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METHODS AND COMPOSITIONS FOR TREATMENT OF INTERFE
RON-RESISTANT TUMORS CROSS-REFERENCES TO RELATED
APPLICATIONS [0001] This application claims benefit of U.S. Provisional
Application No. 60/528,525, filed December 10, 2003, which application is
incorporated herein by reference for all purposes. 5 BACKGROUND OF
THE INVENTION [0002] Interferon protein therapy is well established in
the clinical environment as a treatment for a variety of cancers. Two
widely used commercially available interferon species produced by
recombinant PNA tecl 0 190
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most of these superficial cancers can be adequately manage
ML) and AIDS-related Kaposi's sarcoma.

[00603] Additionally, investigational approaches to the use of recombinant

vectors encoding interferon species have been evaluated for anti-tumor effects including the
treatment of cancers of the ovary, kidney, and bladder, muliiple myeloma, melanoma, certain
lymphomas and leukemias, and Kaposi's sarcoma. The antitumor activities of replication
deficient adenoviruses encoding interferon (Ad-IFNe) have been reported against a variety of
human tumor xenografts following direct injection (Ahmed et. al., Cancer Gene Therapy,
8:788-95 (2001}), which included human transitional bladder carcinoma (TCC) xenografts
(Izawa et al., Clin.Cancer Res., 8:1258-1270 (2002)). These studies show that interferon can
mediate both direct antitumor activi'ty and a significant bystander effect, characterized by the
activation of host effector cells, enhanced apoptosis, and the inhibition of angiogenesis.

[0604] One particularly notable application where recombinant interferon

-protein has been evaluated for efficacy is in the treatment of bladder cancer. Superficial

bladder cancers are diagnosed in over 45,000 patients/year in the United States. The disease
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with periodic transurethral resection (TUR) and surveillance, this is far
from an optimal approach because 60 to 70 percent of superficial tumors
recur after TUR, and up to 30 5 percent evolve into more aggressive,
potentially lethal cancers. The high recurrence rate and the
unpredictability of the progression patterns have led to the widespread

. use qf infravesical .therapy for local control of the disease.. .
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aftempt to enhance the cellular immune response to BCG and improve the regponse to
therapy. ODonnell et al., J. Urol., 166:1300-1304(2001). Combination therapy has been

effective in BCG refractory TCC, but many of these initial responders relapse with superficial

disease and ultimately require cystectomy.

[0006)] Gene therapy employing recombinant vectors encoding interferon
speicies provides a promising alternate approach to the treatment of refractory superficial
bladder cancer. Local delivery can maximize transgene expression in the urothelium and
minimize vector distribution to vital organs outside of the bladder. In addition, efficient
transfer of a gene encoding a secreted protein (e.g., ITFNa2b) to both normal and malignant
cells of the urotheIiuﬁz can generate a potent anti~bumor bystander effect coincident with

sustained local protein concentrations in the urine.
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[0007] The present invention provides methods for the treatment of
interferon - resistant tumors through the use of recombinant vectors
encoding interferon species. In 5 particular, it is noted that interferon
species provided by recombinant vectors possess properties not
associated with the available recombinantly produced interferon proteins.
The present invention further provides compositions useful in the
treatment of interferon resistant tumors using recombinant vectors
encoding interferons. 1GBRIEEESERIPT IBNTDIETKHE DRAWINGS

[0008] Figure 1 provides a data of the effect of intravestical .

AGHIEN- a2 YT SRR R G ROl R i@ gtphintertoron
resaftiie Hafief thepanglchows matkbihabecrease dndidny enteeRIRNS LR

ize 21 days after Ad-IFNa2al/Syn 3 or Ad- IFNa2b/Syn3 treatment*, P
P8 4 R SRR bBUE W GE SR UL 6 L5 g
prapettieing dsticadakivit oy Gilntl ordiverbiNaa?abprdtein] oncrdo phsteins. The

right.are a series of fluorescence mjcrographs providing a representative |
P B R R s S R A R rvistan
turfiomuisidiyvicemhbiieetineeteh ¢neatiingringndenonp0009] Figure 2 provides a

demonstration of prolonged IFN expression following Ad-IFN/Syn3

intravesical treatment. Panel A demonstrates that sustained levels of 20
IFN are seen in th8RIZE#deERCRITJdnaidsioT &t yiHis WibEGgeated once

with Ad-lFWﬁy [ ingr f ures, |

contrast, similar tré%%n\égfnﬁ %ﬂ&%so%%%%ﬁl%ﬂﬁ éﬁ%\évﬁf%xb@%%%si%c%éﬁg ﬁ%%aI/Syn
3 OSmwgb@YﬁwlmlmimN WMW@ lﬁﬂigﬁtb.e pdiehshows marked
dedGRUTRH LA ZMEIR GlvrResela i daiugicaliny tatghe

same high “levels of IFN In the urothelium and adjacent bladder tumor is
IFNgedviPsp rirastinenistdtniefieal 281ty disairaeyattes showadamersssive tumor

groWiiliAdalENAZAUSYR SN HIVRIS ML e AL RIS SOV ARIBRENYE 8RS 1 ght are
IEN staining present in many cells. Panel C demonstrates that similar hlglﬁ
2 sqggRRf wmﬁf%f&%,géﬁrwmgﬁ%ﬂ’f&m&Bowamfﬁ@afga%xm@efpawgaﬁnent

uniftenieatmenhyihaeiiber AdslaNARUSHAR REAIENAZRR3 NN group.

morphological changes in the urothelium were seen by histological
examinatioh%P HEE L eAavides b Asepieiin) ¢ grrioassiiilezg aression
foll6ainpatisoPNoEA Ity odatexicitedladder CcanconaelkdngsrasipiabliiRvels of

over 100,000 IU of Intron A. Panel A shows the negative IFN staining in
1FN£ﬁﬁ8%&ﬂ§lﬁ$f@iﬂ3@ FRGHBRT S ?ﬁ%ﬁzua BSATAEA R Wil 2b/Syn3

whiglb s B reabisitafiated witkpAdiiésN a2 abidax, MaghificalionnRame kB9 00 1U of
eS8 ASR o0 RlSmSHe s g N CRs e ke o
wheB{teelianRethdarsdnelgate. tfes Eﬁtﬁb}iﬁieg data indicating that the same high
levels of IFN in the urothelium and adjacent bladder tumor is seen by immunohistochemical
analysis 2 days after two treatments with Ad-IFNo2u1/Syn 3 in athymic mice. Arrows show
strong perinuclear IFN staining present in many cells. Panel C demonsirates that similar high
levels of IFN are seen in the urothelium of outbred Balb-C mice 7 days after treatment with
either Ad-IFNoe2al/Syn 3 or Ad-IFNe2b/Syn3. No morphological changes in the urothelium
Weré seen By histological examination or H&E stained sections.

[0610] Figure 3 provides a comparison of Ad-IFN cylotoxicity to bladder
cancer cell lines resistant to over 100,000 IU of Intron A. Panel A shows the negative IFN
staining in control cells (10X Magnification) and marked perinuclear IFN staining in 253]-
BV cells treated with Ad-TFNa201 (40X Magnification). Panel B is data from a flow

cytometric analysis showing increase in the number of subdiploid cells at 48 hrs after
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population. Panel C illustrates an increase in the number of G2/M cells
following Ad- IFNa2al treatment to over 60% was observed. Panel D
demonstrates the marked cytotoxicity to Ad-IFNa2a seen in the 253J B-V
cells at the same 50 MOI of Ad-IFNa2al. A 5 50 MOI of Ad-P.al was also
treatnypss @ forhd b siubidNadwl daredl Eny sellsytbrkiaty waicysdhe wblivloid
populMEl&. changes; ghsenedinihese.calis smhendieaiatwith 4001000 A 0% d-

Intron A. Similar results were observed using KU7 cells or using
[FNoe iFpataient[poaagrrigvrey asinbserutss fmctispemeniptindbpiesketbatn
cytot@GEHTSInDiagdlen canger cals rasisiant 1o N Rrtein fllawing AdMNa2a1. A

treatment including cells which show 10 no IFN staining. Panel A

50 Mpiovidal g 253708V Exlidersafedionas AGomRpmy) mpGsipipRGeLy was seen,
nor w%%ig?zl(léé%é%%@w{ﬂ%@é&%éﬁi Rle.riainiag afcels for Mg andmilar
ue

) upper panels and for active caspase-3 (green) and DNA

resultppsey ower phnskeard dhsinosesHarst Hadtént. Caspase activation
and nuclegy; GpRASNSAlian.is FREMUT ERllRQXRERSSIA: el (Wi At biadder

Caspase activation, however, is also seen in IFN-nonexpressing cells 15

cancefoiphel TRsise torosanitytem Enlexpie ddn Hellsyramhinalvging) cells which show
no [FREMANEY ARG RYRIARGES kaifest o6 s eXRIgSEond e we.-ditterent . Two

cellular populations. Panel B provides quantitation of caspase-3 activation
by twinogijcahehrwelsany gl images Kdrirk tenthert s h&rsadipidpnd DNA

(blue)[zgogﬁéﬂp@gwgn% g ALamParisan. of AdUEN.anhKaB N LR adsa SR hown

0 cells. Panel A illustrates the high and sustained production of IFN in _
36 h afier sippensatastHDMBCVAHENKOT TSR RENEN PeatrReht it tiloes pressing

PN (MRS L6¥els reashed L3 Millian KBVt 20,18yl i afENhinpRIRiGe bells
lines. The addition of 400,0000 pg/ml (100,000 IU/ml) of Intron A to the
foundriveelionm psteiicef Tk s rEewWHE e BN EITE OF A rdrmampe st dnptander

effect e & &&{imtyﬁmlcﬁfmﬁf%@ﬁﬂ%efpg (ganiage efsuboipleidicells

shown 48 and 72 hours 25 after addition .5 million 1U/ml of Intron A or
quantBaimoTformBEN-aghy Pandn® Yiasddies asdidddbriiarprolbhidaatnent at the
same &@nges or IFN staining in KU7 cells seen after Intron A treatment at the

same concentration and time points as Panel B. In contrast, note the cells

with incl@Ab2kigw afdssteBseRRLORAL AN fllEWidy Rdfscancer

cells, WiRAG- IR aong; with sevaral small AReRIOHE @ppaaiiRgeelifatant from B-
(arrows) (Magnification 40X). 30 4 DETAILED DESCRIPTION OF THE

V and RYE Nt oK g ke PREFEIRIRE B ENBYBIMEN TS oercirtid prédenpeml (2.5
millichYENS o R5Q¥ides adnathed phireatingparinterieenpg/ml (100,000 TU/ml) of

Intron A to the medium of each cell line is shown for comparison and remained constant over
a 6 day period. Panel B illustrates the percentage of subdiploid cells shown 48 and 72 hours
after addition of 2.5 miilion IU/ml of Intron A or 50 MOI of Ad-IFN-u2b. Panel C illustrates
the lack of morphological changes or IFN staining in KU7 cells seen after Intron A treatment
at the same concentration and time points as Panel B. In contrast, note the cells with
increased size and strong perinuclear staining following treatment with Ad-IFN-a2b along

with several small apoptotic appearing cells (arrows) (Magnification 40X},
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resistant tumor by contacting the tumor with a recombinant vector
encoding an interferon 5 such that the cells of the tumor transduced by the
vector express the interferon encoded by the vector. [0014] As used

herein, the term "interferon-resistant tumor" refers to a tumor that is
refractory to tietméntbyie GQBRRRISIafoN BT hterTErdH Bedtein in

accordance with Coﬂﬁ%ﬂﬁﬁ%ﬁﬁﬁﬁgﬂfmﬁ@mwls' In the case
ider

of bladder cancer, a tumor is 10 considered refractory to interferon
treatmerfOifithie Tuenmefails ito dithinistriridecouedied aheapysoin interferon-

resistai‘zqyt%\ﬁ?osri%al éi dnrin"%lStr%#g 'tﬂ'ugiolf%E%%‘é@&’ﬁg%ﬁﬂmé@ﬁr@ﬁ'&ﬂﬁr@ an interferon
apprommaﬁeﬁ/ o miflion units of Intron A for an exposure time of
such tappiiexiribtelyictomo trahelvaskof tmatigtuarprstariberiatealtrpnonipded by the
considered to be refractory to interferon treatment if the tumor fails to
¢ClLoT. . . . .
respond following a treatment regimen comprising the intravenous 15
administfatibH ofaypprkinvate G Uniszfefamtrensambiusesnsgetitigel tumor
trat 1SS ASLAES Tan A oSk (induslonahasen haned B TADIBARREE wirh
phase of 3 times per week for up to 48 weeks at a dose of approximately
conveb@dvitUim fdro theccaserd diffusdsdise dueenseoh W ad dampsnepias mgT 1
consic‘%yek zne?i%s"tgp e[g i3 é‘r‘%&%%’l%ﬁ Gﬁtlgqﬁngﬁﬁl_lgll MRS %%ﬁlig%ﬁrﬂflﬂ%roﬁrse of
systemic disease characterized by neoplastic white blood cells. For
therappurposes ofithbadresast 200invention shieopthtiediyintsifdionnetopane imately
shall be considered tumors. In - ' s, the. £
100 “%hﬂr‘r?él rulg%o?fslﬁ%?g rgnrra%%oerx g)l Siﬁ%(grﬁ%r%rﬁ %%ﬂnﬁ%%g%ﬁﬂd?vidua? f(.;éai?g 0
maligtanespind o artteatonentoegitnen topidsingaubelnipdeigs treatment if the
inistration MIU of In I ?5‘}9@9&!% o108
mmor%%qr:stﬁ%ﬁﬁpﬁ?g %%1515%“8? Eﬁtéeogé[l%\%éﬁ Itt:%ér%%% msf/% oglenous leukemia (CML),
admirtise dtimosfisonsiderety RAMEIGHN o trettonehtiirthe @B IadivieidayTairs reck for
JESRONI 10 a reatmentieq] A laily INEARUREWREIO or up to 48
4 Wee%ag%ﬁ%cﬁleog sﬁﬁlsjﬁé]c}t?gir? o%@ér%%%ﬁelg}gz (Vé\)/ﬁaa%f Roferon #o% a treatr(r)]re%% °
weekperiodoestifgppp apately )18 Flanthdn AeeastiobddTenaidiaresralthion
and res 19; i ' N, REQLGILNGEARY niWNI 9N Pae0S
lymp l}gléjrﬁsif?é%sl %ee]?ﬁ(é%%\?r%gt%%%%%%naﬂon of interferon protein as
systerditéiminedlinvitairedboordaries withicohleotionlis if oitryaesey s ohe present
inven%%,ce%gec‘)’é%%tigﬁﬁfe%ﬁ}gﬁﬁﬂ%‘ QIR HNABAS AR BIEEBIARFE SIS ARt IIOF

may eterm y exposure of the interferon-resistant tumor cells
follicdeniprigingnthe thefoniseirerasideind teligrbvutHMRIBIiEN DY SomeItt s

indivia{lla?%g'tlg'goz’gs%% t If5 Of INHeD, A SERIRIN AseigHR G DnsHbs RmtiRkstration of

accordance w e MTT assay described in Example 6 herein, 5[00151
5 MIUThé heirom " futhise fiefesprs westiBstiohtof Rabpriktic ledis criedePRrpositive

chroni%?x%%%i;%&%&e@&%&Q(@I\ggy, disnlaving anabeant SrAWPREROIMRE:t if the
indivi(c:lu21 ?"gils tlgiesp())/nd to a treatment regimen consisting of a daily intramuscular or
subcutaneous injection of approximately 9 MIU of Roferon for a treatment period lasting up
upto 5 to 18 months. Alternative to clinical evaluation and response to conventional
interferon protein therapy, tamors may be identified as being refractory to administration of
interferon protein as determined in vifro in accordance with conventional in vitro assay
procedures. Characterization of a tumor as an interferon-resistant tumor may be determined
by exposure of the interferon-resistant tumor cells comprising the tumor being resistant to

growth inhibition by contact with at least 100,000 units of Intron A protein as determined in

substantial accordance with the MTT assay described in Example 6 herein.
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independence of normal cellular growth controls. As neoplastic cells are
not necessarily replicating at any given time point, the term neoplastic
cells comprise cells which may be 5 actively replicating or in a temporary
nonreplicative resting state (Gl or GO). Localized populations of
neoplastic cells are referred to as neoplasms or tumors (these terms are
considered interchangeable). As previously noted, the term tumors as

used hereidpay-AlsQ.fefer i HHfHIe RPPRIIL HISCASRI SUSHAS s, The term

leukemia where no substantial localized tumor mass is present.

“neopdaiplasehé srfermiorsoelhglialavihianl GFBEATGH IV GhiERS g ed by
ind %&déﬂ&%ﬁf&%@ @lﬁﬂ{%‘}g%%vtkﬁ‘d@ﬁﬁf%!&?@@ﬁ‘é%?@d&ﬁ%@cﬁist@%‘etﬂé@%&s@&ily

ithelial cancer, e.g., breast, lung, prostate, colorectal, .kidnea[/, stomach,
9

replislaideibploio BRI B et alied PR BROPGELG SRt stmar e celjptdpdh may be
actiVRIIEMeSEUORS MG YRR IRGNREIORA R AFGiReA GO OYIdiRkGed
from a monoclonal source may differentiate over time. Consequently, a
PopylHieRs P8 Rromlaeic e e ¥ ?é)*%%ﬂﬁ%&é@é MR tg tresipre
conﬁﬂgﬁﬁﬂhﬂé’t@ﬁﬂﬁgﬁh bR, AR MO SHaR- RSS! ; ant ah cellm By &ﬁﬂsed herein may also
subpopulations that are sensitive to inferferon treatment.. The, term,
rofopuharei REGRLESHE RFEP RHEHSH SHERETE SHEIRAS SUBYENA bt imer
mas§li€ prabel it Unreé theaals whichcoriptieaitbetieuors idignant tumors are

interferon-resistant as determined in accordance with the MTT ass
oo GRIEETHH th ERATFICBINEIEHT e e M A U o o5

brealigligiy, indrisndesdecaffb kidibe stmodhchidded puokeiciagidremgodingeaof the
interfer.o% 0 a patient for the purpose of exposing a tissue of interest

st rHEHJ A¥oplastic cells to interferon. Thus, for example, a "cancerous”
tissue is ipgencietialeaterstahartiasuecigentidiyonenocinedacetigis, a tumor

. classified as cancerous, malignant,{tHnoreus, precancer

oriE AT B S R By S AL SV R 55 SHSPayehy s ot

(inclodmpndififyse seddrs tneagrp fesdheisdivohditionlls. ok ¢ellztmhpnpwhdiohe which are

. onsidered therapeptic if ndiga [actelgol] A6 eatment

e LA 510 Lt o e Bt e ol Bt

The treopisisricispresetantl mprovanfers i thecisoriition sezsfabdshpemisigni.c., at

teast 3YAHEA! LRERRELIEHIHIRIE IR oI CRURIAN 1M incd in

progression, slowing of tumor progression, increased survival, tumor

accordgressith IsoMETeHeTaYidRssbpst digrasleatieiith tumor burden
including fagy 2T TLRG, 1, {aHOMEG: “ARAILIARAN i SGRESHIAD refer to the

neutropenia and cognitive dysfunction. [00181 As used herein, the term
introdireie pAACABb ASiderBErd DR g dftsdCre Octivatiz s 9k Bi@eypeiexposing a
tissud WP HREARE INFHGIRG dRlGian dNSeriR Rk RSt tlieN ryreasiheregincerous"

biologically active fragments, and allelic forms. As used herein, the term 6
tigsue is infended to refer to a tissue in which one or more cells is classified as cancerous,
malignant, tumorous, precancerous, transformed, or as an adenoma or carcinoma, or any
other syﬁonym commonly used in the art for these conditions. A treatment may be
considered therapeutic if the freatment indicates an improvement in the physiological or
psychological condition of the subject in which the neoplasm is present. Improvement in the
condition may be measured by a variety of means including reduced tumor burden, reduction
of tumor progression, slowing of fumor progression, increased survival, tumor regression,
amelioration symptoms associated with tumor burden including but not limited to fatigue,
anorexia, pain, depression, neutropenia and cognitive dysfunction.

[0018] As used herein, the term “interferon” (abbreviated “IFN”) refers

collectively to type 1 and type 2 inlerferons including deletion, insertion, or substitution

varjants fhereof, biologically active ftagments,' and allelic forms. As used herein, the term
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interferon (abbreviated "IFN") refers collectively to type 1 and type 2
‘interferon. Type | interferon includes interferons-a, -(3 and --co and their
subtypes. Human interferon-a has at least 14 identified subtypes while

interferon-(3 has 3 identified subtypes. Particularly, preferred
interferon-alphas include human interferon alpha subtypes including, but
not 5 limited to, a-1 (GenBanlc Accession Number NP 076918), a-Ib

intgrfaap Ashbrvéasdich ONurshes sollestvdsodsped.oad(GpnB arke feeassime 1

m@ﬁf%ﬁ%&i&&@%@ﬁkﬁ%@ﬁ@eﬂﬁa@kaﬁ@wmpgﬁl beLARPARPRInG bas at
(GenBank Accession Number NP066546), a-4b (GenBank Accession

leagy dthisiepiiaedswbbresabileiatsirpoAtbasdilim bixppso G210 &y

prefAEREAORk O ABR0 BNk ARGass DRMNUBR e FANBE R nanfilEenRalk
Accession 10 Numbers NP. 066401 and CAA 267062 a-8 (GenBan

limited fa.<oh Kishiters Agsetsore bRV 26969) 2alh §Gendimbdiccession
NuhBeeasiars MomperNR-9O2I&H sk - taenBank-Aee 8a%ions My rabar s BB ank
008831 and CAA 53538@&;2’#‘; bé\GenéB&nk Accession Numbers NP 002163

Aceggfop KRk o 24E LSBT RRIMBER W PIBRO SR a0
(GefBhIR @&Q@}Aé\si@rﬂﬂpﬁ@lzﬂ Bm&&mgspof aigr(ﬁﬁm@% é&(%ffg)g%ﬁ&lﬁb%a NP 002160
n CcCession_Nu ers n ,.an .
) e GE A S SaTig D A 2 b ek Accession
Nmﬁb&ﬂﬂm%&sewadd]amomg@@a&t@w AocRatenNNMNabdss897047 161 and
iSSL anuary 30, 1990, and . Stabinsky, tent No, 4,695,629, .
AR ANl A ST Pl &bt Accession
NurirteospiP06888y nefbohacsdid)hybritl BeaFenkmas-cisanheabaGoeddel 63 and
S. t .4.414.150,i d 8, 3t
CA o B A S N BIPGS nd B B809), 17
(Geinterfe dorvaraae idmmeblaoNES (66 EfELan 31 (ERMT67 DAcandoERulif3PPAF 68 and
b . interfer least 5 i ified ty,
N R L Kb B .203,
issueohdird6ridAIst SrvseqibhcBatanddelifgiATetdtois it bpression! Ay and
smb??s@ﬁcergpkba&%@ﬁ& coryepsional, ra Jﬂgalﬂ%é%ca@&%%gig S5 A0ch hre

he well-known amino acid sequences referenced 25 above and a

heregeinsoperrfcGbemriarsca and Lytpigiirerisoss 4826 1abassucdaudi@ mods, U.S.
PatedPNZ 0021 Ahe e achinas Alwbici s A e IR INCARRAShRY 5?@%{%%& :

~ [0019] "Biolo ically active" fragments of interferon may be ident
INCORAHE R aMsRiPol BP ah fibmeranve stV lagnirigssred HYEP 77,670A and

EP 1teshBigieswelldepown inuthe Aiklaess loexampe: PReRalkei S Blubtypes,

supra; Mossman, J. In nuazol. Methods, 65:55 30 (1983) and activate |

inclydag AR gREH b LG BRIFL B R AhatRe AR O0&HRShsCagsitsiéon of

DN ARMacanes NGBy aleinsakergengrallyidentfied @%ﬁﬁﬁﬁ%ﬂ%%ﬁ\zgﬁﬁon&
e 1 1FN receptor cgmplex (GenBank Accessjon Number NP 000865)

Typ
rocomgRipaR RN LR RESHLr JrA G DL 2fRESARCRRssapampnced
aboviclgnditied asrtsabri Tinaddtb: Uk, YR MatblY KRCEPIOT,613, issued November 19,

2002, the teachings of which are herein incorporated by reference.

[0019] "Biologically active" fragments of interferons may be identified as
having any anti-tumor or anti-proliferative activity as measured by techniques well known in
the art (see, for example, Openalker et al., supra; Mossman, J. Immunol. Methods, 65:55
(1983} and activate IFN responsive genes through IFN receptor mediated mechanisms.
Soluble IFN-o and JFN-B proteins are generally identified as associating with the Type 1 IFN
receptor complex (GenBank Accession Number NP 000865) and activate similar intracellular
signaling pathways. IFN-y is generally identified as associating with the type II IFN receptor.
Ligand-induced association of both types of IFN receptors results in the phosphorylation of
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Ligand-induced association of both types of 1FN receptors results in the
phosphorylation of 7 the receptors by Janus kinases subsequently
activating STATs (signal transducers and activators of transcription)
proteins and additional phosphorylation events that lead to the formation
of IFN-inducible transcription factors that bind to IFN response elements
presented in IFN-inducible genes. Polypeptides identified as activating

thepecepiRe phihlaays esirswingbs cassomaeiwime b Tsdnigen Typedpagiand
acfiOERPIIBIAISCRPEIAS @gmréﬁ@%ﬁ%ﬂwﬁﬂmﬁmﬁ 2@5%%1 fhat lead 1o the

invention. [0020] The term "recombinant vector refers to vir nonvira

forpatigpeot et asrE RS R ApOssibA Cisd dadliNarinentsedaments presented
in m&@gggr@xﬁn\m@aﬁié@qe%@wwﬁq&gﬁ@% Eﬁﬁﬁéﬁ following

"Interferon expression cassette" is used herein to 10 define a nucle
assgélﬁ'ﬁéﬂé%‘@bfm ihgpetTaer 2 diSthisser e sap KPRpidser tontre femardropurposes
of tRINGGRGHRNER SO as to result in the transcription and translation of an

interferon in a cell. The term "re%u_latory element” refers to promoters,

enhancers ! S chittitsaoe rfRRtBRA YR e RsHdR Lirakanhaomamkaectors
corlTies BN SHOTEAE SRR MY AlSeERUANHANIRAANERES s A8 NG ventional
ex ressw d/ggfseicretlon of the interferon gene. The regulatory )
roo g 1N 561818 an DEG CHTh S HTERR: SHNGHELIGPSeIa B vsed hercin fo
defevepresslootdbtheyirierdeanadmiysRogRadisuaimeats WG F 191 EXRAMRI e dB erferon
be designed so that the interferon is under

o demglgrgsséon cassefte m ] _
Contral 6P Sh At IO B Bt FARsstR e atigi iR sharigerferon in a cell.
ThepromGtegubrtcmneponahpresmotean progesiers ethedetesfarends ROy idedimiors,
the following elements linked

an, expression vectaqr comprisi .

PO e S e o Uk oo iR B s gthr sequences

aidipeoyoressiam dnitiatieecsitfosfithaseidpliom gedeunTiRNSIARIISGRMAB may be
cid se coding an interferon -

IRNA leader,,sequence, a nuclei | uence en f ]
e Rrh Lt 2 Sl A B SIMAT Hioe] PRSI GERUbRy » Pl
cell irgedF eeferanple, ihkeaye ok polnassitotisey blafadpisdsaifiundionakrferon is
j ip. A I¢.aci nece.is "operably linked" when it is 25

N A T e RO ottiofener
tempmsplipeeareier- alpremeds e énlsafecen is ppeidblyitinkedteaicadingor comprising
h if i ; SGLiRY coding sequence. Operabl .
e SR SRR L BIRD 8 SR 1 D resin

2 IBRGUBLEI RS R RS Ermtdiengeréralipairtireginemse pakatadeader
sequiid®, theuAERMRIA bYRRYEFALK %%ﬁ&@e%ﬁ%@'&?@qgﬁf gx?d@%@%c%@tylaﬁon

. Vvariable lengths, some 30 polynucléotide element e opera
Sighdhed, but not directly flanked and may even function in trans from a

different gleley Pri6RARMOSHNEbLY linked” refers to a linkage of polynucleotide
elements in a functional relationship. A nucleic acid sequence is “operably linked” when it is
placed into a functional relationship with another nucleic acid sequence. For instance, a
promoter or enhancer is operably linked to a coding sequence if it affects the transcription of
the coding sequence. Operably linked means that the nucleotide sequences being linked are
typically contiguous. However, as enhancers generally function when separated from the
promoter by several kilobases and intronic seqences may be of variable lengths, sdme
polynucleotide elements may be operably linked, but not directly flanked and may even
finction in trans from a different allele or chromosome.

[0022] The term “inducible promoter” refers to promofers that facilitate

transcription of the interferon transgene preferably (or solely) under certain conditions and/or

in response to external chemical or other stimuli. Bxamples of inducible promoters are
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[00221 The term "inducible promoter" refers to promoters that facilitate
transcription of the interferon transgene preferably (or solely) under
certain conditions and/or in response to external chemical or other stimuli.
Examples of inducible promoters are 8 known in the scientific literature

know{SBEHe LY @sbidaatat (Rigcheny Bivdhys dReBicchmmB 28054 R6s480mm.,

1997); lida et at, J Viral., 70(9):6054- ; tal.,J, Viral.
23043 I G50y B ol I CeR TGl L3 (o) 008 £ils 7L
71(9) (én@ﬁgz)zllamq %I@azly,e[,@ el JABDICEham., 272460293042 03PT 198 Preher et

xamples of radiation inducibl ters 5 include.the EGR:-1 .

B bR R e
includiSBHE SReCifitoanddurnonapeaifie prometens abe wetipkaawrt imgdoe 368-571

19%and include promoters active preferentially in smooth muscle (a-actin
( Qrom.o.ter), pancreas specific (Palmiter et at, Cell, 50:435 (1987)), liver
specific ([Boyer eisaticbpBithcGhemmbdPeAROFEmMEHOS2) d enibigievetin the art
“al., J Biol. Chem., 268:19896 (1993); Nitsch et at, Mol. Cell. Biol
and 1%?&2@&“@9@@3)?%&6%8?%@8 UL o s Ergpoten, pancreas

iol. Chem.,
speci 2687984 2098) L pituitany Spewfip (RhadesdfiatRGertas Bev, 7018 hem.,

(1993 rostate specific (Henderson et. .S, P .N0..5,698,443,
2674 g@%g‘? E’)%c)eﬁﬁi}é 138° f@@l?)l_,}‘ é&[o@%ﬂ T%é‘%ﬂ%%?&%%%ﬁ?%%g e%" Mol.
Cell. YEfQTS D promoters thabehive spactfangtsiptidneothd.ifterferomradsgone7
___atapaint later in_the viral cycle relative to the pr. contrallin o
(199333 FPELLHEN @ﬁmg%@%ﬁgﬁ?eeé@mgﬁ?%éegm%%ﬁ ngé%‘}? rgﬁ%ar{lev% Rt
(Hend/rc?%ﬁrd@y&@mag.@é@éﬁp}e@ ofEuchempordllyacegiatdd proiigters include
the adenovirus major late promater (MLP),.and other late promoters, For
herpes siffffigk Uiigiae éﬁ%?é%BF@%PE%%]p%arggfsptr%ﬁ%é)flé?%%rgﬁ%e?gs he
transdAlRAcENAI et pramoteiss 20 {002 joThader thowindlcyetiorl aefers the
an autonomously replicatig , extrachrowosoqwal(fircular NA molecule
CIMEN

Prom ek R I B AT GaR O S RRE R Sheegertial H6r-Cell Survival un mwith

or cell survival unaer

viral honselsetivescanditigns capabieehphietiing thiated pressiverofrainde the

interferon coding sequence. in.the target cell. Plasmids autanomausl .
e AR BB S TH ke DA AN aT BrcRIORAR, DUt Epor T plex vinises
an exROGESsAHHaLAYabplasmidsudentaining theciSaintepterontcoding

seauencr el e gl el oo selere e EohEME o
extradPeduiadio pliow selestiom e scleetingdofrtne thresencd géthee and nonessential
o RIS LT e e o
interfkinased(3zoaiaatasidaste dinyerofilataedidstase(@HRER)y sgpdicate in bacteria to
féciliteamq{aac%?g gl'%%lu%gg&/ Ibut it is not necessary that such plasmids containing the
interferon coding sequence replicate in the target cell in order to achieve the therapeutic
effect. Additional genes, such as those encoding drug resistance, can be included to allow
selection or screening for the presence of the recombinant vector. Such additional genes can
include, for example, genes encoding neomycin resistance, multi-drug resistance, thymidine
kinase, B-galactosidase, dihydrofolate reductase (DHFR), and chloramphenicol acetyl
transferase.

[0026] In order to facilitate delivery of the interferon gene to a particular
tissue or organ, it may be advantageous to incorporate elements into the nonviral delivery

system which facilitate cellular targeting. For example, a lipid encapsulated expression

plasmid may incorporate modified surface cell receptor ligands to facilitate targeting,
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30 transferase. [0026] In order to facilitate delivery of the interferon gene
to a particular tissue or organ, it may be advantageous to incorporate
elements into the nonviral delivery system which facilitate cellular
targeting. For example, a lipid encapsulated expression plasmid may

Altho\_(?%%ﬁﬂ% masdified ﬁyfﬁﬁ@mﬁlh{@ye@t@mgamesem feclipatetargeiting. fled or
h a simple liposome formulation may be a cLnlstered

decorpSUSB RS SR OB LT ECT U & BEGY SO HGL TN APl or o

OSI

be dirY&NHOR @@Béﬂ@f%%v@g@%ﬁyﬁe}mlﬁ@ﬁyo@re@@mm@auuecﬁeﬂsmeatassue of
interest, where the liposomes then deliv ﬁr the

eIe
e EIRFAR LRI FEBRAR i BRI ES BAE s
a11t1bdﬂfé§‘qgo@@éwf?&lddﬁﬁbmi%boﬁlﬁﬂﬁk@%bﬁdlﬁﬁhbﬂ;@]ﬁ@kaeﬁa&mﬁb@dﬁdﬁmwfgmeﬁc

chain antibodies, chimeric antibodies ncti | fr Fv, F
antibadiy PrrSRSHSh&FaHGRR Bk FoelOF e BATTREAS réluén”m vectors

can bPAMNVEINE MGIEDHINAtARSHAR NG %Ya@dﬁg(iﬂ@eq;um\ﬂmmmﬁ it ef al.

Patent No, 5,166,320, issued Novemb
5. st 1 b4Caa R IR 31600 LRI o WhIR D

Rirlgs of which are

5,635 hi%@'[béﬁ&@ Rekatedday referenden é@({@@@?ﬁh'Ehehmmanvn’@lwa@tbbyanﬂ:rcnce
"virus" are used mterchangeably herelgpé(; refer,to an fthe

|ntracelIdﬂ}zﬁérggﬁégfwgvmlgﬂhgeﬁ}gfel Hﬂ%%lz%eu 111terc81an% %Iy herein to
refer GERE 8HNG MGChap Iﬁmaﬁmemﬂp!l@@nmm@mm@yawlmgtamrgy-

with a coated structure of protein of a lipid. mem
Ecncrif ey Rl VST SPARE H4BE RedtoTa oty WG R i
structHREHIHA e BYaCctisRI %éﬁﬁ)mﬁasmmﬁnﬁmcéuﬂ@a&mmmmr(anﬁ;e used
modified enveloped or nonenve Ioized NA and R A V|ruses

SRR S e SR R R R R

reconPRXYHIAR 001 BdiepeMisisiae: Ib@ewummmelmmwmmrmgfm ably
viruses or their viral genomes ay be modtﬂe(g by recombl ant D

selectedhAM RSP HERIAE Bﬁﬁf‘e% %fpé%a%% at?an%ré’gﬁ\élgana ?’ﬁxv%dae of

adencﬁfmmﬁ,er%é@ﬁﬁs@ﬁﬂ@?%ﬁk@ﬂ@%m@ﬂm@mﬂﬁikygepIﬁbatl Wgﬂrgenomes may be
replication 20 competent. Chimeric viral vgctors which efx lo

modifief hyrsgasid %%‘F}&@Weﬁﬁ?ﬁg% it RSO proper
may &@i@e@ﬁd Nature fietechnivgyn 2:@66:R701 [} 9g¥))anay aiseplbetion
useful in the practice of the enti ven on. Minimal vector s
compiFin STETHFAT HBEBOHE LA Ay e SRR Rl o the et
vectoPRRKAGING Qlthe viralagctardnd/may: Btmeﬁa:lhldgjzl UdeSsatr3ifb g )) may also
expression cassett also be produced.according to th r e.of .
be usg B}é]%%ﬁf&}ﬁ'\}%%ﬂgfﬂl Aﬁ%ﬁ%ﬁﬁ’él‘i‘ﬁ‘f%@%erﬂ n?av&r%ﬁj BT oyga%/%l‘n(% (HE vira
backb‘dsgmc&iﬁa@i@eﬁigsm bejtreatadydodednie imstmges,df rhaylbzé vector and may
advantageous to use vectors derlvedfom different species that
Optlo‘i%%ﬁéﬁi@%?ﬁ%@ﬁ?&lfee&tﬂ?ﬁé%iqgo{?aéxa{mp Sie yeag U|r$e ﬁ%rp%% SR RERR B e

practice of the present invention. Although it is generally favored to employ a virus from the

tgicno 8 trans%encs and

species to be treated, in some instances, it may be advantageous to use vectors derived from
different species that possess favorable pathogenic features. For example, equine herpes
virus vectors for human gene therapy are described in PCT International Publication No.
WO98/27216, published August 5, 1998. The vectors described are useful for the treatment
of humans because the 'equ-ine virus is not pathogenic to humans. Similarly, ovine adenoviral
vectors may be used in human gene therapy as they are claimed to avoid the antibodies
against the human adenoviral vectors. Such vectors are described in PCT International

Publication No. WO 97/06826, published April 10, 1997.
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virus vectors for human gene therapy are described in PCT International
Publication No. W098/27216, published August 5, 1998. The vectors
described are useful for the treatment 30 of humans because the equine
virus is not pathogenic to humans. Similarly, ovine adenoviral vectors
..may be used in human gene therapy as they are claimed to avoid the
antibodies  against the human adenoviral vectors. Such vectors are
described[ﬂmfﬂqlﬂatema‘fkmpﬁbaﬁumh‘eﬁmmﬂ\imﬁtﬂﬁ@?é@ﬁﬁs?&apatﬂib@xﬂy

April 7. 10 [002 e term “repfication deficient; refer
aﬁertﬁ?f?% 8% 1§/at§ff’e1r?uaa?)%5qglprep pliCati |(g)in méa{\;v typg EhA rr%f%%/l% N Ctors "

" quardigen t@rpﬂtaduaeaﬁm vegtoesallly quatityy aprodutetiosl M:ﬂeashg@ﬁesan;s or

B A b LR e Par e e R U B et

havdigen em@me&neebtoonnpiqnlemedmﬁembﬁﬂadi@bid@ietaﬁny@m%gdtmn of the El
atlon f| t r
oo PSRRI LA ARSI 8T UM oot

vectors" refers to a viral

mammmmfmaapamamam@@msmmwémfca&mm&@mlmqaqysl@@kagmg
a AR intected cell.ThE teF (GoRAanAIY ﬁ@'fé?zﬂ%%ﬂlé%&ﬁ%@&%oﬂé’ WUSGekd herein

erein 1o rerer '[0 repllcatlon Competent vectors that are deS|gne to
to reﬁfhmwheie@ummﬁp#@SS\{@ﬁQFﬁ ﬂ@bmémwénqmb@vsla@l@%wr\%asm in

parﬁgﬁpeﬂcfé w@yﬁ%}ﬁggﬁ%‘fﬁ&g)'r%ﬁfﬂm}{ lipking 9@1?’19@3(?9? @EatMEnHﬁkmlg tissue

specific or cell type specific or other selectively induced re atorg contro

speckuy tmoe sprsidiany g@hé@ﬁélgwtﬁ%%loééfﬁé%ﬁéd@ﬁbm%éé iy sgatrol
sequ&%%§¥9%a§3e§éﬂ8gf>(eog gl yYPSIRIRINgIRAY-RlRR R Achieved in viral

vectors derived from viruses having characterlstlcally broad infectivijties by

the modifi@428hCeB bmeperlcdin spé BRsdarsting ki deagioved m viral
vectdA a6LiveNas PoRsac higed With adennudnyLYaRI ars b e i ehe modification

modification of the viral genome knob and fiber coding sequen

of the gHieh eSS RESERIRIBF TSI Sh TS S 8 SRS AR S ﬁ&%@&%ﬁ@de&omm
vectdfg Gt IR 8 BEHSHEfaBel resrpie sy dxampies: ebslighsequences fo

ifications are de %4% mapS\‘g{ E‘gam et.at, J. ViroL, 7531]{% 8221 822
achiq ROGRY ERBH GArae DBt S SRS PRI 20 STaREAAL)
uniqdy BEIC S @lrddipiagy, %ﬁ&@m&mxﬁmmwmmfmwmhm et
fiber ene o the ey and al tr H rr| et at

ot B e IO B e e e AR B Sl e
protefh9p M&Q achk} Hr; @emﬁmwmwmﬁo@ﬁ@a)c(mﬁagmum diber
o astrin.releasin ide fra ment | g virus fiber Qrotein); 405
rened i BT Bt e RS Sl 008 T -
(199 PrGeinedSo dyd, b?[nldingj dﬁfﬁ@mmwﬁmagﬂmukﬁ@nn@wm@m dheeapy,

e Wt DESIHg AR bR RAIES A b er
2o REREBICA AR FpR st i e
protein); and Chno et al Nature Bzotechnofogy, 15:763-767 (1997) (incorporation of Protein
A-IgG binding domain into Sindbis virus). Other methods of cell specific targeting have
been achieved by the conjugation of antibodies or antibody fragments to the envelope
proteins (see, e.g., Michael et al., J. Biol. Chem., 268:6866-686% (1993), Watkins et al., Gene
Therapy, 4:1004-1012 (1997); Douglas et al., Nature Biotechnology, 14:1574-1578 (1996).
Alternatively, particular moieties may be conjugated to the viral surface to achieve targeting
(see, e.g., Nilson et al., Gene Therapy, 3:280-286 (1996) (conjugation of EGF to retroviral
proteins). Targeting of vectors may also be achieved in accordance with the teaching of
Murply, U.S. Patent No. 6,635, 476, issued October 21, 2003, the teachings of which are
herein incorporated by reference. These targeting modifications may be introduced into the

viral vectors of the present invention in addition to or in combination with other
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proteins (see, e.g., Michael et at, J. Biol. Cheat., 268:6866-6869 (1993),
Watkins et al., Gene Therapy, 4:1004-1012 (1997); Douglas et al., Nature
Biotechnology, 14:1574-1578 (1996). Alternatively, particular moieties
may be conjugated to the viral surface to achieve targeting 30 (see, e.g.,
Nilson et at, Gene Therapy, 3:280-286 (1996) (conjugation of EGF to
retroviral proteins). Targeting of vectors may also be achieved in
modificettdancehwitivihgeteachirfrafetingnphdifis@iorareay Nou®b8Bh476 cation
issued Qctaber 21, 2003, the teachi ieh.are herein incorporated
deﬁcgyﬁé%) %%Pé".“ﬁ%’én 5 %gg{iﬁ%n%%%%ﬁtfgé%ﬁta be&lntrdduced into the
viral vect@e3sf thétpresontinudhtipe taracdigorith Brahvsotnisimsidre wilkieved
other 11 madification the vir. 8,3 a19stng - modifications. mavs
thro éﬁlgeuﬁ Wit ar%%%gé 'orr%% %%ggl}eeﬂ%%r%%(ﬁ%]at%n c%mp tent or co‘nditiorgrglly o
The teeplitpithy yjrusesri0o3Oioniwrmatifety fe SMNypeeaapetn gisliting gateriain protein
and SSEISBABRAG LB NRHA B 0 LRNAY (PHROAY in normal
promoter& Ing a repressor of viral replication. 5 The term ]
cells. "Prathwaymraispomsiv b qEensutisd efecsooptiredegprsticedomentingieh are
sequdfEAAIB IR ANG ERURGREAN0eNSR A eshRd HrapshalignAlciR e
inding of the protein in normal cells. Such promoters maybe generated
thoughythntorpo ratierglresisedecs inpeating Rieteirdesdy dereas fsapiirption.
Pathv{%‘m HRHGR d3ctoS RINch SHALIBSRAYRE AN AN R UBLNS iU hsive

ere are several cases where increasing protein levels-decrease

promeigraseisptoically Pensiveleddapeismeciheridvivbe Fuiieangl protein which
is tar REEHITING %ﬁﬁﬁf&%@aﬁ@ﬁ%@%ﬁﬁ%@ﬁﬂ?‘atﬁ%&@@%éﬂ&ﬁ&ér would

_ constructed in reference to the pathway of a functional protein which is
includg fgrnerintinnekepnie denansariseedhn e repetrn raapdpe suchas
the pAreMie HRAEkrinalud daRsErigtianaonpiiele tanimReysaeghbihthetes

presence of functional p53 such as the p21 or bax promoter

upstreafii A AENS) RIRBR B/ 6rRo s ARG 753 BiRiRb Giekegployed o

create lDSIHEREN Oh ARt TIRetpio@ater. INenthWOpRATA bR pegiBR)pRaY ters are
be employed to. create a %\gthetic{i{gat wag{gespgt ive ! moter.
memerad (R B RN SEOT (& A R AN eSSt B e o
bindgnNe et NGiricopisseiaSouendm thabtifatchesaldgisahsusninindlidych
MOUT, oHCh Consensus lﬁ’\flA %g]%é]gs@%tifgcggy Hea ~yc}/—tte)tﬁ 9 e%%r@éngr%lted bya
COnSCRNRT UBRAERTE %%]%]eur% 858 geherally arranged as a |Pecf or Y
few binegshia:tdil¢epeaat thepardted byad-@0Hiaw trpsetpairscElerhpaisdhanes or
. include eacg{ 0-head repaats are termed palindrom inverted repeats
mvertgcr%e &eoagqeav%l ﬁlgtoaslf;-f%E ai{%rﬁeaf)%taatlsﬁépg r%%egr%gzeg\%%e‘(ﬁé%erae&? 031] In the
preferred(fizidtibetbé thefimeipien;ithelirsl iveetbions, i dodrevionss Ihe
adenolGHL. AARNIOHILZ 15 SYRDATQHUS WIS IR AUERHBLIREIPLABE and
refers to viruses of the genus adenoviridiae. The term adenoviridiae refers
refers ¢oligotizelytithe genus adenoviridiae. The term adenoviridiae refers collectively to
animal adenoviruses of the genus mastadenovirus including but no limited to human, bovine,
ovine, equine, canine, porcine, murine and simian adenovirus subgenera. In particular,
human adenoviruses includes the A-F sugenera as well as the individual serotypes thereof the
individual serotypes and A-F subgenera including but not limited to human adenovirus types
1,2,3,4,4a,5,6,7,8,9,10, 11 (Ad11A and Ad 11P), 12, 13,14,15,16,17,18,19, 194, 20, 21,
22,23, 24, 25,26, 27, 28,29, 30, 31, 32, 33, 34, 34a, 35, 35p, 36, 37, 38, 39, 40, 41, 42, 43,
44, 45, 46, 47, 48, and 91. The term bovine adenoviruses includes, but is not limited to,
bovine adenovirus types 1,2,3,4,7, and 10. The term canine adenoviruses includes, but is not
limited to, canine types 1 (strains CLL, Glaxo, RI261, Utrect, Toronto 26-61) and 2. The

term equine adenoviruses includes, but is not limited to, equine types 1 and 2. The term
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25 animal adenoviruses of the genus mastadenovirus including but no

limited to human, bovine, ovine, equine, canine, porcine, murine and

simian adenovirus subgenera. In particular, human adenoviruses includes

the A-F sugenera as well as the individual serotypes thereof the individual

serotypes and A-F subgenera including but not limited to human

‘adenovirus types 1, 2, 3,4,4a,5,6,7,8,9,10, 11 (Adl IAand Ad 1 IP),
pordfe 1dtdviBsteinTiad dut gangtdipitedty orometypens3 apd 47 iy togn viral
Vectsoig iﬂ(igeg g%c%ﬁbﬁ%ﬁ%%n@%pﬁ@dﬂ%ﬁ’c%%lp%@exﬂ?mﬂi‘-eé@iﬁg’maﬂﬁ répticdling

2]} it ,anar . The term boviné adenoviruses includes, but is not limited
viraioreddbawine adenovirus types 1,2,3,4,7, and 10. The term canine

adenoviru%%%bf&%wmm linoitad 46y 68N NEYRGS oh (RIEAINS & dpes 2 and

Glaxo, R1 trect, Toronto 26-61) and 2. The term equine

5. Hwenvwtorovancnigasoin persulrreditr digunt spleescthantbrre et
poteh 'g?.o FPSRHEIOIS SR RlURRS douisH A MKedda; ROREIRS. (YXRR&S other

‘and 4. The term viral” vector includes replication deficient, replication .
regippmApBRtoaras RSN IRPIRERRSPHAHIPERIRS: (503 ST aRIE, upregulation

of HRVEFEFEER A6 Ygciprsie et i am Ruman adesioyivis tunes Wit khha adenoviral
These vectors may incorporate particular modigcations éi%ﬁnhg%%ce their

vectghs pApEDISECTER te R aB SR BIES BN E) R RRRRFEY AEIHPGRADE to

expretBiSEPES e HRAIN Rlhethe (RIS nerbatcad Basdletadisntiaviden
specific features. For example, u re%flation of the. Eéére%%on IS %@.ﬁ{g}ed

descigbrdcideatas o Syeniatpa o Smtd FHfth Fmhah Mo U4 gree

prot@dMinisienad 1@ hunoarsubiects: SHIS EA (169N anheesrtyplcatéthastion of
important to 10 expression of fransgenes from the CMV promoter,

such SARRASPHRE B EHrSTaIATR A EEH “Bescribed as leading to the
degradatiprngd phsoictargeidielkaio ftie preastioe whdindarg ecphictéim. competent

| Steegenga et at,, Oncogene,16.345-347 %9 . Caonsequently, th
Vot IO O S BN SRR Lot SO b AT T B

conthintmespentindiietibnf ﬂnélmﬂéﬂtmgiwhsfnaaib1@d@pﬁ¢h®i@hiﬁbmﬁ@!§ﬂﬁl 4 Bene
prod\égtc {8 5 tg g)etyl\{ae r%%(}? ef%c&rﬁggrﬁggt%g %P%é?&%%?&é%@gcﬁgﬁﬂ?g ¥lction of the

vector be emp o}f/ C ining specific deletions in the E1A region so as
Ela (SR duceithe Rsilityctfrihef Etargesrat produistiebifdndasE psoo dediRpcoding

roteins,while,retajnj iyati j
seq SIS I 19 SERTATIAIGII0 Pl el dihon, In one

prefodirglzsbiuentefthelimvidienp Soane ndsurislsiiens grsitearriied Bs
detcfOM %%zﬁﬁ%e‘i&?s H:bﬂp%%gt prefeiisd sshogines Rk hiednysaiion. theone

p300 binding deletions are represented by deletions of amino acids from

preferrst erabestibeiti fher inoeatigse thbbiane detinnsrge represented by

elimination of amino acids from about 111-127, preferably from about 111-123. More
preferred is a vector wherein the deletion in the E1a-p300 binding domain comprises a
deletion of the codons for amino acids 4 to 25 of the adenoviral Ela gene product. More
preferred is a vector wherein deletion in the Bl1a-Rb binding domain comprises a deletion of
the codons for amino acids 111-123 of the adenoviral Ela gene product. Alternatively, pRb
binding may be eliminated by the introduction of a mutation to eliminate amino acids 124~
127 of the E1A 289R and 243R proteins. In the most preferred embodiment of the present
invention as exemplified herein the vector comprises a deletion of amino acids 4-25 and 111-
123 of the Ela 135 gene product.

[0034] Additionally, the elimination of amino acids from approximately 219
to 289 of the E1a 289R protein and 173 to 243 of the E1A 243R protein may be introduced.

For example, by introducing a point mutation at a position corresponding to position 1131 of
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preferred embodiment of the invention, the Rb binding deletions are
represented by elimination of amino acids from about 111-127, preferably
from about 111-123. More preferred is a vector wherein the deletion in
the Ela-p300 binding domain comprises a 25 deletion of the codons for
amino acids 4 to 25 of the adenoviral El a gene product. More preferred is
a vector wherein deletion in the El a-Rb bingling domain comprises a

the delatior df gheoondGs, idraginnbeitsing 128 of gheni mosited Ettop codon.

Thid ?&%ﬁ&n"%‘é&}é’%& &E@téY&anﬁﬁS% Hinding may 9@%@@@8@%@%‘9@%& protein

Introduction of a mutation to eliminate amino acids 124- 1
and780REMS 248R Bioteids RipieimdBtipraistion mbuiginmsimetithin pédiént to the
0 | | ji i tor comprises a deletion of
dd%%%{r%\o{g;%ilg%A%E%&gr%%ﬁgﬁé%%%?gg138 gene product. [0034]
Additionallipdid aﬂhmmﬂb'pﬁcfféhqﬁ mﬁ%ﬁéﬂﬂﬁéﬁpappv@lwdmm@ag’étﬁagmmr
witPh DR HAROR RGN AR AR 1043 ChIRR BN IR QUIRINIIALR  lished

introduced. For example, by introducing a point mutation at a position

by garasserdnduogostisnvithadhegrcrmhirepraarRIS dhabie glis of the tumor
are GRS DLy ARIRR L1 3 L10iR0HaRIRSkRR ARD BeatRP §RARRtod NMSie particular

mutation results in the elimination of amino acids 219 to 289 of the E 1a

meapg b wherBihedrararrs eontag ek wdhe yeosanrilh ditén drpradingandhagatare of |

the MAdeBRIABRIYIR2U0PdR shrrdeletionssinRRABERA PN nvention, the

described above. .55}?{[00351 The practice of the present invention involves
COmROSHARE QG IR EHGRIERD FAth e PR rigied distysritgigrston or into 2

bloddaRtast e UMY Calls iSfaseompBhRethby SXRAEHIS:0f reiRALEBHS where
with the recombinant vector such that_ the ceﬂs of the tumor are

| > cell
local adranpisisaiiny thr giats i iirabsisgtiseitianbio san shused P eress et fumor
site, the parpisstammeanshinivied thetgmanistepniactie-tictneyeciibWwillccess to a

differ depending on the nature of 10 the tumor to which the vector, is being
remgigha 7 S5 BIHbOUMAHETHR FIETvARGSATIRE ESRTSULROHY B hbces

also itw edthon Lamsdm ddpainisierdaviicectiyniptoimtibsite by finjeclietnos tatdlaw slow or
blood vessel supplying the tiss f interest. In further embodiments of the
st R O e B RS Sy L OHeAB R
compegiimphi/ticat eadess 4o thntimsereditéyditegtomplgSitiensarevesically,
intra?edsm'rga %{era%%/g}r%uggaﬁj:[hlentﬁﬁegre% I()%(ﬁ%%\{#g%%%)eallog\lll '1ggesz§rtt%u?a%15 when
THrémote tissue of mterest, such as an interna organ.ulq'ﬁe corﬁp?o& IONS of

ireatthg difvesstiomosn(saidoabdeakinninisiarati dhdepodismecd Bvicesymantipss of the
. i ions.to.,. ' rel f
e L S Moot
admigi$tetieivention are administered "locoregionally”, i.e., intravesically,

intralesiopgiys3d|ps SORIGRIN AR SHRABANIE NS PRIDEAMNENIR s ion,

particularly when i
recombinant vectors derived from human adenovirus type 5 were used to encode interferon

species. Two adenovirus vectors containing IFNa genes were evaluated in these studies.

One vector contained the human interferon a2b gene (Ad-TFNo2b), and the other contained a
chimeric human “hybrid” interferon gene comprised of the human 62 N-terminus joined to
the human al C-terminus (Ad-IFNe2al), Whereas IFN activity is generally species
restricted, the hybrid interferon (aka “universal’ or IFN A/D) is active on cells derived from a
variety of mammalian species including mouse and human. These two interferon vectors
permitted evaluation of the effect of recombinant IFNo. vectors on human tumors and the
broader effects of the hybrid interferon that can elicit responses in both the cells of the murine

and xenograft cells of the human tumor present in the mouse model.
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20 treating diffuse tumors (such as leukemias) or metastatic disease, the
compositions of the invention may be administered systemically by
intravenous or intraarterial routes of administration, [00361 In order to
demonstrate the performance of the present invention, recombinant
vectors derived from human adenovirus type 5 were used to encode
interferon 25 species. Two adenovirus vectors containing IFNa genes

were evalygjed| imdheseatudie sespbesyesiaraonanetrinedsaan protein therapy,
interferon a2b gene (Ad-H: la2b), and the ot?)ggécon ained e& _c?imerjc i
an opRRICHAILEY THIRMARS YR & CUHBITEAE S PIRE nEMGARCLS!NE (iR 1o
Waﬂ@ie@éiéﬁvaﬂmdmmmﬁé @zézﬁmgn uhs m%m&:afemaoy\éierga@ul Ef\ha.lptiwaéés Gene
generally species restricted, the hybrid interferon (aka. "universal’ or IF
Theflgn), Lot oAb DTGB SREC g B MR itieg: the
bladiakiging MOdSe ane emaieni has & ivibyibberbiidrevdator superpititeh calculated
.evaluatign, of the effect of recombinant [FNa vectprs an tumors an
by RO AT B 6T R TR eSO B O EAN SR Ao R B Dadder
of ehdtimthecels aidpel md inemnso@nograttieligofttemoaacellimate instilled in

- esent in the moyse model, 14[0037] To evaluate.the.re set
sood T RLAT K GBIE Bt BFOIEHT 14y S et HLAREY (hpators wore

admindebiinvdgumitenveshuSead Thexmpdl)is Hescribethén Méataohbeieis

.. aL,.Cancer Gepe Ther 7:1575-1580 (2000) and Zhou.et aL, Cancer

s R ot At 30 PR ) W oP R e Exaples
herehmistblogicatdectionsheftihd dell adde iotaiedn 2didtyshiteger @atment waden. As

ighly. lati fithe t | i i i
shof I B SN R BRI SR AN BRI B
IFNwdchymbuse wed, mmagbaddndqueraitateeitves weekseatgtho Laticdn coligrast,
tquVf’seé?e'v%‘Hglﬁ?# @oﬁﬁﬁ%ﬂfg ancewithihe teaching CAMYAIANADSe Ul FRfu0q 1, or

Intravesic stillation, the vectors were administered in Tonjunction with

Syn3syiae(ERanveptesalis Togiictha Stynd ceelapidiaad e afbistsyl of adenoviral

vectJfE@H@&J?ﬁé%ﬁR%@ hour on two consecutive days as described in the
Examples™ herein. Three weeks later the bladders were imaged again for

changes [A}3#hdiebursemtasesisolWh e Pigita is obedd meldeisabidabinfimgs,
supef/ﬁ@%? ﬂ&ﬁ&&%%@'aﬂ%ﬁé’ @@c%%ﬂié@l%@é)’&ﬁéfﬁﬁ%@ FkES ducted to

tumor regression was observed (P<0.0024). In contrast, tumors grew
furthes gl serclifisgenestin aptivithah & ¢0RNoTARL Sepirsssoneneriadherary. The
efficAy SV ARG hReReAESHISHDdicate thak SV RSAnaTkes PRNARGGHHIEpc

icacy of adenoviral vectors encoding IFNa. @038 Because intravesical

e
tumofpRedph Sreribedideey i Winea RAROTRIS g &ddENeZfd dratpinevas
give:?fn@a@@mmam Wit BE & c8XRRAIMRNa W EEE ﬁ@ﬂﬁﬂ&iﬁdﬁﬁﬁwr regression was

noted. No antitumor effects were detected either when IFNo2al protein was instilled on days

1, 7 and 14 and evaluated for tumor burden 21 days after the first treatment. These results are
in contrast to the effect observed following Ad-IFNa2al/Syn3 therapy as demonstrated in
Figure 1. The urothelium appeared similar in all treatment groups including a mild degree of
hyperplasia which was related to the initial trypsinization of the urothelivm required to

promote initial tumor cell adhesion.

[0039] In order to evaluated the level and duration of interferon expression
following infravesical AJIFNa/Syn3, a series of experiments were conducted using
nontumor-bearing athymic mice with the same concentrations of Ad-TFNo2b/Syn3 utilized
for the foregoing efficacy studies, and compared a single intravesical treatment to two

consecutive days of exposure for one hour. The IFN protein in the bladder tissue was
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further delineate differences in activity of Ad-IFN versus the interferon
protein therapy. The 20 efficacy of the hybrid interferon protein was
compared to Ad-IFNa2al in the orthotopic tumor model described above.
When 200,000 units (2 MIU/m1) of IFNa2al protein was given
intravesically for 1 hour on 2 consecutive days, no significant tumor
regression was noted. No antitumor effects were detected either when

assdbN@Baltpreteimyas instiletlehddayst daribentires afterenaluaieckfer dumang for

I urden 21 daé}/_s fter tl}?gg{gt éregtme?t. Th(ﬁ; S}fglts ar§ 25.in cantrast to
Il?éogﬁgé)trg%ﬁ LK) %‘flowm&&&?ﬁﬁ%ﬁ%@yn era[qpa)y a I%'f’eq%ﬁ pesgtoment,

bladdefsiguenibed RppusathelieinQpitepedgirod ntinal frekichetdwivdpseased to
inclyding.a mild degree of hyperplasia which was related to, the jnitial ;

5O e e e, n mice

receddingsioncd0039]-ThidedbiSyma vedeianed!] iosiey ebmrd idufetioreafieddderon0 pg/me
expressian 30 following intravesical AdIF Syn3, a series o

and G i A SR A IR BRHER. hn contact when

20010dame BON cenrations iofitbd AR biSymBretitizethcfoutheé fotagairigpmogenates

fficacy studies, and co 'nglﬁii&gr S %treatm ttot .
ome B B B SR L R0 e,

Higlm: Seueonast DS sarfIESs @mtﬁ}ﬁm% ﬁnghhe%ous’g@tadﬁerstfhﬂi;a riells by
imn SR RS HGRHMEG % 355a%Rg: @{hémﬁ!@i@&iﬂ%z@tdﬁlﬁ% 2b/Syn3

homogenates using an ELISA assay. One day after treatment, bladders

treatggpibiisiegh roxiel did P IHT1a08 sginegias Imeo ananaulich thloedjacent human
umdleggagadde 5,090 29,000 ReOLfE &%&b%g‘mﬁlﬁgtg&%@m%ﬁse be

of the attached drawings. In mice 5 receiving a second Ad-IFNaZb/Syn3

seentia vl fheypbsticbrettifdrrsdedcHid Fonoew pakwg canseratiaiseds with
eithMBRETVEI A / logd compaind Jaleisingle PXRAY et dREASkhe bladder

when 200,000 1Q of IFN protein was instilled, iIFN concentrations

appegisd 40 /e YnlHEs s iAsrse gE Had dosidtn sopaistalesitteremirdion bpure 2,
PandP@/Martane Rarch Lotein wasdatecied At dalredimes A HigNe2a 1 /Syn3 since the

concentrations of IFN protein were found in the majority of urothelial cells
hybrigl IFH i ATHR B HSRSSeiEal analysis 2 days after either Ad-IFNa2al/Syn3

or Ad-IFN@iai$yn3rikeataent (igy B HRRek BieSi BHlaEStaining Wias:
- x%%en in E%ny of the aidjace t human tumor cells Fj%ur 2, Panel B). In
interf{gi 1 B B RRALS LSRN S GO A1 D ST AR e
condtheedrotbelinltelisdive daysiafantreftme it BNcfeoaoBsetl ventiaysWithes.

either Ad-IENa2al/Syn3.or.Ad-IFNa2b/Syn3 E(tl;i Ire 2, P, ne(# Q. {
Som g By RO a0 15 L BeLi e £ 2B T BTN SISEM Uy ater
exposyperichistetobical exacinatiod ¢Fatire: 27 NeandFE): fibisiiss pastiowlanlyiccordance
with IRPRPARE 0. InG Mic eﬁi%%%%%.‘”&@ré&’ﬁ'cFe'ﬂe}%%é%}’é‘nsrééE‘s%aenm&ﬂ%@ s

IS active 1IN nTouse cells.
include the KU7 cells (which were used in the foregoing efficacy studies) and 2531 B-V cells.
When exposed to recombinant vectors encoding interferon, these interferon resistant tumor
cell lines demonstrated sensitivity to Ad-IFNg treatment. For example, transduction of KU7
or 2531-BV cells with a 50 MOI of Ad-IFN-0201 or Ad-IFN-a2b resulted in elevated TFNo
expression in approximately 50% of cells as determined by immunocytochemical staining for
IFN protein. A strong perinuclear IFN staining was often seen (Figure 3, Panel A)
accompanied by morphological changes such as an increase in size and a marked decrease in
the number of mitosis. This resulted in significant cell cycle arrest at Go/M (Figure 3, Panels
B and C), DNA fragmentation characteristic of apoptosis (Figure 3, Panels B and C), and

cytostasis (Figure 3, Panel D).
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[0040] In order to more fully illustrate the effect of vectors encoding
interferon in the treatment of interferon resistant tumors, a series of
experiments were 20 conducted to evaluate vectors encoding interferon
in interferon resistant tumor cell lines. Some human bladder cancer cell
lines are resistant to interferon induced cell death even after exposure to
more than 100,000 IU/ml of either IFNa_or IFNa proteins in vitro in

accordancéfith Teenarerfebs sy ddaicibe drrehairse sranchanmeaderying the

indi@BistATRIMRLERYAIRES: inCiMsthessidh calsotwbichnvers18saHd 3 h8sure to Ad-
foregoing efficacy studies) and 2537 B-V cells. 25 When exposed to

bR AL e Renehmi Rt AL SRt R A e selsraask dfmeroptosis.,

Traf€lblines demonsirateckasnsithibnioed1EiNG iiaamanafkos axpsPIR]l lines
. transduction of KU7 or 253J-BV cells with a 50 MOI of Ad-IFN-a2al or

IR ANTETSh e e in it TN X3RO i fedp STty gl of
IFNcelspedaiannined hyinpaupegideshenicahstainneden HriakAeNEN-o
stro.nr% 5§ri_nucl%jlr I[FN staining was gften seen (Figure 3, Panel A). 30

CEPLRS B moTPHETBYTCAN e IgE S SHER &ESAN Frcpasise RYSie srblsaves

quantizrteetlbotRase B thend WulTesetfinéoSish biter esultes tresigiRiticanbesdme 50
ycle arrest at G2/M (Figure 3, Papels .B and.C), DNA fr entation

MO LR AR U e s PRI A o ARy chatic o Ad-

IFN(Figrunlecd i aufedtid}il 6:{0044ibiTn morerdulhoplisidatefttie owichagismaion
megchanisms underlying the, inductign of cell death aof these interferqn. .

e e R et b St Kb A Shserc) s

evalpdel; Nplodipgsiibsd! 3iactivatitmts dreilidépendent. markeciahapaintesis seen in

ion with Ad-IENa.stimul vt f -3
s A 8 (O Ot S B T A At o
Simiilﬁré\é@eﬂimi@ing m@gmm@%fﬁmmm@wmdaseﬂeﬂ this IMDRthys also
pm\@@aﬁ;ﬁmtﬁﬁ{lﬁ gﬁ?&&%%%e nggoﬁvéds% % %dﬁ%‘ﬂﬂn%%ﬁ%%l&“ @Qé‘fﬁgc‘%_a)-

Furthermore, when the percentage of Caspase-3 positive cells was

quantitate@ ¥ Holle eEaniBs/harkw eéliNasateihmatieineimre by Ad-IFN

over FRAHSMLRE #6388 190 MQs UeE £A20-a1RE GRIP WEHHERIPAE Rd-TFN«2b
positive (Figure 4, Panel B). Exposure to Ad 10 IFNa resulted in

for 25 s eartish ARBNICHY/ el édniop dpuihersest fecenanisgienolHBY protein in
the sGPSHIAERYEEHENASS RRNIRSHINES IS Wt VeI S Ml AsiBAadHRon A

cancer cell lines evaluated, including all cell lines resistant to the IFNa )
rprdidinci SeroenanigEonere ded i atedd TN msmh & #SAMEIR L) six
days\witer #48:nk00 908 10 Mbolihed FNGDMRI efit(Real Al BreBRE ML by two

ce no more than 50%_of the cells are transduced at this MOI, this also

o R EATA e M GE A5 SUbl B SRR AN induied
bystandefmfie¢tn {Q12] Tewraming thecarayatof fiN.patsiNMAge0800 TU/mI
of Inggglj{ewgepc\%}%l)\lamd to that seen after treatment with a 50 MOI of Ad-IFNa2b at 48
and 72 hr. An increase in the number of subdiploid cells was found in the Ad-IFN treated
cells as had been noted previously, especially at 72 hr after infection, whereas no increase
was found in the cells éfter Intron A exposure to such a high concentration (Figure 5, Panel
B). Similarly, no morphological changes or IFN staining were scen in cells 48 and 72 hr after
the Intron A exposure compared to control cells, whereas the typical morphological changes
and IFN staining were found in the Ad-IFN treated cells (Figure 5, Pane! C). Nevertheless,
there was a significant increase in the percentage of G2/M cells at 48 and 72 hr after Intron A
treatment and this paralleled the changes seen following Ad-IFN exposure. For example, in
KUT7 cells the G2/M population at 48 hr after treatment for the control, Intron A and Ad-IFN

groups were 9.7, 23,4 and 33.4, fespectively, as well as 7 4,213 and 19.5 at 72 h.
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over time both KU7 and 253f B-V cells were treated with a 50 and 100
MOI of Ad-IFNa2b for 2.5 hr or with 100,000 ITJ/ml of Intron A. Whereas
the concentration of IFN protein in the supernatant remained constant at
approximately 400,000 pg/ml following Intron A 20 (-4pg/N) treatment,
concentrations reached almost 10,000,000 pg/ml (2,500,000 1U) six days
after treatment with 50 MOI of Ad-1FNa2b, and similar levels were

document&tf il ks MesferomenitiBedqbitird ¥dladh andindhialdaieNeaps clearly
derdFilgivies ﬁi@ﬁivééidgpﬁélrﬁﬁa%@m&%sslfﬁﬁhﬂs%a%}ﬁx&ﬂE%éﬁtﬁLﬁHgbumen
er

addition of 2,500,000 iU/ml of Intron A were compared to that seen a

WasiaRPAEH REtT g MitsT Beaensnintoprdragodhshirod el AhmcdddEdlial or
Ad-themembersehsubdinieid celisMasioundinihecAd N e G dice ISR eas

had been noted previouslé, especially at 72 hr after infection, whereas no
bladdler buaers gastsundimithbeaiseaiad voth A dilhealend aeslhanigd-TFNo2al,
SynSQRTERUBUP Bl e heP Malnf) 1M iaH: o morRbIngicalchangss or
IFN staining were seen in cells 48 and 72 hr after the Intron A exposure
tre&“be‘?ﬂbared to control cells, whereas the typical morphological changes 30
and IFN steeaisigAveieuidLingithigaAdkicbhbeatad ealls ilif DB RNY cells
vertheless, there was a significant increase, in the percent

C). Ne : , age of
wsed s TR L 1 G o T O R APt S B A TNt s sl
in cuéhza;aghsysele@ fﬁﬁﬁyzig%::%ﬁ}bﬁl‘ﬂzﬁﬂ(ﬁﬂﬂiﬁfe E@r@mmﬁnl Iia oﬁéﬂis@ﬂié%éﬁ@ent

opulation at 48.hr after treatment for the contrgl, Intron A an
e RS S B Uo7 S o e OBIgT SRR 4om s f el
Thesancsd8sbatidhthaiA 0044 lehbaligcios fergoshagdaiicthes IKNFRREHEksess
hybrid interferon clearly demonstrate that intrayesical Ad-I[ENa has potent
st e R K T2 e e RErin AR rer
treatmen{{tHi&d ddumarsahathe CeivedraitherefichinN aRal o idd: Hblazkoifbinant
mulati isplayed a. marked decrease in fumor size, whereas.
Vet B e R T R e sl airaote
recomhatand i iNaRadndSimarortirNagal el eloneciinimatiotaldordiy TN
proicESREA ARREr VG Mg An PR ENl QU ARl varlaus Rladdsr

cancer celllines, including the KU7 cells use present in vivo

 instilisgomh ST NerorkdSisearre 0 dilfiedbiS riter P protmiritseibutiGeidays

causéa%tﬁfﬁkgae%éﬁ@s@mIé&”ﬂﬂo@h%%ﬁ%ﬁﬁ@fﬁ%dﬁ@&lﬁ&?ﬂr??m in athymic
CaspaSE'deﬁendent manner at partICIe concentrations that resu ted N

mice FARBAURS N SHSAIY 5006 B 3 wedss dine seaesults Sonflamitprment with
200,008000"5¢8 BQ?@H"&W%@&M%I%F&%&&' aBiae 0N RIRSESTh TFRMWsue lovels

bystander effects and the ability to overcome resistance to the IFN protein.

and hesos PR 8 fedgdime s pania drlsTiRnSA bR thiad Ad-TFN-
aZb/Sﬁ@W@’@@élhparable in producing cytotoxicity 1z vitro and tumor regression in vivo,
the direct effect of sustained expression of IFN was a substantial factor in tumor regression

rather than its effect on the tumor microenvironment in this model because IFNa2b activates

only interferon signaling pathways in human cells, although it can be produced in both mouse

- and human cells. The data also demonstrates that Ad-IFNuo can elicit caspase-dependent

cytotoxicity in bladder cancer cells resistant to high concentrations of the IFN protein.
Apoptosis was apparent not only in bladder cancer cells showing high intracellular levels of
IFNa by immunochemical staining but also in adjacent cells that did not demonstrate IFNo
expression. These results demonstrate that treatment with Ad-IFNa can produce a strong

bystander effect in neighboring cells that may target tumor cells that escaped infection by Ad-
{FNa.
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15 vector delivered interferons possess unique properties distinct from
commercially available recombinant IFN protein and that vectors
encoding IFN can overcome resistance to the IFN protein. With respect to
bladder cancer, the studies clearly illustrate that intravesical instillation of
Ad-IFN-a2al/Syn3 or Ad-IFN-a2b/Syn3 for one hour on consecutive days
caused a marked regression in the growth of human §l§§§;}fi0i&| bladder

tumors in HAJHIS 2o isnEel wrreern s s riRisal aRpHstsaninbans oesekis its
pot@figl featmgotRimilaniRatne iasdthude S0 Hdesl-day ot m%&gﬁf}%g?éity

protein did not result in any long-term IFN tissue levels and had no effect

assQsintpb WA SHURITHANSHE OSTREERIIENL SSarAsTe HRg algrfrgn, even though
ther8BZPAPIRB WRLREAMBRFRNGHIN-PEPFHGING C WP IAXIGHN IR VIrR-AREL IR the

regression in vivo, the direct effect of sustained expression of IFN was a

fore§8%’§§ﬁl‘?§?%&€f6?‘?ﬁ%%??é@$@%@‘?6ﬁf srorphniaeisalchangsade it ttaor

urotHUGHACAER TR Hhibispodelbecatsr diNa2hragtivates Aty inieriesns
signaling pathways in human cells, although it can be produced in both

trea g A HO I CRRO R YAt HIS HEMD RIS THER KerteRplgdy treated
wifiﬁﬂari]ilsmamgl@p@ﬁ@eﬁanﬁquxﬁbﬂﬂa Pigddarcanbebieltres stant d|@ys after
igh concentrations of the IEN proteip. .Apoptasis was arent pot only
XD B OO ELREE T SRR SRR AT VaTe ap o PG e
bladitamun edificionic piistainjrgiboh 8l sorinatircant-oelsihaiididuotinterferon
demonstrate IFNa Eé%is ion. These results demon%%rrate that treatment1

SR K EPTEN R P rot 8 Rt DSt e RSP ARG BESTin B e
indithamiey tanteticmposetisafat iateapschinieciion toyaAden - NEhedSi{Od Eficacy
atential,concern for Tall lication, of any agent is its potential
an R e S A IR AR PR B - ko
toxicity aH¥E@hiB: wits¢heimdministfatiber pfredesiiinanscetiorisformulations
: ing | r i nere 4 i rsistepfinterferon .
o by et 4 o B e e e
formglaind Aetradednigrsignificamemsphologichl Ssanyesinitiderformdhinistration to a
ol i~ mic i trar
B e b et e e 1 ormultcd

for indrpamrsg T AnfYEnsmsi EHgaascte Pl s dlerivene o ita adihasmimad
for acute paglagiindhe biadderupitar %&@%@&?@ﬁﬁﬁﬁ%y EmfiByed, the

significant changes were identified upon histological examination of the 10

CXPIESRANRIBIATHAIGHIBACP e MYEHITBRIECRE FAfY QersRsivBalaserHub Rosirgh

Lipo4Bigstaidudansarim £ eSS ian as ah inuleendior @l katey 38 tiitals,
concentrations were minimal indicating low systemic exposure after

phosphe s ARetrReiidAY o EEiiikFe e AFuReY RN eeqRaces to
targeStgBasiiadsoiriedbiey nswel beswelrtelerateds variety of methods are

available for preparing liposomes, as described in, e.g., Szoka ef al., Ann. Rev. Biophys.
Bioeng., 9:467 (1980), Szoka, ef al., U.S. Patent No 4,394,448, issued July 19, 1983, as well
as U.S. Patent Nos. 4,235,871, 4,501,728, 4,837,028, and 5,019,369, incorporated herein by
reference. Liposomes useful in the practice of the present invention may be formed from one
or more standard vesicle-forming lipids, which generally include neutral and negatively
charged phospholipids and a sterol, such as cholesterol. Examples of such vesicle forming
lipids include DC-chol, DOGS, DOTMA, DOPE, DOSPA, DMRIE, DOPC, DOTAP,
DORIE, DMRIE-HP, n-spermidine cholesterol carbamate and other cationic lipids as
disclosed in U.S. Patent No. 5,650,096. The selection of lipids is generally guided by
consideration of, e.g., liposome size, acid lability and stability of the liposomes in the blood

stream. Additional components may be added to the liposome formulation to increase serum
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[0048] The present invention further provides pharmaceutical formulations
15 comprising the vectors of the present invention. The compositions of
the invention will be formulated for administration by manners known in
the art acceptable for administration to a mammalian subject, preferably a
human. In particular, delivery systems may be formulated for
intramuscular, intravenous, injectable depot type devices or topical

halGHfairekratipplypodonsretreob seatinaére rbledirdl féndatienbay desstdbedsn U.S,
Pat&IPRIY 8D 1h658QLx¥BIqaaiPR, lasmicheayianing thedaiarieron ofng may

be encapsulated in liposomes. Liposomes include emulsions, foams,
micelles, iHBIBbE meHBRayiienaRfithe feationsrBLprénsmalatspdesions,
adrrlﬁm&%%ﬁﬂf fR-ane-hedHe. Bl ver RING: SRAMENRERR IR (A9 mmalian

cells using liposome carriers is well known in the art. A variety of methods

subigrt, RGEHARIE 45 prEh iRy MsosBhsimeaty of tip Bty srtiany the soropesitiens of the

inveifiBn ReMb BiapiaNscZRt BIpans: i ¢ 8 fi{hRA0) iSeeksh 8t Al Wit faienk:
No, 4,394,448, issued Julgng, 1983, as well as U.S. Patent Nos.

supplying By fisspe ol iniseesh dafdaer smbsbimenie! thednysrtns resamngyitions of
the figfesansard idanomesdspithisdhanactcs afitiechiesENiinRRHGAINAYd/or

.be formed from pne or more standard vesicle-forming lipids, which
topigalf g T FEHEHPAI DR~ P e BGBN B Cha<nietion ave

adm@tevieted yoktas eliplestetflcommpleshsuappwaials, amigdq igifery, efc. In
include QC-chol, DOGS, DOTMA, DOPE, DOSPA, DMRIE, DOPC,

ﬁm}’ﬁ&f&’ﬁ&‘ﬁ%ﬁﬁlﬁ%ﬂﬁfﬁ?ﬂﬁ S EUPRTaI e RE feRrBis e el fatheters or

otheptheiccationinlipidseas disploread isddeSfRatesi:Nach £50,%6rkhergan.
selection gf lipids,is generally guided by consideration of, e.g., liposome .
Sive. o Tt TR SRSt CE A a5 B Al I opica

fonmm mdmpﬂgehmlﬁéﬁfahhﬁagm%m¢mlwmfﬂmqlaﬁm@s?}?ed
for e B Y S e R R S

-ylation™

systen@ Gfoamdl BN B, 864lutonad May<25i0h088. (6068} Theaonpositions:pfable

: I [ I rggulg d,f i ' manners.known in ‘
Cam%%’gp%a%}t{%%:%ég%!ﬂg e?é‘tigadminﬁt%&fyﬁg}rﬁé{rﬁe&%i‘g%%egu%ﬁ%fﬁep‘f% e’rg'l.girl;’/wmr’
buffeaeduraen. O Sornbnentbdtirlnto whrauramintond, ahé botlgositions efityesitions
may TVEBHARA3 beReminisiered dlerly g%m&é&&&?e%ia&%' PaEIHO Rorile

blood vessel supplying the tissue of interest. In further embodiments of

filtergde Hiroraplingatsinpoiligiensmpetpverirasdieradmmsiiterelyophilized, the

1y0p5199w%9é%5@@%ﬁ bemdnsavesicavititralenionavoa i oF tioRicAion,
other em

odiments of the invention, the compositions of the invention are

10 admirlibe? By seannesifipBy et rewdifglostesaptable auxiliary
substiiaRsdermahael %qrgpx%ﬁanhatéwﬁs}%ﬁi@@%mﬁﬁfoﬁé, RRIANMEITAR; g and
buffe%%rgngg?esnlys??cfm%riteyaadjr{]llsrtlljgtgeziggnttg,r %lf'le Qn?gaa:[ggé?srgn%rthe like, for example, sodium
acetate, sodjum lactate, sodium chloride, potassiumn chloride, calcium chloride, sorbitan |
monolaurate, triethanolamine oleate, etc.

[0053] The concentration of the compositions of the invention in the
pharmaceutical formulations can vary widely, i.e., from less than about 0.1%, usually at or at
least about 2% to as much as 20% to 50% or more by weight, and will be selected primarily
by fluid volumes, viscosities, efc., in accordance with the particular mode of administration
selected.

[0054] In some applications, it is desirable to administer the recombinant

vector in conjunction with enhancing agents that facilitate the transfer of the nucleic acid

~enceding interferon to the target cell. Examples of such delivery enhancing agents include
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other devices to allow access to a remote tissue of interest, such as an

internal organ. [00511 The compositions of the invention can also be

administered in topical formulations or polymer matrices, hydrogel

matrices, polymer implants, or encapsulated 15 formulations to allow slow

or sustained release of the compositions. When the delivery system is

formulated as a solution or suspension, the delivery system is in an
detageaptaiivehchirigycpigiardbtiuat dqleeaits, trmein Anadaiytgicacieoisenase
. rriers may be used, e.qg., water, buffered, water, 0.8% saline, 0.3% e
G e oAt 8 R L S T ppanle the alipharic

aloddteldlimet byothnvéntepaipanel] ipwipstelizdgibr delehiniess atdordy Gbycols

. terile 20 filtered. The resultin eous splution e packaged for.

ine T e S R, T PRCRAT Vet
glyaisterite sofilficngriod thiadinmistatoria {6052 Bhecbmpdditgnsniaycid, and

X icall | L ired .
L L R e
1ik6d@éﬁi@?ﬂmﬁtﬁ&m@u&tﬁg&@eﬁf@mﬁﬁ%ﬁgm théddikeljfondxample,
taur§89$ﬁm; ggdﬁﬁﬁ%ﬁﬁb§@ég9%ﬂ§f§%t%e§& 51'1’51&%@,' %Hgﬁodé%%?%%ﬂt%hl(l)jrflcdo%holic

I olaurate, triethanolamine oteate, etg

calcium chloride, sorbitan” mon

acidjadBa]chheodeprerivlivanidfanbatbimpaisiteaofudednsdyriontinttmaay be used.
HepRURERUGRLIMARNRAS GRRARYIUR Y diEmiloUMIRRS &%@Q%@&gyeﬁ.

%, usually at or at [east about 2% to as much as 20% to 50% or more
AniqRiigRRUGAE-IIHErElcs ! prrianly doosgeatidnesidandee oisplesieibly enbance
gend kACGRFdaREeABILh the faricuatimRAs. PLRINIMNSHRNED 158186 5d:0054]

In some applications, it is desirable to administer the recombinant vector

deosirchghiitEtBRdirvehiacirt Apgnid-mab ragliesmelderdtep wittrgont 3-14
deterpefile CIAAIS mwmﬂd'lﬁﬁi_&)ﬁﬁﬂfﬂ}%ﬁéfﬁﬁﬁﬁﬁuoﬁﬁﬂ@F%L?@p%c%’t&%nate
delivery enhancing agents include 20 detergents, alcohols, glycols,
by dra{ Gt B AR, R EnCiASte] B ArSEreTg oS A
qucb?pmﬁ@h m@?auﬁsﬁm' X m@e@gaiﬁgl TAeahotsdae Bgéﬁtj@ﬁl@bmml gf\rtﬂztﬁ |
ali ic._alcohols such as ethanol, N-propanol, isopropanol, butyl alcohol,
dete B T RO IOIL ARG o AT B IEHGREaE Sachts and méthods
are dpalyidthlleReglyeet andiohdrden: Nolecslardsejghubddiyealmberch) 2801, Engler et
rol thi ol. Acetates such ic acid, gjuconi id, and
ol R s T YT MRSt A0 SRS g Fetcat No.
6,3 9Hperiownisl SdkysbIYRONE, tikeckv a@thireasoxéxanypédseadin incorporated by

5 gleliye -enhancing agents BEiJ_F salts sucléas urocholate, sodium
refer RO B B A S e s
invenglyudehewogenxyideotiedSichand dthErmstimbents such as silver nitrate

may be used. o 0 OH OH
/\\/\N/\/\N OH

""OH
HO
{0055] Additional enhancing agents useful in the practice of the present

invention include, but are not limited to, the compounds of the Formulas II, ITT, IV, and V and

their pharmaceutically acceptable salts:
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10 Heparin-antagonists like quaternary amines such as prolamine sulfate
may also be used. Anionic, cationic, zwitterionic, and nonionic detergents
may also be employed to enhance gene transfer. Exemplary detergents
include but are not limited to taurocholate, deoxycholate,
taurodeoxycholate, cetylpyridium, benalkonium chloride, Zwittergent 3-14
detergent, CHAPS (3-[(3-Cholamidopropyl)
dimethylanunoniol]-1- propanesulnate 15 hydrate), Big CHAP, Deoxy Big
CHAP, Triton-X-100 deterge GyFedide,
PLURONIC- F68 dé@r Tween 20 deterg nt, and TWEEN, 86+
detergent (CalBiochem Bioc} ; ledatggly preferred enhancing
agents and metho H%d {n Engler et al., U.S. Patent No.
ovel 200% Engler et at, U.S. PatentNo. 11
6 165 779 |ss c cenfoer 26 )0, and Engler et at, U.S. Patent No.

: the entire teachings of which are

e A Particularly prq:(eggd enhancing
agent useful in the practppg of the present invention is a compound

termed Syn3 of the Formula I: © O OH OH HO NN N) /OH 1]OH O HO

OOOHI OHHOH2C Ola HO HO",,,OH HO [(055] Additional

enhancmg agents useful If the practice of the prgsent 250h!veﬁt|fon
1.4H IV,

H COZ N&' N I

HOHZCQ

ug A-DL

HO

[0056] Initial efforts to transduce the urothelium using adenovirus vectors had

limited success, due in part to the presence of an anti-adherence barrier that prdtects against
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HO" OH A-DA Hd O OH OH HO H~N~~NOH OH O Il HO O O H Hd

HO 2 "OH Hd A-DL O O 0 (OH HO N~AN N N~\N~OH H HO 0 IV HO

OO0 COHHOHdIdOOOHOHHO HHO_ OH HOOHOHO OHV HO

O OHZOH "OH Hd A-mb ~~~'OH Hd 5 [0056) Initial efforts to transduce

the urothelium using adenovirus vectors had limited success, due in part

to the presence of an anti-adherence barrier that prqotects against
infections. ICI)’agliaro etal.,J. Clin. Oncol., 15 :2247-22% 8280%5 }Xn egxcipient, Syn3, has
been identified that dramatically enhances adenovirus transduction of the urothelinm.
Connor et al., Gene Ther., 8:41-8 (2001); Yamashita ef al., Cancer Gene Therapy, 9:687-691
(2002). In animal models, intravesical administration of adenovirus vectors in a Syn3

formulation markedly increased fransgene expression in both normal urothelium and

~ superficial bladder tumors. The enhancing effects of Syn3 persist over a time window of

approximately 1 hour. Consequently, the recombinant vectors of the present invention when
used in conjunction with Syn3 are preferably administered contemporaneously and genéraliy
within a period of approximately one hour following exposure of the bladder to Syn3.

[6057] The present invention further provides 2 method of treating a
mammalian organism containing a fumor by administering to the mammalian organism a
pharmaceutical formulation comprising a recombinant vector encoding an interferon, The
term “mamimalian organism” includes, but is not limited to, humans, pigs, horses, catile,
dogs, and cats. When the vector is a recombinant adenoviral vector, preferably one employs
an adenoviral vector endogenous to the mammalian type being treated. Although itis
generally favored to employ a virus from the species to be treated, in some instances, it may
be advantageous to use vectors derived from different species which possess favorable
pathogenic features. For example, it is reported (PCT International Publication No.
WO 97/06826, published April 10, 1997) that bovine adenoviral vectors may be used in
human gene therapy to minimize the immune response characteristic of human adenoviral
vectors. By minimizing the initial immune response, rapid systemic clearance of the vector is
avoided resulting in a greater duration of action of the vector. A pre-exisiting or induced
immunological response to repeated in vivo administration of viral vectors has been
associated with a diminished therapeutic effect of systemically administered viral vectors
through multiple courses of administration. While this can be overcome by adjustments to
dosage, one may also administered the vectors of the present invenfion in combination with
immmunosuppressive agents. Examples of immunosuppressive agents include, but are not
limited to, cyclosporine, azathioprine, methotrexate, cyclophosphamide, lymphocyte immune
globulin, antibodies against the CD3 complex, adrenocorticosteroids, sulfasalzaine, FK-506,
methoxsalen, and thalidomide. Alternatively, transient elimination of antiviral antibodies
may be accomplished in accordance with the teaching of La Face et al., U.S. Patent No.

6,464,976, issued October 15, 2002, the teaching of which is herein incorporated by

reference.

23



10

15

20

235

30

22 infections. Pagliaro et al., J. Clin. OncolL, 15:2247-2253 (2003). An
excipient, Syn3, has been identified that dramatically enhances

adenovirus transduction of the urotheliurn. Connor et al., Gene Ther.,

8:41-8 (2001); Yamashita et al., Cancer Gene Therapy, 9:687-691

(2002). In animal models, intravesical administration of adenovirus vectors

in a Syn3 5 formulation markedly increased transgene expression in both
normal uf6058luRhaddesnpeativiaiiisrtinghios ot rezEnpa b tyamestof the

diseaoéé SN B PELSIH QLA NS MRGow Whi APRIOXImRaNe W8S of the attending

onsequently, the recombinant vectors of the present invention when

healthsettiprecidiemetichasithe Sye@aropreidradiyeatmiflistdimg of treatment, age,

~ ithimaReiad oliaARREeKMAIRINARR deli
we;gﬁ%%%%{;}ﬁ?w gjg %EE%/%%?S) (gfﬁ %ﬁ%%géﬁ%r to Syn3. 1.0 [IOQOESH The present ey

enhaneiiehaigrrtuiin drogrenec A REMBR B b eitin Qv eirrambiptgbifene viral
vectog%ﬂmg&fms@ﬁ@g Pipisiering dethea MMmalian BEIBRISIIR dosage range

armageutlcal fognglation comprising a recombjnant vector encoding an
betwinte HerG A kB i edlRaAS AREREh RIS SO BaE EeRBRR ity fgporiod
of se I INSARIIB HU S RAEN HRER 6 d TRt WHRBH e NEeHRl ifedtors encoding

_ recombinant adenoviral vector, preferably one employs 15 an adenoviral
interfpemaranbR Jerbiis IO TS iAERN type being treated. Although it is

generally faofes! iEpRaYea Ml dsamitgapesiesviahien foatae hieutment of
some instances, it may be advantageous tp use vectors derjved from
A i sedgpC of from

superdfffat Qdsise RS H RN REE Fin O R JETRIGY AN I FBBHIYEE
1x10€x3mplex 08 repeniad RETNemstanakRlblicatidmNacWReTH6aRGpviral
. published April 10, 1997 tha‘g b vinefﬁdenoviral \{2ct ks, may be &9 in
partiches RRFRdIPgIHETHEA Sy d]’tﬁlﬁﬂiﬂ%e SRR % gé)onsré3 ChArRCISTistic
inﬁav&r@gnmﬁape@uﬁaw Neaiemkn By yininhizing MecintistmowsesEspunsat
“rapid systemic, clearange,of the v, r is,_avoided resulting in.a t 1
comSFAA 6t BoUSFRTRhL (Ot e ey L S
reconiBEpANSéecitvépdatetdiesvivoaiininisiréion olbviret vebtors dfapbwaimately 100

. associated with a diminished ther, ic. eff '
o S R R R e ot
substavtiilibythigidachiedove retine Dyaxd @sﬂﬂ)@nﬂsd@mésbga, %ﬁ@my@g@nsccunve
days EgINisteredhe Vectors, of IB6, IEenL INVEREON. I CAMbIRAIORMIR, the
mmunc%suppresswe agents. Examples of immunosuppressive agents

coursinefuiesabepererersiolim i therasy elbspuist callatdopiater oA sasembiagat vectors
for th%%é%’l%fﬁp e YARDOGYI A %%rglpgéﬂ%ﬁ%&%ﬁ% %ﬁ:’ﬂﬂ@t BBserved

3 complex, adrenocorticosteroids, sulfasalzaine, FK-506,

when thethossater!, terimasafiasndigeneatbnatverst irbdaierpelpieliebliyrabout 30

days antvirahantRedies aeAY beagsomplished in accordance with the teaching
"of La Face et al., U.S. Patent No. 6,464,976, issued October 15, 2002,

the teachM®k lnrinnsefraredPaedrp ofdhsdpotion for the treatment of

hepatocellular carcinoma in a human being, a dosage regimen comprising approximately 1 x
10% — 1x 10" particles of a replication deficient recombinant adenoviral vector expressing an
intracellular interfer.o_n species is administered intratumorally or via the hepatic artery for a
period of five to seven consecutive days. This dosage regimen may be repeated over a course
of therapy of approximately three to six weeks. A particularly preferred dosage regimen for
the treatment of hepatocellular carcinoma in a human subject suffering therefrom would be fo
provide intrahepatic arterial administration of from approximately 1 x 10% - 1x 10" particles
of a replication deficient recombinant adenoviral vector expressing inteferon-02b under
control of the AFP promoter for approximately five consecutive days. Most preferably, this

dosage regimen is carried out in parallel with other chemotherapeutic regimens.
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reference. 23 [0058] The determination of the optimal dosage regimen for
treatment of the disease will be based on a variety of factors which are
within the discretion of the attending health care provider, such as the
progression of the disease at the time of treatment, age, weight, sex, the
“type of vector being employed, whether it is being formulated with a
delivery 5 enhancing agent, the frequency of administration, etc. However,

recombindA?&H A6 B A RS s taReiFataisgios the
dosa%ﬁ%gﬂﬁe&@ Hnan-Baings indhedasnge epoeuthetusapeladORiand tal vector
V

xl012 viral particles per dose in a multiple dosing regiég]nen over a period of

may be ean¥iireias veerseRGaRRlcairnil SRR BV e Lo isaatnsftar

carc YRR S:88¢9disE inierienon Mayibe rsetdmplughciasageagasm dOE1 proteins
. ..[0059] In the preferred practice of the present invention for the treatment
in il of o PRCISF B RRRei5hc SR NGRS GEC o gRYE b rallfalirf and oxpress

interEQAPTSIRG & doBe AUffRRtedx AR 1R IXINLR/ | (frast frafamblfing cells
approximately IxI011/ml) recombinant adenoyiral , particles encodi )
XD BRI LR SHB T e, TS P R M PHER RERigR, o F
treatiéra, period of approximately one hour. An alternate course of treatment
15 comprj se of from.I1x1010/ml to 1x1Q12/ml (most preferabl
approximﬁéiﬁ%@fﬁﬁﬂ?sfgg{%’?ﬁ%gﬁ HGénovi %Pb%mgl&g%%&%ldmé be
praciiiotel itoan a2in kombaisine wihppiodmatelychofomhbisiastilagents or treatment

. intravesically for riqd of roximately one hour followed by a secon .
reBi TR S S R b B A S G filess
(e.g- Qrentpgatise Cutieecagiysfolin\Gitlg dpeafinst, dostoEachigaunsgiofitieatsyetiesis

is, repeatable,.depending on the 20 course pof disease progression. In the
(oo e e S e A R T,
hydrofbissidenbintes, Sptkivil ntettiesor génererpabsB s denegaifyagents (e.g.,

: e : t e . istan a ..
o gy e g e
mitoeuE0}maliepieterasaipravtivesit eimi_pém @rpﬂarhhénpéasm@&@fizsib_itors of
micrSEBAORELIAN FRLINGRA I M6 0G0 A SRR RS

approximately 1 X 1010 - Ix 1012 particles of a replication deficient

reginpesipbmantagalicoingrbepicekpressintr afcsimad dnaldrintageleio cells such
as rafiRBGIERISAIMINSIRIGCL YR MY 06 B0 eRatic Aot Iob&rately or may

period of five to seven consecutive days. This dosage regimen may b

be ingluded ity e rapiationsiahdiapir wﬁﬁm@fwé%%&%@e@eﬁpmm

invenBikigHaH kP RferRl (lasaae ragimesh iRiBdhecgatmeninunotherapeutic

ofhepatocellular carcinoma in a humap subject suffering-therefrom would
treatrpentegpiis simﬁhﬁe%gﬁ%laﬁ%?ia%qﬁmfﬁmf %Pﬁ‘%ﬁ‘?\céﬁfﬁroximately I X

1010 - Ix 1012 patrticles

EXAMPLES
[0063] The following examples are considered illustrative of the practice of

the present invention and should not be considered as limiting of the scope thereof.

Example 1. Cell lines, Vectors, and Reagents:
- [0064] The bladder cancer cell lines, KU7/GFP clone 6 and 2531-B-V, were

used for these studies. KU7/GFP clone 6 is stably transfected with the green-flourescent

protein and was used for all /2 vivo studies. These cell lines are described in Watanabe ez al.,
Cancer Gene Therapy, 7:1575-1580 (2000). The cells were grown in modified minimum
essential medium supplemented with 10% FCS and incubated at 37 C in 5% CO;, and 95%

air.
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of a replication deficient recombinant adenoviral vector expressing
inteferon-a2b under control of the AFP promoter for approximately five
consecutive days. Most preferably, this dosage regimen is carried out in
parallel with other chemotherapeutic regimens. 24 [0061] In the situation
where the vector is a replication competent vector, the dosage regimen
may be reduced. For example, a replication competent adenoviral vector
may be co[msp&edcwheheimmme}ziﬁahmm mbscﬁﬂ@aﬂtymmﬁMtwere
pm}%ar toce u ‘%5 Si églcr(]f?énfl%rc %V%hb u% %F native rir%gr)rr‘%’ e’ro 'S %kme

S‘elxpressmn 0 otems
Resvédtfﬁp mmnsr(emehtua&ymabimeademm mtevfingrimnttubbomd p-
galac?osu? siess the dgESI %lﬁ)lg h gntge%g[‘toﬁ!l% g}mellsf Ahmed et
expan tHa era e t|c effect an owmg or are uced osa
al., éiwmté?aﬂarﬁ’kmn G0(iTh TR ID0BR] ﬂhelwdmoéhﬂﬂwﬁdgmws UfS Patent
nt inventi
t
o SR USRS AR S AR o S DS REEHR Mlc
refesfisach chemotherapeutlc agents include inhibitors of purine synthesis

(g, pen%ﬁ@&pmmft dﬂgtgﬁ%ﬂgrf@rm'ﬂ%@@&nmﬁéﬁﬁt@é&tﬁ%gkmﬂy
pyrimidine synthesis Pala, azarbine), the conversion of
avaitiipbniioldtidesing Gespgribionucleotides (e.g., hydroxyurea), inhibitors of

dTMP synifigsis §SiQRUAGIH PN & HSMANNLAARNER LG te FBLIRURNT

bleomycines, etoposide, teniposide, dactinomycine, daunorubicin,
Englgprombbigi; ?ﬁi?@iﬁtﬁr@ﬁ%zéﬁ&lﬁtﬁ%@%?ﬁssmémycm cisplatin,
procarbazine) as well as inhibitors of microtubule function (e.g., vinca
aIkaI0|ds and colchlcme) Chemotheraeutlc treatment reglmens refers
3 G ) 2 2&88plastic cells

Such as rﬁ@é@pﬂt@%a@m Hﬁsg&tﬂﬂgtetpefﬁaeymgemsmmaddm tumors

administered seperately or may 20 be included with the formulations of

in athani SYSAERA SIHOHIBYRS HEr Rt Oh 2 TS Brusbhberm AR i lzawa e
al., @St FIARIGES 1N ST B it cRoveRtioNadInERBaIbETPEHI ©.681-686

o S e e e S B o

the pthgatratlue GFtheqrattiog ninthe Pesahtinvealiet anthshotdidalahdilation of

100, T R s H kD st CeD EU b ROl S

or thelﬂﬁé—@?aricbﬂﬁ&ﬂr BVl wene BaymeeﬁmgheemsmesdtﬁMﬁiﬂ Ei gefietio
ensurs st{:\ Ia/tra(épsfect d W|th %r%en fl%uressceét(t:}gj gf% Q% an vl\ﬁagoyl € iﬂrf%ons

ARV studids 188 celﬁ ines are descri nabe et a
were 1}{10“ P/ml, 1mg/ml and 2x10° 1U/100p], respectively. Between 6 {o 8 rmce were

| treated per group except for Ad-IFN-a2a1/Syn3 and Ad-IFN-02ai groups in which 14 and 16

mice were treated, respectively.
[00669] Three weeks after the first treatment the bladder was reexposed and

imaged. Following euthanasia each bladder was subsequently intravesically instilled with
100 pl of 10% formalin and the urethra sutured. The bladders were then removed, fixed in
10% formalin and embedded in paraffin blocks. Sections were then taken throughout the
bladder for H & E staining to document the presence or absence of tumor, as well as to

correlate the tumor imaging with histological evidence of tumor.

Example 3. Homogenate gene expression sindies:

[6070] Female athymic mice were anesthetized, catheterized and received

either a single 100 pl intravesical adminisiration of Intron A (2 x 10° IU/mi) or 1-2 daily

206



10

15

20

25

30

Cancer Gene Therapy, 7:1575-1580 (2000). The cells were grown in
modified minimum essential medium supplemented with 10% FCS and
incubated at 37 C in 5% CO2 and 95% air. 25 [0065] Recombinant
adenoviral vectors encoding interferon a2al were prepared in substantial
accordance with the teaching of Ahmed et at, Interferon Cytokine Res.,
"21(6):399-408 i%?%{l) Recombj pant adenoviral vectors encoding JFN a2b
treafrpends Wil ésibérkf&erg /Brebarei Sudstamar deser %@rhebove At

var¥il the-eachipgial Amed eh&-akilng Bens TR b AL B89 awed and
and are also described in Gregory et aL, U.S. Patent No. 6,210,939,

trong ot AR S DOACRE BRI he SEIRE T AT BT ecHd o sy rep, O

BIOg@IONCErd DORRIIMIRR AREQtRINAIpdoEe Fontana R RROMPINAN Priftein concentration

commercially available from Sehering Corporatign. 10 [00671 Syn3 was
usigg R s CotET i) BECORRE T R EENT O B eIEN/me

bla®BRierdshle.6,392,069, incorporated, supra. Example 2. Superficial tumor
formation, treatment and imaging: [0068] The methods for growing
superficial KU7-GFP human bladder tumors 15 in athymic mice and their

Exdmeling WeirGonrtuaiadias:preMipusly been described in I1zawa et at,

Clin. Canc 8:1258-1 nd Zhou et at, Cancer Gene

Thorany e o P e I e b G S e BT B U perprmed in
subitesiiitddicthedaiaddeith ﬂzereama@dffhrawlaeme%nee oA GbfMice ntadtitg was

L. Mr e then receiv nr rav instillation,.of 1001 of ejther
i R o PP R LS s
perf2tnmrdtivesiFiNadal protedafos ﬁflﬂoﬂre ﬁethrsg-sfﬂﬁgesuﬂn@magetted? 807-812
the, urethra to _ens retention duri cedure us Syn

(1 A B it
antihigfP 6 geiret pootivelytcBietoree (FB:tOENMIdBIgre treated per group except

for Ad-IFN-a2ai/Syn3 and Ad-IFN-a2al groups in which 14 and 16 mice

Were treated respectrvely 25 [0069] Three weeks after the first treatment
' whisakeangdasisel and imaged. Following euthanasia each

pladder Wréoﬂpgﬁﬂgaegrarmrfg@%ra@@ésmemﬂmﬂ%wr%%g version 4.0

fonnalin and thé urethra sutured. The bladders were then removed, fixe

softyyarg dor, Yoimeants srrersradiioavailpiiafmmoMenis Sdarsptondrs 1id§4 Georgia
Aveldiendhsoumheut theliaddanionbt 6.4 staining 1o dacumertdisel of pre-

presence or absence of tumor, as well as to 30 correlate the tumor

treatm%;éﬁ)]]@ ﬁﬁaﬁ‘?gtcﬂﬁ’gﬁ%t@‘ﬂgéﬁgg e psi-treatment bladder area and post-

treatent GFP area. Subsequently, the percentages of pre-treatment GFP area over pre-

treatment bladder area and post-treatment GFP area over post-treatment bladder area were
calculated. We performed a nonparametric test {KruskalwWallis test) to assess differences in
the percent change in tumor size among the 7 treatments as described in Kruskal and Wallis,
Joumrzl of the American Statistical Association, 47:583-621, Conover WJ, Practical
Nonparametric Statistics. 3rd ed., John Wiley & Sons, Inc., New York (1952). We used
Monte-Carlo simulation to determine the p-values for the test. To adjust for the fact that we
were performing many tests to compare each treatment to the others, we used a Bonferroni
correction to examine the significance level for each of these tests (0.05/21 = 0.0024). For
the MTT results, the analysis was done using the General Lineal Models of the Statistica
software (commercially available from StatSoft, Inc., 2300 East 14th Street, Tulsa, OK

74104).

27



10

15

20

25

30

Example 3. Homogenate gene expression studies: [00701 Female

athyrnic mice were anesthetized, catheterized and received either a

single 100 itl intravesical administration of Intron A (2 x 106 1U/ml) or 1-2

daily 26 treatments with Ad-IFN/Syn3 (1 x 10 11 P/mi:l mg/ml) for 1 hour

as described above. At various intervals the bladders were harvested and

frozen. The bladders were later thawed and transferred into lysis buffer
Exappiendg YT EEm e \gutenitiyagetipase (A 006 aEdsmmangyreuent of IFN in
sup Qg%’ﬂ@‘ The homogenates were then assayed for human interferon a

protein concentration 5 using an ELISA (Endogen). Interferon protein

concentralffiV Nad Exprsage i 88 pgriemsadn lﬁlgt?g@tt%%f)@%mﬁ%’fh‘?
teacTHRWROERRRE ) 2nalysis RIA0 . 1 iy (vo ety dies dMEHRE Y adder tumor cells

immunohistochemistry was performed in 10 substantial accordance with
wergialiehiidicr BEnaeniasue 20584it08 Meldsn ik iddditfegnyime
poitREMSLAINIAGy = FallRR¥aIRieT fRso pstaRNE fr G el ARG MASe 1 me/ml

erformed in substantial accordance with the teaching_of Xu et al., ] i
MT Bnadissddcamsotharaciongor sepapt wik ¢R0 s bR, Mrinsdrifcsaamide Lysis
bufférLaadQudildtion.af saRmib PRy Ianat antihadyis@aiast Ruman KdareRi 60 mm
(Hu-IFN-a, PBL). 15 Example 5. Statistical anaI{?siSé?[OWZ] Statistical

dishgs sickg drophed similerhe ararii (e o ro RS o S5 V0 cXisrisHreay) caspase
activ¥indowsHeemmersialydaypdableifresMediaiEibe metics MgsiG43e

0}

H
-3

Georgia Avenue, Suite 200, Silver Spring, MD 20910-5611 USA)to . .
CONGERIERAR: thE DixeT 67 8@6%?35%@%%%%185?%-&%%@& elpsis,
percai€gendsubdploienthiadderapea anthpigsictiedtrorntrGa i ai@stantial accordance

.., Subsequentl ercentgges of pre-treatmeny GFEP.area over pre-
with e R PBAGNILIES S mHe TR e B RO, (ldngnp A
condelggidmaraa mereredntital ed RVES pdrfarmedsaacowphrdmetiihiesol Fujisawa ef
skal-Wallis test).to assess differ [ e percenf.changeJn t r
S TR T 2 b amnas RIS S e Do Blman
IFNABllia. bitttrerameridin Stdublicas AssdeidionEEITEE3-621; DenwvgioWhnology,

Rractical etri isti . iley: inc,. N
T e T ot R B oo A b b 06 Ei e
withfdrethenebictleddjnstfstithg.fact that we were performing many tests to

compare each treatment to the others, we used a Bonferroni correction to

examine the significance level for each of these tests (0.05/21 = 0.0024).
Exampie 7. Confocal microscony apalvsis for acfive caspase and IFNT] localization and

their correlation with nuclear morphological changes.

[0074} Human bladder cell lines were cultured on coverslips in DMEM

supplemented with 10% fetal calf serum then infected with Ad-o-gal, IFN-0201 or Ad-IFN- o
2b at a 50 and 100 MOIL Thirty-six hours post-infection, cells were fixed in ice-cold
methanol then blocked in 10%goat serum in PBS and incubated overnight with anti-active
caspase-3 monoclonal rabbit (commercially available as Catalog Number RDI-
CASP3ACTabRm from Research Diagnostics Inc., Pleasant Hill Road, Flanders NI 07836)
and anti-TFN-o monoclonal mouse (commercially available as Catalog No. 31101-1 from

PBIL Biomedical Laboratories, 131 Ethel Road West, Suite 6, Piscataway, NJ 08854)

- antibodies at dilutions of 1:1,000 and 1:500, respectively. Alexa-488 labeled goat anti rabbit

and Alexa-546 labeled goat anti-mouse antibodies (commercially available as Catalog Nos.
11101 and 11010, respectively, from Molecular Probes, 29851 Willow Creek Road, Fugene,
OR 97402) were then added together with the DNA dye, 633-Topro-3 (commercially

available from Molecular Probes) for another hour. Mounted slides were imaged using a
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30 the MTT results, the analysis was done using the General Lineal

Models of the Statistica software (commercially available from StatSoft,

Inc., 2300 East 14th Street, Tulsa, OK 74104). 27 Example 6. MTT, flow

cytometrv caspase activity and measurement of IFN in supernatants:

[0073] MTT assays were performed in substantial accordance with the

teaching of Zhang et al., Cancer Res., 63:760-765 (2003). Briefly, the .
confblatiddersmpe (Biss Sopdaklibddcid B)\inA rigiliercad arlvred inrcachobapel vsing
Arg%%%lg;@éﬁ@rﬁé l%ds%rp e@ﬁiﬂ{ﬁﬁr@ﬂwﬂﬁﬁﬁﬁﬁﬁ 8 NEHILM. WA § eand

edium were added containing 1 mg/ml MTT. After 3 hours,
reprebmn s activn ke Stsppeisasaeriodiptomelzahienprbrraadiige e
) ffer, | it {greplate reader.
e B e e oty or i Intan A an
harvested for flow cytometry and caspase 10 activity. Supernatants from
a duplicate dishes were obtained daily to measure the concentration of
IFN for cells exposed to Ad-IFN-alb or IntronA. Cell cycle analysis,
percentage of subdiploid cells and caspase activity were determined in
substantial accordance with the teaching of Williams et ai., Mol. Cancer
77ter., 2:835-843 (2003). The Intron A concentration was measured using
an ELISA in accordance with the teaching of Fujisawa et 15 al, J.
Interferon Cytokine Research, 16:555-559 (19996) using an Endogen
Brand Human IFNa ELISA kit commercially available as Catalog No.
EHIFNA from Pierce Biotechnology, Inc., P.O. Box 117, 3747 N. Meridian
Road, Rockford, IL 61105 in substantial accordance with the
manufacturer's instructions. 20 Example 7. Confocal microscopy analysis
for active caspase and IEND localization and their correlation with nuclear
morphological changes. [0074] Human bladder cell lines were cultured on
coverslips in DMEM supplemented with 10% fetal calf serum then
infected with Ad-a-gal, IFN-a2al or Ad-IFN- a 2b at a 50 and 100 MOI.
Thirty-six hours post-infection, cells were fixed in ice-cold 25 methanol
then blocked in 10%goat serum in PBS and incubated overnight with
anti-active caspase-3 monoclonal rabbit (commercially available as
Catalog Number RDI- CASP3ACTabRm from Research Diagnostics Inc.,
Pleasant Hill Road, Flanders NJ 07836) and anti-IFN-a monoclonal
mouse (commercially available as Catalog No. 31101-1 from PBL
Biomedical Laboratories, 131 Ethel Road West, Suite 6, Piscataway, NJ
08854) 30 antibodies at dilutions of 1:1,000 and 1:500, respectively.
Alexa-488 labeled goat anti rabbit
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and Alexa-546 labeled goat anti-mouse antibodies (commercially available
as Catalog Nos. 11101 and 11010, respectively, from Molecular Probes,
29851 Willow Creek Road, Eugene, OR 97402) were then added
together with the DNA dye, 633-Topro-3 (commercially available from
Molecular Probes) for another hour. Mounted slides were imaged using a
28 confocal microscope (Zeiss model LSM-510) and pixels were analyzed
CLAIMSeach channel using Argon and He/Ne lasers equipped with appropriate
optical filters. The images are representative for at least ten microscopic
fieldsianaly zé¢ diferleachi wbnaition:fakle dqarimengwasipenformelpin for the
: uplicate and.repeated at least three times. Al 1 The use of
' manufg% é)r%%lvwgii{? 8?%%62@@85&%%%@%e%%%%g}l?g%frgalpha for the
manufacture of a medicament for treating interferon-resistant tumors. 2.
The.yse of an adenoviral yector capable of ex [ '
for R T T o SO S S SR L R IR e
manufiemersfwheedinasaid: foterfatore iesisfaontursioraareqse wWbersty traigted
interfe\xl“\gtlhrss){gt%hg f@ ersuvss’r%rgfﬁ?gvfaod% ot%'é?l!ffﬁ%%&{ ﬁ?%ble of expressing an
interféron alpha tor the manutacture of a medicament for treating
interferon-resistant tumors comprised of neoplastic bladder cells. 4. The

| SIS eoha DG IRIONARAR: i e

;J%eﬂlaim 1, % or3 Wherein ) idri
. 'The usg 'of an adenaviral vECio
e ‘use or an adenoviral vector ca ressing an interferon alpha

manuffehthec faanedactuen ofe hreticamenfdontresisirtterferorrasisadmn neoplastic

bladd tugg_ rs comprised of neoplastic bladder cells, wherein said neoplastic
Digader cells were previously treated with Syn3. 6. The use of an

adenoviral vector capable of expressing an interferon alpha2b for the

manHacieefa medieamant (9r et eI RoistentiymarRan.
compnseﬁeo neoplastic bladder ce S, wherein said neoplastic bladder
cells were previously treated with Syn3. 30

5. The use of an adepoviral vector capable of expressing an interferon alpha for the
manufacture of a medicament for treating interferon-resistant tumors comprised of neoplastic

bladder cells, wherein said neoplastic bladder cells were previously treated with Syn3.
6. The use of an adenoviral vector capable of expressing an interferon alpha2b for the

manufacture of a medicament for tréating_ interferon-resistant tumors comprised of neoplastic

bladder cells, wherein said neoplastic bladder cells were previously treated with Syn3.
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