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METHODS AND COWVPCOSI TI ONS FOR DELI VERY AND 5 EXPRESSICN OF

| NTERFERON- erd NUCLEI C ACI DS BACKCGROUND OF THE

| NVENTI (KO 981178 The human interferon al phas (I Fl\}f‘fTBPWj"%%se a
famly of 10 proteins conprising at |east 24 subspecies (Zoon, K C,
Interferon 9:1 (1987), Gesser, 1., ed., Academ c Press, NY). The
interferon al phas were originally described as agents capabl e of
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| ynphoki nes affecting many functions of the 15 inmmune system (Openakker et
als Experi rERXPRESSIYION (QF89INTERFERON~-0 NUCIRICerALIDS been widely
used for therapeutic purposes, including hairy cell |eukem a, kaposi's
sarcoma, renal cell carci noma, non Hodgkin's |ynphoma, T-cell |eukem a,
mul tiple and chr ongacreRopemowF | ewse NrRvENEIaNant nmel anoma, bl adder
cell 20 carcinoma, colon carcinoma (wth 5-FU), condyl onma acum nat a,
rhinovirus and various forns of chronic viral hepatitis occurring as a

result of hepati [ , ~fon A non
B virus (NANII%) 'fﬁéhlgf)ﬁa{ttltls %XE‘TB%% hffu)&ﬁéé PII%E% %ectléonﬁg> 3tka Al DA
Res eaigid tle i RIbnRA BT WkeS eath 26( %hbéi:@cl%@ ((k%%%)) K d FN[err] has
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and cc%—ﬁ%"rﬁq% Wr@o% ﬁroesﬁ%e’?'ne% et s al‘#’?ﬁfg tlve
((j;: Solr defes :Lnter(f@d?ﬂ?al?ha@ g»ze_n@éﬁm%n?&ﬂly's\/%g) sc&&b@&gaétg%glebl:%??’) -
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tissue of interestnig BAE Béeh hRid®] Prushddl f&R0E8edipeutic purposes,
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including hairy cell leukemia, kaposi's sarcoma, renal cell

carcinoma, non Hodgkin's lymphoma, T-cell leukemia, multiple and
chronic myelogenous leukemia, malignant melanoma, bladder cell
20 carcinoma, colon carcinoma (with 5-FU)}, condyloma acuminata,
rhinovirus and various forms of chronic viral hepatitis
occurring as a result of hepatitis B virus. (HBV), hepatitis C

virus (HCV), non A non B virus (NANB), or hepatitis 6 virus
(HDV) infection (Pestka AIDA Research & Human Retroviruses
25 8(5):776~786 (18%2)). 1IFN-0 has also been found to be highly

effective against megakaryocytopoiesis and controlling
thrombocytosis in patients with myeloproliferative disorders
(Talpaz et al. .Annals Int. Med. 99:789-792 (1983); Gisslinger
et al. Lancet i:634-637 (1989); Ganser et al. Blood

30 70:1173-1179 (1987)).

Gene therapy techniques have the potential for
limiting the exposure of a subject to a gene product, such as
interferqn, by targeting the expression of the therapeutic gene
to a tissue of interest. However, in general, the ability to

35 target the tissue of interest is one of the major challenges of
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gene therapy. As an exanple of the targeting of interferon genes, W PO
Pat ent Awo ozegelon Publication No. WD 93/ 15609 di scl opesnushp1ded i very

of interferon genes to vascul ar tissue by adm ni stration of such genes
to areas of vessel wall injury 5 using a catheter system I|n another
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I ew see,

Examples of tissue-specific promoters include the
promoter for creatine kinase, which has been used to direct the
25 expression of dystrophin cDNA expression in muscle and cardiac
tissue (Cox et al. Nature 364:725-729 (1993)); and

immunoglobulin heavy or light chain promoters for the expression

of suicide genes in B cells (Maxwell et al. Cancer Res.

51:4299-4304 (1991)). An endothelial cell-specific regulatory
30 region has also been characterized (Jahroudi et al. Mol. Cell.

Biol. 14:999-1008 (1994)). Amphotrophic retroviral vectors
have been constructed carrying a herpes simplex virus thymidine
kinase gene under the control of either the albumin or alpha-
fetoprotein promoters (Huber et al. Proc. Natl. Acad. Sci.

35 U.S.A. 88:8035-8043 (1991)) to target cells of liver lineage

and hepatoma cells, respectively. Such tissue specific
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pronoters can be used in retroviral vectors (Hartzoglou et al. J.
Biol. Chem 265:17285-17293 (1990)) and adenovirus vectors rjedman
et al. NBP98GEMOL  Bio| . 6:3791-3797 (1986)) and stil |P?¥P§?’%‘E’? oi 1
tissue specificity. 5 Thus, there is a need for targeting

expression o alpha interferon for.the treatnment of cancer, hepatitis,
and 95?%%£e5%n8??% su%?éngbl%e?%o‘flr‘@? Py e he a{}bafﬁtﬁﬁ Lfe‘?‘bngfl’l'he
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tissue of 25 interest, wherein the interferon al pha pol ypeptide is

expressed I n bhe tissu«ﬁ o% Lﬁterest I n the patieﬁtl. ‘ as
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Fhen edfetien wis ©

Anot her *QsP R OBP LEh T RSt TRIFF sy fheMt- S Hepat i ti s
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nucl eic acid seg odi n . . . Page 3
VO 98/ 17801 ”ﬁg%tﬁ@% QEBQCQ of the invention l?(ﬁVTEﬁHﬁi?@i%

i n2@r f etnprapphag pbhypeperae alphn nevels nial Segpmntobdinigprest in a

oper ati gt yeht NKBHpEPs fnd" OADL S b L POd |G dghd Ut litRIrest a Cell s,
wherein the interferon al pha pol ypeptide Is expressed In . the patient's
liver. Vector COmPrlsJBP‘-Fu?t%l%’sﬁ)éﬁl%fs?%’i%@ﬁqwq £y %?ﬁifs‘?rtq’bn

alpha polypeptide, the nucleic acid segment being operatively

linked to a promoter having specificity for the tissue of
25 interest, wherein the interferon alpha polypeptide is expressed
in the tissue of interest in the patient.

Another aspect of the invention is a method for
treatment of cancer responsive to interferon alpha comprising
administering to a cancerous tissue a vector comprising a

30 nucleic acid segment encoding an interferon alpha polypeptide,
the nucleic acid segment encoding an interferon alpha
polypeptide, the nucleic acid segment being operatively linked
to a promoter having specificity for the tissue, wherein the
alpha interferon polypeptide is expressed in the tissue.

35 Another aspect of the invention is a method of
treatment of hepatitis comprising administering to a patient's
liver a vector comprising a nucleic acid segment encoding an
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conprising a vector conprising a nucleic acid segnent encodi ng an
I nterferon al pha pol ypeptide, the nucleic acid segnent being

oper at i wyloywshhggied to a pronoter having specificity for a pcIes®/17928 of
i nterest. 10 BRI EF DESCRI PTI ON OF THE FI GURES

Figure p. nt Y
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DETAI LED, DESCRI PTI ON OF THE SPECI FI C EMBODI ME The i nstant
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techni ques well khown in the ar see, for exanple, Openakker et

supr a; Réséﬂﬁﬁr35tinnunol N@thods 65: 55 (1983)). Reconblnant

i ntier f eron al phas have been cIoned and expressed in E. coli by several
groups (for exanple, Mg ) 3-1349 (1980);
Sreuli et al. Science 208 431, rroif! 1 %%ééet al. Nature
290: 20- 26 (1981) ; rignee et isl a grapthebhbtlﬁbOthe185t2§fcﬂﬁﬁefé935é)

Prefera n p. te n aI ha 2a 2b (see,
for exafgr%?gef:[:g\ok 58{%%#%@%‘}73}@2%'[%”9 M Eofr_rar %% aﬁrph SS/ be used.
35 NucFépguraci2désencodaph dhplcpmnge1u¢1©erqeepa¢deVEEh fe
Page 4 a2 measure oymi@§i§g§gge expression driven by promoters of liver-
PCT/ US97/ 17928 RNA.” The phrase "nucleic aC|éEsequence

encodi n§PeFaféfsgenes. to a nuclelc acid which directs the expression of a
specific proteln or peptlde The nucleic acid sequences i ncl ude both
t he DNA )

sequence tha v : THETT ' ciame

i ncl ude both the &ubllheﬁghb mnobﬁtﬁoﬁCpﬂosequeanSh@as for tEéltdSsue
non-full length sequences derived fromthe full length protein. It is
f urdher seﬁaégeeoeﬂprﬁa%l%eoéeaﬂl&n@euﬁheg ubkssue speqil e TR Rr T odons of

the native sequence or sequences which
The term IFN-0 as used herein is intended to include all

subclasses of interferon alpha, deletion, insertion, or
substitution variants thereof, biologically active fragments,
and allelic forms. "Biologically active " as used herein refers
25 to any anti-viral or anti-proliferative activity as measured by
techniques well known in the art (see, for example, Openakker et
al., supra; Mossman J. Immunol. Methods 65:55 (1983)).
Recombinant interferon alphas have been cloned and expressed in
E. coli by several groups (for example, Weissmann et al. Science
30 209:1343-1349 (1980); Sreuli et al. Science 209:1343-1347
(1980); Goeddel et al. Nature 290:20-26 (1981); Henco et al.
J. Mol. Biol. 185:227-260 (1985)). Preferably, the interferon
alpha is interferon alpha 2a or 2b (see, for example, WO

91/18827), although any interferon alpha may be used.

35 Nucleic acids encoding the IFN-0 polypeptide can be
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regul at &F§L* egi ons such as pronoters, enhancers, and term nation

regi ons. The term The Eéfﬁxheﬁe'teéfu96§ee££sie&rx?ﬂfaf“é’x&é@éiw sequences

spliced 35 fromthe nRNA transcglpt, along wth vartrants resulting from
aIternaI%%%F%mﬁiC%PERQQEQUS self-replicating circular DNA (pl ials ,
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e.term" " Q_an aut ononpus ci r.cul ar , ol ecul e

capzji Iergoflpr_ep |Jéa?r|§tgnrﬁl$1r%or arrfljsnénoori%elcl‘fﬁucfé‘bltﬁiﬁ% is desgr &Ssi on and
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" r econbiAnreRwaed " wisthin eduniliowintd yenomepr oduced toirotceintaimef ers to a
pepti de Qi1 it £i b 100 Gad s Y ; - | | not have an
endogenous, coﬁ ogp? DNA able | tgoesx?p$%%We%%g§%e%%lg | I's produce
t he prot%’lr?rbg%da(usle‘e' » operatively linked with other necessary elements

such that nucleic acid in the vector encoding IFN- can be

25 transcribed, and when necessary, translated in transfected
cells.

The term “gene” as used herein is intended to refer
to a nucleic acid sequence which encodes a polypeptide. This
definition includes various sequence.polymorphisms, mutations,

30 and/or sequence variants wherein such alterations do not affect
the function of the gene product. The term “gene” is intended
to include not only coding sequences but also regulatory regions
such as promoters, enhancers, and termination regions. The term
further includes all introns and other DNA sequences spliced

35 from the mRNA transcript, along with -variants resulting from
alternative splice sites.
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15 they have been genetically altered by the introduction of the
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icular tissue of erest |s .acco i shed t he
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by tﬂ?@n{-naﬁﬂeeOéelhé etlest . d@mmlm@arkmgammmdﬂ ONA able
pronoters i t f r , h .ha en used
to di rec?ot g:%%%?e 5T oR g?é%/st?%lﬁ) |(§eaﬁtilij exp essmc')anpq:c’tm?\1 r]roues?cal%e and

car dbac thegubay€okeen geénetitalkly IsUterdsd 799 the intreeBiotidmmafddieoobul in
heavy org bQQ{a %%Eé?@& eiSid Medlhce. ONY ez%‘dd?ﬂn‘?{arﬂ.eriﬁ%déirﬁ“ﬁ‘?ul S,

al bum n or toprotein | pronpters to target ce 1 ver Ilneage
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limted to HMZ Co ctase“ rom)te,[ CeII ol .
7(5). 166959H85R (1589 bory orBf ST ana SRRl PR 9t 5 oh o
al . 29. Bi.nter@:em;eahzsy BEé5¢4) . 2306- 2310 (1990) ; phosphoenol yruvate

carboxy kinase  (PERCQ) pr OIRLEL(E,5P00EL AL agh Al NPLiCELL1Bho!

vector comprising the following elements linked sequentially at
appropriate distances for functional expression: a tissue-
specific promoter, an initiation site for transcription, a 3

25 untranslated region, a 5' mRNA leader sequence, a nucleic acid
sequence encoding an alpha interferon polypeptide, and a
polvadenylation signal. Enhancer seduences and other sequences
aiding expression and/or secretion can also be included in the
expression vector. Additional genes, such as those encoding

30 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, tﬁymidine kinase, beta-
galactosidase, dihydrofolate reductase (DHFR), and

35 chloramphenicol acetyl transferase.

In the instant invention, targeting of the IFN-O to a
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12(3) 1396- 1403 (1992)); human C-reactive protein (CRP) pronoter (Li et

al . BiLal . Chem 265(7):4136-4142 (1990)); human g
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Exenpl arip musisile spetigardiac tdsaueh (Qosmett gl oNagnge 36401338t Pncl ude

but are hya t g th'gag,,cj‘, hata; p ter
(Banas e@ggj))él olgﬂ?&nr%%t}%ﬁﬂ;gxs Act a. % (ilght EI(111(2&)&'{)&1%8 g‘%tt%Mog%%stat e

secr et orRFFRTIGN S FERGSSEBB el ss, @H%mm( Q&1 adrba-fetopretieim

Bi ophys prA¥mAekO&(R2)tardfet cells of liver lineage and hepatoma Bedas/
V\ngg /17801 PCT/ US97/ 17928 9

) TSRSV E i fic antigen conpl ex pronoter (Casper et al. J.
Steroid Bi ochem NikemBlaty #ilsgie-Bp2/ERS expredsi®il)dlenuntan fmnche ar

kal |'i kr t { r
Sl ARG 9 e o o Ot R o
el enent stIfuskeyastidle. Cell | &dod .i EUd %3!- &983ndt1337rﬁ|)tedsf-§rplle hurman

Herr]/ n onnt Tan t x EBS Letter
D55 (0. ToSUEASA nenC gD MARRRU N RECTR 61 L 80 BRoT Rhenl D00 Fre oS

expkessidib €420 6-2310t K4920) ;pahosEiwenwl wiprivatar eanboxyi Mimsdse o
gﬁgﬁ: eat (HEFCIAS SRS (i RPSIGRPYREE" MoPAPRPUBSEYI, et al . J. Biol.
12(3):1396-1403 (1992)); Thuman C-reactive protein (CRP)
promoter (Li et al. J. Biocl. Chem. 265(7):4136-4142 {(1990));
human glucokinase promoter (Tanizawa et al. Mgol. Endocrinology
20 6(7):1070-81 (1992); cholesterol 7-alpha hydroylase (CYP-7)
promoter (Lee et al. J. Biol. Chem. 269(20):14681-9 (1994));

beta-galactosidase alpha-2,6 sialyltransferase promoter
(Svensson et al. J. Biol. Chem. 265(34):20863-8 (1990);
insulin-like growth factor binding protein (IGFBP-1l) promoter

25 (Babajko et al. Biochem Biophvs. Res. Comm. 196 (1):480-6
{1993)); aldolase B promoter (Bingle et al. Biochem J.
294 (Pt2):473~9 (1993)); human transferrin promoter (Mendelzon
et al. Nucl. Acids Res. 18(19):5717-21 (1990); collagen type I
promoter (Houglum et al. J. Clin. Invest. 94(2):808-14

30 (1994)).

Exemplary tissue-specific expression elements for the
prostate include but are not limited to the prostatic acid
phosphatase (PAP) promoter (Banas et al. Biochim. Biophvs. Acta.
1217(2):188~94 (1994); prostatic secretory protein of 94 (PSP

35 94) promoter (Nolet et al. Biochim. Biophvs. ACTA 1098 (2):247-

- . _ " Page 7



268(19):14470-5 (1993)); elastase 1 transcriptional enhancer (Kruse et
al . Genes and Devel opnent 7(5):774-86 (1993)); pancreas specific

anyl ase wswualosi7eet ase enhancer pronoter (Wi et 15 al. Ml . rCrivsom/Bozd .
11(9):4423-30 (1991); Keller et al. Cenes & Dev. 4(8):1316-21 (1990));
pancreatic chol esterol esterase gene pronoter (Fontaine et al.
BiocheniStny99®(28)pf6983ﬂé spec1£189éﬁﬁlgen complex proﬁb&ﬁﬁﬂfﬂagper

ti ssue- s c ex SS nt r 20 r | ude but are
not Iim 8t ro{g ocngm SMOP l& H4e?ft ELét a:{? Annal . NY

Acad. SCI(19622) p%huan glafd9@Pdy )kallikrein gene pE‘)tﬁmJ:le&I’ y(Hgtssle- gpdcj i ¢

el.l I t t limted t
chol oot eb bl S47 GREESa T mre1 8y SET (aSRamR A MR 12 O T R o7,
Chems 26Bx&hplar20t(£898)specific expressimenplemgnts sfoe-gpentfd C
eXpress' ?EsSLS”’EH&fuéQrbﬁ@ are ?8€”f{rﬁ‘iték?ré’é’%e$¥i§ié&§n gf‘asedﬁxf\%ge are not

ase neur on- speci prom)t er
(Forss- abphﬁesubunet grommurohi’@tzya 187 -3l (BERf)etters 298: (2-
Exenpl ary, t, Ue--Sp y EXpressi on el ements for the brai n include but
are not ? n??%d%?b Fﬁeé%gurofllanent heavy chain (NF-H) pronoter
(Schwartz et al. JExBmplarghsassue-speedfig)expraasion (gbsmgnts 36or the
Exenpl ar yahbsess- §ﬂ§l§uéé%@ﬁ<pé§é5zh@@ EBlR{Ed std Yancred ABRORE R idtddide

but are not limted t u
Page 8 protein pvﬁy@ ?E7gB&Ppa(Dusettl et al. J. Biol. Chem.

PCT/ U897é&35@a§) 144701/59F@f‘9)293159) B @1@@@&@.@ { HapsAB et paliondl Rianddiem

266 3%?24433 df?%fi// %é 2 fergfi?%Tsﬂ) ki nase

| ambda 5, BBt oy | €8 :
p56|ck) EA8PERE éb@c§§1@|am§@$secﬁﬁa efﬂéﬁaseféﬁﬁﬁﬂﬂpr dgéﬂ]@NﬁUéb the

pr o er_and_jt tra scrlptl enh cer Lak et a
of 1 O8Res6es8 010 R ) AARSERL HI e KR DESE (FT &
act | vat | @NpENKGR) 8) : 1306000L qr19@+dqqchlph%cqteaadlc |6H6mé>é}@é1§él Césazeak'eloz 7
(1993)). Exenpl ary tissue-specific expre sion el enents for

the 10 €6P8NPFABPEHEE bﬂ?n‘a?bnﬁo‘?tlﬂntmmm 0{9Rdsi TRORAke
pronoter (¢dghaponti et al. J. Cdin. Invest 91(1):53-60

Exemplary tissue-specific expression elements for the
20 endometrium include but are not limited to the uteroglobin
promoter (Helftenbein et al. Annal. NY Acad. Sci. 622:69-79
(1991)) .
Exemplary tissue-specific éxpression elements for
adrenal cells include but are not limited to cholasterol side-
25 chain cleavage (SCC) promoter (Rice et al. J. Biol. Chem.
265:11713-20 (1990). |
Exemplary tissue~specific expression elements for the
general nervous system include but are not limited to gamma-
gamma enolase (neuron-specific enolase, NSE) promoter (Forss~
30 Petter et al. Neuron 5(2):187-97 (1990)).

Exemplary tissue-specific expression elements for the
brain include but are not limited to the neurofilament heavy
¢hain (NF-H) promoter (Schwartz et al. J. Biol. Chem.
269(18):13444~-50 (1994)).

35 Exemplary tissue-specific expression elements for
lymphocytes include but are not limited to the human CGL-
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(1993)); organ-specific neoantigens (OSNs), nmw 40kDa (p40) pr onot er
(I'lantzis et al. Mcrobiol. Immunol. 37(2):119-28 (199%&%,'H col on
speci fi WRBNF- P promoter (Sharkey et al. 15 Cancer 73( BYA9%s4- 77
(1994)). Exenpl ary tissue-specific expression elenents for

breast cells include but are not Iimted to the human al pha-
| act al bk GFrFRBTRE B ROPRRAFFRt (RANSE} 9% H ) L.CRiedr. Chem.sA&§: 773-5

(1990)) . (78) :24433-8 (150", SRS HLM MeSRPAU L {4 Bl CYRERTS ON 11

e
a tissue_of i1nterest can jnclude secretion I"eader sequences, .
enhancer’ambfr| 2arVBPERRY i 304 | K i HARRRoCHERIFRAsIAfiic tyaesines proteigt c.

Pr ef er alitihadd5%s BhIe et St & dend Vet £1 omdihe ddigsuesief . interest to
aid specificity. 25 Techni ques for_nucleic acid mani pul ati on of
the 5 FhE}@) e532P043edddfdds iofthhWiARNIt $BA BHORORSTsaBel difisng

nucl ei ¢ AGEhEOBNERSH LN Cathdi-o| YRR idleall NEMERXPI.eIF{ DO) : 31YFCHE' S,

| abel I'in robes, DNA hybridization,_and the like are . descri bed

gener al Ielﬁp%o)s)amﬁ%kt}é? hyman NBf it &F g ohisRecl A s @chivpddsmor WG ual
(2nd Ed.gronter ltoudiiws S id10. Hai@iogenedialiorat 02y 1629 Sprogg) Har bor,
New York, (1989), which_is . incorporated herein by reference. This
manual is herei naf EBEpMPlary b isFeg-fBeaii e ppERRksin glements for the

Onceo DNA: 10 i il 1@d & asiuie Nte Aot MEANRSdA 1t I -ed- S yrard nd wiethseone

can express the e ed proteins, in. a yariety of oy napt |y
engi neer&PERYTF%. Pf‘-{?fj O hé tiealsﬂl't f%‘t—é%%e—%*—— HAse 9115923188
Page 9 (1993)); oMaR&JddBDiic necantigens (OSNs), mw 40kDa (p40)

PCT/ US97/ 17928 skill i,n the .art are .kn edgeabl in.t uger ous
expr essiFPTOTeR (AR AR Fant o Ao ES s Lgéd!}'ﬁg&- at t enpt

to deszg 3 Pre; | ot asped 1l & adn tOlperivet Rttanddsaw Shairkeie X pr1essi on

of oteins_ in aryaqtes, o ukary | s made here. 5 I n
bri % s%ﬁ‘%%z, f%ggefésfsm o] 6gf'kﬁat ﬁ#%ﬂ iof synt hetic nucleic acids
encodi ng a sequenceExahplater esssublspeci fiypetmtdysivn achéreaetk bfooper abl y
| i nki ng .t he cDNA 10,8 ronoter. (which is. either constitutive or
I nduci blbe e,asf%:%{vleésd lnCi‘b?/e irﬂ‘%:%rég%er anfcl’tonlllgnvrgkoecgﬁoefgxreeg”gfngﬁ \?(séL Ih6—’1r. The
vect or s lagtdouin spromdter f (Fheapl et atl orBridd shidaqiCamicer.i n ei t her

pr okaryoéffs q.,%r_seulf?gggigs. Typi cal expression vectors contain
transcrip o?n’ and'transfation termnators, initiation sequences, and
proddters usef Qcheyr etenantsi ahdongt fiecekpr ety vl XSS e | @le

sequence; Pish M SF ephredOs OLA M Ak Olad GVl r SR IR OfsRrubiced ,0ned gene,
it is desirable to construct expressjon plasm ds whi_ch .contain,_at the

mi ni numMeRPARGIRTy PReFbRaY 1Faftizrtion signfsor igdasToly b &&aFe d85hdi ng
site foretd ansppréforatbly, thddbd isléemhtantlta ddrmRa iflondHe aridAld &F

term nator. The expression vectors nay al so conpri se generi c expression
interest to al£ specificity. y P 9 P

25 Techniques for nucleic acid manipulation of the
nucleic acid sequences of the invention such as subcloning
nucleic acid seguences encoding polypeptides into expression
vectors, labelling probes, DNA hybriaization, and the like are
described generally in Sambrook et al., Molecular Cloning - A

30 Laboratory Manual (2nd Ed.), Vol. 1-3, Cold Spring Harbor
Laboratory, Cold Spring Harbor, New York, (1989), which is
incorporated herein by reference. This manual is hereinafter
referred to as "Sambrook et al."

Once DNA encoding a sequence of interest is isolated

35 and cloned, one can express the encoded proteins in a variety of
recombinantly engineered cells. It is expected that those of
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20 cassettes containing at |east one independent term nator sequence,
sequences permtting replication of the plasmd in bot h eukaryotes and
pr okar yowe®s/i7soe. , shuttle vectors, and sel ecti on mar kexsussnTéest h
prokaryotic and eukaryotic systens. See Sanbrook et al. 25

The constructs of the invention can be introduced into the tissue of

i nt er estsKiN Vit tife @rtViate hyowledgeableOfin theNBufedsus! 8xpP8Bsion
enbodlnent of the. |g#ﬁpt| t he vector i nt,oduced..to gglls bé such

met hods = |ﬁqﬁwﬁWﬂ |oniQ%EngﬁﬁFSI°npﬁgsBN§tSnBPQ&PErtay?oﬁ PPBEsbRe
f usi on, dﬁSdﬂmha:ﬂn<d§tamd 3bde fartbes mebbdidsektewnt fier Dbldei expaksaian

direct| ww&%ﬁﬁ% groka%oit'e%eoﬁsreuchQXBEQQr g{agaénﬁa% the

constructs are pack to a vira emto facilitate
i ntrdduction into In %kﬁﬁsﬁummaryr the exPnﬁﬁﬁﬂonvéét@ﬁtyyﬁﬂeﬁﬁ useful in

tge pr a@méﬁld hfaci®eid Belidat endvaihyoR b?@heﬁ@ea%nﬂﬂtéHlklt\ﬁ/st hﬁug%sw rus,
adeno- .rus, nute VviLus-o ndbi s

vi rus, 5@3‘ %Fb§é§ g& ﬁ8&§a§gyboﬁﬁk999u§£ ﬁ%A ﬁA

Page 10promoter (whmbhgamléﬁmher constitutive or 1nduc1ble), followed

PCT/ SOt 19%brporar.ioh/ kel b okielaash yekeop! Afel DaLants’ axsnpLon

are | nse Suc vector to a Oow_pac erferon

expk@ssiso tednia fant replgicesiop ﬂpﬁh1§§€6ﬁ9§h9hngnvﬁiéheE»P¢0karYOFﬁ$ect|on

of a senrgl tdhi@riRtescel prawleé&beégb%nwekbsrs eohBhehf 8F8Asar 98P SonA
partlcukgé{y advqpta eous vector 1Is adenovi r us vectgr di scl osed by

Wlls e Bgtors,51§6§9agegg Fegygpces, and promotergp
still omheﬁudnﬁmdlmegmaamhohheflnhenexpneshhen of pokgnubleavidéFN-[err]

cono! ! UekiniihdtBd IMAILEAR 2" 6o°BBLUAR! B.h01 o BxCeLlotgseptal |1 oand

for faC|I I'nvag i RAEToNn" 0
i ntEF nald P@teidoﬂe@fert & éﬁddgén:ﬁﬁble tphr:gnghrucgr\wcpmmswgnnpleszqulw: et

al . J. Rnalch E&fPain, a%6%h%4§§$1%ﬁ§24a(é8§§%g ¥§?§8é991§9)d1EQétexanple

t he DNA constructs of the inventign can ked through a pol ylysine
15 noi SERRSETAREOR oPomidosraS RﬁPéHngssétﬁlGaﬁthﬁFs%ﬂElonal
asi al ogliydapaatien) mecept aﬁ:aﬁfschepaﬁenyteans1atlon terminat& m | Bhéy, viral

envel op r kagi ng.th constructs of the in entlon can be
o {1 S S DR My g, cofBPEtboShAsTe SRRFBERTE "opei i ¢ for
a r%%epﬁ@ﬁSﬁﬁqﬁermqntainlmecaptéeaﬁEdbaBednéﬁnen§enSiEermlnaSQEClf|c cells

(e.g., enx%?’%@%ﬁ%nd@@ %%&%&%%%ngVQEBﬂ%QQEEQi ok”tﬁ@ﬁBl&Q@P&'ﬂR”ts of

t he |nvent|on DNA constructS of e Invention are |1 nked
viral pRSt& RuKaryatess BRdeREOKRATYOESFt i dl-€s; BBUELLE| YEGERTS: saa'

selection markers for both prokaryotic and eukaryotic systems.
See Sambrook et al.

25 The constructs of the invention can be introduced
into the tissue of interest in vivo or ex vivo by a variety of
methods. In some embodiments of the invention, the vector is
introduced to cells by such methods as microinjection, calcium
phosphate precipitation, liposome fusion, or biclistics. In

30 further embodiments, the DNA is taken up directly by the tissue
of interest. In other embodiments, the constructs are packaged
into a viral vector system to facilitate introduction into
cells.

Viral vector systems useful in the practice of the

35 instant invention include adenovirus, herpesvirus, adeno-
associated virus, minute virus of mice (MVM), HIV, sindbis
virus, and retroviruses such as Rous sarcoma virus, and MoMLV.
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endocytosis (Curiel et al. Proc. Natl. Acad. Sci. U S. A 25 88:8850-8854
(1991)) ... er enbodi nents, nol ecul ar conj ugat es 3%§§
i nventi O‘HO(?QH%OHCI ude m crotubul e i nhibitors (WY 9406 ’Bg&r}yﬁ%etl C

pepti des m m cking influenza virus hemagglutinin (Plank et al. J. Biol.
Chem 269: 129&3- 12924 5:1994))f and nucl ear |l ocalization S|gnals such
as SvaoTyPisallyyi fBR CAPRSSFY6FEgpt the instant InVeRLIeR ate(iBISEHERE" as

used hebdeitp ksschnwentedst éo allbwfpackaguhg piit thduthtentfefonucl ei ¢ aci d

encodi ng,80e3hlA_ conskILEEL CEOB:ER 3 PRLENACEBROLAGS U POSE) oygXPOSI NG

tissue erest, “espéci i Ssue havi ng nore cells 35
dennnst#aﬁﬁﬁ§1§6n@fpétﬁ@PégylV?thS§h§eﬂﬁbeﬁﬂér@ﬁPrESHHGH ¢bHrthe exanple,

2 PR L bANP gl 1t S04 ch.ASLSY LAnELRYRe vector is the

PCT/ US9Z5LA3%8 rus vect'oQ mge@oeea 8 fmhescek! s1i Sn&kasgéﬁé% apy
cancer ous, mal i gnan t unor ous, precancerous, anst or S an

adenoma5: 107&ﬂléaﬂcﬂmﬁﬁ#)or any ot her synonyn1connon|y used in the art
for these cond| td@ONS: other embodiment? dm%nqﬁegﬁ%lg gel knas used

herein is understood in the art as excluded fromt finition of
cancer omecombiannér IFN-o cehstrandscaﬁ ithel ddeentionl acel tondndatell so

di spl ayi ng some pat hol ogi cal feature such as infection by a virus,
bact®eri anfell resgpégrtélgap offREr fBFdanAtatedcuprakar feeded by a

her edi t abk8glBatreondbEi ebatbat piesdans theerhess-opibABbEt FRE BREHBLMES

ot cct i BHEOHEEL Aol ALk REn Re oy AEECET Ble. LaibbertaShnl ch  have

survnvegsannawhﬂimﬁﬁnﬁt(£§§e$, wa92/06180)._qu eiaﬁﬁmémwﬁh@rnkherapy of
any condi ti

fit d t f
oy n pFPOPCEBCERGO! TR 4RSEREEDG Gr KB ORRPE: DRGSR 2 dhg Y FECaPtor
di agnosmeietyato as1adndbrbmncpfhds whachexanpl 2igan@afoenthsuspect ed of
havi ng gSla%oggk ?Qgggggzrgggg ogfa&ekﬁggggggg probability of devel opi ng

sone type o can tre nposi ti ons of the 20
invention. Siml zﬁrllnyllqi-‘lp@r%#aéxm@iqwsauﬁ@hégé’npa§ﬁéﬁl§§ the

hepat|tb%n5t!hE%§,o&aﬁhﬁelhb%ﬁEQGnthh b@emaampgéatbpnﬁhefaaaﬁclon of
i nventi on before hegatltls is aqgnosed. Fuyrthernore,

carri er SSGFPRBY & IpREFeREs 2P & P 68 EB@SﬁElEaFPFe?er ﬁBB%r to pPPEBLkd
af tar gresepspmﬁmedﬁambdlhaddcyeaséshameolspeoyéﬂc 28lls (e.g., onhe

CO“Str“§5§2%E hewb“%ﬁ?&hﬁ@aar%o“§2 b@&thezn mﬁ&Qeéﬁﬁng%eﬂéé'

cancers, hepa itis an er condltlons nlnls FI%H of
IFN—[erﬁpvﬁﬁtﬁapsethENDﬁérFPHB§WQP§S|ﬁf the- @ngsuésonsaEGthmhg@on@

i ncl udi g -RYt Rk elindl t edchoadl aBeablN®us particles, to facilitate
endocytosis {Curiel et al. Proc. Natl, Acad. Sci. U.S.A.

25 88:8850-8854 (1991)). In other embodiments, molecular
conjugates of the instant invention can include microtubule
inhibitors (W0/9406922); synthetic peptides mimicking influenza
virus hemagglutinin (Plank et al. J. Biol. Chem. 269:12918-
12924 (1994)); and nuclear localization signals such as SvV40 T

30 antigen (W093/19768).

The term "treatment" as used herein is intended to
refer to the introduction of nucleic acid encoding an alpha
interferon to a patient for the purpose of exposing a tissue of
interest, especially a tissue having.one or more cells

35 demonstrating some pathology, to alpha interferon. Thus, for

example, a "cancerous" tissue is intended to refer to a tissue
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colitis, rhinovirus infections, condylom acum nata, |aryngeal 30

papillomtis; HV infection, fibrosis, allergic diseases due to excess
| L-4 and w@Bs/prsotiuct i on, and granul omat ous di sorders, puthisasifonohn' s
di sease. Al though any tissue can be targeted for which sone

ti ssue-specific expression el enent, such as a pronoter, can be

i denti fi dd, whfi chabhieColramoirat eeest ks ENEs3DribhsSssecsPesidis

admi ni st gng.tliiﬁﬁa%: I Egl—ﬂ‘[)err to raise | FN-[er rl‘ Igvel S I n cancerous

ti ssues, Such as hu prEst aPESERPEPRBHE ahtidnstormed, or as an adenomgyge
12 or caypigema7g8dr any other synonym commonly used in the art for
PCT/ US974£4£388 conairiRgRat oma tissues. Furthernore, the constructs of the
i nvention can be used to raise IFN-[err] levels in tissues in

pat hal ogi cal dondFFIceRSeURi eelhoascusedr besetrl ks andedstbodenn in

i nterf er enepaeduaki eftclided, £PERIEEE EBSSniPISHfSF %ﬁé@fbl‘%%&ﬁ i5<; r%} 2%’

cells, su;@ as |n§ chronic th atitis. B vi{us carriers _. |

al . HepStorogf TaFel: 1868948130718 15511s and cells Hsrimsngesame of t he
i nvent i opathelpgcéoabi fieaturenstichicks ffifection iy GtRhd®, N6 GBONIRNY
tissues : tQ.,.ral t I concentration of interferon al pha
in a cel ?E‘Eg%%gfi gﬁ gkﬁgﬁ Q?ﬂ%@?%@t cellsa £eid PYrife herfsbiiahiohs of

t he i%hveRPREatipnl thatf sendensethem 1éos opimimiktils arodmalramnerisiknown in

thedm et . : by
e art agpeptabheefParts, @Qmal§££é&t9@t%fo§m§%81fén§v%§g{;df_fhe

prefer abl.% a_human. _[n sone enbodi nen s

conposi t FBAECHEO Aed18eaF R BRRFBNSEER B GERReie erets di raset Igelilr avisich
ti ssue bhave sunjteedoangrof nthede bsopssy@ssadtsuppl ying the tissue of
interest. In furt h%r eg@ROdi rrent% of the invention_the conposi tions of
the invention are admnister 88 *PSEPEGPENERY yeondition whichiwendd cal |y,

i nt 18l esbenatiy, fas6/ admigps€ht Yon | Hf 20rn-Qd Nedn Pl %ﬁgcﬁ* Ao t

invention, the conpositions of the invention are a ni stere
syst eni cdiagnogisnpécthenconditiomabataomms uipesiditer dieanedaRE a

deliveryeoglfeidf. f her . the 1 nvent.i Lhe

conposi t?%nsfg%%ﬂadlr:‘lf%ilgi R i% L}%lﬁ%%aga %n& grusSp()erCt&%:eorft FRDE & o

al | ow acRESSARGSECREnbeel I oF | an unered sadkmxbatsddvao fadevetlepialg or gan.
The conpssiméi opSe of @inéde ddlyahd | OFeLAY 5% %ea@&di'ﬂo%ti%ri%q‘é B edept
typ?Odevices . i r’@l anis, or encapsul ated formul ations to allow slow or
susfai netF YerEAR2: of 1Ll Fohhodt (ROROn exposed to a pabhe@geRy e fHICH as
provi deshepapbsis i Breifws, 3an doki thied el vt IR coOMPRISitd o sS @futden of

t he conpggid, t [wvention di ssol ved or, suspended in_an

accept able %%???%%Efore pllr;%ée%aﬁ% Jagn. cglqat?é"oouSSE%lf:i‘ar Fiué‘%%emgﬁ'etsysg’lecmous
carri er sCArri gy ‘b‘% R 0T eraf-1enks ekikelf frar drrammeecartrig@¥ss alainnde 0. 3%
gl yci ne, it &4 0df e Chrkb S syt drik & RS @ 1GIIRAS bl QNS rRYved .

25 The constructs of the invention are useful in the

therapy of various cancers, hepatitis and other conditions in

which the administration of IFN-0 to raise IFN-a levels in

tissues is advantageous, including but not limited to ulcerative
colitis, rhinovirus infections, condyloma acuminata, laryngeal
30 papillomitis; HIV infection, fibrosis, allergic diseases due to
excess IL-4 and IgE production, and granulomatous disorders,
such as Crohn's disease. Although any tissue can be targeted
for which some tissue-specific expression element, such as a
promoter, can be identified, of particular interest is the

35 tissue specific administration of IFN-0 to raise IFN-0. levels

ln cancerous tissues, such as human prostate carcinoma and
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35 be sterilized by conventional, well known sterilization t echni ques,
or may be sterile filtered. The resultlng aqueous

Page 13 W bdilsbt VO 98/ 17801 PCT/USH7/17928
PCT/ US97/ 17928 sol uti ons may be packaged for use as is, or

| yophi li zed, the h|||z reparation bei ng conbined V\nthasterlle
solutioﬁg paﬁﬂﬂ%ntﬁﬁ?@%#; €$%%m?reTh§h€bﬁﬁB§| MGHS Rby thSnigvRRtion
phar maced cald Y, L ey %@1%@%&%@@&%1@“1%%%5%& Gahu Ha%@xotlggl%al

appr oxi mat e physi ol ogi cal conditions, such as pH adjusting and

buf f eri ng:oa@nilsmst ami @:Hmmdjdnﬁidame&gﬁ@.t selWet bireg dé@&&tl&n@ndn t he
i ke, for, sodkgnlacetate sodlugb:achgte

de,
potaSS|uﬁfb r'ﬁﬁﬁ? BEQH I dritde, PESBCEaness lﬁ%ﬁ5&§6?§tgﬁan the
tri ethandlesmlithy cleddisa, satah a0 in chronic hepetdtnsent vatruencekrikes

composi 1 @R,Al AR et IVeHdAURIRANG §@§L&L§aﬁ [eLges pf | onggean

vary w dely, e., fromTleéss an abou usual Iy at or ast
about 2%some tezmm;shmmsapfzm ar@@%tolonnmhe ecmebghantapdneciicbe are

sel ected ¢ ;g d¥dd B IRk ! @rﬁﬂﬂ' d vQlaums, ¢ 3693kt bc%srgsgg thkN186G9r dance

15 with t epartlcular mnistration selecte The
conp05|t|Q9%9Qﬁtﬁﬁﬁ§qnh@éhﬂﬁ6@1ﬁ§$Qﬂ sdprhe in azgmldi peepdatira Pfposones.
Li pos@nes nuealdsde emul sions, foans m cel l es, insoluble nonolayers

liquid crystals, p hoI| sper.si ons Ianellar er the
ke, 1 T hece 20" AIbAORARREE 105 o Bt Gihar iy & ML

deIivereddnsadmlnusmammnmmtégra@nm@ms &hownluposh&earalaneeptabme for
conj unct iof \y; sj?;rattiﬁ% %erapeﬁ“?‘u 2 OSEC r@%%!r%%‘ig g dhanSuch,a

anti body,” or éni c conposi tions. ?hus
| i posonesagia l?@\boﬁmﬂe@dlsopfdm am@nmlpw'at@ésppwoe?éﬁ’p@mst p&nths of the

i nvepd i Oflrﬁzferiﬂl%ri @é@ﬁ%@%&ﬁ%ﬁ%‘éx‘é@r %‘11%\5%&9”‘19%5' % t95sue pgan be
directed to a tissue Qf i nterest,.  where_the |iposones t hen dellver t he

sel ect ed WHEHFEM i i G‘gé’r%%’dpéfﬁsls&é Supp&é’ﬁfb‘gs FPFoﬁéssue of

Li pOSOWESirfUHrdﬂS:e i 1t rfemtrm\e&ntetmcﬁmnft@r oEd theoimsensti andahd
vesicle-f%%pin I1|ds m@l &@ I |nch%q%ln§utrg "o O%ndigng? |yely
char ged 6ho§ﬁho 5% er&l Su g ENhGIESt er8F°F THE®8Eradt 1 on
of |i pids .ies ,ge'mralwe,smlded byxtrale@dnsadéyat aoA/of, tepgcalliposdne si ze,
aci o § abideigl bodinetrdPide lohelli /it bAOS BHES chiipbliecbbaadost Eaam A

variety of 35 nmethods are avai preparin I posones, as descri bed
in, qyenQ$aﬂ«§na %leq%ﬂ¥erﬁévsyﬁﬁﬁ 9§llsug§ngn390&69n<1980)
U.S. Pat gémfhal¥esioh, 23uppbbi thr01 ttdSsdérthdl, 028ivard, 5029, 368, further
Page 14 embodiments of the invention, the compositions are administered
through catheters or other devices to allow access to a remote
. 25 tissue of interest, such as an internal organ. The compositions
of the invention can also be administered in depot type devices,
implants, or encapsulated formulations to allow slow or
sustained release of the compositions.
The invention provides compositions for
30 administration which comprise a solution of the compositions of
the invention dissolved or suspended in an acceptable carrier,
preferably an aqueous carrier. A variety of aqueous carriers
may be used, e.g., water, buffered water, 0.8% saline, 0.3%
glycine, hyaluronic acid and the like. These compositions may
35 Dbe sterilized by conventional, well known sterilization

techniques, or may be sterile filtereéd. The resulting agqueous

Page 13
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i ncorporated herein by reference. A | i posone suspensi on

cont ai nw&gg? 1fa@{posi tion of the invention may be adm pegigsfhes
I nt ravenous ocal ly, topically, etc. in a dose which varies

according to, inter alia, the manner 5 of adm nistration, the corrposition

of the LBYRRLLAL RSY Be paciEbbucrsr 4andaLhes stage ololbe ., bei ng

d conp05| I ons, con i‘ona non OXIC solid
car r | er éymlﬁéméeﬁrmaéntpﬁm baéngf 6pmbiaRe| €ith arskreite elutionyr ades

of mannpiebr kecherenistheNonTRIMRE UBINBLERE 2b8s WA dbptddin saccharin,
nesi um car bonat e,

tal cum eI | ul os cose, o he I i ke.
For Cor nPRS R PO L gR 1 8 e BE e IR E Ry s e o A BN d
conosi kpproximbaenphysyologicatocpodatiogs anyuch a@q:mmdﬁalémWed

exci pi ep#& ?:i\g}g %éentngr Qgﬁ ?@{;r hﬁ{;ﬁs?iﬁ%' Q&éﬁé’sl 'ﬁé@ginp%ryq&%]§r

10-95% © ons 0 the
i nvent i she likef & Eﬁ@@ﬁﬂ?@nsoéhﬁmmﬁétéf—éf e$@l®1-'9mala%1t@@vceﬁmdm on of

25% chis¥ide, potassium chf8iidgl 08l 2GR ChBbF Hid ONe ot £HONMPOSI ti ons
of the Lnvention are refgrablxﬁ/ o{gglled in finely divided form al ong
t

20 wi t HOROLGNFatRantTARGPAREpEIES VB c&F<per cent ages of

comuosi tions of tMEhd m&ﬁemwi&:ﬂoél%@%nhpowtgbhs of tpeeferably
1% 10% .Theﬁs‘_furfact an erably

ﬁ,} must of _cours ,fbe 9{__ and f
sol ubl e ‘P P&°Fr dPelPEnE: E@SFS&E%F%& vergy-a logic%a%ge?ﬁ% "g’r‘g e esters
or partiiak.estfteprs deskathpnasbdet28§. l&onuaimlhg a’itcxm'Gatt ol%tcaal:lmmt &%ns,

Such a0 6ABLORGCHOREAIGRC o 5ob) B hErePBl Ligne o1 &R i1l D! R fected

l i nolenic, olesteric an ol el c acl an al
al cohol PeimpErd Lyy o £luid HﬁF\VHFFdeVlﬁ/F%Hté@%er%tCsuc*P a?sCCfﬁ féﬁ nat ur al

gl yieeri degh theBrritecalBloxede $heaamaﬁ@§tﬁatlmys@pétsﬁéd ute 0. 1% 20% by

30 weight of the nposi tia r 9-5% nce of t he
conposition is orc#}?a rl%r}é’f) r?& %%eyéPP’FE*‘FlE’QnmﬁYs%P i ncl uded,
as desi pdoiindsterelt v&agl,lpbeomtelal n Liposohesnasalude erlels ity foams,

oo T puEueag! SIS BEhEAR G0 200 L0 Lvbents, ARMREhIS o

depot -type systém an encapsul a
wel | - kné%ﬁpﬁﬁstlﬁ§sar tlamsﬂﬁfﬁlfaﬂﬁyerﬁhénd theohke uct%n c%#ﬁfb% delivered via a

pumy t Opaephsaite odlk ithket8fbosition of the invention to be delivdi&® id
WO 98/1/80 PCT/ US97( 17928
incorporated as part of a liposome, adlone or in conjunction with
a molecule which binds to a desired target, such as antibody, or
with other therapeutic or immunogenic compositions. Thus,
liposomes either filled or decorated with a desired composition
25 of the invention of the invention can delivered systemically, or
can be directed to a tissue of interest, where the lipgsomes
then deliver the selected therapeutic/immunogenic peptide
compositions.
Liposomes for use in the invention are formed from
30 standard vesicle-forming lipids, which generally include neutral
and negatively charged phospholipids and a sterol, such as
cholestercl. 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. A variety of
35 methods are available for preparing liposomes, as described in,

e.g., Szoka et al. Ann. Rev. Biophvs. Bioenda. 9:467 (1980},
U.S. Patent Nos. 4,235,871, 4,501,728, 4,837,028, and 5,019,369,

» Page 14 . ‘.



I n sone enbodi nents of the invention, the conpositions of the invention
are adm ni stered ex vivo to cells or tissues explanted from a patient
then r et WORSH78Y t he patient. Exanples of ex vivo adni ﬁ?@ﬁ?ﬂ”{%ﬁ of
gene therapy 5 constructs include Arteaga et al. Cancer Research 56(5)

: 1098- 1103 (1996); Nolta et al. Proc Natl. Acad. Sci. USA
93(6) 2 4 argaogd hexein by refsrengs. in Oncol ogy 23 (1): 46-65
(1996); Raper et aA 1 8%§e0§u§9éﬂ§ian28§zﬁ@énlﬂi§g a compds {d2M0)6f the
Dal esandro et al. J. ora Car é?ﬂé% 10 11(2): 41 2 (1996) and
Makar ov GtVERtign dEaY e§ﬁ Ta R Y) | 1AGR. §opically,
The fol lewt Ndirexanpbeas v&m:h ned ke écmfozrdzlngsttrcs,t iivrer _],@g;r pm m%lilﬂler
should no b con3|dered to I|n1t t he, prese J nvent.i on

EXAMVPLES LS i oAt v e U LR fhin 1P ArYPRETCRRRE Cel |
Proli ferdaéllmred and the staghre® thd fdrssdsepiesingt eremteidnom cel | s,
LNCaP 20 (andr og d e d e

i ndependent, ATCC ﬁgﬁngggg &anggg)}%%( &?%%%]Eq?a:%?%%ée}éa@ égﬂl
#HTB 81)camriens usixdoe mfeed:em@merréﬂgmﬁm far =x@mole, em:tharmaceutlcal
concent Igld Qs c(é%ar;rg:{@d S]c 133&{&5@,] ’st]éﬂcﬁfr]ma il StldaFak Of sodium

interferon-[err] erlng qug:ll for 72 hours in the follow ng
nmedt &: F’@%c}i‘/ﬁ’s’-’% tﬂﬁ%réif ll-%ﬁﬁ' fIC 98 Sye FAUFROSE BEGIBREL Wuppl enent ed

Wi th 7%carbdedee, havd rﬁzéelrlufe DUk b4 Sl mﬂltnirs@iatrioa\/EM (G BCO BRL)
suppl ene ed Wltf‘&_r.].OO/ et al cglf, seru LnCaP was EI tlilll‘e f'?:»rmed %PM 1640

(G BCO ’-5‘“%%% e H Th 35"30‘? AU DA RS

Ant i pr olmrfce:rmammq eots aﬁ tihret evdewanlril wveame Irpaesi reed 130 enltns , MET clis s@y
(Mbssman. % peat {OBP) Jand Rerrally ad o8 145 £alil%
showed a con5|stent se SItIVIty 0 i ncreasi ng concentrations o

i nt &P f erigionpdieniui nghat 19[ a9 qUmAre MArefditions edhdhg vaventdercel | s

did not gespendideeddbn Balne bl ortdferabl Al eQRbricRiyrackah & 125%-PC 3
appear e re sensitive than DU- 35 145 cells. These data are summari zed

in Figur . Solid bars Page 16
For aerosol administration, the compositions of the

invention are preferably supplied in finely divided form along

20 with a surfactant and propellant. Typical percentages of
compositions of the invention are 0.01%-20% by weight,
preferably 1%-10%. The surfactant must, of course, be nontoxic,
and preferably soluble in the propellant. Representative of
such agents are the esters or partial esters of fatty acids

25 containing from 6 to 22 carbon atoms, such as caproic, octanoic,
lauric, palmitic, stearic, linoleic, linolenic, olesteric and
oleic acids with an aliphatic polvhydric alcohol or its cyclic
anhydride. Mixed esters, such as mixed or natural glycerides
may be employed. The surfactant may constitute 0.1%-20% by

30 weight of the composition, preferably 0.25-5%. The balance of
the composition is ordinarily propellant. A carrier can also be
included, as desired, as with, e.g., lecithin for intranasal
delivery.

The constructs of the invention can additionally be

35 delivered in a depot-type system, an encapsulated form, or an
implant by techniques well-known in the art. Similarly, the
constructs can be delivered via a pump to a tissue of interest.

Page 15 .
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represent cell |ine PC-3 (androgen independent); cross-hatched bars
repr esenvooeiitsoii ne DU- 145 (androgen i ndependent); di agon®CT/US97/11988 S
represent LNCaP (androgen dependent). 5 I1. Construction of an
Expressi on Cassette An expression vector was constructed

ha\éi Pﬁ t he clqrmlseﬁxfé @DML d&@ﬁ@%@cgffofchégﬁfﬁgﬁwanal 1@1&1@ 2b (I ng[err] 2b)
an e G e S na segquence or a eul | . l.ence
509: 1345mees L1888 Sr o qnv Bt SRR Db T b b v s 1R e o
al . J. obkisBuek. expIafie@d2600 1885} ienterthen wantrmeEd dfo athe _

appr ox %%E?L%}StGOOEQQmBﬁégl o?reﬁ%%of Q&miﬁfstratf&fg\f[ fert eé‘ﬂéfagsr;g”t I gen

gene or tissue_ specl EYGSSIOH (0] state

car & noﬁ‘fﬁnéélf}@tsBé§FéH1iPyArteagafGFIa erg@ncerReseaychy TOKAIHAING-its

putative gbgq 99I6§adg]r01%% elc5 atheRe q\fgj:%wa?cgldon%g ;%At he pol ycl oni ng
site at |ndI co ownstr eam er in the

mamal | &8 (6) 3 W&slbﬁBGbcthcP@D\l@a (1 28 asm d DI FN.

(BERC. 16131 RET 57100 Foloh0) oo o B Lo VBRoRas W beeFhaPed? ) RE8 erhe

vect or, 26eplacikng DhteEliapboent al.,. cheghe. Car®ias PSADI FN.

[11,. doning of sal ters_for_liver SpeIfIC genes . 5'
f1 drki nélééadéﬂéeléz i?ﬁ%vﬂga’&ﬁsgﬁ Breoér & (i 2 P0G o Nt dur A58RaRSSiver
speci fi gsgenaxg.1yadomie ((Hel) [err] 1- ant Itrypsin (HAT), alpha feto
protein (AFP), and hydroxy-nethyl - glutaryl CoA reductase (HM3, were

subcl oned from ATEbesSpiiowing gremrd e59zreaiuclededsion ntl FrTer 0567

respect huep¥eekNhAd sholfRSEHt Phe VEEHOIdELEQ USS 1 i id ik dfne del i very
and its,30 gl ssue specific expression in hepatic cells (Luskey M. Cell.

Biol . 7¢BY*%882%1893 (1987): M nghetti et al. J. Biol. Chem
261(515) : 6747- 6757 (1986); Long et al-. Biochem stry 23:4828- 4837
(1984); G bbs Biochem stry 26: 1332- 1343 £1987))
Page 17 EXAMPLES
I. Effective Interferon-alpha on Prostate Cancer Cell
Proliferation

Three different prostate carcinoma cells, LNCaP
20 (androgen dependent, ATCC #CRL 1740), PC-3 cells {(androgen
independent, ATCC #CRL 1435), and DU-145 (androgen independent,
ATCC #HTB 81) were studied. The cells were grown in 5 different

concentrations (10, 10%, 10°, 10*, 10° IU/ml) of interferon-o02b

{Schering-Plough) for 72 hours in the following media: PC-3 was
25 cultured in Ham's F12 K medium (GIBCO BRL) supplemented with 7%
fetal bovine serum; DU-145 was cultured in DMEM (GIBCO BRL)
supplemented with 10% fetal calf serum; LnCaP was cultured in
RPMI 1640 (GIBCO BRL ) supplemented with 5% fetal bovine serum.
Antiproliferative effects of interferon were measured
30 by MTT assay (Mossman J. Immunol. Methods 65:55 (1983)). PC-3
and DU-145 cells showed a consistent sensitivity to increasing
concentrations of interferon plateauing at 10° IU/ml. Androgen
sensitive LNCaP cells did not respond to IFN. Between the two
androgen refractory cells, PC-3 appeared more sensitive than DU-
35 145 cells. These data are summarized in Figure 1. Solid bars

Page 16
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After restri ctlon enzynme mappi ng of the inserts in t he BCRScrl t vector
cont ai mWé)%s Banki ng sequences of the above genes f oPCEURRY f)%mﬂc
enzynmes, the inserts were placed upstream of |uciferase gene in the

reporter plasmd, p&3_5 (Promega from,pCRScri t vector. Chinese
hanst er XRRASFYEHEHL 1ine B3 # ltﬂﬂ%%%ﬁ’&t) img rosSpbatcedC #NB

8065) aflﬁﬂwfﬁpresemﬂﬁﬂmiﬁ&mﬁmﬁlﬁ%g@ﬁ%cﬁ@éﬁéﬂﬂe Jiarehaat ed

ectro oratlonlg%% es our onst uct)s as well as by the
control GAa(%f‘tﬂ rts the 10 |uciferase gene
under the control of the Sv40 prom)ter and t he SVv40 enhancer.

Luci h I t
Luci §er ase xpLastbandiod N6d oup | BNl | Gagpefbgo! or Sequences in

the vector pGL3. The espressionSvestummawagechonstiiched Iﬂax(:‘ht@_ ttesul t not

shown). Three ceII ty wer e, transfecte const ructs Vi ng t he
sal i ent FERIFER © %ﬁt% O{So]tlt%ﬁrb"fﬁioq @S‘ﬁg{%%\é&h ?&ﬁﬁ

cells; Cr 0ss- hatched bars represent Chi nese hamster ovary ceI S (CHO)
di agonalCMRRLeTe 5 at $REAPIR petone PS8 TS Y ®p3). Bsigigsm is a

negativ m C Si.tiv r.al a d; HAT
degot es%t(ﬁée)n%%%%ngkgrgr]% a@t%t r(jil%%(?%g%ronofaer %&-ﬁl— 29 denét 2? the hurman
hydwx%/ (g - Gleticas Yt GIA reﬁugcmse Blol [X8BI2 27 - 2 66P (ct]emt)es uri@e human
err eto pratei ronDter ur tissue-specific pronoters,
'Ehe ]humfrPrf’g‘?‘? LR tarRRfs‘?’ﬁ“mafE)ely (ﬁ%) Fb&??rﬁi]erpr : ed%Fo th€ t he best
candi datgardsfatie v@secific sraciderc gy elE820n fvrderi sishes epeeidiiti ons.
Expression driven by the HAT pronoter can be further optim zed by
const r uGPTREF ST X o ST VR IRFOSH AT F£a5GAdtoma celdseci Has isidneer
sequence such as the hurran [err -fetoprotein 30 , enhancer (l\,ém anabe, et

aI J. Tk~ lenaih _begring ltS(mw)lv afsx69d) , the
h .Bi ol .. Ch
om0, UGS LA 8 8, D g o

m cr ogl Gxd iR¥ bidwmtrrmtnanﬁ:erhe( Rogetpmimoter imlthe jnamBiadlianChem

267( 29) : SR L0 3o 43O B ePANK hogen) to create plasmid DIFN.

Page
The 5' flanking sequence of the PSA gene containing the PSA

promoter (BBRC 161:1151-1159 (1989); Genebank #M27274) was

20 inserted into the vector, replacing the CMV promoter, to create
plasmid PSADIFN.

III. Cloning of basal promoters for liver specific genes

5*' flanking sequences, including basal promoters,

25 from four human liver specific genes, albumin (HAL), ol-
antitrypsin (HAT), alpha feto protein (AFP), and hydroxy-methyl-
glutaryl CoA reductase (HMG), were subcloned from ATCC 65731,
ATCC 61597, ATCC 65735, and ATCC 59567, respectively, into
PCRScript vector for use in interferon gene delivery and its

30 tissue specific expression in hepatic cells (Luskey Mol. Cell.
Biol. 7(5):1881-1893 (1987); Minghettl et al. J. Biol. Chem.
261(15):6747-6757 (1986); Long et al. Biochemistrv 23:4828-~
4837 (1984); Gibkbbs Biochemistryv 26:1332~1343 (1987)).
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X67082), or the hepatitis B enhancer (Val enzuela et al. Ani mal Vi rus
Genet i cswesbg/Bgo1Bi el s et al., p.p. 57-70, Academ c Pr escsrru$d7(79281981) ;
Galibert et al. Nature 281: 646-650 (1979)). 5 Al t hough the
foregoi ng inventi on has been descri bed in sone detail by way of

ilTustration and exgeBkerbQErPHEPOSCSnzyme Ghah ffd toe OfndINdRISt@NdiNg, it
will be obvious that certain changes and moditication may be practiced

within tHee sRORECHIPL VeFiRF LRARMRAEHIY a it lafFing sequencespof rences
ci ted heslepiie afeneaCchHoPOl vl dyecifid afrefas ithd Heigerdrt weeky placed |

Egggoigsupstream of luciferase gene in the reporter plasmid, pGL3
5 (Promega) from pCRScript vector. Chinese hamster ovary (CHO-K1,
ATCC # CCL-61), human hepatoma (HepG2, ATCC #NB 8065) and human
hepatoma (Hep3B ATCC # HB 8064) cells were transfected by
electroporation with these four constructs as well as by the
control plasmid pGLC (PROMEGA Corp). DpGLC contains the
10 luciferase gene under the control of the SV40 promoter and the

SV40 enhancer.

Luciferase expression by the four liver specific
promoter séquences in the transfected cells was compared with
the control plasmid pGLC and the vector pGL3. The data are

15 summarized in Figure 2 (HAL result not shown). Three cell types
were transfected by DNA constructs having the salient features
indicated. Solid bars represent human hepatoma HepG2 cells;
cross~-hatched bars represent Chinese hamster ovary cells (CHO);
diagonal bars represent human hepatoma Hep3B cells (Hep3B).

20 pPGLB is a negative control plasmid; pGLC is a positive control

plasmid; HAT denotes the human ol-antitrypsin promoter; HMG

denotes the human hydroxy-methyl-glutaryl CoA reductase

promoter; AFP denotes the human o-feto protein promoter. Of

the four tissue-specific promoters, the human ol-antitrypsin

25 (HAT) promoter appeared to be the best candidate for liver-
specific expression under these conditions.
Expression driven by the HAT promoter can be further

optimized by constructing an expression vector with a liver

specific enhancer sequence such as the human o-fetoprotein

30 enhancer (Watanabe, et al. J. Biol. Chem. 262(10):4812-4818

(1987), Genebank # J02693), the human albumin enhancer {Hayashi
et al. J. Biol. Chem. 267(21):14580-14585 (1992), Genebank #

M92816), the human 0-1 microglobulin/bikunin enhancer (Rouet et

al. J. Biol. Chem. 267(29):20765-20773 (1992), Genebank #
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20 CLAI M5 1. A reconbi nant vector for expression of an interferon
al pha pol ypepti de, said vector conprising a nucleic i nce
encodi ngwé*?s 178% f eron al pha pol ypepti de operably | i%%éﬂsgﬁgé&%not er
functional in a mamualian cell. 2. The vector of claim1 wherein said

vector is a viral vector. 3. . The vector of claim1 wherein said vector
is a pl a&aMPB2) . pr thahepaiitors & hanrer ofVad apraredian efaiad -vi Aalimadct or
is deri . . nayi Lidi ag, —-_n THE.V of claim
4 wher e;«%drgé &elcggpé?s Ba'tllajs'gg% g%e%flf'i'c%ﬁrpdrr%t-’er.’.o' h%'ja&&a%e vect or
of cl ai PeaheriiV. sElIB1) s Gl Spmct few o ondiaduzies 281k 646 <HRei fiC
pr onot er 7Jy) The vector of claim6 wherein said interferon al pha
polypeptfﬁ% i's"interferon al pha 2b. 8. A pharnaceuti ca
forndl ati on conpri3ilhjoughabhactoyegehny etiheent towdraorbean descridbed ned in
any one G Ll Wedalp dy A8 SALLH MO, UndWitmple o2 PuBRRALS Cal 1Y
bI t . thod of

acceptable carners, diluents or_gexcipjents erefor. 9 )

i ncr easi Mgy TFEIEY rof R EFLIRIANT of L a Wik &F QR S FAaFolopFEainde

in atisshdds i MErRsdisntst 181 e, GRS £d i P MM ¢ hedist dieSH#e Wi th

a vector co i sjng a nucl eotide sequence encoding an interferon

al pha the ?RP?Eé%ﬁi?&?%ﬁ%Tably | inked to an expression control sequence

funtoional in the All refessneesfcithédrkstein are incorporated by
reference in their entirety for all purposes.
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21 10. The nethod of claim9 wherein said tissue conprises a liver
cell. 11. The met hod of claiun 10 wherein said |liver cell is a cancerous
cel | and wapgi7s01 vect or com)rergagHEEJf HﬁgrBﬁgﬁC' fic propotesyrin193s.

The nethod of claim 11, wherein adenoviral vector. 13.
The nethod of claim 12 wherein bad f* 4 r pha pol ypeptide is

I nterferon al pha 2b. 14. T@gmmfg or or a pharnaceutically
acceptabl e formul atjon thereof, as, clained in any one of clainms 1 to

7 for use in treating a%reﬁﬁf’éﬂ’°%3cﬁ¥‘§?‘|<1‘ff§“§-’?3(ﬁ"ﬁr@ @ yesser, said ypehable to
tr eat mentconpirisamg Bl eiicdreas alcﬁlalasagin)éaepbndedmglén intdELF &LEH 041 M4 @

h | | bl e orrrulatlont er as c claim
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from hepat ocel | ul ar3 car cifWr®mposition of claim 2, wherein the viral
vector is an adenovirus.
10 4. The composition of claim 3, wherein the promoter
is a liver specific promoter.
5. The composition of claim 4, wherein the promoter
is a prostate specific promoter.
6. The composition of claim 4 or 5 further
15 comprising an interferon alpha secretion leader is operatively
linked to nucleic acid encoding an interferon alpha polypeptide.
7. A pharmaceutical formulation comprising a
composition of any of claims 1 through 6.
8. A method of providing an interferon alpha
20 polypeptide to a tissue comprising introducing into a tissue of
interest a vector comprising a nucleic acid segment encoding an
interferon alpha polypeptide, said nucleic acid segment being
operatively linked to a promoter having specificity for the
tissue of interest, wherein the interferon alpha polypeptide is
25 expressed in the tissue of interest in the patient.
9. The method of claim 8, wherein the interferon
alpha is interferon alpha 2b.
10. The method of claim 9, wherein the viral vector
is an adenovirus vector.
30 11. The method of claim 10, wherein the promoter is
a liver-specific promoter.
12. The method of claim 10, wherein the promoter is
a prostate-specific promoter. )
13. The method of claim 11 or 12, wherein the
35 nucleic acid segment encoding an interferon alpha is operatively
linked to nucleic acid encoding an interferon alpha secretion
leader.

cet Has Been Replaced

L A 1111



