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METHODS AND COMPOSTI TONS FOR THERAPI ES USI NG GENES ENCODI NG

PROTEINS 5 FI ELD OF THE I NVENTION This invention relates to gene therapy.
More specifically) the present invention relates to delivery of DNA

encodi ng secreted pr ns and
ani mal s. BACKGRQJND %gd’aﬁ%gﬁ CCﬁ ggf%k Fﬁﬁl%.g’[;ﬁg d@éﬁ@ﬁ?o as"| FN'
or "I FNs" are proteins h TP ut);z of 3| oI ogi cal activities, sone
of which are antiviral) immunonodul ati ng and antiproliferative. They are
relatively snuall) species-specific, single chain polypeptides, produced by
manmmal i an cel’'l s in response to expos i nducers such as

vi ruses, polypeptides, mtogens andt g’ﬁtf@ W%goons prot ect ani nal
tissues and cells a instng‘ k{:‘ ad% gr@&] htst def ense
mechani sm In nost cabed) 8" [fte ?%P%W%raﬁ* r?ﬂ’e‘ﬂ P e PR RERYeBI Y o

ti ssues and cel krelatafto dlivedyiofiDNAr entadipi sedietbdygryteina sieh aeimrerfpron grotedd ih han to
ot her types of }‘l ssues,and cells) indicating that human-derived interferon
coul d be ror¥® efPPERAAGHUMA '+ r eating human di seases than interferons from
ot her species. There are several distinct types of human interferons,
generally classified as 25 | eBKCRGROUYNDIOF THEGNVENINON] a] ), fi brobl ast
(interferon-beta [~i]) and imune (interferongamma [Y])) and a | arge nunber
of variants thereof. Genemaiferdiswmﬁeﬁaﬂo@i“IFMarflmwp&epmmbaa\fmgmd in

various texts andrm a |nQIud|ng 'Lgﬁlnte r.on Syst.e

Stewart) B, Spri" ﬁ‘bcéif ?@ﬁfaﬁﬁ ifpes, §Qgmecf F@f“fé%lﬁ %@Pféﬁﬁ a("f}‘t)rl d
Heal t h Or gani ZaTathiﬂolT&ﬁﬂin’Dt&JyaBQﬂﬂ[vbﬁ' sﬁi&nlspéblc@%ﬁaaﬁébﬁﬁgﬂe &H&ﬁbbbpcpudes,
Organi zati on) Geneva 3?982%, ﬂﬁantqq corporated herein by, reference

I nterferons hav&998edRY S 10 ESBYNSE I eXRISULS te & VaFisty Al iducers e Snan
cancers since tRatRs, Polypspub@smiiepéts @A tie lika IatEeramiprotect initli thfuenfidee i

mul tiple levels. First eron protejn an diregtly inhibit the
proliferation o@g%‘iﬁ‘rﬁ‘l‘glf‘%fm ‘f?"s‘mP?‘FPé‘tié‘ﬁ{‘?e epse mechaggspy IBARgeEepsety;,  A033PGT
2 8 f |1 B 2802 ijérfdrdds @fovide berteR frote¥iidnto tisSsuetl af@ cdlly OEIG kind FremWiHidh tRey\havd ety
of approved chenot he?ﬂz;‘peutl C a ents such as cis-platin, 5FU and taxol.

Secondly, the i PRENHS tﬁ"‘l“d?? SRS P FSUF and e H‘E‘l‘%ﬂ“g&'ﬁt}‘g’i“ﬁb LN | ead to
the induction ofintafer@idolldibe idie dfiFHLI0Es ih @8NP hibmanldietsel HAP DRFRronsfrbi S
activation of NK cells, stinulation of macrophage activity and induction of
MHC 5 class | siP¥%é&e expression |leading to the induction of anti-tunor

cytotoxic T | ynphocytrregt kéﬂbbﬁab’msdi«(&rtﬁﬁyefhunﬁﬁI@er&idﬁﬁllgeﬁerzfllyrclahﬁﬂiedla@dl cate
that |FN-~ protein may_ have anti enic activi ty?)?&gl ogenesi s, new

bl 00d vessel 2 orlfkpsvisiinterieranranti £l HoplaeHitcsieeneaeiatbD b fmupiog Apjedéron-
Evid di cat th
expr esston of s fth shd aisp nffler bk 800K GRRRRRA s fichs °Eﬂ‘°?ﬁ°‘t°“9 ko’ 1€

i nterferon prot éeficind in vaeigusi tewis dmldhndnugnmhs lmMmgVHmdaEmyoreSykemGW@ t he

expression of e ch a | as V\:?Y,C i mport ant
in tissue renod(%%‘%(w‘&? H’ﬁi’f‘@?"f’?ﬁ@ ng@pﬁgz&eﬁ ;[3'5"83 \9{]? gf’ﬁtgcti vities
t hat are based (nrgimzaudi'f‘a‘cm:eamemsmsmWditdri{elaltls()tgamea)nohﬁmeﬂa 1982)er f er on
proteins (a nd '&%ﬁ” g dlr nhibit the replication of human hepatitis
B virus ("HB Fl“% °'f°ﬂ W¥us ("HCv'), but can 15 also stinmulate an
i mmune res ponse whi CcInteafetone lhsveqmltdnﬂall infthe treatimenit toff atlhrgsaumbﬂmelmman cancers
Speci fical l'y) andd elt otentlal theaeu val ue l.e

protei ns have orf{° geoe 1%8 G AMEY c"’srua%:cc“él s té“g°§. ar?gt abi&vfmruiatl h{ecv‘gil{ Oﬁfsg and
solid tunors. | Fihleﬁerhaprobhemamﬁpwﬂyénhxlﬁothetprnélfttratmatqfémhlamtthcbllsl-Bh&/mand
HCV; however, the response rate in both cases is only approxi mtely 20%
Wile interferon proteins have been approved for the 2o treatnment of sone
cancers such as |ynphonmas, |eukem as, nel anoma and renal cell carcinong,
the majority of clinical trials in which interferons are used alone or in
conbi nation with conventional chenotherapeutic agents in the treatnent of
solid tunors have been unsuccessful. The nethod of adm nistering interferon
is an inportant factor in the clinical 25 application of this inportant

t herapeutic agent. System c administration of interferon protein by either

i ntravenous) intramuscul ar or subcutaneous injection has bee l“u‘m
frequently used with sonme success in treating disorders Suchr“umwm\m I

| eukem a) Acquired I mmune Deficiency Syndrone (AIDS) and rel ated .kgpresi ' s
sarcoma. It is known, however, that protei ns in their purified formare
especi ally suscepti bI e to 3o degradatl on. In parti

icular, for
interferon-beta, the primary mechani sns) of interferon ““““Il“““l“m|||||||||"I"I||

*G00002*




2 ATTY Dﬂé‘?’ocl\%nfé%ﬁ%%g ~-3 F E 8 20z 1o degradatien in sol uti
aggregation and deam dation The |lack of interferon stability in &8 EU?
and ot her products has heretofore limted its utility. Furthernore,

f-ol | owi ng parenter al i nterferon protein adm' nistration (i ntrarruscul ar)

subcut aneous or _intr the c ea rat nt r rotein is
very rapid. TheP'&f é‘i’e b@?@ﬁ%&%ﬁ“ﬁ% eﬁ' ?tap%rfw @H‘ﬁ%{"’ 96 9881 ¢ he

| ocal i zati on of siehfa$ cmrpmﬂh SRu mdftaarobrSeaIndlyhthe &nhunumaduln&r;( dchieitysefl interférodor )
or, in the case_0 ) at t f thed gh&? anmount of interf ron t hat can
be gi ven parent B '1 af’rreiﬁjlao R 1adue °"I? “BAROF HRMERG ESSBYP R U SHRURS ed
at high interf etmmd&m&mloﬁ\omxeelef dtinaildtioe of inedrayhygd acumbead In;dumbﬁdedmc
SUMVARYCFTHEIINVE[ IC]\leIhsaqF:‘51 tronrs d|r ttt v;.%t Jrql trng
the probl ens as S8 T EEFeFPHIHR ?réh" '"%“88?%? HUSPTOLPIOII R 1ep hocyte

i nterferon prot ativitgs Morebver aébﬁidtsnﬁhes'lfbﬂhdi)rlﬁcﬁémi thhb IFNMBEtblei@Nmiys halier £Gt ed

to a nethod of interferon, therapy i.n which the gene encodi nag the secreted
protein rather P‘Fﬁé‘?ﬁc’flﬁéct’dr%t“élgr?gi"te§él“?‘}' blogd yesssl ton, rceitiedd o5 dheygrowth of g
one obj ect of t{gid AMbANEvIENE Hdi@Rs Rt HRQP xq@y ﬁhﬁﬁtag@g&fzsreeﬁmm GAtRY
based on the use of genetically engineered cells and to the use thereof for
del i vering a seexnsessidn pf proangiogenicifackars suchian bEGF ardoWEGE. Lastiya interferqurproteins
recipient. y

pr ovi i ng’ ek hotTay A eflod IRy s W abiaGRE of By Rhe iy bkl
system pr oducedamcrﬂas@bglwunhlmphwmgumsmlemodﬁhpssr tions containing the
sane. The cell expr I t e
secreted proteine: anityeonCiRt PRl B ERATE R, BAROCLMM SR, BBl
product to the mntraaisinarFormsuaqmeetmelrmterﬁardmprotbins@cqmﬂ@)emcmdctbmﬂﬁhitmm) t he

manmal i an reci pi (o]p 0 rrent tlon) a
cel | expressi on'?i)]‘é”t"'@ﬁf’ gﬁl?r;ﬁﬁ%%v r(qgl?(gvgbég‘g*“’f?@mfs 2%6%}5 2 ¢ nmal i an
recipient insvigoe st&imlataheﬁxfrﬁrnei’els%&fn@etf\eM? dtackstcelisdhfertgd @itk hediviru@n. ;I'he
expression systemc ri.s a ce of, the s speci es as, t mannal | an

reci pient and an exp#%ﬁ gﬁf eréictdfﬁp‘t'&&ﬁ?ﬁ?ﬂ@gg{a@?‘ﬁﬁcnﬁﬁfb‘r‘wﬁﬁ QLIRS AVE o
interferon prot @hi-hadAmiteeéigfic@bbuidest fRinsEvIRBhdpaiitis’ 26 isPliceinotsS IFN-& UaBEkeand

t he expression vector conprises a viral vector. ATTY DOCKET NO AO033PCT 2
8 F E g 2002 | napprexcadpr Betssamennef)bofhEB ¥,asd HGY:dhoweyart Bnresaonse e dn poth
plurality of celchgs Af oy SpprckiRatlP 06%EWIAS iftbteerstPPBRIns Haved Geh Rpfted 30Tman
expression vector containéd therein for expressing the secreted protein.

The expressi¥n (weament ofssameneaarane quall ‘!Shb’ﬁlpg?fﬂ"f deukserpias, gaelgPme naad yepl el ¢ v
of cells. Prefelabinhadthe! mgsrhy brithidd RURVE" whith tlrl;rerfaeﬁsl fre qe&t @lofle tohn
vector. The preferred secret ed protein 1s an interferon and the nost
preferred inter rcemb\neuoarveﬂremmuorwb@*&}mgamhamaewwgwr%p‘éPerhértbrnom\M th
beta interferonpbaiyagh ddi6ecBRa. preferred I n other enbodinents, the cell
expression systemconprises a plurality of cancer cells and at |east a
portion of the cance?heclerq@qfsgrmarswn@mmad’emﬁqnarnweetmmmmeﬁbm% i sol at ed

pol ynucl eotige g Qﬁdﬂ%f (AP PoRAP ISR PduBE aged) S|sPnfE ﬁcﬁﬁxﬁi@trau'oﬂ of iflefer6R! |
expression to sys rrLythe adenoviral vectors are selected fromthe group
B

consi sting of: (@teinhy eitheristraveaqus.intsamsisculag o sicutangesdpipsion Basbeeir mestit at i on

inits E1 ge”e,freﬁﬁ&xﬂﬁﬁ‘scé%l‘l@é/dlé SubceVsif tr@ktinD @16b1Alks SucHl @b BlidyQRI RO, mutation
inits E2a gene, said vector expressing hunman interferon-beta; ( ) an

adenoviral vect oﬁscqwspdllmgwaeBeﬁwrﬁwéwaw@ﬂ?ﬁ)eemebwdﬂ%p%rwqome ki8] and E4

genes) and (d) adlod BBANCF. Mot fEGlR1n 2 maybme@f&ala?éesmlanr sibdoiflbid 1S genes;
said vector expr essi ng hunman I nt erferon-beta. harmaceuti cal

conposi ti on or degpdatian. }nBarmeﬂas-éerrle&ee%r%%&éhwmersaneqhwesw of interferal i an
recipient, is also enconpassed within the ipnvention. The conposition
conprises a carrier and a plurality of genetically nodified cells of the
sanme species as the mammualian recipient and at |east a portion of the cells
contain an expression 20 vector for expressing an effective anobunt of the
secreted protein. The preferred secreted protein is an interferon. The
conposition enconpasses conpositions for both in vivo and ex vivo delivery.
A nmet hod for maki ng an ex vivo gene therapy pharnmaceutical preparation for
admnistration to a manmmali an reci pient is another enbodi nent. The net hod

i ncludes the 25 steps of: (a) formng a plurality of cells of the sanme
species as the mammalian recipient) (b) introducing an expression vector
for expressing a secreted protein into at |least one cell of the plurality
to format | east one genetically nodified cell and (c) placing the at |east
one genetically nodified cell in a pharmaceutically acceptable carrier to
obtain a pharnmaceutical preparation that is suitable for admnistration to
a site of the mammalian 30 recipient.

n




ATTY DOCKE‘IATI{I'YQDO%?S?C?OBSP? r ~ ~ 2002 Anot her enbodi nent of the izrgvensi 002
is a nethod for gene therapy) which conprises genetically nodifying at

| east one cell of a manmalian recipient via the steps of (a) introducing an
expression vector for expressing a secreted protein into at | east one cell
to format |east, ong.qgenetically nmodified cell, and | d. QWi he. .
genetically rmdfl?%deucé f‘(lg&%u%noa‘%%ﬁ? gitien ds&?‘é“ d3 % ﬁé%n%‘ﬁﬁ’%‘ﬁ%ﬁ&‘r%‘é’ﬁﬂ Bnt .
Thi s met hod may sélutidniend atlenprodsoss HakBerstbfope lited desntility JFuatherinoees folloméngc el |

fromthe mammal i an recipi.en ior, to the step of . introducing.the
expr essi on vect Bgr?’m?rgl ‘9%?“3’?\%‘5{?&adg?%sgaﬁ%(?ﬂufg’tuﬁcglagts%%w3?%“?1&%%8’?%8 t he
vect or conpri sesheiclearaoatirate nfjin@rferen proteir ie vary kapida Therefare parefitetaly@otginur al i ty of

l1s. A nethod_of. i t i 0 ed. by the i, ti d
hel udeo 1o one piafliadon ok H3lHiay U BRHpsPr SLRARRGLRRERY ol feecbitRcps” "
adm ni stering asoliiamdy, orainttheddsdhepatids, the lixtr). Bha ainoam ef inekferon that éx@ be
I it f | | h that th . exi st f ls.

Cont ai i ng « he. SYENBBTRTelY H haentSlsigie i e A R dochesda b erons.
gene and i ncl uddesesA indeleffectitle thedapyis cle@btreededencodi ng a secreted protein.

The plurality of cells is reintroduced back into the subject. 15 In a
met hod of in vivo gene therapy, the steps include adm nistering an

adenoviral vEctor that includes an,i ide encodi ng human
interferon-beta ((3) protein di remfggwwﬁﬁégbj ect wthout

first renoving said gell fromthe subject. .The.in viva and ex vivg methods
all ow for topical, iﬁf‘? i Eﬁ“&?}s%ﬂﬁcﬁ%ﬁb‘ﬁ?’aﬂm’i“ﬁ?%ﬂﬁ ems gisociaied Withe ol |

i ntrabronchi al ) deliMerifgaisecroled pjotesi duchlisdiedeton proteirtas anitrdeuticiThepessmul ar, and
i ntraperitoneal ,20 adnipistration, The esent inventjqn has seyeral

advant ages.  Pnt PRI Gizred melid obinrerandhirsnyin iieh theeghe nceing the

i nterferon conceeddtéd prétbis rathdr bhah €4 peatsih ReEIfTisldeiseted. This could result in
greater efficacy with | owe si_de-eﬁfw Al so) interferops delivered by

ects. .
gene therapy woul d b8%F ftisgne g JP‘&PF&‘?“E@H%‘PW“P fo\pegvide g msthod of gene
situation obser viggapyBased bietht Bc@h géte@dally Bnghizeicl GEBRAN fofthe\itk GRresBoy hi gh
interferon "bursts” or peaks in protein concentration (which could |ead to
toxicity) that GERN§ANE? yeaietep protein fich iy andptprdsion toamamynal DI AP Jnstapt,y
I evel s in whjch ifvagtidnRb@Fitthedd afddthe? Objests Bmoﬁain{g iegtodts foPfobfiing @eell oW t o be
effective. Patient convenience is also a criti factor. Wil e frequent

inj ections of i FERIPTSIOR SYeTh Hle&rRTession systemRs ey 3ngpharmaceitisalt r ati on, or
a few i nfrequenteompskitidhséontilrinythe safte. Phe26ll 9edssion SXRMIFretes 4 Béhelefdominger on
gene coul d provide |long-term stabl e production of the 5, A 1'1'Y DOCKET
NO. AO33PGT 2 8 O ff Ioro gpseetedpeteins and esseful 45 vahisle £ dplivering g2 aradieti/er y
of interferons it marfdliah Bclpfilt MBI alpReféired iembbdifbnt] A SRInmakiG3ecifiént IsyTor .
An autocrine systemcan be established in which the sane cells express,
secrete and ¥akdUBphthe interferon. Thus) very high | ocal doses can be

achi eved. These hi ghintag embsdmién® bf t€indEdk0R, Q811 BXpréksior BsRinAk ddtiiee Fd?
admnistration due to 5 toxicity problens, Since interferon proteins are

secreted out of SXRE§siog ing gell of aanammalian recipyegt in ypvo; sp ipfeferqr pootein PoEtrqaiigd 1 o
l'iver need not RendifichTEEEXBR s shdiein bdthiRisésSd @1 oPB SameldPOsid af e nfamtkiliah do
not take up the gene w )l be affected by,aﬁiggboring cells,ét%e so-call ed
"byst ander ef f edFOIBCHHARGAR CKRGISION YECtRfSARtALR R PG i 1B REPR st ei n.
This is a signi fArsredably,ftheydarmiblalRi deciptent @ alhute@d andithe dxpressish o®E dompeifds@ct s on
treatment regi mens, since not every cell in a tunor nmass or in an organ need
contain an expr é¥@ 6f%ector. Lastly, parenterl| interferon adm nistration
has been shown to |lead to the generation of anti-interferon antibodies. It
may be that this potentially neutralizing aptibody response can be | essened
followi ng introduction of the interferon gehe to a distinct |ocal region.
15 Besides the | ocal expression, the interferon expressed wll be produced
by endogenous human cells and, therefore) will be nore natural inits
structure and gl ycosyl ati nn and) possibly) |ess inmunogenic than interferon
protein produced in bacteria, yeast or Chinese hanster ovary cells and then
purified and injected parenterally. These and ot her aspects of the
invention as well as various advantages and utilities 20 wll be nore
apparent with reference to the detailed description of the preferred

enbodi mrents and to the acconpanyi ng drawi ngs. BRI EF DESCRI PTI ON OF THE

FlI GURES




25 Figure fﬂ‘(’g\?‘:’gﬂﬂ? A()3al)rﬁrnf ected MDA-MB-468 (-o0- ) or cells i éa
H5. 110hI FN/jcells at 0.01 % (- ~), 0.03%(-D-)) 0.19'0 (- ~j rz

(- -) were injected subcutaneously into the flanks of nude mce and maan
tunor size was plotted versus the time follow ng tunor cell inplantation

B) Kapl an- Meir plot_shaw ng the rcenta rV|va of mce qv e
(()b)servgti on peri gd “T&? ffgw e’fﬁﬁﬁf@fsé B (n 83%69@,’“?‘5(§?£%ﬁ%€‘&v 3
infected cells ainer&ibs%me mmnm)ahan@eoﬁlﬁexﬁ/m(d-an@xpr)ssmﬁ véct@ficontained-thereidfod %o ( -
-). 6 pTTYIXXIﬁ F E B 200 ) ﬁ@ %l
i nterferon beta®YEne g e Peﬁﬁfglpf?tc"( 13he CERIASSIO XEKu iy ‘g’n a‘t“i‘%w B nggp?rbon and
(3) ME180 cell Softhbpitrahtgmbcellsmmferums aﬂbstoae%byenmbaofthmll&ed»dtahwhugectdnrmr

cell inplantati ce were, i anted nfe ed cells, (-~- or H5.1
TG NCB | Sot DHF ReElpRe s proin W gt fa e bl e oty
whi ch some m cebmrgmaax_rd dohserghs mdamohumtrbewmrfersn Mmﬁmmesﬂpﬁ&nbme aver age

wth the | ast val ue ca |eq)§5.orv¥?r£ fﬂ t esa{fle Ef ¢
Di sconti nuati on of tlﬂgﬁ'ﬁﬁc& PERP S G PHRESSEHRL TN °81r°°§'333r°”? 1f GANEEr ani mal
in a group. (B)cdheantanlagea pation bihd cader B3I @omai in ddesovirabetturtaviagaper i od of

70 days. Panel s, and, 3.show t he data generated. with m ce inpl.anted
Wit h o 120Acn ke oo ot SR R B s BB IR/ GFPRHE oy hol s
represent mice $ysein, iheadenoviial ediotschraelebted Rori therprapiconbistityg ofS(af an'adenovirdt. 1

| Ohl FN 3 infected. c re 3. Direct in
Vive 1 oat mone BcE B 4 deieion Sadier meiabion Rt Y gice: ) iicerarBlySets nadn s 1 1
HS5. 110hl FN~ at geltioh@Rd/pf thiutdtion in its H2aXenkDQiddettof expressing himén ﬁm%feﬂﬁlbeté‘-(e)r) 1

o wi th 15 s, 18baEReaosherfe dgheion spdiof R e I w i gt Bt

(-X)) and 1 X w&e@éwra(veaor KPP @ déletionlof all Jiinkpenes) saidvembieRpro®ing tiiresh over a
period of 14 (C:I]z:i)%/s | l.owing the treatment injections. 2o DESCRI PTI ON OF THE
PREFERRED ENB beie present invention is based, in part, on

devel opnment of an emyhma@mdah@bﬁtﬂhf&&iehwdymfsecruse@oamcelI that ( 1)
can be easily renoved fromthe atient, can he rrpd’efled in vitro by

i ntroduction of Wfeisafa mammalipnecipipasy s @é‘h" mpas hin the pvenien- Tt ed in"t he

25 recipient; (@dmpositioNBorkiHsQERAMI8Nind a phitdity &gefclibalenddifieli Mk 6fkhé sin t he
recipient in large nunpers. The djsclosed in vivo ?gfene t her apy net hod uses

a cel | that ( 1SAeciesasiheanpalien racipient andiapleasht Pogien Qs celiyFop “r‘?’B&’fH“?Sé‘ﬂnl n

situ to exprgss vmlf@teﬁﬁeﬁﬁi@aﬁ bffectivd dtioudd of thERecrgelbteia Al e profdaedt kdctbdcel |
i ncludes regulatory elepents for controlling the anoupt otf ﬁﬁl-rn]etlc terial
°°§‘B‘?S%H°9%°é

expressed. 30 TRE! ’FI@N °¥°§‘ %&P‘F‘P‘@H‘%@T’W PRSI Co%i#te to
produce the expe)esls@delmttyerl al in situ for an anmount of tine necessary for
the expressed material to have a ATTY DOCKET AO033P t~ 2~z
beneficial (i.e.) tham§ B’@ﬁfqr&d"éﬂ"é@‘t‘)‘vwef‘ﬁ@ﬁ?pﬁ ogtic @’W‘P‘f?n e nor mal
function of theadhmmftgionto M’mﬁh\aﬁaﬂ@wﬁﬁén't fs andtRerkRB&diMcht, 'ﬁm{embkmaestdfee
expressed material i s a secreted rot lgdefl ned, bel referably,
the secret ed®pr 885 9§ (F‘%f%?i‘“ﬂ'n?lé?‘}‘ o5 5f: SPf\ @ 34e specien 8Y ﬁ é&&ﬂﬂ’é‘ Pe the

nost preferred jfhRaadRniekpa@RA victd f&%ﬂﬁé@in arséoméﬂzaeiam htGakloge teNaENE

therapy with any secreted protein has been nd that% due

d. h fo
to the fact thathepislity todomm g desstone %"GE‘F‘F%‘“P‘HE@ F‘é‘r”&ﬂég\/ "é'finlg °é‘h‘§%s&° % om

the cells in whigedetiedng ynodiice cblempmafa@&lﬁ@aiya@uﬁﬁme‘@drmdbmi unor mass or
|n for |nstance¥‘ a hepatitis-jnfected |i need not be trﬁ}&sduceﬂ by the

"secreted prot ePRrmaeeHtcal prpacatiop that is sufjable r&ﬁmﬁﬁfratt%l{‘éa gige of #il be
affected by 3b onaqmghborlng cells which have the gene and secrete the
protein (i.e.) the so-called "bystander effect"”). Al though gene therapy is
described with isolated pol ynuci eoti des that encode, upon expression, for
interferons, any secreted protein (as defined bel ow) has potential in the
present nethod and conpositions. All citations recited in this docunent are
i ncorporated herein by reference. 15 |I. Definitions: "Gene therapy"- a
procedure in which a disease phenotype is corrected through the
i ntroduction of genetic information into the affected organism 20 "ex vivo
gene therapy"- a procedure in which cells are renoved froma subject and
cultured in vitro. A polynucleotide such as a functional gene is introduced
into the cells in vitro, the nodified cells are expanded in culture) and
then reinplanted in the subject. "in vivo gene therapy"- a procedure in
which target cells are not renoved fromthe subject. Rather, the
transferred pol ynucl eotide (e.g.) a gene encodi ng) upon expression) for 25
an interferon) is introduced into cells of the recipient organismin situ)
that is, within the

%




DOCKET NO: A033PCT
recipient. [n vivo gene therapy has been exam ned in several aniygl:¢Pdghs

and recent publications have reported the feaS|b|I|ty of direct gene
transfer in situ into organs and tissues. "condition anenable to gene

therapy"- enbraces condltlons such as genetic diseases 30 (i.e, a disease
condi tion that | s at o ui red
pathol ogies (i.e., z‘i“tnpa? ﬁ°f§{§§“ ?J(g{ﬁgf ﬁﬁogg{?gtﬁ{eg%’%rﬁg table to an

i nborn def ect) )comp#ides g&ﬁctﬁ@ﬂljﬁiﬁd%g A03RET cll if a ammabjarP@digientavivcthe stepa ofl

hyl act i t f .a di . d d
el cal “condi {1 G Eousink it PetrsBRTYEIth g Pervsee e RRR Bdfin Bla Rt SSRY! e
mani f ested by anferhmlambnptvpaiwllmbdiﬁé@cebambﬂbbﬂow&ig tha:gehéﬂmh]&rmotﬁﬁdducmlur al)

I I bi ol " pol | de' d
mononer 16 unf ¢ s P Rt et R RS i Frio® RO KT coPert i ooty )
deoxyr i bonucl ei gmadihglst 1(@%) celbffom ﬂﬁhlaﬁﬁxtalxmmxpihmlpnbho thelseplodintrodiihg tas e s

baces are A G CPRSRN (g vo 60 e MR 8t M e e comphses”

pol ynucl eoti de iaeq:lueingeseandrtge:ﬂyasmftiatof&lmmmtgnfdens.i nterferon, nmeans an

RNA or DNA pol yn cIe ortion of enon ¢ pol ynucl eot i de
Synthet i o polymucl eon TR & BB pEaD BEseRgadn i e o< aph mabies,
(i) is not assome atepdof/vremwmgla plbralitypodl eglieifrbci subbizctpalihinisferial ai recdnsbinant

associated in n re (e. i r t jin., 0 ort on of
eizr e!ssi on i/ect ;‘J‘?V“B§ t°(qqi1%ast: °§‘° I%flﬁfsitgtge P%ragg'nq?(??ls?r ﬁucggfaga‘(ﬁfe &sﬁe"h °5ﬁ°é?1?€al
noi ety ot her t hedls h&&bnmn\gAmec&aendvuussThet mﬂ@uuncanaahwaadclembn {d its B1 ghaeandnot

occur in i5 nature SO it is further ant , ol ynycl ept | de

sequence: (i) aWﬂI“f’%‘%ds ‘%%ﬁmds% °1‘8‘P°d’é‘ﬁ£rﬁ5?r8g§ §é‘r‘lti'r%f”g“hléé&ti on

(PCR); (11) chefarmahdcydsgcm,{t@elbgﬂgt-,ct(l i1) reconbinantly produced by

cIoni ng; or iv) purifie as by cl eavage apd gel, separation. Thu an
"isolated ' gnt erf er®A ’Bﬁb‘frﬁfd‘? P gehe q“?g‘i?iylfg%g ‘Eﬁ? dgfg‘ﬂf}fs?)" %a‘hﬂfﬁz‘w“ﬂ

natural | y occur &b Ha€inBludes s ifdlatddFolyhiddleobfe drcaBSLHRUNRAR Gntérfiréh-Bebd (B) PRREE

RNA) as well as a 20 gene encoding an interferon protein which is not

expressed or i sdigsefly & agelhof dpubieshwithaut first resnoying spid el from\the subjegt. The in

nat ural | 'y- occur g ngh£e&vivo rléthddb Fib%“oﬁfogbcgaméyd%&l%bh&t&m ﬂé&d&éﬁ'm&%‘a&wal
encodi ng human interferon-beta |a wou e considered "isol ated” Wt
respect to hunawﬂbbfa#wﬁb@lqamum“hééuw@ﬂmﬁﬁ ingraveaeys) @“@fé“sﬁ‘d% ﬁﬁltlatrwmtyneal
express integ gfe pl @ Still another exanple of an "isol ated

pol ynucl eot i I'S |ntroduct|on of only part of an interferon 25 gene
to create a reconbi riﬁﬁtprfgemeyveswaa@@mlrbﬁlwtngﬁsahtﬁfﬂ@acgem Gergpyomay alfowyi t h
an endogenous | P&%&% g‘ﬁ?o&f’ﬂte?fgroﬁmﬁoﬁ@ mhems@&qy&vs@%monﬁ%m in

"gene"- a DNA seque i near array of nucleoti des connected to

each other by 3greger qffisreywith jsiwss pidoeffestst élso,b@ih'@%'9ns\ﬂhﬁl‘@wdé1§(86%@§°f??¥rw% its
MRNA an am no a fJ t t he
process of pr odgézpm&%g AR fgcnlg taaﬁdgggéé ﬁrﬁxk@"ﬂﬂ %Eg&%%@scﬁo&qﬁgg%ﬁa& gfbé?mF ~
t~ 20(i2 tr?énsﬂmapbhl which geqyrhigheisterferon |3 bmfﬁibprm;a%s iprisetein iconqeptmtian (Whigh

" expr ession”- tb&l@reg&sﬁéxxagya{ag&e@r R¥r o%ﬁ&ﬂu%&fau@&edaoyg.@aqoweverswuce
a protein) combining transcription and rans ation. "inhibi'ting gromh"- as
used herei n t hi ¥hichthainterfesprsconeeniyation is Jikelyitahe topdavote bepffectiveiet 5 cel | (i. e,
tumor) growth and 'rﬁmlmttcblwa {.cetlp?s&a{&n&h%&&dwmh@ﬂe&mqm@&ﬁmmm&&@n by,
for exanple) changes in norpho amno acid’'- a nononeric unit of a
peptide, pol ypeptormyrcdwcqw@t.@u aanglermelsw@n,t fenfey infrequenteadminigtratipnsn ef a

aci ds. The tgrm,ghgG. 1'3.?3 § 1&&?&r&9§en9fcoﬁlﬁ%r&ﬁﬂe%nf‘ﬁhg%taﬁi@&r&ubﬁ&n@frtﬁe of
the protein am no aci d therr anal ogs proteln"- any polymer

consi sting essenti aIIy of any of the 20 prof ein am no aci ds,
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regardless of its size. Al though "pol ypeptide" is often used in ? ﬁgf
ence

to relatively | arge pol ypeptides) and "peptide" is often used in
to small pol ypepti des) usage of these terns in the art overlaps and is
varied. The term"protein"” as used herein refers to peptides) proteins and

pol ypepti des) unlRssin. @eh® thetapf coitd Qfbw the delfRH SAliMefds3 iR i Rontrofed bRl B a
which is transported fromthe inside of a cell to the exterior of the cell;

among secret ed priHRt 58 PEam ol Wmge AR AYSTNCOWSER SoR e FLAlBPd imylich the same

i mmunonodul at or Rt &F&Ss %b&éle afd ltdre u‘padhb GrtSrfdrét. %ﬁereﬂsmgmmﬁd&s can be
i nterl eukins such as -4) -8& and -12 and grow h factors such as

GM CSF, G CSF. " mmwoses cangy ke qcee‘épd&épﬁqeﬁealrprotewémmtrauqrm@ag@ of
two or nore prsot %m YiablegR. t hei r i ndividual peptide backbones, through
genetl C expression t]y a pol ynucl eoti de nol ecul e encodi ng those proteins.
"mutant” - any changeSinef iigEPiPR proginsrs sretels @ubeL G eYsTE cothine fugior of ingthe

organi sm in par thgali@nfeRy i AB&of be tPansdudéd @tmaaserf&ub gdrle L THobORNs @ﬂi@ﬁ aa, on,
or alteration) in a wld type interferon gene or anycaq?elnavvl %/
i de

interferon prot eift WEB’P"W $eﬂ° Pilbkeaffectediloy neighbering cglsthe so-ralled “bystagden effes®

or am no acid seGufhtavéthe éhelaRd ﬁﬁbfe?ertﬁé‘m%ﬂ&%n%btélﬁ‘tﬁfs i€h SiBniBELt Bhdllg and is
respectively) as jt exists in vivo. "standard _hybrjdization conditions"-

salt and t enp¥r atifels t-bave dramaticeliegts op Saatmant reeimensisings v everpeal is ayummanasg

about 5 X SsC anQr%Q%g%&&Q%%}Qs‘m%40g| zation and wash. The term
"standard hybridization conditions" as used herein is therefore an 30

operational " definiti ok Hhdaenenshiptderes admipigiriion Bis begrshpun tedeaddndie spyegen
stringency 10 %Thnnﬁn%ﬁ-ﬂmﬁ@dmﬁ(ﬁﬁfﬁ tﬁat%ufp@,nugﬂpﬁ’eufrﬁ&ﬂ{ { dn@BbRly F&YPdnst OF

exanpl e) include hybridi zi n% | aque screen buffer

pol yvi nyl pyrrol i $8h&9 legsepgsh llwesumdwon of sy, ipetferan sensrtam ‘B?%M region\|
Tris-HO (pH s 5)Be513cs|\ﬁlé\l"f&5.l c:@rcl‘s%ns QL i XeBRoh Qm%m@flﬁbc ﬁro%/ﬁogpg} en Aious
dextran sul phate, and ug/ denat ured, sonicated sal ron erm 65
degrees C for 12 trzmahsdksandaﬁhereMr«nﬂheemomnarealmwwmeen ysoralation and
citrate (0.5 x Sy ﬁmﬂ% M brodiidelt RUGREMa, GRRHLE CARS
may) for exanpl e)%& t’]q(ude mgﬁum%{ﬁ%&eﬁﬁ gr screen buf?"eyrg) 10% ©
dextran sul phate Wellomry@gusrﬁnddehamﬁeé@d@.@ﬁ%@{f@@r@dl mon sperm DNA at 55
degrees C 101 12-20 Nyl,sdo At WRSIN dtdhathlcluciR I DRS00 SO By at ©
(2.0 X SSC)/ 1% SDS at 55 degr ees ' C. (ffghe expressi on cont rgﬁg sequence” -
sequence of n#l eutllbelergwtammtrtwrmm@camm@gea%tl@@w%pfe@eweﬂm@ﬁ genes
when operatively Jiivakgd Qndttb%% PREFAL 1 vely linked"- a

pol ynucl eot i de sequencen% Nﬁ?’% éer at |§el y linked to an expression
control sequence when the expr ession contr ol (e)g.uence controls and

regul ates the transcription anBRIEE RESERIBHIQN OF THE BEFYRER | eot i de
sequence. The termi5 "operatively |inked" includes having an approprl ate

start signal Pe. d‘lsurm'G) i (4) fHiberuninfecte MPAMBAGS ErDioneclls dgsted vétht o be
expressed and nai e, e@?ij X S§kakeOn of
t he pol ynucl eot i sequ cc%ﬂuaﬁ g?%ﬁﬁ@‘é rqgfld 6’??% gxpfégé%ﬁ t%vr%%)
sequence and pr odujettedsubaftanedslydas thedkinksof sudeericrand mmomwm ploggd at ed

pol ynucl eoti de se expr essi i st
comonly a DNA pl vggsﬁn ﬁd‘gfl B’u?ou rpﬁum? sgpllmr*)carnha 8%033%?&%%\5?1 g‘#“gﬁ%gso
expressi on of at peesstagecneigbofenivdevar mhebsewmoes)smmmmzdays Umnﬁcctcdr @slsced

col T tumor 3 ey HaSEF M BinEeall + EPYe oA 300l & iRy, SRR ePides

mal i gnant 25 and non-nmalignant) solid or fluid tunors). carcinonas,

nyel omas) sarconas, | eukem as. |ynphomas and ot her cancerous, neopl astic or
tunorigeni c diseases. "genetically nodified gell" (also called a "cel
expression systent)- conprises a cell and an expression vector for
expressing the interferon protein. For ex vivo purposes, the genetically
nodified cells are suitable for admnistration to a manmalian recipient) it
ATTY DOCKET NO A0331'CT 2 8 FED 2002 where they replace or co-exist with

t he endogenous cells of the recipient. For in vivo purposes) the cells are
created inside the recipient. The instant invention also provides various
nmet hods for nmaking and using the above-described genetically-nodified
cells. In particular, the invention provides a nethod for genetically

nodi fying cells) of a manmalian recipient ex vivo and adm nistering the
genetically nodified cells to the mammalian recipient. In a preferred
enbodi nent for ex vivo gene therapy) the cells are autol ogous cells, i.e.)
cells renoved fromthe manmalian recipient. As used herein) the term
“renpved” neans a cell or a plurality of cells that have been renopved from
their naturally occurnng |n VIVO Iocatlon N@thods for renDV|ng ceIIs to

T r - o o,
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to those of ordinary skill in the art (Stylianou, E ) et al.) Kizigegs rzaot
37: 1563-1570 (1992); Helle) J. H) et al.. Peritoneal D alysis Intl. 9:
341-347 (1989); Heldin, P. Biochem J. 283: 165-170 ( 1992); Di Paol o, N.)
et al~ Tnt. J. Art. Os. 12: 485-501 ( 1989); D Paolo) N) et al.,

d i ni cal Nephrol . Pigdre 2179 -Ex848 irftdrfeodh) betalgendtherhpy) inIN1) KMt 21a4A c)ell&‘;l@hfuﬁﬂc@l?;ﬁ
323-331 15 (1991)). t ent tent. appl i,cations an ubl i catiops
nmentioned in the @t(é%@@lﬁge@cﬂ‘ﬁ??“&?r )i @ﬁsepl?tﬁ@gﬁﬂsggp c%ﬂlg wé‘?qﬂf)’mBrd'fﬂ supra
and infra, are i nagleKiod. eMidaveed itnphited S ugiAcered bdlls (wS)Pbraser OAFNBRIrERLON
Pol ynucl eotides 20 An "interferon” (also referred to as "IFN') is a small)
speci es- speci fi ¢, celp pdi% (- & rhlol-hak dn thess srpwns dnivkich sopesmiontudre seeriftoed,ithe i n
response to exposyifr §isk 1@-p?é§€nle@5§’th9£ve}é%g%§ B 18U edlucR ikl fore£8 %‘or the sacrified .
pol ypepti des, mtogens and the Iik e nost preferred interferons are in
reconbi nant f or m amwaals.cRiseantirnation ohti phets redlents the deatly o gaeeifienyt gl enimnlain a

including the varpgys (E)r!‘e?écﬁtﬁée%ﬁqﬁf & niBOOVRr ﬁ@%s@h&xdﬂ%méﬂ%@%@ Péﬁelk hm,t
the invention in any way for exanple, U S. Patents 4 3

5,149, 636, 5, 179, k2] s{wféhe dae seneyateémm@l&qmmpdmlwwyt celheﬁwuﬁamd

forms of interfer g8 &g respRliRly. T8 NHRboRELrERRTRRSHS v}eH:txﬁanfaﬁtE@Quﬁ‘ave been
produced. Forns of interferon may be ‘expressed fromcells containing

pol ynucl eot i ddo s eupiafactedsceincwai Higl 10aiFNAnfected aels atd %y @ tletrl8%debt)et ed

mutants (e.g., for interferon-beta) and nethioni ne-depleted nutants. O her
nodi fications may take 30 place through the post-translational processing
systens of the hoFiguedl Dneafmevzm(munehfzofestéﬂl'ﬁt{cd)ﬂm&mm tuAE3 AGhon ware- ~: ~

soveral factors o SR BRRNER 4 EIe o € @ SDobp T AE T ERa "
Al'l such interfer mfpm@tm.l) rmdgnqb'{bie(i Vnﬁég@cﬁmﬂu}mm@gqaﬁwﬁhed herei n
wll retain their_hioactivity gwhen enyi ronment

condi tions. Prléf eﬁséao’ﬁ‘iﬁaﬁﬁépeﬁ?(&'ésl * FPatPﬂhﬁa} )oéxdgeﬂf“ (=% 3 lri‘r]@séti‘lt( -

methods of the inygilec@ly2amdeditey Wreihdabrdd et fetlod PA dafdifSlicwdigdhe g€Ne
sequences of various vertebrates) preferably manmal s and are obtai ned using

net hods that are {eatmentifiesHonso t hose having ordinary skill in the art. See)
for exanple: U S Patent 5,641,656 (issued Jun. 24, 1997: DNA encodi ng
avian type | interferon proprotein and mature avian type | interferon),

U S. Patent 10 5, 605, 688 (Feb. 25% 1997- reconbi nant dog and horse type |
interferons); 2.S. Patent ONQE PHERBEEERRED @Nﬂg ® which

codes for human interferon- be'g a2A); U. S Patent 5,541, 312; JuI_ 30, 1996-
DNA whi ch codes for hyFhgprasens inypntion is basadain partjomdeyelopment of a1 SXIAYR seartherapy S,
Fﬁtgp; e?oﬁ?l )178 ?%%Qseéﬁg&ﬁﬁ pgfb %%‘Ly?eo 19%(9%5%,&&&%3%?: codlegg
is for sub-sequenécgtreby WHMUQWPR?B?@S&"WCW?ﬂ‘é’FF@W@H@““EW&?@"d&!‘ Pra -2
and LYLEN- 2l a2 sedpien s Rl ecfiEOank 09 chhoWimpleig ke sebbitnp g

coding for human interferong anma) Pat’ent 38, 931

DNA contai ni ng a Ruress- The @F@@P‘bﬂ vinorganeherany methog “SP&tcé%Ehaéﬁ)H@Bfe%Bm(dSe)p
22) 1987, humn_ akilent £aq5/ & B0mRtnds APl ilarRGhiRA riedOFHE4B (Jun.

26, 1984) DNA encodi ng sub-sequences of ferent, naturally, 20 occurring
| eukocyt e i nt er f eBeAsdsally modifisd cqﬂenei@dcgreavlaqoweﬂqmw@rfwrépiawllfnarﬁwayloaqt ofganellc
may be used in acepfaiuxgreled N this invention. Mitations in the wld-type
interferon polynucl eotide sequence are devel oped using conventional nethods

of directed milagenesi The gepgsigailymerdified sellsorill spraive agd coatigup fo preduce,Be gxpressegh o
term"nmutant” i s il R fol th MMANGTIARR nBRERk f6r the/SipRBERd ffltekillad ndvbe 2s
follow ng i nterferon sequences, | ncor porated herein by reference, would all
be considered "mutant" sequences: U S. Patent75,273,889 (Dec. 28, 1993) DNA
construct conprising ganma interferon gene |linked to a sequence encodi ng an
i mmunogeni ¢ | eukotoxin); U S. Patent 4,959,314 (Sep. 25, 1990) Gene having
a DNA sequence that encodes a synthetic nutein of 30 a biologically active
native protein); US. Patent 4,929,554 (May 29, 1990) DNA 13 AZTY DOCI ~T
NO AO33PCT z a ~ ~ ~ zooa encodi ng des- CYS- TYR- CYS reconbi nant hunman
immune interferon); U S. Patent 4,914,033 (Apr. 3) 1990, DNA nol ecul e
encoding a nodified beta interferon conprising a beta interferon); and U. S.
Pat ent 4,569,908 (Feb. 11) 1986) DNA havi ng a nucl eoti de sequence t hat
encodes a nulticlass hybrid interferon pol ypeptide ).
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Mor eover , tAhe |soﬁ1rt ed pol ynucl eoti des descri bed in.these patents can be
altered to provide for functionally equival ent polynucleotidesy gAres 2802

pol ynucl eotide is "functionally equival ent” conpared with those of the
above sequences if it satisfies at |east one of the follow ng conditions:
(a): the "functjonal. uival ent ! i .pol vnuel.eof | ridrzes to any
of the 1o for eg%ei“ﬁtgm%lg%detﬁ/n%a @%‘Rﬁ?'n%f(faer%t' gftg%uégnrtcc f}l}g%’lh@?lf épl?%a%]gé%r? Pt |&18ns

and/ or i s degentssad ip whichalmcelif aré lveatédor egoi ng sequences. Most preferably) it
encodes a nutant int vin . i BV j1d type
interferon; (b) the ﬁ#%r%@ '%%%P}eésgﬁhggpéﬁﬁ &Pg%gb%éﬁﬁﬁtﬁ%éflgﬁ)éﬁqﬁeat codes
on expressi on f prefesablyathe segreteliptbtein e irgerfezonc dodeed, laithamply intekfetohseare the most

pol ynucl eoti des i i eron i S e . r he
Porim i nt or fbr oS errb PeiaBaRO o kbRl bilonb aoBi AEHEREE Bt IR o1
as wel |l as t hei profeimtas bendidund.qBWehavecfoursl thadsdue settie Faet that secrdtdaleprateingauch as
"functional equiyalent" therefore refetrs t. nJnterferon protein. or a

ol ynuch et i do- IESH e oG RaFpE R vt bty 1ot Blen St S P o

[ ][rp\r,\gyeg pen_e{i 3jnai'nm§sfoe?t, f(mlth!stalml, mmlsii?ﬂactfxﬂli\:senéeprﬁwg mdhd&ébymtbe(rjf gr on
o] ichis i eened a fuynctiaona ui val.ent. e..appr.eci.ated by
one of ordinary sg%eﬁe?plioﬁm[ ﬁgneaf%se‘figl‘]’hﬁsflgﬁ%tfkf “8@&%?%‘#@ ﬁ'ff%’f%ﬁl’ﬁ can be
produced by ecn¢igiibodng cellewhioh bave the genetand sdzyetethp progedi (hg, the'sdaledi onal | y

equi val ent DNA" .. Accordi.ngly).the instant .invention, e ces interferons
encoded by nat ur%’@ﬂ@f)gfléeﬁﬂ'i&'ﬂmﬁ%&?}c RSt fes Myﬂhgﬁ-ahgf’ﬁﬁc{gﬁg%&@ﬂtr ring
DNAs whi ch encoemotld) epancexpression] for intetftrors; asysecded plowirt (aedeafiaéd tsebdw) Yiasoccur ri ng
DNA. Due to the dLg %E'erﬂzafgpé oft tﬂﬁénu | eoti.de codi ng sequences) ot her

pol ynucl eot i desP® ‘3‘ LAV 2\ b o e COMRPUPEr ons. These include all, or
portions of the abovall ciestjoresrredited infthis Booafentakd iacapbrizsd Hebein Byuefetendelit i on of

di fferent codons that encode the sane am no acid residue wthin the
sequence) t Hds produci ng a silent change. Such altered sequences are
regarded as equiLval eDéfitidnsi hese sequences. For 30 exanple) Phe (F) is
coded for by two codons, TTC or TTT) Tyr (Y) is coded for by TAC or 14
ATTY DOCKET NO. AO033fefehe thefipy~Ea proced(@@dn WAth adiledst phedtypeiiscomestedkhfongh thy CAC
or CAT. On the ot hﬁr ,hang% Trp S, cotge%Tfor %@a si ngl e codon) TGG
Accordi ngly, it 'RfopictpRo b‘?"éd‘?fg%ﬂmﬂqg’t ¢ Gfected GREINNMDNA sequence encodi ng
a lo?rt i g ul ?rzoi nter fT e'resamvg@afe&hmﬂw- W&in@ﬂcﬂﬂﬁﬁ&feﬁﬁqﬁ%ﬂﬁﬂtb@&t dnbbat ]
Wi code for it. ese, degenerat e, sequences_ are, consi dered w thin the
scope of 5 thi sC?IH\?“QHPWﬁﬁ:gm%@ﬁmﬁwﬂwaﬁmﬁ%ﬁ“@ﬂ lﬁ'ﬁ%ﬁ‘e\ﬁ‘lEH‘?n
this defi ln: Ui onyitdsthe ﬂ%hiﬁ}lwékllhﬂ{égkpﬁx%hfi@ﬁﬂﬁfﬁ g&i thet reifripRaeo 'fnl thﬁsuajecth
nonnatural | y occurripng pol ypeptide, i pr m nant|y incl udes those

am no acid residues t‘ﬁ%&‘te°§ ﬂ@fﬁ?ﬁﬁﬁ"f‘ﬁ“ﬁﬂ’?‘nﬂ‘g‘ﬂ‘%rtaofﬁ‘ftﬁ?llﬁWFfeﬂ’va&
interferon \MS1 ubt )ﬂglgeoﬁ ﬁqule:n @R Sradsfeired/pblgiucieGde (€., a Q&ne@ﬁtibldmg. U éxpeeksidr) s e
positions ere there, i,s no amino, ac common to, all suhtypes,.ap am no
DOTd i oh Pe AR s dRiticed To GHRE! e GRPIeD:Prestism i s BEUSHOBILIEY Ldes
any ami InO aci d &@qﬁa&u&;} Vilo g&he'éu(gra@phaswmmin?d inseverd) @filfal B6delsnandireckast one
natural | y-occurri su e. epsuys..i nterferon seguences enconpass
consensus seque RB@&“‘B‘F‘S %‘{; W“F{:‘g" éﬁ%ul?)gg’r"gg'é"f"émé Hagsiyf uy st f%%%‘g?i‘anins ded

that they have sigdabyype sequences. Exenpl ary consensus interferons are
disclosed in U S. 15, Patents 4,695,623 and, 4,897,471 (Angen). DNA sequences
encodi ng consensus i r‘i‘P%‘i"f“é‘r”&W“ V°§8“°§W%ﬂ¥e‘sﬁ"§’éﬁc%°§“ﬂé%’§ngi‘°3é‘83‘?“ﬁ“‘t‘ﬁ%"8§5
patfentsblor bar? ot(ixe,ramwd?fddidﬁmahngaﬁb@meaﬁ?&mm gaéléaefecns)mhmmpti des are
preferably the products. of expressjon.q uf act ur. sequengces
transforned or tpP'ggFQFé%@"éfda Paﬁlg’kgﬁajs?gfh“%‘gggg&“f’baé‘ﬂg?‘f@ Biofn "&'ﬁﬂ‘tdcef%gt?
consensus interferon is preferably reconbinantly produced. Such materials
may be purified by 20 procedures well known in the art. The above-di scl osed
interferons and conditions anenable to gene replacenent therapy are nerely
illustrative and are not intended to limt the scope of the instant
invention. The selection of a suitable interferon for treating a known
condition is deened to be within the scope of one of ordinary skill of the
art w thout undue experinmentation. 25 I1l1. Methods for Introducing

Pol ynucl eoti de Sequences of Secreted Proteins into Cells 30 The term

"transformation” or "transfornm refers to any genetic nodification of cells
and includes both "transfection”™ and "transduction".

Ky
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A '~ use ereln " ra?. FE ;ﬁ&
|

of cells" refers to the acquisition by a cell of new genetic nate
i ncorporation of added DNA. Thus) transfection refers to the insertion of
nucleic acid (e.g., DNA) into a cell using physical or chem cal nethods.

)

Several transfegf] | S . . i Skill.in the
art including: %Lér'cgrlgﬁﬁ nﬁﬁ%@%ﬁ%p&%@%%é&%@%@ fsgjr?c ?{\ﬁtaﬁgﬁdasém?eﬁ "%F%lcul ar
Bi ol ogy, Vol. 7yor@iwe).Tr ansfer and Expression Protocols) Ed. E, J, Mirray)
Humana Press (1991))y Eﬁé b+ [a ; j :
cationic |liposone- med’ 4t ed ?&%‘?‘Fgf g?:t%'?gogg gs%%%?ﬁ%ﬁ%%ﬁ%@%@&%%ﬁhﬂ
particle-facil i physedoginal bivplzenticat; lcellubrosbrustetaleont m@léalanbiologicalStated. | at ure 346:

ot al | bl eed el SRRl PRaRSE R acE s MoREh LR b ol ReBP IR
wel | represent edeingeitheeribontcleit acidsdRNAXsiegxytiboraeleid acidd (PNA)f orcembisétionedfer s t o
Virus “One or Pl Fiedblurio BiE & St A AP oiE I S Rt BRE,
i nterferon prot dour&NAobrsesi anes,GACt dmdnratih @J)vi rus may be i ncorporated into the
o ViTus 15 but the carieks | hehapmisd PRkt ictlessitpincl alspRigaiCed W 1T
i ncor por at ed10i ntimterferen, oleans an Bdidey DNA polyriutlediile qupivnloé gambmpolyesddotide,
Lo Xt ARSI A IS, e 57 B3 S RS RO TR
are isol ated fr associatedwithhll 6frpelyanddtije witihwhialnit issassbetated irsdaomerted., (s present

ol ynuol sot i de SHEMSETEe PRl R heotthita PR b B R B EEafE B ror o
expr essi on cont rché¢misa epodacatbertian thaxomddchiitig ligked écicandse; wa(ili) dvecuwoedbexdr jor ot ei n

.g., i f - l.| t dm ni.st d t l i,
oo b ent. 1o adrPgupy iapnhd i Bl bR PR Fafies ) BB R M an
reci pient is a Homsmamglagolymerasedhhia réaotidnPGRY] i(if)icheiaally spnthesizedy iy cel | s)
i,e.) th | ' t f th | i i,pient. The isqlati 25
and bul tur e of - cPREmERt ey Hone SRRt s Br Rt gt o Sorpifel | "
enbodi mﬁnt) ]clhe fceI I?Itxlﬁr&"ﬁsbhtelaf‘mef&qufo_lmm{mﬁm m]?lumrfletémblbyaﬁmdi fied in
vivo. The cells fro e _ha Jdan,recipien r ra a hyman) ). are
i anst ormed (1 @y b gtReaus a4 HGAEhe BascRRT DR AR R A BN 25
f:_on':( aijni ng i sol %Eﬁ&bnpﬁingmdﬂ'zt\?ﬁrd;{mo@iugd_}ﬁﬁg ot égﬁ@gﬂdioﬁizmkpxgsmtbtmgrg&gﬂwel y

i nked to one or, not . NO a.~.- a 2qQa
expressi on cont ;“Bﬁ‘g“éfgca%fgﬁ"%é“?ﬁ"r‘“’ ﬁ%‘ggf‘%ﬁdgqg ﬁ@‘?@%&%ﬂbﬁf‘%f’wa{‘vgé?}“'
reconbi nant i nt eaécdingmhimaniiterfa@niberat £ivbuld Be ehmkidered Hebldted" sdith tespetiwe humad at ed

pol ynucl eoti des .encodi ng the secreted protein (e.qg.) .a e di one or
more t her apeut i CHREEF f‘g?"o"ﬁc lﬁﬁﬁfglﬁﬁgfoﬁp@jﬁmﬁf??@mgﬁzrfeﬁ@gm & g@ﬁ)fmo vivo
or in vivo by gemahpleof endiselard polghdcizaide” suthdinesduttdan s balg paroof antinterferon
transduction,_ to provide a gepetically nmodified cell. .Marious expression
vectors (i.e%) VBSHI BEaeageomaBantache soras rambling o yidugip protigfes fif

pol ynucl eot i de ieftagesous ftg@fion@edihg seqichcdkvimlidindlogoasiecanibimation.nary skill in
the art. Typically, the jntroduced genetic material includes an isolated
polynuci eot | de. such s PAACFRERSAT Geiscp FEasrd elepien nnciehiageeR ot
conprising the eyans pemosephosphddidsieebohds) whith@ndodesthioughtigahRI¢A ambrhino acid
pronoter to control tr?nscrjption of the new gene. The pronoter

char act eri sti cal PYRRLL A SESHEPRN c| eot i de sequence hecessary to initiate
transcriptios Opti ofednketiptibrdtethe proedss 6f predueing alRNFofivrd aigarel ude i ntronic
sequences which will be renoved fromthe mature transcript by RNA splicing.
A pol yadenyl ation signal should be present at the 3' end of the gene to be
expressed. The introduced genetic material also may include 15 an ‘
appropriate secretion "signal" sequence for secreting the therapeutic gene
product (i.e., an interferon) fromthe cell to the extracellular mlieu.
Optionally) the isolated genetic material further includes additional
sequences (i.e.) enhancers) required to obtain the desired gene
transcription activity. For the purpose of this discussion an "enhancer"” is
sinply any non-transl ated DNA sequence whi ch works 20 contiguous with the
codi ng sequence (in cis) to change the basal transcription |evel dictated
by the pronoter. Preferably) the isolated genetic material is introduced
into the cell genone imedi ately downstream fromthe pronoter so that the
pronoter and codi ng sequence are operatively linked so as to permt
transcription of the coding sequence. Preferred viral 25 expression vectors
i ncl udes an exogenous pronoter elenment to control transcription of the
inserted interferon gene. Such exogenous pronoters include both

e "
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expression of proteins that regul ate essential cell functions. As a result,
a gene under the control of a constitutive 30 pronoter is expressed under
all conditions of cell growmh. Exenplary constitutive t7 ATTY DOCKET NO.
A0331'CT 2 3 F E F3 RIWO Sl 4 e for the follow ng
genes whi ch encode cg%fggaflg'{ C@gg@#ﬂ:{b\%&g@ﬁﬁ%&@% é@pl ngA' functi ons:
hypoxant hi ne phosphdexpomssipn”- the procése nisegod-BRIDNAdequpnbe of apent o predives ase
(DHFR) (Scharfammn. e - o I Sci. USA 88: 46264630 ( 1991
)), adenosine d%rpé%nh‘%)s@ml)%@ng%%%grug'ﬁﬁ%?tﬁ'ase (PGX)) pyruvate Kkinase,
phosphogl ycer ol nut dinbibitinggrowth"aet used lpredmthisaerny refessito both ge inhittiancof tdxjzt | .

Acad. Sci. USA 88:.. 3 0 (. nstitutive onoters
known to thoge %?l (ls%'iq?ﬁggﬁ) %g%eangr"fjm%@nn)dégg R@flsg%&%ﬁng%&%%#mﬁ}sg%{%@
functi on const i ¢xampleeé¢hanges inouarphojagy).c cel |l s. These include: the early and
| ate pronoters of SV40. ( See, Ber noi st and . Cha Nat.ure) 290:304 (1981));
the T ong term nal reBtpaony fag bl By Epflt Rowpahdl Bladatraio e 1o
retroviiuses (Seentpdi-semas ofamino deds Theterm Asorindede’ an@lngslofShe amigo hdddshand
Laboratory) Col d.Spring Harbar NY (.19893)) . t hym di ne ki nase pronoter
of Herpes Sinpl gﬁ‘%l‘errsuogu(eﬁéa%?%%i&éfaagnﬁé%drea%g]g%sf) Proc. Nat. Acad. Sci.
USA) 78: 1444 (1981 “pioteitheanypplyorcecpabistinigresssntiatipefidnyofthe a0 prpte{nldmiro Jcids,
pronoter (See Kar g EXRs g TV~ 169 1989) .. t.h

D ormoter of -t herp iRt She, Aot “songobir i open bid inre b Weidaivdi)Brss
(1980)); the 15palyeptides,rand “pepfidel’ id oo uged tmmfeeance (¥ ammaltipolgieptides, usdge ofthesblat .

cad. Sci. USA, 82: 3567 (1985 .anmon ny ot her.s, Accqrdin ), any of the
Sbove.r e er oncelt IR U PP B TR TR LR s PR e et o

transcri pti on opepidgepreteing aml golypérifides, ahless ofhestiseaiote®) . | f delivery of the
interferon gene is tp specific,tissues).jt ma e desj.rable to target the
expresst on o thi s camaReaat s hich in ERSppRSt S5 s PBisE et R EE | bog
in the 20 |it er aitetior ofdhe 6dll; AanhengGadratedpepteins ared ldrge mudiberoof Browitis ittes .andExanpl es
include liver-specific pronmoters of hepatjtis Vi r Sandi g, et al.) Gene
Theranv 3: 1002&1’5‘6)@“’05@@‘85 Praffigs f“ﬁ& asdtﬁgfﬂﬁ%s ‘Q@%@mﬁdg"ﬁ&ér‘fmg‘?&ﬁ‘? .S‘)"ﬂ&%rés and
Devel opnent ) 1: 1268, 29 Gnd 1198dd gro®@FactIrS il GRLCSH, G-€8me Therapy) 3:
802-810 (1996) for other liver-specific pronoter. Moregver) there are many

pronoters descri bed ‘igfretinsiont-asfers i eeonliiicpmeoyplent dinkage ekioss B Ardfeisp¥R f i ¢
tunors. 25 EyanieRdndividlal sitdd cibohes AR Snet(cRkpeésRnRf & polgluciesiie,

car ci noenbryoni c antigen pronoter (colon and |ung carcinoma), p-casein
pronot er (manmafpleeds eIcABABIPSAReYBS nase pronoter (nel anoma)) cal cineurin
Aa pronoter (glioma)ssRemeall uafitySr StriRfud BtigBretit RRl-AAYRBCAPRIsnRRd t he
a-fetoprotein pronoter (hepatoma). Genes that are under the control of

i nduci bl e pr onoP¥Heula ARy ehapgedbacigletion, jybstitution, additinn, o5 akieratian) Bagyilddype n t he
presence of an jjadRednPEnSGARY dhahdd ifla willl tpE RtdrieRinipRdteidinder control of the t8
ATTY DOCKET NGO A0331'CT 2 a ~ ca 2~2 netallothionein promter is gfr eatly
i ncreased i rB5pr esenc@ilgfyreer hanaturalstegeurripgirolynudeqtidg o gnipp aeid sequence of an

gl ucocorti coi d- Eﬂ@&fé?dn%ﬁzr&ri&%&{ pro¥eid S Pectivaly! 419t ARUILVIRBMTRI Y tunDr virus
long terninal repeat, V LTR) (Klessig et al.) Ml. Cell. Biol., 4 1354
(1984)). Induci bl e pr@atrehdrfiziiongenditioapo sl ape teapemtin conditiens pubgtantaily

stimul ate transegiiwidnPio 04 RBsERCibout W ESC AR 65dRRESC Pk Both BYtHAizafie angxanpl e)
there are REs for serumfactors) steroid hgrnones, retinoic acid and cyclic

AVP. Pronoters ®@Ht Zhsiery standard pybridizationgpnditignsas useddssin is Hersfietn t o obt ai n
an i nduci bl exor e p@atiRalMefhnilioh B RcorPEREs a rhkpd ol blilisRlohs. NBighd Siridgdndg hed to a
different pronoter) thereby conferring inducibility to the reconbi nant

gene. Thus, by selecting the appropriate prgnoter (constitutive versus

i nduci bl e; strong to versus weak)) it is possible to control both the

exi stence and | evel of expression of a interferon in the genetically

nodified cell. If the gene encoding the interferon is under the control of
an induci ble pronoter, delivery of the interferon in situ is triggered by
exposing the genetically nodified cell in situ to conditions permtting

transcription of the interferon) e.g., by injection of specific inducers of
the i nduci ble pronoters which control transcription t5 of the agent. For
exanple) in situ expression by genetically nodified cells of interferon
protein encoded by an interferon gene under the control of the

met al | ot hi onein pronoter is enhanced by contacting the genetically nodified
cells with a solution containing the appropriate (i.e. ,inducing) netal
ions in situ. Recently) very sophisticated systens have been devel oped

whi ch all ow precise 20 regul ati on of gene expression by exogenously
adm ni stered smal |l nol ecul es. These include) the FK506/ Rapanycin system

..... " o o ~r ~\ 1 NN A NSNS A NSNS\ - M
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regul ated by controlling such factors as: ( 1 ) the nature of the pronoter
used to direct transcription of the inserted gene, (i.e.) whether the
pronoter is constitutive or inducible, strong or weak or tissue specific);

2) th nb f i f th . .1 hat i into th
Lol e, ErmgERe R Fos senmiples e e Ror oRe §ich ol efoat DAL IR 1l o1 o1 o
(e. ?i) i mpl ant ed?ly?mlﬁ}&otiMe,ﬂm% Biebl} ?QOM).ZW\ﬁlvﬁé E@uArﬁjzi_lbﬁIﬂili m)anTrE Noriséle%upr)éc ¥

ra or encaps S| QN SVYS I N A
IR S RN SN it A I R SO RSy R SR

met hods; (6) theg/mltdnaturedfsofieattdsalnichrspeinBA by G5ndefreet @fbr 0320 Rours, wad

ol ant s ar o ePEng SIS Rl e SPC % SBRGTE Rt ) cne

producti on rat e Lowertshingénoy eonlRibaymiy for Beangpi) Ricludahybyidining iwlith thqoedcteen

Sel ection and optjm zation of these factorg for deljve of a

t her apeutical |y gﬁque@% ‘i?é“?i‘o%‘@hﬁ?“}g ‘ﬁﬁf‘%’oﬂ’éa?‘&‘%‘fﬁdnwéﬁ%ﬁi %FF?%SP&%‘R@&%S be
Wit hin the scopdegies @Ter 2F20aoths) a8 Wasting with 300tniM NaCl/30sM Rediim Witeid€2.0 X
experinmentation, S%}?i(‘%ﬁgsl n%ﬁo accoynt the above-di scl osed factors and the
clinical profil 8 65 d8res @ecause t he protein expressed by our gene
therapy methpds is a'eggessidh eshtil fginte"- 4 £qedits Gruncledtdes®Bitlcontidddnddo not
contain the gene therapy vector ar e still, fI, cted (see Exanples). As a
result, the prel& tcﬁﬁ"#f'dﬂ%“?gﬁﬁ?"éﬁ'l F‘§/°RTE?“H%Y ‘ﬁ%i?ﬂﬁﬂtlh CEE¥Sof a sel ectabl e
gene. Neverthel ess, ‘ioperatil@iytlinkea s @ﬁaynubﬁa@dc s€jvende (DNA{ RNARR@pérhtiveBamkecone
i sol at ed pol ynucl eoti de, encodi Q‘%gt i

e |nterferon) the expression vegtor nay
optional |y i mel (R SXDEssio cpRtEn) suence Whedthe Xprrsrion contrel Seiphae GOMISLS 20 o c e

gene) df or df aci Lirégﬁhlcamewseﬁﬁdoa landa&énﬁedi%&fuﬁt ﬁdn;_aha?a;ae séﬁﬁaﬁbe.t Tm&fnect ed or
transduced wt "t e e .E€SS1 0 ector. terpati vel t he S .are
transfected Wit h°R°W(5“’é§) l gt Q%Péévé‘?gcﬁ’f a?@'ﬁ?‘lﬁ%sfa“aﬁ‘gnﬁ’e(&&' A&%&“\fé‘@f gf the
contai ning the geRRARkleotdsBElicnd tb BEexphthRA bRl RAftGihing kR oRE RladivL GhaE to

containing a selection gene. The selection of a _suitable pronoter,

enhancer, sel ectPPHH! gFeisesIoRod s polynisieatideseaisRcrUBdY Hissopr P QHhE BXRIGHIOR s deemed
to be within theosfPdRQuétte 2aProdliction @F ihd EdsirdKinltekfeton chddBedtiyithdséiiet undue 20
experinmentation. |V. Mthods of Preparing Specific Gene Therapy Vectors Any
of the nethods PRBIYFleCHIGSEReA%e for the insertion of polynucl eotide
sequences 25;j Nt 0 a %Rfrksion FBXortl& foleoH8 mosQomSoAIyRI IINA pRERIATRIE whlchal . )
Mol ecul ar C oni @: A Lgtt%or,atory I\/aml) Cal d Spring Harbor Labo(rqgitfory) Col d
Spring Harbor) Nioincliden)a vigg) i allays @‘tP“‘é#“?‘Pf@E]F?séﬂ‘le BOPOV IR SReexPIesHR ecul ar
Bi ol ogy) J. W I Q¥eté iSRfSducYinfo ak3R2211. THE V6eR triaP bR knay 86t B 45166 Rsplisate ia
appropriate transcriptional/translational control signals operatively

| inked to the pé‘Fl}nucI eoti de sequence for a particular interferon. 20

ATTY pOClI CET NO  AO3&{ihdr"Zany ulidbbzraBR(rolifdphtonRt 84115/ SUthasah mcliBy nidlighnbe used
to control expression of interferons. (See Section Expression vectors

conpati bl e h 2% ReranaligRantsekid erdluidtumers, qaecinomas, myglomps sgrspmasdrukemisr cel | s

include) for exapRpRmaPindSiiefancefotis HRdpIANIE bAt@mofgtnid@ieaked. €t roviral vectors;
adenovirus vectors; herpes viral vectors; paryoviruses; and non-replicative

C tors V. { N
pox vin~ses. |n parti&otigally mediffedcoell] Ghio aalicd @t celleXPressionsySieme- AMRISES can

be generated in eRetdsieRstesiRh vedidrirexproing ieqfteoPprbiin, For ex vivo purposes,
replication-defective viruses. See Current Protocols in Ml ecular Biology:

Sections 9.10-9.thugepstisalijyaedifiad cefls are syjtable for@dminisiratiqnp p gl3mpglian recipient,
Associ cates, 1989. Specific viral vectors for use in gene transfer systens
are now well established. 1o See for exanple: Madzak et al.) J. Gen
Virol.) 73: 1533-36 (1992) (papovavirus SV%Q); Berkner et al., Curr. Top.
M crobiol. | mmunol.) 158: 39-61 (1992) (adenovirus); Mss et al., Curr.
Top. Mcrobiol. Immnol.) 158: 25-38 (1992) (vaccinia virus); Mizyczka)
Curr. Top. Mcrobiol. | mmnol., 158: 97-123 (1992) (adeno-associ ated
virus); Margul skee) Curr. Top. Mcrobiol. Inmunol., 158: 67-93 (1992)
(herpes sinplex virus (HSV) and Epsteinl5 Barr virus (HBV)); MIler, Curr.
Top. Mcrobiol. Inmmunol.) 158: 1-24 (1992) (retrovirus); Brandyopadhyay et
al.) Mol. Cell. Biol.) 4: 749-754 (1984) (retrovirus); Mller et al.)

Nat ure, 357: 455-450 (1992) (retrovirus); Anderson) Science, 256: 808-813
(1992) (retrovirus). Preferred vectors are DNA viruses that include
adenoviruses (preferably Ad-2 or 20 Ad-5 based vectors)) herpes viruses
(preferably herpes sinplex virus based vectors), and parvoviruses
(preferably "defective" or non-autononous parvovirus based vectors, nore
pref erably adeno-associ ated virus based vectors, nost preferably AAV-2
based vectors).




See, e.g.) Xir et N? A&gne Theranv 1: 3b7-384,1994; U.S. Patent 2§7%ER 383
and 5, 399, 346 and d| scussi on below. 25 The choice of a particular vector
system for transfernng, for instance, a interferon sequence will depend on
a variety of factors. One inportant factor is the nature of the target cell
popul ation. Althou ret gviral vecto e ensrvel studi ed and
used in a number” 8‘% ﬁcﬁ%rrcgﬁlsaﬁ‘lﬁl #‘E%ﬂ%ﬁe{‘?gﬂs ?"‘ﬂ&?g(tb 5’“85“ 81 Py ™nsui t ed
for infecting celdpsset, hmcem&e&edtedihsidldiha@clbhht may be useful in cancer

t herapy since they o rate and e TTY DOCKET NO, A033I'CT
2 8 FEi i 2002 their éﬂsé"é‘ “ﬁ""r"&bﬁ%@[ﬂ‘ﬁ% vasgie §‘°‘h?flﬁé§” ‘8?‘%“&@51“{!{‘3 Wer ex

vi vo approaches abswd-dasceibal denaicillyuodifiedt dellS Iif p@@sulir, dhednictién@bvides baketiRd

i ntegration |nt t he t cel n Adenovi.ruses are kar.yot i c, DNA
ViTuses that ScaftPisBeGURrdiine colf Dot R BEREFRIER oh vivh arda i g he
reporter transg cgae:utamy modmeu &ENs to ihc@&lrdmaﬂt}(rpﬁeiplcﬂihm agsiefedlembodisien Gtiek Uses
types 2 and 5 (Ad2 an res ectlv ause respirator i sease
P hurane) are. MBI ISR G it i velt A b
Muscul ar Dyst r opétipidntM)ussithefejtss the Gerini "Rh9¢dS nfetits)a celBoi 4 plhdidy afetild\aat Haed ong

to a subcl ass of adenovi,rus fhat are not ,associ ted t man

ol famanci ae” AbeiTeRod FORhOR e RIS oBetiia Vb Roriso Mae el o Peoing ool o1
Iﬁvel s of transgenta ﬂﬁtﬂtvﬁwuhﬁn&tggdflﬂ@thﬁayntﬂlu?g the kisblatedl 1R Bs inlca1fAé &k Rsownt d  of
the mtotic state, trte ue_fo

reconbi nant vi r (3HESHP é‘ﬁ'}*s‘é@ﬁﬁﬂgﬁ/ oy, K., 2@@@@&@4}%363-1570(1992),
adenovi r us- transHJaremem ecarmbrﬁmmtmmwm o781 -84D(1989)] Heldih, 4N Blocken. I, 483ne:

ATCC CRL1573 a Cr ext ended er| o) t appreci abl e
| osses. The )effr 3?&3@“% {)hlr:'%"]%&s Y lgr@\édagogﬁgqﬁ%ﬁﬁ%“ ghsgene
in vivo that CoraplermamNe@meﬂemcwwb@bemepmmem Megedss7r sd3eshii n

ani mal nodel s of 15 various disorders. See Y. K Wat anabe At herosclerosrs)

36: 261-268 1519889 )All patenss, paient applicatiopsand ppblicatigns mentiogedin theDegatled 1 9g0)

J. L. Colasten etDedériptibiedf thiMbentdon, Naein) bodDipla hidR &, are?lﬂ&rp"c%ec(ﬁbm S.

| shi bashi et al) J. CI in. Invest., 92: 883-893 (1993) and S. |shi bashr et
al, J. din. In\f%fﬁ‘["'n‘)" 93: 1889- 1893 (1994). Indeed) reconbinant replication
defective adenovirus encoding a cDNA for the cystic fibrosis transnenbrane
regul ator (CFTR)_has_20 been approved for use in several human CF cli nical
trials. See) e.dl, JlsolpedsHyterfanan Belgnuclegtidessor- 692 (oct.) 21) 1993).

Further suppgyt of tRg“mékfeion” @fso F@&RAR RAMN"RAARMMI [sP&RS-speRificAipee dhhigr apy
is the extensive experience of |ive adengvirus vaccines in human

popul ati ons. HurPRIYPeRtideaduced by mammalignrsHls ia aespese o expasiig to 2 ¥asis Ok indedess v 36
kb doubl est r andgdeiNKirR@s BB pephlids CitdgBnshind tHd ifte. | THeAnobOflef0RdY ikt drons(afd iH- ) .
each of which is 360 25 by in Ie th.” The DNA contains short inverted
terninal repeat §°‘(°F’PFQ)"‘“‘§?"‘E“&’€H°°@ ingit DN{emefhiods dor Produsingprateing inglupiog theoy

viral DNA repli catibiinterfdihs GRNMBowE SIS ot ﬁlicﬂd&rtgﬁﬁltllﬁ:dmieﬂﬁ&l ift aky Way( $de
t hrough F. 4) and late (L1 throu h LS r E% ons) ressi on before

on
or after the2jnifes “d‘?‘F‘B‘ﬁ- BP- Rﬂfer“ﬁ éé‘f'ss’ﬂg@é" (‘%“ebet ) st A T0AS
Virology, 2d edi(auf nﬁ%rRBcd}hanah@ﬂogﬁs)ofﬁﬁé{ﬁPonpdlﬁﬁ%elﬂt GammARW c¥Rdelisus 1990) . 22
ATTY DOCKET NO. A033 s DES 2002 The adenovi rus genone under goes a

hi ghly regul at ed“‘ﬁﬁfﬁ@?'éﬁYFB%ﬁ“rPH{j“?eflsFWﬁﬁlmeifF'P&P‘aYP?@‘Pﬁﬁ%ﬁgm@é’é‘ Y. Yang
et) al groc. Natdontaﬁﬁ@%olyﬁfdeottdc@c@efbes gﬂeodnﬂéQZrlzﬁﬁé]sMh]ag BfkleineMepled uhS

internalized by cell enter. the en fromthere the virus enters
the cytopl asm arf& 8b8§i‘“r§‘§'f°f‘l9“?58%€‘d|‘{“’éhlﬁfﬂﬂﬁc hteéayfantsr%cwqql%ﬂmam%? at es
to the nucl eys) pregitodgh thePostitifslational PidcEsBing EyRFRS 61'ME hdst EBAThSENabCt Ur €
rather.than integrating into the chronosone. The imedi ate early genes, Ela
and El b, are expressed in the nucl eus. These early gene products regul ate
adenoviral transcription and are required '6r viral replication and
expression of a variety of host genes (which prinme the cell for virus
production), and are central to the cascade activation of delayed early
genes (e.g. E2) E3) 1o and E4) followed by | ate genes (e.g. LI-LS). The
first-generation reconbi nant, replication-deficient adenoviruses which have
been devel oped for gene therapy contain deletions of the entire E 1 a and
part of the E Ib regions. This replication-defective virus is grown in 293
cells which contain a functional adenovirus E 1 region which provides in
trans E 1 proteins, thereby allow ng replication of 15 El-del eted
adenovirus. The resulting virus is capable of infecting many cell types and
can express the introduced gene (providing it carries a pronoter), but
cannot replicate in a cell that does not carry the E 1 regi on DNA.

Reconbi nant adenoviruses have the advantage that they have a broad host
range, can |nfect qurescent or. ternlnally drfferentrated ceIIs such as.

S " - o




NO: A033
(TTRs)) t he i rstm:?‘ZS by g?whi ch are capable of forming Y- or THshappdi2

dupl ex structures. O inportance for the devel opnent of AAV vectors) the
entire rep and cap domai ns can be excised and replaced with a therapeutic
er reporter transgene. See B.J. Carter) in Handbook of Parvoviruses) ed.)

P. Tij 55-168 (.1990). h hat
TTRs | Jr Zf)(ratras ent fﬁ f‘ﬁ? %1“‘%5’!“ %‘@(ﬁﬁéﬁ@g("gt& ﬁ%’? wit tP%?at%m%g ica ;sset‘)'%r ?%Orgﬁréd)’s
packagi ng) and inotisgrdet tclimiothe sdope SAM igesntione Alllsoch iAieron preteing dciidedsin the

P ot on Sany et de bty il detit el nERLARS Shen et Hb R S0

thereafter are datiloumemsal comlitdne nucl eus where the AAV DNA stably integrates

into a host to chro spwwe vvlth ut. .t a St '] division.
In the absende of a HEFRSH “dfsrqg "E??gﬁ e?é'bt%iﬁ‘\fen{me mds?é‘ﬁﬁi“ﬁ%“ 9%t ent
but capabl e of lamdagvad(ftolm/tat wﬂd -gypelinteeferon geine s€uendey bf uanpharsmbm‘test prefedably e
cycl e begins Wnena n QVvir IS .C Iened Wth a
secondary i nf ectl?ag}'ln F’%‘@éﬁ%ﬁ“é&ﬁﬁpﬁ%ﬁ?@ggﬂ%ﬁ%ﬁm rﬁ%‘ Berday e
functions that akillin tﬁqmrm foyexadple! U, SiPatent's 641[,556?653!16“161{1 2it r19m 131358

o T, (B e s hehon PSS i B kel g e
dependent mafners,605688 (Fets 2, a@9wogmmmsg ardexoea%agmd:rfemg, wsamwed

Fel cased ag i nf SEEHSLLCER-IPoIESINGA sshudiEb Bich etfobhoppa et borgRIy U
rel eased as in

genomes fol | ow rpatenels|s48,382; Jul. Wl%bﬁﬁ%u&lc@&sffbxqﬁ&hn ﬁ&b&ﬁ&b&é-ﬂli&cﬂ&&e
therapy The viral particles ar e and _reconbi nant  AAVs (r AAV)

vt P uon i e polyRERan; TS: Bathrecs F1 16 ok D05 S BN BOHS R aRAIBEN | ot | ng

or by GCsCl gradijgkbeyAn@iféten); ) 0%/ PafeRt 5001 mt(ajal:eloammcemtgeqdey&@mlhg zed to
a powder and reh drated to full activity. Their DNA stab |ntegrates into

host chronos¥ne fsst%?%%PWW%IWH@JWWM@@WL%T&IW&@@ LYY glgbe and

AAVcauses 25 no know palerC90,180idval3, 169, W@héﬁé@&odiﬁ@%r%ﬁmﬁh@rfemn-
non-toxi c. Hi gh Tével S!?ene expression fom AAV in mce was shown to persi st

for at |east 1.3k Q@@nw,w)ml(mnw $%§$u|% cquiaiyiyg)a hygan ingarferon beta
Virol ogy 70, 8082;8168; Pa‘éé:ﬁﬁ%ﬁ,ﬁlﬁ’ S 1987, S i ﬁa-ﬁa‘erf&bﬁ Bk-11gaXd dbyys.or @

cel lul ar host imrune response | ‘mtations viral gene therapy have
been overcone. Zatent &f 48HRE2S, AYB4, YA ZRGing Sub-@QEBHFeSElef naeiv t t)
Leone, Sanul ki) Ho@)fté Iey and During ( 1994) Nature Genetics
8) 148-153 dzés(crl e ong-tel?lﬁgrwgéto 4 nont hs) expression of tyrosine

hydr oxyl ase in the rMutatami:mberr&nflthnmtm@rmfa@elvonmsaw&nueﬁdmmc@émwnmsu ng
an AAV vector Is s&ase in
humans. Express;ﬂglhﬁlv‘{/g@oﬁl g faﬁ&klékﬁ Cl e tXQ%r%E%nE%Ué}xériﬁagﬂe 'ggafe and

stabl e. Fi sher eleveloped psipg @ﬂéﬂnm witheds(of digeried Mutagerssis knywi e tnse efprdinaip| e
gene expr essi on i if i Guel e i RibuahPichld flind B bhboMIRE kncl 1M soARInG) e
virus was safe. No cellular or moral 1 mune respons det ect ed agai nst
t he virus or 2% hefollayyieg igterfgron seqpencehuincorpdtated hasein by refgrence, monld all Rgeqnsidgedid .
Sci . USA (1996) . %Qﬁ@ %’4087) showed hi ghto | evel expression of the
erythropoietin ( ta)Il ol l owi ng intranuscul ar injection of AAV in mice.
Epo protein was dermNsﬁ Patew512&§ﬁ9 (Pre 281993, IDNA censiruat comprising sammpncr ease
in the red bl oo A ndi. I t

potent i al . hor"Garkn Ee ke fe (RAK Glouid i I Elok AIAPES Rifent e

as a treatnent f495934M6%sp.25H1998, G@vb#viwﬁNéﬁmmmmmesesmeumm Oﬁas
been describ | | 4l e I I erived
fromthe bacu OVI rugﬁi&?%g%%@%@gﬁ?%@g?% ggt&lr‘rtu |’3F M}ﬁzlbgg?b 4 ghedr05| S
virus (AcM\PV), has been shown to be capabl g of transducing marmal ian cells
invitro. (See Hofmann) C.) Sandig, V.) Jennings, G ) Rudolph) M) Schlag,
P., and Strauss, M (1995)) "Efficient gene transfer into human hepatocytes
by bacul ovirus vectors") Proc. Natl. Acad. Sci. USA 92) 10099-10103; 20
Boyce) F.M and Bucher, N L.R (1996) "Bacul ovirus-nedi ated gene transfer
into manmalian cells") P roc. Natl. Acad. Sci. USA 93, 2348-2352).

Reconbi nant bacul ovirus has several potential advantages for gene therapy.
These include a very large DNA insert capacity, a |lack of a pre-existing

i mmune response in humans) |ack of replication in mammals, |ack of toxicity
in mammal s, |ack of expression 25 of viral genes in mammalian cells due to
the insect- specificity of the baculovirus transcriptional pronoters, and,
potentially, a lack of a cytotoxic T |ynphocyte response directed agai nst
these viral proteins IV. Testing for Efficacy/ ldentification of
Interferons 25 ATTY DOCKET NO. A033PGT w Z g F r~~3 2002 Interferon

poI ynucl eot| des are adm ni ster ed to a ceII VI a an expr e55| on vector.

o M " o Y B Y o ey o
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The sel ecti W%K%quq r%ozg(f”rl on of a particul ar expressi.on vector for
expressing a specific interferon gene product in an isolated celd girEB 2002
acconpl i shed by obtaining the interferon gene) preferably with one or nore
appropriate control regions (e.g.) pr onoter); preparing a vector construct

conprising the ve or i serted the interfer epe;
transfecting ore‘i @%%TM panthyman immpne WFW‘SF}E%VE‘E‘F%
construct; and 1,(9141@336(%} Bj rmoV\bmm@dled-mnwah@rafn&rdmwgammd@treﬁﬂlésxhpﬁsmga
present in the cultured cells. The eiﬁﬁCt of transfect.li

pol ynucl eot i des PEAMaierag);iand UsSs Batentd 363,008 Feb.dd 1986 Bﬁﬁ%\ﬂ"f‘% dnyeleptide any one

of a nunber of E&?&&ﬁaﬁé&@b&e@bhﬁlu@lﬂﬁ&ﬂbﬁ&ﬁ@&e@ﬁ lypepfi®@s). Such cell line
i ncl ude a human bl adder carcinona cell |ine) 5637 JCC HTB9)) a hunan

breast carci fona cel MargoNen mﬁ/BﬁPWBMUH“{%WWﬂM“%“ﬁGWﬁ b altpsedde e

car ci noma cel | ﬁavid'em,fur@h&{hﬁ Wafen ddleotidesh WiFIynQSib RS AMAABFNN l'i ne,
SACS2 (ATCC HTB35) ; human f?g@osardgg% netastati¢ to Iungt cancgr ?)Jcell
¢

line, Hs913T (AW#JFFB cpmpgred Wity {hase pf ths abpyeeauenses ificiatistientileast one of thes| o
(ATCC ECL 2). Ezafowitg cohiééhscel | lines may be transfected with the
appropriate pol ynucl eot| des encoding interferons and the effect

of
transfection on cell EYdht H“‘}&H‘Ef‘al:‘?él“}"ﬂllc&"r' ispdlyrenleotde thathybedizesde any ofdieng

procedures kfaowworzé&dg%eadaece@ﬁ&deﬁmma% beli@ratlsnvddaditibts WR1/6PiE diSheptle @IRAN T O
measure cell viability, cell counti n% %'o measur e propagation over tinme and
tritiated-thyn dicfarcginpiequsnessi Meostpee wﬂabmeécqgmm@mtulwfqrwama@eeffect of
a secreted prot %e&pmcwﬁ@gpgwﬁggﬁg{nkéfegohat do not contain a viral vector
with the appropriate nucl eoti des encodi ng the protein) may be easily
tested 25 using the Wgtllho@gct@e@@ﬁwmt'ﬁlﬁaaémﬁk@l thatppdes nypxpigssipader aint 0 a
target cell, intggifoetiaReqrlid@NGas ity Bthé blEétﬁ@s &Yth6 RIREBAL i Rton et hOds
such as nuclelc aci d hybridi zati onusi ng probes conpri sing sequences t hat
are honol ogols/ seAwpcehrentary to the inserted nutant interferon sequences.

Interferon transcri piyiQfn S%”m@%nﬁﬁﬁé%%ﬁ* 1QMuJe§‘Uﬁ{§‘ﬂottlﬁx§Q§?J {RLARR listed
pol ymerase chain 3o reacti Al'ternatively, interferon protein I s nmeasured

in the cell-condbeveanwell petheitfndsipnal gquivalentsyApmekbereincthe tapsfmctioml g ~ E ~
2002 convent i Ongg azgém'v%légo(ﬁ@%&?svt 9 inferferdt pRAGRY: ﬂofynaa&mp@zénc&ﬁpgtgéch the

sequences) may ent he presence or Hsence o gene

function (e.g, tlmﬁqr@nmeteimthpab@t@mﬂnva)lmammﬁceal¢fée§t@tthm@nmalﬁm t he
|1 ke) Causedgoby fr&g‘ﬁxén? éingel?fgt mﬁcﬁfﬁgmaﬁmumsmequlmeqt Waui gy get cell.

For instance nuc de" enco Interferon-b als inserted
5 into a vector anmwm by@enfwémwslell@tmam.@fmm@%lygm@eswwelagarabmeonycu n
phosphot r ansf er RGNS BB BRALIQIS, (O eairesat\g @%&%&u@@&d%&ﬂ{ BrRker,

the sequence ca e nt| I ed by preséence of mar ker ~gene functlon

(Geneticin resi s‘scawélexly.tbmetnntnwm@bfac@e@te@rmgnqqded bynatueblyoseueringect or
wi Il "be readily myad hoblifashy nmai.ﬂ@e fy-QRNHRIDRAL WARR ¥ncdld tht sdnft prdlén @ t - tO

V. Uilities A Tntérferons and ctious D seases 15 Interferons have

been used i n2% heengadedibythenatespliyeceurdng BNA. up énthe daganogacy af the ppfclestidenqding

I nfluenza and vg u%hue@ ﬁaﬁﬁ,uwﬁiemm usQ83Y bnd3BEinRAEOhE WhalelidclRE A8 ok | Ve
to inhibition by nterfero and are often used in assays to neasure
interferon acti \Hortipngefdthe abave seguences vehigh ase altetpd bl dhesuhstiHersohdifferanheaderser on
antiviral activi R R By ear to
be sensitive to t?‘%?e@%@%%ésﬂl ncﬁgﬁﬁ%gﬁlﬁns B V|°?€iﬁlqiq§8& ﬁ%%sﬁggatl tis C
virus (HCV)) hephengeiScipalicredisequenngsrern reganded %GWW?WWWHSQS@%X vi rus,
herpes zost egy Vidybignle, Phk AFRABUONOF BStwh SHAhs, T R BT 4% (P coded for by TAC o
encephal onmyocardi ti s virus. Among the nore attractive viral disease targets
is hepatitis. Viral hepatitis, a liver di segse caused by nultiple viruses,
is a mgjor world-w de health probl em Five distinct human hepatitis viruses
have been isolated and cloned. These are hepatitis A, B) C D and 25 E.
Sonme cases of acute and chronic viral hepatitis appear to be associ ated
with hepatitis viruses) other than those already characterized, such as the
new y di scovered hepatitis Gvirus. Viruses with the highest preval ence are
A) Band C. In addition to causing acute and chronic liver injury and

i nfl ammati on, HBV and HCV infection can | ead to hepatocellular carcinona.

I nterferons have denonstrated sonme | evel of efficacy in vivo against HBV
and 30 HCV, as well as hepatitis D and hepatitis Ain cell culture.
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treated by introduction of the interferon gene. The preferred target for
delivery of this gene are the hepatocytes in the liver. Al though ex vivo
therapy (e.g.) explanting liver cells followed by introduction of the

pol ynucl eot i de Wﬁﬁ%&ipa{)iimola_éésf _ﬁ@ggémnoha%&mlﬁaa.%fxg)i@@&dsdkd?t0 the

patient) is possible) gene delivery in vivo s is particular, ref erabl e.
Surgery is perfdyssinglesodan TEE. Areordjeshy it will be eppecciated that fogapiverdPNAhe | i ver
or the gene is igfHse Ghhaf . bn thEk il B { § bl ally,
| ess invasive prsa tﬁcg’gwgﬁ%h%gg cfl%ilgkg{f/‘gn%éggﬁi I’llj ect?‘gﬁﬁg eeggﬂsce_d.*grﬁg&g

i nterferon gene tha will egsle foriitn dbese dpgenerase DN seifenees pregorsidered witbinahe spopsobt er
in a suitabl g e&ﬁi@ |tRR. vector. The transcriptional promoter can be
cellular or vira ?@%ﬁ to Sv40, RSV, etc.) in origin. If liver-specific
gene expression is dEonsensyy interforop s absojinatudegwishin ithis definition. aiys eppopesttereisuch as
t he al bum n enha " s - I L A \
ennancer / pr omot ef i cisay ARB.j b il bl Sp o B A AR pRlonfibgl
descri bed in t hdné¢ludeethase aming Biskresidyos that ard ¢ominyonad albnapuallyrdetwringhudesi gn a
vector in which, I l&: 00 i s
hepatitis-inf ectl}étg&%ljgﬁ@%géeﬁnﬁng%@%ggf Rgf%geg)ég%ng%&g&et% E%lbslgr?? sétr1 ar (1)1?1r°gene
coul d be i ndi€edhdsyismhemig@\icidicammon topdlisubtyfea@h aminbiBsid whick predgrhihantly bgcutse
present in HBV-i @gq! 1 ONdy Ay Ler” y be
used. This coul d’FE'l %F@?ﬁgﬁ%&ﬁ?X%gﬁwg% ys .llléon# ?sdurc dug?hgcg Singh%)éﬁli ?‘%aggrres
or protein: DNA g®sitiogatagkast ommatngalyescupdingdhitype Gonsssus intagleson sgguertces ns can
be delivered pre ' ' ' [Hgle)! .

asi al ogl ycopr ot egln‘ré:&“?‘;é%ge%b éoe%{sutggeqhgehg%%d(g\cﬁwjoefs e.aab ev\r}gf\?%rgc,eh? ‘S&Eég‘i“ggmé’ ﬁ%d tFr%tst

ef ficient gene dbtyhage subypssequancasr Exemplagl consensus ingrferonRare distiosedimt U.S.

retroviruses haw t LLVvar n t h 0 ex vivo.
i ol e 487 B AbobRE anad &7 i (A PO A LI I DERRLREE T rah
| ocal i ze to the maptersydthdsizedasnigscribddria theseqnatents ior byi otiter stamrdard rsdthogls. iConsensus

Approxi mately 98% af adenavj.rus 25 inLected.intraven |y 1 ogcal i to the
liver. It appearlg cﬁ 13t p&@:eg{ﬁ%ef ﬁrgﬁfefeé%}gh%é grgg%cgﬁog? el s\g/{?'?%fgma(mrlﬁﬁ%e&?gﬁ al so
infect |iver aftsequencesuransfomedioniraifecttd int. hok, hedestritpd bereifi. Thiarisicesesuch as
al pha viruses, lentiviruses .or other | iruse | d sed.
Recently) a non-'T"%Q‘iB R 1S RRCTRHEY {lgefm{mﬁ%anl[{ﬁg%@lf“@ggéé}'P#tg:m%alg%l%g@'i"%%‘si%ﬂas been
shown to be abl eprbeedated walkknondh thxt.ess genes efficiently in 30 hepatocytes
(Hof man et al., 1995; .Boyce agnd Buche 1996 upra). ATT ET NO
MOSIPCT 2 8 = O 2003 Tearoa g Pelpoet fikoay Ebaftiis Bhoeedi o st Filelell, e
utilized to del itiempydiemenalydiidseativa anfbarenadt intanidedto liRitghd scaytei of thedrasfaetct | ve

adenovi ruses have been.const.ucted . | t.i pl roups, The fi eneration
of such viruses lﬁy%l%%fl@%fcl???émb‘f@ s’t"g‘% {eﬁ%crgcen?ne ul %eﬁﬁ%é)a l%“r?évn ﬁ(lnd%déglﬁso(%?g is
defect is conpl ewbawdttinitiie scope of 3 af etdinakyi skidl ofithealt vdthputasdesxpeniomentationovi r us
5 E 1 region is preferable to use a reconbi nant adenovirus which has

me | T
been nore exfensi vel y crippled by deletion of the E1l) E2a and/or E4 genes.
Al'l of these deleted functions can be expressed in the packaging cell line.

romters (or oltmie RISl FAM ol i IPOF R PRI e (o

cellular actin pronoter, the al bum n enhancer/ pronoter 10 or other

|iver-specifi¢c pronoter). ThisS.dene cas e i [ . I hant
adenovi r us vé@tor inH%FQ@E g?“% gﬂgF ?hggﬁgngt%ﬁ%&%ﬁ%&yn@&%%%ggﬁﬁﬁ%y?g@
creat e the adenoaidrincdudes botls fteansfection’band “fResduetionfant adenovi ruses having t he
interferon gene are generated via direct ligation or honol ogous

reconbi nation follow ng transfection into packaging cells by 15 standard
met hods. A reconbi nant virus stock having the interferon gene is plaque
purified nmultiple tinmes then expanded by | arge-scal e production in
packaging cells. Virus can be purified by CsCl bandi ng, colum

chromat ography or other nmethods and then titered on the packagi ng cells.
Met hods for generating adenoviruses defective in E1l and E2a (Engel hardt et
al.) Proc. Nat. Acad. Sci. USA, 91: 6196-6200) 1994) and adenoviruses
defective in E1 20 and E4 (Gao et al., J. Virology, 70: 8934-8943, 1996)
have been described in detail. Methods for generating adenoviruses
defective in E 1 can be found in Gaham F.L. and L. Prevec, "Methods for
Construction of Adenovirus Vectors") Ml . Biotech) 3: 207-220

—d
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€1995). Various doses of viruses would be tested in trials. Thep g 3 9f02
virus would likely 25 start at 10' plaque-forming units (pfu) and go up to
10' Z pfu. If necessary) the virus could be adm nistered repeatedly (once
every one to six nonths) for instance). A hunoral inmune response resulting

fromrepeated viral A@‘dﬁgdﬁl'eﬁ;nr QLo GEtBRYS bIRY fefekdl6 ttf‘efaf:cﬁﬁﬁdﬁ%?‘ﬁséllgf ndvepeat
administration. In this case) a |m"runos§§ pressive agent coul

admi ni st ered al gsAgficpatesial bydncprpogation ataddeds DN cThys seans Pf%'%Fef%lOl%ﬂSmWr ected
agai nst CDA0 | i g3Qdeic 28d (e.g> DNA)H LN Nh %@@agﬁgpct%mﬁai: inbthadd Revere ef f ect

of interferon gene therapy against viral hepatitis can be tested i n ani nal
nodel s (See Seciangfaction techiigyes prg knowrte thqswftqq@nvém}@ll withewstigelpding cdeipmy ys
many nodels ar eplﬁyﬂxh&@iﬁﬁco Qﬁﬁl&ubr{‘@&h&ﬂ@ds\mﬂﬁ%ﬁ!ﬁl‘BioMk‘)olt'i RRnS Rk at

and nouse. Included anon %e nmouse HBV nodels are m ce that are transgenic

for HBV and st a8sdExpiession aqt@colqaﬁd A Murrayi, Huysaang Preps/&990)) Qﬁdﬁrﬂgxtra@ (supen);
st eady - pr oduct | b Bforkfn Youblaf ot 1pbiokidl el rai@crbi Huprd; i R anz ee

model is available. Adenovirus havi ng an interferon ene co irectly

adni ni ster ed i neagidd-faeilitaisd migsopgrticlabompardment4lobntiens Si i NatiieGAG: T#6M7¢acy
woul d be det er ni;5&y). Byg SRR HoEgjé'dI@{c > 51&91)1& Gish B, ol RholdtdEdyi.cl €s in

circulation) liver “enzynes (A I'iver at ho og g and I nfl anmat i on. B.

Cancer | nt en$ erBigl gr293&i2034 (1988 ek of theso methods ip wekk representediin netgeni ¢

activity in many se r
Research 50: 3473- 3%%?%’95%{5%%‘3}%%#8 %@s\ﬁ% %Focgslggf %&%&ﬁq}%@%@l
and Spi egel , Seinforpepeld using AN Iop RNAGrug. ne on mas)isolapgigolymvaletide sequencash

interferon-al Phgc €F6n@to?ﬁ&%ﬁﬁ&fé?ﬁqﬁgt@iﬂé’@on&ﬁ%ﬁﬁﬂ% Bk b 2831:1@(9‘?&5@3

several cancers. herapy cou e done alone or In conjunctifon with
conventi onal suintgghedhromagpme ofshe tansdiceshoelh dlterpstivelyha cdllols ransidengd With & vigds
cancers anenabl i y
Chat 1t ot of orts &8 AFREL ko hhER oA ok hl ol AflecheohBrongSBie
settings whi ch wilkbercapableof experssing interferion extiaghrompsomialiyiwithin thespths account for
60-80% of all prim &]QQ? can be

i nplanted int racere%&@?g@n{nﬁ%wmh&t%%%ﬁgﬁt kl%m%SQiCLl I’OVI de a
gl i oma nodel . | mpdifiéd eovivhdiha celurreisplated from mewamnipd (préferably ¢ hwwan) ewd | ncr ease

survival in the i : rotein
trials in glioma E&é%& ( éeen @@%M%@gﬁl?@ »\%@ﬁ Jgét\nsﬁ&k&{ natgg%ogaltéa

adm ni strati2on palynuclectiln such apa recortbivantigena bparjtivelly linkaddo b@rcmumbmxaress_mal i zed
delivery of the i me of
surgery) could ?’délgg f‘su%EC%PfO?g{ﬂ% ng ?ﬁetc@? %%‘g%c%{egg%?xggﬁtad? ?ﬁ&fsﬂ&nﬁ'ﬁf@%br ain
wi t hout the si deblleﬁrbdmnsdmmsmddwammrgh@ysmmmt@or;dﬂmeemfﬂudmtqnmwat| on.

Mel anoma is an ;E;gﬁ 56k t prognosi s
for 30 net astatlﬁéﬁﬁalglfgnan %"anoé#%dt?staeﬁ oor . Iﬁg'}?lﬁct?%ﬁgéﬁ le sease is

i ncreasi ng dr armxtmlmm sellanid., the ellsrare ignhaiéd mmmemﬁmsmam Thed$dlationi ve.

Mel anona ap t ATTY DOCKET NO. AO033PCT 2 8 F ~
B 2Q2 tum)r Er;dcﬂlt&?g??els%@@ﬁ M §§°sponse may depend on the host

i mrune res ponse BotAccording éoneniothpr emibiofligreat, the ecelBaade trmaiwnomnmmuﬂse]
activities of t ' j S W have
seen that int er?éélr@'!c;)cfnaﬁ g‘?‘gﬂg&@t@%%a%ﬁa%&?f déa\ré\[?nﬂ%? %e?%p{en?@%l Ve e?fect S on
cul tured nmali gnhlnnmmstmsfam@él(lles trafsdiedeniginsfected) dn Wivpwish  ventericpusainiog

{1 br obl st o ‘and ooiuey EUREEHA: Mt @ a1 BEGH B R A e TBOb oL R v 1

harml ess) hemangi omas can endanger vital organs and cause fatalities.

I nterferon-al pha protein was shown to induce early regression of
steroid-resi stant hemangiomas in infants (Martin-Qdegard, supra). 10
Interferon proteins have been shown to be effective in the treatnent of
eukem as) 1_ynphomas and nyel omas. The efficacy shown in these diseases is
contrary to the general finding that) although efficacy of interferon
proteins in in vitro cancer treatnment is well characterized) in vivo
efficacy is far | ess common. Nevertheless, interferon-al pha is efficacious
agai nst hairy cell |eukema) chronic nyeloid | eukem a, cutaneous T cell 15
| ymphonmas) Hodgkin's | ynphona and nmul tiple nyeloma in human clinical
trials. Interf8ron-beta protein inhibits the growh of renal cell carcinoma
cells in culture. 1FN-a has already been approved for use in the treatnent
of renal cell carcinoma. Colorectal cancer is a major cause of
cancer-related deaths in the U S. There are potent anti-proliferative
effects by IFN-a) IFN-(3 and IFN-'y proteins on cultured human 2o col on
carcinoma cells. Colon carcinoma often generates netastases in the |iver
with dire consequences. AdenOV|rus or other l'iver- troplc dellvery systens

Y ey oy
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s an attractive target due to the high efficiency of |'iver delivegwgny 202

adenovirus. It has been observed that |FN-~i protein significantly inhibits
the proliferation of human hepatoma cells 25 in culture. Interferon
protei ns have shown efficacy in the treatnent of inoperable non-small cell
lung car ci noma_ Ly qiedilzofetiheet i hiiisshiith sitied prdlh IR, corfifandUTen | ung
cancer cell lines are foound 0 %e(% éenpz%?li _fkl/est 0 grpowt hhi AN DI 1 on by
i nt er f er on- bet aintarigran) andthenreteipdssdefipared iasitect i ve t han al pha). In one
clinical trial) signiyeigag EQRdRlB R Fbk W3S 23BN d
after intravenous interfer ory?%ﬁrﬁﬁr?iﬁstrgt.i c?g Local _%rel Ive yaqf ?%g&fd}ﬁ%
i nt er f er on- bet aomlor morerthgrapatiKinterfrion prEEBPSIntPdeced t@the el exydreortinvivle | ung
(perhaps by ger ok dnVier Hf AR ARARAMIoh US ptFfk d be
ef fi caci ous w tﬁ%%net he toxl?{ectﬁcid?asg ser veé&?gﬁ?qw gr?g soy';lt grri c.gﬁ%“fg’%ﬁy
delivery. |n vi mogified jsell.iVaripusiexprossion veqiors (iief, #ehiglésdor fadilitatingldeliveat df theung
carci noma cel | s;HB} | s 200 i . d

isdfated ?gl?ﬁnﬂcfe'é ideliftd a?ﬁ%egcg{) g{/ew‘i’ch%.?é%npgﬁd?dlf? §41Y e 2,

I nterferon-al pha pro nhibrts t breast cahcer xenografts in
nude mice. |nterfer cfypiselli thedgtroduced géricamptonal inslydespatisolatedpolynesiaotida sudue not
only 10 its ant pihdrebRbnt fuskhly S chhilor BbORALHE el dioeroliing &7 aff
estrogen receptors and progesterone receptors in vivo to sensitizZze breast
carci nonmas tl@ t knterferan) togetherokidia promateritd eantrol| trapscaiptéantof thetnaw gensnTheppamaterent s
using I FN-(3 ge t?ogié: gﬁeg% : £l noma
(See Exanpl es SQ%FI%E%. %argiaa caﬁgﬁwgéﬁ%ﬁﬁgﬁ%p{ ?@ggg[e&%sg@%g{tl'.

| nt er f er on- bet a Optiortally,theogepesis material douldlimpiusle inttonie sequenses Whichewilldbe amaykpha i n
inhibition of p i ' : r Ovaf | . in
thi's case) coul Ao AkeRnin A SRy A pARERRARE s M bapiR, |

t he peritoneum & 3f bidofithergenetd be expressed eFtgdnttaguded [genetitimatorial | d somesylinchwiei t y .

15 | . NS o o
roper i es 14 a hipbReERelBh Ha R En TRk I b BORGRE e,

i nterferon prot enintefemnpivom theictlbtortheexpamsiltlanmilied. FN- a and 1FN- (3 proteins
h b tested i ' [ A i . ) ] .and
have shown synorgy BNt Bt sbheRORKERk Bl nFRETRAERNEEES 80T
cancer cells, | anhanges)keqoizeddd ntain tieakedied gbreutesstriptionabtivity. Foe thelipumpedelof this

carci noms) 20 RhNoRAPIREALS! RRNRAY M EL TR phis Efuclbci bty ed ¢ hat

interferons possess an angrogene ctivi ere’rs an inverse

correl ati on et weigudus sdth thefendif B sdqeaned @n eisldo elmggathebdsd tregpationilévyl diGoedk
data indicate t a;heamsuo%érai ned | evel of IFN-~3 protein is necessary for the
inhibition of a 6I oé’eﬁ%a 5. In that case, interferon gene therapy would be
preferabl e to prot ei Prefetublyathy isblatedigénetic ilteridhisjinrddesedlimto tie delgeofmer on
protein fall off_to.. [ updet.ect abl e i raRk: i mal
Gene Therapy Mode gd léglyg g‘?’lrésgr av#}%lahg’rp&? I?l%{?rfk g\éﬁ}‘?pﬁgﬁo{eﬁaendgfgé‘g%m%ﬁ‘l‘&%eeﬁgmr e
of the nmany ani wpératielydinked3o ab togiermit wansariptibméf] the doding exjuieres. Préfercedavivel i n vi vo
gene therapy,. T u roden . CT ~
9o o BTh o0, 2 Aol yEQSTRM s U7 EroekRIE @%@ﬁ%@’g (conhtrdnstitdion fetie’

(nu/ nu) mce. Tlsetadivstarfaangae. Snel ¢xog@oes porogery atchde both canstitutive andiphducible
transfected or ip(;‘n?ocférgd with a gene encoding interferon operably |inked to
t he appropri atepexpr ession control sequences. These cells are then injected
into a nude nouse. TNahHy-bgourring eorstitwbve marhdters eontrol the exprassiorsefipraitisstbsus| y
into 5 the back of,th S eadin t for i [ nor mnmass
(See xanpl e 1 Foe e LGP s b orbl % B bR B

ort hot opi cal 3oy ipndnmotértisexpregsad under slhdonditiodsef callgndwthrBxemphtyl opnstippiear (| ung
cancer cells would be injected into the lung; colon carcinoma cells into
the colon) etc.). Tunor growth can then be ol lowed by neasuring the

di aneter of the tunmor mass over tine (See Exanple 2). 1o Ckada et al.
(1996) Gene Therapy 3, 957-964 fornmed experinmental gliomas in mce by
direct intracranial stereotactic injection of human glioma cells into the
brain. After detectable tunors forned) an AAV vector expressing the herpes
sinpl ex virus thym di ne kinase gene (HS V tk) was injected directly into
the sane site. The HS V tk enzynme converts the non-toxic nucl eoside

anal ogue gancyclovir (GCV) into a toxic netabolite. After gene is therapy,
GCV was admi nistered intraperitoneally. Mce which received AAV-tk plus
v,




but t ?mIDOKAKEVTNO:Aﬁ{PFt kK without GCV) displ d a-d ti duct i
ut not contro or - W t hou i spl ayed a -dramatic [
reboit AR

in tunmor size. This therapy appeared to be safe and effective.
adenoviruses (AdV) have al so been used in the treatnment of solid tunors in
ani mal nodels and in early human clinical trials. Many of these studies

used 20 simlar . f these
nodel i ng experi R@ﬁ?&%ﬁﬁﬁ%@%%ﬁggév}v%egoggl‘ﬁg%ggtg s gﬁ%ﬁ%&?@@o&%&?wt&
Resear ch 55, 1- r heusckgepiag hfvuksions hyposandhrinsphosphotbospldiahsferase dHARR of t he

53, pr ovent od { G MO it By ki LA PRI NG ARPSS Rl Mg P

Cene Therapy 6) 4635%991D)6&8lenosine deanirase,iphosphoghierbkioase (RGK), pyownatedarases i nt o

nude m ce. After,tunors e estabki shed) they .ipjected,thes .t

G rectly i 1 andR bR B bt ond g PO BENATBEE scl WORES
(CD) theln adm‘dnileawm_usﬂbsgmm h_?ﬁbxfs&tu(iﬂ:[@k T&yﬁm'm%dﬁeétﬁgllﬂh the OIaEe.FC4i S
a enzynel pro-drug coybi nation si, ar to .tk plus .They observed a 4 to
5-fold reduction in &H‘g?‘mkfnf‘é’fv pmmﬁfﬂsrfk’"cﬁgﬁ@?‘%ﬂ%?dﬂ@%éﬁmfe s FRese 7002
ghang et al. ( 1RAAY: tﬂf@ﬂyaﬂﬂ?ﬁtbproﬁ@&@sofmom&&oisﬁ%aghﬂﬁﬂc&f Nﬁmmsﬂ human
reast tunors i e e ese tynors ar te irectly w

adenovi rus expr gg(g?(g‘gaglrpﬁ)(%éf‘? lopg,grmip ﬁ%??a‘%ﬂﬁ%gﬁﬁef&a Levksmia Vi I"’%‘i%‘?‘%n in
100% of the @ni i@kosiruskH(Sed Walss et(all IAGA TuivR VirkeeeLCdIb Spidip)Hafbor Latbdatd9 Idold
formed human prgst at and found .that_ direct

UNmYr.S in nude mce
|t 1Bt unoral | nates Babes Nk ek et gy Eead Rprigte Bt HoPS SyDEer HimaHeY
tunmor growt h. Al$ectwgaér@talllPaR. N2 Mdad e5di. USAY78: 14SE(1INY); @ ch®eRsialovduyeeks

after the cessation_of treatment. Bischoff et al 996) Science 2?4
3735576 T or mud MBI () DOIPET SerR2HagH fobi = B Meds IREAS 9 Pritrse
m ce. They treabpfhdidl0f@e Rb&sSaltbhilviai éﬂﬁ?%&ﬂ&to‘ébﬂ!}@l_h@dﬂm él980?)9|$l=: etlon
of the E 1 B gene. In the absence of 1 B, adengvirus selective kills

p53- def i ci ents t AAREPVIES major lajgprpmptes (Yamadp & pl. &2oc Nat; Acad. §ek USA,&%3557 ¢ hi s

adenovi rus causg@gs)yl aRbng @EHyNREOAcdoRtifd adf of titabavii eREchced Chvamiayet al .
(1996) Human Cene Tﬁer api?) 1567- 1576@?5?]?@& ed human col on carcinoma cells

into the |iver ®ORARIECaHbe usedép sonisplirapscriptionpl @ gepsinert. Gee algg FstienBeer . They

15 then injected adefr@uiveHSof &eRitErfdon Wndddtd edifit iRuds! i¥ Ry REREirdb R0 targaP! -
System ¢ 5FC treat nent sug%r essed tudrfﬁ%?1 ar o“g\/\i/;taﬁl in these )éni mal s. Cancer

nodel s al so can tsexpwtsionof this gepsn Fiop Hsianset Bere arsineany Rrogoesy describehia ghet oy s
can be estabjy shigfarhe MRch YRGBk FredsOFi@Rbrtdin'iiRhesC Bkantplddihdhltic fiv&-spetifkct ed

into the mce. Alternatively, the tunpors can derive from endogenous cells.

f
In these cases, PIyRetahefdpatibsB viros Sanfs & abdisng Therapy da 1903-10P2 09I AA By ¢ he

animal wth a Caluniggs rt 84 d1.268RE bdbetelopBéht,f 10DER-SHBAURAN SR URS Buslete t O
t he genetic background of the muse eficient in p53, for _instance). Sone
exanpl es fol | ow. u@@ﬁm@@h:’”ép?'sm&) forathertiverstpecisn prmgisr. Morepyer, thar are
treated endogenqbfy PRfPRSsPIB inthe IRTHBRGMHINRSIMy dxpleSselin sPeciitamudsy US
expressing the tk gene. The virus 25 was injected into the pleural space)
and t hen GC\W2SwaExa@plenindudethePSA prompier (Prosipte capeinpma gieipocmbaioRis#ptigen decr ease
in tumor wei ght 2deh@RedidhCng AE cArBinSind)VA-Yakin bd¥Roter FRARMAY Aindtha), t?rogiga%@)
Human Gene Therapy 7) 515-523 rnplanted syngenei ¢ nouse prostate tunor cell
| i nes subcut aneguahateri(melandnmealoineuringtce promiiec ggliomin apuroblastand),yc-sisjrerooterd
adenovirus-tk into the tunor and treated wt stemcally. The authors
30 reported dec?%sé‘?é"d°‘1"ﬁ‘>1rﬁ’}dr the % °‘%R€8F°‘ﬂrpb‘1“b‘1’f§2'&9%’/‘f‘®y 34  ATTY DOCKET NO
AO33PCT 2 $ FEB 2002GEHes ifafite Bidedhe cdnkBO&T)indubibRHrénedi@s drb 8xpada¥eddnif) or to a
1995- 2002 i njected adenovjius expressing the cytokine 11-12 directly_into
endogenous s ratendegree; ’Elrﬁlifrpé‘?s“‘%ﬁéémf'&%ﬁﬁ‘gtaﬁ » (&g ofragsoripHen yRdgreoptzg) of the
regression of the tunors) and 33% renai ned Lunor free after an extended
period of tinme. 5 Riley et al. (1996) Nature Medicine 2) 1336-1341,injected
adenovirus expressing the retinoblastoma gene directly into pituitary

nmel anot roph tunors whi ch arose spontaneously in Rb+/- mce. They found
decreased tunor cell proliferation) decreased tunor growh and prol onged
life span in treated animals. Retrovirus vectors are the first vectors used
in human gene therapy clinical trials. 10 One report which is relevant to
the present patent application is that of Roth et al. ( 1996) Mature

Medi ci ne 2) 985-991. They generated reconbi nant retrovirus which expressed
the wild type p53 gene. This virus was introduced into nine human patients
havi ng non-small cell |lung carcinoma by direct intratunoral injection using
a needle inserted in a bronchoscope. O the nine patients, three displayed
tunmor regression while three other 15 patients showed stabilization of
tumor grow h.
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B. Qther Enbodi ments The genetically nodified cells are adm nistered ba/&
for exanple, intraperitoneal injection or by inplanting the cel28 ©hiB 2
graft or capsule containing the cells in a cell 20 conpatible site of the
recipient. As used herein) " cell-compatible site" refers to a structure,

cavity or fluid palbihone Graddidils drébti inefehseh inl iseit@ DESdrtam!neval TBASH Sdeitlo

cell(s), cell graft) or .encapsul ated cell expression system can be

i mpl ant ed, wi t h&kptelcepasticoid- wgu%lzi%%\etemwsgi\tdm the Mouse TRaTHREYHBIOE Wkus long

Representative q&hﬁmp&@amw ISR @idledsipCek Md 8ol fl1 BRI 854 (1988)). nﬁdublmneal
pl eural and pericardial cavities as well _as a, sol i'd tunor from wh t he

cell's 25 were dérmaiers Beluderesnopgvarlamesin (R wctlﬁ@nvlaﬁr&fanmwaé«hm/@w The
genetical |y nodiifduefls &RlokSardbdind. T} KainBH, thite fre RES For GQEMBMII, Sedid €) al one
or in conbination Wl%h ot her genetl cal ﬁ nodified cells. Thus, the instant
i nventi on enbr adeEmeResygatingid asig andayelicrANR Promesers antainingt pagiqulss RBicammie by

using a m xture fbsef) G 2idr tbtin APHECIbR e fBhd Sd B461e Ea@@s.t th@REitdf mipeli 71 ed
cell expresses a first interferon and a second nodified cell 30 expresses a

second i nt er f er dftached @rafifferens promotey theredy spnferring %@Wl@éh&th@&?qf&blmmew ed
cell 35  ATTSC DOCKiys '\@scﬁ@é%]theqrgpmpgat@prgﬁae?@%u&:ﬂ%mﬁ@mgumblc strong
hepat ocyt es) snooth nuscle cel s I broblasts, glial cells, endotheli aI
cel I's or ker #t i riesyseesk), éahp%@blamyoltbe@éh%wtwaﬁd lewel of expeassiemefia; al t er ed
cell's, to produGfeQhf ftkd é%ﬂetﬁgl rfm | &1. P&k gme ch&¥dln g%QQger&Pr?%nder the
Mor eover, nore than one reto ene can Pbe introduced I nto each
genetical | y nodicontea) ofan mdlmblqmem@t ligery @f the intesferon jresituds sipgaresddiyeiposing

al  owi ng the ex

"nstant | nvent i Eﬁn@%ﬁ%@%%ﬁﬁ%d‘adg@iﬁ“‘*“‘%F‘&gm?@“‘%ﬁ%“é*rﬂﬁ“@%%ﬁhp% el
plurality of the-gthyineation of speailr igdurersothp uqnlﬂdpmme@mddmhfroml frensedption a
support that s The
support can ge fogwr?\teagm(t)q:&g{ E’P%I%M %%ﬁ%@:g?‘é& eria %flgglﬁ@%xﬁégrn
embodi ment) the mtamen@dm agdnferferoregendungpr tbﬁsqmtr@}méumneta@ot)\@wn giomgleyist o
this embodi ment),.f t hol ds
the plurality of genetl caﬁtﬁéunh?)hgé I egﬁ%ﬁolalsdefxgglg%r &gﬁl@ﬁ%{ﬁfn%rgﬁey t he
graft conprises aaplppxunta(wt.yldwna)mtahbwesmescr| bed cells attached to a
substitute for the n I J )

Kal amazoo, M ch.), Dg%a%'vég?éiex;Edt%%ggmﬁlﬂﬁgeéegngﬁgtogﬂ r&lg%rgélé? ef%l?he

i nvention) ao errcaqk:mtx af gede exprdssionpyr exoganoyslylaminjstaredaniall rxpnl@vliede'ﬁwseThe

encapsul ated sys i |
el an T ect prigipoe, A& FROGTR SRR HiEm TRl 8, Nalue NEMAR'AY) BB D
modi fi ed nmesot helB%)ithe:wtracs'clhmrsys@nn@saehetraélSmsn@n%“ch}ﬁéﬂﬂ@ 9596), B:secdysqmed of

a synthetic or nabis d % DISUE N AclIPSA" (i8h 036 5081100 e HogSliithe

capsules is kno n con st to

cells which are aystcxecwmmpmmm_mm@s ﬂﬁ?r%ﬁ 198®)- r eci pi ent 20 (| .e.,

i npl anted in manner,

direct physi (%gl cont a(‘::?&&n%lkhﬁ%}e ce mﬁ&aﬂ%?e Sit d)f‘g“ﬁﬂ éacap Iat ed
cell's remai n i sojoatraling suclefaytorsas: (ihhmatmoftmsm@m usgdoiptdigect transeriptiopef the t e)
follow ng inpla ' [ ed to
a capsul e incl U(rjﬁ' %&%&#&t‘?gg‘f’?%ﬁ‘hgp‘?’?’g%wﬁ%%‘%?”nﬁgﬁﬁ glgi c'c%IoF% éﬁgb l£r151
cont ai n genet i catissye spesiffic)i @xithe nurirer of dopietiofdles| exggendus gemmeanaemmomw a
preferred enbodi Qihr finted
contains an ano &Pn(tg CeF’Tnggﬁ Cdl ent éﬁ%fe&%{‘?&ll\'ﬁg@%&(% {r;ilé%}gg??i%ghk ted)
effective dose o thmtwmt(e)rthemmftam inniant feegigpifleon endapsubied exprassion system) in
determ nation of a therapeutically effective dose of a specific 30
interferon for a known condition is within fghe scope of one of ordinary

skill in the art 36 AZ-Ty pOCI CET NO. AO33PCT 2 8 F ~ 8 2flfl 2 wi thout
the need for undue experinmentation. Thus) in determning the effective
dose, one of ordinary skill would consider the condition of the patient,

the severity of the condition) as well as the results of clinical studies
of the specific interferon being adm nistered. If the gene or the
genetically nodified cells are not already present in a pharnaceutically
acceptable carrier they are placed in such a carrier prior to

adm ni stration
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to the recipient. Such pharmaceutically acceptable carTiers inc}gdss 2880
exanpl e, isotonic saline and other buffers as appropriate to the patient
and therapy. The term "pharnaceutically acceptable carrier” means one or
rore ingredients) natural or synthetic, with which the isolated

pol ynucl eot i de emosltnemoasn(ssmfee.ﬁﬂeerloﬁuﬂpm@qm ﬂﬁcﬂm&tﬁo&sa@f th herhi®r bt &lis
application. A suitable Garner includes sterile saline_although other

aqueous and nontragsdussd/ranstested py i vivosdmindstiation; (7) i dengibpf Umethe) & suspensi ons

known to be pha&ﬁiﬁﬁ@é&kﬁﬁf&&dé&ﬁ%@fnﬁﬂn&a?erl@ﬁﬁxrlﬂaw:ﬁ&ﬂiéi%a@l’iupﬁﬂi nary
skill in the art. In this regard, the term@%arrler enconhpasses any

plasmi d and vi r Metheds,and(®) @FIPR?Q‘&“B‘F wate of theinterferon by thesensHsalytmodifisdesell” ¢ o t hat

amount whi chsi s capag¥ied andBplith2AtihioNgheddTacttRé Y ddligery of PihAdpRRSNPN of the
di seased, degenerative or_ damaged condition. An effective anpunt can be

det ermi ned on aftfectivg daseioba paﬂ&ﬂﬁagm&ﬁawwsmeefb@ tp e within the seope of ong gf ordinary
consi deration ofyifi ietné XIS ufdie %cﬁh&ﬁé&ﬂ tﬁ&sﬂglﬁ@awom t%gmmscﬁ@ed

ef fective anmount can be determ ned one of ordinary skill in the art
enpl oyi ng such faé@ﬁﬂnéﬁ&r?é}n@%‘mﬁ@“mw&e“ﬁhan routine experinmentation. ' 20

In preferred methodspecaie &fepRdidih ¥r Y buPend xh&aﬁm&s&@rsque&awm%eot i de
sequence contained within its attendant vector (i. Garner")

y
directly adnioni Sureauading eslls thadoiof contajn the,gene thespy chsasere still affegied 562 i nj ect i on
with a needle Oliijxé{d'l%es")l A B&AEhe ?lgseﬁlttﬂéﬁodg%lc)ﬂﬁfdb tfol‘lb,ﬁ'mﬁlua&ﬁq sbl@étﬁ)lé he

cancer or tunor or bl ood vessel eding theé tunor. DoSages wi |l depend
primarily on fagensr Newrdplesssinaditiondn al leashoneipeameter prdas leas ong iselatsd| ect ed
interferon) 25 gbl?n@%ﬁdevﬁb&ﬁ{g)théﬂﬂrf%@|$&x9&ssioﬁ%e&éﬁhﬁ%ﬂorﬁﬂ?m@iﬁ¥e 4 hus
vary anong subj a viral gene therapy vector is’e gsd an

ef fecti ve anountel¢atipn geng, farexample; anepmyaein feaistpace genet for E@lltaﬁnm tosred cellsf

about 0.1 0y kit 1l vbh fdhibaloR fark flobd bftlin BHRALiD ok RGN, ik &us 07

t o about 1510%1% afvaque osrm né’ E‘ah[}%t CH(% @#n{btr%nlterferon contghhl%ng,

vi ral expr essi oﬁre\ﬁ@o&fmteﬁ witlitwo opIgre eRRDESIOR YeokiDs, atdersme yectorzogaipingtigs 202 As
di scussed above, P lne TN Y ¥ =Ta M )] éi’éc{l&{:t ction
into solid tuno g& l%cggirl% t|v i ? %%q?every iéHrt]to ttﬁ n%)u?mrs caeﬁ%gih e done by
i nfusi on into ast¢ationofasniahle pmmeqqr prhanpsr, stlection gane andfegsignal sequpnce (described

admi ni stration @hohNe UGG bd Hiadh H sRBS S Ak Bt orfiRhry B LARE AlGRhRNGHRAL NT
interferon may beoagm ni stered ltoplalcgtcf6 c?‘nt r%rockr?larﬁy‘ﬁﬂpar enteral ly)

i ntranasal | y20 i expesimentetiasal | y, int rabronchi ally, intranuscul arly,

subcut aneously or by any other means. Parenteral adm nistrations wll

i nclude intravenous) intramuscular) intraperitoneal, and subcutaneous. A
nore sophi sticated approach nmay be parenteral admnistration of a virus or

chem cal conj uggye V\Meﬁ{&géﬁlg‘]e%aﬁe $ gclﬁcgb%tgﬂl}ﬁpg&k%;ﬁ type due to a

natural tropismor due ce o _ nol ecul e which binds to
a receptor 10 found 4ny of tommethods knowr in therartifgntbesinsentipn 9€ palyrubleetidaisenuences he

present | nvest | 4o RUEURS pIBIOS, foLxb e iibrd o] MEKRRRS Bt Xt om f or

expressing a gene produc ef on lan reci pient)
t he expression slgﬂdw@mrpMb@OM@nWMQWdawapw&@@SPMIHmﬂ&(19896)1#51
contai ning the ating
the feasibili ty%%%* Jce1 é%%‘ﬁgrgﬁg’?gﬂ@%lﬁaggﬁg%%f%Eg&Itﬁélgﬁgggggzanpl e
1: Exenplary AniGeabenkbaiélectans sonsiss of eppraprigte tansprifitipnaltrhesiatioep contralrigsple of

t ' ' ' | i shed.
Tumors are_t or meRR@H IRKENHY 08 el EPLEAILGRERT | 2120 i

the mce. The nude mce (strain nu/nu) are imunodeficient and will not
reject the foreign tunor cells. Tunors form 1-2 weeks after tunor cel

i njection, although the exact tim ng dependg upon the nunber of cells
injected and the tunorigenicity of the cell lines. Polynucleotides
expressing interferon are introduced into the tunor cells by conventional
transfection procedures in culture prior to injection into the mce. 25
Alternately, the appropriate polynucl eotide my be introduced into the
tumor by transfection or viral transduction ~ vivo after the tunors have
formed in the mce. As but one exanple, the cells used are either the

bl adder carcinoma cell line HIB9 (Huang et al., supra) or the

retinobl astoma cell |ine WERI-Rb27 (both Takahashi et al.) Proc. That.
Acad. Sci . USA 88:5257-5261) 1991. For delivery of the isolated 30

pol ynucl eoti de encoding interferon in culture) tunor cells are transfected
(using a 38
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cal ci um phosphate precipitation) electroporation, or |ipofectam
transfection) or directly infected (using a retrovirus) adenovirus,

Facul ovi rus) or adeno-associated virus). In the case of an efficient viral
infection in whpghdRGYmaterk MR PHCERS A 8 t
appropriate pol égugl eot i de ce ﬁlgilglgfﬁcti on #Fsyl?s rgétgﬁélgd@gﬁié fer nor e,
it has been di s€8vered (Exarrpl e 3).that onIy a smal | percent age of cells
need express the int f'e@{l&pvegﬁﬂ%%m?&b&hﬁ{h BRh&EEIL FordSia! %ﬂé tmn{p not
be required. If sele |on IS per e case of transte&rl onsThi ch
are not as effi eftamer O&HS mﬂedwfqr axampies elemuémwemgwnnbm hymarictrpvicbidemrsar e
transfected w t hy.aiviREP iy Wg&f&& gg&%, ce gene
(such as the neo erlle whi ¢ 9fﬁeco 2 10 {r?gssc?g%(g%@e ﬁliégmfej:%ﬁﬁlﬁ ‘i

pol ynucl eot i de n%wlaagemlwethnrﬂe@pﬂeﬂmn@mm vwnseeeamheabnerateinsp@kaaxwus a
vertor, encodi Ok Sl Gy SO A8 EURRES 56l et BRbhots i INGE RO

sel ection in the drug-contal nmedi a onies are o
subcut aneousl y Bmlm@qqnwm@doﬁkié (Absubdl ebdl., cd;/)rﬁircémd’dbljsmmmelcamswsat a

cell nunber of about (o} cells
are injected directl #@ie%ﬂ?ﬁtﬁgkmse IB %Q%Sféggﬂ%catrl on s?li Iag%%'g&jm ce

are further 1gai Ateforexdmplor Madzak eabt). Gem. Yirolt Ak 1&33d3&(w931(pspoxevmusswmn t ored
on a weekly bashgudisiefd, EAtIRE Sordldi SLRRhA!, Yde: 4061 AOSH Babesi0h. MO T ect ed

tunmor cells are sub er
tunor fornrationl, QDNM&QMSI Inoninel. dﬁ&@5§8m598')r(uarbmmtwrde an;ozkang;

interferon are ectly I U|table
For 20 thi's protoemabstie el Y1880 s B HERA: esbitle Mhil Vi, it
efficient and r ZomiMicnohio}. Mﬂn@vl%u@k@ @92 e(herpes sadplamlagﬂmﬁ) dneEpmm‘rt ably

o9 2L, oGl s B0 N Ea T 96 oS |

vi ruses not coanndyquilwt}eet aln (Mol { @GalloBiol oh 84R7 (l%ﬁ)e(odrmdxrusnmuénmmr s of

o tored 25 wi KRLEey perer R Ao ST it SRR st PR D el s a

further exanpl e(retravirag)ment of hurran smal | cell I ung carci norra with

| i posone- encapsul ate wucle t ncodi ng i pt may be
performed in 30 vi vog%y "lgél)f'erc ogu% é’ v"ﬁ?ﬁsgh ulélf?lg‘g *lda‘ém’gﬁsc%ﬁ’ﬁﬁ %8&2 °%r on
into calls i nedesuaiedthBBerpesAZ-uyey(pMﬂ'hdrﬂssﬁﬁﬁe&ﬁﬁs&s&iﬁcﬁsEaﬁd 02

treatnment using_l.i 2959 sonme aer osol s.
Adni ni st er ed V?Ba’& nﬁpgefeﬁgglp'p% H of ?1°é1 @88‘&5%&@81"81311’8‘1@8*?? {f¥%si t ed
uniformy on t hpre&mbi)eadmoedssdchedw&aﬂpbalrmm)s théseprefeeablya’0dv-Arbaded aéctdrs)ee and

nteot. oo, 7 Srorirat i oE Mal R osrant Bihip S Faland A it

treat | ung cancm@dlscnsstdmbslomy) t he pol ynucl eoti de encodi ng int erfer on is

purified, by any oth nve ucle tlde enco
interferon i® m xed \;e\%‘hf ﬁﬁ)?l?e g ﬁé‘%‘@ﬁ&%‘&% 5°D§' I N8Ry mﬁf‘(‘j‘ﬁ'“
efficiency. Si nmuédcewﬁbd@aml onGedariatg offadters. rddedmpcnﬂnuﬁdtd)r it ik &ita:beclthby nor mal
vol unteers and pa t he cleotide en odi inter n|ng
| i posonmes are agaﬁ?h pgplgﬁtl%bwtbae/uﬁr%rgﬁmeﬁfcém% f’h?eﬂﬁﬁte?si’v& rs of
any 10 stage. Timea ﬂunrbesmfrgem: thﬁr@ydpblicumfmdhdyyarmﬁahlly u’nhﬂicafdrmﬁeoﬁhg hsyls ¢hat
endot r acheal tube o ‘P"g q ﬁ@ 3& % ient to inhibit
tumor growth. A&FESOTIT'ZRE %ﬁnﬁyrbegfe H{%angf g“’?&%ﬂﬂ?" 8 "&féﬁr?t'g’/”fdoe‘rx E¥o
weeks, with repet|t| on as needed. In vivo studies using orthotopic snall
cell lung carcinoma may be carried out using tunor injected into the right
mai nstream bronchus of athym c (nu/nu) nudg,mce (about 1.5 15 x 106 cells
per nmouse). Three days later) the mce begin a course of treatnent (daily
for three consecutive days) of being inocul ated endobronchially with a

| i posone-encapsul ated interferon gene and controls |acking the interferon
gene sequences. Tunor formation and size are followed in both treatnents by
measurnment with calipers and nouse survival is assessed. 20 Exanple 3: Ex
vivo CGene Therapy with Interferon-beta la Gene In this Exanple, | use the
human breast carcinoma cell |ine MBA-MD-468 (obtained fromthe Anerican
Type Culture Collection). Cells are either uninfected or infected with an
adenovirus expressing the human interferon-betala gene. In this case, the

?T
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25 adenovirus is deleted of the El genes and has a terrperaturg sensitive
mutation in the E2a gene. Methods of generating this parti cul 8 BER R r us
can be found in Engel hardt et al., (1994)) Gene Therapy 5: 1217-1229 (see
al so below for additional details). Briefly) the interferon-betal a gene was

previously cl onegirl é;eﬁee nithﬂxcﬁﬁh%ﬂ:@l‘l’d THE arestRI fop SO/ Approithes halird ditedoti@GRe
transcripti on woul driven the CW 1Eél ronoter, thereby creating 30

an adenovi r us tﬂﬁ‘h@ﬁ"é‘? %‘a&wat gl‘TH‘é"g@aé‘HB‘% Leellggiame o this vector in
place of the 40  ATTAdeRS¥tEds hreMdokarytid DR AT vidis tﬁﬂ%&ﬁﬂo@xf@@kﬂfﬁdaﬂgl gene.

A reconbi nant adenovirus having this interferqgn gene is generated
recombi nati on ofdef¥E2 ?‘F‘é?%‘f‘%?r Tiragseeng todanety B fsl tpess The el i n 293

cell's. Virussi s apdnaditBesitities £ amids @ud ahd A8s, 864péchivdl)2nIniEn ABHIYPirRYry dis
conventional nethods. Materials and Met hodspééglclw Cul ture. HsérnanryCa?agle lrlllomal

cel |'s NDA- NB- 468UmBgsHere cyptiy beine deyolopgd qugms)thm))f Byrenng Musevdar Rysteaphy ned
as adherent cul wmmmymlmﬁm@) nBsth fAlde en ARG tRichg BRubiNss BMdaloMg 10%

bovi ne serum 2 gl ut am ne enicillin and streptomycin, non-essential
ami no- aci ds) anélha&i“t’ Bofassgeiat WQ% hupan malignaiciep Adenpvigss ¥eriarowe sapatieof An

adenovi rus tr angtRidingatr@hel REPRVEDof Al sddh RNvdry Nvnagya) Al It,\be@ régxrdktse
cytonmegal ovirus ear| y rom)t er AdC\W hul EN[ 3) is constructed %’gEtl ng

a cDNA insert0 eﬁé@ﬂﬂ‘l‘@ ke fifers41Q, Plﬁ%‘lﬁf?fﬁé“&ﬂ"ﬁgﬁpd’fﬁﬂ\mm YHHSC

Engel hardt et aleagly é&ﬂﬁtedsﬁlﬁﬁ%}ls aRAb Arub-Aeishdvmbd) ng%‘léménﬁu&5human
co-transferred |nto 293 cells wt enom ¢ DNA purified fromthe

t enper at ur e- sen§MPPIGRIC kidawysei Hugs Am@%&&'zléﬁ)meé ermerstamd for setendsd perigdevithost i ved
from i ndivi dual a?ér@&d&ﬁﬁoﬁéﬁThtS&ﬂcx&{éy bfthRGYstehPid deralehﬁg @me%&u& e&@gews;
supernatants tested for |FN-(3 gene’ ession by an assay

adenovi rus car r yiva§at epmplemqntsia 8@!9%%‘?4511&311%&@@9@@%%@iﬂfﬁa]eldod&h@ff urt her
anmpl i fied. Ssm hahdu¥ disGrd&ONSdeOt. WeatdhatleS ARRIRLLDSS, §@n§dlt16¥?19§ CRO¥dnL 4t et et |

encodi ng the 20 colorinetric marker ~3-gal actosi dase (HS lac~i's

Virus prepar at i ghEEBS betfors, 41 BiB1:84 (1459); &Gglaﬁmtp‘uﬂwﬁe&hﬁﬂbs?@?(@ﬁ’%&ii ent s
after two round%gﬁg@d[@mes Kshfdha LN 1, CTl CYnviR! €. S8RNA (i@BP%nJ@gﬁﬁﬂaylﬁetf or

the presence of wl adenovi r us. confluent cells are infected with

H5.1 | Chl I FN, B &h 1. .13 98&“18%1(&%) dndeed/rprombinary gepieatign defecive medi um

contai ni ng 2% bQyiBeiniehdtding EchN&SHr HOLYshc fifto&! GHRLRERbraAR & gf@fa?di‘ kCFI‘Rl):_has
supernatants are coll ected and | FN- (3 concentration quantified

assay. ELI SAR0As $asp approveskfpy us insevesal hpman G clindcabtgials riegie:g. aIthi@nvm_thr_a%S
anti-human | FN~i 9@@@2@3 Vo, 793, (Fﬁuﬂzpsgq;gh%fg@g?&% bfredombliAnt adeRPARLs fo;F he

anti body is use in the co n contal ni ng SO™™ Sodi um
Bi car bonat e/ car lzemtbeéapy @e eAestyCexperiened of)live adepodinsivaccinet-ingumyn pofpikatienst he

plates are bl ocked wiflnas kARt s ) o Wi o g,asmg:;zwéspﬂ 2 a

F cs 2a02 for 1 hour at roomtenperat otein
st andar ds ( Avonétranded RNAmeanyee, which js| diided inta lm@am%temuarfeclmf n- 20)
are added. The Rphaig rﬁetﬂre@cm&esﬁéam%rved& ts RETR sgg%hteﬂanp&l@ture

for 1 hour wth an anti-1FN-(3 rabbit sera ( 1:2000 dil'ution)) hour with

hor ser adi sh per @gpamedhat arepgymired-fonyirad Qﬁ‘@dfedé?ﬂk‘éy The gene prodnats QEMI‘BB‘M into
(Jackson | muno Bes@abugh EapiidQare il 14hiolEh Lﬁ%&x? %as%ls! Qﬁ E:{p?e’sﬁor?@fd& bifel 4 2

mv TMVB andOlM odlumacetate citric acCi the reaction is

st opped by 2N HASOnitiatigsos visel FINA syathesie Sstie€d tWIEBﬁlrﬂﬁsy- Rébedite eodplr i nent s.
4 to 6 week ol dﬁlgagakg,eﬁp}epslgdnNé‘gqrom(qgg@re obt ai ned from Taconic farns
(Boston, Massachusetts). mce are naintained in the pathogen-free |0

Bi ogen animal facility for at | east 2 weeks before each experinent. For the
ex vivo experinents, infected and uninfected cells are harvested with
trypsi n/ EDTA sol uti on and washed 2 tinmes wixh PBS. These cells are m xed
just prior to injection into mce at the ratios described below A total of
2 x 106 cells in 100 ul of PBS are inplanted subcutaneously into the right
flank. Tunor size is neasured in length and width by using 15 calipers and
presented as the average tunor dianeter (mm.
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For the in vi VC?OSI rect injection experinents (Exanple 4)) 2 x2B0BES 002
cells in 100 ul PBS are first subcutaneously inplanted into nude m ce. \Wen
tunmor size reached 5-6 mmin dianeter) 100 ul of PBS containing various
doses of reconbi nant adenoviruses are injected directly into the center of

the tunor in a single.,injection. Tunors ar nito in 20, l.ength and
wi dth using cali persérh'fﬂhﬁ? vigUs ghnome udgreacs gpgglywug\f}glpxg&r%ngdup% ®th and
wi dt h. Ani mal deizdl hifd cyclecSei iYe Wadpyet, b Proc fNatlh Acadn$aicUiSA i d407t44gp4hegan to

show si gns of blegeding.qr reached.10% total body wei ght,. optosis is
oo medby st it B8 i BRGNS 816 Ao SrdbBme Fahro et e 1R BRI |

| ne. (Catal og #cytapldstr44d BeginAb 1d2e Buprdb®inlicoatn The eikibty DNMahigatee th thdva@icleus,
transduction _efficiency. and transgene .expression of the adenovirus vectors.
Hoann br east Sca i aeind I et ARSHROFuTNe: SRR rlher hel p R o &, 0 ot

i ncreasi ng nul t clgbimasotriee Thofmmediateodarly genedyBiha andifB 16y arelexpedssed trathinueteys. |

estimated that an of 100) t ene, t.ransduction effij.cienc eached
appr oxi mat el y S%Bfﬁﬁ%fyi%%m’t ?{8‘%‘158 uplge 588}&" alrtirggscgﬁbc{w&arerﬁeagx)red&we\k{r east
carcinorria cel keplication artf ex piegsibniof a 4ariety dFhds( g kbhich Pk tRBBREVirds 8 F E B

2002 culture at _a,ratio of 100 plaque farmng.uni.t fu er cell sjince
our experience RPERCUPR.R aé%?eBFﬁ(S?T&" Ef4 58?‘Wgﬁl°é‘a°€ géa)geﬁg%r?ytﬁ?eg (Wa?‘zt e

| owest vi r usiocehnd EQtfoliowel be hategendsde.g.€ad.5h.0 expression of the gene in every
cell in the popul ati Q@’ﬁ For the first, .ex eril.rrent, %8 ho#rs.afte%, l‘Hf ection,
2 x 106 cells are inj oedEtregnesinn freompbinant rplicajiog-deficient,adepovispises which havge
mouse. Five m Céeenrdeveldpes for @ehetherdpy donitiih aelétiels 6fthd éntid Bl afahd/Sart6f @R EAb €

injected with cells ipfected.w denovi rus-1FEN=i. . Tu s _of, significant
Sive arose in afteigp THErfeast-foteliCHRRH 5o 2h pelf SRh fonipin hdfHoo o
Ng t unor s appeaaésiovifus @1 Yegidn xi(ilb& pﬂ')\ﬁﬁss lidgrd6 EE ilrditdiﬁshth&eib)l @lowing @eltpﬁéhﬁwﬁ oth )
adenovi rus expressi | EN- ~i .110hI EN~3~ Table . 1). to To rule oyt the
D0sst bi 11 1y Phabl A pegouss R SIGRE Vit coping & bt fRapre] fores o gnt
I”e:&d g o the |os leﬁésrs] theMrddgeaigbrel (Providiny it\canries ?] prbmategaawa&nme 6§eﬁalcblﬁ wilt8 h
~3 protein at e protein_concentrati on that was, detecte ter e
hour virus inf ei‘?{ﬂf éﬁ?? “&Fﬁ@?mfﬁif%wlp%%?@maéhﬁi?“%% gve e agyantagehjat
cell's, or untregepdave@ltréad host rind€ cl Mfecdl Ries@At ctitenniglly @ifferehitRRl 6lIsGadhlaS, are
injected into the nude m ce. Tunor devel opnent. is, 15 gbserved in all three

groups of mice QEHPDS 3NdEPRAALSI ALY REP-CATOERRIC- tigROVETIREs dnal pRPGRIIIYtegmtey o e
delivery) bujo n@itothe hudtgér{bnﬁr BeQuk thdyRRistextrhohrdrfas6rhilly] @étiskiof idséiBodanhi bi ti on
of tunmor formation. To determne if cancer cells expressi ng, t he, | F:‘\%(S gene
could lead to t FEagenesis ifarealy redpcef fRecombinang adeaevipusss produgeryeryrhigh tiges,
experiment is peirhQaieRs ard ROAENEE sGBIB ek preSstdn! 16veRrate hgh, &id @e tngeltF 8sllsed)
infected wth ade ov,%{sgs expressing the IPN-(i gene (HS.110hl FN ~ or
infected with t (& %d t?‘i/pe of adenovirus but expressing the |acZ gene

(H5. 1101acz) whi ch eng@gesssbéiftedvidBesAANVS hilaeBo beR@idpRiyedds ¥bddrh foskdrdic woul d
not be expected totpave anx/,anti -?a,ncer ef fﬁﬂ?ft w&_ther efore) is a control
for any eff et s BEAF thaPya Aol i sallsinglgrstrandad {ss) HesTeth & SreplP gAnaRICS ons are
done at a pfu: Cetganikaioh @.Pkb)kRd makesSCuRddeal abiiraleToRhaid ehfredy. MRrodfpén t UMDY
cells with H5. 1{4??1| EN~ or .1 I,Oﬁcz at an DX/HDI%PZt 100. At* 18 hours after

i nfection) the FHFE8{aReLICd ateres ohLep PRL TR POLRIPLGesy Ker PAIYPeBtdet kerffuer e

m xed wi th uni nfgeB8adp 62hAdrep UPlardihvdlediPreplidatéd, kedcuciaid Mteflatiéh of il Al nude
m ce were inplanted sypcut anequs&g} w eq}l%s nunber, , of in({ 3‘%@8 égl | S)

uni nfect ed cel | enoge. Thefappnpteint(YilaY e g VG0 4orm theciiniag capsid EY§dbcel | s
which vere nat eXPapfed Radifiefrathds dbthe IUAD3’ eAdk are W5 bY ilveXdltdrmidal repda31' CT 2
8 F Ei3 2002 growth was nonitored twelve days later. Wiile all mce

i npl anted with uninfected cells devel oped tgm)rs) no tunors are observed in
m ce that received 100% H5.1 1 Chl FN/ 3 or .1 1A acZ infected cells,
suggesting that infection by either virus can abolish tunorigenicity (Table
1). However) all mce that received 10% H5.110l1acZ infected cells 5

devel oped tunors) while all mce that received 10% H5.1 IChIFN .i infected
cells failed to do so. Therefore, H5.1 | A acZ infection) although
sufficient to suppress the tunor formation of the already-infected cells,
failed to block the tunorigenicity of the co-injected naive and uninfected
cells. In contrast, transduction by H5.1 IOhlFN~ in 10% of cells was enough
to suppress the tunorigenicity of the cells which had been transduced by
the virus to as well as those which had not been transduced. |nhibition of
tunor formation by H5.1 |AQ acZ in the 100% transduced popul ati on coul d be
due to some general toxic effects or to sonme anti-tunor effects of this
generation of adenovirus, but it should be noted that transduced cells were
capable of replication in vitro (unpublished data). To establish the anount

T ] . o o AP a2 o - O N_ a1
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19, 26 and ?gy ys after 1njection of the tunor cells. 25 Table 1. gverage

tunor dianmeter (in m) ~~ Sanple Day 12 Day 19 Day 26 ~ Day S@BH:BOZQ
uninfected4.1 +/- 0.64.9 +/- 0.85. 9 +/- 0.56.3 +/ - 0.6100% AdV- 1FNO. 00. 00. 0
~0.0 44  ATTY DOCKET NGO A033PCT ~", AF E 8 20t12 10%

ﬁg& : E“g g0+?? %%36 yl%;F f%gx_gggregggg%]égg/% Adv_gyzlc\)PT-gl(l)apup dupR-,x struc ures

2, 0100%4d\V- | 2CZ0f BfoRtncd Gorllihelopshencal A B vectors o5 e and G B can 0. 56. 5
AV naga 5 v . DB reptis it iprapiy 2 reporor SisNgH0. 568 AICREL I 4 4
0.54.7 + - 0. eNmmmmrpaheuamwmw e O R . (350808 QIOSOPIL Mo

recei ved as fewtes 1 %SJEE 110hl FtEUS trﬁnsduced cel P T ble 1). In the
first week aftefiovs e fediRyrpresrat themingmal sequonce equired fg Péca%‘li‘uT%c“B'e

det ect ed (thesepaskegxmhrpﬁbdegraudmdftheotmbg@omaough to be nmeasur ed) in the
mce injected wth t 0 an .1. | Ohl F vvever aII t hese
smal | tunors conpl etgﬁv%&v&f@&%ﬂs ?fé&/c%“p‘)% by eﬁ”sg cells
survived for a mﬁngaratcﬁﬁnmnmve&mdmm cklFiN-an eﬁ&pﬁdMskmSAt dhldshqegy | od)

| eadi ng to deat theetlre ex eripents
perforned with {}ﬁfcéft‘iféﬁd"’r ol 1 °Hﬁ‘aﬁ’sr’f‘ihﬁr§|)}‘°t‘é§¥$% infsBrales I RRAst peen
observed whep 1c%ﬁf)soﬁ@vhﬁxowﬁpﬁa{rﬁmﬁé?BdCf&d\chElhdMimixlﬁmmetﬁﬂdf SHelpét val
has been 100% (dat a _not shown Mce th rec |ved ge%%HS 1 1OhlFN, i
transduced cel | ¥ifetheimiREaed lg%')mm%%*rlatﬂtt ut capaple qipeipgactivared aady s was

significantly spaatdeg@r Thel ﬁhases;emm&dyeleeegiﬁsr\ﬂ{enmenwuﬁngmpm V@rovruflisCe i N

this 0.3%qgrou dc regression b 33 1 Tab
contrast, O?H cepf’ﬂ"i{’ ?‘ggp é""’ﬂ?’éﬂ?&‘B °€f-‘°§‘%’ﬁé‘°@i E%‘Zagﬁng%d”héfélef‘@dﬁfé\?@%p

tumors W th si Mandfions kaBsre AYuitdd®y WA WNioted ifGhs BXcidh f?d?ndhd%@clﬁdhﬁuﬁh(lwgl‘a@tsﬁl on
was observed in either of these control groups &T Jgd Clearly i
ﬁ‘&PﬁP@“

expressi on of haYREH- The Bfectinenirenial singlasitsaRged;(3s) D {Refuplex mpticating
percentage cel | forAREADRAS inG roh GépkndetiTRAnh&C TAS teScued ARYCRndThéd Gre pacKapéd! her
exam ned the 45 ATTY DOCKET NO . A0331'CT 2 8 F~~3 2Q02 | owest ratio for
H5. 1 | Ohl FN~ i nfi@Prsfermed pratein sapsids fepsphedzst symuelry gpproxipately 20 amda diamgte)) ock |
tumor formation a@&h@lewc@mhecﬁms@iomwhw aclﬁgupdlmmers@mi F&{%EJVB 468
cell s cont ai ni n%qo 3% 0.1 % 0.03% 0.01 % and 0% H5 FN,f3 infected
cell's are inpl aktlloWingseblysisde nice and tumor growth was rmnl tored. M ce
that recei vey0. 3% or AQvIfd Hfkdafihornfllin Send @edp9d THI!Gibul ﬁﬁélbﬂm bamﬁe

conpared with those that received only uninfect ed cells O the

O eh f o AL Ecomaes AAYS GANID thoss ol ires praseipistios SAHAY BB of 5
tunmors, respect ip\@fied) by S&lfc@ﬁgsﬁrdbﬁ@g@i gﬁa&w banlligfl frHepRte ueapemlerage@an be

sur Vi vaI was observedin % and % transduction groups. \Wile

i mpl ant ati on of lxyphiligedde afR?WG“r”‘BdEP@U/ﬁthﬁ‘? Eb@‘gdcté:"é‘w JIhpip DA gebly l‘i‘t"ﬂﬁé’sé‘é%tt h
of all aninals whdt GhﬁmZ@n@@h’&éx fesioh 1sqgng5ex§ﬂdl"b31r%5§t ring® istroad aAd AKX Guier €
alive without tunors in the f % and 0.3 % groups, respectively, at the
concl usi on of tHP@%PdBWﬁfhabﬁeﬁfﬁ‘}m@Wt(ﬁ? a“:’LB)“'mFP is likely that only
a smal | portion (gr eﬂfgﬁnevre Hc e&%ﬁm&fo&/mwnemwméhwmtpefsmt RAR 18ROU5

1.0%) of all the tunor  cel need be transfected or infected in

order to have eﬁ’Farr%§é‘§/x‘a?hPsanﬂlsﬁ‘P\élFl§ Q%@’r@%‘qﬁfm Qe 818974 Pines thery

approaches such vas nél@vilaeE ¥f viral Bxicity bfla ESIRBr hosihmEAERERAR Othése (liddiliods OF
exanple) in which ever% cell in the tunor will need to obtain the tunor
A

suppr essor gene Viralggee therppy hawg beet @¥e™M§ene denonstrates a pot ent
anti-proliferative effect in vivo after in vitro infection. Controls
indicate that this was due to interferon rather than the adenovirus. 20 Ex
vivo 1FN-(3~ene therap~in other human xeno~raft tunors | also tested the
effect of H5.1 | OhlFN/ 3 transduction in other tunor cell types in the ex
vivo human xenograft nodel. . Human col on carcinoma cells KM 12L4A, hunan
i ver carcinoma cells Huh7, or human cervical carcinoma cells ME 180 are
transduced with 25 H5.1 I Ohl FN~ Equal nunber of cells containing 10% 1 %
or 0% transduced cells are tested for their ability to formtunors in nude
mce. Injection of uninfected cells of the three types causes the formation
of fast growing tunors in all mce. In contrast, ex vivo delivery of 10%
H5.1 IOhlFN ~ infected cells leads to either no tunor devel opnent or the
del ayed appearance of slower growing tunors in all animls exam ned (Fig.
2A). Unlike 46  ATTY DOCKET NGO AO033PGT 2 8 FED 2002
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resul ts obtai nle)gcvm th MDA-MB-468 cells in which 1 o transduct? @rresy 2005. 1

| Ohl FN 3 conpl etely prevented tunor formation) 1 % transduction of these
three cell types results in the formation of tunors) although their sizes
are smaller than the uninfected controls at each tinme point. Mce that
received 10% and 1 ¢ igﬂ e I Is hi g ared
to those that recei veé{unl gbg ce1 P&% I__l;ﬂu{f géﬁh@hﬁg Buﬁr'tg/\(idé?‘ﬂ Nalbrd’
adenovi r us- medi M_SLISN-MS-lg%rdescdbéd mg-yermn(up tou Kt impiths)dexpfessiem tof ttymoxine
cells results i f [ C.II S, O

i ncreased ani machg llaig%/g)lqh% HP tﬂmIP"Eé)hg‘D'lng dlfw rrqragrggs “°%q9?ﬁ‘é§‘§g‘y‘“r’wi"%ﬁ%°f-

| nt er f er on- bet aThia 1Gemetcimal|thsawaﬁr @ﬁrkmm:m(Dmeam uappmmcﬁxprehsmeovasihighw Vo

gene t herapy cap n&L YO gene therapy, the gene is
directly adm5n| S gr%retcf’S rﬁg rFFsh assgff, %(Abﬁ n this Exarpl e) adenovirus having

t he human 1FN-~ geneFighelSetlal, M 1 ineni{19%K) 13| w&ﬂzewmttbdlsmm gend exjara‘ssidsmrs
Briefly) 2 x 106 A sde AT C sar
subcut aneousl y i ?I\%%wbnécq:%egbf’ ?e e m c‘iegqpngﬂ'ﬁ s251"r‘4ae‘°’()sﬁs #Iﬁjﬁ“gﬁ'

appr oxi mat el y 5hdxﬁor61 immude amhgrwa’s detmtmgmud therviroeorite ﬁda:ygn gk predectng

subcut aneous i njecti %—é&m t r.
treated with PBS or t es‘a?—rﬁ AE ?@i@gﬁ)}gzi@%ﬁ%‘#@? W%}’&Sus
viral doses uoan@pivelg:xﬁmsstmbf the t@duopomnB(Bpo)L@exﬁ fpifowinginsenuscula iéction ef

i ntratunor injegt .Data sh dicate tha thjn.14 days,
Sinole dose | oRremich FRe SR driordicng B B fbipipladth 4l sh it o
total pfu causeshetretbidsodreely bmswa:srrepoﬁedrﬂﬂdﬁfa&vetdﬂﬂmrapémglpeﬁﬁtlab Otlee M)fkﬂ)yl n 4
out of 5 mce in.the X 1 u grou i.,n 3 out o ni mal e 1 X
705 pfu t 1 eat oAt BPEIES vt AN St aeRSy pein S orilmsd Bt M Fn o
a high | ocal | Fpereegprasiontin solid @imnodd haspgen desciivddel y 1500 | U/ can be
detected while only 1NF- s _det.ecte he .Lower

HS. 110hI FN~ 95 dosesﬂ%%u’ﬁ?&‘bi“a&‘bfﬁ&“‘%s primgsly Ffa""irff mf%' Hovifiave 1ittl e
or no effect (FiAgtographd\chliftahioa Moikipls AooMY) politirdiosia vVirg ACMBP VY, h&saawshdvunor

response i s dose-depe ecti on  of d ac t e al ent
dosgs doels not Itcél&d;p get‘]?rtfﬁ?s Jé‘&r‘@%‘é’f‘%ﬁ“f‘%gb““? ‘Vﬂ#@h‘“ ég qjd:';\\r/e

moni t ored over aednmgge} RlﬂblpBCMOScHldgnE.anﬂ|SQ'WISG,TM)VW¢PS§%ﬁHftTc&g(fgeﬁéSﬂr@lﬁlfeﬁhfb
| O

observed in sormg |n VI dual S, |n ect.ed w 9
pf u) suggestln eﬁ&ﬁﬁ‘f S VRIS Phh %& OP% i(Q:lg?g'trol

virus at thafo dm?cemM aﬁmh&l NQIR. (i996) ‘maeulwmuefneﬂxmger@mdmmar r eat ment

with H5.1 I Chl FN~ at significantly
i ncreases survn?!ff““fae ‘f"’?l M%%ﬁa - a%%fﬁéét ed mce (data not

i BO\Nn]Z % ga}/gh ?I SO R@sﬁleidadwichiopinﬁ Haﬂ&ee&ﬁlipat%ﬁud‘gd\tahtaé;bg :fdtjgﬁ:ceémm %8%6)8(
a pfu en thir to 5 est i she - VB-

and PeLa ¢ uror s M poh egs AR et itk = e84 BHPGP FBRHE I Lnor
theﬁ (unpulbl [ Slheﬂbu}si 1hT1<edf$&pllj8aaroﬁ @ fiRfinds, lslrtdlddfafxxdlt? m/mammﬂmem ofexyireskidn NQ

t he umangloma ce I pe / cells were v n ve to | FN-~i
b5 conpl ot o Fomdf vira gsnes BreATyalian G A (i Tt WPoLBOoL B BPUAYERS v ¢ b 1 x
10 9 pfu H5. 110MkdafsdkifdioaiProindteit, afd, pteitially, allick @t £ehtonbiOT lymphd&teiregpbhbe( dat a
not shown). These flndlnﬁgldenn strate that direct to and local in vivo
adenovi rus del i & P BOG®he can exert a significant anti-tunor
effect. Four days after injection mnth 1 x 109 pfu virus) the MDA- MB-468
tunors are harv d.fo t ol ation. At that tinme, tunors
injected wth H?ﬁk#qéﬁ /ggﬁﬁgwﬂf gbﬁ i°Bh. Hi stol ogical analysis
of the NDA—NB—468 tunDrs by 15 hemat oxylin-eosin staining is perforned.
More apoptotic cells are noted in the H5.1 IOhl FN-B -injected tunor than in
the H5.1 I acZ- injected tunor. | confirngd apoptosis by direct
fluorescence detection of end-I|abel ed, fragamented genom c DNA. Very few
infiltrating nononuclear cells are observed in the H5.1 | OhlFN/ 3 or

H5. 110l1lacZ injected tunors) indicating that the cellular immune response
may not play a nmagjor role in 20 the H5.1 IChIFN 3 directed tunor regression
in this nodel. Both the ex vivo and in vivo experinments shown above neasure
only the direct anti proliferative effect of interferon. Since these are

i mune-deficient mce) any inmunostinulatory activity that interferon has
whi ch m ght stinulate tunor destruction will not be present. Also) since
interferons do not cross species fromhuman to nouse, the human IFN 25 (
used to inhibit the human cancer cells in these mce would not be expected
to inhibit angi ogenesis since the human | FN-~3 does not act on the nouse
vascul ar endothelial cells. Therefore, it is possible that an even nore
dramatic anti-cancer activity would be seen when hunman patients are treated
mnth the adenOV|rus haV|ng the human IFN-V'|. This coul d be nodeled in
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adenovirus having the murine 1FN-(3 gene in inmmune-conpetent m gerdmitdgy

tunors of murine origins. Many of these syngenei c nobuse tunor nobdels are
avai |l abl e. The data provi ded here denonstrate a remarkable ability of
I'FN- (3 gene therapy to block the formation of tunors de novo as well as to '’
cause regression of i r " V.M Q:.t L
experinments confi rmeg(ﬁ'%rﬁeg‘%d‘lﬁ)%g%%ﬁg%agenadg}";qggrﬁ&(;éeandteﬁggca&ete Q%Fr’g%ﬁ'n into
as few as 0. 3% Ger@edlly,ronm Scitsabaleffieicy of aiwnlgent thérapyesttaldn aglartienlar eilulMDA- MB468

tunors. A varie t [ A nd..whi | e
there was a var%%‘tlfi @é%ﬂfdﬁﬁ{%bgH%[yye%g%yln&f 5‘?@’2“@%@%@?%@?’%’@?‘@@& d be

bl ocked wit h 1-ihbibition of dellpfBiferationsaid Cigdlantizirilactiviiiesour aged by the rel atively
smal | percentage of L EN; =~ r ef.ing. celel equi.re impact tunor
formation, I Et hen cr;llé]f’ Ftel%cgglg&gr%{'%rg%&cf fp %ﬁ%?qsl&v?ng &ﬁ&%ﬁgrvé(g?r f%;ggﬁx?rgfshnﬁﬁr

i njection of thspecifieinerierongems. protyetiimar iselated feelt is acfomplished Piobtaigiegithe del i very
was potent W thy ol agl ool el i dhe RS afidiloleB8:d Byl ST pRALALR! OF
in sone cases conple regressron o Unor PP T2 fese. Seuds &+ PIRE amatic
regressi on of t preparing ap@taicetruc chreprisingigervettyr intoewtidh is nsertet! thefintedfepondi r ect
anti - prol iferat byg orexhobop et Lilutol Ofts LN Sy B0V GORGLLSI 97 19
supported by t & fat a Etﬁeqﬁﬁgf gene use |nd% RS u%l";f &F human
ori gi n) and ibhundgteriviihg Whettoethe intdrfecan@ems: preduct is pegeneinitizdultured édlis.t he host

nouse cells. Also) t i defi.cie ude, m.ce t hat re used lack T
| ymphocyt es, a nmj or tlﬁ? f ‘Z”?gﬁ”‘e@?ﬁmi‘ Hﬂ% R‘gy’fuﬂ?gm%s i’ﬁﬂfﬁ'%ﬁ%@gf?ns fiay be tested
i mrunost i nmul at i pryittdhwingtany Ghefof 2 @bmbdr of refdily26dilablShinamctemarll 1ih&4Such 88D and

Che rap dl ' r oghBuatl MRy Beschf PRty bt 3o ARTCEATRA R BB0E)

i ncrease i n t hecdreifidnid el ling MIDA-MBAGR(ATICEHTR B2); 2 humsn prosse vaecnomavel e

activity o one s PRELtATE g, diia offebaBiritee ot M EGHTRs) o
appear to be cohshsitfibadsaredrhdmetasaticlté lnhg edncar oell KleaHsAT PAECC HIBLS2)abser ved

ont |~ prol 1 fer at PmsgEnfesl e ey behine Hel o BRAR. B6 oot ettt HPREMBE v and
Grander ( 1996) transfebted @ith ehe@pprépriateqiclynaclédtities chéoding dftedidns)and the sffsrnal y) i t
of T crent ant ) - ITGPEBPEEN EoRE AR Sl b oo o, ey b U R B PGS Fiowrin ( 3
gene into a 2¢er th thedt duch & theTiypadblufexcladidrsashii o medshie celevibbility, dall eauntihg koOr
formation and single 49 ATTY DOCKET .NO.  A033PGI Z 8 FHB 2002 d di rect
nfra-tunor 1FNFERISERPagRIR Ow §0F At e vRidine dpcomeratiop e AN, mor <.

W t hout wi shi ngreplicaien.bound by any theory of actions) this potent

anti-tunor effect) result fromautocrine and p ri.ne effect of

TPN L1 Thi's anti - rrge oBed etaseteai Bolse s e o PR3 o S fouike Wler apy
cancer trials i meciddinith thehppdpdatemlymuclenides adeddingthy proRin), inkebeeatily téstéde
limting and_a si.gnifican stander effect will be required. Therefore)

| ocal 1FN—(§5geﬂﬁggcth‘é?‘5‘§9&¢$§9@§%ém&% i sing strategy for the treatnent
of tunors in humans. Oogelintaded ftd 4 targbt@ell, dnt&€eromsdquentes @eh beliddntifiétbypr ecedi ng
is nerely a detail ed. descr.ipti on of lc.ert&i?}hr‘géo ﬁref erreq)cenbodi.rrents. It

t her ef ore shoul FPBESPHAERTS 6" HYSEC SR YBIAHON e RFot PIPTYES | ous

nodi ficati ?nshamﬂluamﬂ malamniomomgouslaempiadmmytdmumsdeamumrﬁgtleffemeMc?pi rit
or scope of the_inyvention., so ~ 8 FEB.z00z AIMS 1. A ce stemfor in
Vi vo. expr assi on AR teReEp R <an by B TE BOBrore (oY tRpie INFEAR D ng: o
cell of a mesonakeactivndAkervai®élQ intederboproeih it Measeded inthy celigconditioned eediemdn bet a
pol ynucl eoti de sequence for encoding interferon beta protein and all ow ng

its expression. 2. The cell systemas claiggd in claim1, wherein the
mammal is a human.
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3. The ceII system of claim1, wherein said expression vector gg édi@i a

viral vector selected fromthe group consisting of an adeno-as
viral vector and an adenoviral vector, wherein the adenoviral vector is
i'tself selected fromthe group consisting of (a) an adenoviral vector

having a del ot | QeflichhinffradR or ERISAYRs9 I he: BlprokBE ¥ sodlRHdcny b an

deletion in its E1 gene an l'etiron or mutation iniIts ene

adenovi ral vect ddentiliedibyghepreserice ot absencmofiadmarker’ gemifusgtign (e, gé'ﬂwgnelmﬂdc (d) an
adenoviral vect gg;/aaVey )  bybftr / The
cell system of cféa‘h% Hﬂv\ﬁcerrgsg%tﬁlusgﬁhd éléhsgtlmgédpbr OdF&lo ij‘f}kgg p?ﬁlgfg f:&él | s,
wher ei n no greatisp the teaget edloBor mtanC%fb)pomquﬁncmwdmmrﬁqmmbp&aya tfinsertdd s ;
contains the e .. cl aim 4,
wherein no gr eagﬁegatv go%hgw%%?dogu@nggb%émﬁa mgr%ﬁéésug?ﬁ'fég?g{l?ty of cells
cont ai ns t he veehesphot@nsiarhse genslunde geparate cofitrad lofan i V510 ewslipepremoten the geqaaricer t han

about 1.0 %by n | i | . . Vec . 7.
The cell system bﬁ[@qpen%ug@%%ﬁ%omxﬁkg %lr“l: ﬁﬁﬁtﬁo’ﬂi@%ﬂl}ﬁ Clh%"%\égcfs'%%er of
said plurality oiethods dfsielcesingdlierappiopriajeesetor willthe réadily availdblesty pereons béiviggny one
of claims 1-7, |l is a cancer cell or a tunor cell. 9. The
cell system of \?F(ﬂgﬁ%lﬂ@mﬁg%g‘i n said cancer or tunor cell~is a liver cell.
10. A pharmateutical conposition, conprising the cell systemof any one of
clainms 1 throughk,8 pb fiid pharmaceutically acceptable carrier. 11. A nethod
for making a gene therapy pharmaceutical preparation, the nethod conprising

the steps of: (a) foﬁqn? e?o:RlaHﬁWeét%u?{)Is&?Q s containing the 52 X a ~~g
el''s as a

Q2 same species of ¢ recirplen sai d gene therapy
pharmaceuticgl prepa 0l Q hav. "IN

I nterferon b%ta pol yfrlllgrﬁe %hage sé‘dlt%féjﬁgéh% fﬂmgﬁggé%tmﬂeﬁ}&g%lapgwal féttlons.
expr essi on of arInﬂuehmrdnérvenaﬂmts&maﬂMam (VﬁVl)axatpaﬂueui&iy anetmedolmlnhue:abyi
plurality; and I aC| east one cel ceyt.i caI
acceptabl e carr f"gt%rfeo . rrl%et“hlbs o 853’1‘5'5 moit, um\/\ﬁgr é°r|°ﬁ ﬁ“ ?“ " r?s

I ntroduci ng a vesgplodng the meeﬁanismarfuntelfworcsiumra:l antpvity S@ther whxscsduhuclnge dumerct or

b
e ot o ot CrRRaRkal 25 bkt © 50 QYRRETo RerRig itk Bebiifs H VR v

vect or sel ectoed hipatitis C virus (HCV), hepatitis D virus, human papillomavirus, herpes simplex virus,

herpes zoster virus, cytomegalovirus (CMV), rhinovirus and encephalomyocarditis virus.
Among the more attractive viral disease targets is hepatitis. Viral hepatitis, a liver
disease caused by multiple viruses, is a major world-wide health problem. Five distinct
human hepatitis viruses have been isolated and cloned. These are hepatitis A, B, C, D and
25 E. Some cases of acute and chx:onic viral hepatitis appear to be associated with hepatitis
virus(es) other than those already characterized, such as the newly discovered hepatitis G
virus. Viruses with the highest prevalence are A, B and C. In addition to causing acute and
chronic liver injury and inflammation, HBV and HCV infection can lead to hepatocellular
carcinoma. Interferons have demonstrated some level of efficacy in vivo against HBV and

30 HCV, as well as hepatitis D and hepatitis A in cell culture,
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the group consisting of an adeno-associated viral vector and @rg &d8n2082 r al

vector. 14. The method of claim 13, wherein the adenoviral vector is
selected fromthe group consisting of (a) an adenoviral vector having a
deletion in its E1 gene; (b) an adenoviral vector having a deletion inits

vector having a. del SurberniinsBih P el p iy Be bicre R 5T i o

vect or havi ng atacget fot deivegyfofithis géné aretBe hétoaytes iB4hgkiveesAltioBgh ex-vito-therapgy 15.

Use of one or re ge | cal | Lfied . cell f | for.the .
manuf act ure of n&'%%?fc%g%nﬁvcf %F’Egg’?n“é‘”?‘ﬁg’r g'btﬂ? ,%uc(\%/ﬁlé (r%é {Iﬁcn@m' C%ﬂ%&co?‘pf?ﬁ?‘lg
cell s i s geneti ingirfeson aodithen eahsplantation back inwdtbe pdtient) Gfpossible, rgane detiedrpin ¥iavi ng

an interferop beta .pglynucleptide sequence faor. .encodin al ] owin

xpr 6ssi on of ah PSRk Sech O BN SR BR AR Ib A e G e
mamral , wher ei nlieaiocithe igemel is idastd trough aseathetet intb the hepatid ertayy. ddgally, dexs iipiasiveg of
an adenovi ral verc(t:tprg ghler}%)divgx{ rgl .e\c/eoctorle bacul oviral vector, an Epstein
Barr viral vectBF¢US Sb'ap%\}ﬁ I'ra l\5'\£\c(t'(5‘ra,r°a accinia viral vector and a

her pes si npl ex vi r alThedsterfaron gdne iseplaced lnaden tdlenouirel af awmadceiptional prometef in a
selected fromthe group consisti f (a).an adenoviral vector hayi a
ol etion in 1t EetEEREsSBRRkak Al BunsbRioRl BRRE b Br SO BREIAYT,
E1l gene and 1a dev4Q,iRBV,citc.)nint egiorIf liwérisperific? geng erpression)is alasired on hepatalte-
vector having a deleti in both its E]l] and E4 genes, and ( adenovi r al
vector having as‘ﬁ‘é‘ﬁ‘étcf’lg‘ﬂa‘ro?m?‘?‘? E‘f“ ’éZ‘,}“” IR °%2?“‘Q°élﬂ‘é’§?°t°i'6.g‘)° l%alga%'fry}ﬂfﬂ’e or

nore geneti cal | yrome&k fored A8V enthceRprombRRlis pREerfele THERE WA Glably Siverspacific
medi canment for gene therapy, wherein said one or nore cells is genetically

modi fi ed by t hePlopplesfsiripgshin die Liserahwe (e s¥RIY: ng an interferon beta

pol ynucl eoti de sequepgQish Possible to désigh 4 vettof MOFhiH GO tHtdroAlKdneds |oﬁf#eﬁﬂ‘essed
expression of an interferon beta protein in said one or nore cells of the
mammel " wherl8i ninigpaiitisrinfectnd oahy Bordstange, sxpression 0¥ g nterisren grae sauike indieedor ¢ o
:/\Et roduci ngl t helby;%ﬁ‘é BV @afediflioR BcteY HBR' ®hi6IeIwil - only’ be PiRediSi® RBVGhRLE 16,
erern a prur ahépa%cytes. In addition, a “carrier” system may be used. This could be a non-viral

delivery system such as cationic liposomes or protein:DNA conjugates (conjugates of DNA
with asialoglycoproteins can be delivered preferentially to the liver via binding to the
20 asialoglycoprotein receptor on hepatocytes).

However, to date, the most efficient gene delivéry systems are viral in origin.
Recombinant retroviruses have been used to deliver genes to human hepatocytes ex vivo.
Animal models indicate that recombinant adenovirus can very efficiently localize to the
liver following intravenous in vivo administration. Approximately 98% of adenovirus

25  injected intravenously localizes to the liver.

It appears that recombinant adeno-associated virus (rAAV) can also infect liver
after in vivo administration. Other types of viruses such as alpha viruses, lentiviruses or
other mammalian viruses could be used. Recently, a non-mammalian virus, the insect-
specific baculovirus has been shown to be able to deliver and express genes efficiently in

30 hepatocytes (Hofman et al., 1995; Boyce and Bucher, 1996, supra).
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of cells are renoved fromthe manmal and the vector is introduced to | ess

t han about 10% of said plurality of cells. 18. The use of any bh&EBf 2062 ai ns
15-17, wherein said vector is introduced to said one or nore cells or said
plurality of cells by directly injecting said vector into said cells. 19.

The use of any one fiex %é”recéi‘ﬁlﬂaﬁé Qdeié‘xhxgxséleélh%”&ﬂ 3o WP s er ed

by a route sel ected consistin cal m nr strati on,
i ntraocul ar ad rrimeirf;tqnagqngnn Vpar anpl@ntgdn-d;&mxw gtenmrum haie tbeenneanatiructed by

adni ni stration, j [c%@g %@hrs?%;ﬂnkﬂéﬂll SHf%Eth/ﬂuseg 4 Eg@{)&@ﬁ&' t@lthe eletion of the

adm ni stration, 1 ntr cut aneo
adm ni strati on. E2@gionhEhisidefecois carhplemented in thia@P2eall l'pambmhexmd:ssadlm ademsivirad | on

| ud f .
el udes o 19U 1SELBEL £ AL, GO et TIEARSOORA BB 2!

i ntravenous admistrati Fation |ntrap
adm ni strati on, camdlvshrtmmplad\bmdslca?dmmﬂlstﬁlaﬁllmland/drlE4 fénes. usle oﬁthemgtelaae of

15 1520 o R AR BB W Bl TR LSO 344
brain cells. 56 dowistrieat of\and. of. aAlarge Aumbegx2of Alsbniotéss (falNexample: the CMV immediate
N A A R AL Sl e o e i Ta.
10 or other liver-specific promoter). This gene cassette is placed into a recombinant
adenovirus vector in place of one of the deleted genes, such as El to create the adenovirus

transfer vector.
Recombinant adenoviruses having the interferon gene are generated via direct
ligation or homologous recombination following transfection into packaging cells by
15 standard methods. A recombinant virus stock having the interferon gene is plaque purified
multiple times then expanded by large-scale production in packaging cells. Virus can be
purified by CsCl banding, column chromatography or other methods and then titered on the
packaging cells. Methods for generating adenoviruses defective in E1 and E2a (Engelhardt
et al., Proc. Nat. Acad. Sci. USA, 91: 6196-6200, 1994) and adenoviruses defective in El
20 and E4 (Gao et al., J. Virology, 70: 8934-8943, 1996) have been described in detail.
Methods for generating adenoviruses defective in E1 can be found in Graham, F.L.. and L.
Prevec, “Methods for Construction of Adenovirus Vectors”, Mol. Biotech, 3: 207-220

(1995).

Various doses of viruses would be tested in trials. The dose of virus would likely
25  start at 107 plaque-forming units (pfu) and go up to 102 pfu. If necessary, the virus could
be administered repeatedly (once every one to six months, for instance). A humoral
immune response resulting from repeated viral administration may limit the effectiveness
of repeat administration. In this case, a immunosuppressive agent could be administered

along with the virus such as cyclosporine or antibody directed against CD40 ligand.
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accumulation of mast cells, fibroblasts and macrophages, and leads to tissue damage.
Although usually harmless, hemangiomas can endanger vital organs and cause fatalities.
Interferon-alpha protein was shown to induce early regression of steroid-resistant
hemangiomas in infants (Martin-Odegard, supra).

10 Interferon proteins have been shown to be effective in the treatment of Jeukemias,
lymphomas and myelomas. The efficacy shown in these diseases is contrary to the general
finding that, although efficacy of interferon proteins in in vitro cancer treatment is well-
characterized, in vivo efficacy is far less common. Nevertheless, interferon-alpha is
efficacious against hairy cell leukemia, chronic myeloid leukemia, cutaneous T cell

15 lymphomas, Hodgkin's lymphoma and multiple myeloma in human clinical trials.
Interféron-beta protein inhibits the growth of renal cell carcinoma cells in culture. IFN-ot
has already been approved for use in the treatment of renal cell carcinoma.

Colorectal cancer is a major cause of cancer-related deaths in the U.S. There are
potent anti-proliferative effects by IFN-¢., IFN-B and IFN-y proteins on cultured human

20 colon carcinoma cells. Colon carcinoma often generates metastases in the liver with dire
consequences. Adenovirus or other liver-tropic delivery systems could be used to deliver
the interferon gene to the liver for treatment of these metastases. Hepatocellular carcinoma
is an attractive target due to the high efficiency of liver delivery by adenovirus. It has been
observed that IFN-f protein significantly inhibits the proliferation of human hepatoma cells

25  in culture.

Interferon proteins have shown efficacy in the treatment of inoperable non-small
cell lung carcinoma in some clinical trials, but not in others. Two human lung cancer cell
lines are found to be sensitive to growth inhibition by interferon-beta protein (beta was
more effective than alpha). In one clinical trial, significant interferon-related toxicity was

30 observed after intravenous interferon administration. Local delivery of the interferon-beta
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receptors in vivo to sensitize breast carcinomas to the anti-estrogen tamoxifen. I present
data from experiments using IFN-B gene therapy in a mouse model of human breast

10 carcinoma (See Examples 3 and 4).

Ovarian cancer is a possible disease target. Interferon-beta protein appears to be
less active than interferon-alpha in inhibition of proliferation of cultured ovarian cancer
cells. Therapy, in this case, could be done by installation of the gene therapy vector into the
peritoneum as this type of tumor tends to fill the peritoneal cavity.

15 In summary, interferon proteins have demonstrated anti-oncogenic properties in a
number of settings although clinical results using interferon protein are not uniformly
positive. IFN-¢. and IFN-B proteins have been tested in conjunction with conventional
chemotherapeutics and have shown synergy with these drugs in many indications including
cervical cancer cells, laryngeal carcinoma cells, leukemia cells, renal cell carcinomas,

20 colon adenocarcinoma and myeloma. It is also believed that interferons possess anti-
angiogenesis activity. There is an inverse correlation between local IFN-B levels and
angiogenic capability. Some data indicate that a sustained level of IFN-B protein is
necessary for the inhibition of angiogenesis. In that case, interferon gene therapy would be
preferable to protein therapy in which the high levels of interferon protein fall off to low or

25 undetectable levels quite rapidly.

C. Animal Gene Therapy Models

Persons having ordinary skill in the art will be aware of the many animal models

30 that are available to test ex vivo and in vivo gene therapy. The most commonly used rodent
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Alternatively, the tumor cells could be injected orthotopically into the organ in which they
would naturally appear (lung cancer cells would be injected into the lung; colon carcinoma
cells into the colon, etc.). Tumor growth can then be followed by measuring the diameter
of the tumor mass over time (See Example 2).

10 Okada et al. (1996) Gene Therapy 3, 957-964 formed experimental gliomas in mice
by direct intracranial stereotactic injection of human glioma cells into the brain. After
detectable tumors formed, an AAYV vector expressing the herpes simplex virus thymidine
kinase gene (HSV tk) was injected directly into the same site. The HSV tk enzyme converts
the non-toxic nucleoside analogue gancyclovir (GCV) into a toxic metabolite. After gene

15  therapy, GCV was administered intraperitoneally. Mice which received AAV-tk plus GCV,
but not control AAV or AAV-tk without GCV, displayed a dramatic reduction in tumor
size. This therapy appeared to be safe and effective.

Recombinant adenoviruses (AdV) have also been used in the treatment of solid
tumors in animal models and in early human clinical trials. Many of these studies used

20 similar nude mouse/human xenograft models. Some examples of these modeling
experiments are listed below. Clayman et al. (1995) Cancer Research 55, 1-6 set up a
model of human squamous cell carcinoma of the head and neck in nude mice. They found
that adenovirus expressing wild type p53 prevented formation of these tumors.

Hirschowitz et al. (1995) Human Gene Therapy 6, 1055-1063 introduced human

25 colon carcinoma cells into nude mice. After tumors are established, they injected these .
tumors directly with adenovirus expressing the E. coli cytosine deaminase gene (CD) then
administered S-fluorocytosine (SFC) systemically (CD plus SFC is a enzyme/pro-drug

combination similar to tk plus GCV). They observed a 4 to 5-fold reduction in tumor size.
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interferon-alpha. They observed tumor regression in 100% of the animals.
Ko et al. (1996) Human Gene Therapy 7, 1683-1691 formed human prostate tumors
5 in nude mice and found that direct intratumoral injection-of adenovirus expressing wild
type p53 inhibited tumor growth. All treated mice remained tumor free for at least 12
weeks after the cessation of treatment.
Bischoff et al. (1996) Science 274, 373-376 formed human cervical carcinoma and

glioblastoma tumors in nude mice. They treated these mice with an adenovirus which had a

10  deletion of the E1B gene. In the absence of E1B, adenovirus selectively kills p53-deficient
tumor cells. When injected directly into the tumors, this adenovirus caused tumor
regression in 60% of the animals.

Ohwada et al. (1996) Human Gene Therapy 7, 1567-1576 injected human colon

carcinoma cells into the liver of nude mice to mimic liver metastases of colon cancer. They

15 then injected adenovirus expressing CD into the liver near the tumor. Systemic 5FC
treatment suppressed tumor growth in these animals.

Cancer models also can be set up in immunocompetent mice and rats. These tumors
can be established from syngeneic rodent tumor cells which are injected into the mice.
Alternatively, the tumors can derive from endogenous cells. In these cases, the endogenous

20 tumors could be due to treatment of the animal with a carcinogen or, alternatively, can
form spontaneously due to the genetic background of the mouse (deficient in p53, for
instance). Some examples follow.

Elshami et al. (1996) Human Gene Therapy 7, 141-148 treated endogenous
mesothelioma in immunocompetent rats with adenovirus expressing the tk gene. The virus

25 was injected into the pleural space, and then GCV was administered systemically. They
showed a dramatic decrease in tumor weight and an increase in survival time.

Eastham et al. (1996) Human Gene Therapy 7, 515-523 implanted syngeneic mouse
prostate tumor cell lines subcutaneously into immunocompetent mice. They directly
injected adenovirus-tk into the tumor and treated with GCV systemically, The authors

30 reported decreased tumor size and prolonged life.
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5 Riley et al. (1996) Nature Medicine 2, 1336-1341 .injected adenovirus expressing
the retinoblastoma gene directly into pituitary melanotroph tumors which arose
spontaneously in Rb+/- mice. They found decreased tumor cell proliferation, decreased
tumor growth and prolonged life span in treated animals.

Retrovirus vectors are the first vectors used in human gene therapy clinical trials.

10  One report which is relevant to the present patent application is that of Roth et al. (1996)
Nature Medicine 2, 985-991. They generated recombinant retrovirus which expressed the
wild type p53 gene. This virus was introduced into nine human patients having non-small
cell lung carcinoma by direct intratumoral injection using a needle inserted in a
bronchoscope. Of the nine patients, three displayed tumor regression while three other

15  patients showed stabilization of tumor growth.

D. Other Embeodiments
The genetically modified cells are administered by, for example, intraperitoneal
injection or by implanting the cells or a graft or capsule containing the cells in a cell-

20 compatible site of the recipient. As used herein, " cell-compatible site" refers to a structure,
cavity or fluid of the recipient into which the genetically modified cell(s), cell graft, or
encapsulated cell expression system can be implanted, without triggering adverse
physiological consequences. Representative cell-compatible sites include, for example, the
peritoneal, pleural and pericardial cavities as well as a solid tumor from which the cells

25  were derived or the organ from which the tumor was removed.

The genetically modified cells are implanted in a cell-compatible site, alone or in
combination with other genetically modified cells. Thus, the instant invention embraces a
method for modifying the system of a recipient by using a mixture of genetically modified
cells, such that a first modified cell expresses a first interferon and a second modified cell

30 expresses a second interferon or other secreted protein. Other genetically modified cell
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expression of a complex set of introduced genes. Moreover, more than one recombinant
gene can be introduced into each genetically modified cell on the same or different vectors,
5  thereby allowing the expression of multiple interferons by a single cell.

The instant invention further embraces a cell graft. The graft comprises a plurality
of the above-described genetically modified cells attached to a support that is suitable for
implantation into a mammalian recipient. The support can be formed of a natural or
synthetic material. In another embodiment, the graft comprises a patch of peritoneum.

10 Accordingly to this embodiment, the support is the naturally-occurring matrix that holds
the plurality of genetically modified cells together. Alternatively, the graft comprises a
plurality of the above-described cells attached to a substitute for the naturally occurring
matrix (e.g., Gelfoam (Upjohn, Kalamazoo, Mich.), Dacron, Cortex®).

According to another aspect of the invention, an encapsulated cell expression

15  system is provided. The encapsulated system includes a capsule suitable for implantation
into a mammalian recipient and a plurality of the above-described genetically modified
mesothelail cells contained therein. The capsule can be formed of a synthetic or naturally-
occurring material. The formulation of such capsules is known to one of ordinary skill in
the art. In contrast to the cells which are directly implanted into the mammalian recipient

20 (i.e., implanted in a manner such that the genetically modified cells are in direct physical
contact with the cell-compatible site), the encapsulated cells remain isolated (i.e., not in
direct physical contact with the site) following implantation. Thus, the encapsulated
system is not limited to a capsule including genetically-modified non-immortalize cells,
but may contain genetically modified immortalized cells.

V1. Formulations.

In a preferred embodiment, the preparation of genetically modified cells contains
an amount of cells sufficient to deliver a therapeutically effective dose of the interferon to
the recipient in situ. The determination of a therapeutically effective dose of a specific

30 interferon for a known condition is within the scope of one of ordinary skill in the art
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If the gene or the genetically modified cells are not already present in a

pharmaceutically acceptable carrier they are placed in such a carrier prior to administration

to the recipient. Such pharmaceutically acceptable carriers include, for example, isotonic

saline and other buffers as appropriate to the patient and therapy.

The term “pharmaceutically acceptable carrier" means one or more ingredients,

natural or synthetic, with which the isolated polynucleotide encoding interferon is

combined to facilitate its application. A suitable carrier includes sterile saline although

other aqueous and non-aqueous isotonic sterile solutions and sterile suspensions known to

be pharmaceutically acceptable are known to those of ordinary skill in the art. In this

regard, the term “carrier" encompasses any plasmid and viral expression vectors. An

“ effective amount” refers to that amount which is capable of ameliorating or delaying

progression of the diseased, degenerative or damaged condition. An effective amount can

be determined on an individual basis and will be based, in part, on consideration of the

symptoms to be treated and results sought. An effective amount can be determined by one

of ordinary skill in the art employing such factors and using no more than routine

experimentation.

In preferred methods, an effective amount of the interferon polynucleotide sequence

contained within its attendant vector (i.e., "carrier’) may be directly administered to a

target cell or tumor tissue via direct injection with a needle or via a catheter or other

delivery tube placed into the cancer or tumor or blood vessel feeding the tumor. Dosages

will depend primarily on factors such as the condition being treated, the selected interferon,

the age, weight, and health of the subject, and may thus vary among subjects. If a viral

gene therapy vector is employed, an effective amount for a human subject is believed to be

in the range of about 0.1 to about 10 ml of saline solution containing from about 1 x 107 to

about 1 x 10'? plaque forming units (pfu)/ml interferon containing, viral expression

vectors.
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S  parenterally, intranasally, intratracheally, intrabronchially, intramuscularly, subcutaneously
or by any other means. Parenteral administrations will include intravenous, intramuscular,
intraperitoneal, and subcutaneous. A more sophisticated approach may be parenteral
administration of a virus or chemical conjugate which localizes to a distinct tumor type due
to a natural tropism or due to the presence of a surface molecule which binds to a receptor
10  found only on certain tumor types.

As described above, the present invention provides methods for forming a cell
expression system for expressing a gene product (e.g., a interferon) in a mammalian
recipient, the expression system produced thereby and pharmaceutical compositions
containing the same. The following Examples are directed to demonstrating the feasibility

15  of cell gene therapy in an animal model system

Example 1: Exemplary Animal Model
In vivo testing of polynucleotides capable of expressing interferon in an animal
model is conveniently accomplished. Tumors are formed in nude mice by injecting human
20 tumor cell lines into the mice. The nude mice (strain nu/nu) are immunodeficient and will
not reject the foreign tumor cells. Tumors form 1-2 weeks after tumor cell injection,
although the exact timing depends upon the number of cells injected and the tumorigenicity
of the cell lines. Polynucleotides expressing interferon are introduced into the tumor cells
by conventional transfection procedures in culture prior to injection into the mice.
25  Alternately, the appropriate polynucleotide may be introduced into the tumor by
transfection or viral transduction in vivo after the tumors have formed in the mice.
As but one example, the cells used are either the bladder carcinoma cell line
HTB9 (Huang et al., supra) or the retinoblastoma cell line WERI-Rb27 (both Takahashi et
al., Proc. Nat. Acad.Sci. USA 88:5257-5261, 1991. For delivery of the isolated

30 polynucleotide encoding interferon in culture, tumor cells are transfected (using a
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have successfully incorporated the appropriate polynucleotide, no selection of cells is

5  required. Furthermore, it has been discovered (Example 3).that only a small percentage of
cells need express the interferon gene, so that drug selection usually will not be required.

If selection is performed in the case of transfections which are not as efficient as
the viral infections described herein, cells are transfected with an expression vector
encoding both a drug-resistance gene (such as the neo gene which encodes G418

10  resistance) and a polynucleotide such as the interferon gene. A control transfection is a
vector encoding the drug-resistance gene alone.

After about 2-3 weeks of selection in the drug-containing media, the cell colonies
are pooled and subcutaneously injected into the flank of nu/nu (nude) female mice at a cell
number of about 10° in a volume of about 100 ul. Virus-infected cells are injected directly

15  without the need for a selection step. The mice are further maintained for at least two
months and tumor size is monitored on a weekly basis using calipers.

Alternately, untransfected or uninfected tumor cells are subcutaneously injected in
the flank of the mice. After tumor formation, DNA or virus containing a polynucleotide
encoding an interferon are injected directly into the tumors. Many viruses are suitable for

20 this procedure, although recombinant adenoviruses are the most efficient and recombinant
retroviruses have the advantage of being stably integrated into the tumor cell genome.
DNA can be introduced into the cells by mixing the DNA with cationic liposomes and
injecting the mixture. DNA or viruses not containing the interferon gene are injected into
tumors of other mice to serve as the control. Tumor progression or reduction is monitored

25  with calipers.

Example 2: Exemplary Lung Carcinoma Model
As a further example, treatment of human small cell lung carcinoma with
liposome-encapsulated, isolated polynucleotide encoding interferon may be performed in

30 vivo by introducing a polynucleotide encoding interferon into cells in need of such
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s To treat lung cancers in this way, the polynucleotide encoding interferon is purified, by any

other convenient method. The polynucleotide encoding interferon is mixed with liposomes
and incorporated into them at high efficiency. Since the aerosol delivery is mild and well-
tolerated by normal volunteers and patients, the polynucleotide encoding interferon-
containing liposomes are administered to treat patients suffering from lung cancers of any
10 stage. The liposomes are delivered by nasal inhalation or by an endotracheal tube
connected to a nebulizer at a dose sufficient to inhibit tumor growth. Aerosolization
treatments are administered daily for two weeks, with repetition as needed.
In vivo studies using orthotopic small cell lung carcinoma may be carried out using
tumor injected into the right mainstream bronchus of athymic (nu/nu) nude mice (about 1.5
15 x 10° cells per mouse). Three days later, the mice begin a course of treatment (daily for
three consecutive days) of being inoculated endobronchially with a liposome-encapsulated
interferon gene and controls lacking the interferon gene sequences. Tumor formation and
size are followed in both treatments by measurment with calipers and mouse survival is
assessed.
20
Example 3: Ex vivo Gene Therapy with Interferon-beta 1a Gene
In this Example, I use the human breast carcinoma cell line MBA-MD-468
(obtained from the American Type Culture Collection). Cells are either uninfected or
infected with an adenovirus expressing the human interferon-betala gene. In this case, the
25  adenovirus is deleted of the El genes and has a temperature sensitive mutation in the E2a
gene. Methods of generating this particular adenovirus can be found in Engelhardt et al.,
(1994), Gene Therapy 5: 1217-1229 (see also below for additional details). Briefly, the
interferon-betala gene was previously cloned into the adenovirus vector pAdCMVlink1
such that gene transcription would be driven by the CMV IE1 promoter, thereby creating

30 an adenovirus transfer plasmid. The gene was inserted into this vector in place of the
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Cell Culture. Human Carcinoma cells MDA-MB-468, Huh7, KM12L.A4,
ME180, HeLa, U87, and 293 are maintained as adherent cultures in Dulbecco’s modified
Eagle’s medium containing 10% bovine serum, 2 mM glutamine, penicillin and
streptomycin, non-essential amino-acids, and vitamins,
10
Generation of Purified Adenoviruses. An adenovirus transfer vector
encoding the human IFNJ gene driven by the cytomegalovirus early promoter, pAACMV-
hulFNB, is constructed by ligating a cDNA insert encoding human IFN-f1a into the
plasmid pAdCMVlink1 (see Engelhardt et al., 1994, supra). Plasmid pAdCMV-hulFN is
15 co-transferred into 293 cells with genomic DNA purified from the temperature-sensitive
adenovirus H5ts125. Recombinant adenoviruses derived from individual plagues are used
to infect 293 cells at 39°C and the supernatants tested for IFN-f} gene expression by an
ELISA assay. A adenovirus carrying the IFN-B cDNA (HS.110AIIFNp) is identified and
further amplified. Similarly, a control E2A temperature-sensitive adenovirus encoding the
20  colorimetric marker B-galactosidase (H5.110/acZ) is made. Virus preparations are
produced in 293 cells and purified on CsCl gradients after two rounds of plaque isolation.
They were shown to be negative for the presence of wild-type adenovirus.
Subconfluent cells are infected with H5.110AIFNS at multiplicity of infection
(MOI) of 100 in 3 ml of medium containing 2% bovine serum. Fifteen hours to eighteen
25  later, supernatants are collected and IFN-f§ concentration quantified by ELISA assay.
ELISA Assay. 96-well plates are coated overnight at 4°C with an anti-human
IFNP antibody, B02 (Summit Pharmaceuticals Co., Japan). The antibody is used at
10pg/ml in the coating buffer containing S0mM Sodium Bicarbonate/carbonate, 0.2 mM
MgCl,, and 0.2 mM CaCl; (pH 9.6). After the plates are blocked with 1% casein in PBS
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5 rabbit antlbody (Jackson Immuno Research, 1:5000 dilutiorn), and the substrate solution
(4.2 mM TMB and 0.1 M Sodium acetate-citric acid pH4.9). After the reaction is stopped
by 2N H,S04, absorbance was measured at 450 nm.
Mouse Experiments. 4 to 6 week old female Balb/c nu/nu mice are obtained from
Taconic farms (Boston, Massachusetts). All mice are maintained in the pathogen-free
10 Biogen animal facility for at least 2 weeks before each experiment. For the ex vivo
experiments, infected and uninfected cells are harvested with trypsin/EDTA solution and
washed 2 times with PBS. These cells are mixed just prior to injection into mice at the
ratios described below. A total of 2 x 10° cells in 100 121 of PBS are implanted
subcutaneously into the right flank. Tumor size is measured in length and width by using
15  calipers and presented as the average tumor diameter (mm).
For the in vivo direct injection experiments (Example 4), 2 x 10 tumor cells in 100
1l PBS are first subcutaneously implanted into nude mice. When tumor size reached 5-6
mm in diameter, 100 ul of PBS containing various doses of recombinant adenoviruses are
injected directly into thc.;, center of the tumor in a single injection, Tumors are monitored in
20 length and width using calipers. Tumor size is calculated by averaging the length and
width. Animal death is defined by sacrificing mice in which tumors began to show signs of
bleeding or reached 10% of total body weight. Apoptosis is examined by using the In Situ
Apoptosis Detection Kit provided by Oncor, Inc. (Catalog # S7110-KIT).

25 Results
Iinitially evaluated the transduction efficiency and transgene expression of the
adenovirus vectors. Human breast carcinoma cells MDA-MB-468 are infected with
H5.110/acZ at increasing multiplicities of infection (MOI). After X-gal staining, I
estimated that at an MOI of 100, the gene transduction efficiency reached approximately

30  100% in these cells (data not shown). Thus, the breast carcinoma cells are infected in
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expression of the gene in every cell in the population.

For the first experiment, 18 hours after infection, 2 x 10° cells are injected
s  subcutaneously into the back of each nude mouse. Five mice are injected with uninfected
cells and five mice are injected with cells infected with adenovirus-IFNB. Tumors of
significant size arose in all of the mice injected with the control uninfected cells. No
tumors appeared in any of the mice injected with cells treated with adenovirus expressing
IFN-B (H5.110AIFNS: Table 1).

10 To rule out the possibility that in vitro exposure of tumor cells to IFN-f protein
might lead to the loss of tumorigenicity in vivo, Itreated MDA-MB-468 cells with IFN-8
protein at the protein concentration that was detected after the 18 hour virus infection.
After thorough washing, equal number of treated cells, or untreated cells, or the mixture
containing 10% treated cells, are injected into the nude mice. Tumor development is

15 observed in all three groups of mice (data not shown), indicating that the ex vivo IFN-8
gene delivery, but not in vitro protein treatment, is critical to the inhibition of tumor
formation.

To determine if cancer cells expressing the IFN-B gene could lead to the destruction
of non-transduced cells, the following experiment is performed. The same cancer cells are

20 either uninfected, infected with adenovirus expressing the IFN-f gene (H5.110hIFNp) or
infected with the same type of adenovirus but expressing the lacZ gene (HS5.110/acZ)
which encodes the $-galactosidase reporter protein which would not be expected to have
any anti-cancer effect and, therefore, is a control for any effects by the adenovirus itself.
All the adenovirus infections are done at a pfu:cell ratio of 100. I separately infected MDA-

25  MB-468 tumor cells with H5.110hI/FN/ or H5.110lacZ at an MOI at 100. At 18 hours
after infection, the infected cells were harvested and a portion of them were mixed with
uninfected cells just prior to injection into mice. Balb/c nude mice were implanted
subcutaneously with equal number of infected cells, uninfected cells, or a mixture

containing 10% infected cells and 90% cells which were not exposed to the virus. Tumor
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developed tumors, no tumors are observed in mice that received 100% H5.110hIFNS or
HS.110/acZ infected cells, suggesting that infection by either virus can abolish
tumorigenicity (Table 1). However, all mice that received 10% HS5.110lacZ infected cells

5  developed tumors, while all mice that received 10% HS.110hIFNJ infected cells failed to
do so. Therefore, HS5.110lacZ infection, although sufficient to suppress the tumor
formation of the already-infected cells, failed to block the tumorigenicity of the co-injected
naive and uninfected cells. In contrast, transduction by H5.110hIFNf in 10% of cells was
enough to suppress the tumorigenicity of the cells which had been transduced by the virus

10  as well as those which had not been transduced. Inhibition of tumor formation by
H5.110lacZ in the 100% transduced population could be due to some general toxic effects
or to some anti-tumor effects of this generation of adenovirus, but it should be noted that
transduced cells were capable of replication in vitro (unpublished data).

To establish the amount of interferon-containing virus needed to suppress

15 tumorigenicity, the H5.110hIFNf and HS5.110lacZ infected tumor cells separately are
mixed with uninfected cells at various ratios such that there was an excess of uninfected
cells in each instance. The mixings are such that different samples consisted of 10%, 3%,
1% , 0.3% cells infected with the adenovirus and the remainder uninfected. Immediately
after mixing, the cells are injected into the nude mice. The results are shown in Table 1.

20  The tumor diameters are measured in two dimensions at various times after injection of the
cells. Bach data point in Table 1 represents the average +/- standard deviation of the lateral
and longitudinal diameter measurements from four mice. Measurements are taken at 12,

19, 26 and 33 days after injection of the tumor cells.

25
Table 1.
average tumor diameter (in mm)
| Sample | Day 12 | Day 19 | Day 26 | Day 33 |
100 % uninfected | 4,1 +/- 0.6 4.9 +/- 0.8 59 +/-0.5 6.3 +/- 0.6
100% AdV-IFN | 0.0 0.0 00 0.0
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100%AdV-lacZ | 0.0 0.0 0.0 0.0
10% AdV-lacZ | 4.8 +/-0.4 5.24/-0.6 6.2 4/-0.5 6.5 +/- 0.5
3% AdV-lacZ |4.3 +/-0.5 4.6 +/- 0.6 5.8 4/-0.8 6.5+/-1.0
1% AdV-lacZ {4.3+4/-04 4.6 +/-04 5.04/-0.5 6.3 +/- 0.9
0.3% AdV-lacZ | 4.4 +/-0.5 4.7 +/- 0.6 ND ND

Tumor development was completely blocked in mice that received as few as 1%
H5.110hIFNp transduced cells (Table 1). In the first week after injection of the cells, very
small tumors could be detected (these are palpable, but not big enough to be measured) in
the mice injected with the 10, 3 and 1% H5.110#IFNp. However, all of these small tumors
completely regressed by day 9. This suggests that some cells survived for a short time and
expressed the IFN-8 gene during this period, leading to death of the entire tumor. In the
several experiments performed with this cell line in nude mice, tumor formation has never
been observed when 1% of cells were transduced with H5.110hIFNf and survival has been
100% (data not shown). Mice that received 0.3% HS5.110hIFNS transduced cells
developed tumors, however, the size of these tumors was significantly smaller than those in
the control mice and 2 out of 5 mice in this 0.3% group had complete regression by day 33
(Table 1).

In contrast, mice that receive 10% to 0.3% H5.110/acZ treated cells develop

tumors with similar sizes as the uninfected group and no tumor regression was observed in

either of these control groups (Table 1).
Clearly, expression of human interferon beta (hIFN-) in only a very small

percentage cells appeared to block tumorigenesis in nude mice. I further examined the

45

10%
s10%



10 h 10 h&ITOYPARKEFHNOACMRe] e ()-f*4dBb@ 10 10G ! 110% U U& & 109
U& ()- 10% U& ()-T10% U& ()- 10% U& ()- 10% U& () - g34~<b@ 10 0‘!9519(
1008JU& ()-S! 1"10% U U& ()-T &10% U& ()- 110% U& ()- 10% U& ()-!I

10%JU& () - @aVK@ 10 10! 10 U 10 U 10 U310% U& ()- 3110% U& ()-!F. 10% U

U& ()-S , ML0% U& ()- F+10% U&h§I<) GFaBVK@ 10 10!
lowest ratio for H5.110kIFNS infected cells required to affect, but not necessarily block,

tumor formation and promote mouse survival. Equal numbers of MDA-MB-468 cells
containing 0.3%, 0.1%, 0.03%, 0.01%, and 0% HS5.110AIFN infected cells are implanted
into nude mice and tumor growth was monitored. Mice that receive 0.3% or 0.1% infected

S cells develop much smaller tumors compared with those that received only uninfected cells
(Fig. 1A). Of the tumors which formed at 0.3 and 0.1% transduction, 3 out of 5 and 1 out
of 5 tumors, respectively, regressed completely. Significantly prolonged survival was
observed in the 0.3% and 0.1% transduction groups. While implantation of 0%, 0.01%, or
0.03% infected cells resulted in the death of all animals within 75 days, 1 out of 5 and 3 out

10 of 5 animals were alive without tumors in the 0.1% and 0.3% groups, respectively, at the

conclusion of this experiment on day 109 (Fig. 1B).

It is likely that only a small portion '(grcatcr than about 0.3%, preferably greater
than about 1.0% ) of all the tumor cells will need to be transfected or infected in order to
have efficacy. This differs from such anti-cancer gene therapy approaches such as delivery

15 of wild type tumor suppressors (pS53, for example) in which every cell in the tumor will
need to obtain the tumor suppressor gene.

Thus, the interferon gene demonstrates a potent anti-proliferative effect in vivo after
in vitro infection. Controls indicate that this was due to interferon rather than the
adenovirus.

20

Ex vivo IFN-f gene therapy in other human xenograft tumors

I also tested the effect of H5.110hIFNJ transduction in other tumor cell types in the
ex vivo human xenograft model. 'Human colon carcinoma cells KM12LAA, human liver
carcinoma cells Huh7, or human cervical carcinoma cells ME180 are transduced with

25  H5.110nIFNS. Equal number of cells containing 10%, 1%, or 0% transduced cells are
tested for their ability to form tumors in nude mice. Injection of uninfected cells of the
three types causes the formation of fast growing tumors in all mice. In contrast, ex vivo
delivery of 10% H5.110hIFNf infected cells leads to either no tumor development or the

delayed appearance of slower growing tumors in all animals examined (Fig. 2A). Unlike
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adenovirus-mediated IFN-B gene delivery into multiple different tumor cells results in

efficient inhibition of tumorgenicity and leads to increased animal survival time.

Example 4: In vivo Gene Therapy with Interferon-beta 1a Gene

10 Instead of an ex vivo approach, direct in vivo gene therapy can be performed. In in
vivo gene therapy, the gene is directly administered into the patient. In this Example,
adenovirus having the human IFN-B gene (HS.110hIFNP) is directly injected into solid
tumors. Briefly, 2 x 10° MBA-MD-468 human breast carcinoma cells are injected
subcutaneously into the back of fifty nude mice. Subcutaneous tumors of approximately 5-

15 6 mm diameter form in nude mice 24 days following subcutaneous injection of MDA-MB-
468 cells. At this time, tumors were treated with PBS or the H5.110r/FNS and H5.110lacZ
vectors at various viral doses ranging from 1 x 10 "to3x10° pfu/mouse in a single
intratumor injection.

Data shown in Fig. 3 indicate that within 14 days, single dose treatment with

20 HS5.110hIFNfBat 3 x 10°, 1 x 10°, or 3 x 10° tot'al pfu causes tumor regression. Complete
tumor regression occurs in 4 out of 5 mice in the 3 x 10° pfu group and in 3 out of 5
animals in the 1 x 10° pfu treatment group. In tumors injected with 1 x 10° pfu
HS.110#IFN a high local IFN-f concentration of approximately 1500 IU/ml can be
detected while only 37 IU/ml of INF-B is detected in the serum. Lower HS.110AIFNf

25 doses including 1 x 10%, 3 x 107 and 1 x 107 pfu have little or no effect (Fig. 3 and data not
shown), indicating that the anti-tumor response is dose-dependent. Injection of PBS or
HS5.110lacZ at equivalent doses does not lead to tumor regression (Fig. 3.) When the
tumors are monitored over a longer period of time, slow growth and regression are

observed in some individual tumors injected with H5.110lacZ at 3 x 10° pfu, suggesting
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both tumor types (unpublished). I also performed a similar in vivo experiment using the
human glioma cell line U87. These cells were very sensitive to IFN-f§ as complete tumor
regression was seen in 4 out of 4 mice treated with 1 x 10° pfu H5.1 10AIFNf and 2 out of
4 mice treated with 1 x 10 ® pfu (data not shown). These findings demonstrate that direct

and local in vivo adenovirus delivery of the IFN-B gene can exert a significant anti-tumor

15

20

effect.

Four days after injection with 1 x 10° pfu virus, the MDA-MB-468 tumors are

harvested for histological examination. At that time, tumors injected with H5.110hIFNS

show signs of regression. Histological analysis of the MDA-MB-468 tumors by

hematoxylin-eosin staining is performed. More apoptotic cells are noted in the

H5.110

hIFNf -injected tumor than in the H5.110/acZ- injected tumor. I confirmed

apoptosis by direct fluorescence detection of end-labeled, fragamented genomic DNA.
Very few infiltrating mononuclear cells are observed in the H5.110hIFNf or H5.110lacZ

injected tumors, indicating that the cellular immune response may not play a major role in

the HS.

110nIFNp directed tumor regression in this model.

Both the ex vivo and in vivo experiments shown above measure only the direct anti-

proliferative effect of interferon. Since these are immune-deficient mice, any immuno-

stimulatory activity that interferon has which might stimulate tumor destruction will not be

present. Also, since interferons do not cross species from human to mouse, the human IFN-

B used

to inhibit the human cancer cells in these mice would not be expected to inhibit

angiogenesis since the human IFN-B does not act on the mouse vascular endothelial cells.

Therefore, it is possible that an even more dramatic anti-cancer activity would be seen

when human patients are treated with the adenovirus having the human IFN-B. This could

be modeled in immune-competent non-human primates. Alternatively, one could use
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Y ot
h& () - R8SqSSS4TTd Enti[bc teth bloivided 16 defiiopjtrate a remarkable ability of IFN-B gene therapy to
block the formation of tumors de novo as well as to cause regression of established tumors.
S The ex vivo transductions experiments confirmed that introduction of a potent secreted
protein into as few as 0.3%-1.0% transduced cells blocked the establishment of MDA-
468 tumors. A variety of other tumor cell lines have been tested, and while there was a
variation in the potency of the IFN-B effect, all could be blocked with 1-10% of IFN-§
transduced cells. Encouraged by the relatively small percentage of IFN-P secreting cells
10  required to impact tumor formation, I then challenged pre-formed tumors with direct
intratumor injection of the adenoviruses. Again the effect of the IFN-B gene delivery was

potent with single injections of virus resulting in either partial or in some cases complete

regression of tumors.
In these studies, the dramatic regression of tumors appeared to be primarily the
15 result of the direct anti-proliferative or cytotoxic activity of IFN-B. This conclusion is
supported by the fact that the IFN-B gene used in this study is of human origin, and human
IFN-B does not cross react appreciably with the host mouse cells. Also, the immune-
deficient nude mice that were used lack T lymphocytes, a major effector cell in the type 1
IFN induced immunostimulation (Tough, D.F. et al., (1996), Science 272: 1947-1950 and
20 Rogge, L. et al., (1997) J. Exp. Med., 185: 825-831). Furthermore, in the rapidly
regressing tumors following IFN-B gene delivery, no overt increase in the infiltration of
mononuclear cells was observed. These findings support the notion that IFN-f8 mediated
anti-proliferative activity alone could be sufficient to cause tumor regression. Our data
appear to be consistent with the clinical correlation previously observed between the in
25  vitro sensitivity of malignant cells to IFN-induced anti-proliferative activity and the in vivo
therapeutic effect (Einhorn and Grander (1996) J. Interferon Cytokine Res. 16: 275-281)
In summary, it has been found that adenovirus-mediated IFN-8 gene therapy can
exert an efficient anti-tumor effect in mouse models. Ex vivo delivery of the IFN-f gene

into a very small percentage of cells was sufficient to block tumor formation and single-
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10% & () - bgcmc&%%@ocr i%‘ gelne therapy cancer trials in which the degree of gene delivery is likely to
5  belimiting and a significant bystander effect will be required. Therefore, local IFN-f3 gene

therapy provides a promising strategy for the treatment of tumors in humans.

Equivalents
It should be understood that the preceding is merely a detailed description of certain
10  preferred embodiments. It therefore should be apparent to those skilled in the art that

various modifications and equivalents can be made without departing from the spirit or

scope of the invention.
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a mammal; and a vector contained therein having an
interferon beta polynucleotide sequence for encoding

interferon beta protein and allowing its expression.

2. The cell system as claimed in claim 1,

wherein the mammal is a human.

3. The cell system of claim 1, wherein said
expression vector comprises a viral vector selected from
the group consisting of an adeno-associated viral vector
and an adenoviral wvector, wherein the adenoviral vector
is itself selected from the group consisting of (a) an
adenoviral vector having a deletion in its El gene; (b)
an adenoviral wvector havlﬁé a deletion in its El gene and
a deletion or mutation in its E2a gene; (c) an adenoviral
vector having a deletion in both its El and E4 genes, and

(d) an adenoviral wvector having a deletion of its El, E2,

E3 and E4 genes.

4. The cell system of claim 1, wherein said
cell is part of a plurality of cells, wherein no greater
than about 10 % by number of said plurality of cells ' ;

contains the vector.
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6. The cell system of claim 5, wherein no
greater than about 1.0 % by number of said plurality of

cells contains the wvector.

7. The cell system of claim 6, wherein no
greater than about 0.3% by number of said plurality of

cells contain the wvector.

8. The cell system of any one of claims 1-7,
wherein the cell is a cancer cell or a tumor cell.
9. The cell syéfem of claim 8, wherein said

cancer or tumor cell'is a liver cell.

10. A pharmaceutical composition, comprising
the cell system of any one of claims 1 through 8 plus a

pharmaceutically acceptable carrier.

11. A method for making a gene tHerapy
pharmaceutical preparation, the method comprising the

steps of: (a) forming a plurality of cells containing the

52



)-F 104| 104| 104|L310%| & ()- S/ 10%| & ()-f -Y10%}|.& ()- KNdEbCL0% &10%
)- YL0% U8 ()- -10% U& ()-  YF10% U& ()- 10% U& ()-  10%K& ()py p

<bC! F! 1098JU& () - ! F! 109& ()-I 10%JU& ()- 10% & ()- F 10% U& () - PakRR 2002
) -

u& f Cl 0%) 09 ( 0% 310%

ue () - @1%5%@% for'de Cefo]v % és‘l%%ﬁ‘&u% gl%%ﬁog 0%‘6&6 /B8 () - F

10 U 10 U,10 U&310% 0%&, ()-+! 109R22& ()-+! 109BB&' () - +!

109%&' () - aﬁwe(l)tlﬂ%ﬁ (1!%3%!;3(1? LMt ¥ r%‘é%km )@ viral

109B& () - $310%B&'() 0" 10%8& ()-F 10B 10B 10B&310%B&' ()- T[ gdELC! 10
vector having an interferon beta polynucleotide sequence

L& (.
U& (
NCBA

(

for encoding and allowing expression of an interferon
beta protein into at least one cell of said plurality;
and (c) placing the at least one cell in a

pharmaceutically acceptable carrier.

12. The method of claim 11, wherein the step
of introducing a vector into at least one cell comprises

introducing a vector into no greater than about 10 % by

number of said plurality of cells.

13. The method of any one of claims 11-12,
wherein the vector comprises a viral vector selected from
the group consisting of an adeno-associated viral vector

and an adenoviral vector.

14. The method of claim 13, wherein the
adenoviral vector is selected from the group consisting
of (a) an adenoviral vector having a deletion in its El
gene; (b) an adenoviral vector having a deletion in its
El gene and a deletion or mutation in its E2a gene; (c)
an adenoviral vector having a deletion in both its El and
E4 genes, and (d) an adenoviral vector having a deletion

of its E1, E2, E3 and E4 genes.
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consisting of an adenoviral vector, a lentiviral vector,

a baculoviral wvector, an Epstein Barr viral vector, a
papovaviral vector, a vaccinia viral vector and a herpes
simplex viral vector, wherein the adenoviral wvector is
itself selected from the group consisting of (a) an
adenoviral vector having a deletion in its El gene; (b)

an adenoviral vector having a deletion in its El gene and
a deletion or mutation iﬁuits E2a gene; (c) an adenovifal_
vector having a deletion in both its El and E4 genes; and

(d) an adenoviral wvector having a deletion of its El, E2,

E3 and E4 genes.

16. Use of one or more genetically modified
cells of a mammal for the manufacture of a medicament for
gene therapy, wherein said one or more cells is
genetically modified by the introduction of a vector

having an interferon beta polynucleotide sequence for
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introduced to less than about 10% of said plurality of

cells.

18. The use of any one of claims 15-17,
wherein said vector is introduced to said one or more
cells or said plurality of cells by directly injecting

said vector into said cells.

19. The use of any one of claims 15-17,
wherein said médicament ig‘administered by a route
selected from the group consisting of topical
administration, intraocular administration, parenteral
administration, intranasal administration, intratracheal
administration, intrabronchial administration,
intramuscular administration, and subcutaneous

administration.

20. The use of claim 21, wherein parenteral

administration includes a route selected from the group
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