePtabggrE?%ﬁ¥%i??ﬁﬁ ds for
preparing the wddeots whdch canpbe fdetenyg neke byethosls s illesl idnwemte on.
These exanpl es peqicadl 8rkkl UStnag %%zg‘eﬁllﬁéda%bge,iﬂgﬁtl ld L& $Gpe of the

35 [ tion. WO 98/ 0
PCT/ Ulsg\;/egé’lagg injected direc8§y :?nto cardiac, skeleta}y or smo%rrm e 1 -

Production of AQ¥cCeVLaChe of skill ik rieorirtnahll Adlsd rappheciaegener at ed
in which the ¢n.+f gRnapd €, ol : Lth a . .
expressing E. cglf Eerr -sgﬁgggggfﬁéﬁg&ﬁh'ggg?ﬁggég%i$b1,%§£%1 g *Sow
pronot er (AAV. CRVEREFRETtERAEMA RS IR MevoddEadbeyutilizekiiny thee

ci s-acting pl asetidopAlY. € anvenwivrcsadeng as tRei vRAV fIomprger2dl [ R
Samul ski g al xoden¥l hBkcie cp1161(10):3096-3101 (1987)]. Briefly, the

pl asm d was transfected into 293 cells infected with El -del_eted
Dosages of the raAaV vector will depend primarily on

factors such as the condition being treated, the selected

.ransgene, the age, weight and health of the patient, and

may thus vary among patients. A therapeutically
20 effective dose of the raAlV of the present inventicn is
believed to be in the range of from about 1 to about 50
ml of saline sclution containing concentrations of from
about 1 x 10% to 1 x 103! particles/ml rAAV vector of the
present invention. Desirably, each Jdose contains at
least 10% particles rAAV. A more preferred human dosage

3%
U“

is about 1-20 ml saline solution at the above
concentraticns. The levels of expression of the selected
transgene can be monitored by biocassay to determine the
route, dose or freguency of administration.

30 Administration of the rAAV may be repeated as needed.

The examples set forth below illustrate the
preferred methods for preparing the vectors and
performing the methods of the invention. These examples
are illustrative only and do not limit the scope of the

35 invention.



10 adenovirus [K J. Fisher et al, J. Virol., 70:520-532 (1996)] and

AAV rep and cap functions were provided by a transacting plasmd
pAAV/ Ad [R Sanul ski et al, J. Virol., 63:3822-3826 (1989)].

Production | ots of AAV. CWLacZ vector were titered accord|Q%5&§ genone
15  copi esM@9%865escri bed [Fisher et al, J. Virol., 70:5% 32
(1996)]. The 5'-to-3' organlzatlon of the AAV. CWLacZ genone
(4883 bp), includes: the 5 AAV I TR (bp 1-173) obtained by PCR
usi ng pAv2 20 [C. A Laughlin et al, Gene, 23: 65-73 (1983)] as

tenpl ate [nucl eoti de nunbers 365-538 of SEQID NO 1]; a Cw

| mredi ate early enhancer/pronnter [Boshart‘et al, Cell, 41:521-530

(1985); nucl eot ide ) S 0f, SEQLD-NO 1], 25 an
SV40 intron (nuCreotTd | D NO

anE. coli lacz cDNAA(na@P%%%m%R$liﬁﬁbéFgﬁYBSEas GﬁﬂﬁratEd %ﬂ:WQEQhIEhRK) 1),
an Sv40 pol yademék:ahhanc.spg@é:heé aver®/ rplubbd Beith 3 rirfisidnect i on fragment

[ranceri pti on uRkPEPeeind R (orh prelafip1aaad iRiet, ol Bbed g 817,

and 5 tﬁ:&vsprmvtﬁrR(NéthaWﬁ@&Zﬁronwl\@\é%a%z SsBPregured by
fr;igment (nucl eqkhidg aHabELIS-HBShg paaaﬁiefpﬁﬁadmarNaz/ 3%hich) was WO
98/ 09657 97/,5

18 V@Fﬁlysflefﬁ ce"?“b%Pl [RI s?mulﬂé C%Léss“itéégr%'é)‘l“ present

in the doubl e- sﬁiéhééd30%ét%¢0%eﬁU%ﬁBé TReiefly, ffhespliasmigc ¥88d in t he
SV40 intron at EEaBQfé&te@ B 293 cendst hgreecandsdte Eibaleneeaat he lacz

DNA and the SVHO oly tion signal at osi i Q 4

Therefore, 8?68¥%£Bﬁ @f‘f %ﬁﬁﬁﬁ €£s??aﬁgkégﬁggﬁengg"%ﬁﬁﬁgBanHl

rel eases a frageasédpl SHARMD rap lagdgrhy Lhetiguntwesie provigedaby DA
probe that can beaHsged:ify éﬂﬁlélﬁﬁhv?hgrﬂﬂl samuldidTide E&agggnt as_wel |

oo L abth0 P VgD, Wl B, erptauislSete b Y 22
Kozarsky et al, Aav. BMﬁLacz vectanam&xezSgtése@EaQQﬁﬁﬁin91§©4yPﬂom€tocks of
rAAV used 48  gopies/ml as described [Ficher et al, J. Virol., 70:520-
532 (1996)].
The 5'-to~3' organization of the AAV.CMVLacZ genome
(4883 bp), includes:
+he 5' 2AV ITR (bp 1i=-173) obtained by PCR using pAV2
20 [C. A. Laughlin et al, Gepe, 23: 65-73 (1983)] as
template [nucleotide numbers 365-538 of SEQ ID NO: 1};
a CMV immediate early enhancer/promoter [Boshart et
al, Cell, 41:521-530 (1985); nucleoctide numbers 5563-1157
of SEQ ID NO: 1], ’
25 - an SV40 intron (nucleotide numbers 1178-117% of SEQ
ID NO: 1),
an E. cold lacZ cDHA (nucleotxde numbers 1356 - 4827
of SEQ ID NO: 1),
an SV40 polyadenylation signal (a 237 Bam HI-Bcll
30 restriction fragment containing the cleavage/poly-A
signals from both the early and late transcription units;
nucleotide numbers 4839 -~ 5037 of SEQ ID NO: 1) and
the 3' AAV ITR, obtained from pAV2 as a SnaBI-BglII
fragment (nucleotide numbers 5053 -~ 5221 of SEQ ID NO:
35 1).



the foll ow ng exanples were tested to ensure the absence 15 of
replication conpetent wild-type AAV and hel per El - del et ed adenovi rus
as foll ows. 293 cells were seeded in chamber slides and
co-infected with wild-type adenovirus and an ali quot of

vector stoM@%0%Rnty hours post-infection, 20 cells \A/elpé”it’??(’é‘éﬁgénd

I ncubated with a nouse nonocl onal antlbody agai nst AAV capsid proteins
(Ameri can Research Products). Antigen-antibody conpl ex was detected
with a FI TC-conj ugat ed secondary anti body. A positive signal was
scored as one infectious AAV unit. Contam nating 25 hel per adenovi rus was
nmeasured by infecting 293 cells wit h*&n al i quot of the rAAV vector

stock and stai ning RQEh reﬁig%kﬁ ,g§,pﬁgsgnakageBLﬁpﬁytSItggpQ§§S|on The

hel per adenovirus’i s c¢éntalns a hunman pl acent
al kal i ne phospk¥essatc BRAhAJGPUR IRrshangded yersasl SS@uen%nt riie of the CW

pronoter. Replfigati 8- (oEREESNin Vi&l-sV40 intyBa 6«(—.\\/b rpa@lwmﬁ rays hel per

was not det ect i poth I ifi a
vas not detect edyl BnbNgecona {18l NedUlidf i RLERIRRL! B8 ole 1A%
19 Bx amplod yadeny AAYi sp apl gnak @fs duc @ossképot a¢6%sdrk€eneffore. Vi vo

\rNh AAVhwas admt nldgbaeéteelow Eb ene awmnsmnlé&ta sequenc dedzﬂﬁxechadﬁmovi rus,
| C WwWas | nten 0O en nce UctuLl o cequr es were
s Mt P42 a P A" PE e o I A 00l Mo PrRCEd UGS ol

of t he Wost ar cDNat brobe. that can be ugedetpydetege thekindlerrednal e
Co57BL/ 6 m ce (b&akiomragmentLaQ@r@ém 225 fuBak1EREER! vedBdNe) iR 1®0

anest heti zed w 10 an intraperitoneal injection of ket am ne (70 mg/ kg)
and Z?& azi® 8 10 ng/ kg) and a subsequent 1 cmlower extremty

i nci sion was nmade. Shepka3VofMVIVNE CNNiusc Raglptbified wsingprstandargenones)

in 25 [err]l okcdRREGuBYS fesed- & 'nQ\(@BSKoEHrZ}: )et’. al, Y, EM OW acZz
suppl emrent ed w h an “ad noy t ant 802 % Ri ce and D. L.

Kl essig, J. Vi ' 6%%7 ﬁ§§§$ﬁ (5§Eﬂ %?r? Afgb

1x10[ err] pfu) tjhestfczllompm exammﬂémjmta Gestedrboi eupamteecthmtab@teme

tibialis 45 it %EbQE.cH\:'%ﬁeﬂ&fz\?@@éH" 'vﬁ%uikvﬁg ﬁidﬂai%é [ i nge.
| nci sions were _claoséd w_t | 2

cr su 0 anal yze
transgene expr EISAERETER; ARPROVETES rFé;crfé’éngﬁ at y

292 cells were seeded in chamber slides and
co~infected with wild-type adenovirus and an aliguot of
the rAAV vecter stock. Twenty hours post-infection,

20 cells were fixed and incubated with a mouse monoclonail
antibody against AAV capsid proteins (American Research
Products). Antigen~antibody complex was detected with a
FITC-conjugated secondary antibody. A positive signal
was scored as one infectious AAV unit. Contaminating

25 helper adenovirus was measured by infecting 293 cells
with an aliquot of the rAAV vector stock and staining for
alkaline phosphatase reporter expression. The helper
adenovirus is El-desleted and contains a human placenta
alkaline phosphatase cDNA under the transcriptional

30 control of the CMV promoter. Replication-competent wild-
type AAV or adencvirus helper was not detected in the
highly purified preparations of rAAv.



various tinme points post-injection and injected nuscle was exci sed

wth a scal pel. Tissue was placed on a drop of OTC enbeddi ng conpound,
snap-frozen in liquid ni t rogen-cool ed i sopentane for seven seconds,

and 25 transferred to liquid nitrogen. Ana

ti ssue at gqgﬁbﬁ@ﬁéypoint represented a m ni numof 6 %%]EC?IOH sites
(i.e., bilateral sanpling fromat |east 3 ani mal s) . For

hi st ochem cal analysis, frozen nuscle was 30 segnented laterally into two
equal hal ves, generating a cross-section face of the tissue. Both

hal ves of the tissue were serially seggioned (6 [err]m. For X-ga

hi stochem stry, sections were flxed in a freshly pr epar ed 0. 5%

gl ut ar al dehyde s@lass 2 P jedscd O5{ dase
activity as desc‘;l bed . J. > 1
PCT/ US97/ 15692 ' 20 J. Virol.,
70:520-532 (1996) ]. radstmissnsdwenistered oohnt enst wibkdut name&ga-al red
sol.ution and m)lHEféi':ed adencv;ruwe@hﬁ&?%\ﬂ rl':‘ﬁ’e‘ﬂﬁ&duéﬁde%?’ fedel per for

the rAAvV, toc enlstry ana reveal Teve

transduct i orP of “r?%s'ﬁ 11“"5‘er sBByRahP %@-’s‘-’&& Xess VPIPFP“C‘ bYSIP&e( anti al

i nfl anmati on. Suhlrpstiisiutglopalhanewal , Cam reids Use CotnhdtteecETAb)r ALV in the
absence of adenqﬁh;qﬁsgg&pgﬁstltutgennnstrated | evel s of transduction that
exceeded t hose foy n presence of adengvirus, These high |evels
10  have persi sted \ﬁrt'" F'a%b'é?e‘ﬁ?e’ﬂl‘?ﬁ%u%ﬁef 6F7EB(P miRe (Jackson
Exanpl e 3 - r AALaBaraterliesegBat ckaripdrd, Maghell vbre catystdre thraadc stieth

Head- t 0- Taijlg CbQﬁ@ EﬁPFrztoneal 10 58 be %Q@éﬁ%%@rLﬂfé%G@ggo gul ar

state of the genonme, Sout ot" an DNA 15
from skel et al nﬁé’dlaé’lﬁér\fégtﬁﬁﬂf‘?brﬁ‘?ﬁ @ SUBSEEHERt o3 on lowar,partiguity
perfornmed. Nodelimcisiwnhi whst hade AASeiese of raAPeCHVIdcy o hdief &scaar

epi sonal doubl eg%tn oaRd§d 3 1HC98TEL of HEPEL pA% LRSS %PH@%{E{“ 2

i nfection, or a g ated provirus rese |on
were 20  consi @&r ERAV- cviac S@H%W%t%wwé%m%ﬁnmrgm EBNA (H| re)
(see Part A5  mutant 41802 [S. A. Rice and B. L. Klessig, J. Virol.,

56:767-778 (1985)1 (5x10'° A,., particles, 1x10® pfu) just
prior to injection, were injected into the tibialis

anterior muscle of each leg using a Hamilton syrincge.
Incisions were closed with 4~0 Vicryl suture. To

20 analyze transgene expression, animals were necropsied at
various time points post-injection and injected muscle
was excised with a scalpel. Tissue was placed on a drop
of OTC embedding compound, snap-frozen in liquid
nitrogen-cooled isopentane for seven seconds, and

25  immediately transferred to liquid nitrogen. Analysis of
tissue at each time point represented a minimum of 6
injection sites (i.e., bilateral sampling from at least 3
animals).

For histochemical analysis, frozen muscle was

30 segmented laterally into two equal halves, generating a
cross-section face of the tissue. Both halves of the
tissue were sérially sectioned (6 um). For X-gal
hzstochemlstry, sections were fixed in a freshly prepared
0.5% glutaraldehyde solution in PBS and stained for

35 B-galactosidase activity as described [K.J. Fisher et al,



bel ow) and hi gh nol ecul ar wei ght genom c DNA (see Part B bel ow) was

| sol ated from nouse nuscle at selected tine poi nts. DNA sanpl es were

resolved on a 1% agarose gel and 25 el ectrophoretically transferred to a

nyl on nmenbr ane (Hybond- N, Anershan). The blot was hybridi zed with a

[ err] P- dCT™Q 2809657 pri ner-| abel ed restriction fragment FCTUSBIHP%Ed from

the | acZ cDNA A Det ecti on of Epi sonal Doubl e- Stranded Genone

30 To detect nonintegrated fornms of the rAAV genone, Hirt

extracts of transduced nuscle DNA were anal yzed by hybridization with

a [err] P-1abel ed cDNA t hat maps to the probe sequence shown in Fig. 1.

The Hirt DNA sanples (15 [err]l, equkQalent to 15 ny tissue) were

WD 98/ 09657 PCT/ US97/ 15692

21 ext r acreddlam: ndRE PR AT % 518 1dn d§§°81°’ﬁ Wer® and 64

post -i nj ecti on.counterstained inDMuframredsiclutédncahd mourdedfected with

rAAV in the presencepy F.x gggggypw VB N wzed. hlhﬁer&oraﬂ?é thof Hirt
Eo

extracts fromthat cel emonstrated t presence of

si ngl e- st randed~9%d hls“""ﬁﬁﬁﬁﬁ%ﬁ% %Fmselsstrreé'ﬁaéﬁdf%%‘ﬁ% Hvahe virus.
However, 5 HKirdnseictdohsodf musshé ef ivearss hyc ddyWi T hasddM stlenarith
dem)nstrat ed t 8,5t @G:r@a m to
undet ect abl e | %\‘?;q%'ﬁgllt*ai aggﬁgﬂxﬂ%@m e- Xf‘%’%gga %Qweval a’}{% %ere
never detect ed tha% I’F@cﬂﬁ’?“ rAAV i (the §h§\?é‘ﬁemﬁ§na‘iﬁ%°‘f+zl‘i%rbsej\ﬁﬁre

over - exposed. 'Eh!n&nstrateddﬂ.éﬁébs dhatrdrizdustighetBit adelesbdeMEIgmONE | S
efficiently traQgief ri%dthEt +Illée e %&Qn%%h@s%ﬁe?&%lqrﬂngq’ it is

not converted to ranscrlg B.
Det ect i on ¥hd é!i‘ét'leaMFﬂf F?o‘ﬁi‘bt?mphtaé%j‘}aﬁe@& dlmm‘l‘#%ﬁﬁ 28T 4 days.
To detect integrated proviral DNA, additi onal 20 hybri di zation studi es

wer e perforned toéii | froom tr.ansduced

skel et al wscl%gﬁay “post-rnrecti om [ T,

equi val ent to 28 [TeMpEgted HeadzhonBallaSfoncgsaresswith BanHl or Hindl 1, a
restriction enzyrertbat to oftarudtettilzep i hol edi¥eyr Aftaepat @the 25

Hindl 11 di gestiQnyi§3%bheiaht Sordiid’ Afthlerf®hiot analysis of DNA
15 from skeletal muscle harvested frem mice injected as
above wag performed. Models in which the raav genome

persists either as an episomal double-stranded genome
such as those formed during lytic infection, or as an
integrated provirus resembling latent infection ware
20 considered.
Briefly, low molecular weight DNA (Eirt) (see Part A
below) and high molecular weight genomic DNA (see Part B
below) was isclated from nmouse muscle at selected time
points. DNA samples were resolved on a 1% agarcse gel and
25 electrophoretically transferred to a nylon membrane
{Hybond-N, Amersham). The blot was hybridized with a
3%p.geTp random~primer-~labeled restriction fragment
isolated from the lacZ CDNA.
A. etection o isomal e-Stranded Genome
30 To detect nonintegrated forms of the raAv
genome, Hirt extracts of transduced muscle DNA were
analyzed by hybridization with a 3?p-labeled cDNA that
maps to the probe seguence shown in Fig. 1. The Hirt DNA
samples (15 pl, equivalent to 15 mg tissue) were



fractionation and hybridization to a virus specific probe. However,

when genomi ¢ DNA was digested with BamHl , which cuts twice within the
provirus, a discrete band of the predicted size of 3.6 kb was detected
at an 30 abundance of approximately 1 proviral genone/di

cel | genorrewo”mﬁs’ The structure of the integrat egj:p']r"rgv;lj\i(rg‘tij!’ts2 was
characterized using PCR analysis to delineate the potential nechani sns
of persistence. Previous studies of 35 wld type and r AAV have suggested
di fferent pathways of WD 98/ 09657

PCT/ US97/ 15692 22 DNA
replication in the lytic and | atent phase§ of the viral life cycle.
Specifical |y, | theMesnaenibore nabfbitls G oy 817 ePEhCALES 60 form
dinmeric replicativ ter nedi at es yarrec anlsmt reSults in the

5  synthesis oPOﬁ%'aHJIQFW@m or tail-to-tail concataners. Thi s
contrasts with latent infragl ireas aheﬁztﬁf@d ce.ll i1ihegiAatedtec owvitml genone
is characterize ALray

Genomi ¢ DNA froﬁe’r’étatg? resfagcwas%su i c(’:"t"e 83‘2 ?haﬁfﬁeanal V&Ts to
anplify junBti oemalpsimaf Bivtgentnaets from ddadt £88Ls1iPePCR nethod to
detect int egrat&&ncspﬁﬂéa&% the péegebeaes!s zkmieemmdaéeraﬁdwaénmg t hat

i ntegrated forns a S t

concat oners. m°m§bﬁlf‘f| o \13? sgf?é‘gﬁ%a’% got é’ %P?rr‘é??%er ghs@é‘%%ey zed to
15  al | ow sel it cex@Rewploff myacientoansineedfe¥dthorddy|alone | ynctions
of two nononer sdaioﬁév&a%\é %Lsszggengmndﬂae genomeS S@a tg agihtpri mer 005

ATAAGCT iti
1284, 4603 Y ¢ HLgEFNed Lo yRoRtertable AEvas, oY ABvath: ogiere: ' O"
anti sense- st rarmltmde%rﬁqms QE3riBV.- WA@@@A‘F‘@@WP@“SEQ’# D NO 2)

maltoped to bf p@*ﬁd paie e S Gheh the m&:émmtreTr ovéhi-bLposed. L rE%“ISD o 3
ant i sense-stran i
mapped o bp  indisndlids ShbrosheshingteTRsAes) e L SICEL .
retained int actgfﬁcwmsraneisr{-@c}nw rq@l;g.]s ofioskeletal mugaigy a 797

bp fragmenjs V‘h'ﬁcﬁwé\}éﬂoﬁtOQQ 888 Qddvér R to trhRsdpSiosdont hiaipld fy a

1000 bp fragment .. 1t a3 forms.

B.  Detection and Characterizatio * Integrated
Proviral DNA
To detect integrated proviral DN2, additional

20 hybridization studies were performed with total cellular
DNA harvested from transduced skeletal muscle 64 days
post-infection. Genomic DNA (10 ug, equivalent to 18 pg
tissue) was digested with BamHI or HindIIX, a restriction
- enzyme that does not cut proviral DNA. As expected,

' 25 HindIXII digestion resulted in a smear after gel
fractionation and hybridization to a virus specific
probe. However, when genomic DNA was digested with
BamHI, which cuts twice within the provirus, a discrete
band of the predicted size of 3.6 kb was detected at an

30 abundance of approximately 1 broviral genome/diplecid host
cell genome. _

The structure of the integrated provirus was
characterized using PCR analysis to delineate the
potential mechanisms of persistence. Previous studies of

- 35 wild type and raAAV have suggested different pathways of



| nportant to enphasize that the predicted PCR product si zes are based
on the assunption that provirus junctions 30 contain two | TR copi es.

Amplification across a junction that has fewer than two copies wll
therefore generate a PCR product that is proportionally smaller in

si ze. WO 98/09657 PCR reactions were perfornmed using 10BCHYS97/15692 genoni ¢
DNA tenpl ate and prinmer concentrations of 0.5 [err]M 35 The t hernocycl e
profile was 94[err] C1 mn, 52 C1 mn, and WO 98/ 09657

PCT/ US97/ 15692 23 72[err] C1
mn 30 sec for 35 cycles; the 94[err] C denaturation step of the first
cycle was 2 mn, while the 72[err] C 2éxtension step of the last cycle
was 10 m n. PCR_products . were analyzed hy.agarose gel el ectrophoresis.
5 SR PERitranLonerE Sunaia B GRLENT corrGes of S oy b

from AAV. CWLaoZ raladdfecedchescl fperifianidy attn the prgs&reoxf -i nf ecti on,

as described ahwe,erCRRSULS IR repliddtdB Méseben Aifet£d Mgt dBnee
buf fered saline (t BS) wa d.as a nggattl ve PCR control. No
p

NS use
anplification & gaares kY & RIRAVE FERBIES Wi &Rfsed that shoul d
span a head t o-dyethesist aifl head+w+heatdcir daifadabatabl concatsiuens..

However, when fr %ZI\M Z : s anal yzed with
ol i gonucl eot i d?ylﬁogg?ﬁgégi an%g 1&{&%&8;&%&‘%%%?9? ?X%Cn%:rfﬂ@ms det ect ed
consi stent wi t AnFepgratrdt BEOYLRDLUGRANR XS FRAsRCRERIRSD -RHhiheassthen aner s
(Figs. 2A and 2R}l genomic arrays.PCR reactions were al so conducted with
genom ¢ DNA from ce ' -SOh AL AL Rt : g(\ﬁélgq .

The provirus structure oFgFégggs%xf}gﬁée%s as 1%%%9218%@%&%%% y%éout hern
bl ot anal Y} s. LOTRCEBe2BaRYSEE nER amplify) gunchygns 1peveers Ak FereicAV18)
each of which ‘b@ﬂxb&&:&merg. ak rmaieﬁml rﬂma&eéceommgﬁtémtﬁma&ﬁ@

AAV. CWLacZ Lakrange -fto-tall were ident]fi Jbase Si ze
of the PCR pro&&c‘:’teé} °%§g‘728g%%?pélgd%%fa ul\ér\?d%%altfdlf'ﬁe*r:ﬁ%‘g?% '}‘Segrag(fgi](ftfé% ®and a
930 bp product CdsFAGVpEFReEYBEF2DUS-fPrnd as heatwpo thre SHTAFIRMET Sand

10- 3. AV6 |i kel gpeeiftacally) oligomofliest idle £AYVmMEFR wird Omrjtmcii-ed tAnot her

clone 10- ,¢ a§-1§V1§ iQB&%@%@R'ﬂﬁ%ﬂ%&%ﬁ” Eg%%s 8&%%—%%% the AAV
| TRs producCing a %0 Bp product usi g primer sef - an& a 500 bp
product using pHPFEicsst ofotve monomeTs @y the AAV.CMVLacZ gencme. The
sense-strand primer 005 (5'-ATAAGCTGCBATAAACAAGT-3'; SEQ
ID RHO: 4) mapped to bp position 4584-4603 of the SV40
_ polyadenyiation signal domain. The antisense-strand
20 primer 013 (5'-CATGGTAATAGCGATGACTA-3'; SEQ ID NO:2)
mapped to bp position 457-478 of the CMV promoter, while
the antisense~strand primer 017
(5'=-GCTCTGCTTATATAGACCTC~3'; SEQ ID NO:3) mapped to bp
position 700-68C of the CMV promoter. If the ITRs are
25 retained intact, oligos 005 + 013 [SEQ ID NO:2] should
amplify a 797 bp fragment while oligos 005 and 017 [SEQ
ID RO: 3] should amplify a 1000 bp fragment. It is
important to emphasize that the predicted PCR product
sizes are based on the assumption that provirus junctions
30 contain two ITR copies. aAmplification across a junction
that has fewer than two copies will therefore generate a
PCR product that is proportionally smaller in size.
PCR reactions were performed uging 100 ng
genomic DNA template and priner concentrations of .5 uM.
35 The thermocycle profile was 94° C 1 min, 52° ¢ 1 min, and



cell line 10-3. AV9 contains a single nononer copy of I nt egrated

AAY. CWLacZ according to Southern blotting, and appears to be
confirmed by the absence of a PCR product . WO 98/ 09657
PCT/ US97/ 15692 24

Thus, anal ysvessi#sc®NA from r AAV i nfected cell | i nes seHCEEHSSTH1TEHY
stabl e transduction reveal ed di stinct bands smaller than that

predi cted for an intact head-to- tail concataner. 5 D.
Structural Analysis Detailed structural analyses of the
proviral junctions recovered from skel etal nuscl e DNA was
performed by subcloning fromthe PCR reactd®lon (Fig. 3) fol | owed by

restriction anal éSi s (Figs. 4A-4G. 10 Particularly, PCR products from
one of the nuscPe®s@nbl®in 30 sef 6T 3Bt GYRERF At b FedeapbiEahirR
directly |igatesgtep of itlie fiamtergicakl yaavaithiabl evhpllasiihe PERI € i n which

t he i nsert EcQRl sskie SATEnRG gikby = ' | e
conpet ent bact e?%g?nésjf%gi&ﬁ&?bcéé Ifﬁgméréggléydt ransflglr %Ié'hvm "[:ﬁ ?ﬁéail%g%t i on

reactions. |n ¥e¥ecinalyged by agsresedged ¢HRTARPHOTeEIFrasnid |ibrary of
PCR products. The | idurmeasdschkavete adorduttisdl by genghve DwRA|

i sol at ed col oni es SGF, oy e | ] ne
and hybri di zi ngWﬁ’ %t%d ?%?or é—‘:ﬂ%g%gg-é'gxgr a'gén'-ll‘a%qé(% \rﬁqgtg%%%dﬂ%gggﬁggg?%ét he
CW pronot er / enfianic@4 .postrtinfiersipnsi afv@estnihesd aboveyer EegpBhA BY¥&r ni ght

in small-scal e gubh Un@fcie? iHjected with Hepes buflferddsRNAnér PHBS) Xwas
representative

cl opes was .. EX cted. fromthe smal.l.- Le_cultures and
di gested with usegezﬁ i ¥ = 1= 0t Eﬁe?%%%’éofhetdgonﬁmngJ‘Etﬁgg%’auct or with
25  SnaBl1@s apxedugksiWerd détegted. when gusinant wezle Smag| that shewld d
rel ease a 306 bypds ApRbla-c3MBkatZE L0y SRR unctioRPRARERIbbE OW
pronot er. e rel ease of_ a secon r.agne n e junction
(SnaBl 142 to SR®M)- H%‘Fé’)eri'swéﬁﬁtnyge‘%ﬁgonb:}mr‘);g’w&ﬁggngﬁ?gs?ﬂ%%occur
during 30 formessclon wifs tinalysedawdtikr ¢l igehumidotitiesr 806r and aby2 4nd

size from 334 bipg ZpPriAAt @ khBaEORLEStet&tbdRonkikREnt with IRS have been
del et ed. __The [oduct

bel i eved t¥° corﬁ‘%ﬁ"??%a\?%ipggﬁég"mw ?ﬁgé’%&g{.ﬁ'&”%&&éa@é@
(Figs. 2A and 2B). '
PCR reactions were also conducted with genomic
DNA from cell lines that contain integrated AAV.CMVLacZ.
The provirus structure of these clones has been
20 determined by Southern blot analysis. Three cell lines
(10-3.AV5, -10~-3.AV6, and 10~3.AV18) each of which contain
at least two monomer copies of integrated AAV.CMVLacZ
arranged head-to-tail were identified. Based on the size
- of the PCR products (a 720 bp product using primer set
. 25 005-013, and a 930 bp product using primer set 005-017),
two clones 10-3.AVS and 10-3,AV6 likely contain 1.
copies of AAV ITR at the junction. Ancther clone 10-
3.AV18 contains a large deletion that encompasses the AAV
ITRs producing a 320 bp product using primer set 005-013
30 and a 500 bp product using primer set 005-017. Another
| cell line 10-3.AVS contains a single monomer copy of
integrated AAV.CMVLacZ according to Southern blotting,
and appears to be confirmed by the absence of a PCR
product. ' a



35 al so cloned into pCRII and digested with the indicated WO
98/ 09657 PCT/ US97/ 15692
25 enzyme. This sanple serves as a positive control for the

di agnostic_SnaBl digestion. Digestion of this sanple 1.t h I :
correctly VO8838% the 730 bp PCR fragnment, as wel | gékﬁgggggndary

doubl et band approximately 500 bp in 5 size. This secondary band is
believed to be an artifact due to secondary structure that develops in
the 1.5 copies of AAV ITR during replication in bacteria.

Di gestion of the positive control wth SpaBl rel eases the di agnostic
306 bp fragnent fromthe CW pronDter ané?a 10 250 bp fragnent t hat nmaps

to the ITR junction. 1,0 | clones
W th EcoRI  and SnagPulhd?%% %%lde e??éhg 8% varla 4?¥1 were

present in al lif@SoFeledtpan€ey ofis2aifl Yrangepgtion r%%ﬁﬁ%#ﬁx?%ﬁ?ﬂnFﬁs at the
junctions. Seamaee smaaliyseshdd thdtinidwericted cat edn t hetadd HeadBlitRl~ ons
spanned port|Q%§Joc0Pcﬁﬁigg£h | TRs at the junctions w thout involving

cont i guous E. Fl uorescence in situ

hybri di zatd on (FI SB)e ﬁtﬁﬂﬁ&ﬂyéléﬂzdiﬁiﬁ FI SH was perforned on
cryosections of skel et abetaite@UsehscthiraiNanhatiyees 26 thife Girsdviizaut i on of

proviral ; € ] I i eces of

nmuscl e fromtrjeéltc‘cglot(’)’?' %8%? m%xteoehgv\eér)eﬁe#%ed {{% ie A%%:runso and qui ckly
frozen in Ii qmaarfowgénpanédé@b?watzwmzshe PFEUJ-‘%P%’EQIDQ@‘HLU Prozen
sections, 10[&@1]10%&1%3\/\@&@1.@&&*1;&11 enaly@ier xam;gr inmi;} Sections were

nount ed, fixe L Mo flu cence |n situ
hybr i di 28 onq)&sﬁt 54 Ig i usl g%‘%‘@‘%ﬁ?ﬁ%& ? Foc e’Em iséle G3&Eont et al ,
Nat . Bi ot ech. 31&4119§23l0§6 %Egggﬁquhﬁﬁ ahﬂdﬁa&éﬁ% %&Rﬂﬁﬁﬁﬂslﬂ§a§&§talned

for [err]- gal %&@s&ﬁ&ercz 119CA+ immteogz@gﬂ&afycﬂ;ﬁpzxp%ﬂdnve.réreas in
nmuscl e ntif n FISH nal, lacZ

y
Toeltive  IRmsfY vas fipmred ot TPAL SRR 6 £ ons for 35
[ err] - gal act osivddsabaet cvinpgiank rieahentiaicgtuadnrTPIN Kn were

15 transformed with the ligation reactions. In effect, this
procedure resulis in a piasmid library of PCR products.
The library was plated at a density to give well isolated
colonies and scresned by overlaving with a nvlon membrane
and hybridizing with a “?b-labeled fragment corresponding

20 to the CEV promoter/enhancer. Putative positive clones
were grown overnight in emall-scale cultures {2 ml).

Flaszid DRA from six representative clones was

extracted from the small-scale cultures and digested with
either EcoRI tec relezse the entire PCR product or with

25 SnaBI as a diagnestic indicator. Digestion with SnaBX
should release a 306 bp fragment (SnaBl 476 to SnaBI 782)
spanning the CH¥V promoter. The releass of a second
fragment mapping to the ITR junction (5naBI 142 to SnaBI
476) is contingent on rearrangements that occur during

30 formation of the concatomer, and could therefore range in
size frem 334 bp {2 complete ITR copies) to 0 bp if the
ITRs have been deleted,

The PCk product from cell line 10-3.AVS

believed to contain 1.5 copies of AAV ITR (10-3.AVE) was

35 also cloned into PCRII and digested with the indicated
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26 m cr ophot FxA m croscope equi pped with epifluorescence. The
total nunber of individual muscle fibers corresponding to |l acZ
positive area in the section were counted under a stan G%'PQ
contrast nmofP %Y same 5 area was then exanined under ¥ 7 @%nce

m cr oscopy using the appropriate filter package for rhodam ne

i sot hi ocynate. The nunber of muscle cell nuclei show ng punct at e

stai ning was recorded. Each positive nucl eus was exam ned under phase
contrast to ascertain that it 10 came fr a muscle fiber. For controls,
| acZ negative ar eas (areas in the sa sections that | acked

[err]-gal act osi Qﬁigmé‘“ ' sa%pl@%ﬁ«%é”éie&tﬁ‘&sl@%' %gntroTS?Sf'%)

wer e exam ned an ant i
confocal mi crosébpynosiie |$3W§Ivv§r1§e§5§€¥1vedpl‘335t&ﬁmé’tf &hisi BaBRK®@r si on

obj ective | ens {{O0XgcsHr adrietrly rel6fBéd e |BREbpTPEROSEAGReSE NI £DEd

Wi th Krypton-Ar | aser. Voxel
Vi ew Sili c‘g {l]gr aphzf cssecc"élr?t(a'rgl ﬁéu{, &fl ons‘li’ ro%g‘%bé g? n%p
under rhodahi nesémﬂnﬁhwlﬁé%néérgeaaéﬁt%%lwm ¢é‘dhe an gpgbfact
differential i rk&@éf‘@di eSO RN &&k‘ubﬁuﬁénih&ﬁnddi&lops 1hoeabl ops of

fl uorescence si rb gmgé1h§ws%5§ ﬁﬁ%knﬁugéé? gebg gpgntlal contrast

and fl uorescenc ges wer e stipérrnposed on a TCS
central work 25?319%1’%1&9!0@%#@%%1#%'&%5@@?#@ t"{i*-'éz Snaﬁﬁonebiﬁ% cghanor k

station for Imﬂmﬁiw@ﬁﬁlm pBr Qeséﬁeﬂtlfw&wm prom&t&F eghd@ng printed

usi ng Phot pshop $ouere alternatively
stained fo o 2§€ ﬁﬁ§¥§ 03|553335ct|V| y to | d éﬁ?g transgene
expressing 30 nuscl e f ilgestand afbEhelisix l\ndt—hfléubilo@lﬁwat‘ékmprow r al

probe to |ocal igeghend waralzutihamc@éea lteewﬂ\arfsalof v«ngsﬂ@nlaeng%xfb screte
fluorescent signal was detected l.ei &eg % %ﬁ%a0t05|dase
51‘ 219

expressi ng nuscIe g iEERT 10 an 35?9%§gtﬁ tjﬁﬂf 15??| reveal ed
hybri di zati on 3%ntined3/01d08s( EtSt@e niwiaediogfs [ eCepugntacansl ykese
EXPressi N3  further indicated that mest deletions spanned portions of

both ITRs at the junctions without invelving contiguous

viral DNA.
E. Fluorescence in situ hybridization
20 FISH was performed con cryvosections of skeletal

muscle to characterize the distribution of proviral DRA
within the injected tissue. Small 4-5 mn pieces of
muscle from treated or control mice were ambedded in OTC
and quickly frozen in liquid isopentane cooled with
25 liguid nitrogen. Frozen sections, 104 thick were cut on
a cryomicrotome. Sections_were mounted, fixed
(Histochoice) and processed'for flucrescence by in situ
hybridization using a previously described protocol [E.
Gussoni et al, Nat. Biotech., 14:1012-1016 (1996)].
30 Adjacent sections were stained for B~galactosidase
activity to identify lacZ positive areas in muscle
bundles. | |
For quantlfylng FISH signal, lacZ positive
_ areas (as determined by stalnlnq adjacent sections for
35 'B—galactosidase activity) were examined under a Nikon
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27 fibers and 0/377 nuclei of fibers not expressing [err]-

gal act osi dase. Hybridi zati on was not detected in tissues from

uni nfected ani mal s (data not shown). The ability to detect viral
genonmes bywéb&bbsgrided 5 anot her dinension to the anal ysiecrn@omgssez f oci  of
hybri di zati on was detected in 5% of all nuclei contained w thin nuscle
fi bers expression [err]-gal actosidase. It is possible that this is an
underestimate of transduced nucl ei, because of limtations in
sensitivity of this 10 techni que especially for target sequences |ess
than 12 kb in size [B.J. Trask, Tremds Genet., 7:149-154 (1991)].

The inplications of the FISH anaIyS|s are |nterest|ng The presence of

1 proviral gemsmmophetoFdAnpobrastore eqydpefewish epbElvexedser&sut hern,
t oget her Wth'ﬁh@t@tﬁhﬂ iaﬁmbefeﬁﬂlhdi\aitmﬁenmgbnatgdbé%of nucl ei ¢ aci ds

har boring an ﬁ ng mg c; t hat the _average, concat aner

m ni nal |y conﬁ‘s’?@fpf’é‘ 18BovP ‘ch vVerpaga ip Heestection gye

[ err]-gal act osictasedenpgdrr acttandard Ipiasexcontisaétirmode. BRheorxkrtehe site
of a vectg tra@ad%%dtauplemlﬁéh urﬁ&geﬁhbgaseaneétﬁmw ear domain
of at | east 105&%&t%ﬁ his iIs, coné#é:ent MA& greV|o%% WHi ch
docunent ed §eBPREEPELFE Y i TRE PEFREFEOEPHIT °‘?ﬁ‘b‘t‘§f ns [H M

Bl au et al, AdsctBipcyhbiie.& Bhelnymis ofohutdle(¢€9D)nuclel showdrigended
nucl ear _donmi a,uelfctfa&@ngqsaﬁle p&@é%é&faetah' nEQSh p&é‘??y&%dﬁ Structure

of the nuscle fibers is Inﬁ% to applicatlons of qgne t erapy for
several reasoff@s ffamined ?eﬁlﬁﬁ?F?ﬁcqqﬁﬁé i RANESFRBEE ¥Hdm
transductioon came €vrent amaystke hf gh:r. | Foxr spneyblam Ikes ezetdtﬁ:.d.dest ribution

of protein is_lass qggg&pakgeghgy;gggﬂg;yggohgr%hggs,aéygd Furthernore, this

system has advantages I n vector syst ens require expression of
nul tiple recoﬁﬁﬁﬁ&ﬁ?tﬁﬁbﬁéFﬁsactlv“%ﬁﬂ:ﬁra§°Fho§§“Vﬁ$?rF?ﬁhRHQﬂ¥§ pronot er s

[J. R Howe et s@lctions) ver8i ekanimmand? @=t8168=244iv 4 (i3 R)sr V. M Rivera

et al, Natn.Med., 2:1028-1032 (1996)]. |In nuscle,

15 For confocal microscopy, sections were observed
under an oil immersion okjective lens (100X) on a Leica
confocal laser microscope equipped with Krypton-Argen
laser {(Leica lasertechnik, GmbH), TSC and Voxel View
Silicon graphics central work stations. Images observed

20 under rhodamine channel were zlso seguentially obssrved
under differential interference contrast to confira the
location of fluorescence signal with mussle cell nuclei.
The differential contrast and flucrescence images were
then segquentially superimposed on a TCS central woerk

25 station and were transferred to a Silicon graphics work
station for image processing. Processed images were
stored and printed using Photoshop scoftware.

Serial sections were alternatively stained for
f~galactosidase activity te identify transgene expressing

30 muscle fibers and hybridized with a biotinylated proviral
probe to localize the distribution of the proviral
genome. A discrete fluorescent signal was detected in
some nuclei of P~galactosidase expressing muscle fibers.
A survey of three serial sections revealed hybridization

35 in 53/1006 (5.3%) nuclei of f~-galactosidase expressing
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28 coexpressi on of reconbi nant proteins does not require
cotransduction with a single nucl eus because of the ext ensi ve network
of overlapplng donmai ns. Exanpl e 4 - Transgene Directed | mune
Responses aW& 889657\ ni i zed when Hel per-Free rAAV is UsedPFHFSHISERe-
Directed Gene Delivery The stability of |acZ expression in nuscle
cells achieved froma | acZ-containing rAAV vect or adm nistered in
t he absence of hel per virus was surprising in light of 10 previ ous work
whi ch denonstrated destructive i mune responses nounted agai nst
[err]-gal actosi dase expressed from adénoviral vectors in nuscle

fibers. Trans e-specifi onses, were studied, further by
measuring the Hibe sor‘aunt% |°2%|’s“‘6?fg#ﬁef fgip B RPHCETT R SRMT bodi es
using 15 \Westalachesidsse. Hybrldlzaﬁiqmo&aﬁa80§réﬁ#ﬁ¢tqﬂn433ma@b&e§nd

ROSA- 26 nice from iﬁtﬁlﬁ&%&tbab@ﬂﬂ:ﬁﬂs eﬁiataahobﬂaéi@@&m ME) necrgpSI ed on day
IS a

30 after virus injegtion coIIe

transgenic |ine that c?aFrbgg'sLt?héorEg VQ@"‘ FE??Teﬁaﬁ’yR%% Fededpna and
was devel oped @moahﬂgdlmensba%k@dmmalﬁéb’ﬁnSwasSamw Heyadestfed from
C57BL/ 6 m ce nybrikakzateesi wesd ddtddtid@imsenl 8f & e:ﬁidm Worlaliibels 2

010CWL 5 1 25
LorrIT of HeS) B Rt AUEE kot hBshe AP HaREn, {481 S0oR YRS ba¥ dfove)
Both vectors epossddlE tbet fhis|is an ungakestimateset ftrremssduCeld- dri ven
m ni gene. AI'%ﬂ%ﬁ%lﬁ5becau5£eﬁf]Iﬂmﬁﬂhtﬂ%hbfhﬁdséﬁﬁiﬂzdﬁﬂ Qko%hﬂése fromE.

i (Si | (5 o/l )
and > C0BLct FOBRBISPPCAPPY T  SATEBS ST AAY el (e
(Hybond- ECL, Addr Shae) [B. JheTtﬂsﬁ,\mnﬁndﬁaﬂﬁaghﬂ Z:l4o9musSid H2EBLY 1 5% nonf at

mlk, 50 mMTr 'rﬁeH@hp&EEhﬁi&ls ot the F&%’h%ﬁ%}yé@ aﬁ-eoi%-E ge:2d] at room

tenperature fo o block avail able_sit i vi dudl | anes
woree U TR PREABACEOR 1 PR APPAPRA IR FyoB8HEo)
WO 98/ 09657 genome, as measured by Southern, togeﬂﬂEﬁ'U&&ﬁ/tBéQEISH

15 result that demonstrated 5% of nucleic acids harboring an
AAV genome would predict that the average concatamer
minimally comprises ten proviral genomes. These studies
show B-galactosidase enzyme activity that extends far
beyond the site of a vector transduced nucleus,

20 suggesting an extended nuclear domain of at least 10 un.
This is consistent with previous work which documented
extended nuclear domains for cytostoclic proteins [H.M.
Blau et al, Adv. Exp. Med. & Bicl., 280:167-172 (1990].
An extended nuclear domain of transgene expression within

- 25 the syncytial structure of the muscle fibers is important
to applications of gene therapy for several reasons. The
- net yield of recombinant protein from a transduction
event may be higher in a syncytium where the distribution
of protein is less constrained by membrane barriers.
- 30 Furthermore, this system has advantages in vector systems
that reguire expression of multiple recombinant. proteins
such as those with inducible promoters [J.R. Howe et al,

_.g Biol. Chen,, 270: 14168-14174 (1995} ; V. M. Rivera et
- Nat. Med., 2:1028-1032 (1996)]). In muscle,



29 for 1 hour at roomtenperature. Localization of

antigen-anti body conpl ex was acconpli shed by addi ng goat anti - nouse
hor ser adi sh peroxi dase conjugate, followed by ECL detection
(Amersham . The cut |anes were reassenbled 5 on a nylar sheet prior to
addi ti on of WP@BH09&SAgent and fil m docunentati on. PCT/USY7/15692

I ntramuscul ar injection of the H5.0.010CWI acZ El1 del et ed adenovi rus
into skeletal nuscle of C57BL/6 mce resulted in substantial

[err]-gal act osi dase anti body 10 accurul ation in serumthat did not occur
I n MHC-identi cal transgenic animals carrying an inserted | acZ gene
whi ch are imune tolerant to [err]- galaact osi dase. Significantly,

nei t her C57BL/ 6 nor | %%Z tragsgenl ¢, a0l nh o 1% gge n antibodies to
B- gal act osi das& BPEEC AP artst Grar 132 pr{: S BN AT PRAV SRR =T 2.
Exanple 5 - COrqsa:msa?ewStlQm withf a /elemid rrwlm&na Nwause of/egthers in

Miscle Cells  extensiveShe@ssk0be l Heei NG SbnAlAg) €-directed gene
transfer nediated by reconbi nant AAV and adenow rus 20 denonstrate that

adenoviruses, but not AAV, inf ect ant i gen presenti ng cells (APGCs),
which elicit alasgddes4 - Tre N 1] pteeg] Imagpe pbesek

destructive s 161l neRdnl R ab-d M Ve Used £ A eri ment al
paradi gm was constructed to defl ne € Specifrc dirrerences in host
responses to siEikaciied Gene DelR¥eRY rected gene transfer with reconbi nant
AAV and adenovimhes stibélgopl ofekadd edgirieseibn fhfteseheaselils t he

bi ol f th | |
act valion di 1 SPey S he & Feinla BAy BARLILERLL? aaniniddBRP! 001 €

[err]-gal act osildadde \mﬁ’éﬁnﬁkpf’éséé%?% orhras ves FREBRES Hoght i deleith of]
vector, bufo notpraividd¥ weekowhich demonstrEtedgesetalcBpps onmdunes t o i nject

a lacZ express '%p@nﬁsﬁ?hﬂégd t Qf&fﬁé@ tgd geag.agzt:ogiggé'é eexﬂusssé@%zl&%e n

shown
PCT/ US97/ 15692 adenoviral vectors in muscle fibers. Transgene-specific

immune responses were studied further by measuring the
serun levels of anti-B-galactosidase antibodies using

15 Western analysis.
Blood was drawn from CE7BL/6 and ROSA-26 nice
{(Jackson Laboratories, Bay Harbor, ME} necropsied on day
20 after virus injecticn and serum was collected.
ROSa-26 ie s transgenic line that carries the E. coli
20 - B-galactosidase cDNA and was developed on a 129
background. Serum was also harvested from C57BL/6 mice
thaet received an intramuscular injection of either a
recombinant LacZ adenovirus (H5.010CMVLacZz, 5 x 108 pfu
in 25 ul of HEBS) or the recombinant AARV.CMVLacZ (as
25 described above). Both vectors express E.coll p-
galactesidase from a CMV-driven minigene. Aligquots (5
#g) of purified B-galactosidase from E. coli (Sigma) were
resoived on a 10% SDS polyacrylamide gel (5 mg/lane) and
electrophoretically transferred to a nitrocellulose
- 30 membrane (Hybond-~ECL, hmersham). The blot was incubated
with blotto {5% nonfat milk, 50 mM Tris-HCl (pH 8.0), 2
mM CaCl, and 0.085% Tween=-20] at room temperature for 2
hours to block available sitess., Individual lanes were
cut and incubated with serum {diluted 1:200 in blotto)



30 in the exanpl es above to confer efficient and stable gene

expression. I n other experinental groups, the aninals receive rAAV in
addition to various conbi nati ons of vectors and cells in order to
define conponents of the 5 i mmune response directed against Ad that |ead
to desWUI%E cel | ul ar and hunoral imunity. The eff &&GFSgH15692

t hese experinental manipul ati ons were foll owed by assessing their

i npact on the stability of the rAAV engrafted nuscle fibers, as well
as neasuring other 10 I mmunol ogi ¢ paraneters. Any intervention that
elicits imunity to [err]-gal in nuscle fibers can be detected by
assessing the stability of transgene expré%%ion in the AAV-t r ansduced

nmuscl e, and the d%vJe‘ gmant %_
S

ur
experi ment al gr‘g‘ﬁ ‘érofieti/elwm EeFlb’er%aunI@' %Csat]lﬁéatés SUTETITB.I‘I zed bel ow.
Virus was inj eckrbigenvanyidkody coma%eNgw@%mqmelsls@sgsbxnﬁﬂér-ng gpatlar to

those descri.bedanti-nbélledtRife@adidh0P¥erokidase \Udndugh@e, SHspeoded by

phosphat e- buf f e i njecte d| ectly i,ntao the 20 t i bi

anterior nuscl e‘é&g %&a%%é#lf%ﬂ rﬁmﬁg ga i“e c%e&lagﬁgl arenﬁ‘éi?%e’?ﬁs%%es
were snap-fB5ozepnia nylan dheet pmpro‘g@rﬁé@cﬂm iocfoBEht aagent aadti oned at
6 [err]m t Pl K NESSumatiatd oper um sarrpl es and the drai ni ng i ngui nal

| ynph nodes were harvested for,. i munol o a Lynphocyt es
were harvested from PHFATRECULFH AN HBTE e %%5 Q@Sﬁﬁg}ﬂc% T#I
[err]chrom um (d&;etm eEnoasisay wato skeletx) cusedecsfecO57BL)§ mice
described bel o 98 dif 'RhRAEnt 2] éﬁéf&%t%fsﬁfa&‘écéﬂ{uﬁﬁ}ar get cells

(C578V, H2 err |n 200 [eré%t om 96-we | ates. Prior
to mixing umyipl g 4o §RrER| Hhat t%@%@PF&rméPe"%ﬁ%?mﬁﬁae‘ct ed
with an adenowtmsa;qmnsamgxaalskakrrgenpilcmphaiseseed lact Agehd)whaiclst abl y

transduced wt %ézr@(@ q_g% g ¢ SseblJ 54 ?‘Rej dwth
100 pG of [err]Cr an ° g oS“é%Od[err Hs Sk?ﬁq J"A ¥
i ncubati on for Hher CSTBLIGWEp Jag hransgenic anhmala developed

PCT/ US97/ 15692 anblbodles to B-galactosidase after intr@duscular aliquots of
100 [err]l ssupqxpjaém gh RH{*'E&%:‘._AE;?‘ ganmma counter. The results
e

for groups 1-3 are provi 5A-5C.
xample & - a ive udies of oviral and AAV
Vegtors in Muscle Cells
Studies of the biology of muscle-directed gene
transfer mediated by recombinant AAV and adenovirus
20 demonstrate that adenoviruses, but not AAV, infect
antigen presenting cells (APCs), which elicit a cascade
of immunological responses leading to destructive
”, cellular and humoral immunity.
An experimental paradigm was consiructed to define
25  the specific differences in host responses to skeletal
muscle-directed gene transfer with recombinant AAV and
adenovirus. - The goal was to delineate differences in the
bioleogy of these vector systems that lead to preferential
immunologic activation directed against a transgene
‘30 product (i.e., $-galactosidase) when expressed from a
' recombinant adenoviral wvector, but not an AAV vector.
The general approach was to inject a lacZ expressing
AAV into the right leg of a mouse. This has been shown



Frozen sections (6[err]m were fixed in nethanol and 5 stained with

anti-Cb4 and anti-CD8 anti bodi es. Mor phonetric anal ysis was perforned
to quantify the nunber of CD8+ cell and CD4+ cells per section.

The cytokine rel ease assay was perfornmed essentially as_foll ows
Lynmphocyt e 0865 est imul ated for 40 hr with 10 [err]- ggfr@?%fs‘lsﬁ‘ése
purified AAV, or adenovirus type 5. Cell -free supernatants (100
[err]]) were assayed for the secretion of IL-10 and IFN-[err].
Proliferati on was neasured 72 hr later by a 8 hr [err]Hthym di ne
(0.50 [err]Ci/well) pulse. The results for the four groups are
provided in Figs. 6A 15 and 6B. 30 The peutralizi ng anti body assay

was per fornmed 56?6% Teagntralgg' Xbé?rgf%'é?y‘@e eRgc %ﬁ””&%@”@éﬁék\!"e&e@ﬁ

i ncubat ed at o"Tnactivate ¢o
di luted i n DVERXBYREKIIT-0l énspebgrsﬁ'—’éiaﬂ‘ﬁgeﬁ‘f@mQZ@““sl Phe axtmhlzer um

dh l'ution (100 zf@ié:]\}Aéf b5 W@dd‘ﬂ:_ﬁbﬂ[@d&r\}axlon“ c@&b&ﬁ&ﬁﬁbﬁﬁi@% or 1 of
adenovi rus type ter .M neu at qn. at err err (6]
DVEM cont ai ni ng "2?53753@‘3 ce}' %naaﬁl‘é t% e%c T lc%mé + m%$ tt&‘f xed and
stained fof  imming mespanget diraated agrinsi df ithathéesd| towi ng day. All
of 25 the ceddstaictined deliueikp &he mhs@fpelcﬁmumwm BREPéLfects of The

results for t four S 36 Vi | 6B.

Group 1 nice r %l%ed&ﬁg%&%f‘ gggp?&'f ced a"'%sfe °(1:11°wed in Exanple 1,
in the right lagpessinhdbeifeinpact emtihe eghabddityTeSinte@cxdidh with

AAV. CWIl acZ al alﬁdad Guscle Bigbrseved syof1 %Isabxbﬁeﬂﬁﬂﬁgté@ﬁ@:f er (evi dent

even at 28 wi t hout filtr on, I hocytes, i vation
of CoB T LI | SHBARAEIS SATERFREEE) MY b veige case LB (T
CD4[err] T celimnynity tovibrgkloin|wustieaf derosicdasbe detected\b!?%/ 09657

PCT/ US97/ 1569 ssegsing the stzbility of transqene exp§2=s:.on :.‘( Riygls. 6A and
6B)] detected._ Anti bodi es were not ener at {“‘C - gal act osi ‘dase or

adenovi rus (Fife~ "Trﬁniﬁdmed nusgye, and the deye U‘B"‘?ﬂ recei ved
AAV. CWI acZ i nindismdadtitorl.eg 5 and adenovirus expressing |acZ

(H5. 010CMA acZ) in fdie experhBbhthedyrdiiss 4Rdle QbvbibSedr ALP MaSs L0
determne 1f the I rmunol, ogi.c. response, to the Ad-1nfected nuscle fibers
was study as summarized below. Virus was injected into mice

using technigues substantially similar to those described
in Example 2 above, l.e., virus was suspended in
phosphate-~buffered saline and injected directly into the

20 “ibialis anterior wmuscles. When the animals were
necropsied, muscle tissuss were snap~frozen in ligquid
nitrogen~cooied isopentans and sectioned at 6 um
thickness, while serum samples and the draining inguinal
lymph nodes were harvested for imnpunclegical assays.

25 Lymphocytes were harvested from inguinal lymph nodes
and a standard 6 hr Schromium (Cr)-release assay was
performed essentially as described below, using different
ratios of effector to target cells (C578V, H-2P)in 200 gl
DMEM in V~bottom S6-well plates. Prior to mixing with

30 the effector cells, target cells were either infected
with an adenovirus expressing alkaline phosphatase
(AdALP) or stably transduced with a lacZ-expressing
retrovirus, pLJ-lacZ, labeled with 100 xCi of 3l¢r and
used at 5 x 103 cells/well. After incukation for 6 hr,



system c, as denonstrated by its inpact on the biology of t he
contral ateral AAV.CWI acZ transduced | eg. 10 Apparently, the adenoviral

| acZ treatnment induced an i mmune response to [err]-gal actosi dase that
led to the destruction of the AAV | acZ transduced fi bgr&,mjaplt&%
sur pri si ngl WO BP&7was associated with infiltration of both" and

CD8 T cells into the AAV transduced | eg, and 15 the activation of
cytotoxic T | ynphocytes to both adenoviral and [err]-gal actosi dase
antigens (Fig. 8). Activated CD4 T cells specific for AAV, Ad, and
[err]-gal antigens and anti bodi es spe301i fic for adenovirus and [err]-
gal act osi dase were al so observed. 20 Goup 3 animals received a

AR e\l €s of Jtﬁ?:lp‘guggkhétéﬁlt therd %Hr?tleég in/dBghlchai S an

El - del et ed adenovi rus expresses no reco ant gene. “The goal
of this group wasuRteHet Fhf FeSWLtENLEORJIBRONRS U5 @ESVided IR adj uvant
effect which woplgsegel s2+3ci munity to AAV to 25 lacZ in this setting.

This did not lead ta,loss of . tr e g i:QN,..3a g here was
subst anti al i;iiﬁ%&?ﬁ“&f’éggégﬁgeﬁgggi ?gtﬁg&“%g?lﬂo%n%f 4 T
cells to vibal ame wWitguanisr pafrgo 1 iés. (Figs. 6A-6B).
As exgeCE ed,]anﬁbm@@tm argapeiat eds 3Percdmvat & adeneyiEyushbut not
towards [err]-gal.actos] Fi.gs. - . . oup 4 ani mal s
recei ved AAV. G\R}I‘rg%?rlc"nptatﬁd:sé iége%i and C?‘g‘g %%lesv\@eer 5&85%."% y transferred
with antigen prEe AYYRF NS FS1RAFS AERAY WaFmPSXCPETER| REFeNBIRL S5
inf?cted/ex Vi Vs W & 11 GeN Qvinipidcytes were MRtIMAAELE for 40 hr wiﬁr

PCT/ US97/ 15692 . il These
o mals ot ecPIVIRRNRISAR BRFAEIPOAAY. oF AdonsPirEE FBE Bre o
[err]-gal, as deebhsires ahpngyrngfents (1P@llofWaneamrsgaerecekpr es®on, and
the massive sedrdiidd @l qn-ab €P8 BAN-£D4 PEdltlegat A WagchésSswed® 5

anti [err] - gal obt i GRS Bof BE craiaayTeods- 5B Aefivea), il AN
7A- 7B. Erzepteswlts Toxnbactpun oroups arief Praviday iecfbys. 6A
15 and 6B.

The neutralizing antibody assay was performed
essentially as follows. Mouse serum samples were
incubated at 56°C for 30 min to inactivate complement and
then diluted in DMENM in two-fold steps starting from

20 1:20. Each serum dilution (100 gl) was mixed with_B—
galactosidase or adenovirus type 5. After 60
minincubation at 37°C, 100 ul of DMEM containing 20% FBS
was added to each well. Cells were fixed and stained for
B-galactosidase expression in the following day. All of

25 the cells stained blue in the absence of serum samples,
The results for the four groups are provided in Figs. 6A
and 6B. _

Group 1 mice received AAV.CMVlacZ, produced as
Gescribed in Example 1, in the right leg with no other

30 intervention. Transduction with AAV.CMVlacZ alone led to
high levels of stable gene transfer (evident even at 28
days) without infiltration of lymphocytes. No activation
of CD8 T cells was detected (Fig. 5). Nor were antigen-~
specific, €D4* T cells [i.e., viral or B-galactosidase



containing Factor I X into skeletal nuscle cells and 10 expression of F.IX
at therapeutically useful |evels and without eliciting a cytotoxic

i mune response. The data provided in this exanpl e denonstrates

t hat the method of this invention provides prol onged expressi on
of a ther apexssrogsstr ansgene, F.1X, in both 15 i NMunoconpBECEHES 482

| mmunoi nconpetent subjects in the absence of an imune response
cytotoxic to the transduced cells. Further, the protein |evels
achieved in the serum of i mrunoi nconpetent ani mals are adequate to
achi eve a t herapeutic effect. Thus, prolonged expression of human 20
F.I1X in nuscle cells via rAAV vectors in32 | mmunoi nconpetent patients,
such as those with henophilia is useful to deliver F.IX to patients
with that (Bigeaseh and 6B)] %Aecteqbr epHERGI e8f WEERI PPEd r AAV 25

The r AAV vect ogetéestéd £df-igalladticBfidale Vb denoviexBenFigst S7Rags&es an
expressi on cas;g?te containing the human F. 1 X cDNA including a portion
of Intron | unde transcriptional control of the cytonegal ovi rus (CW)
i medi ate early ger@E RIS FRSREERS Y SHHIaRF in & gﬁsEFFbFléﬂg

term nati op signal aderddeimes tedpredBifl 1acz thzﬂdomvuhbS)eXﬁreﬁél on

cassette fl anked_by sequence L.ch .c |l etel y.l acks AAV
protei n codi ngf Q 1%%‘&]ue#‘[&e§°a\;0a§% gﬁ%?r% cf“lé’d wgs f"8| PERgzmIne {e éhWD

098/ 09657 immunologic response to the Ad~inﬂagpegsgmsgsegglbers was

34 5@@@1@61% RAfhotetraeBer BY etk D VingRchk! dRStRet b9B168&y of 2

F.1X cis plas d ( d e ctin | asm d pAAVYAd [A W
Skul i mowski m&" ‘g%ﬂﬁ%{a{l ¥ cf\‘}g? & Yran s%“ﬁéﬁetlg *7:7-12 (1995)]
into hunahoenbﬁgnmwent¥y, uhajndynezggylcé¢¢&;unqas@ee@ ihghced &1- del et ed
adenovi rus i escdi it Ry BlghehceésRlase tha¥l 18l to7€h820- 532

(1999) o5 Rty Vﬁ%@%"“%"ﬁﬁ?ﬁwgﬂ%grs - #Ruman . 1

codi ng sequencsudgrisinglyudithd sl vaskbssoaiptmet wifthl anfddtragBonkefachi et

al J. B J:th e an@ 7('9)85 &‘7 8232815449 9@.)& ,APQ'n @rhﬂga@:\!&@ 1 e%A and
polyadenylatl naJ g¥ AAV, | T ces 4 V rep and
cap gene t@nct REP¥ifs oeYEes to poth

adenoviral and ﬁ-galactosxdase antlgens (Fig. 8).
Activated CD4 T cells specific for AaV, Ad, and p-gal
antigens and antibodies specific for adenovirus and f§-
galactosidase were also cbserved.

20 Group 3 animals received a mixture of AAV.CMVIacZ
and Ad BglII in the right leg. AdBglII is an El-deleted
adenovirus that expresses nc recombinant gene. The goal
of this group was to determine if the adenovirus provides
an adjuvant effect which would elicit immunity to AAV to

25 lacZ in this setting. This did not lead to loss of
transgene expression, although there was substantial
infiltration of €D T cells and some activation of Cb4 T
cells to viral antigens, but not to P-galactosidase
(Figs. 6A-6B). As expected, antibodies were generated

30 towards adenovirus but not towards B~galactosidase (Figs.
72-~7B).

Group 4 animals recelved AAV.CMVlacZ in the right
leg and were adoptively transferred with antigen
presenting cells harvested from naive animals and

35 infected ex vivo with adenovirus.



by pAAV/ Ad. The El-del eted adenovirus contained a [err]- 15 gal act osi dase

(LacZ) or al kaline phosphatase (ALP) reporter gene to trace potenti al
contam nation of rAAV stocks with this helper virus. Cells were |ysed
48 hours after transfection by sonication, and the rel eased rAAV
particles wW@9%W657% i ed by four rounds of CsCO density 20 PCIREATEARP
centrifugation as described by Fisher et al. cited above.

The resulting rAAV-F. I X particles had a densi ty of 1.37-1.40 g/m . The
titer of the purified rAAV-F. I X was determ ned by slot blot

hybri di zati on using a probe 25 specific to either the CW pronoter or
Intron | sequences and standards of pPMAV-F.1X plasmd DNA of known

concentration. The apility_ of V- X to transduce in vitro
was confirmed by trane8Eei ﬁlﬁ?%’?’f’d“% a Vigorg's ”édhc?fr‘nfzf%vl ng the
concentration ofimmEnbXoghct hesptnse dd thorgels uperdenenatdedody’s the

post-infection W, g ELL sfllog t on8 A dak 51\()@ ter et al, Proc.
Nat | . Acad. %Sm USA, %% 3056 306

1(19 QG%L r AAV- F (IJIO[errL 10[err]
genomes/ nl ) was isfdlEgakion @t T0B SR Fr EPLYS Sal Flfe. 7 Ce
i ncl udi ng 5% gl yeeiokted to B~ qahMiﬂNﬁH1%6Eiper1ment as shown 1n Flgs.

PCT/ US97/ 15692 o -
ti lact d tib rated, as
Purified r AAV-F 6fl\X bu?l neTm T Iga r etoesé gge antd arn;'surci;tesneo1ca ’

cont ani nati ng a&éﬁb’% P-BSFM%n %‘a"l%rzed by transduction of 293 cells
fol |l oned by staining for al kal i ne phosphat ase or [err]- gal act osi dase
as described by ; b (We 't )

det ect ed a ) .
assay for w | d- €2B8 2263
sl i des wer gocCo- ieH ] it 1 aDe
rAAV-F. | X and fj
post-infection.

. ne vk
prot ei ns ( Aner | Thf %%%aﬁwlﬂﬁ?d&@t §hlBe?Wﬂlge lﬁ%m@éﬁé‘&egst
primary anti bodueaﬁdmﬁﬁlomm lixwepRAkh fosphied ipaplonged Carpinteri a,

IOral% rl)gugt ?glnuf):‘ 88&%«%/5% gﬁe?%k%%%tﬁé trgﬂééé}@y F'‘"X'l\/tg'l’lsem‘é"g?r ai ns
sel ect ed fgs |ngmannggqmggtent and immunoincompetent subjects in the
absence of an immune response cytotoxic teo the transduced
cells. Further, the protein levels achieved in the serum
- of immunoincompetent animals are adeguate to achieve a
therapeutic effect. Thus, prolonged expression of humen
20 F.IX in muscle cells via raav vectors in
immunoincompetent patients, such as those with hemophilia
B, is useful to deliver F.IX to patients with that
- disease.
| A. Preparation of purified razVv
25 ' : The rAAV vector used in the following in vivo
experiments carries an expression cassette containing the
human F.IX cDNA including a portion of Intron I under
transcriptional control of the cytomegalovirus (CMV)
immediate early gene promoter/enhancer and SV40
30 transcription termination signal. Thes vector, which
' contains this expression'caésette flanked by AAV ITR
sequences, and which completely lacks AAV protein coding
‘seguences, was constructed as foliows.




injection with rAAV were C57BL/6 (Charles River Laboratori es,

WIl mngton, MA) and B6, 129, Rag 1 (Jackson 20 Laboratories, Bar Harbor,
Mai ne). Fenale mce (4-6 week- ol d) were anesthetized with an

i ntraperitoneal injection of ketam ne (70 ng/kg) and xylazine (10

ng/ kg) , awd sa0dss7 cm | ongi tudinal incision was nmade i RCT/H871888@ 1
extremty. AAV-F. | X (2x10[err] or 1x10[err] vector genones/animal in
25 HEPES- buf fered saline, pH 7.8) was injected into the tibialis
anterior (25 [err]l) and the quadriceps muscle (50[err]l) of each leg
using a Ham lton syringe. Incisions were closed with 4-0 Vicryl
suture. Bl ood sanples were col | ect ed4at seven-day intervals fromthe
retro-orbital 30 | exus in mcrohematocrit capillary tubes and pl asma
assayed for hF.IX H%%E%R%ﬁa%vﬂﬁ%lmﬁrw by corgransfestdr @hce
stai ning (parta et ays gidsbiid (paaveansty sr @her trknbehowdngani nal s were

sactificed al p)qaen SPIAGKAAA gﬂ?wwmﬁm}a M58 /07and. fofley ] ect ed

nmuscl e 35 ti'ssue wa I sed. i'SSue was pl aced ddi ng
WO 98/ 09657 Method. Mol. Genet., 7:7-12 (1995)] ipty epan 1egopyonic

36 cmpamuheys r@}sf)r @2Q0si mnfeqwdi whitih tagxemeaaneaed aden®epeiy ane

for seven seconds err to L gy dnj trogen.

C. Det ect i o oq %&Xg%gké: é%%s;s‘ ’ﬁ“—‘u; ;én%#) %%%( antigen in
nmouse pl asma V\b@%) d@tﬁé’rﬁiiﬁeaa%ydﬁlm f&&mw&bﬁbéd{@yumie@klet al .
cited aboues sHMLSR! %tdﬁdéﬂﬁepr%'dcﬁ&%tznw thenamse F. 1 X CA

sanpl es were neasured jn,dup I i.caje ote| tr frominjected
nouse muscl e v%ﬁé“o‘ﬁegpfaepél ) fracer (fnx% °§ﬁ§€| ﬁe?‘ﬁe’b‘ﬁos hat e

buf f ered ¥al i rié‘quPB‘S)ngcdnﬂa'?s [ ﬁgaqment |teﬁjp¥é$tr°n E0I5- naraghi oﬂ &ded by
sonication. Gellpjieol. CHeRri,S2wasssreRsak mg@sqqchﬁartﬁgm,g@n and 1:10

Extracts 1 omBRy AR aes ok 8 uate 062 B9, 80 25 Samvanealiscie wer e
used as negat i®ne Mmlpsand cappPote| funatdcost wereonsppbied diot grmdnsed with
}he B|$FAD by 3334y akBi OTRaJE1I HeE U RF adeibvirus contaifdd a B-
[ mﬂgfl %gi%ﬁcgﬁ QIS%G% oL (%“) oft alkalé"nfeé’ﬁi’gﬁﬁa'& g ‘{eﬁl ons of muscle
ti ssue (6[err@perter gene to trace potential contamination of raav
stocks with this helper virus. Cells were lysed 48 hours
after transfection by sonication, and the released r2Av
particles were purified by Ffour rounds of CsCl density
20 gradient centrifugation as described by Fisher et al.,
cited above.
The resuiting raaAvV-F.IX particles had a density
of 1.37-1.40 g/ml. The titer of the purified raAAV-F.IX
was determined by slot blot hybridization using a probe
25 apecific to either the CMV promoter or Intron I seguences
and standards of pAAV-F.IX plasmid DNA of Xknown
concentration. The ability of rAAV-F.IX to transduce
cells in vitro was confirmed by transducing growing Hela
cells and measuring the concentration of hF.IX in the .
30 culture supernatant 36 hours post-~infection with an ELISa
specific to hF.IX [J. Walter et al, Proc. Natl. Acad.
Sci. USA, 93:3056-3061 (1996)]. TAAV-F.IX (1032-1013
gencmes/ml) was stored at -79°C in HEPES-Buffered Saline,
pH 7.8, including 5% glycerol.



were fixed for 15 mnutes in 3% paraf ormal dehyde in PBS, pH 7. 4,
rinsed in PBS for 5 mnutes, incubated in met hanol for 10 m nutes,
washed three times in PBS, and then bl ocked in PBS/ 3% bovine serum

al bum n (BS for 1 25 hour. Sections were subsequently Eg%z

over ni ght BRPSHh an affinity purified goat anti-human F ody
(Affinity Biologicals) that was diluted 1:1000 in PBS/ 1% BSA. Af ter
three washes (10 m nutes each) in PBS/ 1% BSA, t he secondary anti body
was applied for 90 mnutes (FITC 30 conjugated rabbit anti-goat 1gG ,
DAKO Cor por ati on, diluted 1:200 in PBS/ 1% BSA). After three additional
washes in PBS/ 1% BSA, sections were rinsed in distilled wat er,

air-dried and mounted w f-FFy08 ODIAIF, @:dmumﬂgly LacHEi g deltreiak
Scientific). Al incubation_ st ex[?s wer e 35 room t enper at urb% except

for incubationafMRtEnStpFPRERYINELING auemvggpggglse,n anzlyzed
PCT/ US97/ 15692 transduction of 293 cells followed by stining faanti body

(4[ err]C). Th r | al_t t ai ned
Gh rhobit anbikATe BhBREnaYER. WPs-aUlEDe dzse MY MR Ky O
Tenecul a, @A) - Fisher: 8goal., CHF?%tﬁW%ndWFFWMJ%tW é?r?ctie-crt&l?bl t 1gG
(DAKO 5  Cor peratl qakeaaxsegqmar )pe&mlloﬁoﬁﬂnom@l’oﬂ?&'ﬂhm TZat i @he

studies, a goaégantl hgdl ;( | bo ngUg?t ‘g_gligw%zj '|'2(‘93 cell(ﬁAfgfr'oWnt y

Bi ol ogi cal S) neousl -col IFagen 1V
anti body, and mmrcéh}@g&t#m C°‘&ﬁ€P¢Fﬁ%bﬂth @G%Yérﬁ“@oﬁf‘dwas used

to detect collggen aﬁl ubvsaafI;b&dbfleerr&m?es.xx%nwrﬁmcferm Croscopy was
performed with . a N C|rculat|ng

0
anti body adai né'PmHIE‘"% uoresfeits scta%‘“*ﬁﬁagﬁahgﬁl%%s%flMPg m Ce
i ntramuscul ar | pouse monpetoral vikntibady- EghknebrdAY carsid @rotiedngr esence of

15  anti bodi e%aﬂ:ﬂ%b.&&h REsL 15 i B1bdueesELBSAmond)] QiX)t idetvea as Bl ates were

d h h
E)O?Ltee \31 ;snaug’gnr‘rﬁ’ﬁé'g f‘gl’%i%?&%gag{g a‘“tl-mc"yls%dIQGW (;%ré:tz% an&%aﬁtl bodi es

agai nst hF.| X CarpigsevdiaedChi tin lﬂ)ldgéﬁ&dpahoﬁextﬁ@ %@Wﬁéﬁﬁt ed anti- 20
mouse | gG3Zy made 1B8RyET anci sco, CA) in a dilution of 1: 2000. Buffer

condi tions were as deScrjbed nvsalter et . o Anti-hF. X
| evel s were estinat 8d by==% ' v | '
nmonocl onal nouse Mouse stralns selected fer intramuscular

injection with raAv were C57BL/6 {Charles River
Laboratories, Wilmington, ¥&) and B6, 129, Rag 1 (Jackson

20 Laboratories, Bar Harbor, Maine). Female mice (4-6 week~
old) were anesthetized with an intraperitoneal injection
of ketamine (70 mg/kg) and xylazine (10 mg/kg), and a 1
cm longitudinal incisien was made in the lower extremity.

AAV-F.IX (2x1011 or 1x1010 vector genomes/animal in

25 HEPES*buffered saline, pH 7.8) was injected into the
tibialis anterior (25 ul) and the quadriceps muscle
(50ul) of each leg using e'Hemilton syringe. Incisions

were closed with 4-0 Vicryl suturs. Blood samples were
collected at seven-day intervals from the retro-orbital
30 plexus in micrchematocrit capillary tubes and plasma -
assayed for hF.IX by ELISA (part C below). For
1mmunof1uorescence staining (part D below} and DNA
analysis (part F below), animals were sacrificed at
selected time points and injected and non-injected muscle
35 tissue was excised. Tissue was placed in OTC embedding



anti-hF. 1 X (Boehringer Mannheim diluted to a final 25 concentration of 1

[err]g/mM. Western blots to denonstrate t he presence of anti-hF. X
were perforned as outlined by Dai et al., Proc. Natl, Acad, Sci. USA,
92:1401- 1405 (1995), except that a horseradi sh peroxi dase conjugated
goat anti - moois®oskgyG ant i body (Boehringer Mannhei m was 30 parsesy7/aws?2
secondary anti body, thereby allow ng the detection of hF.IX-anti body
conpl exes with ECL reagent (Arersham . Dilution of nouse plasm were
1: 500. F. DNA anal yses Genomi ¢ DNA was i sol ated
frominjected nuscle 35 tissue as described for mammalian tissue by

Sanbr ook et WO 98/ 09657 36

PCT/ US97/ 15692 38 al ., Mol ecular

Cloning: A Labermpdingd MEnan-Ireses Spribguid nitxpdem—cprded, Col d Spring
Harbor, NY (19899perftarite ¥ kefren secbid&Xadid & nkedfialtReyapphhspéiosn PCR

reactlons wer in order to anplify head-to-tail junctions
of 5 r AAV 1?%1?1 e‘ ur‘g&per!aite& %'%I&l‘e forvvard prlner 005 [SEQID NO 4]

anneal s the SV40 pdtyaddie nan bk by _E3JiSAi on 8014-8033), and
reverse prgners 013 [SEQdﬂQnNG I¥ ant?2 e;@.% Q,;lg‘(,s[es aklaNPrs3] bind to the

wwr e 10 per (ST TEn L0 R GERORTEI0ed Yo HEGRAF PEGEL ortrted

vol ume of 100 floved mulmdmgmasdmHngrcEm-n]gammenmpase]be.
primer pair 0%19%1@&51&%7“&\;&%5%Icm;;v'féate. pdGEQEHré}t#’&féé ep

(94[err]C for four mnutes cles o fol | owm ngyaro'f e were

c
carried out: TRSRHIAS E‘Pufﬁ ’\é“%ﬂ%%r‘ﬁ’@ fﬁﬁeﬂaé'&Fl nBREeyaten Q| es of
t he fol | oxd ng musclepriof iphespbeéechut feded utxl ichen JPBSAt containﬂd@ for 1

m nutes, anneajdb ggd',ﬁ%[oerorlng,{ngg loﬂ&g_@,b)pg&q é&@ogt 3 72C for 90

seconds (10 m nute uring thé final. c cts wer e cl oned
(for DNA seque‘}ﬁ}é“’eﬁl&?}%l*ﬁm’fﬁ ﬁsﬁ“h&?%“’bﬂ%@“&l%ﬁpﬁg RP# 11¥%itrogen, San
Di ego, CA). .‘nﬁmﬂseraf khet phybeidi mattais wekre pakhkpeaetoristmgrierr]P-

dCTP random pr bel l.gd es | pyonoter (for
hybri di zati on % %.fr;r?ntggeg r?&%& cf:N“;I%!t’crzoRgrag\/k\le"nixprS'( as present in

r AAV- F. |>ef(fora%"e>‘|~}§'aﬁ e?al“f‘ﬁﬁ“? WeRsdiRed s SeIpRAYye controls.

Protein concentrations were determined with the BIORAD
assay (Bio~Rad, Hercules, CA).
D. Immupoflucrescence staining
In order to perform immunoflucrescence staining
20 of tissue sections, cryosact'i_cns of muscle tissue (6um)
were fixed for 15 minutes in 3% paraformaldehyde in PBS,

AT "s_ O

PH 7.4, rinsed in PBS for 5 minutes, incubated in
nethanol for 10 minutes, washed three times in PBS, and
. then blocked in PES/3% bovine serum albumin (BSA) for 1
25 hour. Sections were subsequently incubated overnight
with an affinity purified goat anti~human ¥.IX antibody
(2ffinity Biclogicals) that was diluted 1:1000 in PBS/1%
BSA. After three washes (20 minutes each) in PBS/1% BSA,
the secondary antibody was applied for 90 minutes (FITC-
30 conjugated rabbit anti-goat IgG, DAKC Corporation,
diluted 1:200 in PBS/1% BSA). After three additional
washes in PBS/1% BSA, sections were ringsed in distilled
water, air-dried and mounted with Fluoromount G mounting
media (Fisher Scientific). All incubation steps were at
35 room temperature, except for incubation with the primary



G Results of expression of bF.I1X in | mmunoconpetent m ce

| mmunoconpetent C57BL/6 m ce were injected I ntramuscularly with

r AAV- hF. 1 X and the animals 30 sacrificed one nonth post-injection. An
ELI SA on protein extracts frominjected nuscles (tibialj gn* | or
and quadri céy®98p6¥fonstrated t he presence of 1.8-2.1 ng Pcrﬁ'i—sr'" 5%%
tissue (40-50 ng hF. I X/ng protein) . The expression of hF.IX in
nmuscl e ti ssues was confirmed by 35 i mmunof | uorescence studies on tissue
sections. WD 98/ 09657

PCT/ US97/ 15692 39

| munoconpet ent C57BL/ 6 nice were injected’ I ntramuscularly with

r AAV- hF. | X and the, anj S acrificed .t e_jmn pOst-Jin ection.
Factor |X was antn?%%yngje“[ g&t‘ed'.rlgﬁ ﬁﬁ?%'%b?‘é%oﬁr‘uggr% e.gB ééé?%rﬂ%'%was not 5
detected in nusstctionecese wtehngdcwhth orabhifaentichuman coBagyenstbn of

huff;in, F. Xt was é’égt%ﬁi%ﬂ-y %dﬂ%t@ tthensco, Temeck2ZPLER) {Tiﬁ&atb{m nont hs
post-injection (3. 3x10[err ctor nones Lnie Site;

magni fi cati on fgb)ﬁ“?l i 1?\‘g&\\"‘t ﬁgi’j'l’—'g‘?ggcfs?np"rlefg‘%%‘%o#ggnk%_ the nuscle
fibers 10 5thetorparsstidn)t asnserendaterantibody .spgeescoel opehi safelon
TIPerS ?? “?ll %%Fﬁfh%}_a@@ﬁﬁirE?FQ—EPQIXnHﬁEqu%E cspjuﬂa?edttctFITc o

nterestingly, | S, staini.ng patterp was . identi 0.tha en w a

pol ycl onal anti %51% r%&t"qoglcaﬁﬁpraﬁa%oﬁpa}dgﬁ W}nu&ﬁ?%ﬁmé?&) ‘é’tstgtf ned the
interstitial 15the spdcie-coldageni BVoanhikbedyy @nd wbrdampostcomivgaten with

r AAV- hF. I X (3. %%%Mﬂﬁ:]t GEBOTBReREECH ) i desSkbCietect SéEIdtRsh wel |

wi th antibody to hunman col | ageri |V (data not shown). Col | agen IV has
recent |y bE®n iTETATGIRAEYaSORPlexes ), FIYAresconce B GTORTNRh BT X [W - F.
Cheung et al, Rsexcfor@i:d wWiihl 2 Rikdn m:midSh,scﬁﬁallOGB- 11073 (1996)].

Initial experinents gn i'ﬁ&é&?ﬁi et : l8/HN aty despite
ster a

hi gh | evel s of gene tran nd s e _expression of X1
injected nuscle, it was FiasmgoFappies b‘?g Y B Pl CE| b”?‘f?%‘éﬁﬁéafrﬁr)&lfnt s of
hF.IX in 25 tihejedtelivdithonsliyFELX Sfere Sestel dor8the Fpresance of

experi ment dergm?.t : e ang : exeraped yicrotiytiter
ant i bodi esf%gai ns }%‘%ieﬁm %%“Pgt'?ngff %ﬂéglnﬁbac&h% Qr(&)t el n, T:%rro eﬁnpl e, when

t he same pIasrnP%ﬁﬁﬁﬁeﬁFﬁﬁeFeated with human F.IX (1 pgg/ml in O.
NaHCO;, pH 9.2). Dilute plasma samples (1:16) were

applied in duplicate, and antibodies against hF.IX
detected with hérseradish peroxidase conjugated anti-

20 mouse IgG (Zymed, San Francisco, CA} in a dilution of
1:2000. Buffer conditions were as described in Walter et
al, cited above. &nti-hF.IX levels were sstimated by
comparison of absorbance values with moncclonal mouse
anti?hF.Ix {Boehringer Manhheim) diluted to a final

25 concentration of 1 ug/ml. Western blots te demonstrate’
the presence of anti~hF.IX were performed as outlined by
Dai et al., Proc. Natl, Acad, Sci. USA, 82:140i~1405
(1995), except that a horseradish peroxidase conjugated
goat anti-mouse IgG antibody (Boehringer Mannheim) was

30 used as secondary antibody, thereby allowing the
detection of hF.IX-antibody complexes with ECL reagent
(Amersham). DPilution of mouse plasma were 1:500.

| Genomic_DNA was isolated from injected muscle
35 tissue as describéd for mammalian tissue by Sambrook et



tested for antibodies against human F.IX, a strong 30 anti body response

was seen in all injected ani mals starting at day 11 post-injection.
See Fig. 9. Using Western bl ot analysis, high levels of circulating
anti body were found to have persisted for. the duration of t he

exper i Mentyo 98109657 WD 98/ 09657 PCTIUSO7/15652

PCT/ US97/ 15692 40 Thi s
f inding contrasted with our previously reported experience, in which
a different route of adm nistration, i.e., intravenous injection, of a
different vector, i.e., an adenoviral vector expressing 5 hF. 1 X,

effected a different i mmune response, i.g®, did not trigger formation
of neutralizing antibodi es agai nst hF.1X (Walter et al, cited above)].

Level s of proarip Mubemsiinc Yoo edat Debagkigery Manuadl,i odd Sprimgi on
however are qasés&%e;@e é@ﬁ% %rpw,e Hapwé 385 3 doB ) SORRWARL L €88

sensitive than an ELI s what_appears to be a rising
anti body titetn E"aml’ye‘bl%rﬂ%d"hﬁ a&é’ﬁ'é‘c& f‘%’l‘* i 7 %aé’r’fmn?hUEan t he
I'mMunoconpet eparabedadist idunnﬂ@semceamplﬂeyehﬁ&ﬂﬂtbAﬂalilXunctloasprSsion

at initial ti o) | t :Q;:Q! of pEXPression
I n nuscleg mhggév £%$§%&E%é¥ééﬁ?J Eg%tkg encé’ égtect§§F§A¥ I X in the
circul ation NO:4}capmeals tha Y48 PS&ME@FQNﬂQﬁlQHﬂﬁlﬁééreébPo the foreign
protein. NevepbBetiss am-smam arhabpdyerse pRfisRersa®©13 [SEQOIDassoci at ed

wi th cyt ot oxi 5 | Ringy .;e ?gor eSﬁeQJ_&g to 98 ’l‘ittv %:Q-‘Emoter (b

transgene- expr SS|ng ceI neit ammat | on ' nor
extensive ti sBB%lﬁhQ%g%ﬁ%%é“@eds?ﬁ 480") -am?%?f I?Hé‘-t’-P§§u8"§%ct i ons
di scusseﬂoaboyerﬂ@rmem using SE0t Ngngenonly Zmnk Gy HEEothai peagtfdat a not

shown). This nse I ted,by.injection
25 of skel ef3 g#e MAt reco%% nguggm% %§%r§|%gﬁh Jt
transgene [Daprmeralpahn' 1P /3y er V05)@n’§1 eta‘kf@ﬁr Héimmltlal Mol ec. Genet,

3: 1703h1712 (é@géﬁuraﬁlaﬁfgtéﬁ @lsecIzor f?hﬂfﬁiﬂvdebgq 8898y8108 £4£996)] .
EAV—FTli 3ggr§§ €é&i§?%?§rﬁkuﬂ#;$ gggnoge 15&$Qﬁﬁ¥223 SR E ag%ﬂéﬁhom)zygous
for a nu%étlo%4f% fore four EHARWRASInads §2$1%§u9ﬁu§h@eﬁé*}°w¢ﬁ§se aninmal s are
profile were carried out: denaturation at 94°C for 1
minutes, annealing at 52°C for 1 minute, extension at
72°C for 90 seconds (10 minutes during the final cycie}.
PCR products were cloned (for DNA seguence analysis)
20 using the T/A cléning kit (Invitrogen, San Diego, CA).
Southern blot hybridizations were performed using 7P~
dCTP random primed labelled probes specific for the CHV
promoter (for hybridization to PCR fragments) or for
. intron I of hF.IX as present in rAAvV-F.IX (for
25 hybridization to genomic mouse DNA).
G. Results of expression of hF.i¥ in
immunocompetent mice
Immunoconmpetent C57BL/6 mice were injected
intramuscularly with rAAv=-hF.IX and the animals
30 sacrificed one month post-injection. An ELISA on
protein extracts from injected muscles {tibialis anterior
and guadriceps) demonstrated the presence of 1.8~2.1 ng
hF.IX/mg tissue (40-50 ng hF.IX/mg protein). The
expression of hF.IX in muscle tissues was confirmed by
35 immunoflucrescence studies on tissue sections.,



therefore functionally equivalent to severe conbi ned I mmunodefi ci ency
(SCID) mce and do not produce nmature B 35 or T cells. A dose of

2x10[ err] rAAV-hF.I X vector genones WO 98/ 09657

PCT/ US97/ 15692 41 er &nal
resul ted i n V¥R 8M965%expression of hF. I X in mouse pl asnﬁ’?"@’é’@”%ﬁ . 10.
Human F. 1 X was first detectable by ELISA in the second week after the
i njection and rose gradually thereafter. Plasma levels 5 in all aninals
reached a plateau of therapeutic | evels of F.IX five to seven weeks
post-injection at 200 to 350 ng hF. 1 X mM nouse plasma. This |evel was
mai nt ai ned for the duration of the e>?peri ment (four nonths
post-injection). Wh r r: AAV: | ¥ genones
was 10 injected, expr essie%lrxln%\’/[\jlta?%E?l ?g%x}é?%éqf%tﬁq Fé‘?g Fg%r ?'%ﬁ%‘t%gé still

reached t her apeirtranusmilarly1 wothor MV-BBrI% @nd the apipadfs. See, Fig.
11. These | evel sgcii ided epresefibnéhs post-/Dajictiennul ratter| BXiwes | evel s

in plasma, are well i t.hin_a | G ran d S te that
the 15 method Jf°Y HEI5R ntlporhlnfgggg{'%%y%c&ef'org? ﬁgg?rgg%%téé@ of
herophi | i a,5a dieteskedssoangeés wniected withaneaekret enghhv-lacz. .

Resul ts of DNA &dion of human F.IX v QEtechNi fhropusdlect tsergias e

tissue was 20 i t Si X ei ght eks_ Rost ~.i nj i on. gresence
of i i oduced VeEtH R tn S RASROCRT3F deP By W saEEpDn (s LG T YeRERy
whi ch rel eases geromeskipeir dydenstienopd e magnifgecatipncodP@x) uctNe%R| udi ng
the entire 1.4-dhatt 190 ils presefEONSECER1YA i @Be BPS61&I £iberd ntron |

hybridi zed_ to this fragogent .ang did not .cress-hybridize to se DNA
froman unt®j e(%{'tﬁ'é?f‘%?ﬁivrﬁ'. g%ﬁd?‘ﬂeg?%d"wssﬁ%\kgé geaces g%%/%?el n?%’a i on
signal in the Mipermlascwedd woeyhtiDNPpears tpupeHBradR®e. PCR priners
designed to anplify juncii®Brestin§efilonoes sthihead- pactath wawcat amers of

Lol 111 6d such RS TPt ShAR.SEFS TR IS BeATEkoP AL SR RE thed
transduced ti ssumait iduldlaigenafiVer wbictaralso stagnedrthepbntérstatideddef i ci ent
and i munoconpeteite . a RREABLE) muddite IR RoARUCHEsYELRr Mb6LH iviadh DY
Southern 35 bl ob, WIS 731500 10Id 3R02R°p8P e ek Wit TW
stained well with antibody to human collagen IV (data not
shown). Collagen IV has recently been identified as a
binding protein for human F.IX [W.-F. Cheung et al, Exoc.
20 Katl. Acad. Sci. USA, 93:11068-11073 (1296}].

Initial experiments in immunocorpetent mice
demcnstrated that, despite high levels of gene transfer
and stable expression of hF.IX in injected muscle, it was
not possible to detect significant amounts of hF.IX in

25 the circulation by ELISA. See, Fig. 8. Further
experiments demonstrated that the animals had developed
high-titer antibodies against the circulating foreign
protein. For example, when the same plasma samples were
tested for antibodies against human F.IX, a strong

30 antibody response was seen in all injected animals
starting at day 11 post-injection. See Fig. 9. Using
Western blot analysis, high levels of circulating
antibody were found to have persisted for the duration of
the experiment.
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42 pronot er/ enhancer. Priner pair 005-013 produced fragnents
that were 1.0-kb and smaller; prinmer pair 005- 017 anplified fragnments
that were 1.2-kb and smaller. As expected, these PCR reactions

resul ted nPOBAMH’stinct 5 bands of the sizes noted ab8GEVSHERat her in
a series of anplification products with a maxi mnum si ze as predi cted,
because of inprecise joining of AAV genones present in t hese tandem
repeats [S. K. MlLaughlin et al, J. Virol., 62:1963-1973 (1988)]. The
i nprecise joining results from 10 variable deletions of |ITR sequences at
the junction sites as confirmed by #NA sequenci ng of cloned PCR
products (data not st udi es

Wi | e head-to-head and T ?‘?\-A?%‘-‘dtléﬂq f‘f%‘tmﬁgﬁgnbé%n‘f%r FENAPH I omes can
occur during vepsited expepiemee, am [Which aBdififerdttrobited .ofRev.

54:316-329 adm@;&geﬁmgﬁa%w ! ArerdieRsEa sy %&Ayméﬂmmml DNA

associated wt been i nt eg rated into

of the transdGdédeerF USFERG |t az’oader*ﬁvéeﬂ OYPFEST | EXRAASAIGH i n at
al, J. Vimol. hFGZx;L%Sfected d GAY fek@3d) imdund. rdspdreod) ni e, ,algidvol . Cel |

Bi o . %5%5_2%% 8- (238pAt 1 Y d\f‘J%(‘aYz Q'aé?i ﬁ&nz;n TR £ r}ngauéu;

M cr obi ol ogy an ogy, 158: 97 129 tt her n
bl ot data on DEdTFesNRETRRAIRE T e Qit® cle cel | DNA denonstrat ed
that the r AAV DNA deri vhévels off rmtiuisnt e&pkésgmméqﬁ%$lﬁo dediiseaf t er

injection is S SRKC hlgher
signal int ensity 1b%ﬁ ?Q‘Ipﬁgﬁjhe meothLrl‘}zgjt g‘ggD%X ﬁé‘@kﬂ#u %é queSl}IL s from an
unmaski ngOef é’éthﬁéﬁal’hésf?WYé’(ﬁ% 1ges 59“51§é}5%1r13‘taét1 a1 FhhSe B k of
genom ¢ DNA [ ¥ocXmentetwhat appears Yo be. a Eﬂsﬁ%%r&];ﬂﬂbdylﬂﬂ&)e]r Thi s

Lerghr o BOGRERSTy 1o By I drsgiater, e Y A0, T CeT
occurring dur ARBURPEABAGEERD ENiTd 5/nithEr APPERCR (% dleffectable hF.I
expression at initial time points is a result of the
15 biology of raAv expressich in muscle, whereas the
subsequent absence of detectable F.IX in the circulation
results from the production of antibodies to the foreign
protein. Nevertheless the serum antibody response was
not associated with cytotoxic immune response directed
20 against the transgene-expressing cells. In fact, neither
inflammation nor extensive tissue damage was observed in
any of the tissue sections discussed above nor in
sections analyzed by H&E staining (data not shown). This
contrasts with the immune response elicited by injection
25 of skeletal muscle with recombinant adenovirus carrying a
ransgene {Dai et al, cited above; ¥. Yang et al, Hum.
Molec., Genet., B31703-1712 (1996); X. Xiao et al, J.
Virol., 70:8098~-8108 (1996)].
H. The expression of hF.IX in immunodeficient mice
30 AAV-F.IX was delivered to muscles of Rag 1
mice, which are homozygous for a mutation in the
recombinase activating gene 1. These animals are
therefore functionally equivalent to severe combined
immunodeficiency (SCID) mice and do not produce mature B
35 or T cells. A dose of 2x10** rAAV-hF.IX vector genomes
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43 the r AAV di scussed in this paragraph and in paragraph | S
also likely to contribute to the stability and prol onged expression of
the transgene. Exanpl e 7 - Expression of ApoE using rAAV

Admi ni st er ed¥P 809657 Skel etal Miscl e Cel | The f ol AGHSAYEanpl e
denonstrates the prol onged expression of another therapeutic transgene
pr oduct, apol i poprotein E (ApoE), a protein useful in the

treatment of atherosclerosis, by introduction into 10 skeletal nuscle of a
r AAV vector according to this I nvention. Again, the absence of a
destructive CTL response permts the‘ﬁrolonged expression of the

transgene prod n ti of \/

Reconbi nant %?vec olrm%alenr(*:aoclj1 nSdt € %tééc% e ress ono?gﬁh f]{éfra:ﬂ’ ApoE were
constructed i n RPYRehFAsHay | e Fig. (M« hétun@@sé'lﬂﬂfe'daabﬁvest or F.IX ApoE
cDNA was exci safktectadleOBya ERIBANLA Y (IARNREILROBE£ED UL by Dr.

Rader' Iaborato |1er5| va Xbal
di gest | on, bl uritEF A é%cl oned T nt %’B‘Z‘T\%ﬁf &%F&&%&%Nm%%sma leovaFc‘IPoone
(see the VeRt orite grs Ardmads aﬁagha%@fplratgaau of therapeulsZdmelsnmit Sacl

fragment from tihery arqzveg%esbaen wee n%éthépléé%@%'d%efﬁged into
the Sall site ﬁI new Iasn1d astuffer. The ApoE m nigene 25
cassette, whic Fﬁ&ﬁ’@&nf‘é’uﬁsdp icmeY Y, '@Vrﬁ*rﬂfé’fa KﬁBE"‘EBP\FﬂFme“ oy, fhe

pol yadenyl at i oflwedioncef &hd exp@bindnt dtfekdrempnths post-inﬁﬁdﬁXHﬁ)by

EcoRI/Hindl || qirgestl eBtbbobal .d.f@@t &m}-ﬁp IX vé@ 2y g,th B {hgated to an
Xbal dlgested pSu%ﬁ%g backbone. final uct’,_ desi gnat ed
pSUbCWApPJE IROE¥REESTERY ‘ffss e(?"stﬁl ﬁg‘r’ﬁ' G tJFPé"eﬁr'oa’H& i on of

r AAV. ApoE prod@@tuldnrfeebheﬁn hyeripeyticr deéwmeds (et imptnl) foralwowe for
rAAV. F. | X. animals. See, Fig. 11. These levels, which represent 4-
7% of normal circulating levels in plasma, are well
within a therapeutic range, and demonstrate that the
15 method of this invention is a feasible for the treatment

of hemophilia, a disease associated with
immunodeficiency.
I. Results of DNA Analysis
Genomic DNA from injected muscle tissue was
20 isolated six to eight weeks post-injection. The presence
of introduced vector DNA was demonstrated by digestion
with EcoRV, which releases a 1.8-kb fragment from the
vector construct including the entire 1.4-kb intron I
sequence. A probe specific to intron I hybridized to
25 this fragment and did not cross-hybridize to mouse DNA
£rom an uninjected animal. Undigested DNA showed as
hybridization signal in the high molecular weight DNA.
Furthermore, PCR primers designed to amplify junction
seguences of head-to-tail concatamers of recombinant AAV
30 present in transduced cells (Fig. 12) successfully -
amplified such seguences from muscle DNA isclated from
AAV-F.IX transduced tissue (tibialis anterior and
quadriceps of immunodeficient and immunocompetent
animals). The PCR products were visualized by Southern
35 blot hybridization with a probe specific to the CMV
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44 B. In vitro anal ysis of ApoE expression by rAAV. ApoE
84-31 cells seeded in 6 well plates were infected with 2 microliters
of CsO purified rAAV.ApoE in 5 2 m Dul beccos Mdified Eagles Medi um
with 2% f eM¥P9809657 hovi ne serum The cells were kept at 3FARGBUSPUHFYr 48
hour s. An aliquot of the supernatant was then renpved fromthe

well for a Western blot analysis of ApoE. The results showed ApoE
protein was clearly detectable in the 10 supernatant of 84-31 cells

i nfected with AAV. ApoE. C. In vivo expression of rAAV. ApoE in
ApoE knockout m ce 2.540 5 X 10[err] particles of

r AAV. ApoE were__ i.nj lL.nto i.grs tihi-al. ri ceps nuscl es
on 15 each si d’eom(%teﬂgggé‘%ogkéutpﬁ%% (Efoaoﬁgalﬁﬁaﬁtl?’c?ggdgégg . mouse: 5 X
10[err] to 5 XreEamsmts) thRtowenged. Pdehlanpemallergxpranst opaimsOefet ect abl e
by i mWnOf:cuolrﬁSP%ﬁﬁi%tie?fifrgément? ?%Ehdfg%r%(l.ﬁﬂﬁb‘ hﬂDﬂeﬁﬁ%:Bﬂi‘exf.Ve_rhé n the
presence of plasma i - ant i bodi es. X ongl usi on

This experi norfRASSHy: EIESE Phbts PATFLHR SRR ted noF LB cRTBRIRFE { he
vector, rAAV-Apoigs iofl hépsiBeknockeditabove, puterieghds §p auselbed idfer
transduction g, 1SQGIGHIQR %odu;ts SHPS] a1 pfiARBE LT £ Pfed{lCteq,

reconbi nant protein in the .circulation.  _Prol onged expressi on of the

transgene in Pecaufe fifsdPRTRFLER IS s dfive 96PCTe8eRTRERRT VA CTL

i MMune responsthesas tatideny edpeaten{ $ haughMdiamyhilin et &Dpudi tYimeks. el icited
to the secret Jreteiln . a = LI g r ' i

primte 30 ﬁ& Phesus éﬁﬁﬁ%ﬁmn?%ngﬁ.écﬁzg%dgg?ﬂggg?o?%%%%&m%

clipped &R as@isddie pegesparedcbntth seapeneeenatstba Junchien fades n t he
skin over the dd kicaldisnent &fi DA NBSElencing cEhelbasci pcRagrodiests fi ed and

t he r AV. CWLac e | in Exanple 1) viral suspension (175
mcroliter of (ﬁf[ er?ﬁ(\crt 2idm) . WD 98/ 09657
PCT/ US97/ 15692 J. PCR studles

While head-to~head and tail~-to-tail

15 arrangements cf AAV genomes can occur during viral
replication [K. I. Berns, Microbiol. Rev., 54:316~329
{1990) ], hesad-to-tail arrays are more typically
asgocilated with AAV that has been integrated into the
chromosomzl DNA of the transduced cell during latent

20 infection [&. K. McLaughlin et al, J. Virol., 62:1963~
1973 (1988); J. D. Tratschin et al, Mol. Cell Biol..
5:3251-3260 (19B5); N. Muzcyka, Current Topics in
Microbiolegv and Jmmuneology, 158:97-129 (18592}].

Southern blot data on undigested raavV-injected

25 muscle cell DNA demonstrated that the rAAV DNA derived
from host cell genomric DNA six weeks after injection is
present as & high molecular weight species. The higher
signal intensity seen with the restricted DNA likely
results from an unmasking effect when the fragments are

30 separated from the bulk of genomic DNA [X. Xiaoc et al, J.
Vireol., 70:8089~-8108 (19%6)]. This finding, the presence
cf a hybridization signal for high molecular weight DNA,
is, like the PCR data, consistent with integrative events
occurring during transduction. The integration state of



45 genonmes/ M) was injected 5-7 mm deep into the fascia.

Fourteen days |l ater, a nmuscle biopsy was renoved, frozen I n OCT,
sectioned and stained in X-gal. Tissue sections were quantitatively
anal yzed usiyigqeddtgssei ca Z500MC I mage S Processing and Angdeimisd st em

I nterfaced mntﬁ a N kon FXA M croscope. X-gal histochem stry reveal ed
hi gh | evel [err]-gal act osi dase expression in the majority of nuscle
fibers in the area of the injection site. Twenty percent of fibers
expressed [err]-gal actosidase in a 224 mjerr] area in 10 the region of the
I njections. Based on the above- descighbed results with ApoE and F.1X,
expression is expected to be prolonged in the absence of a cytotoxic

| mune responseshe rzilit\ae&ﬁsd:axtsaeaupﬂ%m éf'p’s&"atd&%ph andCXRI pSBa@Fash B
transgene accor.dl ling I d.tlfﬂeiyl @gegg ;[;lug ejt5 l%% Lsugl %’gﬂn’(d | 0. an ani mal
In

other than a nouse,
Nuner ous nndlf|RﬁﬁlQﬂﬁ94aﬁﬁPV&FFaPPO%§ %ﬁeth?Q§9@§emt |nvent|on are
included in the above-identified speci fication and are expected to be

obvi ous to one of 20
alterations to ‘

be encd aséﬁﬁﬂﬁﬁxﬂhAL§Eﬁge_el=the clalns appended hereto

WO 98/ 09657 The following exam 1 demonstrates the prcfj eH§97/15692
46 C% (1)
| NFORMATI ON: E"Presﬁlf“AﬁSLF‘ﬁﬁRﬁerﬁ Gpeu ’ﬁénﬁ?%r ‘?‘%F‘iﬁ

Pennsyl vani a apolipoprotein E (ApoE), a proteln useful in the
treatment of atherosclerosis, by introduction into
10 skeletal muscle of a rAAV vector according to this
invention. Again, the absence of a destructive CTL
response pernits the prolonged expression of the

transgene product.
A. construction of the rAAV

15 Recombinant AAV vectors encoding the secreted
protein human ApoE were constructed in a manner similar
toc that described above for F.IX. ApoE cDNA was excised
from a plasmid pAlterApoE3 (contributed by Dr. Rader's
laboratory, University of Pennsylvania) with XbaX

20 digestion, blunted and cloned into NotI digested pCMVLacZ
backbone (see the vector construction diagram of Pig.
13). A 2062 bp SmalI/sSacI fragment from the lacZ gene in
pCMVLacZ was isolated and inserted into the Sall site of
the new plasmid as a stuffer. The ApoE minigene

25 - cassette, which now contained the CMV promoter, ApoE cDNA
SV40 polyadenylation sequences and a 2062 bp stuffer, was
isolated by EcoRI/HindIII digestion (total length: 4.3
kb) and then ligated to an Xbal digested pSub201
backbone. The final product, designated pSubCMVApPoE-

30 2062RO, was used as the cis plasmid in the production of
rAAV.ApoE production following the procedures described
above for rAAvV.F.IX. '
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nucleic acid well for 4GyemmﬂaﬂEﬁﬁalysm9I ef ApoE. The( DpstORELOGY:

unknown showed ApoE protein was clearly detectable in the
10 supernatant of 84-31 cells infected with AAV.ApoE.
C. In vi ss AV . APE
knockout mice
2.5 to 5 X 1010 particles of rARV.ApoE were

injected into anterior tibialis and quadriceps muscles on

15 each side of 2poE knockout mice (total particles per
mouse: 5 X 102° to 5 x 10%?). Prolonged local ApoE
expression was detectable by immuncflucorescence at day 28
and day 120 post~injection even in the presence of plasma
anti-ApcE antibodies.

20 D. Conclusjon

This experiment demonstrates that intramuscular

injection of the vecter, rAAV-ApcE, into Apo-E knockout
mice leads to muscle fiber transduction and secretion of
substantial gquantities of the recombinant protein in the

25 circulation. Prolonged expressicn of the transgene in
the muscle fiber in the absence of a destructive CTL
immune response was achieved, even though humoral
immunity was elicited to the secreted protein.

Example 8 - ansge e ession i rimate

30 A rhesus monkey was anesthetized, the forearm was
clipped and aseptically prepared and a 0.5 cm incision
was made in the skin over the tibialis anterior muscle.
The fascia was ldentified and the rav.CMVLacZ (described
in Example 1) viral suspension (175 microliter of 102



(ii) MOLECULE TYPE: cDNA WO 98/ 09657

PCT/ US97/ 15692 a7 (xi)
SEQUENCE DESCRI PTION: SEQ ID NO 1: GAATTCGCTA GCATCATCAA TAATATACCT

TATTTTGGAT TGAAGCCAAT ATGATAATGA 60 GGGGGTGGAG TTTGTGACGT  GGCGOGGREGEC
GTGGGAACGG WRCBIRRSSTAC GTAGTAGTGT 120 GGOGGAAGTG TGATAISHER AT Gaoas
AACACATGTA AGCGACGGAT GTGGCAAAAG 180 TGACGTTTTT GGTGTGOGCC GGTGTACACA
GGAAGTGACA ATTTTCGCGC GGTTTTAGGC 240 GGATGTTGTA GTAAATTTGG GCGTAACCGA
GTAAGATTTG GCCATTTTCG CGGGAAAACT 300 GAATAAGAGG AAGTGAAATC TGAATAATTT
TGTGTTACTC ATAGCGCGTA ATATTTGTCT 360 AGGGAGATCT GCTGOGCGCT CGCTCGCTCA
CTGAGGCOGC CCGGGCAAAG CCOGGGOGTC 420 4%GEOGACCTT TGGTCGOOCG GCCTCAGTGA

GOGAGOGAGC GOGCAGAGAG 0 T - _TTGTAGTTAA
TOATTARGOC GOCRFEERRE/ FTh A oot e 767 W"o@%&ga@wn@
TAACTTACGG TAARPGELEER GRENECHTeY , 2 m5661eColERanAas AEBaVedeCEr RFFEACGTCA
ATAATGACGT ATGIHCoeh] AedPiéidlAnd stalRed ATAGHA]LT TGEALEGACCtIBASTGEGTG

GAGTATTTAC GGTAAACTGC CTT, 0. GIACAT. ‘GIA GTACG
CCCCCTATTG ACGYERRTEAR M ana % &&%&%@%’F&% %i?iTGAcc
TTATGGGACT 5TTCETACES LT ACTAGRRG Ysis Syeten ADCTRATRAGAT RATBGETKIXPACCATGGTG

ATGCGGTTTT CCECAGE A r SAAISEICGgal hl@QockbniLEiSrbvbh@eET b HeXadd TTCCA
AGTCTCCACC CCATTGA .960

-gagggtgéfggégyﬁggresslon in the majority of muscle

fibers in the area of the injection site. Twenty percent
of fibers expressed B-galactosidase in a 224 mm? area in
10 the region of the injections. Based on the above-

' described results with ApcE and F.IX, expression is
expected to be prolonged in the absence of a cytotoxic
immune response. These data support that the
expression of a transgene according to this invention can

i5 be duplicated in an animal other than a mouse, and

particularly in a primate animal.

Numerous modifications and variations of the present
invention are included in the above-identified
specification and are expected to be obvious to cne of

20 skill in the art. Such modificaticns and alterations to
the processes of the present invention are believed to be
encompassed in the scope of the claims appended hereto.



TTGTTTTGGC ACCAAAATCA ACGGGACTTT CCAAAATGTC GTAACAACTC CGCCCCATTG 1020
ACGCAAATGG GCGGTAGGCG TGTACGGTGG GAGGTCTATA TAAGCAGAGC TCGITTAGTG 1080
AACCGTCAGA TCGCCTGGAG ACGCCATCCA CGCTGTTTTG ACCTCCATAG AAGACACCGG 1140
GACCGATCCA GCCTCCGGAC TCTAGAGGAT CCGGTACTCG AGGAACTGAA AAACCAGAAA 1200
GTTAACTGGT ¥REFPFAGTC TTTTTGTCTT TTATTTCAGG TCCCGGATCC GGIRSIMUSSTESSS2 1260
CAAATCAAAG AACTGCTCCT CAGTGGATGT TGCCTTTACT TCTAGGCCTG TACGGAAGTG 1320
TTACTTCTGC TCTAAAAGCT GCGGAATTGT ACCCGCGGCC GCAATTCCCG GGGATCGAAA 1380
GAGCCTGCTA AAGCAAAAAA GAAGTCACCA TGTCGTTTAC TTTGACCAAC AAGAACGTGA 1440
TTTTCGITGC CGGTCTGGGA GGCATTGGTC TGGACACCAG CAAGGAGCTG CTCAAGCGCG 1500
ATCCCGTCGT TTTACAACGT CGTGACTGGG AAAA GG CGTTACCCAA CTTAATCGCC 1560
TTGCAGCACA TCCCCCTTTC GCCAGCTGGC ARAGGCCCGC ACCGATCGCC 1620
CTTCCCAACA GTTGCGCAGC CTGAATGGECG AATGGCGCTT TGCCTGGTTT CCGGCACCAG 1680
AAGCGGT GTGCG ATCTTCCTGA GGCCGATACT GTCGTCGTCC 1740
CCTCAAA ’W REGATG CGCCCATCTA CACCAACGTA ACCTATCCCA 1800
TTACGGTCAA TCEGCHELTIRNGT TRCENEE - A CAA MECEAE1 56T THehAd\G vALIGCT CACAT 1860
VO 98/ 09657 Wilmon, James K. PCT/ US97/ 15692
48 TTAATGTTGA TGAAAGCTGSE CRECARERAR® OCAGACGOG AATTATTTTT GATGGCGTTA
1920 ACTCGAGGT TTINCA RET G EGEr RECANSEEEG o COECHBECRE RddoSkidoA G eACACTCGTT

1980 TGOCGTCTGA AP4THEABEPCEoCern FIr™PPT ACGCGOCGG AGAAAACCGC CTCGOGGTGA
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(ii) MOLECULE TYPE: cDNA



TGGTGCTGCG TTGGAGTGAC GGCAGTTATC TGGAAGATCA GGATATGTGG
GCATTTTCOG TGACGTCTCG TTGCTGCATA AACCGACTAC ACAAATCAGC
TTGCCACTCG CTTTAATGAT GATTTCAGCC GOGCTGTACT GGAGGCTGAA
GCGGCGAGTT GCGTGACTAC CTACGGGTAA CAGTTTCTTT ATGGCAGGGT
TCGCCAGCGG ®AGRGRECCT TTCGGCGGTG AAATTATCGA TGAGCGTGGT
ATCGOGTCAC ACTACGTCTG AACGTCGAAA ACCCGAAACT GTGGAGOGCC
ATCTCTATCG TGCCGTGGTT GAACTGCACA COGCCGACGG CACGCTGATT
CCTGCGATGT CGGTTTCOGC GAGGTGCGGA TTGAAAATGG TCTGCTGCTG
AGCCGTTGCT GATTCGAGGC GTTAACCGTC ACGAGCATCA TCCTCTGCAT
TGGATGAGCA GACGATGGTG CAGGATATCC TGCTGAPGAA GCAGAACAAC
TGOGCTGITC GCAT
TGTATGTGGT GEXTGAR

CCGATGAT

ATCGT. AATCA CCCCGAGT

ATCACGACCESRETH:
AA

ATCAAGACCA GCCCTTCCCG
CTGGAGAGAESRSEEFFEEIE

TAT% CW

S AL

CECBEORATErRCTEMTIIGEAT AATIOCAHYT ETGIRENBCCCG 502820

R B P S PR O R ATG

AREOIACTR T ARTATIITTR GECCAF ST CTROBERGGT GG 182 3000

TR AR, CRCATOROT FACATCT TG

CGGATGAGCG 2100
GATTTCCATG 2160
GTTCAGATGT 2220
GAAACGCAGG 2280
GGTREHBEHE5692 2340
GAAATCCCGA 2400
GAAGCAGAAG 2460
CTGAACGGCA 2520
GGTCAGGTCA 2580
TTTAACGCCG 2640
GCTGTGCGAC CGCTACGGCC 2700
GGTGCCAATG AATCGTCTGA 2760

02880
2940

03060
3120

GCGGT TT CCasAntAdmACH A ACABGOSET S A GREAGIRTTS m@mr TCG3023180

TCTGGGACTG

CTTACM%%% WW T

TCTTT

TCCAGITCCG TT1]

A A Al

GCGATAA

AAGT GCCT Clcfazhak
AGCCGCGAGAG

CATGGTCAGK

CCGCCCAACG

- ATAGGGACTT

GTACATCAAG
CCCGLCTGEC
TRCGCIATTAG

. GGATAGCGGT

- TIGTITTGGC

ACGCAAATGG
ARCCGTCAGA
GACCGATCCA
GTTAACTGGT
CARATCARAG
TTACTTCTGC

GAGCCTGCTA

PTTTCGTTGC

ATCCCGICGT
TTGCAGCACA
CTTCCCAACR
ARGCGGTGCC
CCTCRARCTG
TTACGGTCAR

R ERR R

ACCOCCGCCC
TCCATTGACG
TGTATCATAT
ATTATGCCCA
TCATCGCTAT
TTGACTCACS
ACCARARATCH

GCGGTAGGCG

TCGCCTGGAG

GCCTCCGGAC
ARGTITAGTC
AACTGCTCCT
TCTARAAGCT
ARGCAAAAAA
CGGTCTGGGA
TTTACAACGT
TCCCCCTTTC
GCTTGCGCAGC
GGAARGCTIGE
GCAGATGCAC
TCCGCCGTITT

T

€O
ATTGACGTCA

TCAATGGGTG
GCCAAGTACG
GTACATGACC
TACCATGGTG
GGGATTTCCA
ACGGGACTTT
TGTACGGTGG
ACGCCATCCA
TCTAGAGGAT
TTTTTGTCTT
CAGTGGATGT
GCGGAATTGT
GARGTCACCA
GGCATTGGTC
CGTGACTGGG
GCCAGCTSGC

CTGARTGGCG

CTGGAGTGCS
GGTTACGATG

GTTCCCACGE

RTAATGACGT
GAGTATTTAC
CCCCCTATTG
TTATGGGACT
ATGCGGTTTT
AGTCTCCACC
CCARAATCTC
GAGGTCTATA
CGCTGTTTTG
CCGGTACTCG
TTATTTCAGG
TGCCTTTACT
ACCCGCGGET
TCTCOTTTAC
TGGACACCAG
AAAACCCIGG
GTAATAGCGA
AATGGCGCTT
ATCTTCCTGA
CGCCCATCTA
AGAATCCGAC

CTGECG GAAAACCTCA

ATGTTCCCKT
GGTARRCTGT
ACGTCARTGA
TTCCTACTTG
GGCAGTACAT
CCATTGACGT
GTAACARCTC
TRAGCAGAGC
ACCTCCATAG
AGGAACTGAA
TCCCGGATCC
TCTAGGCCTG
GCAATTCCCS
TTTGACCAAC
CAAGGAGCTG
CGTTACCCAR
AGAGGCCCGC
TGCCTGGTTT

GGCCGATACT

CACCAACGTA-

GGGTTGTTAC

St fdal CCG 360 3240

CTGTATG AACGGTCTGG
SAICAACES ARPHRCATIGACFTHRCERST TTT 420 3360

PR B cerc

FTTARCNETIREATC mmwmccec 540 3540

RS

AGTARCGCCA
CCACTTGGCA
CGGTAAATGG
GCAGTACATC
CAATGGGCGT
CARTGGGAGT
CGCCCCATTG
TCCTTTIAGTG
AAGACACCGG
AAACCUCAGARA
GGTGGTGGTG
TACGGAAGTG
GGGATCGAAA
AAGAACGTGA
CICARGCGCG
CTTARTCGCC
ACCGATCGCC
CCGGCACCAG
GTCGTCGTCC
ACCTATCCCA
TCGCTCACAT

3300

A 4gp 3420
3480

0 3600

3660
660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860



GIGTGACGCT CCCCGCCGCG TCCCACGCCA TCCCGCATCT GACCACCAGC GAAATGGATT 3720
TTTGCATCGA GCTGGGTAAT AAGCGTTGEC AATTTAACCG CCACTCAGEC TTTCTTTCAC 3780
WD 98/ 09657 PCT/ US97/ 15692
49 AGATGTGGAT TGGCGATAAA AAACAACTGC TGACGCCGCT GCGCGATCAG TTCACCCGTG

3840 CACOROHOBSTAACGACATT GGOGTAAGTG AAGCGACCCG CATTGACBCIUSHADSIRET GGG
3900 TCGAACGCTG GAAGGCGGECG GBCCATTACC AGGCOGAAGC AGCGTTGTTG CAGTGCACGS
3960 CAGATACACT TGCTGATGCG GTGCTGATTA CGACCGCTCA CGCGTGGCAG CATCAGGGGA
4020 AAACCTTATT TATCAGOCGG AAAACCTACC GGATTGATGG TAGTGGTCAA ATGGCGATTA
4080 CCGTTGATGT TGAAGTGGOG AGOGATACAC CGCATCCGGC GOGGATTGGC CTGAACTGCC
4140 AGCTGGOGCA GGTAGCAGAG CGGGTAAACK8GGECTCGGATT AGGGCOCGCAA GAAAACTATC
4500 TP TR G AR T O T P AR EE A T CRATTAT G
4260 TTATG
4320 GO(E@Q@#@IM WW&W&E@&W@% CAAQMBCAAC
4380 TGATGGAAAC %% O%F% GA AGGCACATGG CTGAATATCG
4440 % CREFR TORREEEAAT
4500 Tﬁﬁ&@ﬁﬁé@ demmTwm TAATSATAAC
4560 % "ﬁ% GIAL TG CATTATGTAC TATTTAAAAA
4620 A g‘%%"a;l ?\%%% FRFE ATEEEAGCCT
4680 AGHGEEGSTEE mﬁ@ﬁ@ﬂﬁﬁﬁ%@\@ﬁﬁs&ﬁéﬂmﬁﬁ&w AGEEHT ACGG
4740
GCGGCGAGTT GCGTGACTAC CTACLGGETAA CAGTTITCOTTT ATGGCAGGGT GAAARCGCAGG 2280
TCGCCAGCGEG CACCGCGCCT TTLIGCEGETG ABATTATCSA TCALLGTGET GGTTATOCCS 2340
ATCGCCTCAC ACTAOG'{.‘C’I‘G AACGTCGRAA hCCCGmCT GTCGACCGCC GARATCCTGA 2600
ATCTOTATCE TGCCGTGETT GAACTGCOACA COUCCOGACGS CACSCTGRETT GAAGCAGRAG 2460
COTGCCATET COOTTTCCGOC GAGGIGCOGGA TTGAMRATCS TOTCLTESTG COTCAACEGCH 25820
AGCOGTTGET GATTCGAGGE GTTAALSETC AOGAGCRTCA ToOTCTGCRT GGYCRGITCA 2580
TGGATGAGCA GACGATGEITC CAGGATATCC TCCTIGATGHA GUAGRACRAC TTTARCLETSS 2640
TCCECTATTC GCATTATCCG AACCATLOGC TGTGETRCAC COTCTGCGAC CGCTACGECC 2700
TCTATGTGGT GGATGAAGCC AATATTGAAR CCCACGGCAT GGTGCCAATG AATCGTITGA 2760
CCGATGATCC GCGITGSCTR COGGLGATGE GUGAACOCGT AALGCGARAATS GTGCAGTRELG 2820
ATCCTRATCA CCCGCAQTGTE ATCATCTGGT CGCTIGGLGAER TGRATCACGES CACTGGLULRTA 2880
ATCACGATGEC GCTGTATCOC TGGATCAART CICTCGATCC TTCCLGOICE GTGCAGTATE 2540
AAGGLGECEE AGCCGACACC ACGGCCACCG ATATIPATITG CCCGATGTAC GCOCECOTGS 3000
ATGAARGACCA GCOCTICCCE CGCTETGCCGA AATGGTCCAT CRARBAARATEG CTTICGUTAC 3060
CTGGAGAGAC GCGLCCGCTG ATCCTTTIGCG AATACGCCCE CHCGATGGSET AAQAGTOTIG 3120
- GLGETTTCCC TAAATACYTCE CAGGCGTTIC QGICRGTATCC COGTTTACAL GELLGGLTICG 3180
TCTGEGACTG GGTGCATCAG TCOGCTGATTA AATATGATGR ABACGGCAMAC CCETGOTOGG 3240
CTTACGGEGCGG TGATITIGGC GATACGCCGA ACGATCGUCA GCITTOIGTATG AACGGTLINGH 3300
TCTTTGCCGA CCCCACGCCE CATCCAGCGC TGACGGAAGC AMRACACCAG CACCACITT 3360
TCCAGTTCCG TTTATCCCGG CAAACCATCG AAGTGACCAG CGRATACCTG TTCCGTCATA 3420
GCGATAACGA GCTCCTGCAC TGGATGGTGG CGUTGGATGGE TMGCCCC’EG SCAAGCGSETG 3480
AAGTGCOCTCT GGATGTCGCT CCACAAGGTA AACACTTIGAT TGAACTHOCOT GAACTACCGC 3540
AGCCGGAGAG CGCCGGGCAA CTCTGGCTCA CAGTACGCGT AéTGChA(:CG AACGCGRICG 3600
CATGCGTCAGA ACCCGGGCAC ATCAGCGCCT GGGAGCAGTG GCOTCTCGLE GAARACCTCA 3660
GTGTGACGCT CCCCGLCECG TCCTACGCCA TOCLGTCATOT GAOGACCAGC GAAATGGATT 3720
TTTGCATCGA GCTGGGTAAT AAGCCTTGGC AATTTAACCGE CCAGTCAGES TTIOTTICAC 3780



GTATTATTTT TGCCGCTATT

ATTGATGAGI TTGGACAAAC
ATTTGIGATG CTATTCCTTT
AACAATTGCA WITISTOPESTAT
CCTCTAGAGT CGAGTAGATA
AGTGATGGAG TTGGBCCACTC
AAAGGTCGCC CGACGCCCGG
CAGATCTGGA AGGTGCTGAG
GGCGGTAAAC ATATTAGGAA

TGACGTACT AR

FATGRAS

ctaGIdn bk (JoaEhian
GGCTTA AGGGIGGGAA AGAATATATA “AGGT

TCTCTGTTCT CGCTATTATT CCAACCGCTG TTTGGTCTGC
GACTCTAGGC GGCOGOGGERG ATCCAGACAT GATAACATAC
CACAACTAGA ATGCAGTGAA AAAAATGCTT TATTTGTGAA
ATTTGTAACC ATTATAAGCT GCAATAAACA AGTTAACAAC
GTTTCAGGTT CAGGGGGAGG TGTGGGAGGT TTTTEEESAH 15692
AGTAGCATGG CGGGTTAATC ATTAACTACA AGGAACCCCT
CCTCTCTGCG CGCTCGCTCG CTCACTGAGG COGGCCGACC
GCTTTGCCOCG GGOGGCCTCA GTGAGOGAGC GAGCGOGCAG
GTACGATGAG ACCCGCACCA GGTGCAGACC CTGCGAGTGT
CCAGCCTGTG ATGCTEATG TGACCGAGGA GCTGAGGCCC

L6H oAb CA T3040
GGGGGT

CTTAT GTAGEATTEESAN CRB-CATATICCAHIAR EXCCRICEERICE CRARTEARCCAGACROTFEIST T 13800
GATGGAAGCA

CAGAATGT

AT NS AR AT o B

3960
ACC

TTGACCT ACGASGACART GECICRERAA CBRACA TIRCIAGASTICA CRCEBRCBECATBOCSER TCAR020
WO 98/ 09657

5820

AGCTGGCGCA
CCGACCGCCT
CCCCGTACGT
GCCCACACCA
TGATGGAAAC
ACGGTTTCCA
TACAGCTGAG
CGCGCAGGCC
ACACRAACTT
ACTTCCCGTT

GTATIATITT

TTTCTGACAA
ATTGATGAGT
ATTTGTGATG
AACAATTGCA
CCTCTAGAGT
AGTGATGGAG
AARGGTCGCC
CAGATCTGGA
GGCGGTAAAC
GATCACTTGG
TGAGGTACTG
CTTATGTAGT
GATGGAAGCA
CAGBRATGTGA

TTGACCTACG

GGTAGCAGAG
TACTGCOGCC
CTTCCCGAGC
GTCCCGCACT
CAGCCATCGC
TATGGGCATT
CGCCGGTLEGC
ATGTCTGCCC
TTGGATGTTC
TTTCCCGATT
TGCCGCTATT
ACTCGGCCTC
TTGGACAAAC
CTATTGCTTT
TTCATTTTAT
CGAGTAGATA
TTGGCCACTC
CGACGCCCGG
AGGTGCTGAG
ATATTAGGAA
TGCTGGCCTG
AAATGTGTGG
TTTGTATCTG
TTGTGAGCTC
TGGGCTCCAG
AGACCGTGTC

Al
CGGGTARAACT
TETTTIGACC
GARRACGGTC
GACTTCCAGT

CATCTGCTIGC

GGTGGCGALCS.

TACCATTACC
GTATTTICGCG
GGTITTATTCT
TGGCTACATG
TCTCTGTTCT
GACTCTAGGC
CACAACTAGA
ATTTGTAACC
CTTTCAGGTT
AGTAGCATGG
CCTCTCTIGCG
CCTTTGCCCG
GTACGATGAG
CCAGCCTGTG
CACCCACGLT
GCGTGGCITA
TTTTGCAGCA
ATATTTGACA
CRTTGATGGT

TGGARCGCCG

GGCTCGGATT
GCTGGGATCT
TGCGCTGCGE
TCAACATCAG
ACGCOGARAGA
ACTCCTGGAG
RGTTGGTCTE
TRAGGAAATC
TTTTCTTTTA
ACATCARCCA
CGCTATTATT
GGCCOCGGGE
ATGCAGTGAA
ATTATAAGCT
CAGGGGGAGG
CGGGTTAATC
CGCTCGCTCS
GGCGGCCTCA
ACCCGCACCA
ATGCTGGATG
GAGTTTGGCT
AGGGTGGGAA
GCCGCCETCG
ACGCGCATGC
CGCCCCGTCeC

TTGGAGACTG

AGGGCCGCAR
GCCATTGTICA
GACGCGCGAR
CCGCTACARGT
AGGCACATGG
CCCGTCAGTR
GTGTCAARAA
CATTATGTIAC
CTTTTTTATC
TRTCAGCARA
CCAACCGCTG
ATCCAGACAT
ARAAATGCTT
GCAATAARCA
TGTGGGAGGT
ATTAACTACA
CICACTGAGG
GTGAGCGAGC
GGTGCAGACC
TGACCIAGGA
CTAGCGATIGA
AGAATATATA
CCATGAGCAC
CCCCATRGGC
TGCCOGCRAR

CAGCCTCCGC

GRARACTETC
CGACATGTATA
TTGAATTATG
CLACAGCARC
CTGRATATCG
TCGGCGSEAART
TARTARTAARC
TATTTRAMAR
ATGGGAGCCT
AGTGATACGG
TITTGGICTGE
GRTRAGATAC
TRTTTGTGRA
RGTTARCARC
TTTTTCGGAT
AGGAATCCCCT
CCGGCCGACT
GAGCGCCCAG
CTGCGAGTET
GCIGAGGCCC
AGATACAGAT
AGGTGGGGGT
CAACTCGTTT
CEGERTECET
CTCTACTACC

CGCCGCTTCA
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TTGGATTCTT TGACCCGGGA ACTTAATGIC GITTCTCAGC AGCTGITGGA TCTGCGCCAG
CAGGTTTCTG CCCTGAAGGC TTCCTCCCCT CCCAATGCGG TTTAAAACAT AAATAAAAAA
CCAGACTCTG TTTGGATTTG GATCAAGCAA GIGICTTGCT GICTTTATTT AGGGGITTTG
CGCGCGECEET . Al CCAGCGGTCT CGGTCGTTGA GGGTCCTGIG TA g%%ﬁ%%éﬁ?n
AGGACGTGGT W CT CTGGATGITC AGATACATGG GCATAACCCC GI
TGGAGGTAGC ACCACTGCAG AGCTTCATGC TGCGEGEGTGG TGITGTAGAT GATCCAGTCG
TAGCAGGAGC CCTGEGECGTG GTGCCTAAAA ATGTCTTTCA GTAGCAAGCT GATTGCCAGG
GGCAGGCCCT TGGTGTAAGT GTTTACAAAG CGGTITAAGCT GGGATGEGTG CATACGT GGG
GATATGAGAT GCATCTTGEA CTGTATTTTT ACE%;%?ﬁTA TGTTCCCAGC CATATCCCTC
CGGCGATTCA TGTTGIGCAG AACCACCAGC ACA ATC CGGTGCACTT GGGAAATTTG
TCATGWACEEdﬁﬂﬁEﬂfféﬂﬁmEﬁfiﬂﬁﬁ%ﬂﬁ%ﬂ#“ﬂﬂﬁiiﬁﬁ&dﬁﬁi&ﬁﬁ&ﬁﬁbﬁﬁ@@ﬁCAA@ﬁso

TTTTCCATGC ATTCGTCCAT AATGAT AT W
ATATTTCTAESRERTERCTRAC %c%

COGTAGITAC. OCTCACAGAT TTGCATTION CACOCTTTCA GITCAGATGG, GOGGATCATG
FERRMARAREET T°°F CCERISFAS CEERTA Bt

TCTACCT GER40
AGCAGGT T gkachoféta \Chakan CrraC e hscan AS¥aetirECH dootiiaTf \AlcdaertdCT Alsboo
ACCGGGTGCA ACTGGTAGTT AAGAGAGCTG CAGCTGCCGT CATCCCTGAG CAGGGGGGCC
ACTTCGT T ARCHEeAaET A PR T BRI T TFECTETEA R AR T BT BAERXGCCR50
T COCCECChbs AL A RN eTd AT | dTdGARETTCANACAGACE cEATANGASE CreTorE&ACACH 20
TCCGCCGTAG GCATGCTTTT GAGCGTTTGA CCAAGCAGTIT CCAGGCGGTC CCACAGCTCG
GT CACCT GRS AT RSP T A I CARR SR TR FEIIETE. CF T O A SR e soa3 8o

TTTCCCT G AudaGbiaACE A aboCE¥eT CEetCrinn GiAC ITch m&“@m&am
GGOGCAGGGT  CCTCGTCAGC GTAGICTGGG TCACGGTGAA

CGCT TRREECTEEI M CCPEENCET “é&ﬁ%ﬁé&“ré&”c‘:‘é%‘r"éwcéém
CCT GOGCGH Aok CoTOr6eR | HARCArTF USECTIATA 1OT SRS CRrhGEE#CGOGEE 60
GGOCCTTGEL, GOGLAGCTTG, OOCTTOGAGE AGGREOOCEA CGAGGOGCAG TELAGACTTT

TCTTGTGCAG AACCACCAGC ACAGTGTATC CCSTGCACTT GOGAAATITG 5420
TCATOTAGCT TAGAAGGAAA TGCGIGGAAG AACTTGEAGA CLCCCTICTG ACCTCCAAGA 6480
TTTTCCATGC ATTCGTCCAT BATGRTGGCA ATCGGCCCAC GRGUGGCGGT CTIGGGCGARG 6540
ATATTTCTGG GATCACTAAC GTCATAGTTIG TGTICCAGGA TGAGATCGTC ATAGGCCATT 6600
TTTACAAAGC GCGCGCGGAC GGTGLCAGAC TGCGGTATAA TGUTITCCATC CGRCCCAGGS 6660
GCGTAGTTAC CCTCACAGAT TIGCRTTICC CACGCTITGA GTTCAGATGG GGGGATCATC 6720
TCTACCTGCG GGGCOGATGRR GAARACGCTYT TCCGGOGTAG GGGAGATCAG CTGGGAAGAA 6780
AGCACGTTCC. TCAGCAGLTG CGACTTACCG CAGCUGLTGCG GCCCGTAAAT CACRCCTIATT 6840
ACCGGGTGCA ACTCGTAGTT AARGAGAGCIC CACCTGCCOGT CATICCCIGAG CAGEGGGGCCT 6300
ACTTCGTTAA GCATGTCOCT GACTCGCATG TTTTCCCTIGA CCAAATCCGC CAGAAGGCGC 6360
TCGCCELCCA GCGATAGCAG TTICTIGCRAG GMGGAAJ;GT TTTTCAACGG TTTGAGACCG 7020
TOCGOCETAG GCATGCTTTT GACCGTTICA CCAAGCAGIT CCAGGCGGTC CCACAGCTCG 7080
GICACCTGCT CTACGGCATC TCGATCCAGC ATATCTCCTC GTITTCGCGGG TIGGGGCGGC 7140
TTTCGCTGTA CGGCAGTAGT CCOTECTCET CCAGACGGGC CAGGGTCATG TCTTTCOCACG 7200
GGCGCAGGGT CCTCGTCAGC GTAGTCIGGG TTACGGTGAA GGGGIGLGCT CCGGGCTGLS 7260
CGCTGGCCAG CGGTIGCGCTIG AGGCIGGTCC TGCTGGIGCT GAAGCGCTGC CGGTICITCGC 7320
CCTCCGCGTC GGCCAGGTAG CATTIGACCA TGGTGTCATA GTCCAGCCCC TCCGUGGCGT 7380
GGCCCTTRGC GCGCAGCTITG CCCTTGGAGG AGGCGUCGCA CGAGGGGCAG TGCAGACTTT 7440
TGAGGGLGTA GAGCTTGGGC GCGAGMBAATA CCGARTTICCGG GGAGTAGGCA TCCGLGCCGC 7500
AGGCCCCOCR GACCGTCTCG CATICCACGA GCCAGGTGAG CTCIGGCCGT TCGGGGTCAM 7560
ARACCAGGTT TCCCCCATGC TTTITGATGC GTTTCITACC TCTGGTTTICC ATCAGCOGGT 7620
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TGAGGGECGTA GAGCTTGGEEC GCGAGAAATA CCGATTCCGEG GGAGTAGGECA TCCGCGCCGC 7500

AGGCCCCGCA GACGGTCTCG CATTCCACGA GOCAGGTGAG CTCTGGCCGT TCGGGGTCAA 7560
AAACCAGGTT TCCCCCATGC TTTTTGATGC GTTTCTTACC TCTGGTTTCC ATGAGCCGGT 7620
WO 98/ 09657 PCT/ US97/.15692
51  GTCCACHOBMESIGACGAAA AGGCTGTCCG TGTCCCCGTA TACAGACTTECAGK GT

7680 CCTCGACCGA TGCCCTTGAG AGCCTTCAAC CCAGTCAGCT CCTTCCGGTG GGROGOGGEGEREC
7740  ATGACTATCG TCGCCGCACT TATGACTGTC TTCTTTATCA TGCAACTCGT AGGACAGGTG
7800 COGGCAGCGC TCTGGGTCAT TTTCGGOGAG GACCGCTTTC GCTGGAGCGC GACGATGATC
7860  GGOCTGTCGC TTGOGGTATT CGGAATCTTG CACGOCCTCG CTCAAGCCTT CGTCACTGGT
7920 COOGCCACCA AACGTTTCGG CGAGAAGCAG ‘GCCATTATCG CCGGCATGRC GBOCGACGCG
7980 CT gz bAske EeASH A heéeirE eddcGAtocedaM TnbREAS I mGATcECér CATARSGATT
8040 CTTCTCGCTT COGGCGGCAT CGGGATGCCC GOGITGCAGG CCATGCTGIC CAGGCAGGTA
8100  GAFEFRsaAseR AR PECLTREERLECET ETIHELARE CCTRARTTCG
8160 ATaRéaofés ©bdcCAlEICT 2 faA oG r T b GGEh e o R R é e AT GeBACGGEG
8220 TTGGCATGGA TTGTAGECGC CGCOCTATAC CTTGTCTGOC TCCCCGOGTT GOGTCGOGET
8280  GCATeSSALESS m%ywmm AACEERTTCA
8340  CCALIGEHAS APICEEENGCE:AATEAR TaHoE o AN EGhA e CAMSEAACC
8400 CTTGGCAGAA CATATCCATC GOGTCOGCCA TCTCCAGCAG CCGCACGCGG CGCATCTCGG
8460  CCRERSSFIER3 BRCTESECACASARISPEIEATERT CCTERTCACTRATATE AGERBBCGEC

8520 CTEGGOTACE TCTTGCOTGGC GTTCGCGACG CGAGGCTGGA TGGCCTTCCC CATTATGATT B0O40

CTTOTCECTT CCBGCGGCAT CCERATGCCC GCGTIGCAGE CCATGLTCTC CRAGGCAGGTA 8100

GATGACGACC ATCAGGGACA GCTTCAAGGR TCGCTSGCGG CTCTTACCAG CCTAASTTCS 8160

ATCACTGGAL CGCTGATCGT CACGGCGATT TATGCTIGCCT CGGUGAGCAC ATGCAACGGG 8220

TTGGC-A'I‘GGA T‘:GTAGGOGC CGCCCTATAC CTIEICTGCC TCCCCECETT GCGTCEOGAT 8280

GCATGGAGCC GGGCCALCTC GACCTGAATCE GAASGCCGGECG GCACCTOGCT AACGGATTICA 8340

CCACTCCARG AATTGGAGCC AATCMATTCT TGCGGAGAAC TGTGARTGCG CAAACCAACC B400D

CTTGGCAGRA CATATCGBfC GCGTCCGCCA TOTCCAGCAG CCGCACELGE CGCATCTICGE 8460

GCAGCEGTTGEG GTCCTGGCCA CGGG’J.‘GOGCA TGATCGTGCT CCTGTCSTIGC AGGACCLGGC 8520

TAGGCTGGCE GGETTIGCCTT ACTEGTTAGC AGRATGAATC ACCGATACGC GAGCGAACGT 8580

GAAGCCACTCE CTGCTGCARA ACGTCTGCGA CCTGAGCAAC AACATGARATG GTCTTCGCGTT B640

TCCCTETTTC GCTARAGTOTE CZAACGCGGA ACTCAGCGCC CTGCACCATT ATGTTCOCGGA 8700

TCTCGCATCGC AGGATGCTGC TGGCTACCCT GTGGAACACC TACATCTGTA TTHACGAAGC 8760

- CTTTCTCAAT GUTCACGLOTG TACGGTATCOTC AGTTCGGTGT AGGTCLTTCGS CTCCAAGCTG 8820

GCGCTGIGTGC ACCAACCCCC COGTICAGCCC GACCGCTGCG CCTTATCCGG TAACTATCGT 8880

- CTTGAGTCCA ACCCGGTAAG ACACGACTTA TCGCCACTGG CAGCAGCCAC TGGTAACAGG 8940

ATTAGCAGAG CGAGGTATGT AGGCGGTGCT ACAGAGTTCT TGAAGIGGTE GCCTAACTAC 000

GCGCTACACTA GAAGGACAGT ATTTGGTATC TGCECTCIGC TGAAGCTAGT TACCTTCOGCGA 3060

AAAAGAGTTG GTAGCTCTITG ATCCCGCAAR CTAAACCACCG CTGGTAGCGG TGGTTTTITIT 9120

GTTTGCARGC AGCAGATTIAC GCGCAGAAAA AAACGATCTC AAGAAGATCC TTTGATCTTT 9180

TCTACGGGET CTGACCCTICA GTGGARCGAA AACTCACGTT AAGGGATTTT GGTCATGAGA ] 9240

’I’TATM GGATCTTCAC CTAGATCCTT TTARATTAAR AATGCAAGTTT TAAATCAATC 8300

TmGTA'i‘A’I.‘ ATGAGTAAARC TTGGTCTGAC AGTTACCAAT GOTTAATCAG TCAGGCACOT 8360

ATCTCAGCGA TCTGTCTATT TCCTTCATCC ATAGTIGCCT GACTCCCCOGT CGTGTAGATA 9420

ACTACGATAC GGGAGGGCTT ACCATCTGGC CCCAGTGCTG CAATGATACC GCGAGACCCA 9480

CGCTCACCGE CTCCAGCATIT ATCAGCAATA AACCAGCCAG COGGAAGGSC CGAGCGCAGA 9540



TAGCCTGECG GGGITGCCTT ACTGGTTAGC AGAATGAATC ACCGATACGC GAGCGAACGT
GAAGCGACTG CTGCTGCAAA ACGTCTGCGA CCTGAGCAAC AACATGAATG GICTTCGGIT
TCCGTGTTTC GTAAAGTCTG GAAACGCGGA AGTCAGCGCC CTGCACCATT ATGTTCCGGA
TCTGCATCGC AGGATGCTGC TGGCTACCCT GIGGAACACC TACATCTGTA TTAACGAAGC
CTTTCTCAAT GCTCACGCTG TAGGTATCTC AGITCGGTGI AGGTCGITCG CTCCAAGCTG

GGCTGTGTGCWREBMAESTCCC CGTTCAGCCC GACCGCTGCG CCTTATCCGG TARETAFRI(IF692

CTTGAGTCCA ACCCGGTAAG ACACGACTTA TCGCCACTGG CAGCAGCCAC TGGTAACAGG
ATTAGCAGAG CGAGGTATGI AGGCGGIGCT ACAGAGTTCT TGAAGIGGTG GCCTAACTAC
GGCTACACTA GAAGGACAGTI ATTTGGTATC TGCGCTCTGC TGAAGCCAGI TACCTTCGEA
AAAAGAGTTG GTAGCTCTTG ATCCGGCAAA CAAACCACCG CTGGTAGCGG TGGTTTTTTT

GITTGCAAGC AGCAGATTAC GCGCAGAAAA AAA

TCTACCG e e bl e il d o rOh bt
TTATCAAAAA GGATCTTCAC CTAGATCCTT TTAAATTAAA AATGAAGTTT TAAATCAATC

TAAAGT ATAIAAS TERR ST BRZGRCTIRACTASFEIRSSACHFARIEAT TRTIRSATCACF PEREIICACCESS
ESEELCEATE PERRROFT QG CA T 20

ACTACGATAC GGGAGGGCTT ACCATCTGGEC CCCAGIGCTG CAATCATACC GCGAGACCCA

CGCT CACCEX T RCATSMGAT PRI TEART AN AR AGCATIIGED QeI RETEECRERETICCAGA S0

ecatanTr&CT/ 424/ 15692

ATCTCAGCGAyr

WO 98/ 09
52

‘RACTGATCTT

géELGBAGTB AGTTGGCCOGC AGTGTTATCE CICATGGTTA

CTTACTGTCA TGCCATCCGT AAGRIGCITT TCTGIGACIG

TTCTGAGRAT AGTGTATGCG GCGACCGAGT TGCTCTTGCC

ACCGCGOCAC ATAGCAGARAC TITAARAGTG CTCATCATTG

ARACTCTCRA GGATCTTACC GCIGTIGAGA TCCAGITCGA

CAGCATCTTT TACTTTCACC AGCGTTICTG

CAARATGCCG CRAAAARGGG AATAWGGGCG ACACGGRAAT

CTTTITCAAT RTTRTTGAAG CATITATCAG GGITATZIGIC

GCAATGTATTT AGARAAATAR ACARAATAGGE CGITTCCGCICH

CCTGACSTCT AAGARACCAT TATTATCATG ACATTAACCT

AGGCCCTTTC GICTTCAA

(2) IKFORMATIOR FOR SEQ ID NO:2:
' {i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 20 base pairs
{B) TYPE: nucleic acid
{C) STRENDEDNESE: single
{D)} TOPOLOGY: unknown
{ii)} MOLECULE TYPE: osther nucleic acid
{xi) SEQUENCE DESCRIPTION: SEQ ID NO:2:

CATGGTAATA GCGATGACTA

{2} INFORMATION FOR SEQ ID NO:3:
{1i) SEQUENCE CHARACTERISTICS;:
{(A) LENGTH: 20 base pairs
{B} TYPE: nucleic acid
{C} STRANDEDNKESS: single
{D) TOPOLOGY: unknown
{ii) MDLECULE TYPE: other nuclelc acid
(xi) SEQUENCE DESCRIPTION: SEQ ID RO:3:

GCTCTGCTTA TATAGACCTC

riidal TS bhroh Tehdddeed

TGICAGCACT
GTGAGTRLCTC
CGGCGTCAAC
GARAACGTIC
TGTAACCCAL
GGTIGAGCHKAR
GYTGARTRCT
TCATSACLES
CATTTCCOCR
ATRRAARTAG

ARCCARGTCA
ACGGGATAAT
TTCGGGGLGA
TOGTGCALCCC
ARCAGGARGG
CATACTCTITC
ARTACATRTTY
AAARGTGOCA
GCOTATCACS

CTC AAGAAGATCC TTTGATCTTT
Bentdethdl CAGR oo

8900

9960
10020
10080
10140
10200
10260
10320
10380
10398

20

20

8580
8640
8700
8760
8820
8880
8940
9000
9060
9120
9180
9240
9300
9360
9420
9480
9540



AGIGGICCTG CAACTTTATC CGCCTCCATC CAGTCTATTA ATTGTTGCCG GGAAGCTAGA 9600
GTAAGTAGTT CGCCAGTTAA TAGTTTGCGC AACGTTGTITG CCATTGCTGC AGGCATCGTG 9660
GTGTCACGCT CGTCGTTTGG TATGGCTTCA TTCAGCTCCG GTTCCCAACG ATCAAGGCGA 9720
GTTACATGAT CCCCCATGTT GTGCAAAAAA GCGGTTAGCT CCTTCGGTCC TCCGATCGTT 9780
GTCAGAAGTA A P308815C AGTGTTATCA CTCATGGTTA TGGCAGCACT GCATHEATUSSTIS692 9840
CTTACTGTCA TGCCATCCGT AAGATGCTTT TCTGTGACTG GTGAGTACTC AACCAAGTCA 9900
TTCTGAGAAT AGTGTATGCG GCGACCGAGT TGCTCTTGCC CGGCGTCAAC ACGGGATAAT 9960
ACCGCGCCAC ATAGCAGAAC TTTAAAAGTG CTCATCATTG GAAAACGTTC TTCGGGGECGA 10020
AAACTCTCAA GGATCTTACC GCTGTTGAGA TCCAGTTCGA TGTAACCCAC TCGTGCACCC 10080
AACTGATCTT CAGCATCTTT TA(,I TTCACC AGCGTTEF'CTG GGTGAGCAAA AACAGGAAGG 10140

GCC$; W T GTTGAATACT CATACTCTTC 10200
CTTTTTCAAT ATTATTGAAG CATTTATCAG GGTTATTGTC TCATGAGCGG ATACATATTT 10260

GAATGTATTT AGA(AAA@FW €CCGCGCA CATTTCCCCG AAAAGTGCCA 10320
CCTGACGTCT AAGAAA TTAACCT ATAAAAATAG GCGTATCACG 10380

AGGECCCTTTC GICTTCAA) srmnzaunss single 10398
(2) | NFORVATI ON FGR) SERBRLPFYyCprknown (1) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 20;pagsbiif $rom: other ouc{fll JMBES: nucl eic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: unknown (i1) MOLECULE
TYPE: ot her n¥ép ctERUBNGEQIDPESCRIPTIRK S SEEQBENBE DESCRI PTI ON: SEQ I D NO 2:
CATGGTAAT A AT GAGT Auacan o 20
(2) INFORVATI ON FOR SEQ | D NC: 3: (1) SEQUENCE CHARACTERI STI C§:

(A) LENGTH. 20 base pairs (B) TYPE: nucleic acid (O

STRANDEDNESS: si ngl e (D) TOPOLOGY: unknown



THIS SHEET HAS BEEN

(ii) MOLECULE TYPE: other nucleic acid (xi) SEQUENCL DES@RPPACEIN: SEQ
| D NO 3: GCTCTGCTTA TATAGACCTC —
98/ 09657 This Sheet Has Been Re epla

20
it Tl oo

(A) LENGTH. 20 base nucl ei ¢ aci (O
STRANDEDNESS: S|ngle (D) TCPCLCEN unknown (| NCLECULE
TYPE: other nucleic acid (xi) SEQUENCE DESCRI PTI ON: SEQ |

ATAAGCTGCA ATAAACAAGT 20
54 54 cLAIMB 1. Use of a

r econbi nant a(;ﬁﬁlt %§§%55§538 mﬁrus (rAAV) conprising a heterol ogous gene
e

operably Iink 0 ‘sequences I ch control expression thereof in a cell for
t he manufacture of a nedi canent for delivering the heterol ogous gene in the
absence of a destructiveseybst axtecotiiht aspadsessvbeited tirugredi canent

conpri sing th%rAAV) comprising a heterologous gene operably linked to
sequences which control expression thereof in a cell for
the manufacture of a medicament for reducing the immune
response to the rAAV, wherein the rAAvV is substantially
free of contamination with a helper virus and is
administered to a skeletal muscle cell.

2. Use of recombinant adeno-associated virus
(XAAV) comprising a transgene operably linked to
sequences which control expression thereof in a cell for
the manufacture of a medicament for prolonging expression
of the transgene, wherein the rAav is substantially free
of contanination with a helper virus and is administered
to a2 skeletal muscle cell.

3. Use according to claim 1 or 2, wherein the
transgene is a secretable protein.

4. Use according to claim 3, wherein the protein
is selected from the group consisting of Factor IX, ApoE,
f-interferon, insulin, erythropecietin, growth hormone,
and parathyroid hormone.

5. Use according to any of claims 1 to 4, wherein
the rAAV consists of, from 5' to 3', 5' AAV inverse
terminal repeats (ITRs), a heterologous promoter, the
transgene, a polyadenylation sequence, and 3' AAV ITRs.

6. Use according to claim 1 or 2, wherein the
transgene is a dystrophin gene.
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THIS SH
rAAV is substantially free of contamnation with a hel ger vi REE'P‘ELTNHA BEEN

adm nistered to a skeletal mnuscle cell. —af—t-econiiinant
adeno- associ ated virus (rAAV) c ﬁm{es}m eéhlieﬁﬂ&ﬁgene operably linked to

sequences V\/g‘;(%: troI expr essi a cell for 5\%@ { ture of
a nedi canent TOr pr oI ongi ng expr transgene Far € r AAV

is substantially free of contam nati on vm hel per virus and | S
adm nistered to a skeletal nuscle cell. . Use according to claim
1 or 2, wherein the transgene encodes a secr et abl e pr ot ei n. 4,

Use accordl ng to claim3, wherein the protgin is selected fromthe group
consisting of Factor |X, apolipoprotein ETTApOE), [err]-interferon,

insulin, erythropoietin, pgfnwwd wmqor%qneaaawﬂ%&$wme

5. Use according to.a wherein the r AAV consi sts of,

of
Promb to g Selgko1r Marte oLl rimibe ahstnce PAr )Y SoIRIE APBYGR:
pr onot er, the respogeredinegbed admnisistt it seqmencmp:arsiﬁﬁ e/ sEERS.
6. Us f
€eo %@%&Q@B&céﬂ&“ﬁn@é% %‘ﬂ % EHS kb AR Qﬁféﬁ%&of& Pgl a

transgene enco oE _opert abl al | 1 nked to sequences
expr essi on thePé&PcllﬁtSdc‘éHu?o TANE RERPFAE B‘Fea ofrapsgalie AReFERYr
expressi ng apolmmpdotel seduié¢rigond)wh e cont roheitd\Adkpre i flagi, andiedleliys free

of contam nati eranhilyd; DeL@bLe e 433N ¢rk3 BENLAAS ﬁr&du 3;@3‘ gle cell.
A

55 reconbl nant 0-associ ated VIrus conpri sing
a transgene ené’GéPﬁﬁ Féé’t’%rafl@("@'tﬁé-‘re&m Fhe kapsgens cfusngee Iicont r ol
expression t hetgef cemia cell for the manufacture of a nedi canent for
expressing Factor I X, wherein the rAAV is substantially free of

contam nation with a helper virus and is adm nistered to a nuscle cell.
8. The method according to claim .7, wherein the

transgene is a secretable protein,

9. The method according to claim 8, wherein the
protein is selected frorp the group consisting of Factor
IX, ApoE, P-interferon, insulin, erythropoietin, growth
hormcne, and parathyroid hormone.

10. 'The method arccording to claim 7, wherein the
YAAV consists of, from 5! to 3', 5! AAV inverse terminal
repeats (ITRs), a heterologous promoter, the transgene, a
polyadenylation seguence, and 3' AAV ITRs.
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