WD 98/ 13070 PCT/ US97/ 16929
NON- | NVASI VEgw 3N TRATI ON OF - ADENO- ASS VIRAL .
VECTORS | NTRODUCTI ON (xgéégﬁﬁéﬂﬁﬁﬁd
Adeno- associ ated viruses (AAV' s) were discovered as satellite
viruses present in preparations of adenovirus. AAV isol ates
(human, sim an and avi an) cause no aggarent di sease and are not

associ lat ed with ﬁﬁgﬁémﬁgg\ m%ﬁ%ct s. Sever al
studi es have sho ct on

carci nogenesi s nedi ated by other viruses, such as tunorigenic

strains of adenovirus and bovi ne papi UC%QON Vi rus.
Reconbi nant AAV vectors have been us gene products
in vitro (usually tissue cultures) and to express gene products

in animals, see,gpd&¥ WI e, U S . Pat. No. 5,193,941 and WO
9413788, wusually 1n 5 lungs or oral nucosa, the nornmal
sites of AAV Aden¢¥5§§é¢i?£*te@%1f‘th§és | nAves r apéral dﬂ&éwaﬁeayst em
and in cardiac tissue. Transduction wt

reconbi nant AAV aeectsatelbite virusedegiresaomin Shﬁiﬁbp&\t&ﬁloﬁﬁreofdl rect
routes of 20 adm ni stration, such as, intraperitoneal injection,

i ntratracheal i rgdsnowirusd dhA&cdsnﬁkﬁmmnﬂMmﬂn, simian iaxeliavdahpn in

animal s, see, for exanple, Flotte and . WD 98/ 13070
PCT/ US9® 16929 cause no apparent disease and are not associated with

cancer or any other adverse effects. Several studies
have shown AAV to have a protective effect on
carcinogenesis mediated by other viruses, such as
tumorigenic strains of adenovirus and bovine papilloma
10 virus. |
Recombinant AAV vectors have been used to express
gene products in vitro (usually tissue cultures) and
to express gene products in animals, see, for example,
U.S. Pat. No. 5,193,941 and WO 9413788, usually in the
15 lungs or oral mucosa, the normal sites of B2AAV
infection, but also in the central nerVohs system and
in cardiac tissue.
Transduction with recombinant AAV vectors has
been accomplished with more direct routes of
20 administration, such as, intraperitoneal injection,
intratracheal injection and direct endobronchial

instillation in animals, see, for example, Flotte and



Carter, Cene Therapy 2:357-362 (1995). Those nethods of deli.vering

r AAV were focussed on situating the reconbi nant AAV vector at a =
site cl osWOIHYPhe | ung as the experiments were BCTASIEIE29
treating patients 5 with cystic fibrosis. However, it is well

est abl i shed that intraperitoneal, intratracheal and endobronchi al
I nj ection general ly are undesirabl e clinical t echni ques

for routine usg-tdy NHENS THFaP¥ AP~ SHIE (1995) . FroddGudMEgES Of
produci ng infection and adhesi ons, 10 see odman and G | man, "The

Phar macol ogi &3 Basiveefing raav wEI®r apeshssed h £i8dat3hh eghe 1993);
see al so "Rem ngton's Pharnmaceutical Sciences" p. 1686 (18th

ed., 1990). recombinant AXWevgotbrodtgansitkecdpgeist ttd i Iéndong-term
15 therapeutically effective | evels of expression of a

particul ar gerse tife iexpensigtents wexsljdomatded ttheereating patbanes where
such gene expression is therapeutically beneficial . There are
many 5 chal | eWjddh cystich&fibrosis. Hevevepmeht 3 wsik@stablished her apy,

i ncluding 20 . obt ai ni hg expression of the gene of interest in the
targeted tisdhas IRrAPSHRRRAL atintkairachpaphnd endobronchial he

recombi nant AAV vector that o eiftes in the targeted §issues, and

a node of adiifFeGTign on 9RAErally  arge | PeAesiFabdls ontFHHMCaAY vect or

;g e;[jhienaE E;O%Hc%qée?ﬁ For routine use in humans, féA‘xQ Cé’ééjxhé‘fé}”?&é‘ erets a

WO 98/13070 to the dangers of producing infectilgg/ag'{%ggé]htseg;:‘.gons.

10 see Goodman and Gilman, "The Pharmacological Basis of
Therapeutics" pp. 1-32 (Sth ed., 1993); see also
"Remington’s Pharmaceutical Sciences" p. 1686 (18th
ed., 1990).

One goai of gene therapy is to provide long-term,

15 therapeutically effective lévels of expression of a
particular gene of interest in or adjacent to the
tissues where such gene expression is therapeutically
beneficial.: There are many challenges to the
development of effective gene therapy, indluding

20 : obtaining expression of the gene of interest in the
targeted tissues, which requires at least a promoter
in. the recombinant AAV vector that operates in the
targeted tissues, and a mode of administration that
delivers the recombinant AAV vector to the appropriate

25 tissues.

Accordingly, there is a need in the art for safe



and, effective nethods of adm nistering reconbi nant AAV vectors
for gene t{RY dAXeTo SUWARY OF THE | ﬁé
The instant invention provides new net hods of 5 admi r#%g;l’ 29

reconbi nant AAV vectors for effective, | ong-term expression of a
gene of interest in animals, I ncl udi ng humans. Provi ded herein
are net hods of subcut aneousl y injecting reconbi nant AAV vectors
cont ai ni ng a gumd effifecttive stetthwsisliafy admindistlesrdingl vect@binantpdhypept i de,
ri bozyme, nucleic acid or antisense ol i gonucl eotide for
gene therapy.vectore fersgene therapy. |nvention also provides for a

topi cal adm nistration : means of rAAV to a host.

The net hods of the instant invention provide 15 signi ficant

advant ?g_esi [ ntcl udi ng bt hte ' lely 01'_,t %HE - deli ve{ any isui tabl e ;
gene of interest via subcu aﬁ@&@g—————————lﬁ%§§§¥£§ or topical neans an
Grstant O VS g, dpgtante SrvabRHET CEFRERe TeS LRt LB on 20
routesy of th%dﬂﬂ?ié’fﬁr?@?@&?ﬂﬂiﬂ%ﬁ%‘ v Yettdis, for ?ff?cEH;EC“Ve
and non-invasive procedufe or  the adm ni stratfron of

reconmbi nant AA\% Fd AHIESLTOPUE a ?ene of DREtEkBst in animals, The
di scovery that subcutaneous injection o 25 reconbi nant AAV vectors

for gene ther amelivdnid ebuimddls. Provided herein are methods -oB -
WD 98/ 13070 : PCT/ US97/ 16929 -
subcutaneously injecting recombinant AAV vectors
containing a gene of interest encoding any diffusible
10 polypeptide, ribozyme, nucleic acid or antisense
oligonucleotide for gene therapy. The instant
invention alsc provides for a topical administration
means of raAv to a host.
The methods of the instant invention provide
15 significant advantages, including the ability to
deliver any suitable gene of interest via subcutaneous
injection or topical means and obtain high level,
long-term expression in regions approximate or distant
from the site of administration. The administration
20 routes of the instant invention provide a safe,
effective and non-invasive procedure for the
administration of recombinant AAV vectors as described
herein.

The discovery that' subcutaneous injection of

25 recombinant AAV vectors for gene therapy is effective



and provides high-level, sustained expression is sur pri si-ng,

A

especially in light of the normal association of AAV with.the . . ...

| ungs and dWQI9843F8ages, the requirenent that pronDPETHSIDIE29
reconmbi nant AAV 5 vectors be operable in the tissues targeted for
gene . expression and the dilution effeet of subcutaneous
injection, which typically results in rapid drainage

subicut aneous! y dulf € gty 4 éf'egso%@ﬂtlé%\i Ve&hthined ex)?fémarbe 1g/mph

nodes and r api ost

The net hods angd'x?!q r;g:mt é@/egfgiﬂ;s dgscryijt t‘?’dﬁ of thehehfdfmdd Ovide a

significant devel Opnent 7' n the field econbi nant AAV vector

gene therapy. association of AAV wBBhEEhOEPGRHEThEN GEAIH553§§84§¥5

FIG 1 is a schematic representation of the AAV- MFG- human- Factor
| X vector. | TRthéA\redquirémdnt that premotens ﬁﬂnﬂafecbﬁﬁinantlna“NbIoney
virus | ong termnal repeat; MILV IVS: nRNA splice donor/splice
accept 6r; HunawveRitorshbmopaaile | h cthid, thSkups: tazgeted fisavigenegrowt h
hor none pol yadenyl ation site. FIG 2 is a schematic
represent at i one¥preigsion and theadiubionneffiestt cpHn spbsudrane®&R  AAV

I nverted termnal repeat; CW._ Cytonegal ovirus inmrediate early

promoter: [ er r Lngiection, [ gfhichy| typicaidA 5pFniks ddRorRARIA drainnge

r; Human | FN. hupan in rf s I1g5 rr
?CZGP tor; rum of V@ﬁ@g#ga Bgleuts Y elr?:Pec(::t rLgoml:n%an% AAV vectors

PCT/ US97/ 16929 4 into the lymph nodes and rapid clearance by the host

10 immune system.
The methods and recombinant AAV vectors described
herein provide a significant development in the field

of recombinant AAV vector gene therapy.

BRIEF SCRIPTION OF THE DRAWINGS
15 FIG. 1 is a schematic representation of the
rAAV-MFG-human-Factor IX vector. ITR: AAV inverted
terminal repeat; MFG: murine Moloney virus long
terminal repeat; MuLV IVS: mRNA splice donor/splice
acceptor} Human FIX: human Factor IX cDNA; bGH pA:
20 bovine growth hormone polyadenylation site..

FIG. 2 is a schematic representation of the
rAAV-MD-human-interferon vector. ITR: AAV inverted
terminal repeat; CMV: Cytomegalovirus immediate early
promoter; B-gb IVS: f-globin mRNA splice donor/splice

25 acceptor; Human IFN: human interferon cDNA; f(-gb pA:



[err}-gl obin pol yadenyl ation site. FIG 3 is a schematic
Tepresent at i wo 93f13670e r AAV- MD- nouse erythropoietin Pé’l?ﬁﬁflw 9

| TR AAV i nverted term nal repeat; CM/: Cytonegal ovirus 5
i mmedi ate early pronoter; [err]-gb IVS: [err]-globin nRNA splice
donor/splice acceptor; Muse EPO nouse eryt hropoi etin cDNA

err]-gb pA: [er | obi n pol yadenyl at i on site.

I[:I G] 2is a [scré]r&f ’al?etbggxéﬁeaﬁeﬁmaf sihe- 10 rAAV—CM/ LacZ
vect or. | TR ertged . term nal eat,;

Cyt omregal ovirus i mred#f%le e:grl ?on%‘f%‘?matlc repr Sﬁ?ﬁﬁ?tﬁg’ &a0thena

splice donor/spm%g&g@ée ertgrOﬁoll%gn v&@ééﬁ[e”] f‘ﬁi‘adﬂé dase

cDNA; SV40 pA: ation site

a graph sho t el . in
: ?mungcofrpetsen\tMlm cée at V%ﬁ&l}{aqSSI %p%%t j'ect erévsubczg aneo%s?' {rlfﬁﬁ
10[err] gparticl %ﬁdiate early Wbﬂ(g@é}i‘ Cﬁi&b | Xvs: B-globin mRRAG

is a graph showi ng | ong-term expression o hunan®Factor 11X 1n

i mmunoconpet ent gpXiccd halonbr¢splice acdéwfeﬁ-ed Bobksyt aP@ils| ymohkl 5.
10[err] particles of r AAV- MFG- hFactor | X FI G
is a graph showenythrpdistie qbNassfegbopa: f-globin tpﬂmd‘en)tDati%nl n
I mmunoconpetent mce that were 25 i nj ected subcutaneously™with 5.9 x
10[ err] particl esitsf. r AAV- MFG- hFact or | X.

WO 98/ 13070
pCT/ U897/ 16929 FIG. 4 is a schematic representation of “the

\l@ CD‘D (93]

10 rAAV-CMV-LacZ vector. - ITR: ~ AAV inverted terminal
Repeat; CMV: Cytomegalovirus immediate early proﬁoter H
SV40 TIVS: 8V40 mRNA splice donor/splice acceptor;
LacZ: E. coli B-galactosidase cDNA; SV40 pA: SV40
polyadenylation site.

15 FIG. 5 is a graph showing long-term expression of
human Factor IX in immunocompetent mice that were
injected subcutaneously with 5.9 x 10" particles of
rAAV-MFG-hFactor IX.

FIG. 6 is a graph showing long-term expression of

20 human Factor IX in immunocompetent mice that were
injected subcutaneously with 5.9 x 10° particles of
rAAV-MFG-hFactor IX. |

FIG. 7 is a graph showing long-term expression of
human Factor IX in immunoéompgtent mice that were

25 injected subcutaneously with 5.9 x 10° particles of

rAAV-MFG-hFactor IX.



FIGS. 8A and 8B are two charts showi ng anti-human Factor |IX

A ]

anti body | evels and anti-AAV anti body : - -l-evel s, - ~respectively, in
ani mal s WO8(3WAeousl| y injected with a single i RCEWSIDIEOZN
particles of 5 r AAV- MFG- hFactor I X. FIG 8A depicts antibody titers
for anti-FI X activity. FIG 8B shows antibody titers for anti-AAV
activity. FI GS. 9A and 9B depict | ong-term expression of
human Factor | Xprigs, isX"HRACEEPEEEwo (B < )shcWithg bhti-human

i mmunoconprom sed (NIH3) mce after subcutaneous i nj ection

W th reconbi pRiofAVIM-GatTbdpaclidivdl¥ and antil@ach idntEi@edp
contained 5.9 x 10[err], 5.9 x 10[err] or 5.9 x 10[err] :
particles). 1levels, respéttivélyil| usiraieimabe asubdutamedwsXyr | X 15
anti body levels of the animals described in FIG 9. FIGS. 11A
and 11B depi dnjegted ewitbxpa essinglef injection haffarparticlesoref n

| mmunoconpet ent (BALB/c) and I mmunoconprom sed (NIH3) mce after

subc @ aneous rAAV-MFG-hEFactan diXwi tRIG-c Sdnidepdmtsaantibady &ita@xsm (at 20
8.5 x 10[err], 8.5 x 10[err] or, 8.5 x 10[err] particles). .
FIG 12 is afeXaphtirFIk astivgteepr &8&§-08BFhows antibgiiLitmys n BaLB/ ¢

m ce foll owi ng subcytaneous . . . i njection of rAAV-MD-nouse-EPO (8.9 x|
10[err] or 83I®¥xaDFIsAAV activity.,,riicles). The expression of nouse EPO
was neasured 25 by..honi Loring, t he h t octl . FIG 13
Epo protein™l evel §IGS ‘dagyzmiﬁgaf 3:81 g’vﬁpﬁgc“ efgng tein expression 'OF
IDC'?'/ [JSQ? / 169§'Aéxma\qo %‘%/c]t%qjo IX in immunocompetent (BALB/c) and

10 immunocompromised (NIH-3) mice after subcutaneous

injection with recombinant AAV-MFG-human Factor IX
(each injection contained 5.9 x 10", 5.9 x 10° or 5.9
x 10% partiéles) .
FIG. 10 illustrates the anti-human Factor IX
15 aptibody levels of the animals described in FIG. 9.
FIGS. 11A and 11B depict long-term expression of
human interferon in immunocompetent (BALB/c) and
immunocompromised (NIH-3) mice after subcutaneous
injection with recombinant AAV-MD-interferon (at
20 8.5 x 10", 8.5 x 10° or 8.5 x 10® particles).

‘FIG. 12 is a chart illustrating expression of
mouse EPO 'in BALB/c mice following subcutaneous
injection of rAAV-MD-mousé-EPo (8.9 x 10° or 8.9 x 10"
particles). The expression of mouse EPO was measured

25 by monitoring the hemat&c'rit.

FIG. 13 Epo protein levels at day 105 following



SC |,nJ ectlon of rAAV-MD- Epo. The protein |levels were : measur ed by

RI'A. - o FI'GS. 14A and 14B depict the hematocrit of Bl c

mce after vsvl?bggll}%%’rqeous or intranuscul ar injection of 5 ?’CT%IW"‘”’

r AAV- MD- nouse- Er yt hr opoi et i n. FIG 15 Epo protein |levels at
day 180 foll ow ng subcut aneous or intranuscul ar injection of

r AAV- MD- . Epo. Protein levels were neasured by RIA

FIG 16 is a cH3ftin)ectiont ¢AgrMAVeMDTEpes f Pl puotein lewedsswenet he
serum of BALB/c mice after intravenous i njection of AAV-MD- human
| FN. measuxed bY RIR- a chart illustrating human Factor |X

| evel s in the serun1 ALB/ ¢ m ce after nmuscu j ection
e FIGS.

of rAAV- MFG F9. 143 ang 4B fgplf§r% gﬁFﬁE?Bg?aﬁsgf %&B#Z si on
ani mal s, sice (465 et e AR SR Cnd iﬁétg
" AAV- OR: Lac. m&ﬁ-ﬁ&ld,&m&%y%gf@%pggg;mf ;ansvg VD2 ARV

[ t t he
Sobo R nEPo Ay FRES!EE Epo protejp levelkCat?hay APIAN Mthg I

the SSVO MX2- hgigtudiifous or intrdhudtilrer PRj¥EEI6h of rAAV-MD-
-7 - WD 98/ 13070
PCT/ US97/ 16929 Epo. Protein levels were measured by RIA.

FIG. 16 is a chart -illustrating human inter%éron

10 | .levels in the serum of BALB/c mice afﬁer intravenous
injection of AAV-MD-human IFN.

FIG. 17 is a chart illustrating human Factor IX
levels in the serum of BALB/c mice after intramuscular
injection of rAAV-MFG-F9.

15 FIG. 18 B-galactosidase expression was not
detected in the panniculus carnosus of uninfected
animals. |

FIG. 19 B-galactosidase expression in the
panniculus carnosus following subcutaneous injéction

20 of rAAV-CMV-LacZ.

FIG. 20 is a diagram of pSSV9 MD-2 AAV expression
vector.

FIG. 21 is a diagram of the SSV9 MD2-mEPO AAV
vector.

25 - FIG. 22 is a diagram of the SSV9 MD2-human alpha

2A interferon vector.



FIG 23 is a diagramof the SSV9- MFG ShuF9 vect or. . .
FIG 24-is a diagramof the MFG S-hFI- X vector- -
DESCRI PTI WQ98A38I0ECI FI C EMBODI MENTS 5 Pr ovi ded PowrussTiiéaee

met hods of subcut aneously injecting or topically applying

reconbi nant AAV vectors containing a foreign gene of interest
encodi ng any diffusible pol ypeptide, ribozyne, nucleic acid or
antisense polynuctgetidg fiar .0epg, Egﬁr agy- theThs?VSH}dFG- §hods of

t he instant invention prOVIdé si gni F2an vantages, 1ncluding
the ability typpe&hedsdyver any dlffu5|ble gene -of interest via

subcut aneous i njection or topical application to obtain high
level, long-term FIG. 24 PXPd e@ph@PahnNof CPh@NEFE+S*hFEK ¢ecdbgtal fromthe
site 15 of adm ni strati on. For exanple, human Factor 1X
was expressed in hi gh | evel s in appr oxi mat el y 2/3 of

t he | mmunoconpetent m ce subcutaneously |nJected wth a

reconbi nant AAV vect orDESCRERTI i BT EMBOD INMENDS gene. The

I mmunocoenpet ent m ce that expressed hunan Factor | X contained high
serurfi | evel s. of hLRWlded herefizct are| methodmonf Beutanepuslya singl e
I njection . (see FIG 6). Subcutaneoqus injection of reconbi nant

AAV vectors doniesting t9e htARACAALY: f apPlYdase giecombinant { pAVpuse
_er)ét Propm et| n ene%aﬁof%@fd\l 3 resulgt ead florzl:er:]r.lg% gene of interest encoding

PCT/USQ?/ng%gurdiffusible polypeptide, riboiyme, nucleic acid or
antisense polynucleotide for gene therapy. The
10 methods of the instant invention pfovide significant
advantages, including the ability to deliver any
diffusible gene of interest via subcutaneous injection
or topical applicatibn to obtain high level, long-term
expression in regions proximal or distal from the site
15 of administration.

For example, human Factor IX was expressed in
high levels in approximately 2/3 of the
immunocompetent mice subcutaneously injected with a
recombinant AAV vector containing the human Factor IX

20 gene. The immuncocompetent mice that expressed human
Factor IX contained high serum levels of human
Factor IX for about 365 days after a single injection
(see FIG. 6). Subcutaneous injection of recombinant
AAV vectors containiné the human interferon gene or

25 the mouse erythropoietin gene also resulted in high



serum | evel s of both gene products, lasting at |east 175 days and
35 days aft t aneous i nj-ection, - - - - respectively.

Due to the ﬁ{oggﬁ}i?%vel , long-term expression 5 obt aib OS2 he
met hods and reconbi nant AAV vectors descri bed herein, repeat
dosages do not need to be frequent and can be adm nistered at

peri odic I nterval s. Subcut aneous injection or topica

appl i cation forsefaie lepedpyofsbathi gene predactss lesting abnleashsi ve

met hod of adn1n|ster|ng t he_ r econbi nant AAV vectors, which is nmuch
preferred to otiét K AABPe and 35 dayf after SPbeyFaneoys 1ndechiePyation

descri bed PreV|oust (e.g., intraperitoneal, intrathecal and
endobr onchi al ) X® ctively. Subcutaneous or topical delivery of

r ecombi nant éﬂﬁ?x|§f?§3rs g g pi§¥égess ??gaggéﬂtagfgrg;seg e of

handl i ng and "on

adm n| %t rati On)osbtal edsw W%‘théﬂ%%ﬁd %com@tﬁlnant AAV gnant

AAV ~ vector paf{ cles ena I nmunoconpet en anlnals to

express high | glsi¥ed NBerein FRRe @dsdAdSr @sl e’ n@ellORD LHEM

wher eas ot her rout es” of é%livery of Tertain reconbi nant AAV .vector

particles do n@irdgmEft | aneormmbl Bel e\éﬂn&rﬁfstered ateXp&SHoAic
conpare FIGS. 12, 16 and 17. Expr essi on of the gene of

I nt er est ln intervals mmnocsuw@ﬁaﬁe@lusamwﬁjlea:tmms orf ounsb;c&p be
-9 - ; WO 98/ 13070
PCT/U897/16929app11cat10n for gene therapy is a simple, safe and
10 non-invaéive'method.of administering the recombinant
AAV vectors, which is much preferred to other, more
invasive methods of administration described -
previously (e.g., -intraperitoneal, intrathecal and
endobronchial).
15 Subcutaneous or fopical delivery of recombinant
AAV vectors aiso*provides the advantages of ease of
handling and administration (e.qg. self
administration). Subcutaneous injection of
recombinant AAV vector = particles enables
20 immunocompetent animals to express high levels of the
gene of interest over a long term, whereas other
routes of delivery of certain recombinant AAV vector
particles do not result in comparable levels of
expression, compare FIGS. 12, 16 and 17.

25 Expression of +the gene of interest in

immunocompromised animals was found to be



dose- dependent and consi stent. Expression was found to increase .
wthin- ttwot!"‘"' 'gpe'r'i"'ods tested. Moreover, del i veré/
syngenei c éfgﬁl , i ke nouse eryt hropoi etin ?ﬁ@ﬁ*’é‘&”\?l a a

reconmbi nant AAV vect or 5 I n i nmmunoconpetent mce, resulted in

dose- dependent, hi gh | evel and consistent expression, see FIG 12.
The reconbi nant vectors of the instant invention conprise the

fol l owi ng codpsesdiependent amnt crensistent. Expresgsadnf wesm £ovmd AAV
source, (2) an nRNA splice 10 donor/splice acce tor (3) a gene of
interest, foito increasecwifpis, thaatieeRekLods (RS rﬁé‘l"&ﬁﬁept ide or a

therapeut I ca effective portion thereof 4% ol yadenyl ati on
site and (5) dﬁé&"ﬁﬁ\)’ i n\PeﬂtecPterﬁYﬂ%?“elc en?epeatl%kfal Q‘rb“"{:onponents

I 4 b h f t b | eotid
0 ErSvpssgnin TR Ao b Skt
diff f h | t ff

e 70 ks B4 RSS! S AL, 1

20 pol yn&g'%%etlh sd%m#aﬁw'emreaﬁ%ﬂgé G. 12, include

I nsulin, Factor VIl any cyt oki I nterferons
(IFN-a, | FN-[err rhe2Récomira®itt Mectors of - thkantlﬁ'.'s'tﬁﬂl(:' B.%vent:.@\‘lf CSF
(granul ocyt e- macr ophage col ony-stinmul ati ng factor), M CSF

(macrophage cdmprise CthenyEslidowing i epmpadiepts.: t gOpr awe@r@iioa:dxact ors and
growh factors (TGF-[err] (transforming growh factor-[err]) T

- 10 - derivéd 9f¥dm0a0 non~AavV source, (2) an mRNA splice
PCT/ US97/ 16929
10 ~ donor/splice acceptor, (3) a gene of interest, for

example, that encodes a therapeutic polypeptide or a
therapeutically effective portion thereof, (4) a
polyadenylation site and (5) two AAV inverted terminal
repeats flanking components (1)-(4) above.

15 | The gene of interest can be any polynucleotide
that encodes a diffusible polypeptide, i.e. a
polypeptide that can diffuse from the site of
administration to effect systemic delivery, or a
diffusible nucleic acid. For example, diffusible

20 polypeptides that may be useful for gene therapy
:'u_aclude insulin, Factor VIII and any cytokines,
including interferons (IFN-a, IFN-8 and IFN-'y) ,
interieukins ' | GM~CSF (granulocyte-macrophage
colony-stimulating factor), M-CSF (macrophage

25 colony-stimulating factor), tumor necrosis factors and

growth factors (TGF-8 (transforming growth factor-fg)

- 10 -



and PDGF, (pl atel et-derived growmth factor)). It will be
readily ap § one of ordinary _ skill in the - Lha he - :
nmet hods deggéﬁgéﬁﬁﬁerein can be used to express, sf%xé%g%ﬂ%ﬂheous
i nj ection or 5 topi cal admi nistration, any diffusible pol ypeptides

of therapeutic interest. The gene of interest also may
be an antisense pol ynucl eotide or ribozyne. The pronoter can

be any of the ARfyPPRE dplatelat-derived gxgwtd) factkpPr))hyni di ne ki nase
and Rous sarcona virus) ,.10 or .cellular pronoters (e.g

neural - speci fic enofks®ill be readjiye@PRIrentnd-o fPREoRECATALNATY  The
acconpanyi n . . equl atory signals al sp can be .us f or, expressi on
apeomPANYING graar in ERA R RE et S sinshads R R har et

gene expr essi off oM @n UG bLED! QU eLufEulanelie ingdlELELRO ONCI N

etc.) also is Capable of dir 0 expression 0 ansgenes in

the ingtant regghiaanhaministratiBhY YAEIEI Frus e PRIMAHOIMEETE! tes

al so can be use or contr 6l gene expressi o

Descri bed her exfephBeli®@S intdidd¥ts,  ofd diéile 8P inter8bEPhisd Gy Nvasive
procedures for direct in vivo adni ni stration of reconbi nant AAV

vectors encodi B8 an antisenge’ poA§nucieRtdRRIC ridoyyaidln = .gene
products. Reconbi nant AAV vector particles encodi ng hunan Fact or

| X (huFI X) or hunmanThei prembeeencahubé&Nnyw i tivee pangdchiracter ized

I nj ected under the skin of imunoconpetent BALB/c mce (10[err] to
10[err] particviévadln(e.800 tbymjilinel kimase RB8SRous sarcoma\\@i¥&s)H3070
PCT/ US97/ 16929 (Hank's Bal anced Salt_Solution)). The presence
of th&o or seddulax pramgtersiate fHni Revealrapseifits gnolase,

vimentin and fibronectin). The accompanying
regulatory signals also can be used for expression of
transgenes in the instant vector backbone. Regulated
gene expression from an inducible promoter (e.g.
15 : metallothidnein etc.) also is capable of directing
expression of transgenes in the instant recombinant
AAV vectors. CMV expression cassettes also can be

used for controlled gene expression.
Described herein are investigations regarding
20 simple, non-invasive procedures for direct in vivo
administratioﬁ of recombinant AAV vectors encoding
secreted therapeutic foreign gene products.
Recombinant AAV vector particles encoding human Factor
IX (huFIX) or human a-interferon (hulFN) were prepared
25 and injected under the skin of immunocompetent BALB/c

mice (10® to 10 particles in a 300 ul volume of HBSS
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collected over tinme after a single subcutaneous i njection. , 5

"Using either vector, a durable system c rel ease of the human

prot ei ns WRMHOA ved reproducibly. Typi cal |y, | eRITEUSH7/169280

ng/ M huFl X and 2-7 ng/m hul FN were attai ned over a period of
several weeks. The | evel s remai ned constant or increased slightly
10 until the latest available tinme point. The situation

typi cal | y was(iduslef s cBhlan@ed s afaiitsion)t)hi nThe presengepefi tbat al
groups of 5. When the experinents were repeated in fully

i munodef i ci eSRCTEERY ARQteinmgwas nheitesrsidon ifasserym samplesi ned in
all ani mal s. In contrast, when the vect or encodi ng huFl X was

. AAV .
del i vered i ntePBregredi@ger time atten |3t ShREle FUPFRERREBHS the

protein was , , . detected transiently in the serumof all aninmals and
a strong hunotBIeFEiPBnse was observed uniformy. The 20 results

i ndicate that the Jong-term systenic_deliver and expression of a
forei%n gene can béés'b"g%e?ﬁghe ve&or'f@l Idg{ﬁlaﬁ’glea %’[Fo%?ﬁja%esﬁge?ﬁfection of
r ecombi nant i esen of iq!:@kl: | ystem
Reconbi nant vtel%: orhuﬁugr'{]i é?gggé‘g%odﬁﬁs rr%%%éewgé r%ﬁ?ﬁ?% oietin

also were prepREgthy 2Nflevbibeee-50 ng/ml SHEFEKABRAUD Y7 dfgfREc! | bed
above in i nmunoconpetent - - 127-

- WO 98/ 13070, huIFN were attained over a periodPo¥ Ee&rdP2Peeks.
BALB/c m ce. The gene of interest is syngeneic with t he host.
Expressi on ofTh@ulevely hrenoiwéd ncomstant or increased slightly
10 until the latest available time point. The situation
typically was observed in 2 or 3 animals within
experimental groups of 5.
When the 'experiments were repeated in fully
immunodeficient NIH-3 mice, long-term expression was
15 obtained in all animals. In contrast, when the AAV
vector encoding huFIX was delivered into BALB/c mice
using intramuscular injection, the . protein was
detected transiently in the serum of all animals and
a strong humoral response was observed uniformly. The
20 results indicate that the long;term systemic delivery
and expression of a foreign gene can be observed
following a subcutaneous injection of recombinant AAV
in the presence of a 'Ifunction'al immune system.
Recombinant AAV vector particles encoding mouse

25 erythropoietin also were prepared and injected

subcutaneously as described above in immunocompetent

- 12 -



moni tored in serum sanples collected over tinme. Over the tine

peri od nDnltor%ﬁ?aﬁépreSS|on of nouse 5 eryt hropoietin W@ﬁnﬂﬁ%@%ﬁ? by -

hemat ocrit angd | evel expression was observed.

Subcut aneous delivery is a very attractive node for in vivo gene
delivery because the skin is not a vital organ and is very easy to
access. If a disease 10 - 1s caused by a defective gene product. which
i s r eqBRLBd ct dilce- pHﬁhﬁXﬂP%md¢6rlEEEFEFEdlss§¥HQ%¥%HF with
henophi | i a, diabetes and Gaucher's disease etc. ut aneous
delivery is a gtbe @R dat cEXBHESELON Of mougg |WW?ﬂ%e§éﬂe Y*Bduct .
15 Act ual dellvery of the regonbi nant AA%_vector%mk

acconpl i shed by®@Bi&SrEMy 15h FEFLm 33 over't %raﬁ§$d$t the

AAV mb
_ use?rﬁg?eéhnzgt vect Uine i nto the‘(ﬂ ) m%JaE%r cut %ﬁggésﬁégg%ﬂr}%ﬁ%'
vector an

i cgat pr ot EFKS, h %ﬁ%&ﬂ | éé‘ {%gggwﬁﬁynughgegbggg PRAEAGLLHH Nt O

vi ral m ni stration.

Si mply dISSO|VI?gng éﬁ¥r¥%§5@h w&s oﬁ$erved%NMS Bal anced Sal i ne Sol ution
I ne

or phosphate bu as been denonstrated.to be

sufficient to 25 Sub@iﬂ‘éh%u% \(ﬁli}dé}-wsﬁé Ué {erysuberaendaus nodect i on
foll owed by expression distant fromthe site of

- 13 - for'@rd8/ikAd’Fene delivery because the skin is not a
PCT/ US97/ 16929 I njection. There are no known restrrctions on
t he C®litiadr srgam andotiseveryc ensyndet sccesisat Ifcan diggase

10 is caused by a defective gene product which is

required to be prbduced and/or secreted, such as in
hemophilia, diabetes and Gaucher’s disease etc.,
subcutaneous delivery is a good candidate mode of
delivering the gene product.

15 Actual delivery of the recombinant AAV vectors is
accomplished by using any physical method that will
transport the AAV recombinant vector into the
subcutaneous region of a host. As used herein, "AAV
&ector", means both a bare recombinant AAV vector and

20 recombinant AAV vector polynucleotides packaged into
viral coat profeins, as 1is well known for AAV
administration. Simply dissolving an AAV vector in
Hanks’ Balanced Saline Solution or phosphate buffered
saline has been demonstrated to be sufficient to

25 provide a vehicle useful for subcutaneous injection

- followed by expression distant from the site of

- 13 -



coadm nistered with the vector (although conpositions t hat

degrade pol ynucl eoti des should be avoided in the 5 nor mal nmanner

W th vecwo 3813070 Phar maceuti cal conpositions Ggrmsy7RéRpared as
injectable fornulations or as topical formulations to be delivered
subcut aneously or by transdernal transport, including

I npl antabl e subcut aneous punps 10 ' (known by those of skill in the
art and descrlbed i, 474 552.
NUTer ous njectiony, .FPeRe aﬁ%ﬂ"° gﬁﬁ?ﬁt&ﬁ?§E§Ctﬁ9ﬂ%m?Vo € and

t ransder mal. %Qgigggt haye b éywe gﬁgi gan- Qﬁ can “iﬁ? in the
practice of e i nstant |nven veer ors can used

with any peasaagﬁutstt@édymm : lthe vRcteRt ?Qh%hﬁﬁf;h' EEm %i%%%sof

adm ni stration an ur poses of

SUbCUtaneousthEtGQEQQBdeS9b!§hﬁ&&eot1des shb&la”bédhvﬁiabd §¥CRHRS sesane
peanut oil, or aqueous propylene glycol can be enpl oyed, as

wellsas normaatmamh@raquemuwgaﬂdﬁgcnw Such aqueous sol utions can
be buffered, if desired, and the liquid diluent first render ed

I sotonic with sal Pharmacgutdesd dmhpbdsibions can beofpréparédy wsctor as a
free acid (DNA contains acidic 25 phosphate groups) or a
phar macol ogi énliegtabdeptfaymelations orsakst topicsd frrpuletiomsndioer

sui tably n1xed with a - 14 - WO
98/ 13070 - - be delivered subcutaneously ch/@Bg7/gggg§dermal

surfactant,  such as r propylcellulose
di spersi on oFTAREPEFEEal %kﬁ +%% éﬂ?&aéﬁﬁbﬂégﬁQREH¥§Fe°us pumps;j

glyigrol Ilqﬂnowgogyegﬁgggn% s 19&81n ghg‘é}%rand described in,

for example, U.S. Pat. No. 5,474 ,552. Numerous
formulations for subcutaneous injection and
transdermal transport have been developed and can be
used in the practice of the instant invention. The
15 vectors can be used with any pharmaceutically
acceptable carrier for ease of administration and
handling.
For'purposes of subcutaneous injection, solutions
in an adjuvant, such as sesame or peanut o0il, or in
20 agqueous propylene glycol can be employed, as well as
sterile agueous solutions. Such agueous solutions can
be buffered, if desired, and the liquid diluent first
rendered isotonic with saline or glucose. Solutions
of the AAV vector as a free acid (DNA contains acidic
25 phosphate groups) or a pharmacologically acceptable

salt can be prepared in water suitably mixed with a

- 14 -



thereof, and in oils. Under ordinary condi ti ons of 5 storage and

use, the wob&EPRHét i ons contain a preservative pap ﬁ/ the
growt h of m croorgani sns. The steril e aqueous nedla enpl o é@ al
are obtainabl e readily by standard techni ques well known to those
skilled in the art. 10 The pharnmaceutical fornms suitable for

i nj ectabl e use include sterile aqueous solutions or dispersions
and sterile poR&factantihe Wbméﬁané&@%%@!lwlul‘ﬁe- ofAsterile
i nj ectabl e sol ut i ons or dispersions. cases the form nust

be sterile andGA§PErSIon GfjAAYsviral P%r‘t:hﬁlﬁﬁt%?%q’%’? he, Prepayed
reparati on can be .adm.ni st.e t he .devi.ce ns, selected.

'FI)'hepphar maceut APaPI¥EFEr e digyrd @ﬁég@%ﬁ.ene glyco 1st(?rﬂﬂa

(r:rgz?;?nptn;{ iengngg%%%:? eaﬁ"éj rruS‘tnRsr’n cr an?génsggrs% %ongg‘@ er| and

fungi . The  storage COARECT fd) be;}:ga] 50' fE%FP%}:%ﬁQerséé’ﬂtﬁfﬂ' u

cont ai n| ng, for exanpl e, water, etha exanpl e,

gl ycerol, ?P&E@Watlgby%@ ErevelnLtq‘Eh@ growth ofPRli%eRHqeE g/ col and
the Ii ke) suitabl e m xtures her éof , and vegetabl € oils.

Thi proper fl uirdigt Ht@%ﬁ.laea%éﬁh%' pedial @mployed all are obtainable

PCT/ US97/ 16929readily by staagara, ﬁéblir{h&;uﬁee véld KeRiwrOtosdtibsRs
| eci t hin, by t he mai ntenance of the required particle size in the

skilled in the art.

10 The pharmaceutical forms suitable for injectable

use include sterile aqueous solutions or dispersions

and sterile powders for the extemporaneous preparation

of sterile injectable solutions or dispersions. 1In

| all cases the form must be sterile and must be fluid

i5 | to the extent .that the final preparation can be

administered by the device means selected.

The pharmaceutical must | be stable under the
condi-tion_s of manufacture and storage and must be
preserved against the contaminating action of

.20 microorganisms such as bacteria and fungi. The
carrier .can be a solvent or dispersion medium
containing, for example, water, ethanocl, polyol (for
example, glycerol, propylene glycol, - 1ligquiad
polyethylene glycol and the like), suitable mixtures

25 thereof, and vegetable oils.

The proper fluidity can be maintained, for

- 15 -



case of a dispersion and by the use of surfactants. The prevention

of the action of m croorgani sns can be 5 br ought about by .wvarious ..' .. .

ant i bact erWeI98a3J0ant i f ungal agents, for exanple, PeTUSEMEs29

chl or obut anol , phenol , sorbic acid, thinerosal and the |iKke.

In many cases it will be preferable to include | sotoni c agents,
for exanple, sugars or sodium 10 chl ori de. Prol onged absorption of

the injectabl @uampre, by UHROUSE 825aCaBaREnY! OLGLH SOHIC VN HFE 9 agents
or exanpl €, fum num nb

del ayi ng absor pti on, nost ear at e

and gelatin. the maintenancd 86! 8nkNieghabkd paktlicass 3 e PhePered by 15
I ncorporating the AAV vector in the required arount in t he

appropri ate siasstof Ahqispepeion e 9y hEhe use of sSulFfstES.,

enuner at ed above, as required, followed by filtered sterilization.’
Ceneral ly, di T Prnserttion of the uteion asf i droorgamitsms cdmcbe
sterilized active 20 ingredient into a sterile vehicle which contains
the 5 aswghdi stwti oy nedtionsirtht i ctspiakcned fertifundal

i ngredients fromthose enunerated above. In the case of

steril e powdedgenfs i for example prarahansn aflopautanaly ehenpl,
solutions, the 25 cﬁ;ef erred net hods of preparation are vacuum dryi ng

and BRI &Rl EHPexRsMmt AR e hliket d a powder of-
PCT/ USo7) igozs I BATY  Esesc i, ok ke BRECAFAbLEnFoa AR
desired —  isotdf clghied [ OMELP® RLENEUS!Y RLSE! k! | (S Ehm
10 ‘chloride. Prolonged absorption of the injectable
conmpositions can bel brought about by use of agents
delaying absorption, for example, aluminum
monostearate and gelatin.
Sterile injectable solutions are prepared by
15 incorporating the AAV vector in the required amount in
the appropriate solvent with various of the other
ingredients enumerated above, as required, followed by
filtered sterilization. Generally, dispersions are
prepared by incorporating the sterilized active
20 ingredient into a sterile vehicle which contains éhe
basic dispersion medium and the required other inért
ingredients from thoée enumerated above.
In the case of sterile powders for the
preparation of sterile injectable solutions, the

25 preferred methods of preparation are vacuum drying and

the freeze drying technigue which yield a powder of

- 16 -



For purposes of topical admnistration, dilute 5 sterile, aqueous

-sol utions, WoWghsese! N about 0.1%to 5% or greater ded
concentrati onw 0(%‘7 erw se simlar to the above 5%3#(@?5?”9

solutions, are prepared in containers suitable for delivery by a
transdermal patch, and can include known carriers, 10 such as

phar maceuti cal grade di net hyI sul f oxi de (DVBO) . ' Al ternatively,
ot her known forthe aacbavef oingredient plparany tagditbiopadpadesived, such
as oi ntnents, creans, washes, drops, rays and the_|ike can be
exerci sed as kid@Fadiante afromor tﬂ?%paPFﬁljl@BéEYforﬁﬁerlll?'fllt?’é?duse at

the dermal surfage qr as droer and sprays - for instillation, for
exanple‘in the%’&é‘ hdhe the context of the instant

i nvention, "topical

, i f o j ndi.cat Local ticul
Feadi | y o For Rueppses S ComionhotaRthisBRkERne] Ayl o e
of 'theSaki . dA ﬁ%ﬁ'o.#“f‘i%s"%%%fe@iéné?du%%%??? 38 gkout 0 d8refe. in
muthe ”OS% tyorshY irsater as’ndBqud. | onblitratibhol ot ‘%“?ﬁ@se o
‘within the scopgmdfiabhe dStené | A¥EPEI OBarenteral soluﬂmsc,al_ are

adm ni stration may be coupled with sligh

- 17 - prepd®edl/ 10 dbntainers suitable for delivery by a
PCT/ US97/ 16929 abrasion of the skin to enable ready access past

t he keansdermxl epatiehi and ¢tar deoluwle Umlewhyigayriers,
connective tissue, nuscle, tissue spaces and the

10 such as pharmaceutical grade dimethylsulfoxide (DMSO).

Alternatively, other known formulations for

preparing topical preparations, such as ointments,

creams, washes, drops, sprays and the like can be

exercised as known in the art for preparing such forms

15 for use at the dermal surface or as drops and sprays

for instillation, for example in the eye or nose. in

the context of the instant invention, "topical®, is

meant to indicate any local or particular readily

accessible locale of the host, for application of the

20 invention of interest. Thus, ointments and creams to

the surface of the skin, drops or ointment for

instillation, for example, in the ear -or nose, sprays

or mists for instillation in the nose or mouth,

suppositories and the like are contemplated to fall

25 .within the scope of the instant invention.

Topical administration may be coupled with slight

- 17 -



circulatory system 5 The therapeutic conpounds of the

I nst ant I nvention may be adm nistered to a manmmmal.. al one or in.
conbi nat iwo9si1sd¢rophar maceutically acceptable carriers. PCT/U897II%§ gnot ed
above, the relative proportions of active : i ngredi ent d2
carrier are determned by the 10 solubility and chem caI nat ur e
of the conpound, chosen route of adm ni st rat i on and st andard
phar maceutlc@b ion of pﬁ?&téﬁfn to enab e read l é’{?lé émovvn 'n
the art, the AR particl.es can e enca suI ate n m cr ovessel S,

such as 15 ygeratifioy®Sep la@fxapgapéul €gheM El"e%‘i%ds AUtthdry "’Ef&#(o make

St andard pharnaceuti ¢ nmanuf acturl ng net hods can use

the nicrocapgdmrectiidrd @igkerds. ndkede, tissue Sépaéééd ad hogdse f or

maki ng |iposonmes and ot her such |'i pi d menbrane structures
encircling ariaxghaRAtororsystiin, can be made practicing nethods known in.
the art. The dosage of the instant therapeutic agents

whicl® will be nostTheui tahbeapentﬁcophyd’mp@mds of thetrdaistmitw || vary
with the formof admnistration, the particul ar reconbi nant AAV
vect or choserdrventien may be aqmm&ﬂ&md:&c ac many@ledlane ©r gin t he

parti cul ar patient -under treatment. Ceneral |y, small dosages
- 18 - combingd iggy yg@hopharmaceutlcally acceptable carriers.

PCT/ US97/ 16929 be used.initially and, if _necessary, wl]l
be lﬁsnc?%ﬁ%%dawvgm*rh% nERLAEAYE mqnm%wrtﬁ:n PhuRSHR t

under the ci nGUTELANGES | gnheatlied; XeRLErY fI0S3089 1 by  the

10 solubility and chemical nature of the compound, chosen
route of administration and standard pharmaceutical
practice.

Also, as is well known in the art, the rAAv
particles can be encapsulated in microvessels, such as

15 liposomes, microcapsules, . microbeads and the 1like.
Standard pharmaceutic manufacturing methods can be
used to make the microcapsules and microbeads. Also,
standard methods for making liposomes and other such
lipid membrane structures encircling an aqueous core

20 can be made practicing methods known in the art.

- The “dosage of the instant therapeutic agents
which will be most suitable for prophylaxis or
treatment will vary with the form of administration,
the particular recombinant AAV vector chosen and the

25 physiological characteristics of the particular

patient under treatment. Generally, small dosages
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for humans includes within the range of 10[err] up to 5
appf oxi mat-e O[err] particles in a total volune of t o
W"g“é@;" al i quot's P‘?W%"m‘”’

about 3-10 cutaneously injected in

different sites on the human body, i ncludi ng the thighs, arns and
back. : Since AAV has in the past been shown to have a 10

br oad host range and now has been denonstrated to be oper abl e via
subcut aneous i n¥dlli die uvhede imidimdly and, ifknnesessarys onilhebgosts,
in which the herein descri bed net hods of delivery can take place
particul arly i niRgr@ased by rsmalk jincrenentsantdd thf5°Pt1m"Ebﬁ§§P§Itl y
donesti cated manmal s and bjrds, such as, cattle, heeﬁﬁ g g

horses, dogs, cHRder FRgsiraistances is reached. Exggppary fgfag

: [ f h b
expr essed can E°%| PREERE olpe1 8885 "V e Fansn ook ot dimn, B th
\QCat eve con% Lglp%%)pma%?]e_}lfege ﬁfoq,,e pr om)t egmn‘?ggftﬁéf&mgr gfde5| red

transcri ption W&hﬂq&yc%s 1% | 1@5 pg{lgcm: Qgﬁslg rmf)a E@é copt ai-ni ng

e
nol ecul e, such a rlbozyne or I'-sens I'nce the
spirit of the igp{@ibts into d':.'f‘f%ﬂ-tén%n éﬁtéére&ﬁe%ti& Rubla cpafydel ivery

and to WO 98/713
PCT/ US97/ 16929 jncluding t;t,@etuggﬁgy agﬁgegnahaacko t he rrat eri aI bei ng
delivered, there are no limtations on the foreign DNA - (non- AAV

DNA) bei ng del i ver edsiwcé heAvehter .inlMtthegpest been shown to have a

| 10 “ broad host range and now has been demonstrated to be

operable via subcutaneous injection, there are no

known 1limits on the hosts in which the herein

described methods of delivery can take place,

particularly in mammals, birds, fish and reptiles,

15 especially domesticated mammals and birds, such as

cattle, sheep, pigs, horses, dogs, cats chickens and

turkeys. Both human and veterinary uses are
preferred.

- The gene being expressed can be either a DNA

.20 segment encoding a protein, with whatever control

elements (e.g., promoters, -operators) are desired by

the wuser, or a " non-coding DNA segment, the

transcription of which produces all or part of some

RNA-containing molecule, such as a ribozyme or an

25 anti-sense molecule. Since the spirit of the instant

invention is directed to a route of delivery and to
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need not be limted to those strictly useful in the 5 subcut aneous

or topical region of ‘adm nistration since - - the host vascul ar system
wi || del W@Pp8/138% gene product - to other parts of theErbsEimesdl so,
the AAV particles t hensel ves may enter the circulatory system and
be transported to sites distal fromthe point of 10

adm ni strati on. Different vectors, such as naked DNA,

adenovirus  the vecltl ! GAGNEEUS trliAve é?:ee“u%[' 'iuZEQri91de:y€‘i‘§{\?eva“ ous

transgenes into various tissues, including nusc such
systems cangeliveiker, there abeGlo Lfnitatidhdich aMY soved grl @G term

expr essi on. For naked plasmi d DNA directly dellvered into
muscl e tissu¢nohkAAV DNA) bethfi @eED0Ered bpvehd Redctor € THe/ grreeW cel |'s
near the injection site that can maintain transgene

expressi on. fAee@hewtorks 1limeipedstbd thise stiectcht |ssefdl in themains  as
.non-replicating episones, 1i.e. 1in the uni ntegrated form
Ther Bf ore, eSuheutrnpous mrltop@cal region|afs@dministration simgenovirus
vectors can infect the non-dividi cells and therefore, can be

del i vered di ERethgstyascelar SYS*Em Wil dekiver dhe gere profust o

!—b\é\gv?r thgo o%rggytranggenesed%lold\#-‘-:r%jls%y' aéjfgo&‘r,uga\é%g%%ress are not
Gince | - €Remsgixes: may \SREEF, T FEFHRCRERTY | RYSHEm ApEnge -
those vectorérgﬂésogggant%@ @H@%éﬂnhlét§i Séééﬁy the point of
10 administration.
Different vectors, such as naked DNA, adenovirus
and retrovirus, have been utilized to deliver various
transgenes into various tissues, including muscle.
However, such systems cannot offer both high
15 efficiency and 1long term expression. For naked
plasmid DNA directly delivered into muscle tissue, the
efficiency is low. There are only a few cells near
the injection site that can maintain transgene
expression. Furthermore, the plasmid DNA in the cells
20 remains as non-replicating episomes, i.e. in the
unintegrated form. Therefore, eventually it will be
lost.
Adenovirus vectors can infect the non-dividing
cells and therefore, can be delivered directly into
25 the mature tissues, such as muscle. However, the

transgenes delivered by adenovirus vectors are not
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The expression of those genes can cause the immune 5 systemto

destroy the ggal ntat ni-ng -the vectors - - (see, for ng
et al. 1994,«\'99'5‘5'?3‘ﬁ t1 Acad. Sci. 91:4407-4411). T?ﬁ@gﬁ’“’y@
adenovirus vector cannot be delivered repeatedly. Also, because
adenovirus is not an integration virus, the DNA eventually w ||
be 10 diluted or degraded in the cells. Al t hough

retrovirus vect 966tHdnhi EPe BeaBtain long terp.fXRTLFSiARo t heSHISE
chronosones, the use thereo restri c%eq; because.currently-used
a

f i,
vectors only  adenovirug Jecters dirr‘l"é"alé"é’l IO ePEadhE | XFEBIMIYITTY of
15 t t | -dividi . d - | d vi
vectors have cofParR Veetbls pEbe Mrential propiemfl ClietSIARET 01

syst ens. Fi | adenqyj , et.LicCi i 4
non-di vi di ng ceﬁlg. %Eoenéd%% t g?hgﬂﬁv?%s g%%gs %%)éé/ ?ﬁgare ngﬁ?ﬁ nat ed
in the gector. ookReh WS YebfkofCthe cells cOHUATNIRY thBduskstdrgune

reaction i s no nger a concern, AAV vectors are safer than
adenovirus  (gee,Ve6kObkampiie!,dyangVeits adl 10BAYr Piricd] Watils ABadat ure
and integration into the host chronosone will maintain 25 t he
transgene in. tbeicebiseq07-EQuny)h, THMY, as adenovirus vectdr @minotst abl e
virus which is resistant to nany - 21 -
WO 98/ 13070  be delivered repeatedly. Also, bRCauggdades@dbirus is

det ergents; "pH changes and heat (stable at 56[err]C for - nore than

an hour). AAV ahet aanimdkegraiiidn Atirusud the DNA eventihaddyvwd M theout
| osi ng significant activity.
10 _ diJ.uted or degraded in the cells.

Although retrovirus vectors achieve stable
integration into the host chromosomes, the use thereof
is restricted because currently-used vectors only
infect dividing cells whereas a large majority of

15 target cells are. non-dividing.

Adeno-associated virus vectors have certain
advantages over the above-mentioned vector systems.
First, like adenovirus, AAV efficiently can infect
non-dividing cells. Second, all the AAV viral genes

20 are eliminated in the.vector. Since the viral gene
ex_pression-‘induéed immune reaction is no longer a
concern, AAV vectors are safer than adenovirus
vectors. Third, AAV is an integration virus by nature
and integration into the host chromosome will maintain

25 the transgene in the cells. Fourth, AAV is an

extremely stable virus which is resistant to many
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Final.ly, AAV causes no known di seases or pathogenic 5 synptons in
humans. - Therefore; -iti's-a-very prom sing delivery vehicle for °
gene t her WR\p8/13070 Two recent review articles propcTeseri6929
particularly conpl ete overview of the recent status of gene

t her apy usi ng AAV vectors and include a collection of 10
additional recent scientific publications in this field:

Samul ski, R abterdifng; aﬁﬁOéhahaésVarrﬁ heat (stabifécaer SeocCh@gter 3 in

"Viruses in Human Gene Therapy", Chapman & , J.-M H. Vos.

ed. (1994) more thamrgh Sesutpki ARV d1so’ Mﬁngeaasj@@rmq&e‘d rdifq based 15
Vectors for Human Gene Therapy", Chapter 11 in "Cene Therapy: From

Laboratory t cediss@livad" withidut losing SaiHificant adtivity.ed.
(1994).- The instant invention now will be exenplified in
the fol | owi n@imad-ly,niAAVigcanaepl e® know) diseases or pathogenic
EXAMPLES EXAMPLE 1. RECOMBI NANT AAV VECTOR r AAV- MFG- RUVAN-
FACTER | X. 'symptoms in Wﬁénﬁecoﬁbﬁﬁaﬁprmvi\?e%&@f viesty @xerdssingy human

Factor | X cog T .ns ronoter, which is derived
29 . yggr for gene therapy.

PCT/ US97/ 16929 . . from t he | ongy virus t er m nal
repeat , MO TERENt TRV HEN ‘Fgg f %ﬁdpﬂéﬁlﬁ q-a\%ﬁliych is

L PPV SE AL B BORE Al BB LA e o gene enede

u51ng AAV_ vectors and include a collection of

10 additional recent scientific publications in this

field: Samulski, R. J., "Adeno-associated Viral

Vectors," Chapter 3 in "Viruses in Human Gene

Therapy", Chapman & Hall, J.-M. H. Vos., ed. (1994)

and Samulski, R. J., "Adeno-associated Virus-based

15 Vectors for Human Gene Therapy", Chapter 11 in "Gene

Therapy: From Laboratory to the Clinic", World
Scientific, K. M. Hui, ed. (1994).

‘The instant invention now will be exemplified in

the following non-limiting examples.
20 - . EXAMPLES

EXAMPLE 1. RECOMBINANT AAV VECTOR: rAAV-MFG-HUMAN-
FACTOR IX.

The recombinant AAV vector for expressing human

Factor IX contains an MFG promoter, which is derived
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5 generated by cloning a 3.24 kbp Nhel - BanHl fragrrent

cont ai ni ngwrd*ﬁ, wﬂoney murine | eukema virus (MV)~-5"-- -
 98/1
adj acent splice nor/ accept or sequence and huFI X % sgagﬁgnce

precisely connected to the M.V env ATG fromplasm d MFG S- huFl X

into Xbal digested SSV9.. The 10 MV 3' LTR of the MFG S-huFl X vect or
was replaced with the poly(A) site of bovine growth hornone from
pRc/ CM frow | ghet pyFdme, l‘mo%ﬂdegélfilﬁt LoRdofteyminak cEeppatof f

et al. (1993) Proc. I\htl Acad. _Sci. 90:3539-3543 The huFl X cDNA
in MFG S- huFl therientius humappFackey I¥scDNA and, BGHhmd «WREEh dSe st

Louis & Verma (1988) PNAS 85: 3150: 3154, EXAMPLE 2.
RECOVE! NANT AADS/BSTIDe, FROHD RfEREne polyadepyjationygite,” see

The T ecombi nary; AAY vegofo gy e%é\??—%&é‘-gswgmf (eI 85{ eggQ (FI G

2) contains a pronot e

Cyt onrgal ovi Eﬁ}’@.ﬁwtsyeﬁ&ﬂ“ﬁ] g? % BBt §h f%nﬁ-ﬂl?'ffa?ﬂ&ﬁ@

interferon c I n poI ya enyI at1on si

Plasm d SSV9- Mar%\ir(ﬁ%\@{évﬁlﬁoﬁﬂr Grurfie VBSuk&mia v:.r&@”?ﬁf.#ftgd by
subclonlng a 2.35 kb fragment

‘ﬂ@r@S/aE%Q&nt splice donor/acceptor sequence and RdFLBO7/ 16929
from pPMDG (Nal dini et al. (1996) Science 272:263-267). pSSV922

MD- 2 cont ai ns cDNA @dqueEyee opreciséDVEonnected tiomtded MLV esmiv YATENE
pronot er/ éiihancer (nucl eoti de positions 195-993), exon 2 and
3, interveni fgom plasmid MFG-S-huFIX into Xbal digested SSV9. The
10 MLV 3’ LTR of the MFG-S-huFIX vector was replaced with
the_ poly(A) site of bovine growth hormone from pRc/CM
(Invitrogen). For a description of MFG-S see Dranoff
et al. (1993) Proc. Natl. Acad. Sci. 90:3539-3543.
The huFIX cDNA in MFG-S-huFIX (FIG. 24) was obtained
15 from pAFFIXSVNeo, see St. Louis & Verma (1988) PNAS

85:3150~-3154.

EXAMPLE 2. RECOMBINANT AAV VECTOR: rAAV-MD-HUMAN
INTERFERON.
The recombinant AAV vector for expressintj human
20 interferon (FIG. 2) contains an MD promoter, which is
derived from the Cytomegalovirus immediate early
promoter, the entire human interferon cDNA and a
f-globin polyadenylation site.
Plasmid SSV9-MD AAV (pSSV9/MD-2) (FIG. 20) was

25 constructed by subcloning a 2.35 kbp Xbal fragment
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5 sequence 2 (1VS2) (nucleotide position 1036-1561) and a

pol yadenyl ati on si gnal (nucl eotide positions 1573-2355)"
derived f ™mP8/1307thunan [err]-gl obin gene. The f r agmerscvesy7aeshf i ed
by PCR to contain restriction sites for PmiI, EcoRl and Bglll at
nucl eotide 10 posi tions 1562, 1567, and 1573, respectively, for
subcl oni ng of sel ected transgenes. pSSV9- MO hu al pha
interferon (hg I o] e s hon of the
hul FN sequenceébﬁhgnb& @%af%%%% ? e?%iﬂo¥§§ﬁg %SPFPE% gﬁ?ﬁébgl?gg)o

pSSVI- ND2 15pssvgzz(Fb@—zZO)contHﬁaéwlﬁbécEzHét :gar@ﬁlﬁﬁaerqtm)by PCR
using multiplée overl appi ng ol igonucl eotides (FIG N EXAVPLE

3. RECOMBI NANImf&q i eeT Bar 1pA\Gdre ”@&%&B@/enhancer (nuclébe igeconbi nant

AAV vector for expressing nouse EPO cont ai ns an MD pronoter,
derived from pbeitidns 19BH9EE)gal oakenS pmradidat €3 ear itproentiey, the
entire nouse erythropoietin cDNA and a [err]-globin
pol yaienyl at i sequenee( Bl GIVSR) (nucleotide popEEVONMDR3AMABAA) and
erythropoietin (muEPO (FIG 21) was constructed by insertion of
t he nUEPO cDNA bapokyadenplationt hesignal d{Ryclegtife c| pREA§ioNSt es  of
pSSV9- MD- 2. WD 98/ 13070

PCT/ US97/ 16923573-2355) derjped fyom the,hupap éoﬁ%PPaBt gepge nﬁ‘EPo gene is
flanked by th

ol y(A) . Thet5reReREe wan mariifed obynger Tb Contafhy sRskEichRBT aed by
PCR using ”“'E'lgleg O¥eL MY  EcoRT and BglII at nucleotide
10 positions 1562, 1567, and 1573, respectively, for

subcloning of selected transgenes.

pSSV9-MD-hu alpha interferon (huAIFN) (FIG. 22)
was constructed by insertion of the hulFN sedquence
between the PmlI and BglII cloning sites of pSSV9-MD2
15 (FIG. 20). The huIFN cDNA also was generated by PCR

using multiple overlapping oligonucleotides (FIG. 22).

EXAMPLE 3. RECOMBINANT AAV VECTOR: rAAV-MD-mouse EPO.

The recombinant AAV vector for expressing mouse

EPO contains an MD promoter, derived from the

20 cytomegalovirus immediate early promoter, the entire

mouse erythropoietin cDNA and a B-globin
polyadenylation site (FIG. 3).

pPSSV9-MD2~murine erythropoietin- (muEPO) (FIG. 21)

was constructed by insertion of the muEPO cDNA between

25 - the PmlI and BglII cloning sites of pSSV9-MD-2
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5 ol i gonucl eotides (Dillion & Rosen (1990) Biotechni ques

9: 298- 299) ai ned conmpatible PmM1 and Bglll - @é @ So7lide T
subcloning 1nto the vector backbone. EXAMPLE 4. I AAV
VECTOR: r AAV- CW- LACZ. The r AAV- CW- LacZ construct, see FIG

4, is known 10 as pdx-31-LacZ and is described in McCown et al.

(1996) Brain Res. 713:99-107. EXAMPLE 5. PACKAG NG OF THE

RECOMVBI NANT AAARESTG®) -  In that CWrPe@othantm%RP vEES: s1fer e

packend o5 a7 R gRonfRL Poitpn GO e
Pr ot ls in H t 12 li et
oo IR ity . Cobegr g s Sbes GEBSHELL L

6. FACTCR I X EﬁWGqI}uny AWEEHT\;S&% multdbiE overlapping

Recombi nant Fact or adm ni’s

subcut apeousl y @fxiorﬁ.té‘ﬂé@tid&@c(tbﬂrlfgn & Rosen (£990pBivEechAiges]. 5 9

x 10[err] or err] particles in -

25 - Wo Y d3078nd contained compatible PmlI and BglII
PCT/ US97/ 16929 a volune of 300 mcroliters of Hanks' Bal anced

Sal t Snitds ofox HRSE 1 omindieintto sthe sveletof BédEboneice
(each dose of reconbi nant AAV vector was adm ni stered to a group
of five mce). M ce were bl ed using
EXAMPLE 4. RECOMBINANT AAV VECTOR: rAAV-CMV-LACZ.
The rAAV-CMV-LacZ construct, see FIG. 4, is known
10 as pdx—-31-LacZ and is described in McCown et al.

(1996) Brain Res. 713:99-107.

EXAMPLE S. .PACKAGING OF THE RECOMBINANT AAV VECTORS.
The recombinant AAV vectors were packaged as
described by R. Snyder et al., "Production of
15 recombinant adeno-associated viral vectors," in
Current Prot_ocols in Human Genetics, pp. 12.1.1-
12.1.24, N. Dracopoli et al., eds. (John Wiley & Sons,
New York, 1996). |
EXAMPLE 6. FACTOR IX ﬁXfRESBION IN IMMUNOCOMPETENT
20 MICE. |
Recombinant AAV-MFG-Human Factor IX was
administered subcutaneously as a single injection of

either 5.9 x 10", 5.9 x 10° or 5.9 x 10® particles in
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5 heparin-coated capillary tubes. Blood was collected gnto,
EDTA- coat ed tubes at the indicated nunber of days after

subcut and¥R8813&cti on depicted in FIGS. 5, 6 and PCT®RY78629ed
frozen. The expression of human Factor | X was determ ned by

ELI SA usi ng nonoclonal or 10 pol ycl onal anti bodi es for human Fact or
| X (ronocl onal anti-factor | X anti body from Boehringer Mannhei m

Cat . a %oll®R 2%, 366bhitranitebn®t MG’ |Balanse®dARIt
Cat. # A300. and Asserachronferr] I X:Ag test kit, Cat. # 00564) .

| ndi vi dual asbratsonXp(HEss Ngohuratie Facksall %idé of BALB fet adicabl e | evel s
are identified by nunber: 100, 108, 202, 204, 208 and 306.

EXAMPLE 7. (e&¥hl8&os&FoANfecbibiNahfCARR vedtdhDvas adminiskiélredAV

ANTI BODI ES CORRELATE W TH GENE EXPRESSI ON. Animals fromFI G
5, 6 and 7 wbee & egredpf cvft fdve2Omice) .pr eddgee werantbhlmstli usingai nst
human Factor | X and AAV, see FIGS. 8A and_8B. Ani mal nunbers
corrBspond heparin-cgatpd fapddidaryndivhesed ihloed was godAectedani nal

400 is a congr ol animal injected with HBSS The pr esence of

anti bodi es t 8NFRERBRA-CARtRd tyes at ‘B?%t@dﬁ'é’% dheE R€d9BYS an ELI SA
foll WO 98/ 13070
PCT/ Usa7/ 16998ter subcutane°“f ANIREHion AERIFEERAAn EI6R: 15678 poritiog

LTS ana 7, (aRa gt kRAY ] PSRl 8 et Uoce
virions “ereFﬁ@%BQdI&rQQEtHgtgkﬁaﬁedtB? ﬂhi&ﬁ &@ing monoclonal or
10 polyclonal antibodies for human Factor IX (monoclonal
anti-factor IX antibody from Boehringer Mannheim, Cat.
" # 1199 277, rabbit anti-human factor IX from DAKO,
Cat. # A300. and Asserachrom® IX:Ag test kit, Cat. #
00564). Individual animals expressing human Factor IX
15 at detectable levels are idehtified by number: 100,

108, 202, 204, 208 and 306.

EXAMPLE _7. LEVELS OF ANTI-HUMAN FACTOR IX AND
ANTI-AAV ANTIBODIES CORRELATE WITH GENE EXPRESSION.
.Animals from FIG. 5, 6 and 7 were tested for the
20 presence of antibodies against human Factor IX and
AAV, see FIGS. 8A and 8B. Animal numbers correspond
to the numbers indicated in FIG. 5, 6 and 7. Animal
400 is a control animal injected with HBSS.
The presence of antibodies to the AAV capsid .

25 proteins was determined by an ELISA as follows:
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5 . .bl.ocked and incubated with 200 [err]l of 1:50, 1:800 and

1: 600 di | ut i woogAkogouse serum for 2 hours. The plate was
devel oped using an anti-nouse horseradish PCT’USS’?“‘”’

per oxi dase-conj ugated- anti body and 1 ng/ m _

0- phenyl enedi am ne di hydrochl ori de substrate (Sigm) 10 in 7.5%
Herr]Jerr]. Titers Jere cal cul at ed by determ ni ng the serum
dilution at whi @h* RO'CD Famgtigpal rAAV-Lagy f- paiifiled virions
Titers of antibody of hElX were determ ned by an ELI SA on

sel ected days pd s%l | GﬁtalABPFf'&F@lPﬁét in]E00 k1 wa¥pe dised tetaeatibl e

| evel s of hFI X for the durati of the experinent are indicated
by the plus (+)t8fg Wells of 96-Welb@MEEssfmcdxﬁ:m\9m OTheoyobayd GENE

N ENT AN SED M CE.
AR f’/ps'c;hu'rmNn vizippe Wsa:ewy \A8SNedy Rt by B Bt LR(g\élubEﬁ?‘éﬁegl?iﬁ -
r
or 5.9 3 10[err?h§§% A’ ard m%utﬂ&‘i—{ed with 200 % Fe3dt ?’F’n L RsBab At et

on the dorsal sjdgoffailutions og%gégef ?N#t?bf” % h dase cif a:ve(23t50r

was adm nistered to a group o Ive mce ce were

usi ng heparin- cgaged d"é’sﬁ&i%ﬁéd/ tulS%g TER b'a‘i‘ﬂfi%ﬁuse horseradish
- 27 - WO 98/ 13

PCT/ US97/ 16929 perox]_dase—coﬁgh?aﬁhad [ négtfgg}fycoat&qit ubgs at m{#ﬁﬂtl e
poi nt's indicated in FIGS. 9A and 9B and stored frozen

expression of horpiefgtenedidmine ddhearomdonide |Sifbstrate (sigwmag t he
results are shown in FIGS. 9A and 9B.

10 in 7.5% H)0,. Titers were calculated by determining
the serum dilution at which the OD value was
half-maximal.

Titers of antibody of hFIX were determined by an
ELISA on selected days postinjection. Animals that
15 expressed detectable levels of hFIX for the duration

of the experiment are indicated by the plus (+) sign.

EXAMPLE 8. COMPARISON OF LONG-TERM GENE EXPRESSION IN
IMMUNOCOMPETENT AND IMMUNOCOMPROMISED MICE.

rAAV-MFG-human Factor IX was administered

20 subcutaneously once as an injection of eiﬁher

5.9 x 10", 5.9 x 10° or 5.9 x 10% particles in a volume

of 300 microliters of HBSS on the dorsal side of

BALB/c or NIH-3 mice (each dose of vector was

administered to a group of five mice). Mice were bled

25 - using heparin-coated capillary tubes. The blood was
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5 | ndi vi dual BALB/c ani mal s 'expressi ng human Factor [|X at

detectable |l evels are identified by nunber: 103, ' 104 and 204.  The- . .-

expr essi ONOSB/1}kan Factor | X for i Mmunoconpet enPCTUSET/1502Y el at ed
positively to the anount of reconbi nant AAV vector adm ni stered.
10 EXAMPLE 9. THE LEVELS OF ANTI-HUMAN FACTOR 1 X

CORRELATE W TH GENE EXPRESSI ON. Animals fromFIG 9A were

tested for t . - i Les st 5 rI X
ant | body | 2B1EEEREACGnto EDTAC SoaBld RABEES ANNE L IMEAROENEL] L 15

depicted in Eh@ichBed in Fics. IaXAMY BpH Oand BEodERVEESEERSS! @HOF HUVAN
| NTERFERON I N | MNUNOCOVPETENT AND | MMUNOCOVPROM SED M CE

r AAV- MD- humeexpressdohepdnhuman Faetlor riXtwasedietermined dybE&WIsAgouUsl y once
as a single injection of either 20 8.5 x 10[err], 8.5 x 10[err] or
8.5 x 10[ errangar thel exesultisvohnee shown  in of FIEEE) mi9& olamkder $Bof HBSS on
the dorsal side of BALB/c or NIH3 m ce (each dose of vector was
adm i st er edIndiyignadp BALB/io/@aminals expxeswing thwwan Factor J ng

heparin-coated capillary tubes, Bl ood was
- 28 - at deteghajgle Jbevels are identified by number: 103,

PCT/ US97/ 1692 coll ected i,nto EDTA-coated tubes at the tine-
oints £84 anyiZB4 e TherpEBression, o fumaty Kackey I¥of8% The
p

expressi on Oimﬂﬂ%gohgte%refn%r Oof;0as gstel{iped l%yasitively to the

amount of recombinant AAV vector administered.

10 EXAMPLE 9. "J.'KE LEVELS OF ANTI-HUMAN FACTOR IX
ad CORRELATE WITH GENE EXPRESSION.
An-imals from FIG. 9A were tested for the presence
of antibodies against human Factor IX. Antibody
titers were determined by ELISA and the results are

15 depicted in FIG. 10.

EXAMPLE 10. LONG-TERM EXPRESSION OF HUMAN INTERFERON

IN IMMUNOCOMPETENT AND IMMUNOCOMPROMISED MICE.
rAAV-MD-human - interferon was administered
subcutaneously once as a single injection of either
20 8.5 x 10", 8.5 x 10° or 8.5 x 10® particles in a volume
of 300 microliters of HBSS on the dorsal side of
BALB/c or NIH-3 mice (each dose of vector was
administered to a group of five mice). Mice were bled

using heparin-coated capillary tubes. Blood was
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ELISA. . 5 EXAVPLE 11. EXPRESSI ON OF MOUSE ERYTHROPO ETI N I'N

'1NNUNOCONPEaENﬁA¥%§yC M CE.

admni st ered subcut aneously once as a single injec

8.9 x 10[err] or 8.9 x 10[err] particles in a volune of
mcroliters of HBSS on the dorsal side of BALB/.c
of vector was adm nistered to a group

r AAV- MD- nouse- er yt hr op0| etin
th %’fﬁuﬁmé?zé’her

10

100
m ce (each dose

of six or eight mce).

were bl ed at teokiested into Emmﬁmimm ah f£he timexnpoinhts
hemat ocrit was det er m ned. EXAMPLE 12. EPO
EXPRESSI ON. indicated insfJGH-otlditn al"évé% %\B@es'ﬂgéﬁlnf-ﬁ@ﬂe&t- dBye 105 for

mce in FIG 12. Epo proteln | evel s were determ ned

M ce

radi oi munoass&¥RUESHLon oL Bumgn interferon E‘)@\ﬁ/PL%eﬁ%rmU‘%ﬁ]VF'NQI SON

BETWEEN | NTRA| R AND 20 SUBCUTANEQUS EXPRESSI ON OF MOUSE

ERYTHROPO ETI N iy | MMUNOCOMPETENT M CE.
r AAV- MD- nouse eryt hropoi etin was adm ni stered
as a single injection of either

VO 98/ 13070 LE 31. ESSIO ousE P
8.9 x 10[err], x 10 err] or%% }_’Lofgrr f
of 100 mi crol i trmicodRSRr Y H¥LE/ Setepl de of

i ntramuscul arly as a single injection
rAAV-MD-mouse~erythropoietin was

subcut aneousl y once

6pbiRrY

particles 1n a volume

29 -

BALB/_C m ce or

adnministered

subcutaneously once as a single injection of either

8.9 x 10" or 8.9 x 10° particles in a volume of

10 100 microliters of HBSS on the dorsal side of BALB/c

mice (each dose of vector was administered to a group

of six or eight mice). -Mice were bled at the time

points indicated on FIG. 12 and the hematocrit was

determined.

15 EXAMPLE 12. EPO EXPRESSION.

Epo protein levels were determined at day 105 for

mice in FIG. 12. Epo protein levels were determined

by radioimmunoassay (RIA), see FIG. 13.

-~

EMLE i3. COMPARISON BETWEEN INTRAMUSCULAR AND

20 SUBCUTANEOUS EXPRESSION OF MOUSE ERYTHROPOIETIN IN

IMMUNOCOMPETENT MICE.

rAAV-MD-mouse erythropoietin was administered

subcutaneously once as a single injection of either
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of either 8.9 x 10[err], 89x10[err] or 8.9 X 10 particles 5 in

a volunme of 30 mcroliters of HBSS to the .. ...quadr i ceps- of -
BALB/ ¢ nmWQRI¥BEWh dose of vector was adm ni sterecPG.'MszgGmp of
three mce). Mce were bled at the tinme points indicated in FIGS.
14A and 14B and the hematocrit was neasured. 10 EXAMPLE
14. EPO EXPRESSI ON. Epo protein | evels were determ ned at

day 180 for g,.9 x 10°M&S i 10°GEr §44\ :@Wb‘){éﬁrtgﬁieﬂr ¢hehnvbeumks were
determ ned by RIA see FIG 15 MPLE EXPRESSI ON COF

HUVAN | NTERFER@§0 LhicrolifoikNsHERBDS! NRAYRNOUSb s N |¥ddNOGENPETENT
M CE. r AAV- MD- human interferon (8.5 x 10[err] particles)

was adni ni stBAES/ ¢ nhieecoguintramusculayly iay ectsivigle injectiona vol une
of 100 mcroliters of HBSS into the tail - vein of BALEB/c (the dose
of vector wesf aelithest 8:@dxt 30'208.9 x 40jr oup8.6f x NidYepartirles M ce
were bled using hepari n-coated capillary tubes. Bl ood was

col IB®cted in a volem&DTRE co3@ edmicihelitersheof ndiBS$edtoi ntbeand

stored frozen. The expression of human interferon was det erm ned
by ELI SA (Emmgﬁgecgag e BAIR/q smife (each dose of vector was -
30 - WD 98/ 13070

PCT/ US97/ 1693@ninistered tosp, growprpE thyee mice). Miseymwere 16

hosperein e U Borts snascnead B TR Rl b5 1

and the hematocrit was measured.

10 EXAMPLE 14. EPO EXPRESSION.
Epo protein levels were determined at day 180 for
mice in FIGS. 14A and 14B. Epo protein levels were

determined by RIA, see FIG. 15.

EXAMPLE 1s. EXPRESSION OF HUMAN INTERFERON
15 ADMINISTERED INTRAVENOUSLY IN IMMUNOCOMPETENT MICE.
rAAV-MD-human interferon (8.5 x 10 particles)
was administered intravenously as a single injection
in a volume of 100 microli.térs of HBSS into the tail
vein:of BALB/c (the dose of vector was administered to
20 a group of five mice). Mice were bled using
heparin-coated capillary tubes. Blood was collected
into EDTA-cbated tubes at the indicated times and
stored frozen. The expression of human interferon was

determined by ELISA (Endogen) and the results are
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r AAV- M=G. human Factor |X (2.5 x 10[err] particles) 5 was

adm ni st ereqvbg% Egscul arly -as a single-injection- : a vol unme of
50 microliters nks' Bal anced Salt Sol ut i on (HBS@}"’UF?WU”%e
qguadri ceps of BALB/c m ce (the dose of vector was administered to
a group of. - five mce). M ce were bl ed using heparin-coated 10
capillary tubes. The blood was collected into EDTA- coat ed
tubes at the inghownednt F&6s asBd stored frozen. The expression
of human Factor | X was determ ned by ELI SA and the results are
shown in FIG 17. 15 EXAMPLE 17. LOCATI ON OF

. r AAV- CW- LACZ EXPRESSI ON. . Reconbi nant AAV-CW-LacZ (6.9 X

10[err] functi ORGRMPLE  16. par (FXFREGSION 2O de FAIRORINedXs| y as
a single lection in a volume of 300 [err PBS on the dorsal

o0 de  apupnEbTEREBIrD FRECHUE G5, ¥\ PORHCCTIC AT MECH- 20

t t f AAV- - d
e e pes cont + o EARULIERG handn Wadsdss B 0. 8"% 20" partdiTedy o

| | d d |
Were havest od 14T %Mﬁwﬁgd l&ttorawuﬁ%‘gldiﬁiy B4 Pinond; 1R35eERRE, D, "

ber bggw 16920 1P @ volume of 50 microliters Ur Hanks' Balan¢ga Bply [’
I(t)urambgge of the tent of 3%3%%5(”3% rrusc%e@%le%bmipgfcgmﬂ:-%gﬁgect ed
just lateral on(tid hassdeoOivédioFoyaa! administered to a group of
five mice). Mice were bled using heparin—coated
10 capillary tubes. The blood was collected into-

EDTA-coated tubes at the indicated times and stored
frozen. The expression of human Factor IX was
determined by ELISA and the results are shown in

FIG. 17.

15 EXAMPLE 17. LOCATION OF rAAV-CMV-LACZ EXPRESSION.
Recombinant AAV-CMV-LacZ (6.9 x 10’ functional
particles) was administered subcutaneously as a single
injection in a volume of 300 ul PBS on the dorsal side
of four- BALB/c mice. Two weeks and six weeks after
20 injection, two mice from the rAAV-CMV-LacZ group and
one mouse from the PBS control group were euthanized
and skin samples, muscle samples, inguinal lymph'
nodes, inguinal fat pads and spleen were harvested for

histology. The skin samples were obtained by raising
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5 mdline in the [unbar region. I ngui nal | ynph nodes .and |
fat pads were collected fromboth the left--and- - - right -si de of each
mouse. WO 98/13070 To detect B-gal actosi dase protein, tiPCIHSIgacqbeSs
were flash frozen, cut into 10 pmsections and 10 col l ected onto
gl ass slides. The sections were fixed wi th 0.5% gl ut ar al dehyde
for 10 mn., washed with PBS and stained wth X-gal

5- br ono- 4- rQ: 3 i do. -kek : s al a | usin
( clmé) &J‘?’n %ﬁe{:ﬂé Lﬁﬁ&l‘:t%gx&t site with f%q:tcoe%i,hénlgéﬂ'wﬁ]ﬁg 9

standard procedures. _ Ions then were PBS and
counterstai ettert® as de¥biibBHCEBR ihdebtiesh and cutting around

B- gal actosi dase protein activity was detected in the skin tissue,
such as, intHe hawehicfulthe tantosfiSskin. The mMuskbe cd@hples cherd ayer

| ocated in the skin, see : FIG 19. [err]-gal actosidase activity was
not present dolletted jusbnliatjesratlecbranboths, siskes Fof the dorsal

Al references cited in the specification are herein incorporated
by rgef er enceniidligie i irt $heo lumbar regionsandEngnibal dymph gwedes ndi vi dual
publication or pat ent application was specifically and

i ndi vi dual | pndsfat padsdiwaentedcedlected cfrpoy hakh byhecflefdncand
- 32 - ) WO 98/ 13070 o _ . i
PCT/ US97/ 16Fight side of each mN§&w/ention now being ful |y described, it

L cnanges oo W HeRRes BoRRtaghoRidht YeRtbh  Cubbte Yinifih,
departing Tromthg SRl € 97e350P8u?" iflfc 10 um sections ana
10 collected onto glass slides. The sections were fixed
with 0.5% glutaraldehyde for 10 min., washed with PBS
and stained with X-gal (5-bromo-4-chloro-3-indolyl-f-
D~-galactopyranoside) using éi:andard procedures. The
sections then were washed with PBS and counterstained

15 with nuclear fast red.

B-galactosidase protein activity was detected in
the skin tissue, such as, in the panniculus carnosus,
a skeletal muscle layer located in the skin, see
FIG. 19. BA~galactosidase activity was not present in

20 non-injected animals, see FIG. 18.

All references cited in the specification are
herein incorporated by reference in entirety to the
same extent as if each individual publication or
patent application was specifically and individually

25 indicated to be incorporated by reference.
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5 appended cl ai ns.

- 33 - 3070 : . . PCT/ US97/ 16929
WE CLAI M Wmn%ﬁéu} A net hod of expre55| ng a gene product TQI/HR9716929
ani mal, conprising: adm ni stering subcutaneously or top| cally a

reconbl nant adeno-associ ated virus (AAVY) vector

The invention now being fully described, it will
be apparent to one of ordinary skill in the arf that
many changes and modifications can be made thereto
without departing from the spirit or scope of the

5 appended claims.

- 33 -



to an animal, wherein said vector conprises a

non- AAV gene of

Interest ligated inte an AAV - - Vector. 2. The nethod of
Claim 1,WORR@IEPn said  adninistering step occurs eitPET/USIRISII
repeat edl y at i nterval s. 3. The nethod of Claim1, wherein
sai d vector is admnistered dissolved or suspended in a
pharmaceutically acceptable carrier. 4. The nethod of daim 3,
wherein sai dyki 8tagM: carrier conprises an aqueous sol ution. 5.
The net hod o arm I, wherein said gene conpri ses a DNA segnent

encodi ng a therapgyti CAGREB€hod BEOdMpte8BEhgLAYgbhBKBHoBAcR RAOHRL €r such

t hat

expression of said polypeptide occurs arter said

vector is adsnimalgredmprising: - 34 -
98/ 13070

The

net hod

PCT/ US97/ 16929

WO

reconbi nant AA

6.

of @iministeringer eubcutaingouslyexmesstopimablyr oduct is

diffusible fromthe site of adm ni stration. 7. The

of

Claim 1, wheeepmbinang adeno-associated virus (AAV) vector

to an animal, wherein said vector comprises a
non-AAV gene of interest ligated into an AaAV

vector.

2. The method of Claim 1, wherein said
administering step occurs either once or repeatédly at

intervals.

3. The method of Claim 1, wherein said vector
is administered dissolved or suspended in a

pharmaceutically acceptable carrier.

4. The method of Claim 3, wherein said liguid

carrier comprises an aqueous solution.

-5, The method of Claim 1, wherein said gene
comprises a DNA segment encoding a therapeutic gene
product operably 1linked to a promoter such that
expfession of said polypeptide occurs after said

recombinant AAV vector is administered.

- 34 -
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reconmbi nant AAV vector conprises a non-AAV gene of i nterest ranging in

| engt h fronwo%o.hp 5, 300 nucl eotides in l'ength, ligat edréﬂbggﬁlg

"~ vector. . The nmethod of Claim1, wherein said gene
a pol ynucl eoti de encodlng an anti-sense RNA nol ecul e or a genetlc
control el enent. 9. The nethod of Cdaim1l1, wherein said aninal
is a mamal . 10. The nmethod of Claim1l, wherein said ani mal s
a human. Ble. Trﬂé‘lemtheﬁhgﬁ Cofi mClaimer8in whexedsn- /aid gene
of interest conprises pol ynucl eoti de, encodlng i nterferon.
12. The et hodeeqpresmﬁ genmaradncli ke bfiagible fapm Jhe FiFeset
conpri ses a pol ynycl.eqti de, encodlng Fact or IX
- 35 - V\B"Mé"g: o PCT/ US97/ 16929

13. The nethod of Caim1, wherein said non- AAV gene of interest
conprises a pol ynucl eoti de encodi ng eryt hropoi etin. 14. The

method of Caiml, whereigsaigderoq of claim i, wherein said

recombinant AAV vector comprises a non-AAV gene of
interest ranging in 1length from 1,000 to 5,300

nucleotides in length, ligated into an AAV vector.

8. The method of Claim 1, wherein said gene
comprises a polynucleotide encoding an anti-sense RNA

molecule or a genetic control element.

9. The method of Claim 1, wherein said animal

is a mammal.

10. The method of Claim 1, wherein said animal

is a human.

11. The method of Claim 1, wherein said non—AAV
gene of .interest comprises a polynﬁcleotide encoding

interferon.

12,  The method of Claim 1, wherein said non-aAAV
gene of interest comprises a polynucleotide encoding

Factor IX.
..35-
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adm nistering step i s subcutaneous adm ni stration. 15. The

‘method of Clairm 14, wherein said adm ni st eri ng subcut aneousl y*
conpr i sesWQHBH0AN i npl ant abl e punp. 16. A nmepOpesoiiegane

t herapy, conpri sing: adm nistering to an ani mal subcut aneously or
topically a reconbi nant adeno-associ ated virus (AAV) vector,
wherein said vector conprises a non- AAV gene of interest |igated
into an AAV 13. VEPh& me BNEd VOLT €14iRM ew&séirorhapi@% dﬂvsa' d
reconbi nant AAV vector is diffusible froma site m ni stration.

17. A recorgenamnef afinteressocomped seisr @&s p(owﬁuclednem@ren@mgm ng:

a non- AAV gene of interest, wherein said gene of I nterest encodes a

di ffusi bl e patytampatbetin. a pronoter and a pol yadenyl ati on sequence,
wherei n said reconbi nant AAV vect or i S suitable

- 36 - WD 98/ 13070 PCT/ US97/ 16929

for subcutaneous injection and results in expression of said diffusible
pol ypepti de. 14. The metbrposiafi orfkimr i 3i ngwheredonbisemid

adeno- associ afed vi.rus, (AAV) vector conprising a non- AAV gene and

regul atory & %tqzblrn% %sq.sﬁgsubcutaneous administration.

15. The method of Claim 14, . wherein said
administering subcutaneously comprises using ari

implantable pump.

16. A method of gene therapy, comprising:
administering to an animal subcutaneously or
topically a recombinant adeno-associated virus
(AAV) vector, wherein said vector comprises a
non-AAV gene of interest ligated into an AAV
vector, and wherein an expression product of said
recombinant AAV vector is diffusible from a site

of administration.

-17. A recombinant adeno-associated virus (AAV)
vector, comprising:

a non-AAV gene of interest, wherein said gene of
interest encodes a diffusible polypeptide,

a promoter and a polyadenylation seguence,

wherein said recombinant AAV vector is suitable

- 36 -
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sane, and a pharnmaceutically acceptable carrier, di | uent or excipient

19. The . .

suitabl e for neous or t opi cal adn1n|strat|on :
conposition "X@g@%ﬁ’ﬁ] further conpri si ng di met hyl sul fox?ﬁ'@’US97/lG929

- 37 -
for subcutaneous injection and results in expression

of said diffusible polypeptide.

18. A composition comprising a recombinant
adeno-associated virus (AAV) vector comprising a
non-AAV gene and regulatory elements for expressing
same, and a pharmaceutically acceptable carrier,
diluent or excipient suitable for subcutaneoug or

topical administration.

19. The composition of Claim 18, further

comprising dimethylsulfoxide.

- 37 -
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