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PCT/ US98/ 00715 ' NON- | MMUNOGENI C PRODRUGS AND
SELECTAB MARKERS FOR USE IN GE EFEE@F
TECHNICABEQPE?EW9 The present invention ygla es ggnerally
to nucleic acid vectors, and nore ispecifically, to vectors which are
capabl e of delivering a gene of interest to susceptible target cells.

These vector constructs are designed to deliver a non-imrunogeni c gene
product which is capable of activating a conpound with [ittle or no
activity into an 10 active product. BACKGROUND OF THE | NVENTI ON
Human gene t herapy | Ch 11 r.el L C repertoire

of cells are al tere@ﬁgwwwﬁsmgwﬁhgﬁgﬁw cell"’

function, or for 15 thelRRRIERS MEREIIE IN BENY TMERGENE therapy i avol ves
dellverlng vectors (e.g., a retrovirus, adenovirus, vaccinia virus, or
naked DNA al one) to cells so that therapeutically benefrcral genetic
information_that is contained within the vector can be transferred
fromth& vERCHMNICAL KI§EI el |s. This strategy has now been widely applied,
with clinical t 4 [ . ' f r f._ho
hereditary (e.qg. AD;hgél%rseg)it g’%@{‘l’%&?ﬁ?gw tﬂ?mé\fre 1g’hof e%?orglagg Or}e and
cystic fi b%»eéxtﬁ%hl 5garusl ve&esiwikieh afe Gpablt %ﬂﬂéﬁ\)eri%g%eg’b‘ia@%f interest(tsMsdephiblSCi ence
270: 404- 41 It is now clear, however, that

| ong-ter mtasgﬂeslts ofihest vecoeropsiyetsae designeidrio rdoliwedncbyugenmgemrapy may

| ead to i nmune res. onses tient.s that destra reated cells
o2 O BRRtRt RORS Yo apable B hiRiatiBe o brepung vl litlegersno SROHPRIEH ot
25 al . ONaathv@p%%gb cine 2:216, 1996). Although the actual tissue transduced

may af ect I's and al t hough many means of avoiding or mnimzing this
have been proposed (see J.D. Davies et al., J Imunol. 157:529, 1996;

D. J. Lenschow et al Science. 257. 789, 1992; A Wisman et al.

Nature MedPACHE BOGRYP OFgtigh INVENHON ear that this linitation is not

e o, AR R S i R

I ncl uded in gene tran res anc gene) that
are incl udgfcells are altered either to gain an understanding of the cell’s function, o for

15 therapeutic benefit. Briefly, gene therapy involves delivering vectors (e.g., a retrovirus,
adenovirus, vaccinia virus, or naked DNA alone) to cells so that therapeutically
beneficial genetic information that is contained within the vector can be transferred
from the vectors to the cells. This strategy has now been widely applied, with clinical
trials presently ongoing for a wide range of both hereditary (e.g., ADA deficiency,

20 familial hypercholesterolemia, and cystic fibrosis) and acquired (e.g., tumors) diseases
(Crystal Science 270:404-410, 1995).

It is now clear, however, that long-term expression of foreign genes
introduced by gene therapy may lead to immune responses in patients that destroy the
treated cells (e.g., C. Bordignon, Brit. J. Hematology 93-52:306, 1996; S.R. Riddell et

25 al., Nature Medicine 2:216, 1996). Although the actual tissue transduced may affect
this and although many means of avoiding or minimizing this have been proposed
(see J.D. Davies et al., J. Immunol. 157:529, 1996; D.J. Lenschow et al., Science 257.
789, 1992; A. Waisman et al.,, Nature Medicine 2:889, 1996), it is clear that this
limitation is notv easily overcome. Moreover, this problem extends to genes that are

30 included in gene transfer vectors (e.g., the neomycin resistance gene) that are included




for ease of handling, testing, characterization and manufacturing of gene
del i very vehicles. 1t also extends to the use of genes that are
included either to ablate a tunor or tissue or as a "fail.: :
nmechani smWQ%%¥339 cel | s that have been treated by genes orﬂH{"g&kgggrre

ot her way can be destroyed. An archetyp? of this is the HSV-TK gene. 5
The present invention provides novel conpositions and nethods for
treating a variety of diseases (e.g., viral diseases, cancer, genetic

di seases and ot hers) that overcone previous difficulties assaociated
with the ufe e ofchandiingntegtimg; dhatactepigation andymepnpfactuniag of gonalidslivarner
rel at ed advantages. 10 SUMVARY CF. THE ENT] .

Briefly st¥§ @Fs-tf{é‘lsﬁreé $ 19 98?&?fcﬁ?nﬁ?%@l\g\%&m@%ﬁﬁ?%éﬁfblﬁmt%rioﬁery
vehicles apgl, mefRods i sish A pith %’deﬁl'af:lcéiﬁ th rha@@ﬁeénrt?@a&é@&{ ﬁgﬁes%r"i‘hde
vari ety of pat hogenic agents. In particular, utilizing e vectors
provi ded heghé bthenway 8ih Be/ddsttoyed. Arparoltgresfithis isthaHiSVgTKugena. pati ent's

t hrough the use of human genes for selectable 15 markers or actiyvation of
prodrugS. The sel ect dbe aresgnk énvention RrovadespHayeh &pmpegitions and; spethadsofer (e, g.

hypoxant hi ne phosphor.i basyl t r ansf er ase). cal or ect | I jne
phosphat asHe%}B’gb%'?’ ﬁ“ﬂ&"g Sﬁéﬁeazééy vgpﬁéxg?aggst, i°8'§°%byg% g‘%@?%légafg%??}%foﬁ%tg() e.g.,
menbrane  hae oDAUSEe FréAblsBIRARRE ASoBREd With 8ft)use Ditedtbis Maien@hethpy,
prodrugs can be of various pyri m di ne or purine anal ogues (e.g.,
deoxycyt i damkfurihenpm@vided othet, oelated advaatiga®si de), 20 ot her prodrugs fromthe
cancer field. (See for exanple A K Sinhabubu and D. R Thakker,
Advanced Drug Delivery Reviews 19:241, 1996 and M A G ahamet al.,
Pharmac., T > f ncorporated by reference) such as
al kal i ?11(9 gﬁM%%%?}tgégqﬁgé}?g?&phat ase, beta-gl ucuronidase,
car boxypepti dase A @®teflyistuted, the preésatinvastion provides rdormbimant gaekietivery
azoredactase or DT di aphorase) plasmn and 25 vy-gl utamnyl tr,gnspeé)ti ase.
B9 ¥anety o

W t hi n one vehiplss randfmethedsypfading spely ¥ehiclgh fortbe Hesgtment of 7

del i vering ene delivery vehicle §0. I 0, [ LiSkng
adm ni st er pﬁt&ggemc gty %Pﬁﬁ’ﬂ%ﬁﬁg&&g‘ i%l‘g%@sg& ggﬂﬁﬂh@g"ﬁ‘g%? {é?l:dver y
vehi cl e \Ahitpﬁmahg @€ talifle human paUERE#ELAEh e @seneMhiman gagsnioe ssletibleabl e
marker. Within other related aspects 30 nethods are provided for delivering

a gene el maskers \arhagtivetion of predmeh| obite selentablgmarker can allow biochemical

3 conpr.ising adm nisteri t.0 . rm bl ooded ani n ivery
vehicl e V\hisggcnon Pecﬁ"r gl’:ﬂ%"‘? e F‘&o&%fﬁ%?"s fﬁ%ﬂ?@%ﬁé&%gﬁ?@%ﬁﬁq‘éﬁ%
which is c faV & A Rshi e h6R Wy SAitibBE bindhgC QIR OHRehbratle0 an
active con%gg%g.gta\% toﬁ?%{ao%qeé eml)odi)r%rnsf, thewy 1ng‘?\}iji rrrrur%gg(ragn)i c nolecule is
sel ect ed f bound hikatine phosphatses tCDG4pf Ehekativation 6f pyoidoigs renalsee of various

ey Shulanc s o Aol My 8P e

reduct ARFS ombt hprggrué‘g ?fo?rglﬂﬁ’é dafeer B (See for example A.K. Sinhabubu and D.R.
Thakker, Advanced Drug Delivery Reviews 19:241, 1996 and M.A. Graham et al,

Pharmac. Ther. 51:275, 1991 (both incorporated by reference) such as alkaline

phosphatase acid phosphatase, beta-glucuronidase, carboxypeptidase A, cytosine

deaminase, nitroreductase (ak.a. azoredactase or DT diaphorase) plasmin and
25 y-glutamyl transpeptidase.

Within one aspect of the present invention, methods are provided
delivering a gene delivery vehicle to a warm-blooded animal, comprising administering
to a warm-blooded animal (e.g., human) a gene de}ivery vehicle which directs the
expression of a non-immunogenic selectable marker. Within other related aspects

30 methods are provided for delivering a gene delivery vehicle to a warm-blooded animal,



di aphorase and Nitroreductase; and oxi dases such as gl ucose oxi dase and

xant hi ne oxi dase. Wthin a preferred enbodi nent, the gene delivery
vehi cl e i sy@og/fyagebi nant retroviral particle which isptpaRessnrts
non-nouse (e.g., human or dog) packaging cell 10 line. Wthin further

enbodi nents, the retroviral particle is " nmade utilizing a crossless
retroviral vector backbone, and/or is substantially free of replication
conpet ent retrovirus. Wthin yet further enbodi nents, the above

retroviral_ vector rticl i i,00..0.N . tregts the
expr essi oncoﬁprﬁtﬂgag%iné%%@gaﬁog&%'glgbg%%ggﬂ% 4B ée%v_gryc%ﬂlded‘%ﬁﬁ

Wt hi n ot hifecRYRE Ekfre@for dTa noRVisthuirdenit ntBeclitd Wiieh Ys duphble o SctVaing an

provi ded which direct the expression of a protein that is toxic upon

processi ngotherwise inaptid §ampound rintoyanaagbive cempouid. i Wathin openembodiniengcthe
agent. Wthin, one enb,odirgant A t he PE otein which is toxic pqﬁ? .
processi niGrimBURggenist mgjequle s oselegtpd trom the group consistingy ofjalkaline
certaince ' S Vet | : e ' . el : e

o ovi ded CARPpPRAes, of DalaBfbsidRks 1 pfaosi ARE2 pticukidast "o Tpeptides S 1
20 transcCypthefl Paso! yQlutehyBnrasferise;s peduclases Bichmab eAzoretadasep dDT upon
activation of the event-specific_ pronoter the cytotoxic gene is

expr essed. divphdrase and Niueredudiasg! apdtoxidases suchhas glueofe. exidasef and pashibeer i s

a cellular thym dine.kina p; onpt er r,a thymdylate., . _synthase

o omot o - XS] VAR PerEmb aRRRment iaf g R SbattPide s aRERTOEt
acti vat ed RioBirlMRAE wili i Madkin £#BRimdRDeLly ThBlhEn of RBgF¥iREgNE GeDeNe 1S
sel ected 2 romthe group consisting of ricin, abrin, diphtheria toxin,
chol er 40t olner, Widlin fumher embodpmdndsysbel retwniralvpartitle ps otade mtilizingtd erossBssgel | a
toxi n, and Pseudonobnas exot oxin hi.n anot her

. . W
enbodi ment BgVirgl ¥e¢ipe harkbangy dRtiopris shbstantially \fsey of replicatign -eerapetent
rovi ded c i.SI NG7a.: i ef.at | : | of a
P Seue: spopuiriy, ! YRR XbOROEC HEAmIAL heldbbvd FRBVERH MelRiArdENbl! O

exanpl e, aing@dudtivalistocOsdll; GrecteBie @RPressiotCoE Hunmin plaventabalkalireet phosplatast he
ti ssue-specific pronoter the '

4 cyt ot oxi ¢ §&Hun | etherx psnestseal the tmyventioay igsne dabivewi vehicles Re

ti ssuesspecifigc.pr ter i s t 0 : / ter,
casein Igr offeY Efed ‘f"g’ggp‘gﬁeﬁ{)lﬂéer ?xpress{bﬁcggrggg%{%én %ﬁég%%%ﬁﬁ%gﬁésgr r?gt er,
el ast ase prRARIcRGion BYPRSRIN HaPEArslaabdIRSRnic agentd Wiirebne efbodinent,

pronoter, growh horione factor pronoter, tg{ros_i ne hydroxylase 5 pronoter,
al bum n prtepratein whigh i tokisppon prasessingstraedifieationys POReI ne r ecept or
pronoter, al cohol de(}%i r.ogenase. pro er rr]. or Jerr bi n onopt er,
T-cell receptor ﬂﬁﬁgf'e‘ie"ﬂ’ﬁ‘(’:‘?%ﬂﬁ'&? hgt V§E ’,g'%‘ﬁgieﬁg?ré’o‘%é}c%% n
promoter t 1 r iR a Wectd trdc® CRRIPHsing! @ "Eh&bxicVB&E UHER) the

pr onot er, %ﬁdb{ohvgde%l—l%lgésa Ivlcpl; gr?g% erc. prisinig G XICWQ Wthin yet

anot hepoentaticriptibnabfcohtrsl ¢fr @sevent-speciHit promotgyesiehdbati wppnyacti@atioredbf thees ar e

provi ded conprising a cytotoxic gene under the tr c¢riptional, control of
both an eveYRnt-Spreéfi¢ promnierthe SO BENE|1S §’é@§§5‘i0 %ﬁ"dﬂ ¥ cZbodlmentss hat

the cytotoyic e j L . t] s f both
the event - iscerert weRRRpbRol it FoP KRR RRL kroiOR: 1 4 UFTIERR
Repr esent agyrifgaseV di@eCi WithinaRdothes Susbodiasntf itle event-specifiot promoavis been

di scussed above. Wthin one preferred enbodi ment, the event- 15 specific
pronot er i activajedi bji mborongs SWithincyet lother embadimeptse e Qi QipXiFpeas 1 selegtadect ed
L{ g?ot ar. rgx% %eogpou(f)oggr{sfsttihg gofo ;icihh %bﬁ&sgfpﬁth&rig O)Eig,r cf%]grat o?cin'ng%%nqg,u

pokeweed, antiviral protein, tritin, Shigella toxin, and Pseudomonas exotoxin A.

Within another embodiments of the present invention, gene delivery
vehicles are provided comprising a cytotoxic gene under the transcriptional control of a
tissue-specific promoter (including tissue-specific elements; such as for example, a

30 Jlocus control region), such that upon activation of the tissue-specific promoter the



Wthin other enbodi nents of the present invention, the gene delivery
vehi cl es described herein nay also direct the expression of additional

non- vect og erived genes (i.e., a heterol ogous nucl ei ' uence).
Wthin ongw%%%%7lnent t he 20 heteroloqgus nucleic acid séﬁ%@ﬁ%&méﬁgodes a
protein, such as an imrune accessory nol ecul e. Representative exanpl es
of immune accessory nol ecules include IL-1, IL-2, IL-3, IL-4, IL-5,
|L-6, IL-7, IL-8, IL-9, IL-10, IL-12, IL-12, IL-13, IL-14, I1L-15, B7,

B7-2, GWCSF, CD3, | CAM 1, lCANHﬁ“ [err]-mcroglobulin, LFA-3, HLA dass I,
and HIYEOTPXIS £81¢ |s G¥Brestsdt WIthify YanioHs eBOMERtS, g fistierpasifie prometee
protein is_g ' enh . Lt i ther .

enbodi mantsig, ﬁ'{é]khlrgEglj’e%:rKﬁe 15Je %ﬁté’ry Ve /rll% é’r?r%?/tefeil oM Pé%‘%(%{eﬂefg@ Bﬁ;&?ﬁ?éssi on
of an antiGkiHRiCEMBEIRR AtideniRanioRr, e¥istadé ProiiotdrNperpBoBIRA ¥R Hedmirabe

gene delivery vehicle may direct the expression of a replacenent gene such
as Fact or promotey] insulig|preweter,egnovth dwmaone-fagtor AmpmoteBRIyroshrT GRdroxylabe L DL

ocentof, ML vSLa0 SLASL CTRRUIENS: LIS, HEne S8 LYSRY. Vo ™

5 ! eRoft defl PomGtlr, | Y i LR bbt!S

sel ected ?Irﬁ.g%ﬁt h’egl(gé?oup ﬁ&ng;é)&nég? ting Of HB\It/s?gﬁg\r/l, pﬁ%{*&Ewlﬁzgﬁf\gﬁggl V and
HI V. promoter (including fhheCia2 &R )pthearsteassiciatppomabtet e JU-2 pesthote)VEFT | ON

wi || becone evident upon reference to the follow ng detail ed

descri pt i oRceRter pmateRovhey (AP hremotes anddhe MaH: Class Upromatets ef er ences are
s ToFL bl o i ey NR8 1t b SR R s,

conpositions (e.g., plas e eretore

referenge vehicles aretpréVidledeéUnhpriding a cﬁtotoxiq BdfeRindeiE®ettaiidighophl dddroPBAW NGS
10 ' Figure 1 is a schematic illustration of KT-1. )

Fi gure 2 ibothapenentespeafic promaterandon tissueEpifie pnbter] SWRh-that the cytotoxic
Figure 3 is.a.schéematjc illusiration of . BAS. . Figure 4 is
2 Schermat | 7F 1 HERHGAIYRPBsSHEoRls upen activalioh of both the event-specifip romAEL 1y 55
depi Ct 2 SERUARCHAL-SURO REhaed 2l RGLORh(ASE e(/§]ﬁgg%c§ﬁ!: Rr¥CRssuQpéeific 21) -

Figure 6 is a schematic illustration of pKT/[err

Fi gur es 7/Apramsdter8hatepbern discusspderbore.ofWithimame irefered ambadingednt, the event-
phosphat ase (SEQ I D NOS: 22 and 23). _ ) Figure 8.is a
scheral? ¢ SPEFifisPrometshisdhyBiing kipags, andife tissue-specific promoter:is sglegted fom 5

2 NCS: 24 d 25).
F o o0 T 0 Yne BB AU NP edeinl brorotel ekl HERA ey prombilr. and 25)

Figures 11A and 11 BWithin othenembaqdierenss of thepresenf invemicithe @&feQdeivery
vehicles described herein may also direct the expression of additional non-vector
derived genes (i.e., a heterologous nucleic acid sequence). Within one embodiment the

20 heterologous nucleic acid sequence encodes a protein, such as an immune accessory
molecule. Representative examples of immune accessory molecules include IL-1, IL-2,
IL-3, IL-4, IL-§, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, IL-12, IL-13, IL-14, IL-15, B7,
B7-2, GM-CSF, CD3, ICAM-1, ICAM-2, f8-microglobulin, LFA-3, HLA Class I, and
HLA Class II molecules, Within one preferred embodiment, the protein is gamma-

25 interferon.

Within other embodiments, the gene delivery vehicle may also direct the
expression of an antisense sequence or ribozyme. Within further embodiments, the
gene delivelly vehicle may dirsct the expression of a replacement gene such as Factor
VI, glucocerebrosidase, FIX, ADA, HPRT, CFTCR or the LDL Receptor. Within yet

30 other embodiments, the gene delivery vehicle may direct the expression of a disease



NCS: 26 and 27). 25 Figure 12 is a schematic illustration
of pBAG6B/ Xf ur. DETAI LED DESCRI PTI ON OF THE | NVENTI ON

Prior to @Q%S;si,ﬁg”forth the invention, it may be hel pful topeRusssiist andi ng
thereof to tirst set forth definitions gf certain ternms that will be used
herei nafter. 6

"Gene delivery vehicle" refers to a construct which is capabl e of
delivering, and, within preferred enbodi rrents expressi ng, one or nore

gene(s) or uence(s) of .interest, t .cell tative
exanpl es o?ss%?fﬁs 9&‘56& %"gc?‘l 25@n jnunogenig Wﬁfo @ ore Se}ﬁi&‘i e{r 35 § group

eXpr essi Oneorehiy 3t HBVE HEV 130V BB VA FLLY 30N daaiivi agents 5 such as

l'i posones or po?%/catl on con e sing agent’s, naked DNA, and certain
eukaryotic cel | These.and, otheroakpecas od:‘ehé plesentiinhemtiopawill bedomid wvigeraf err ed

enbodi nents of the inventjon, gene deljvery vehicle |ncludes a
nmenber of ¥pMR lﬁfegwcam ﬂmf@l)ownﬂdlﬁ@ée%?scnpa?fsenﬁs@t@a ed drawingsodp) additiemer

XPr o950 oo LefelBk M58 s orBelol SR 4eB3He 1 IndACBH SR prBledufis Io0

del i ver VIiT Vector cons fers
to an assegbbymphditidhsi (.g.,WlAshibs, etc.), didedrerthaefRedediporaed vy refdiénce in
i nvention, capabl e of dlrectlng 't he expression of a sequence(s) or
gene(s) oftheirteatiresyt.. Preferably, the retroviral vector construct shoul d
include a 5° LTR, a tRNA binding site, a packaging signal, one or nore
het er ol ogous sequences, an ori gi n of second strand DNA synthesis and a
3" LTR A ﬁ’h fer Tai) 1SR A sequences nmay be included within
t he vector cons ru§0t |ncﬁq%§i'£gﬁfor exanpl e, sequences whi ch encode a
proteing(e.g., cytot Eiglufe Pisaf sehématit ilessaiond &T-2t ed anti gen, inmmune
accessory nol ecul e, 9 repl acenent protein), or which are useful as a
lguafsé

nol ecul e itself (e.g! &arﬁcb@?%%ﬂlﬁﬁmﬁmlﬁ&%-’é'%@ﬁ

Al ternatively, the rrerely bea "stuffer” or
"filler" seqguence, V\E’gélﬁe %%g‘g%?ti‘é E@%H %? I'ent to allow production
of viral particles cp@@é ﬂis%ch&ﬁatﬁi\iﬂuswmmpr%B 1.1Pr ef er abl y, t he

het er ol ogous sequence 1s at least 1, 2, 3, 4, 5 6, 7 or 8 kBin Iength.

The retroviral vect oFiguoassiA amd SBrelppist & sequanteefdumanrhets pplactosidase (SE
pronoter/e r,.or us defining elenent(s), or other elenents which
controEi ﬂggfgsezoé‘ﬁﬂrzi %sion by neans such as alternate splicing, nuclear

RNA export post-tragp u?é?&%chgxﬁauémlsﬁﬁtﬁﬁtdfﬁkaﬁGﬂlesSenger or

post-transcriptional I cation of protelin. "Optionally, t he
retroviral vector coRigurasc7Amayd §Bs depiotlaustguenme- ofimmageplacental| akslatel e

mar ker s such as_descr.i be% in %Bas application, as well as one or nore
speci fic rBhqsphatesedFEQ MANOR:42 and transl ation term nati on sequence.

“"Nucl ei ¢ Acid Expr es§1§§1pe yect emh S ShusStritbniF ARSAMY Ap Whi ch is 30 capabl e
of directing the expr I on of a sequence or gene of i nt erest. The nucleic
acid 20 Figure 9 is a sequence of human cytochrome P-450 2B (CYP2B) (SEQ

ID NOS: 24 and 25).

Figure 10 is a schematic illustration of pBA6B/CYP2A.

Figures 11A and 11B depict a sequence of human furin cDNA (SEQ ID
NOS: 26 and 27).

25 Figure 12 is a schematic illustration of pBA6B/Xfur,

DETAILED DESCRIPTION OF THE INVENTION
Prior to setting forth the invention, it may be helpful to an understanding

thereof to first set forth definitions of certain terms that will be used hereinafter.



7 expression vector nust include a pronoter which, when
transcribed, is operably |inked to the sequence(s) or gene(s) of
interest, as well as a pol yadenyl ati on sequence. . Wthin
certain eWRJ8RMMts of the invention, the nucleic acid exprralSPyRITS
vectors described herein may be contairfed within a plasmd construct. In
addition to 5 the conponents of the nucleic acid expression vector, the
pl asm d construct nmay al so i nclude a bacterial origin of replication,
one or nore selectable markers, a signal which allows the plasmd
construct to exist d&enendglive d ®fess (te. g.construgl which gis ncapable of
replicatiop), a multiple.cloning, site,. and a "manmalian" origin of
Fopl | cat | tiperihg and, St baterich StrbBrgRRR, SxasToUiE O SreROrE SERER) o 10
Non- | UNagEnic6s) o et iPa Rost SkEC ReBHeSerRIvK SharBblcPbP IRl dsNALAY
enzyne that "does hot cause an unwanted 1 mrune reaction 1n the maority of
patients viral vefiess, ntucleie avfdviexpredstonedectors pafcombinatiog evith fhellatutingy ayehs cl e.
Such genes may be human genes, non-human genes, or, nutated human
genes t hatsuchgxlipesomes o pelyeationasoadensing agents, nakedh BNy and ¢axain gukaryotic

(normally | ess than .10% am\n Cl nce difference be 15. genes
hat a1 t hGGUR bt PORRSEI o DR A A Eas Py L BB B Rty gifort

ef fective the genddefivetvhichineludbd £ niBbebMthe ARTRRit) binding palddisehsdss 1 or
class 2 preséntation’in patients, or may be genes that carry sequences
t hat pr evdrlow)yeithdriexptessed qu; o ncluded @p, af integral pattiofithe exteriomofithg @ane
epitopes.éleﬁ'iai S i rtant to note that at |east sone non- I mrmunogeni ¢
sel ect abl 2GS ‘Il be species specific. In general, for clinical use,

20 non%d')m‘runogeni ¢ mﬁ}qﬁ%@ﬁal%éétorp&ﬂfsl&%&b|r¥fepse.'cd)faf1 g@ﬂblgr%ﬂicﬂ'is, ithin
Sel ect abl e mar ker t are included 1h a gene delivery
vehi cl e anstefefrad dnsbodlirents hufr thp eibvertioas ichpabley of hditecting hise ekpression wdesl t o

all ow for sinpler prepar ation,_ manufacturing, characterization_or
testing ofsequncgsher geng(eplyinjerpstc| Reeferably, the retroviral vector consgrughshapldibove,

t he present jnvend i r.gyq Jd Sit] . S | vering
a gene del IF‘?/‘@?%/ a{}tek‘?gl’ g t 0 %gﬁmﬁl&%ﬂ%ﬁb%cfggl&;h@%ggalW%%‘%\Qg%ehétg&lo%gls%ect ,
such et hogguéred ah weigiher secomi Sfand MV AI syhiesingnd @ 3aLTRI & Bligodgdkrpof mal a
gene delivery vehicle which directs the expression of a non-imunogenic
sel ect &l heterologpusy Resfuenasstmisn betineludeds pdthins thevwedtori sonstructy iac/pdiea oor
del! ‘S’fre;)”g&}x%g,gy [‘r%ﬁfu[%'g'?q‘éﬁ%ﬁ’ifﬁ%gcvq%g'raﬁér&eino(e‘?‘g.,‘“’é‘ﬁé‘?o%cop‘%&%%, AR assSOMEE ' S N9
8 _ bixﬂ?@&qnﬁtm&%!ccés@Qﬁol@&ilé,‘iﬁrréblé(&meﬁ{ Brotdih)c Br HhichCdre ubdTll as a
expression of a non-

molecule itself (e.g, as a ribozyme or antisense sequence). Alternatively, the

heterologous sequence may merely be a "stuffer” or "filler" sequence, which is of a size
20 sufficient to allow production of viral particles containing the RNA genome.
Preferably, the heterologous sequence is at least 1,2, 3, 4, 5, 6, 7 or 8 kB in length.

The retroviral vector construct may also include transcriptional
promoter/enhancer or locus defining element(s), or other elements which control gene
expression by means such as alternate splicing, nuclear RNA export, post-translational

25 modification of messenger, or post-transcriptional modification of protein. Optionally,
the retroviral vector construct may also include non-immunogenic selectable markers
such as described in this application, as well as one or more specific restriction sites and
a translation termination sequence. .

"Nucleic Acid Expression Vector" refers to an assembly which is

30 capable of directing the expression of a sequence or gene of interest. The nucleic acid



i mmunogeni ¢ nol ecul e which is capable of acti vati ng an ot herw se inactive
corrpound into an active compound (i.e., a "prodrug activating enzyne"
or "PAE"). ﬁgggﬁ&ussed in nore detail below, a w de vapigipsedboits
non-i mrunogeni ¢ sel ectable markers / prodrug 5 activating enzynes nmay be
utilized within the context of the present invention. :
NON- | MMUNOGENI C MARKERS / PRODRUG ACTI VATI NG ENZYMES A
wi de variety of non-imunogenic nar kers and/ or prodrug activating

enzymes may_be expressed b ene d |ver ehi.cl es..of. 1 he sent

i nvention. $#T esé\”ﬁe‘?eﬁ?r “E"ﬁg 'ﬁg’%ﬁ grogmﬁ %fw ehdragsihedy lsl‘ﬁ\?@&?& ﬁﬁ‘%y be
readily tes i Gbde¥t 1 cluding for
exanpl e, C_I_Eoeggg%enceésl) % Seﬁdg‘ t?%@llﬁﬁérﬁglﬁ& a"‘?ﬁ%x ggbé[;rew ously
generated imunity, aWithxmcettaﬁrl embediareatsi of thevihivéntion, theambleic axipexymession
utilizing dendritic cells transduced with the antigen for antigens to which
t he organi sHeers slesestb e@né}?@"&“ﬁb’é’(ﬂ @agqngede\mtb@ %a‘aﬁ@@p%@@se@ a}Cléiﬁimi}lrfzﬁ?on et

Cri. asengs Dkpcpponent? of S nk{ele sl Spehbn dheifh P Bbmd Boadocimalinhd

net hod for pRAldeiaNhciehal orfdin 3P kdplieition, one b mded sell PSR Kess, 'a%lérﬁl whlch
adm ni ster the antigen in a standard skin test such as one lized to

test aller galénweﬁrctplmd donstsknd ud @xist am cingle-stoanded DNA Hatg.,whM 18 mhgmadzfove

tests tiIi eq ip order to asgcertain narkers or PAE which are

non- i mmnog@a lea m#twq? Rlonkigntite, AN @ fmﬁﬂ%n?ﬂalwém mﬂemeg-; 2do

not producesyhgtoi,gaé Sﬁlréyor?gr]ﬂﬂffe?ﬁ@%ﬁo results), that sone snall
rtheles % rea

percentage of patients may heve ct against the mar kers or
PAE desdpi bed herei n. "Non-immunogenic” refers toMasdledtablanthrbBARs prodrup activaignt
invention may be obtained froma variety of sources. For, exanple, the

mar ker or PERZyme)thaledoss 1ot caussan wavaniesd EnmuneTeaeiiomm themaiptity ofpetientss, by

its very nature.be nRon Il k s, or  PAE Iosesl
ol at o spolER s Rl A0 9RA of o SRR aefifery valiRics rStnHsnEY Ay et o 7
further enbggliesBitnSmehant ge'nes ottt hirhih g@{ek @at PackPROEfdTEM1 di’ﬁex‘éﬁcé“ﬂ&mhunﬁn
origin, and can be de non-inunogeni ¢ by nutation (e.g., substition,

del eti on or nomsadhtinem genes (nomﬂaprimeharaiﬁ%ermmagdesthcs;dnfkremﬂ mayrie
associ atied BLodig IRLGAED rghude, 0 ARl 8P LARRIS AR Sl By
9 PheRed ARG EhE 'B@@ﬂfi&%ue&%xﬂfd@hm@ BRSSP DAL iasfiat ﬁ@yéﬂtaﬁlon in

phosphat e ahd et oposi de phosphat e; rr]-Gal act osi dase and

N-[ 4- ([ er r ] pddients, actnap pe gams\that cmrmsb«pxeylcesrthanyh‘}ent the effedtverpresdritation; of
Azor educt ase_and azobenzene nustards; [err] ucosi dase ano& nygdal i n;
[err]- @@G’EMF% AMERSRECII GPltO%e nBi ’ﬁu@%ﬂ‘ %ﬂb tidgiothahet leagh cﬁome non-

epi rubi ci n- %Mﬁﬂé#ﬂlcdﬁie&ga[blecﬁmwaﬁgﬁ%gﬁe%?es sgpbxﬁc gie (’glenerﬁl forhchm%al use,

net hot rexat e-a rome

i f osf ani2de; nolimmdhegehivraersavill préfefabBi bid @Hihﬁranl)rrgYﬂ ) -
2,4, dinitrobenzam de (081954) (Cobb et al., Biochem Pharnacol

18: 1519- 1527, 1969; _elms?zkg_w_lﬁ refers te @enaskthatsarg dncludgdyin alaenrzgkhzm
1993;
roeenr o 1 Tirs A et BARAS ERBeRT adfviry, by St RIS B BE SARIAC

preparation, manufacturing, characterization or testing of the gene delivery vehicle.

25 As noted above, the present invention provides compositions and
methods for delivering a gene delivery vehicle to a warm-blooded animal. Within one
aspect, such methods comprise the step of administering to a warm-blooded animal a
gene delivery vehicle which directs the expression of a non-immunogenic selectable
marker. Within other aspects, methods are provided for delivering a gerie' delivery

30 vehicle to a warm-blooded animal, comprising the step of administering to a warm-



10 Nitrobenzyl oxycarbonyl; glucose oxi dase and gl ucose; xanthi ne oxi dase

and hypoxant hi ne; and plasmn and

pepti dyl - p- phenyl enedi am ne- nmust ar d. Non- I mrunogeni ¢ ke or

PAE' s may V&9 83438 nade by expressing an enzyne in a coﬁﬁ'g&{sﬁ%%%‘%f t he
cell where it is not normally expressed8 For exanple, the enzyne furin,

normal |y expressed in the trans Golgi, can be made to express on the cell
surface. 15 There it can activate drugs than nornally may not reach the
trans-CGolgi. In order to further a nore conpl et e understandi ng of such
sel ect abl e blomdéd ranimald Aogensr delivegs vehicle vdacht diractsfthe hexpeesstankef @ oon-
prodrugs are discussed,in nore detail

bel ow. . . . 1.
of Human DYBRPRYESTIS H’Ql%Pﬁa‘g’élc%ﬁoc%Wﬁﬁ?E%aPP% P othspwisg inactive compound
Nucl i de. | R . T, T Re " .
Deoxyoyt | G2 e EmBnbtLE, o TOGRERR Aing UPPiney BOVRD, As disoussed

several degxyvi€ Haas bdhw, anddt hefiety af abadmmuniceninselectdbloadricend s prodiheg
specificity for deoxycyti di ne, deoxyadenosi ne and deoxyguanosi ne and
i s i npork arttivatinglsazymes masnbaetilived evthi thespntakt of rerpIgesat veald®. al so can
phosphoryl ate a nunber of anti- 25 tunor and anti-viral nucl eoside

Use

anal ogs, including cytosine arabinoside (ara-C) and ddC. T-cells have
rel atively high A evehgoimidGodmiit MARKERS) PROBIAIL ABTIVRSINGENISMEGE! |

types the enzyne is found at Tow l'evels and 1s relatively unstable. The
phosphoryl ati on Ao twidke vanjedyl ofi osn-iemandgahéo matkesmarel/ oreprbdrug Gictivatinghe

first step in the synthesi

S 0 dATP, and dGJP. whi are uti.lized i n DNA
synt hesi s. SREDE RN %SWE%?F‘; &Y ibe #§nk 48 ¥@'yrf%ﬁl?§oﬁ‘f§1°ngre§‘ﬁ“dﬁ‘é‘?m’f’éadi ng
frame 78{). & I f] f ¢ . .

10 O{O q%ep ﬁﬁ%é&gﬁ%g}?gﬂg&%ﬂ%&%ﬂg lc?)?\rbl&lo\r/\l/a?a ibres¥eac l}c’) ntgs&e%yfor

Chot tiner ginitlnoger®ifShy a variéi$ of b3dys] hthudid® Bk example, CTL assays for antigens.

Cytosi ne arabinoside (ara-C) 5, . Ara-C is the prototype
nucl eosi de te it the prgaaism kas pravioushogegerates immunity, ando i vigrg gepgration ol

count er par tﬁ £l Frl ?ﬁ%)é ﬁ é: \kﬁ%k%e‘?egl%ﬂ‘té Q%ngéaenéﬁg&ﬁ with 2 aﬁggénlt fo? ige{ng?o whic g(r) ?up

at the 2 e€ctlve agent I1n the treatnen

acut e tHY 6tgahim ek 861 BaveASpravisidlg eRisARE fisporidt {see Hende@es et &IIIGHHHCON i N
50% of patients with acute nyel obl astic | eukema (AM.). Ara-Cis also
used i nlPl Res. $6i3353-3370,8960 e €0 al.gNanuMedy 2152-38%1A08 T @ssays” wriube

| h ti | kem ALL). . - Kij | h ' -C .
heor oy at cengae fsseretin QY RRUZRESE ehiither menod SR 20HTing thAYa agfigeh ot on
in dividingg %@h-liﬁlmlﬁsggﬂ?‘?s &f adrhihist&@! BE tanKbdrY irf 2'stahdRdBkin WsP¥hdl0ad HADT S

and Its propensi or deam nation by cytosine deam nase, ara-C has
not been efititizéd tocteftaallergic reattivenst Tteshbukeite motedsldwavet, that méhile tbe above tests

Cce i n 1 henBkPe VPR & G JACEPGEB SHAKFIAIT IR Vi A0F BPSBRHBoREIS
substr a4 f»%hin the context of the present invention (i.e., do not produce statistically significant
results), that some small percentage of patients may nevertheless react against the
markers or PAE described herein.
Markers and PAEs of the present invention may be obtained from a
variety of sources. For example, the marker or PAE may be, in its native state, a human
25 enzyme, and thus, by its very nature be non-immunogenic. Similarly, markers or PAE
closesly related species such as macaques may likewise be non-immunogenic. Within
further embodiments of the invention, the marker or PAE may be of non-human origin,
and can be made non-imunogenic by mutation (e.g., substition, deletion or insertion).
Representative examples of such PAE's and associated prodrug molecules include

30 Alkaline phosphatase and various toxic phosphorylated compounds such as



sal vage pat hway enzymes to generate ara-CIP. Ara-CTP conpetes with dCTP and
i nhibits DNA polynerase. Intracellular netabolismof ara-C results in three
sequent i amgw &%;osphoryl ation reactions. The first is nmegcghngdsbynsCK to
formara- : c? 20 ki nase resultsigtheforrration of ara-CDP which is
phosphoryl at ed by nucl eosi de di phoSphat e ki nase to generate ara-CTP.
There are two |imting steps in the generation of ara-CTP from ara-C
the initial intracellular transport of ara-C by the nenbrane bound

Cycid e debAwTAGEdrotbarn doxeibRin HiashtfnoRyRaT e PEpYEAR ST HpRiec" B
deoxycyti dbmﬁﬁ%}gﬁ%sa?&tﬁigee i &%&h gxgth(w@fga%e@sy@hb% OBedylskylcarbofiyy a- CTP

nmet abol it e” cah be enhance y el expression of thée récently cl oned
hENT1 (G i Bhirohsbicih; Atorediadsemad Madbenzene nBis89d) B;glucosidai®frw) athygdedipppt er or
i ncreased expression of dCK. It is believed that d expression is t he

rate |imtglwguesnidsse n ard- cpherobnusiardoglucuienide e 20 ar ISpIrERGHoBNCwENIdE; |

Nat ur e dicing 2:567-573, 1996). T . o r f ex ssi on
of hENT_f i ﬁﬁ%&p?@ﬁser at’e 1@t ﬁ}fﬁ%ortrgﬁgggka?m%f epbgﬁ 0en§ éejlccg%‘q at %‘ﬁ of
the toxic gydsfhispkdmidé Udor ifosfamide; DT  diaphorase and 5-(Aziridine-1-yl)-

11 concen?ratl ons that are used clinically (Wley et al., J. Cin.

| nvest . 752@3dnilrbPenza88d8 (CB1954) (Cakiblet ak, Bivgfemy Pé%p‘ne@é ééili5ﬁl9dé@'t’,e1%§él oi d
| eukem a whereas norpmal | eukocyt e | ow,| eve of. hENT1
Co- expr essKeRxdt aboGgnenr Metasiasisfiesc if :égg'éﬂgufg}%é{ﬂ“my{ %59#8’?5? apd -

ef fects, espectal | vl isaliafh; 1R e AR 8 €1 1930 or Qefibarklet bF RO 5
medi ated b Hﬁ%{éﬁsé)}%%@}%ghhgl%#gﬁ%?g’ e ?gct W Iq]h&(;tcclll?rs.g olrncrle%sgd
CO- eXPrigss Nitok¥nzyloxycaibonyk aftacod€EKokidaseinaid cglubaseni kanthink owxidase apsdit i ¢
doses of ara-C to be reduced t her ebg lr educi ng toxic side effe%]tog.

y o

Dose | i ni t hnpoxaosiing;t iand inlesmine andy ereptidyl-p-phenylsnediapnecausait- and

gastrointestinal epithelial igidLy t:he, hi gh
Tavel o of - orrapegRh sk e PAES oy abp b mads b o E B ipafine 18Ce
first pass cgihnbaitiaht Ghé Bell Rbectel ¥ & notdiosmblly expredsedli Foneinaleythe Havyer
when administered by IV infusion, the drug distributes rapidly in total
body wat er fanim} normally expressed it tho trang GolghecaCbe maslgdn exposson tigzellispripteas na
after 2 hours of conti nuoys infusion. This latter feature,of

penet r a3 n %“GPB&&“W%HH’%&P?‘% ’é?"r%filyv@?x ngtrepch ihel \’}@S?G%Igl‘l In fordsy to
toxicity agaist, BRRL Bidphd GnG&btaRdilB TSsueh AefecaBledinafidsd hi@of Prstiragy, e for
the 15 trggl}ttﬂn%natﬂg’? &E\sl'}gptunors. Cur?gntlsy, araPC is not w del yiyuser$St

agai nst solceflaih wiithese markers drqwedrags agealisenssed in moreodetaitbélow. of t he drug wil |

occur in cells that express augnented | evel s of dCK and hENT1l. Pl asma
half life of ara-Cis less than 20 m nutes due to the rapi d

deani nation reaction.; Dearg/naj LSD R IBne! Bink S EdLiibbarive
currently used intrat eukem a.

3. Qe ! ophosphani de Nucleoside Transporter &YNb fodl Tupted Thermipys omer

i fosfam de are cell cycle-nonspecific _al kyl ati ng agents  that und?rgo
bi oacti vation catal yz%@xwytldl%rk“t%‘it’ o@iGFonds pasponsible” form phasphoryipfion o

R A A M
activated Qfebfycytidine, deoxyadenosine and deoxyguanosine and is important in the
maintenance of normal dNTP pools. dCK also can phosphorylate a number of anti-

25 tumor and anti-viral nucleoside analogs, including cytosine arabinoside (ara-C) and

ddC. T-cells have relatively high levels of dCK activity, although in most other cell

types the enzyme is found at low levels and is relatively unstable. The phosphorylation

of deoxyadenosine and deoxyguanosine by dCK is the first step in the synthesis of

dATP and dGTP which are utilized in DNA synthesis. The human deoxycytidine

30 kinase mRNA contains an open reading frame of 780 nt and encodes a polypeptide with



nmetabolites formed in the liver (see, e.g., Chen and Waxman, Canc. Res.

55: 581, 1994). 12

4, Cyt ochronme P-450 Bi ot ransformation_ i ) t he
met abol | sOIRO70 anobi ot i cs (phar maceutical s, plant- dgﬁ&égé%ﬁ i cal s,
environnment al pollutants, pesticides ant? her bi ci des) and occurs in the

liver, where the xenobiotics are rendered inactive and 5 water sol uble
prior to elimnation. Two series of reactions occur: Phase | reactions

result in the addition of a chenical group that can be further nodified by
t he Phase PBipredicted sizetafcif-1 kol @hﬁgm‘g‘bjm%rﬁtscl@rleféébu@@memt ath@Mafase |

reactions [ | t by a group of enzynes called the cytochrones
P- 450 whi c%é(;?gﬂgﬁfggggpl asmc reticulum i ntegral nenbrane
nonooxygenases. The cytochrome P-450 enzynmes interact with 10 organic
substrates (xenobiotics) resulting in the oxidation of the substrate and
generati on of water. 2NADPEyiosingseshinssidafarei(8ct ron donor and catal yzes the
reaction. A cytochr P- 450 reduct atal yzes the reduction of the

CYC P- 450 monoox{gafratetic mRtotypeCR ?Ss‘le?i es chemptheraprutie drug dAndafifiers
wh h y . . il
weh ant o BOnEGEPhT ek counelpdf, BTG 1 B Moo A SORC! ©

i mportant  grouphst thkeROpositicnat AeaCofs the andst effe@dnaentth théQfeabfient of acute

carcinogens. Nornally, these reactive canounds are conjugated resulting
in: ghyeleidleullemiaohs & singletagent, arpe€Hpduces smissiony indYoraf patienso withgat i on

or ani no-aci onj tion. . Ln ar,der to furfher
descri be cg?ﬁﬁiwe&bgﬁé*ﬁg@(eg%c@imt LHrgiC t‘%élsgouseflrff}(elﬂ?ﬁ%o‘wsfshgyﬁm(?ﬁfcng of
an actine BrBRcHICILaRilI&TEL), RctteAynPhb@ic' RhkenSia (ALL) Sind non- s&gm ed
bel ow wi t h?n thgﬁexarrpl els. Bri)ef I y,e ?’{I\% sﬁ\lglgel I uélﬁgr (ﬁocglsﬁnzar{oinoﬁ 0 lksﬁe CyC
P450 pr ot eiymsplioma; e-Ara+Q) dnedpdrates |ihtowreplipatings DINA aindt teeminaes dDN Ae strdrel
extracel | ul ar to the_inner surf{;\ce Qélgt he pl asma nenprane.

ly.or. .. .. bouynd
Xenobi ot | ce@a&%mrfasémfiw& q&ﬁ%-n&ecause of iif iselecthityr fon Zamdly ereyying HHEPEAthe
Phase | oxiy ' : ' . ; _ LEC : e
Phase || d?atgi %?(c%p %ﬁscl{t | gﬁib@@%ﬁﬂg}gpﬁg{‘?‘é‘%% %(rgﬂfsa?e,%ﬁﬁer eby @gﬁ%@r %fﬁ%uﬁzﬁg&h
ant i - cancetheagathent af salid tumord. oxi ¢ et abol i tes. Because of the nenbrane
perneability of these reactants, they may diffuse fromcell to cell,
resul t il,ég in a byst afdaC egterscaells via the equilbrative nucleoside transporter (hENT).

13

Once in the cell, ara-C can undergo deamination to ara-U or serve as a substrate for
salvage pathway enzymes to generate ara-CTP. Ara-CTP competes with dCTP and
inhibits DNA polymerase. Intracellular metabolism of ara-C results in three sequential
phosphorylation reactions. The first is mediated by dCK to form ara-CMP. dCMP
20 kinase results in the formation of ara-CDP which is phosphorylated by nucleoside
diphosphate kinase to generate ara-CTP. There are two limiting steps in the generation
of ara-CTP from ara-C: the initial intracellular transport of ara-C by the membrane
bound transporter (hENT) and intracellularly, the balance between deamidation by
cytidine deaminase versus the initial phosphorylation event by deoxycytidine kinase.
25 The intracellular generation of the toxic ara-CTP metabolite can be enhanced by either
expression of the recently cloned hENT1 (Griffiths et al., Nature Medicine 3:89-93,
1997) transporter or increased expression of dCK. It is believed that dCK expression is
the rate limiting step in ara-CTP formation intracellularly (Manome et al., Nature
Medicine 2:567-573, 1996). The level of cell sux;'ace expression of hENT1 imposes a

30 rate limiting transport step on the accumulation of the toxic ara-CTP at drug



B. GENE DELI VERY VEHI CLES The non-i nmunogeni ¢ nar kers
/| PAE of the present invention may be utilized in a wide variety of
gene deli V‘Q,F?;ga)lﬁ%bcl es. As discussed in nore detail below, pepysdsit@r@ene
delivery vehicle may be of either viral lgr non-viral origin (gé’e general |y,
Jol |y, 5 Cancer Gene Therapy | (1994) "51-64; Kinmura, Human Gene Therapy 5
(1994) 845- 852, Connelly, Human Gene Therapy 6 (1995) 185-193 and
Kaplitt, Nature Genetics 6 (1994) 148-153).

1.
Const ti f t i | .deli . hi cl 1 - - V t hi
one. aspect SOREPRENdk e PRIy (o ot St davest i 1989, or
provi ded WRHESIT12{LhipARS bkpietRE ihoachf MfeRlid eUNeRES vheRQR-AdHHD W83 Ftes

sel ect abl e mar Ker" and/ or PAE. Numérous retroviral gene deliver
vehi cl es mexpiess low laveBbIVHBNT Co-exptession ofibatht ofothesemolecaies should\bané i on,
i ncluding for exanpl e those described in GB 2200651; EP 0415731; EP

0345242: ~ \eymsgighie effectppesnsciptiy g salid tomers syhere \gugngnied; womgecellkilling

90/ 07936, VO , 622" 5698 4: . WD

031 11230, WO DA 63 10e (et oBbfmcer’ RSk Bow et papssion st |, o
4,861, 719; hENT1 dhdP8OK2BnmiY delISwill, allbw ﬁx%?a?_ehﬁb bses oBeird-al to\Be r&ific890, 921
and provi si onal application 60/053066, filed July 18, 1997; and in

Vil e, Cancéherélys reducing 3to386GidgeAfecttg93Doss | limitidgn dexiciles Belwe? soGTe
1993; Ram Cancer Res 53:83-88. 20 1993- .Takami ya, J Neurosci Res

33: 493- 503 MYEFEPPIESIon and gastipintasinpl saitheligl tnagy- 1993; Mann, Cel |

33: 153, 1983; Cane, %la&fl i : ; . .

Human Gene Ther apy 1%6%5?9 . th@ﬁ?g% isbeis gflcﬁﬁﬁgeR‘ei%a?%éﬁegﬁqggeﬂﬁéétgg?ﬁc%tlex}agl
vehi cl ex) ofepithelivat e fitst ipasseelirmimatiornin the livegdird-¢ is not given srallict Hdwevern a

wi de variety of retroviruses, including for exanple, B, C, and D type 25
retrovi r usddeaqdpanistered by IVrinfusion.dhe drie digrbpies rapdly in detal bady watepand

Viruses, S . Edj ti ri r L tory, A19853).
Briotly, veoqebuagns Bt O8f 2ehsRR o e HBn AR 200k of SElMSB oy a
seen under jgfu§ioh! OFhisMlGicP F6aire -of PeREratidg the bloodSBrhidVbdrH&ess VN Q8 refafiveave
an eccentric core, while type "C" retroviruses have a central core.

Type "D r dackoofi tonisity against posiumifsisl erlly makes areedi ant attradtivseendidaieefoB thad
type 305 ColflnedY of CFS rumGiSP" EREMA hatSe ¥ AOP Widely st bt Sofi§ ot US©S
descri bed pgwElA foteRiatdn’ 3SR 8on M?lﬂfec&&h?rwiﬁi R Qs thIRkpist HeGRene@cond
Edi tion, Col d Spring Harbor Laboratory, 1985 at pages 2-7, as well as
a variety dévelseofadClpnd hENT!. rRissnma/halfiBfesof(aea-G. is M5B théh, 20NTmhw duectoMES[ err |
(see O Neill et al,, J. Vir. 53:100-106, . . 1985)%: %nd pol ytropic
retrovi rusé@’g degninafprrreziionyoPeypipaiakis misimy! igithg CSE and age- is ayrrently
45(1):291- . i readi |y obtained from

- 238 intrdfiddaly (5} GlathRh{ hERRR e

depositories or ct1ons suc nerican Type Culture

Col | ectagon (" ATCC'; Rockville, Maryl and), or isolated from known
sources using commonly avail abl e techni ques. Particularly
preferred retrovirusds forCuciaphpinkamide i on or construction of

; g: ; gx: ; 3'5 egeggl ceiglt ie rchp\ﬁgpﬂh%lm?&e gr];d {tsh fsoRlet %ﬁ%gttamii@evgrrétée ncyjcﬁgxlxéjn%;e)ecific
alkylating agents that undergo bioactivation catalyzed by liver cytochrome P-450
enzymes. The therapeutic efficacy of these oxazaphosphorine anticancer drugs is

25 limited by host toxicity resuiting from the systemic distribution of activated drug

metabolites formed in the liver (see, e.g., Chen and Waxman, Canc. Res. 55:581, 1994).



10 fromthe group consisting of Avian Leukosis Virus, Bovine Leukem a

Virus, Mirine Leukem a Virus, M nk-Cell Focus-Inducing Virus, Mirine
Sarcona Virus, G bbon Ape Leukeni a Vi irus, Feline Leukeni

Reti cul oer@P#M%bsi s virus and Rous Sarcomm Virus. P Eb‘fbg%/éd‘f?s
preferred Miurine Leukem a Viruses includé 4070A and 1504A (Hartl ey and

Rowe, J. Virol. 19:19-25, 1976), Abelson (ATCC No. VR-999), Friend 15 (ATCC
No. VR-245), Gaffi, Goss (ATCC No. VR-590), Kirsten, Harvey Sarcoma
Virus and Rauscher (ATCC No. VR-998), and Mol oney Miurine Leukem a.Virus
(ATCC No. VR-190). Pérti cilvieahyome Bf450r ed Rous Sarcoma Viruses incl ude

Bratisl ava, B t AT 334, VR 657,. \IR- 726,
er516|53, a\éﬁd VR- 7285y§}°“a‘gg1’9§$hertaﬁﬁ'§ Pgs cgfc #F%B&’S“Enggf/br’éﬁ”ﬁb

Harris, P V. 7 V, V-2,
S| (/“ IS: v r Z(Elgﬁ-gﬁﬁe\ﬁcals,égg} %Q’?ved alenﬁgalz &vn%ﬁxeﬁ@@@ﬁﬂlﬂtaﬁ{s l#?ézf%és e/x:g% 354)

Any of t he lzksivides) %dmccunsszastherﬂyvehewhﬁadhé y(enmblbmqseaielrmdmdbrnabtnve and
assenbl e or construct retroyiral, gene delvery vehicles g|

cSi i ﬁgl osf e WteR/sokle prior to,elinamationyn Vg senesrof TERRLIGRD .Oﬁ%mt ﬁﬁ iTEAFsiony eI d
Sor e i 50t i BERERHOR e SRR afoy i R Betufthes HBTHEN by She Blioe 1)

addi tion, WeidtioR isRIViAg Ryd&oleid dFeBhfugaiorn hEhd Phase] reabtions are cirfied b@tr'tSy zOf t he
retroviral gene delivery vehicles may be derived fromdifferent

r et r ovi r us egroup-of enzymep icalledathertytochremenBdd mdrieh are alhendaplasmic é’mlculum

[ eR}\LrA\O\t;: F]S: H\ét%gﬁtaf gxqqq;meanﬁaagx%engseg 'fh\éegytgéhggqmg Mgd rérelzy%ierscﬁx?enrac '

15 %{rﬁp "RbsthakdsS (xéhoBRAHEHI! 'rémﬁigﬁ Bl the QﬁhitldwrdfnﬁleL%%%ﬁicaa?ﬂ rus,
and an or| gl second strand synthesis froman Avian Leukosis Virus.

Wt hin one geapmdbdn of whiee NAEBEHUS usadeast the electren dondrmanid catalyass theoresttionct s
are provided conprisin TR, a t RNA bi dln sife, ack Lgnal ,
one or nore® SYOREPBEQ o@ﬁﬁls eééif&%nc‘@éalyzgﬁ g?’ ﬂ“‘ﬁ\‘msé’goﬁléf &% %‘M
synthesi s alﬂgno‘%xﬁ n"a;gQ The CYW-&% ﬁ atrgﬁlnﬁ?:‘f’é nﬁ;effgﬁﬁ r&i’fé}ﬁk MK RatAMene! or

env codi ng seque Re resentati les o sSuc vect or
constructs pe @mﬂﬁxﬁﬁbf bmihgua tgehé tmﬁnammks w@cm aAh tido€YQUB-450s. iz Phat8dI and

US 97/ 07697. Pacgb‘g g cell lines suitable fB‘i? e wth
the abov¥2 d@gmgiamrea@ttqrwm mpomnt/ 9@6*@15@@9%9@6&%%@@@3 %%chraépar ed
(see U. S Ilcatlon S, o] ol
07/ 800, 921 BCINQEEPY. aw %¢| ca@%‘mN&mpEE%@ Fbéé%bj gﬁ%ﬁ&sﬁﬁng :

97/07697), @G&rbﬂlﬂéﬁoﬁe%ulﬁtx§ﬁ e@«te@h)namﬂ%er elthiohé N&mjgation dreammisb-yeidt or
cell lines or s") for the productl on of reconbi nant vector

particl es. cofjugation. pref erred enbodi nents, transduced packagl ng cell

| ines can be selected utilizin 0 o) eri.n | udi ng
PCR titering (see, q@ JE& ?‘B’ta'?ﬁ\)g%‘érr‘baofe@?‘ﬁi Rf% gm%eal gsngéu
cells 195 a3vaRRHARE cBhng 64 baVeCkhitR EYC éﬁm enEqﬁtfo B%ims,srax {doiét las
descri bgd i %v%ii P g?gt thin feurt her enbodi megnts reconbi nant vector
particles descrxhddlhelbvamthlradxe axpimiplesi @ﬁyeﬁmb&ubeellldadma‘hzefabrt elCiaiGYes are
free of detectable repli atl n conpet.ent .retroviru us,

P-450 proteins is re-targete ow expression of the protein either extracellularly or

bound to the inner surface of the piasma membrane. Xenobiotic compounds, including

anti-cancer agents may undergo the Phase I oxidation reactions, however, they are not

25 subjected to the Phase II detoxification conjugation reactions, thereby rendering the
anti-cancer agents as active toxic metabolites. Because of the membrane permeability

of these reactants, they may diffuse from cell to cell, resulting in a bystander effect.



2. Al phavi rus gene delivery vehicles The present
i nvention also provides a variety of al phavirus-based vectors whi ch
can funct%&nmﬁgggene delivery vehicles. Such vectors can b constructed

froma vari ety of al phaviruses, including for ex fﬁS‘f‘@”’%‘t bi s
viruses vectors, Semiki 25 Forest virdd (ATCC VR 67; ATCC VR-1247), Ross
Ri ver virus (ATCC VR-373; ATCC VR-1246) and Venezuel an equi ne
encephalitis virus (ATCC VR923; ATCC VR-1250; ATCC VR-1249; ATCC

VR- 532) . As an exanple, the Sindbis virus, which is the

prot ot ype menbdd of WMMS genus of the togavirus fanily is an
unsegnent ed genoni c f of pr oxi mitel 11,7 3

nucl eotides in Iengtﬁ |E§II le%mgon%éﬁe /rggg ‘ggpé?fam tnventlon may

16 utidized upé){fv)’de&f&xlaw cttRee WBlivery FBRiCIs S Als K uRRa ik e QPJ

I nf ecti ous enveloged Si ndbi s virus is produced by assenb
viral nuclthegenssle Vw(ytemc}tsn@)nbc)of ¢ithey virall org@mnevitat origin (SBNéememall)h Golly,

t opl d th h b nbedded wi t h |
hcoded ol G Ueet Aderagi s 939 5 %Esiqrﬁem Eamay GenasPherain S, 08895845 ough

| ath d h d
clatharin 85t§hg81‘i}féﬁl? HB}nPﬁ GefnU%Q (tlgg ) ngjﬂﬁ){(ﬁ@e\,")%ﬂ, o é‘e TS G ONE,

rel ease of nucl eocap Duri ng
viral repl(iesf)ila8-168e genomi c 498 RNA serves as tenplate for synt hesi s
of the conpl enentary negative strand. This negative strand in turn
serves as tenplate for genomc RNA and.an internally initiated 26S
subgenom ¢ RNA. The ,Si nd 'sqviL[taI n!st r.ut}tural / rot el n are transl ated

fromthe 10 genom ¢'RNA nslated fromthe

subgenri ¢ 26S RNA. Within di¥elas Pédt@:lf tHE PSRt i’ﬁv@ﬁiﬂfne§ iap @ct LHMLQ n and
processed into individual proteins post tfanslati ona proteolytic

cl gavage aﬂ&tpmpabda@fudg a@ezmsl mmcﬁed &scaie;s omkexpress 4 hen-tmmui?agﬁgé keleétablal
coding re on t he S RNA i s packaged into

Viri o%s ?@rﬁ'ér ahlfer B eNume‘?é“ t’? %?nedfle?‘f’%fﬁ’éﬁblcéqsgﬁ%x/bg yalized within
systems Ngye benteanst h‘écﬁx‘é ntflvention Htc'h.'ldx%?o?’“e}znﬁﬂe tpﬁ &gg&‘} : ;g\é .t' on.

Repr esent ative exanp es ol sucn sy stens | ude

u s Pat en226Qff1i EBt0|4®5fl73|‘1|oEP (138514923 BB/ CH68 0% (5 8F/03840; Oﬁtﬁ@mﬁm WO
gl?a;‘tent Nos 5,091, 309; 5,217,879 and 5, 185440 PCT pat ent appfl cation
pubI i

§R/02806; WOHAOIGOME POI9ZI30; \M@%ﬂ:ﬂeﬁzgwowzégpa,m@%mw 27044

and WO 20 Y/ i/

Particul arl E%i?lel% g?’r“@]g?):ﬁgﬁi%}? gg@%or 51 9ry§szlﬁﬁﬁ']‘23t #8087 é%;eqts

i nvention 4;m1mgleu®osesmg@ hinare.Sles 777, bEd i Ul nsértats NAPI/BEGH2 L AnklO-
08/ 198, 450. Briefly, within one enbodi ment , al phavirus vect or

const r uct roayisonsl cﬂn‘pbeaiw@oﬁ@(ﬂﬁ%%ﬁg fled July 918, sléﬁﬂermé inhVile, iGancempdizlbe of
tiat t f RNA, 25 | eotid

sequence SHOREH-AB66 SRET Vit Conatr 485 qdishe ety 145 i, Glneer s paifBcaton

regi ono  199WNT Amii, aycmmmrmt 12 ads.tsésrmc b FNGEBIRE 1IN L he

subgenomni ¢ fragnment’, i 'nacti'vat ed 'such’ t at vira NSCri'pt1on of

t he subgeh®®; d\dm@ww 153, p083;e@ared PreniNad Acad ScaBpj6a49,r 1984 RM Millwer ase
recogniti In still further enbodi ments, the

seguence.
vect or co%@ﬂ”ﬁgk’@eﬁEWﬂkW%ove 30 contain no al phavirus structural
proteins in the vecRehoGRfigkhd'ifvery WIRcISEbEHE $lesent invention may be readily

constructed from a wide variety of retroviruses, including for example, B, C, and D type
25  retroviruses as well as spumaviruses and lentiviruses (see RNA Tumor Viruses, Second
Edition, Cold Spring Harbor Laboratory, 1985). Briefly, viruses are often classified
according to their morphology as seen under electron microscopy.” Type “B”
retroviruses appear to have an eccentric core, while type “C” retroviruses have a central
core. Type “D” retroviruses have a morphology intermediate between type B and type

30 C retroviruses. Representative examples of suitable retroviruses include those




17 het er ol ogous sequence may be | ocated downstream fromthe viral

junction region; in the vector constructs having a second viral
junction, the sel ected heterol ogous sequence may be | ocated downstream
fromthe sWOIRAI®Pral junction region, where the het er BFEY8WI0LUSquence

is located downstream the vector constrldct may conprise a 5 polylinker

| ocated between the viral junction region and said heterol ogous sequence,
and preferably the polylinker does not contain a wild-type Sindbis virus
restriction endonucl ease recogniti on sequence. 3.
QO her vi r aldegesihed de RNAe T ymee Nimisess Madecular Biology of tumor| viruseid Se¢amd Edition,

t [ I t d, al [ - d t , } th Vi I
Vectors cy<eafSprig Harod EebRrmbit 1985 38 pts onL trertil et § oapcoturenagppic |
XA €. Wbk ArABe(SAONGRIRIING AP end RYRQ @5 ORRAPU A2 VECHAIGTBY De

enpl oyed elivery vehicle. presentative exanpl'es of Such

vect ors i ncl98dy andgméytropic retiesirusebdel ghWICFand MERMEYV Bes Koty et al., J. Vir.
Bi ot echni ques_6;: 616-627, 1988; Rosenfeld et al., 15 Science 252;431-434,
1991; WO 9FO6NPHI-188, 1983). Snch repiuses may: beysadiloobtaiged from depoiseriesmrs| er

53(6) 2858 THTFBEseueh 55 1RO ompplate e TRE By SR Raglyilly ey

et al., = Mafeind), 62 (sdlitedForlihowhdddiceb usifp catmontyudVailshle Gechiites.
4(4):403-409, 1993; Caillaud et al., Eur. J. Neurosci.

5(10):1287- 1291, 199Fartiwiarbnpreferres retromauses Gomibie prépapation39-cbBstrucion of993;
Jaffe et al., Nat. Genet. 1(5)..372-.378, 1992: and Levrero et.al., Gen
101(3)" 105 Fetrovital g5 dglyiery "ﬁ‘?’f&%\ﬁfé%? Bﬁ@é;‘“%"@%/‘@%&%{e‘fé’ﬁﬂu% S§§F§93282.
Exenpl ajy | e groupddRBGid Bf Aszwxeuﬁl&rsﬁpﬁir«se%%ﬁe ESemNRARifis] Mk S

i nvention include thgse described I n t he above re erenceé éocunents

and i n WO 94tukafimdyintiDMIiRkCXIBRocus\th@RAdOVY Ris, Murine SMcddd Ya8.8Gibvéh Ape
95/ 11984, \WO 95/ 00655, WO 95&%?071 MO 95[2999&5 WO 25, 95/34671, WO
06/ 05320, \hSubampeYres, Folinokgukenns Ving Reljcglpsndotheljosts yipis and Rous Sarcopa

95/ 14102, / . . L/ 4, ,
95/ 09241, %“gsg/ féﬁ%;lar%%gf'%és% 1%@;%%%3%@?%%5@@&% 15044
Al t er nat i vgHyrtleytaridnRewe al.i irolof1 9182, 11976)] Ateldon! (ATICE N OVR1999), Friend
described in Curiel, Hum Gene Ther. 3:147-154, 1992 may be enpl oyed.
18 15 (ATCC No. VR-245), Graffi, Gross (ATCC No. VR-590), Kirsten, Harvey Sarcoma
Virus and Rauscher (ATCC No. VR-998), and Moloney Murine Leukemia Virus
(ATCC No. VR-190). Particularly preferred Rous Sarcoma Viruses include Bratislava,
Bryan high titer (e.g., ATCC Nos. VR-334, VR-657, VR-726, VR-659, and VR-728),
Bryan standard, Carr-Zilber, Engelbreth-Holm, Harris, Prague (e.g., ATCC Nos. VR-
20 772, and 45033), HIV, HIV-1, HIV-2, SIV, FIV, and Schmidt-Ruppin {e.g., ATCC Nos.

VR-724, VR-725, VR-354).

Any of the above retroviruses may be readily utilized in order to
assemble or construct retroviral gene delivery vehicles given the disclosure provided
herein, and standard recombinant techniques (e.g., Sambrook et al., Molecular Cloning:

25 A Laboratory Manual, 2d ed., Cold Spring Harbor Laboratory Press, 1989; Kunkle,
PNAS 82:488, 1985). In addition, within certain embodiments of the invention,
portions of the retroviral gene delivery vehicles may be derived from different
retroviruses.. For example, within one embodiment of the invention, retroviral vector

LTRs may be derived from a Murine Sarcoma Virus, a tRNA bin&rng site from a Rous



Gene delivery vehicles of the present invention also include parvovirus
such as adenovirus associated virus (AAV) vectors. Representative exanpl es
of such ors i ncl ude the AAV vectors disclosed by in WO
93/ 09239W s S et al., J. Vir., 63:3822-3828, 1989P%#0é%9§@%§n

al., Virol. 166 154- 165, 1988; Flotte d° 5 al., PNAS 90(22):10613- 10617,
1993. Particularly preferred AAV vectors conprise the two AAV inverted
termnal repeats in which the native D sequences are nodified by

substituti na%]‘l cleoti such . that at "eaigggq natlve nucl eoti.des and up
to 18 nati a VIIR%c? B8t a&‘% sighal ffggm, i3 Muripe mig Vi apd aperigimof des up

to 18 nat'sﬁ&Maﬁ@Eﬂf&ﬁéasﬁ&ﬁtanAvxanEéﬁé?ivaﬂlﬁé 10 native nucl eotides are

retai ned and the remmining nucleotides of the D0 10 sequence are del eted

or replaced with norWithin owe aspettestt thdqseseiihimvemidny eetfdvaereR6Ssonstructs Of t he
AAV inverted termnal repeats are sequences of 20 consecutive nucl eotides
in eéé%P‘M@eFiﬁQ@Pf‘é‘&gtaér il Raf tRElHchindipg Slée,ap@ﬁ@gmgl sigmheonsequence at

h | d HP f Th
Fepl acen i adiBeal requencsd tn TEgP 68 Sebdhe Fanofl A, Sicheh bt o g b eot i de
found in tvblﬁeréiﬁtthé/ Qe@oﬁ E&Mﬁtelabk‘s hwaépeﬁﬁcodﬂ% sddulfte \M%QIE&"ICSQH%IYQQI abl e

exenpl ary AAV vectors are pWp-1 1, both of are scl osed
i NNahr ei niexaigpliee @2811025%0@6&%&@9:&; aendedeeibede wdthinn @CTF applivatian Nos. UPAV

AV vect §ﬁ?§%§g§“‘b§§b?‘7z@7gdﬁg vecior, Fow to make ﬁigéﬁu&”? D1 TR vectar
Lhose di sci osed | n GariEne oy HhgsdiaBe o iy B apountTRsfhial °y <

Pat ent10No ve&pﬁ.@@néﬂsﬁﬂzts Kb bt aksdily prefared (see BA. eqiphmmnSNémls@ﬁﬁosoa%h Koti n,
PCT Pat ent Publication WO 94/ 288157. Yet a further - exanpl e of an AAV

vect or emH-8yApplkcation Ne 97/39%8%}c»|3§ﬂ’q119a53§79mhm08 WS 29105789 and &F& ai ns

t he AFP e rom) r an ire Ssi on doni mant |
nthe 1 SaTET, A0 DGHIL SRR b Sheo? R dinks (8150, BiRE wsgteac&Lﬁsep OFunan’
gsene Ther #WCI25) fé¢ 468- }%@ucnlaﬁgﬁf re&Q'ﬂblhhrﬁn%ctcﬁA\ﬁaﬂFc&@ thﬁggﬂy Qs are
escribed in U S 354, 678:; 173, 4147 U. S. 5 9 and us

5, 252, 479 embodiments, transduced pacltgmg dell |1mesr yan/bénselleetsd akilizing zpnensxbm of
|nvent| n.also in de. h vect ors. resent ative exanpl es of such
vect ork H? ﬂ’t?g g‘éf) sggRbS}teﬂflg (3¢ A, E’““‘“P le B4y, opty. stapyig, of

215: 219- 2&@ 289 cefdFof RAS t 1,30 and
EP 0176170 ???m zms‘fﬁ q%ddl t?pggé exerrp fgﬁﬁyhxg?ﬂﬁg@kee? %ngfirzsggnggc%sor S
19 deseribedién Bﬁﬁhb]edm- LWedBird figthen smblodimed(s, PubMbindft (dbker pirticles

Institute HSVI ac scribed in Geller, Science 241:1667-1669, 1988
and in WO"8eh &k madey “&%ﬂng thg, pbonssidentifiod” techniqpescare dreedef dlerdstable n

Fi nk, Hu 9, 1992; and HSV 7134, 2 RH 105 and GAL4
o i &E

descrl bed I'n reakefield), and those 5 deposited with the
ATCC &% accessi on nunbers ATCC VR-977 and ATCC VR- 260.
Gene delivery vehicles may al SO be generat ed froma w de variety of
ot her viruses, inclddi ng4et B ferpe e8s (Evans et al., Nature
339: 385- 388, 1 St andar dj i 0 115-118,
1973); rhinovirus; 32’% p\rﬁsgrgslggentloh afso%gﬂd%ssa IR 9}%@3@"\@? 8segVeGiRr ni a
virus (Fi sl dadin@iortls. genB ey valliéie32 SucH 9&%ors tih bE! ;a ANN.
N Y e o G in@lotes gonk WP veNilles 2 Suctf Vekiors toh Re GhQloid Foma

wide variety of alphavn'uses mcludmg for example, Slndbxs viruses vectors, Semliki

25 Forest virus (ATCC VR-67; ATCC VR-1247), Ross River virus (ATCC VR-373;
ATCC VR-1246) and Venezuelan equine encephalitis virus (ATCC VR923; ATCC
VR-1250; ATCC VR-1249; ATCC VR-532).

As an example, the Sindbis virus, which is the prototype member of the
alphavirus genus of the togavirus family is an unsegmehted genomic RNA (49S RNA)

30  of virus of approximately 11,703 nucleotides in length. This virus contains a 5' cap and




1990; U.S. Patent Nos. 4,603,112, 4,769,330 and 5,017, 487; WO 89/01973);
Sv40 (Mul'ligan et al., Nature 277:108-114, 1979); i an uenza virus

(Luytjes 59:1107-1113, 1989; MM cheal
Med. 309: i‘&"%’”’fg& and Yap et al., Nature 273:238- ?%’Usi’y%?@ SV40:
H V (Poznansky, J. Virol. 65:532-536, 153@1) 15 nmeasles (EP 0 440, 219);

astrovirus (Munroe, S.S. et al., J. Vir. 67:3611-3614, 1993); and
coronavirus, as well as ot her viral systens (e.g., EP 0,440,219; WO
92/ 06693; U. S nt No._ 5, 166, 057 I n addl tion, viral carriers may

be honol ogud, p%adenylated T@Ht pshydisplaysieesitiys pelgrityr dpfsctigus erwe&me%@dhxs Vi rus
(e.g. O/er\t{ﬁﬁqp Pl%tdugéd brye gén%]g%f the v1ra% gxgclggcgag &%Jﬁtg‘%§%)uo B0 Gir é’e%%nqg ess

i nduce cel I} nune spons inc 4,
Non-viral oRNA ﬁeﬂhb\(@f%la‘éﬁhhﬁ:ﬂ BRdding through the cell membran@@aibeda With tvig) above
viral -based vectors, nunmerous non-viral gene delivery vehicles my

| i kewi se besngoddd; gleqbgmtcimsn Kty ebwirexintofcelihis by esdnvytasisviammigbrelatharid-or
exanpl e, WI t hi one nbodi nt of the inventi.gn ne del i very icles
s a S S R of vl Py ol che corlprapns. reigme: of e

detail ed d r
G her gene &8 i S“‘ 58 goating BHHRTWON pénc D ﬁﬁ“‘??%f%@g%@ﬁ%&
for exanpl e49sleAenecvea<as tenepd e feissyathes B aif alies conpsibierthiyondgati ¢o stekdids EThiONA

| i nked or 30 unlinked to killed adengvirus alone, for exanple see U S
Ser i al No. TWREAtEHStAgY in fyrp serves as template for genomic RNA and an mtemally injtiated

0 9 Hum 3: 147+ ;
I i gand i nﬁ%&omw R&‘%r/}gigfﬁgﬁé %angmﬁgﬁqﬂmgﬁéﬂﬁws °T3‘§%7
1989; ey@arggea infc RRIA wiBé stvedhyral %rotelf{ﬁ:h'b Qéaﬁga@s |fifo?n t}{eosrubg&ml;%sqmy S.
Seri al /240,030, filed My 1994, and U. Seri al

08/ 404, 796; Aldlerpebgetnﬁmre@kplpmd@palmlvmrotzmohnldmo@gsﬂd inwt ipdividus] pmnbbnel d 5
gene transfer i.cl e qun S scri be S Patent No. 5, 149, 635;

i oni zi ng r RfS 5 %a%@al %mté‘ﬁg% \%B‘é‘g ®in t’f‘ §aq?g§@6s%§§m§n’ﬁf5ii]aﬁ \7@%’2/‘&‘1033;
nucl ei ¢ ch AT i 'ﬁ?m r

Addi ti onal a’g%%r oac h{agé)cglr%%trd%g%?:hﬁrgdorf nJ nl‘éﬁ:ﬂlféln%é/ﬁowc s " P ﬁﬁ%ed Into

14: 2411- 2418ri0od994 and in Wffendin, Pr oc Nat| AcadSci 91:1581-1585, 1994.
Particl e nedi ated gene transfer may ? npl oyed, for exarrple see U S. 10
Serial No. 60/023, 867 vangty of ﬂgffer%m@ E‘@MH&%@‘%SYF‘H{%% beepnsisuctechagd ¢ ed

I nto C\Rﬂiﬁ@&‘%tﬂ[ﬁa{he;ﬁ?&&ﬁﬁﬁv&%g ?ﬁg%@%ﬂe}a@%%g&&ﬂeg Q)?lslt.u%lo {eﬁ] pehe e oS

for high | SSi on et c gene

transfer rruheswieeaﬂﬁdeﬂﬂwSPatent apiplicaticar Nes. DBAIBUHQL 08@405@627%3 08/&19,640,
pol yl ysi ne, protam_ne, and bum n, linked to cell targ etlgﬁ Ilgands

such as asiWdiSoprteatdhascsid. 3@5 5363879 BediSi1R5449, RRd patent applRiaien publication 5

38222323634%%be%598%90l99ﬁ§ka6t 53@322&%85?2@ “ES @gcoﬁjhar gﬂ%hem

3:533- 539, Si§@@9hafﬁqua33f %(phcatxon N&aUSfoO(SUm Naked DNA
may al so be enpl oyed enpl ary naked DNA

Partlcularly preferred alphavirus vectors for use within the present

invention include those which are described within U.S. Application No. 08/198,450.

Briefly, within one embodiment, alphavirus vector constructs are provided comprising a

5' sequence which is capable of initiating in vitro transcription of a alphavirus RNA, a

_ 25- nucleotide sequence encoding alphavirus non-structural proteins, a viral junction region

which is active, modified to reduce viral transcription ofthe subgenomic fragment, or

inactivated such that viral transcription of the subgenomic fragment is prevented, and a
alphavirus RNA polymerase recognition sequence.

In still further embodiments, the vector constructs described above

30 contain no alphavirus structural proteins in the vector conmstructs. The selected



i ntroduction nmethods are described in WO 90/11092 and U.S. 5, 580, 859.

Upt ake 20 efficiency may be inproved using biodegradabl e | atex beads. DNA
coat ed | at gyp A5 are efficiently transported into cepdfusdsicohis
endocytosis initiation by the beads. The met hod may be i nproved
further by treatnment of the beads to increase hydrophobicity and
thereby facilitate disruption of the endosone and rel ease of the DNA into
t he cytoplasm 25 Li posonmes that can act as gene

041 23607, Vi3 FRef SAUERE bR Ul gl Boypoucam SAR e il USRS wh”

60/ 023, 867, véuist @ingtra@ts Bavig UL seond anl ictios etht edietbiRl heterolog&niegiiéricenal
vectors that contain conventional control sequences for high'|evel

expr essi on, mayidbe Heeatedk davmsiseane dfromt fthes yseedndt viralggunstion aregiosy  wikirecthees
Z:J(t:)nmafl SPi ﬁ?%lg%aﬁg{ghg é%\tllAehgé Elsd ior}:gteﬁaéc;v?nns ezlu{x,k&epgéc}grycsolngt?ﬁctpnr'xg} ac?m%ﬁée 2nd

21 t | ' S of ' | ose,
act ose, Sor PO ERLF dota i Béthes B, ralFh AONBTATMECLAY HLpiefl sSQLREL

| i posones t and prafigrablyathe golAinkerndoess notgcontaintdhevilgeppe Siveidbis vives estrictioh of a

variety of tissue-specific or ubiquitously-active pronmoters. Further
non-viral dendopselpassgecogpitionfsequenise i ncl udes nechanical delivery 5

systens such as the approach described in Wffendin et al., Proc. Natl.
Acad. Sci. USA 91(24):11581-11585, 1994. Moreover, the coding
sequence and the prodgct Obsher vireXRéRSEIIDEYbLigISh can be delivered through
deposition of photopol ynerize ydr ogel - materials. Qther conventional

met hods 1for gene del i ineadditidmto xstmvire Vestods dmst algbdvimetbgsed vectofs, tnumenmdi ng

sequence include, for exanple, use qf hand:held gene trapnsfer particle 10
e oot giral Heqtors, DBtepiso g saisa, Be HILER peof EEns SalueT oyebrels. For

activating LEANSE ekl one emlt:zgcgi;mﬁ%nt 8ft ﬁﬁ%nitigﬁ%éx%v“aﬁec S0, %ﬁ%ﬂﬁiy&eﬁ\o

92/ 11033 ary liposone and pol ycationfc ge

delivery vehs algene afelivérdyosshicle. Repdestntatibe dxamples 8f shchl 2ectddOinalude those
4,762,915, in W 95/13796, WD 94/23697, and WO 91/ 14445, in EP 0524968
and in St ar f¢serbedbycier sxamply, Bstkaen Biatschniques 109637, H 988 sRosnisddghal..san

e 295, SU0KY 2P ACheD Bote e fblotil 130 Be i Ascnteny
gf'it | ADEPTAKaﬁ-&Ier 84 aBPIPNASBIO(2E): bry9s-52al 1 B3O Chgsmdn’ t4dl), CiRdation
88(6):2838-48, 1993; Guzman et al,, Cir. Res. 73(6):1202-1207, 1993; Zabner et al,,
Cell 75(2):207-216, 1993; Li et al,, Hum. Gene Ther. 4(4):403-409, 1993; Caillaud et
al., Eur. J Neurosci. 5(10):1287-1291, 1993; Vincent et al., Nar. Genet. 5(2):130-134,
20 1993; Jaffe et al., Nat. Genet. 1(5):372-378, 1992; and Levrero ¢t al., Gene 101(2):195-
202, 1991; and WO 93/07283; WO 93/06223; and WO 93/07282. Exemplary known
adenoviral gene therapy vectors employable in this invention include those described in
the above referenced documents and in WO 94/12649, WO 93/03769, WO 93/19191,
WO 94/28938, WO 95/11984, WO 95/00655, WO 95/27071, WO 95/29993, WO
25 95/34671, WO 96/05320, WO.94/08026, WO 94/11506, WO 93/06223, WO 94/24299,
WO 95/14102, WO 95/24297, WO 95/02697, WO 94/28152, WO 94/24299, WO
95/09241, WO 95/25807, WO 95/05835, WO 94/18922 and WO 95/09654.

Alternatively, administration of DNA linked to killed adenovirus as described in Curiel,

Hum. Gene Ther. 3:147-154, 1992 may be employed. *



20 Wthin other aspects of the present invention, the
prodrugs descri bed herein may be linked to an anti body, and utilized
for antib ted enzyne prodrug t herapy essenti al ri bed
in WO 95/ i@ 9@364?’8 E.  HETERQLOGOUS SEQUENCES ,Jg,@sgg,g&ﬁg

Any of the gene delivery vehicles described above may include, contain
(and/ or express) one or nore heterol ogous sequences, as well as the

non- i mrunogeni c sel ect abl e marker or PAE. A wi de variety of

het er ol ogous se uence, .be ut wi.thin th text of the
present ?nventl gn ré‘?"ﬁo‘{eh S of® Eieén‘gltge p@ﬁ?‘&t‘%‘fﬁnﬁmﬁ smc ude parvovirus

di sease- asseh 3k %@erﬁ:@ﬁh&&é%émg@&%%@'@ﬁ% réfeﬂiéﬁ%%ﬁaf@‘meg 5%{)&9‘19
gene 30 products corresponding to gen t|c ef| ienclres t nee

expressed anetorsaxdchraig thc AAV vectors disclosed by Srivastava in WO 93/09239, Samulski
22 peri od of reat er_than 2-4 wee &) sequences whi ch encode

i munogeni ctgbrd il $3: 3327— 3 d|9§8a¥’§n‘§’§%cqt3}(se’6" ni@@%léﬁld%&qﬂeﬁe%

oyt ot o & din ERS T EATBBER et Lovh bR D SRR AR e GRS e

(Lanmb et altwo ANV m%rt&l Re18a1 re%aéﬁs 26 Whictthe 4385¢ D- Qqﬂ&id%@rak@mo'éxﬁédoﬁ? n
(Tweten et al., J. Biol. Chem 260:10392-10394, 1985), cholera toxin

( Mekal anos substitutédn of nuclemndcs, sudthabsillcs8 D nalt%31UCE&atld¢m1d&lﬂ-ltd ir§ metive PNAS

86: 481485, 19 d d t A ( | 1 I
Bi ol . Chem?ius nge/sggregefﬂly aiggu O()m) ative nuc eogc)i(elsnup to'1 ‘rwrtg,ﬁlwcgep %F{oi{

enbodi ment g;egferatbgﬁ E\'fg h¥leo éi@% hé%&%e@%&rmg r@?ammgtndéiéohggsegf fie B-

cyt ot oxi c ne |1 er to 1 nduce a potent ass rrcte response. 10
Briefl yl0i rsequtaicé amﬂeﬂaembmﬁpraged?wkhmd-ﬂaﬁeé atoleqiidey e The hgtite BRghadnces of a
specific MRNA, high | evels of specific antisense sequences nmay be
utilized t@fi th@l Mthmerted temlﬂ@rféﬁ%ﬁa@)@ﬁﬁmﬁ%ﬁf &0 coppeentiver mwéeqtndn% inudi ng

gama- |nterf due ée the.for

|
o e ot 1 ieneh sl BT et e i 06 pelifte A B0 e nRh A, | 1

turn, boostrﬁntxbﬁ,weaorxﬁm fotmafionVHG hel x%%snaltwélr}éplﬂ&&?em Bﬁ&%@ﬁd@ﬁm?rﬁd agpse 15
sequences for use in this regard include actin RNA, nyosin RNA “and histone

RNA. Anicleotids @tiRR/thah ithdh nucleatide fqﬁndnmt thvr mtm BesegnerRNAm the same

P sont 14 Aastion, “OlEh smplosebls; sxemiay; AAVoyectsrs g pBTR. RS Bofl pb®

al so di r ectykiBR aRdRécsred HNre NG e mrzgv%gume%v&m&%xm le G364
i nmunogeni ¢ portions of di sease-associ ated antigens. As utill zed w thin the

20 cont extAAV tdewrps pswh201i rScerSanmhskxahthgﬁnéI 3096, d887re d\riotheo@xemplary
"di sease-associ at ed" re either asspciated with rendering a

cel | (or oryaisjords §1§a)t§’g§ble-(9 IERé’%‘é’&o ox¢ tymgke the Double D) IER vegtos iS¢ at e
in general fu, cfgﬁfnﬁ% Phafe ?{‘NBGSM% 785 S bekr ¥ %¥0r§ %r@%&éer?ﬂsd&}@d E’Fthtlt?r, h

di seased. In a eng are consi dered munogeni €
are capz®l| €J.S. Patent No. 4 797 368 and Muzyczka, U.S. Patent No. 5,139,941; Chartejee, U.S.
Patent No. 5,474,935, and Kotin, PCT Patent Publication WO 94/288157. Yet a further
example of an AAV vector employable in this invention is SSVOAFABTKneo, which
contains the AFP enhancer and albumin promoter and directs expression predonimantly
in the liver. Its structure and how to make it are disclosed in Su, Human Gene Therapy
25 7:463-470, 1996. Additional AAV gene therapy vectors' are described in U.S.
5,354,678; U.S. 5,173,414; U.S. 5,139,941; and US 5,252,479.
Gene delivery vehicles of the present invention also include herpes
vectors. Representative examples of such vectors include those disclosed by Kit in 4dv.

Exp. Med. Biol. 215:219-236, 1989; and those disclosed in U.S. Patent No. 5,288,641
30 and EP 0176170 (Roizman). Additional exemplary herpes simplex virus vectors



under appropriate conditions, of causing an i mmune response (either
cell-nediated or 25 hunoral). |munogenic "portions" may be of variable

si ze, but woes/mmesf erably at | east 9 am no aci ds | ong, PERASARH07ET C| ude
the entire antigen. M w de variety of )

"di sease-associ ated" antigens are contenplated within the scope of the
present invention, including for exanple i munogenic, non- tunori genic
forms of altered cellular conponents which are nornmally associated with 30

tunmor cel | gaclie eHEERYIERRLacAdiioskE . in09/C B%/0434Y . (VR Rk emmh&g,i pESSARP! es
of altered 2

cel lul ar cdqutih@htils Qﬁilec.hsdciecenéﬁ‘hhﬁ'/ﬁrl@@sd&s&tw i WOt W/6P44dlennd Whk| ude
i tered t oISIRARHSY UsFipele RgZ RSy 4f Fnk iy Lon? Wm%‘ﬂ'ﬁﬂ PALY i

"D sease-a ﬁsaztﬂ% @M—Lg@ﬁincﬁ@%?wdde%&?&dtiﬁ fawhesrzm ehi@fle gld or
5 porti ons vari ous eukaryotic (including for exanple, para ites
prokaryeét i deﬁdsngd with the AACCeaxsiantgssion nuinbats ABRCOAGAT7 aﬁbmerﬂevmdwe
exanpl es of viral pat hogens i ncl ude the Hepatitis B Virus ("HBV') and

Hepatitis C Virus (" Q@e elé\éfé”y ehiclesypay @éﬁpﬂzﬁngcnerat%fmgeﬁméﬁ 2Hsty efuman

P | Vi HPV:.' WO 90 45

ot ei n- BaPleyrses neuif G SRRt Boucdindd BV Bpal, ofee 15938338
Pat ent  Nos 198b; %34, % NGigl, SidbdiatioRel: 1 182118 Ulogm. arhifiovitss; (pcﬁ@b}ﬁxsessee
U. S Appl i'cation No. 07/948. 358: EPO 377,842 WD 90/ 0883

93/ 09238) , suall dsrcanary poX Ivirus orleddciiie Mirys Gﬁlshm;-H(GCFIeKAI RYAS, 863&1%&21 NG89;

5,037, 7 3 92/1 6 13573; 126, 085) , HILV. |- gnd 11,
and Hu 3%4@? wasso 536?"8344}@] q9é§eﬁ@“§’° )’r%esmeo% (a8
07/ 965, 084)1 %01503 Patent Nos. 4603\&’1&“'4%9%'39 nﬁ%’@g ésﬁfw@%ﬂﬁ@?ﬁ“swo

e cfe iver CFeS e éO direct

i nvention, g gen y’vehicl es cribéd dbove may a
t he expreseMunxgaﬁ arae Varmer 277: ml-ﬂe4,ad9@%)$onﬂuenza lese(:hh)&_&s éxl.ytddil zed
herein, the phrase "i nmmune accessory nmulecul es” refers nol ecul es

whi ch can é?%llll@'l'lﬂfcr]e%?e MgMishealegtad, t/\ﬁeE’Fgecfod‘ﬁﬁ“le 13p}7esb9r3t3ataF6nY@r
activation pf) W?%? %%90 Sevidlﬁl\p@okm{ﬁ?%bffegﬁpprﬁ@éw éi?ﬁi_l),l

Repr esent afi Vé éxanpl és o ne accessory es imnclu

IL-2, Ils- 3meh$le§ngP b-440,21b); Eastrowrus (NMurfroé,\5 8. ePall, entriNe7:36198%61499993)] L- 8,
IL-9, I'L-10, IL-11, IL-12 (WIf et al., J. 1nmun. 46:3074, 1991:

Gubl er et ahd corpnindruggasateibas atbertviraheyene&ig7EP BRE021S; m?2/06693; Us-13

V\O94/046 lL-1 M CSE-1, G CSE
1 1 unbBEtb Vs 52859541 26t TRIYT TR, SHERR 0 T BRECIRER PoRGt ur o
25 331 62f5at93% enickd&Betive, Cﬁ:'}ﬁlgat(o%' @&%Peteﬁc 'vﬁﬁ‘é: 383550@:'@2 h %9 %?) Science

[err]-m croglobulin Parnes et a 2253- ture 338:
521, 1989) 2329@6—9(0}&”8‘8@; amd nevertheless mduerxqilulavemrnm&G@eBpom&- feRdin®s7) ,
HLA C %ss HLA Class Il nol ecul es B7 (Freeman et al., J. |mmun,
143: 27 gé@) and B7-2. Wthin a preferred enbodi nent, t he

het er ol ogous gene encodes gamma-i nterferon.

4, Non-viral gene delivery vehicles

In addition to the above viral-based vectors, numerous non-viral gene

delivery vehicles may likewise be utilized within the context of the present invention.

25 For example, within one embodiment of the invention the gene delivery vehicles is a

eukarytic layered expression systems (see WO 95/07994 for a detailed description of
eukaryotic layered expression systems).

Other gene delivery vehicles and methods that may be employed such as,

for example, nucleic acid expression vectors; ‘polycationic condensed DNA linked or

30 unlinked to killed adenovirus alone, for example see U.S. Serial No. 08/366,787, filed



24 Wthin preferred aspects of the present invention,
the gene delivery vehi cl es descri bed herein nay direct the expression

of nore t et er ol ogous sequence. Such multiple may be
Faophe PeSRs

contraolle by a single pronoter, .Qr pref er abl y, ona
secondary pronoters (e.g., Internal Rib%@one Binding Sites or 5 "IRBS").
Wthin preferred enbodi nents of the invention, a gene delivery vehicle
directs the expression of heterol ogous sequences which act synergistically.

For e I i thin o e i t troyj v, ol. cqnstr are

br ovi ded wir<eRmgt k1958 and EnEeE e Cere o Lot b daps: Leth el DA,

I L-2, ga i @0, wQr 7oi; | eGUlges. o84 { hC

col | - madi at2 KT RO W BOCLAA RFN685 16987, 1983, SRERll A agRRs

i Munogeni arepielesicells, dor exadliplesedd 8s Satdl NwetB/240,039¢ filed Mag 9¢ hoe4aditABNt S,
i mmune presentation and processing of the di sease-associ ated antigen

wi Il be i ndeeaktg. 08/404,496; deposifian of phenpelymerizadehydiegah anaterials;Jaang-held

I I . Wt hi. t i t s
el { ver v vEperastagpanicle gup, pt hedkBed i 15, PARRER) SRS sapbLEgoBHon L "o,
nore het er leQ3fhed if USSR, 192 &l &> WONERIR33! aidisie e ndfRAMHSatidhS or
utilized herein, it should be understood that the term "repl acenent

genes" r ef dusion with celichembraaes. d Additionall appvdechds are dosbeibed in Rbilipp ddiali Cell
protein that js ¢ I preventing,,. inhibjting, h stahilizi or_reversing
an inheri t%o@:zﬁqibﬂgnﬁ%é"gﬂ%&s ‘ﬁfg‘%‘éﬂ’ %" %‘éé’%‘éggaﬁg‘i&géléﬁiﬂgg@’el%ﬁanpl es
of such genetic defe : I i bgl.i i

regul ati on, hornonal q;rag%d&?g{e?%%d Bnd t%hzy{ngltg??eg?l%eahglﬁbe?g}#gleggs%g&sét ed

struct ural Seriac INQN60/BRRBERENBaictlye thx asafphense off (hiterests ean dmudgsdried. intdy
such defects include Cystic Fibrosis (due to a defect in the Cystic
Fi brosis conventignalnsediemnthaboiomirin sroxeniogal spwrol( sequpnges) fors Bighpigvieh et

al., Nature 326:..614 arKi pson’ s..Di Seas enosine am,nase

Gei | ol ancy SXPRBIOH tadh fhen P iFABRRE Gl ARG (RENGRAL ANEASHT o

[ err] - gl obigalygheéR DRAShinkiRBRAAbAY Kk 1Bsiaé; drbtaminé, bhd a®amislafdked eneéles,
see Wod etpaa}?ll.l, Naturem31gl:2:g30, 19?4)1(;3?, 5;f:lac'?:‘(gr- I;( defi gi enéi es, Gucher

di sease, ditarigetingsligands suchak agialooyosamubeids asglesaribed iy Bn 20d Wi, diBjeh S&eidue t o

" HPRT" fl.Cl i .o . Jol | .80:477-481, ,1
Duchennks %ﬁ?%ﬁ%ﬁ%g’pﬁgl’ in a5 A%ﬂﬁgeégﬂﬁ‘ﬁdgfi%%}?ﬁg% &“E’gf"g’#d% %%i)}é%(%DL
Recept or Myioghi MistossCR JESEHHERLA Pink/Bioconjugate EHem 3%3%33?199@@%3@9%

Gaucher's Syndrone.
Sequences whansferrancode t he above-descri bed het erol ogous genes nay be

readily obtained froma variety of sources. For exanple, plasmd i ch
contain sequenceNaksdt DAY oay; nieaé@@g@'ﬁﬁiy g%‘%’%ﬂﬁ'é’s 'I%?‘fbﬁ_mA

obt ai ned fr ' o RIohC e b e ction
(ATCC, RocI%@l?}I’ ecgglﬁ/gﬁéﬁ%{n%fe %?Sg]??%mﬂg V%dg%g‘rer cigglﬁgoygéeg’%&ﬁ'as ri I@i sh
Bi 0- Tecttnoleffitendythiebe (hproled usibl bivddgradabléiagixaredis. Dby esaed Ritdxviseadour ces

sequences Va\/(r]tla %?ﬁc?gn%gfdgargsggrtgf (i)r\x/tg-cr;(l)]ts ea%texi' rc?rrclijor::()altosis initiation by the beads. The
method may be improved further by treatment of the beads to increase hydrophobicity
and thereby facilitate disruption of the endosome and release of the DNA into the
cytoplasm.

25 Liposomes that can act as gene delivery vehicles are described in U.S.
5,422,120, WO 95/13796, WO 94/23697, WO 91/144445 and EP 524,968. As
described in U.S. Serial No. 60/023,867, nucleic acid sequences can be inserted into
conventional vectors that contain conventional control sequences for high level

expression, and then be incubated with synthetic gene transfer molecules such as

30 polymeric DNA-binding cations like polylysine, protamine, and albumin, linked to cell



accessory nol ecul es include BBG 12 (containing the GwW CSF gene codi ng for
t he mature protein of 127 am no acids), BBG 6 (which contains sequences

encodi ng interferon), ATCC No. 39656 (which cont gdysysRfbRYCES
ey S |

encodi nhg ATCC No. 20663 (whi CQ cont ai ns sequences encodi ng al pha
interferon), ATCC Nos. 31902, 31902 };md 39517 (which contains sequences
encodi ng beta interferon), ATCC No 67024 (which contains a sequence

whi ch encodes Interl eukin-1), ATCC Nos. 39405, 39452, 39516, 39626 and

2553, 0. Ao L AR oA o
I nterl euki r’?tﬁ%xv dﬂ% NetenRASIAdE W G4 SOTIbGRLARS 6 CHERHSERIEDNA] L Rprising

I nt erl euki Nos. 59394 and 59395 (which contain sequences encodi ng
| nt er | euki nhé)genanchdéT @R Nontr@l7 063 (vatieiyh of dissus-specifieq oe nibéguitenslyetictiye

Interleukin-6). It will be evident, to oene of skill in the agrt that K one may
utilize ei tAsePOEHe F““hf'érﬁan‘érag é@b@%éwﬁbkh@r p%tl%qlvéesome%&s BlbYerit e
portion gt hereof whic t i j 1€ i rti;08).; he
ot ein. | Svéieins Sl OGS Bortia R WOLRAERLS o 54 Mok Al M s 10

cytotoxi c ga(es:19581-11583 h@94hetvbRbo&) ke GRS chee qbt atheegrddueimogel | s
whi ch express or contain such sequences. Briefly, within one enbodi nent

MRNA fr om axpressiombf sucheoaprhesisbivened dhrough gepesitign ofhphatepalymerizedvisidsegel
br et s, THsAly) DU EantrRoRtBeas Phesteclyshy 1R et b Sisehfof Seivey 5
Patent Nos., 40 gﬁ%ﬁ%e?&n@@ﬁci&é ?&deﬂﬂﬁﬁalfsé%f haR8-HRld E?I%%%ﬁgeﬁ a8y

Principl es pfications for DNAAnplification, (ed.),
St ockt o10 Prgamsas d&38@bedl ih W08. 5,149,665 cisearf doniziag radiatidrefdr laytivating temstertedr ei n

in their entirety) utilizing_aoligaonucl i d prinmers conplenentary to
seqguences Mnéiqslﬁ‘%f@?‘éiélgisgéggﬁﬁéa@@&ﬁéﬁg@prn particular, 30 a double

stranded DNA i s denat i j e.- NI : q
26 ol yror accRe Y, HEBAImE G ol ARAHE BERE BetfVery VRhigls At Boled
TTP. Doubl eescribed i tU.8Nslazh, DMAand 4)7629US Sid WIDEH5/$3796) a8094/33690 W0 Thi s

cycle may be repeated many tinmes, resulting in a factorial
anpl i fi catiOnl4d851 IneEROSRAKS drdain Starrier, Biochemistry, pagese2dfete6liA) htencode

t he aboye- ib | sobe, 5 t hesj f |
nopl odl B JIsSPaSep oeR, ShfteReL g PR Aag 6001, SRR Biochln "
model 392 (fSh8T Ag,tﬁfo;‘;t@ﬁ,leié';y; 'Ri®t) -Meth Enzyme 149:11951987;, WalyE.OBFoll b

Wthin other ‘aspects o present invention, any of the above gene 10
del ivery veddad 85 841785 by 1987 Rldnt, AngbBiochen I 661420,t1A8% phar maceutical |y

accept abl e carrier or diluent. Such pharmaceutical conpositions may be
prepared either as a liquid solution, or as a solid form(e.gqg.

| yophi l'i zed) whigh is ended in a solution prior to adm ni stration.
I n addition, theﬁ’co ADE ?on may be prepared with suitable carriers or

diluentgofor topical withimbtier aspeess, of theepresemn inventioastie, prodaigs desgribed| |
sub-lingual, 15 inhalant or rectal adm nistratiaon. )
herein may be linked to an antibody, and utilized for antibody-directed enzyme prodrug

therapy essentially as described in WO 95/13095.

E. HETEROLOGOUS SEQUENCES

25 Any of the gene delivery vehicles described above may include, contain
(and/or express) one or more heterologous sequences, as well as the non-immunogenic
selectable marker or PAE. A wide variety of heterologous sequences may be utilized
within the context of the preéent invention, including for example, cytotoxic genes,
disease-associated antigens, antisense sequences, sequences which encode gene

30 products corresponding to genetic deficiencies that need to be expressed over a long



Phar maceutically acceptable carriers or diluents are nontoxic to

reci pients at the dosages and concentrations enpl oyed. Representative
exanpl es Q{gogoresarri ers or diluents for injectabl e sol utiperaseseizisie
wat er;, - isotonic saline solutions W ch are preferably buffered at a
physi ol ogi cal pH (such as phosphate-buffered saline 20 or Tris-buffered
saline), mannitol, dextrose, glycerol, and ethanol, as well as

pol ypepti des or proteins such as human serum al bum n. A particularly

referred I j
P econbi nanPid SFREREHPAEITRNERS), SohPhia Il oitP fimERRhIiibrals
Tris, pH 702 disgase- aﬁacmddl\laﬁllgenls naidi seqeares which &icode ixﬂftﬂuﬂ@%b&bdsﬂ@n

vector represents approximately 1 ng of material, jt may be less 25 'than
1% of hi ghmed¢cales| Feprosenjativerpxpmplesof ceatpxicgenes mwdgﬁmn@wh@h enhede ot al

for Cat 1 eaiotehs Hihe, Bin' okt er ol B3 Bibthn “Lust et 1855y, diditheri L o
t he pre%en&ommétb@et By, aio?q:hem 26@@@392-?039941 Y989)CiniiGa kch oL X‘{a#;&éﬁ gene

stinmulate cell "division, and hence, uptake and i ncor poration
delivery vetnlclhéztwﬂewﬁéééfﬁ,iﬁt i983; éxmipizé’s Holmognao eP NS 3614489{{46530983)1 and ating

27 " N Brbidomapes sotran Adee B Colien St Chir 2008 ALt GRD.
27 ! » ]
conposi tions of the Ry f?ﬁﬁ% et eth nﬁﬁki\t@’ﬁﬂgé’ lmnpbﬁcﬂiixs&s%%Acﬁ{l&%e“ers

or kits (e.g., one contalner for e cou and a

second conuflizl ad @rcytdibxic Qi¢nt el og@dietodmtludeea powah l(mse)l reairmw respon¥e! h
packagi ng material which provides instructions regarding the use of such 5

phar maddut Beigfly c impddition ¢ dindmenBNA |a9d tiaanelty prﬁsqmmgttmﬁlgtm lof & ppecifire a

bl d .
R Cor PIRAD RS vBls; € Shdelhd SndiPfice SEREMes SREF B8 dilizelrle FRuFS Mo s
or dil uent gnck@hsé exphedsiin ofSigletfefone r(meﬁ‘é)ng/\gmﬂa-mteﬁaam, BEe fEARSHANNIP

reconstitute the pharmaceutical conpositions.

Par ti cul ar bf lggefprntitesmef dovtse-atrandednRBg:. t irsintsesedr egeessiangof gamasan 10
of the gene delivery vegl cles provided P@{{ﬁ:ﬁl sufch.as rg, cgant Vi ruses,
are o S BHGTR R 1; TTY, JOROSTS, 0 | SKRIES 10 8 v {41258 | R8RS 0 S THEFCPRRREPIA ng
Reconbiyzant I: . ober
1o 1093 an‘@efﬂf%%rp\b’sﬁ in this-reBarc/ RERIGE B0 ulshg,'ﬁggmféf‘@?ﬁo% grl@ A
1993 whi c Ansisense RMNA pdiici focinh e mdsmatbly withfaeti RONA is particutarlylpreferredit i r et y).
15 G METHODS OF TREATNENT / ADM NI STRATI ON

As noted above, the pYERBAurthesaenects the PReset S1VERYTb 8RR delivery yehicles of

met hods fo e de I

Winin One'&hedﬂeée‘ﬁ‘?ﬁﬁ&gn@n%ﬁ alSls %i‘ré/ g t?éeoéf ésgig%t é&e%rvﬁégﬂh%&%?g t"g’?l ng ‘o
a war n bl oed@ﬁeamnﬁmiogama Gortisnseoftdibdasetysoviatet ineigal chs aitiliged svithie the

expression of a non-inmmunogenic sel ectabl e rrar}<er Wthin other
aspect 20 neemtgrstsofah@pmscmnmnmran@emwc deemed geiee d@ﬁéasev@swated“ ifthey cl e

t bl d t d t

bl ooded anfiFe" BEREAHaI PP il (PSR GrEeifs e prauerall o
non- tHEUReSe Rie TR| RALLE buh laﬁ:hnétsre@{ﬁi@@ep lof eSdendsll 1 fo\‘ alehfirN Rt BQrw se
i nactive conmpound 25 into an active conpound As utilized herein, it

shoul d be disdasedt boadditian, antigens'asaleénsidsteasitorbg' "1mmflmgcnw6tif they ypret capdbieect

adm nstration of a ne delvery vehicle (e.qg., . )
gler approp%ate condgtions Xf causfng an lgnmlgne response (either cell-mediated or

- 25 humoral). Immunogenic "portions" may be of variable size, but are preferably at least 9
amino acids long, and may include the entire antigen.

A wide variety of "disease-associated” antigens are contemplated within

the scope of the present invention, including for example immunogenic, non-

tumorigenic forms of altered cellular components which are ;mrmally associated with

30 tumor cells (see U.S. Application No. 08/104,424). Representative examples of altered



by direct injection or intravenous adm nistration), but also to ex vivo

routes wherein cells are renoved froma donor, transduced or

t ransf ect eslowssévem gene delivery vehicle, and t hen i ntRGHUBBHOTISt 0 t he
war m bl ooded ani mal . 23

28 As discussed in nore detail below, such nethods
may be utilized not only for delivering a desired heterol ogous
sequence to cells, but for ablative therapy, as a fail-safe to |l essen

the risk oftelpsime compomamys whic afe hbanillyanssduiatedowithf wmedrl sellshiiudeare™
been isol ated from,fhe body (e.g., T cells, cancer cells, or, stemcells).
5 (wherein is ynderstooftografereta ﬁ@;@pg, which have been altered to bprnsayr ug

activating n 40 abl ate cancerous or hyperproliferative
tissue sucﬁ‘%ﬁg ‘$W‘§eﬂﬁenmb‘fggt ‘ate hyperplasia. arthritic joints, smooth
nuscle proliferation "U"seﬁfesésk&?&bé" MtigeATMRRILCAL b@ﬁﬂﬂerétsé@id faeluu@ all or
aut oi mune di sease. 10 In any case where expression of the ablative gene

i s necesharmprtions gfovaridub esukarybtoe (tfcheding for ¢Ranip},, parasﬁet),nmkd&go’mecceg,s ary
to readmni ster the ablatjve gene it wll be advantageous
prodrug actbagtgtiah)gr g’gﬁbgatbws dakepgrscriptivg example rRA&HARERY ] mc'hnietth-s

11 or ence Hepbuf foAnR CHEED G bk ity CHOTTNATNE hpiafion

prodrug actNg @8/109/132))9%uman Papiloma Virus (“HPV; ’C@ewmsz/amsaawdowmom@pos ed
for many di sease therapies includin cancer, infectious di seases,

aut oi m"rune ERG é&&éﬂ)népsmnr%arg VAfus (\gEBY 5saedERO d73.354IP 1,128,788 andoUascul ar

di sease nect.ive . ogi cal di sgase,,. 1,0 C ase
and ot hg)r apent Ngs. c‘{a@s@h Cg%l?éga‘lﬂz’aggh@okrﬁa‘?e S?W%I(vlgeg' n siﬁdir]?s
genes terrp%é}ﬂflfchﬁfox?@qo qﬁ/mrﬁ%nemicb >37t7cs49heweeb¢/§sm avRRIg3AYY3E), Rtike One
way to |ess risk 1I's to add gene t i $ not |tself "t oxi ¢ but
t he productimpiuncdefidiercyn Viras a(bBlV ZeUeS pPatelituloi t5t037a7r53 WO 8211i5684;f Wn t hat
kill's or inhibits the undesirable f n.or prolif

f.th
t ransduced 99813543; and IP Aol26480h Hak Va %86& %H“F’Gnglr i Od@ﬁﬁ‘?ﬁ‘&evé%‘ﬂ ul ar

proliferati » tC. I td@? been mani puI at ed (w t hout gene
t her apy) ar‘glq \é’\/ese?ﬁ'eé?&;’?ﬁelﬁ%l ﬁ(t) h%;\éﬁabnormal or cause pat hol ogy.
Howeverysif the peri onfithin céri aspédts of theligedenwinsehitiondthe gene deliveay ivehicksger
than a few days or if repeat treatnents are needed, the prodrug activating
enzyme can dsaerihedaaboevaant algoidirrgheha expresrian ohane \Mflmo’ifewe BREESEAV | s
that express m .. Thi n L rable in L cas t he
use of gendBolpgyles hrél‘spptblﬁﬁeﬁ}emm %écpﬁ{?iﬁ i BN FeSs YRS A, e%l%?’g%eﬁ%r et§ or

f2r90m al t er NASleMfes UHiGE Tak NatheAlifcréfieY of iddtrede the recognition, presentation or

activation of an immune response (either cell-mediated or humoral). Representative
20 examples of immune accessory molecules include IL-1, IL-2, IL-3, IL-4, IL-5, IL-6,
IL-7 (U.S. Patent No. 4,965,195), 1L-8, IL-9, IL-10, IL-11, IL-12 (Wolf et al., J. Immun.
46:3074, 1991; Gubler et al., PNAS 88:4143, 1991; WO 90/05147; EPO 433,827),
IL-13 (WO 94/04680), IL-15 or ETF, GM-CSF, M-CSF-1, G-CSF, CD3 (Krissanen et
al., Immunogenetics 26:258-266, 1987), CD8, ICAM-1 (Simmons et al., Nature
25 331:624-627, 1988), ICAM-2 (Singer, Science 255: 1671, 1992), B-microglobulin
(Parnes et al., PNAS 78:2253-2 al., Naﬁ;re 338: 521, 1989), LFA3 (Wallner et al,,
J. Exp. Med. 166(4):923-932, 1987), HLA Class I, HLA Class II molecules B7
(Freeman et al., J. Jmmun. 143:2714, 1989), and B7-2. Within a preferred embodiment,

the heterologous gene encodes gamma-interferon.



(<10% different in amno acid sequence) will allow the timng of cell

abl ation to be controll ed by the physician, not by the inmune system
3. T cedlo dgafsduct i on nmet hodol ogy 5 T pEt/uses/007is
Transduction Al | ogeneic donor T cells amg routinely used in al | ogenei c

bone marrow (henopoietic stemcells, HSC) transplants, mainly for

| ymphonmas and | eukem as. These T cells donate a i medi ate i mmune capability
and cause increased cytokine production that aids engraftment, but

t hey can al so | ead t oyith; S | ; H : ently
Kills about 1/3 of payigm PP HEGeRUSof B pRSRARTeGH] e gbRE lacfiyitry O ng
prodrug actvehidiésndeseribgdrharer maprdifeat €t expression o sore tiech ome h&erdowsuson
and adm nistration of Hi gh titer reconbinant retraqviruses” uU. S.

Appl i cat i orsempenceg/Sycly nytiple sequepces; may baeanisoliadosither by @rdrgle promoter arn t he

art. T I . rib Ino:H gh efficie ex
Vivo transcRIEETARY. 3P bediobbrAeHERr B BoiF i Flerb R Rt Bl o

pr epar at § ongrEY’S. WREM! gr@fér@a SRboddBeds Df1BE) invenrionOa e "RIRNEOHS vélicle
growi ng and transduci ng cell's can be used and are known to thodse

skill ed in ditestsathte gxprgssionAo$. heBiraloigoun de@iedresPathssionast symargi@icadlyThefar
7:743, 1996; deslop et al.., Nature Med. 2:551, 1996; S R Riddell et
al ., Natur E*RERS i“ﬂkﬁufz9%1@?b°4*meﬂ&@5eylralwee@r FanLHS ArS Bomed g e by
nmet hods us abl & _ ' ., T.
Vandenddr i ggg tgﬁ%ﬂges?aﬁawngo?&%&?%les @ 553321% 2’1%%%{“5 %&rgﬁ,ﬁ@é%ﬁ%:?ofaeﬁ],g PNAS
92: 7272, 198kich acts to increase cell-mediatedVprésentarian iwtie Tbodthvesyt alopk Witk an

i nvention, the above-described, gene . delivery vehicles or i

phar mac &9t | iE¥RUNOgERS Joriashefl adisepss-assnaiated artigen. iIn surly gmbgdinesats, immugey o

DTS5SI @SS b bt L LB L A s AT

i nt rat hecal thy pfesénce of the ihiHnirR\aREQESyYmABculd." i - V. "), subcutaneously
("s.c."), intramuscularly ("i.m?") or even directly into a tunor or

t he peri-tunoral areaWithin other aspects of the Theensiony et sisliveryd vekicles daref or
sequential adni,nistr.ati,on be . readily utilized for a variety. of
Cher apeut | HORHER S JRER S PRP SR ahBe GEpoia fifPEots sEnifirey Hhishe
enbodi Meat Bfodd1GepRYGRT Benels N A SRIINRE hefths Gt LRRAM B0 AN SerSBYd BExt HE term
acconplished in order to inhibit or destroy a pathogenic agent in a

war m bl ood€ebtteplacement genes” refers to a nucleic acid molecule which encodes a therafdtic

P T T N R O e D T
host , h : : [
105t cuch ARG e L ool el 65 kol gy

conposi t i ondisaiges rih ipetabdliBye infyudeereghilation, itbrmonaslr @gtlation, dirideeddyyhaticast 5
pat hogeni ¢ agents such as a tunor, for exanple, by direct injection into
sever al 2Qij fmembrane associafesosiricial finetin, Repsessatjivefexampiss of discasen sansed] v,

arteries Wyc Qua'xe "déFectl En%ﬂ%’e E‘)ifé(ticb%‘ibrosis (due to a defect in the Cystic Fibrosis
Transmembrane Conductance Regulator (“CFTCR”), see Dorin et al., Nature 326:614,

Parkinson's Disease, Adenosine Deaminase deficiency (“ADA;” Hahma et al., J Bact.
173:3663-3672, 1991), p-globin disorders, Hemophilla A & B (Factor VIII-
25 deficiencies, see Wood et al., Nature 312:330, 1984), Factor IX deficiencies, Gaucher
disease, diabetes, forms of gouty arthritis and Lesch-Nylan disease (due to “HPRT”
deficiencies; see Jolly et al., PNAS 80:477-481, 1983) Duchennes Muscular Dystrophy
and Familial Hypercholesterolemia (LDL Receptor mutations; see Yamamoto et al,,

Cell 39:27-38, 1984) and Gaucher's Syndrome.



identified, and the conpositions injected into such an artery, in order to
del i ver the conpositions directly into the tunor. Wthin anot her

enbodi mentywg ggAg#e®r whi ch has a necrotic center may becaspssssord, and
the conpositions injected directly into4he now 10 enpty center of the
tunmor. Wthin yet another enbodi ment, the above-descri bed conposi tions
may be directly admnistered to the surface of the tunor, for exanple, by
application of a topical pharmaceutical conposition containing the
retroviral vector  geqRed whith en@ideRhSARvaleYoribed heeRIGdA FenéShaPpe ' al
particle. Wthin other aspects of the present invention,
met hods ar esagilpwbdsided dronla vayietre ofitsongesn Formexample splasmsids aghich stonsain

i mrunogeni ¢ portion of an .antigen, in order ho ltgrev t or treat a

di sease ( s8equences thatignepdeigppyneAcressoniducieedes may ho ot taﬁ@ﬁ%@zﬂ fgigpository
07/948, 358; 07/965,084), f bi0g: Qr af i hian LS.

Appl i cati oﬁu‘i%oés tg?’ Arg 8@9“?@%3‘3}?&;‘?6ﬁilgﬁb%r@tsqérf?%}l%m%@@gg ggs%or?see
U.S. Appl i gahbfefciNO-sources $a8h 14, Brtish, BiodetologpAriatetingCawleyyt Okfsrne

response (see U S. Application No. 20 08/116,983), utilizing the
above- desc Engladd)x oReprsiseritatine, sources sequences which encpde shidabdvsrmoted immugh

war nt bl ooded ani nal s . 0., S, .0l . ..vertelqr such gs hunans,
nmacaques, REFEEEEY ‘E‘b‘\%é'ﬁeg\‘/ﬂcﬁg{%ngﬁbe& «E?é‘&’éf“%é[‘%%ﬁéﬁ&qg? coding Ifl‘:’ét@“"and
m ce) have 1 oA aifnd IEIGIR BG0G ARAEH DAALAL Wehne b oGS
are a sg&?e%ﬁﬁg dgr)%)??ga (se tebdgg vgr@i%et gc?‘ ot haélr anlﬁtrlr%[ﬁs, innc 1u i ng,
for exanpl @amiras inter?éron), ATCC No. 39656 (which contaihorgqdences Expodisg i TNF),
Wthin certain enbodi nents of the invention, the gene‘ delivery _ﬁehi cles

provi déd h& GG Na- 20863i(whishqoatpinspseghenses earodingenha InterdsronhihdC Nos.

| ong-term ] S t ut | e t he
gene el val 3 eoy 80 ABEFLRIRRh Waine SRARE H-EUIEER ERBRGIREATC
expressi ONNgS @1ai (RHichY cbftaindV aneeguetied | Whicl eBédues Simérleukin-1), ATCC

31 other in vivo or ex vivo nethods as i.s described in detai |

bel ow. For Nosn3P408r 39452, 3%y 89620 mndr 673 (vdiiclo ¢pniginsvaequences rengpdisg t he

action of buman conpl n t troyi vect. i S.suppressed.
This can bg“tg‘g “B’?Raw e@ﬁ}s’ogﬁggciﬁ%gg’egéén%@hst g‘ghlgﬂ (_:od’iri%no CARTYE in
the artys P@ﬁécﬁﬁﬁ%llﬁte{f&-dﬁﬁ@rzpm' NG. C81902! [WiRieh aédhtdine GeltlerRESl &dncb@ing 5
inhibit the action of human’ conplenent on the retroviral vector particles
(see PCT Interlpukihi4d,atATEC ibodh69394S add/ HI3952 (whinh i ¢onézin "Jequénegs repcadings” ) .
The ternms "long term system.c _expression” oy, 'sustained systemc .

expr essi on'Intggeyidad)netnd nATEG of éﬁig] t éwf“t‘fhvi‘i?Bt"‘é‘kspr FRAEES of SNSPENGi
encoded by . n . ver i i heAlteY
active exprI gtselélf%kﬁn%g'r ﬁ3‘gmdﬁz§ye§'?alefg%%gér§g§rﬂgple€§§%%§£ %g)lrn @618;{ yd‘z%/lg%e%seg? lam)r e
pref er abl y ehife SQuesaesof eiedprotein,| ormixi appropfiste gidirtjon theredfowhishxentoddshtheaf t er
adm nistration of the retroviral vector particle to a host. The term
"measurbl didegicellsaciive pasiapddhpiotdim in reference to in vivo expression

of a protein encpded by.a,retro |__vect or an elnis
produced in suffici eﬁ%ﬁ%ps known c?&\f/ggeciugn%eg Vggf egr?cg@?%&l}otrt]&gf %F%%sl (%:ral
fluids suclups meibiFebis béhes Shays bé Wbthimed £68M0clS Wifich Exprk§s of bhtain &l t he
i ke, by an assay specifrc for the expressed protein. e term"systemc

expr essi on'seqenosse dBhiefle; withimaors ethbeditieet mRNAifrom ar eellewpichsenpaesses et he

circulation and _ ) ) . ) ) )
gene of interest is reverse transcribed with reverse transcriptase using oligo dT or

25 random primers. The single stranded cDNA may then be amplified by PCR (see U.S.
Patent Nos. 4,683,202, 4,683,195 and 4,800,159. See also PCR Technology: Principles
and Applications for DNA Ampliﬁcatioh, Erlich (ed.), Stockton Press, 1989 all of
which are incorporated by reference herein in their entirety) utilizing oligonucleotide
primérs complementary to sequences oA either side of desired sequences. In particular,

30 a double stranded DNA is denatured by heating in the presence of heat stable Taq



are thus useful for treatnent of certain diseases. A variety of diseases
di scussed in detail below are anenable to treatnent by this type of
gene ther ) For exanpl e, neasurenent *?ﬁ wt h
hor none CZ§¥%ngQ?ernined 20 by an ELI%% assay specific fS%C uggﬁmgggmﬁh
hor nrone protein. The term "biol ogically active expression" or "protein
expression in biologically or therapeutically active anount s" when
used herein in reference to in vivo expression of a protein encoded by a

gene delivery vehicle vector ans,that. proteig i r ced in. sufficient
amunts so pé)iymerase, SSIwEe eﬁpggﬁé‘ib NA Rngpefﬁ n’ﬁ?br@?ﬁ a@ggy@%Fg& Pe;é‘?ﬂh?%',
expressi on GandaChHNA ¥ bloduds Wper 3ynthBAS W B6mpleted miePE&él@Qnagﬁﬁ@?‘cpeated
Simlarly other expressed proteins can be neasured by speci f1Ic assays
for each pamanctithes, resuliingiin atfhactorial meplifiostion of théidestredDNAI || in the art.
Long-termin vivo expression of, a variety of_ proteins can be effected by
the methods of the ir§FélHF‘i“'6ﬁ,wb’r°§f E?%Fyﬁﬁyap?l"“\? &peribeshigsnes mmay @dsoobeni gh

titer regroyi . S L ! [ l\a '

differ en§ p%{hglklﬁ%d’cfgrng e }gé‘p?xgé% %g’iﬁ%dr Ez(g’y&t%hrngrlg%ergyf‘\cgyglgﬁ\é%{éﬁ%thlIn a
nunber of dDNiesyRtMesidérhode? 392 g dater ORiyeCalifoesta))! ot ei ns

32 i ncl ude, cytokines and i mune system nodul ators, hornones,
growt h factors, vaccine antigens, and proteins for treatnent of

i nherited di sea§s. Genes encodi ng any of the cytokine
and i nmunonodul 'ory%9'55wg-%ﬁx‘;]-g%’LI§ described herein can be expressed in a
gene delivery vehicl ?‘N‘itﬂirﬁ@ﬂl‘eﬁ‘éﬁ'péc&n&‘ R fResdht invehli¥h, SPHEUR Q%ve%é’h%r
forms of these cytokines which are known to those of ski'll in the art
can al st0 bedelivery. vélncles rasd pnaadedire lcoinbimmatiod withue phesnameuticillygactaptable | L- 2
and gamma-interferqon can be obtained as described in U .S Patent, Nos.
4,738,927 grier or dilyengy P@sebarmégfp@eiﬁi GPBIRPSItigRS n@ymmarqﬁﬁ@ehgs pli¥idese
proteins c o] j : ik j 4 2. As
an additi oggaa}‘ﬂg)%ﬁ}p ez??cﬂhc er c(eé,dﬁgoi%gﬁﬁgga}g&}?gggu Sﬁggﬁ]ﬁgi\?ﬂ‘én%rﬁgé?@nd

| ong forms amifisipdticha nNinbaldedung iteecbniysositivmomap ed prépared withsGitabRatatiersNies. 4,
847,201 and 4, 879,227, respectively. Retroviral vectors expressin

cyt oki ne ordiluenisnirotenical dpipisirations sinjeston ot wase, égalde‘@@mabe&lh'lgﬂ@ah and

in PCT . publicatiqgn . nunber. US 94/ 02951 entitled "Conpositions and
Met hodsl? orm@%grmﬁ adv“@?'jtﬁat% erapy". 15 Gene delivery

vehi cl es producing a mkmgéantiedllk NREptaKlk Yy pafetsdr dilue®r BRNGRBnfREE HoOWM h
factors can be used in the nmethods of the invention to produce

t her apeut i cretipiegtst atr the alosages sindncapcenttations smplaieds . Represantpsive sxamplesosf

hor nones, growt h .. factors.and, other. proteins which are useful .for |ong
term expr eSS 5 difnsntse OFo‘Wel”?flg’le S&““Vgscf’l?f eo?"aieﬁelsm%%ﬁ?ﬁ&? sqlutions

described, Jth afSirefedbly bifféed rayglpkfﬁ&bgfea%e%cgé% piidSptitel Bittered Sl e

"Cycl odextri n-Peptide Conpl exes. ucl erc encodi ng a
vari et y20f drofMmssméfersdn sbiina)s adannitol;| dektroyeh gipoerals camkih ettmanoipnas welkudsi n,

calcitonin, prolacgtin, fol]licle stipulating hornone, |eutinizing hqgrnone,
human ritwRept Sc Oy BFCLEHE r HEh rASaemath prdmy alRUmpi atrh rP@"WBéﬁ’é!nErP e
delivery vebhj S: ' ept| r : . Iy T ors
Can b b opigSHion sompEEY SRAHIADOR Rheer 19 FARANAR Yl Pttt B o0
descri bed hagilimardn®ol, INGEARICESAR20 eAM Mis; gH 7.2, andVISOtAM BKOL eESihidcdleman

growt h hornone can be prepared as described in the L
since the recombinant vector represents approximately 1 mg of material, it may be less

25 than 1% of high molecular weight material, and less than 1/100,000 of the total material
(including water). This composition is stable at -70°C for at least six months.

Pharmaceutical compositions of the present invention may also

additionally include factors which stimulate cell division, and hence, uptake .and

incorporation of a gene delivery vehicle. Representative examples include Melanocyte

30 Stimulating Hormone (MSH), for melanomas or epidermal growth factor for breast or



Exanpl es. As an additional exanple, nucleic acid sequences encodi ng

different forns of human insulin can be isolated as described in
Eur opean Repegrso7Bbl i cati ons EP 026598 or 070632, and RGWUSISEOESed
into gene delivery vehicles as descri bed7herein.

33 Any of the pol ypeptide growth factors descri bed
herein can al so be adm ni stered therapeutically by long-term
expression in vivo with a gene delivery vehi cl e. For instance, a

vari ety of ofickfepitRéltal fcarciffon®ds. | liFaddide] phefmategticaMcbmbpasitibhs of the present

pol ypeptides are also well known the art and can be incorporated into gene
delivery Snvenrtihih ohaysbd plac¢cbwithineeantaingss s Lits fe.g.n one gentamise for thg. coupledopean
Patent No. 0123228Bl1, rant, published,on Sepf. 19,..1993, .entit]ed
"Hybrid DNA“SWH%&QW“%P“M%&?%“Icﬁg‘%f’}eﬁ?mqhe °°‘rﬂe“?3§eg%§°o%ﬁlﬁe'ﬁfa%%q§)z “{°ﬂ§ an
addi tional idd'GnAteRsl WHIdR ipfoviesO iRiBEReHE! Ripafifing the @i lofT &ith
fornms of fivﬁﬁgm&ggatglﬁgé‘%&wh actor can al 5(1) be effe(%tked 1][tl)gy tﬁe rretohods of

i nventi &. phegnacegticdl.cdmpdsitions. NGenevally4suel dnsthesions willvinclide 18 3angibleS.
Patent No. 10 5,155,214, and U S. Patent No. 4,994 559, for a description
of di ff er erskplessipn BesgEibing the reggenitcenecatiaton, as well as within certain embogiBenS,ar e a

nunber of prot.eins useful f.or freat: Of: it . d] . § hat
can be expredtasaRaE ol cuyPient HERARL oL YRR dten aptipeCer b S iich

di seases Capfesk MtetsaRebi rtanstues the ghatidcrricardspdsitionkt in the failure to
produce normal 15 gene products, for exanple, thal assem a,

phenyl ket onuri a, Lesdtartipiarly siefetredmmethods and gompesitensofonquteserving certain

i mrunodefi ciency (SCL,D), he hilia, .A,and B, cystic fibrosis, .

Duchonnt s of gL atnea Aatvery SYePUItR, PrOVidRIoFiEtY SOLE g5 AemINRA, Hruset. o) | a
hyper chol e ' | tiftkd *MetoRE 86 EREVAE Ret3ibinaAf Y5hSE” et
al ., Sci en?g‘?&ﬂieﬁﬂé%?%@éﬂc?@d&fﬁﬁ” edman 0et al ., Sci gnce 242{:1 1275, 1989).
Al t hough ggUkS.i Apglicrpachlo2@8/136)938edlltd Qatotiehel 3bE¥3¢ eandf UsS.gApeligatimauct ,
endocrine disorders, such as diabetes and . hypopi t ui tari,er are caused
by the i naB¥9-i08)1535342n &legcNevamabesladids, adiduare dicaperpied ierein by geffgrence
appropri ate ngr. rmrﬁleetkgsul in and human growth hornone respectively.

Gene theradg} ‘V? &Yt hods of the invention is a power ful approach for

treatingsthese types of disorders. This therapy involves the introduction
of normal 25 reconbinant genes into somatic cells so that new or m ssing

proteins are prdducedETHODS ORTREATMENT/ ADMINISTRATIONt j ent. A nunber of
geneti c di seases have, bee elected for . treatnment. .with gene. therapy,
i ncl udi ng adeni ne dea‘ﬁ? _rflacg‘édscf@f’y%i g}?c resglts {venton, pieyides dnifedtiohd {mad_

[ err] - anti th%RSaL o @bl FerRid Y genSUG Gy Vehiv k8 €6 8 Warm oyl anifiall OWitBRIGtd C
di seases. As an exanpl e of the present invention, a gene delivery

vehi cl e camspectuset methodseimpitiseahe stepof adinsiassng @ acvam-blooded enimal &

enetic_disorder_ that is characterized b he defici ency of .
J 20 gene delivery veh?cle W i& dﬁ'ects the e%pressxon otr a non-nlm¥nunogemc selectable

marker. Within other aspects, methods are provided for delivering a gene delivery
vehicle to a warm-blooded animal, comprising the step of administering to a warm-
blooded animal a gene delivery vehicle which directs the expression of a non-
immunogenic molecule which is capable of activating an otherwise inactive compound
25 into an active compound. As utilized herein, it should be understood that
"administering” refers not only to direct adminstration of a gene delivery vehicle (e.g.,
by direct injection or intravenous administration), but also to ex vivo routes wherein
cells are removed from a donor, transduced or transfected with a gene delivery vehicle,

and then introduced into the warm-blooded animal.



34 the enzyme gl ucocerebrosi dase. This enzyme deficiency leads to
the accunul ati on of gl ucocerebroside in the |Iysosones of all cells in

t he body. Wgsg{)@gvi ew see Sci ence 256: 794, 1992 and ng.]‘.%%ﬁ@gig C

Basi s of Inheri D sease, 6th ed., Scrjpver, et al., 1677.
5 As additional exanples, |long term expression of Factor
VIIl or Factor IX is useful for treatnent of blood clotting disorders,
such as henophilia. Different forns of Factor VIII, such as the B

dormai n del eted Factor, V] SLr i;hed in EX e .herein can

be used to produce _ge‘%ée/d éplgs\%gr@ #@’%.%ﬁz’g{’%‘%ﬁr 33‘2'1 H{S@'@&E’&Y i I“%‘h?'idn?fse in

the methodseff fadtRliver@Na H@dﬁred'ﬂ&teﬁ&%&ds%@q&&c& !:&&éuﬁpsutffapmaz?ye m@&b\g, re a
e

nunber of 10 " proteins which can be expressed in the gene delivery icles
of the i nvenfiilsafeatodessen thanhiskcdf gene theray, lor farthe trangdwetion of cehis védeh have

di seases. These incl|ude |actase f treatment of hereditary | actose
i ntol er ancel?eeB\Efoﬂ%?A #P@d{’ﬁgﬂ%’ éfg"zt)ﬂd&e?"}”(?f"’é 15, oty 5fgm ceﬁs)- al pha-1

antityps'§n for treatnment of al pha-1 antitrypsin deficiency. See F.D.

Ledl ey, Pedi atics, 110:157-174, 1987; |. Verma, Scientific
Aneri can: 68-84, Nov.,1.19874blarive terappCT Publ i cation WO 9527512 entitled

"Cene Therapy Treatnent for a Variety of Di seases and Di sorders” for a
description of gene tPedaigy activetingergenes eameld cugdsdasablate cancerous or
There are a variet f Qf her oteins .of therapeuti,c .interest. that capn be
expressed | WROTRIGEpYye sl & 7 Henieh piss e s e s dots” smeohh
invention. f@kcle proliférBSéPif RsBAGIPONBmbik ¥é1V BroffRhfes IR utSinrhinfS #i8edsacCt Or
inhibitory protein (TFPI') is useful 20 for treatnent of conditions

i ncl udi 1§ skpmiysaseeth®k Exprassiomofthe nblative gerredis meéassary fior more thaj aifew dgBee
PCT Patent Puplicationg Nos. WO 93/24143 , WD 93/ 25230 and,

96/ 06637. ) &u&)e?rdt &Wé’%‘@&%ﬁéﬁé’e‘g reaty RISty %%ﬁ%% $9F arswsmrwﬁan&agﬁmﬁe
obt ai ned, real : i { ] 4, ,

5. 106, 833 SrapectasBE v aing BeiR L U5 ol Rt an G rithinee st Bt dae.
vehi cl es ashimfamigses bigethes elosdl reldtkd to human genes (<10% Aiffee¢nce v kejuetce)f
therapeutic interest such as erythropoietin (EPO and | eptin can al so
be expressed in vivo by gene delivery vehicles according to the nethods

of the havention. For,instanse EPO. ful j e therapy treatnent of a
var i etylgf _ di sor%lers Falisa 'ugh oty gdrig dellv oh i cation number WO
9513376 entitled " CGengene theraPychiadbech Progdsed tfoe fan9 diddasyiRraplesSihshdinped
gene therapy delivery of leptin by the 30 nethods of the invention is

useful in teasaenminfectius olissasesy autoSnmume digess deheding tgrafti versus host disease,

35 "Ohesity, Pql ypeptides.abl.e tq.nodul ate, body ,wei ght" f.or,.a

doscr i pt i oneROVHEHPE e onneifctisut dFese, e Pl Bl AFasty ptiC idtese
obesity.) GaeotH&S] YREY cHRBikdre$s £1850RNKKERGDRE in addinEBdel 1&APoraBRAI | Y
be produced using the nmethods described herein and the constructs

descri b2l ior pemasmentiydo pixt eeils ipualpatieat’'s body. One way to lessen that rislAisviaraddtay of

ot her disorders, can al so be freated by the nethods of .the i nvention.
For exanpl e8engikatds ekt \?F‘\Fob‘%t9§? BFﬂdt'c‘p‘PfogE’@Bicéﬂ nestabobize ARIPIYEdR 28 or

apol i popr ot ghile oty fAE AR Gr ARhIHE" the ViElleSitfble HindtltnS of PHEITHLBBnCEP tRE

used for

transduced cells. This approach can also be used to simply control cellular proliferation
etc. of cells that have been manipulated (without gene therapy) and have the potential to
25 be abnormal or cause pathology. However, if the period of activity of the transduced
cells is larger than a few days or if repeat treatments are needed. the prodrug activating
enzyme can cause an unwanted immune response that will destroy the cells that express
them. This is not desirable in most cases. Therefore, the use of genes for the prodrug

activating enzyme from human sources or from alternative sources that are very similar



treatnment of hyperlipidema. (See J. Breslow et al., Biotechnology 12: 365,

1994.) In addi tion, sustained production of angiotensin receptor
i nhi bitor Wbdgso@odfriend et al., 10 N Engl. J Med. 334: péGfUsedO®Pas can
effected by the gene therapy nethods desggi bed herein. As yet an

additional exanple, the long termin vivo system c production of
angi ostatin by the gene delivery vehicles of the invention is useful in the

treatment of a variety of tunors. (See MS. OReilly et al., Nature
Med. 2: 689, (499Pdifferent In amino acid se&uence) ill allofOthe &imAB b AR §t1 to be
Adm ni stratlon wi de variety of routes an ods may
be utili zedcomrotied by theophysicianadeti by the @nmuhe sgptere. del i very vehi cI es of the
present invention. For exanple, i ntravenous (1V) adm nistration can
occur under a variety of protocols known to those of skill in the art.
For instance, gene degl very Yac¢ a%gucggg”pe hJaBYa lated for 1V 20

adm ni stration and admin Iter'e‘oé—as—cr—m-mgie—l—ngt ion. Alternatively, the
gene del gvery Veﬁ"céile'liraﬁ@dhcﬁﬁn dgilbgepierddombraTMedllsi leCrdulin€l§t LA in
protocol. An exanple of a multiple injection protocol is

adni ni st r at altogeheic bmwmms(hamdaqleﬁorstgevmllssl, H863 ewansplastsgapsinbyr for

on al ternat | ti in ti schedul e can be carri ed out over

a nunber of ﬁmp%omaﬁgg #g’r]l‘ léesjseﬁfe‘-‘éh% daPae e EEpetig mVRReaRabilibh gnd

i nj ection sghed H'xlnc‘? b[?'r gctlJneﬂ’AQ@Eﬂg engifiniedt, aéuﬂHéSb?Er% Qfsovlﬁg ol
can |spe se

particles delivere I n var afount's o or nmu ion

buffer. Depg:a&m&gsu@hoithbseusﬂ (lﬂ'ﬂﬂ-IDQIthaetem&énﬂ)i kitlsabbutaVd bfpatients. vectors can
be delivered as an injection or as an_|V formul ati on such as an IV drip
whi ch cdf be deli ver e elsgral ézept@rﬁg@rcc’é@gumadlag agfivating Wpaaueypremed P:it e

of adm,ni s a [ r ot ocol
such as thgaesscﬂ 7e or g ?‘Xq aﬁ)ﬂnﬂ 1|°§nOft g{?@dg‘F}é B&H’Eustef’rre of
delivery cap.essficaidi N6d08/367 671, or by other means known to those skxlled in the art.
36 experinmental ly by t hose of skill in the art, and will also vary

dependi ng oh c:lkecq@abet fransduged as deseréhred inf“High effissancy @x vévodednisdustied. of Icells
adm ni st ratt)on IS

t. f ad t f i.ral
vectors exp %gléghnﬁt% é'?:‘foé?etﬂ g%ﬁ?g?ﬂgprgfﬁgﬂ&ﬁ"gs@& %\Bglgﬁa'npn Jﬂ@r ?\%f%%?%)r :
growt h her N methods of érowm and tran@tﬁhnga‘f] eI S 94 szB 3 af@RYo ViR th those

conveni ent, econom cal (nho steril required), over dosage can
be treated skilledhit theamt& g, Arﬁl @bmah &l Bt PajtsloedHued @ﬁe Ther. 7:343,1 1996;
active |ngred| ent of the co S|t|on %the r eco |nant retrovirus)

Conver sel y, Heslop et ghy éf"f’rﬁ? Izo%?all’ 1996; St |%‘F3 eiiéh ahsNﬁ‘&‘ﬁ%ééedW}B‘Fanzlﬁg or
di arrhea, eié?é | & ?et?ﬁ‘?:ﬁf?ta}sﬁrlbft‘i’éns uced BPHetnbds %%éif){o %ﬁicttr%ﬁ%éeh’g cells

r econbi nant I’OVI rus w e SU ect to I rs pas

hepatic et ﬁbfnl HBpatichtg asg | TcVaﬁdsi;daﬂeksei&zwm; vcyren r@dmus og9s-a. QhSﬁn
t here can be sl ow onset of action, efficient plasma | evel s may not be
reached?20a gleali BNASH2:7272, EBSperation is required, and food can affect

absorption. Preferred Lnents resent ent i 0 incl ude t he
oral adm nistration o?"?f@ééf%?“nsaﬂ?g?dé{"%\%°?°é‘§ @vgrhtéqn the %Oé(ﬁ é
encodi ng er XélWeﬂp%}ﬁEl'eQ or iphaimdcButidaMcbmbo SHbk A9 e é@ﬁxhﬁt&edﬁn vivo, or ex
pol ypeptides or peptide hornones, their agonists” or antagonists, wher e
t hese hor nowiee Representative routes for in vivo administration include mtradermally “i.d.”),
intracranially (“i.c.”), intraperitoneally (“ip.”), intrathecally (“i.t.”), intravenously
25  (“L.v.”), subcutaneously (*s.c.”), intramuscularly (“i.m.”) or even directly into a tumor
or the peri-tumoral area.
The above-described methods for sequential administration may be
readily utilized for a variety of therapeutic (and prophylactic) treatments. For example,

within one embodiment of the invention, the methods described above’ may be ’

30 accomplished in order to inhibit or destroy a pathogenic agent in a warm-blooded



can be derived fromtissues such as the pituitary, hypothal anmus, ki dney,

endot hel i al cells, liver, pancreas, bone, henopoetic marrow, and
adr enal . pepti des can be used for induction ;
regressi oS”@\t;s@%?éue, suppressi on of i ne responses, 0{'%%@8%@7%5 gene

expression, blocking receptor-ligand inte€raction, inmune responses and 20
can be treatnent for certain anem as, diabetes, infections, high blood
pressure, abnornal bl ood chem stry or chem stries (e.g., elevated
bl ood chol est er,ol efi.ciency o tlin% factors, elevated LDL

f bl oo cl.o
wi th | oner IR )Such RpHHogeRE ageHtp STe e ol _%ﬁr@an organisips, Fushcps RS,
bone 1 0S| QAR ViAZEO Bt LA WD afeORleRl 11 thd FYE! shcR s LRICePHP rumor
met abol i tes such’ as sterai ornones, purires, and pyri m di nes.
Pr ef er abl y, cellijeordher reelto wihichaiive ibeen talteredse SWithin 4 ipreferréd/ embodieat of tHaen
filled into capsules and adm ni st er ed. - . )
Buccal / sublinygitian, tefonipositians descrisedyaboygvimay datutikided, i orgder to directly treat
adm ni styatign that provides rapid.onset of.actign of .the active,.
componer ( S T0EcpiRastRE MG S0 BRbT £ SR, 03 BlreiniReyon fud vt girenh
Thus, ther goé4ioR9 Wit the odf bftudor3 AIRDEXRREY, GreleQr arieh s&e adlflof By be
absorption of reconbinant retroviruses is féasible.
37 Tentdieds aid e tomopositidnalinjected, intonshchi ant adédyy in ondeditatdelieasthat i on
of treatnent is possible, . Conversely, such admjnistration is limted to
relatively WHWO&BQ%%“(‘]WBT%@F I‘W%gﬁﬂ%%-ano'ger S’gl’ﬂé]ﬂcmaﬁd“’cnﬁé%‘%h\asbe no
si mul t aneo i | kel | WM . . i of
the. pr esents TEualr fntef i e pipe id o BRpp BN ERI T drecAT RS AIFBb,
r econbi f@antentpRy roetict Wethe t aftior.c OMithi yge aasthen entbolinet theagshverdekeriridan
MHC, or i mune nodul ators, for the treatment of oral cancer; the
treat ment ¢PIEOsiPRHMEY be dirggthadspimisiered ththelsutfaca ofsthp tumety £or example, by
adm ni stratjion of such. rec i nant r.et.roviruses that. . contai.n .l gA, or
a0t sense. qRRAeon ¢1° e APRMa e Gt toiBkamg e RlsRYFR B,
t he buccal /cpr&thich W preferdBlynh sdcombimdit RtroV A} fAkti@Yt OKi ne anti sense genes. 10
Rectal adm nistration provides a negligible first pass netabolismeffect
(there is a good bl odWithimgthenvaspeas of thepirgsentinvention rbethiodmare pravidedi faxi n
di rectlﬁsi nto . the inferior vena cava), and the method is. suitable of

chil dref? BERFraHg apPRUBsERSpanse gpinst an infrynogrnis hopton & anmaplighRy RISty oi ds
gastric aci t a} Lo a : inQ Ak Ko

conposi ti ontg I nﬁgltz*c aﬁingggiégg%g’s%g°t’ Eje's'r )gg?lg{ﬁfo fllEI o k?ggloﬁ%tzgh%g?z’%z’
.capacity (pH/B83858¢ 0ar958¢084 ) nfoo suppressing igeaft bejbetion) (seEobver Applicatiphae may
be sl ow, poor or erratic absorption, irritati ‘pn, decﬁgr adas,i on by
bacterial Q818,820 fom ctuBpregsing s#h| immune 15500886, (585 Yot Applicatian,iNo.

0.05nferr]) ra.4 &I e u . et e
preferred fo(? r/ ﬁg[’)ésjg?’p%do%p gﬁﬁ@?é&ﬂéﬁ%ﬂmﬁ%@éﬁ?Qgggieaggg IIE}SSI 0 B lécrﬁ%l gﬁclgé's
(e.g., 2@l t08/116,983) HdliRing A bbIverdrycritrdRes@esidbys. Preferred enbodi ments of
the present invention 20 include the rectal adm nistration of reconbinant
retroviruses that codpaiaddigienesalthough ewemabinpded| animadncerg armigets el f

and/ or forej C. qr_i.mune nodul at ors, . sal.

i ni st at e ORRS U A S BB, BB fovmn i igabrm: dags Rmgickens,
enzymati c q'ﬁﬁraﬂé Qﬁibé)'bav@ﬁ@eri ckeAPIASA LRk metﬂxdlis&i_e@érﬁfeﬁ rabéﬁh, %ﬁ&?ﬁbﬂ%% arelas al
adm nistration is useful for reconbi nant retrovirus adm nistrati on wherein

the 25 recdsoxeadihtapplicable i aivariesy ofgrhén aniroéls cinpluding, foy caappleyfisipt i de wit h

| gE

properties as descri bed herein. Conversely, such adm nistration can
cause lotal irritation, and
4. Long Term Expression

Within certain embodiments of the invention, the gene delivery vehicles

provided herein are administered in order to generate a sustained, long-term systemic
- . - L

expresssion of therapeutic genes expressed by the gene delivery vehicle. Preferably,

30 long-term in vivo systemic expression is obtained by intravenous delivery methods or



absorption can be dependent upon the state of the nasal nucosa.

Pul nonary adm nistration also avoids first pass netabolism and gastric
acid and ewguegmbyod degradation, and is convenient. Further, pediuspesns
adm nistration 30 permts |ocalized actipns that mninmze systemnm c side
effects and the dosage required

38 for effectiveness, and there can be rapid onset of action and
sel f-nedi cation. - Conversely, at tines only a small portion of the
adm ni st er edn&GOMPYRbL! br0Bx WBACARESGs is desBHBE P delafl! ¥EBW - beﬁ&% %ah be
l ocal irritation, and overdosing is possible. Further. patie

cooper at i orexpregsiondieors taaretiiongali seqporeinevivedtheattdon hvd memne¢dmapiembnr onlekd ng
may 5 have toxic effects. Preferr(?‘d emhodi nents of .t he ?resent i nvention

i ncl ude t heretroviral FeeiQp iafUpPEatadni ds:Aangie damerbyca asisin Af techpiayes kepvsta hat
OXpress JeNgR g@tjpﬂ%} A Preferlly. Afimhf'pabiliidg €4} THEL a%gus; N der ,Sgﬁg

as ast hma, (Waey al I'er gi ¢ al'vet . . | Drosi
CFTR geng fighibith@etdcBioh BT Hunin Sotiplemehi BhQhé SetréVid] ReObP PaRickId(see PCT
col | agenase inhibitors such as [err]-1-antitrypsin for thée treatnent of

enphysena. mblicaticnerumatier L 91/06853y entitladi Packaging §¢lis).of pol ypepti des or
peptides |isted above_for oral, adm ni sfration. mgy be used. )
Qpht hal mi ¢ adni ni st r al BoreTBSovioB8 st SYSIEIRIC; SFPressiiR pek nestapes sHyeric
action wher a0 i | 18 ¢ d , | ' ass
met abol i sm&p }égsaogng} 3§§ é?%:lhgg i%ﬁééﬁégéggéﬁaaﬁf%x}g%%;rog éq@#% g%%’fd%%?&\ {)s
sel f - adm nigene alelivery Wehidl meus enchSurable @ryisiolbgivally @etive xpressidrefur-30 &8y,

i nserts. Conversely, the admnistration is not always _efficient,
because19 hemaigrarafesablnfarfi9 days.iet snare prefargblyHos 08 daxs asdistllimenstpsefsrablhe
present invention inclyde 1he. h 1.C monistration of rec , nant
retrovir use@r Exx moxgtﬁg? ngxapd&rélglssgggé%g% éﬂﬁcrgﬁg‘%aq lvggtogp I‘ﬁjé tP it ﬁ?f‘g-gtﬁ‘? g%ﬂ‘}re nt
of hay feveimd@ithbleCdxpistioh” 8 used herdiflindkferdide 3 Mo ERPieddi6h iof ial proteirand
opht hal m ¢ adm nistrati on of reconmbinant 20 retroviruses that contain
genes encodinagdedehyan mstzovanpbréctoromeansithatrtbe pratein isprasuged in sufficiohteudunts

vel ght el aio 83506 2429, Rl gellsel o andior Larelgn b, or, | pnuge
nodul at ors. f THeh a8 S Sp seioTrcB s semsesiispf o
cessati 9§ Qleyi I SR B Hke 2 an assa Rb?&iﬁé‘g&dth@%kg{}gséde}%{eﬂg TRe 89R"systemic

conpliance. Further, local treainent 1Is possi , and 25 avoids first pass
met abol i smexaradsiga’s sy used derein mednsetha/the prateite greagkprdssed infothe eirsalation and

such adm ni stration cause local irritation, -is partjcgularly susceptible
to tol er ance thus Uﬁéggﬁyoaﬁ?em%m Fertain; diseasss. | A He‘tletﬁr%ff‘giﬁ‘?aéﬁf iSPusaeG M y

pot ent conposi:fi . i f resent invention
i ncl ude the&?élg%égé%rmng{lrﬁé%ﬁeﬁgﬁ?gﬁrg;Wg?ls%&rggé%%?aﬁght retroviruses
that express genes enE@cixagple)easurt@end cihubii@ dré W iteione tardbe déterdihéd ons

such as atopic dermatitis and other skin allergies; and transdermal,
20 by an ELISA assay specific for human growth hormone protein. The term "biologically

active expression” or "protein expression in biologically or therapeutically active

amounts” when used herein in reference to in vivo expression of a protein encoded by a

gene delivery vehicle vector means that protein is produced in sufficient amounts so as

to be detectable in a functional assay. For example, expression of factor VIII can be

25 measured in a clotting assay. Similarly other expressed proteins can be measured by
specific assays for each particular protein that are known to those of skill in the art.

Long-term in vivo expression of a variety of proteins can be effected by

the incthods of the invention, preferably by in vivo administration of high titer retroviral

vectors as described herein. A large variety of different proteins can be expressed for

30 therapeutic applications in a number of different disease states. Preferred proteins



39 adm ni stration of reconbinant retroviruses encodi ng genes
encodi ng nel anoma specific anti gens (such as high nol ecul ar

wei ght - mel_ anona_associ ated anti gen), self and/or foreign Mé%{ r

i mune. nodtiPAEE99? Vagi nal adm ni strati oﬁc’fﬂ’ ({92’? | ocal
treatnment and one preferred route 5 for’4hornonal adm nistration. Further,
such adm nistration avoids first pass netabolism and gastric acid and
enzymati c degradation, and is preferred for adm nistration of

conposi tions wherein the reconbi nant retroviruses express peptides, |
Preferred IncludefytRiingsmand igmuncesysieas medulatars MOrgAnes, grQna fastersy agcing

adm ni strat '&ﬁ%eg; aﬁgﬁﬁ?hgwﬁrﬁ%‘}%’t &%ﬁxﬁ%ﬂééﬁ%ﬁ%e&.hat express genes encodi ng

sel f and/ or ergn ors. O her preferred

enbodi ment s i ncl ude t GenesagicBaingadhyl 6f eHer ftbldife Qﬁdgﬂﬂ&&omoduleﬂéﬁogk%ﬁ he
conponents of sperm such as histone, flagellin. etc., to pronoté the

product i on dgscebrsk hereipegsint hecexpnessesb i @ geng delivesy akicler ovanhievprleng termyin Thi s
ef f ect may be rev ed, and/or pregnancy,.i,n sqQne Wongn nay he .
enhancedS by QBRI e forg et Bese kRS T ith powias doise oAb dn

I munogl obulk Qa@@kbs&nﬁd?e{“&ﬁﬁmtﬂﬂegﬂu@ae a‘lﬁf‘?&m’eﬂée@@n@&ﬁnﬁ“r{aﬂ}{é €2 and

production of spermspecific antibodi es. ravesi cal
admi ni st r at gammp-érteiferon| cahabe obmiedeast désoribed Gy dNBt Patent NospUgi38&2T, and
avoi ding system c side effects and avoiding first pass netabolism and

gastric 5,320,890, meRectixelyy while cusglY rautsinsoff. thespreteins qap be pbtairedhasd
i al, [ ZAbi d ' hi.ghly. skill.ed ff.
braferrod el U7 Paitft A SR SRR g sl bddifom dliole, Phlelci€ held ©

adm ni sfpat éeqfierites EfsAY thaRhort @hd Mg TBEMEBEMUISFIcan be ottithéd HEBEscABERH Such
as a prodrug activation gene such thym di ne ki nase or various

i mmunonodul HiSoPatenbNes4, 84720 land 4,879123R%; reepectively. Retroviral vectors expEassingcopi ¢
retrograde cyst.opancreat ograph ERCP oes throu t he .oyt h; es
ot 1 equi r RGP BN IRR gk ket BeibatbeEAeesizlted hrasingad i BSopy
25 and pergidiRattél fGinbYe U 9A8R95P cnfifledi"Cofpbsiions landNMletdRs PRPIELRES C

duct. Conversely, the method requires a highly skilled staff, and is
unpl easant Imundtherppy'i ent . Many of the routes of

adm ni stration descrihed herein (e.d., in&o_the CSE, —into bone nmarrow,
into joiAts, intravenHERe dehyery- ksticles Aroducing o VAHERI Of dhrioayi SOlHPSPUde

subeut aneOUgy| 0o blof FAERKEn teiskd h WP Feitioll O i BhR¥iPld bloflee.

spaces, intra-

perit oneal , thefdpewticylongr-adrinCexpddssion of thes€ pfotdihar X 1dgd vatiay obRomtsiesErowted
simply by direct adm nistration using a needle, catheter or related
devi ce. factors and other proteigs mhicheare usefil Jemlosg derm: sxprassien by theeretipyvitall t o

a target fr t sd . h (ps pat izent_ pr.ocedur r as
o o0 0EC (GRS 56 Shanion, i, 8 g R 8 BGAE
procedupg VW43T498BET eRikidI0 I€Fclo@éxtAS-PRpided lexcdesi QiRfkic acid SéQEARE Y 1O
adm nister the vector. Qther routes and nethods for adm nistration include
encoding a variety of hormones can be used, including human growth hormone, insulin,
calcitonin, prolactin, follicie stimulating hormone, leutinizing hormone, human
chorionic gonadotropin and thyroid stimulating hormone. Gene delivery vehicles
expressihg polypeptide hormones and growth factors can be prepared by methods
25 known to those of skill in the art and as described herein. For instance, a retroviral
vector expressing human growth hormone can be prepared as described in the
Examples. As an additional example, nucleic acid sequences encoding different forms

of human insulin can be isolated as described in European Patent Publications EP

026598 or 070632, and incorporated into gene delivery vehicles as described };erein.



t he non-pareneral routes as well as admnistration via nultiple sites.

The gene delivery vehicles of the invention can also be delivered in ex

Vi vo pr ot owoles/3odax vi vo gene therapy protocols include thosecrawsesioohs cells
are renmoved 10 froma patient. transdugdd in vitro and returned to the
patient. Ex vivo gene therapy also enconpasses protocol s involving
adm ni stration of producer cell |ines capable of delivering a viral
vector to a patient. See U S. 5,399,346, U S. 5,529,774, EP 476, 953

anth\aD 96/ 3%82 for aAmles€ the tpobpepfide grovithofagene dekeibad yherelfi éunShlrsatBeon
met hods.

H. F@W@Amxmmdmﬁxmmcgﬂm dppgreroRENEressACIOREe with a gene dehvery As

be. adm ni SUERELE af QrPoprgac TeSnpY Buiianes bf ToFonan, ok o et daiior
or may be ¢Riy ndesaéiima[b%t\%l?%%hrth@ afBll 4t @anfﬁf?h&'bro ng'l‘é‘d qg r‘;‘% 1&9{)'2 cal

t he |nvent|ony ?e admnistered 5 by parenteral,

adm ni sty atviehicles For lorgdennt expresséorginowitd See:aogsEuropearaPaeﬁmdanIBIzeslBl,
parenteral |y, i.ntravenousl §3 subcut aneoui,)g\}/}él intradermal ly, or

intr anusculgﬁ?ﬂtfugiiﬁeéfoér%ﬁﬂ yi9: 1 AR rntied "Hybrid rSé’nﬁtfﬁiSrﬂf@t{@ﬁuéQﬁnS\ﬂin-
VRS oy AT AL 8 b R 8 o

I nventl on

cat het er i zaifftent foaerofCfiBabRet @ﬂfvﬁhsfa@lﬂr GRS Be éiﬁ:ﬂt%ﬁ' by Whd Abthcis16F
particle gun, and a punp The grom h factors of the

i nvention ameentippi gkl §g. A4S Hsteet bfd Ri46R,744, issuedogNav.nBckAPS; EBS. RatentiMo. t hat
does nof_itse i ndu e a |b i es har t he
i ndi vi atfal 2 gée%% ﬁ@g lillr cBg‘ﬁ ?97’461{?8 HP g{ialffﬁr?itemé‘ﬂb\ﬁ?tt hout

undue t oxi Wth fMbisabl e carri ers may be | ar ge sl OV\A y netabolized

macr onol ec 1f such as proteins, polysaccharides, polylactic acids,

pol yglycol ic acids, [Ieysrars @ aninber of promsdasefamfat) teeatmernt 0pH Ihgraditary and
inactive virus_particles. Such carriers are well known to those of
ordinary sldisorders that can e exprasserh b ivp by the 1&6@99% abiiavestipps Mapy |ggnetic

used therei ﬁlseageg a@@éﬁ%@ ﬁ?]er{&er{slz%r ?ldf:)?e%?ge §§Je§ gesﬁﬁ faﬂmr gﬂ?{%e < a% nal

hydrobrom

or gani C15aCIgé§e %iﬂ@dhc&? fof ekahpk, taﬂassmhmlma metonmah onaédasmym@mmirme and
the |ike. t horough di scussi on of Sﬁ armaceuti cal | acceptabl e
exci pi ents sevese cembiineslhiremunedeficrmgy NSEHR), ShemophilaafamiBE| Cystic fENSES
(Mack Pub.

1 Ph t | t abl
her apeut Dgbtntss  : Sactlis, "CONPRIAI | qaieied creBEREe, | o bl
gl ycerol 9p@r§:ﬂ@l@ﬁ£mleﬁ§ig'(MﬁW%dn| ot ial. 29e5bAdead 60 Wﬁ@@cﬁﬁderﬁiﬂ:& a@s SEY@fiée' ng

or 25 enulSifying agents fering substancés, and the e, may be
present in 2961808, 1992; \Biftudn'iaas‘:t ally Beiesdel 344 1278, tlB&?)apAﬂﬂmngbgmpnbm dlsmes are

prepared as in tabl es, either as i qui d,sol.uti.ons or suspensi o
DOTTa 3 minay Herih ot bsese e prodct i GHORIAS, suth o4 GIAGHIGS and

Wthin pm&?é%“@‘e FPar Bl sl B Rl bERE e 0 ANORSTRRR: I‘ﬁ%‘“ﬁ'ﬁi

term "l i poskEpropréfelcamione 1W1hmndanmﬁﬂlgmmhhmnhbp@mpmwelypoa tions
described in U S. Patent No. 5,422,120, WO
Gene therapy by the methods of the invention is a powerful approach for

treating these types of disorders. This therapy involves the introduction of normal
25 recombinant genes into somatic cells so that new or missing proteins are produced
inside the cells of a patient. A number of genetic diseases have been selected for
treatment with gene therapy, including adenine deaminase deficiency, cystic fibrosis,
op-antitrypsin deficiency, Gaucher's syndrome, as well as non-genetic diseases. As an
example of the present invention, a gene delivery vehicle can be used to treat Gaucher

30 disease. Gaucher disease is a genetic disorder that is characterized by the deficiency of



42 95/ 13796, WD 94/23697, WO 91/ 14445 and EP 524,968 Bl. Li posones
may be phar maceutical carriers for the pol ypeptides of the invention.

The grow of the invention are adnm nistered in the ' |y
ef f ect i.vemgtzr?%&;r?%.a The term "t her apeuti%az{,vlty effective am)ui?l g@"@?esd

herein and 5 applied to polypeptide growmh factros refers to an anount of
a growth factor that is capabl e of stinulating cell divisionin a
target tissue in vivo. Stinulation of cell proliferation in a target
tissue neans_that the numher .of dini.ding cells.in the target fissue is
greater t hahe ot ElpeeRowfas, oLhinenemerftisny s of 1S pecymlaton Rl 1 or
a subj a6t qcdidblosHRIRMe WARSohBe of HidIcBI indthe! Holly 2 be e Alvidly séeh?ci%?ctzur e

and extent of the 10 condition being treated, recomendations of the
treating ph3s:194an992add (YaetMerabalic Basis ofrinkdrited Biteare,tGiatedi, Scrved et Alhe
effective amgunt for_a given situation can be determ ned by routine
experi nment a‘fqlo%f’alllgnm Il vary fromgrowh factor to growh factor. For

le, f HGF, d X j ,
bty T rom & A8 Eadlio) ¥R fiet. ofe HHp 8o SEF A vIEHSE KRIF DY
of KGF, a dewSefaf fol@fatiiknk of bmo&@otﬁﬂ%ﬁiiserdéﬁgYudhﬂsgﬁhoggﬂiam&feﬂin?f&ﬁéb| y a
i s .

dose of 1 ng/kg to 50 /[ kg body wei used se anounts for the
ot her gr owtdf Fagtor 18, a@s ithe B demeimdealeiad FeatoroWBI egnstruct desqribednn Ezamplese of

Kill int 1 di be det I ned ' t.al l .
G of i br at e, L BFCi B BE AR BERes HenE R PP SRS EXRERR Sai VIO Py
| P injecti z i 55 f
dosages. ar o 50 e A0 10 warvaoR” B i R oS! Bhipri ahFe g et o7°

adm ni s10 atproteirfsowhith lddndisey expréssed in thagenedelifesy rvghicks ofl the rinedntional andbe

enpl oyed. Fo] ]l owi ng cl of jbrate dosipg, retrovjral vectors can be
admi ni st er eyhich a¢ e‘l‘sﬁﬁ‘l?y%of rfffiaéﬁ}%fﬁoﬁg I?‘ﬁfedﬁﬁryd%%%se%an&%ﬁ inglyds dpctagep for

for one to Tyt of Rl BElgRBRAGHY, 26 f \fndd o MR el Ad”

retroviral algkd Dantifypsindor wedthett oR8phd-¢ Radiryssi® defiiane. 0SeedF DMiledfegcl Or
dosi ng can be perforned. The foll ow ng exan;:) es are

of fered by Redjatiss, 10481124, BB7; dn¥ermoe, dgjentific Amerjean68-84i Neav.i dR87;3md

43 15 PCT Publication WO 9527512 entitled "Gene Therapy Treatment for a Variety of
Diseases and Disorders” for a description of gene therapy treatment of genetic diseases.

There are a variety of other proteins of therapeutic interest that can be

expressed in vivo by gene delivery vehicles using the methods of the invention. For

instance sustained in vivo expression of tissue factor inhibitory protein (TFPI) is useful

20 for treatment of conditions including sepsis and DIC and in preventing reperfusion
injury. (See PCT Patent Publications Nos. WO 93/24143 ;WO 93/25230 and WO
96/06637.) Nucleic acid sequences encoding various forms of TFPI can be obtained,
for example, as described in U.S. Patent Nos. 4,966,852; 5,106,833; and 5,466,783, and
can be incorporated in gene delivery vehicles as is described herein.

25 Other proteins of therapeutic interest such as erythropoietin (EPO) and
leptin can also be expressed in vivo by gene delivery vehicles according to the methods
of the invention. For instance EPO is useful in gene therapy treatment of a variety of
disorders including anemia (see PCT publication number WO 9513376 entitled "Gene
Therapy for Treatment of Anemia.”) Sustained gene therapy delivery of léptin by the

30 methods of the invention is useful in treatment of obesity. (See WO 9605309 entitled



EXAMPLES EXAMPLE 1

PREPARATI ON OF RETROVI RAL BACKBONES 5 A PREPARATI ON OF RETROVI RAL
BACKBONES 4698130709 The Mol oney nurine | eukem RCATUSISOEAHM_V)
5 long term nal repeat (LTR) EcoR3ls-EcoR I fragment, including gag
sequences, fromthe N2 (Arnentano et al., J. Vir. 61:1647, 1987,
Eglitias et al., Science 230:1395, 1985) vector was ligated 10 into the
plasm d SK+ (Stratagene, San Diego, CA). The resulting construct was

desi gnat ed "\\3&Sity Pdlypepirids bR ﬁa@aﬁla&aﬁodwmi@@ Rt 6 idbgrighibh fade itepti tr O
mut agenesi s to change the ATG start codon to T, preventing gag

ex Sr ﬁs Si En gefihand its use imtheigeatingntofiabesitiohtGane debvery avshiclrsiexpressipg ERO dengt h
an ankedq by Pst | restriciion . sites., The Pst, |-Pst | tated
fragment waePHSLFat Feagily Pe prodneeRriR the Fretids deserbed ReEsip d Be ApgRIcty pot
1 site of ' eI o] LA: 1 to replace the non-nutated

200 bp fra%%%ﬁ@eﬁ@n#{ﬂg@@qe#?ﬂﬁemiaI I yppUC19 (Stratagene, San
Diego, 5 CA), exceptvatibgtofostern disovdersr et dlée be aragidit®s théhmethod SOF thd |
BssH Il and Nco | were i nserted between the EcoR | and Sac | sites of
t he pol yl i dkentiokhiEor ¢ampleysustained in vivo gusergicapredugsionzal] applipgmoten E or

.0 ki , : ] .
&) oned | nt GPBIBSHIRHITSA, by o8 SR taiiten YEMEiSs ot RO IR bl Fipbe srd 19F A

1.0 Kb O a yreatmed:-dfityferibldefia 0 (S 1. VBrEsIBW difdl € Bidrb ol dpyS L9653 119981 - T
The O a I-(geaar?e doer%g%tlbsgl éct abl e mar?(er gene fragnendtﬁyfrom ' l|gAFnVXM

r2 gt r?\éi ral additiony suslzimmlr;i;}mﬂmgioa MfgioemsiryrepcmmmhibiMr (Viln @oedfuendsitah, of
e neonycin I d i he .
o asri 10 Tilongl I Mo abon o) ar shiscied Bihe Bre Sody metiods dsenbe p
Ga |-BstBy gene,d LAOAF Raditi exampl¥. ithd ?&gf 80 HhSvosh&Emlc PddGESdn BEC
-1"vect o

plasmd. . r was —constructe y a ree part
l'igation i mnMysekinttyahbend delivery vebidled of tha givation gnisefuliinghd treatgentofd
i nterest and the neo gene under the control of the 30 S$SV40

pr onot er / ervazigtyeef tamars: (Ree M§. RReBxer\ala Natar Med. £:689, 199%)nd 111 fragment
are inserted into the Xho I-Hnd Il site of pUC31l/ N2R5gM plasm d
(Figure 1). 44

B. PREPARATI ON OF RETROVRSIN:s BACOKBIENEs BBASBnisiration 1. Preparation
of aretroviral vector construct that does not contain an
ext ended packagi ng sefyueideevériesy rdf) routes and methods may be utilized in order to

administer the gene delivery vehicles of the present invention. For example,
intravenous (IV) administration can occur under a variety of protocols known to those
of skill in the art. For instance, gene delivery vectors can be formulated for IV
20 administration and administered as a single injection. Alternatively, the gene delivery
vehicles can be delivered in a multiple injection protocol. An example of a multiple
injection protocol is administration for three times a day for several consecutive days or
on alternate days. The multiple injection schedule can be carried out over a number of
days for example a week or 10 days or two weeks. The injection schedule can also be
25 repeated. The total number of vector particles delivered can dispersed in varying
amounts of formulation buffer. Depending on the volume delivered, the retroviral
vectors can be delivered as an injection or as an IV formulation such as an IV drip
which can be delivered over a longer period of time. Similarly, the rate of
administration can vary. Details of the administration protocol such as the single or

30 multiple injection schedule and volume and time of delivery can be determined



5 Thi s exanpl e descri bes the construction of a retroviral

vector construct using site-specific nmutagenesis. Wthin this exanple,
a MoM.V retroviral vector construct is prepared wherei n%é{“ﬁ ﬁ gi ng
signal _[er Pﬁ?'{oﬂe retroviral vector is term nated at E@?D 17 of

SEQ ID NO 1, thereby elimnating the ARS start of gag.

Briefly, pM.V-K (Mller, J. Virol 49:214-222, 1984 - an infectious 10

cl one derived from pMV-1 Shinnick et al., Nature 293: 543-548, 1981) was
di gest ed wi th Eco57l ?o&(ﬁl%bfr gn is isol ated. (Ec0571 cuts
upst r eam f rFREYRE0tally Wﬂ‘ose° Rt R ﬁlﬁo Py dependingipm eqagiealiar

fromthe r 59\4; [ffdrest 56 b0 ?ng?@ r%%dmm%n n s a pleBHER Thuias amﬁﬁs&%

ended with yNerase I 'olabs)’,

deoxynucl egb} dasovxﬁnd/estbfm;@brbgsﬁrsg Eé&etE@OBMt&hé SuéH ap AR UIPBhd G/Rah Pt | |
KSt+ 1 5 (Stratagene, San Diego, Calif.). This procedure yields

pK82+E§:057Ig~rQWFh(h€)rm0ne (Figure 2), V\/m ch vvas screened by restriction
cense seluence of  NoND! EDHSGRATLE casy and eoRoEnienty Ebnoftichl (Bp YR of
Nonsense Cogd@iifed), bafdBvErdd F%feq#e%%nﬂ RROER ,ea:ﬁ%)(fir?'uts controlled selease

([err]+) hi's exanp descri bes lcation o

ext ended padfkhgiaciyesingredient of the( bmp@s&t)lorbyths irécombirent tétovimsagEoeersely, | n
particular, the nodification substitutes a stop codon,, TAA, at the
normal ATG tb%rarn@%bet locyjrirmgaigon .%S.r@HSf@ssttoregwg&rr digrehepsriatic abgorption forgng

B oy orer3 B g AR RIS E I OB e ST B B phes B
1040) frmm%pémmmétarﬂ' %astrﬂ: acid bAd enz?bah@‘ﬁ%gﬂa@ﬁ@bn 1P@ther isrefdah St

cloned into pBl uescrip KS+ phagemid at the Sacll and EcoRl sites
(conpat i bl &e. sigwnghset of acts:tnr, aﬁfﬂ@dmpﬂ?hagm levels nmay rrioh goea meachesh s pm)m‘v

Srauence, s, aShEl RLER B ke e BB L SRS

TAG ACT GT hre A6 ifVentiSE Qnbidd&NGhe eﬁral"@amlmstrat@i”éf‘ ?@doﬁ%an@'l‘@trb‘@dﬂsé? Qﬁ’at
according to the nethod of Kunkel (PNAS 82:488, 1985), In

45 mxﬂmss t gemwdi dngoding seEytheopoéetin t frisali heGMeCSF rayepkimesf ov&mmsde
stop cog Z‘% ny gl eotlde 631- 633 and, 637-63

Renoval REBUFGSAT R5£E‘ & §PARPSEY Hé‘&%&%@?&ﬂ’i“?‘?o\‘fﬁ’ﬁé@“ "Bmmnes

LTR kagi m -
fromthe 3'CaE'IbI3 denved J%\é g%sgé c;elgéeseﬁlttg ﬁﬁlégg esc\r§‘4?lltt)lgdk ldﬁT}ﬂ%\m& %l?agf ly,
pKS2+Ec057Icelld,Rvey, paﬂa'eas bofik, hesiopdetid xtnlarrBaJ andeaigertal. nSikdh, padyytptiddsi @abed
excluding the Bal] to, H ncll DNA which contai ns the packagi ng regi on of
MoMLV. used for induction of growth, regression of tissue, suppression of immune responses,

apoptosis, gene expression, blocking receptor-ligand interaction, immune responses and

20 can be treatment for certain anemias, diabetes, infections, high blood pressure, abnormal

blood chemistry or chemistries (e.g., elevated blood cholesterol, deficiency of blood

clotting factors, elevated LDL with lowered HDL), levels of Alzheimer associated

amaloid protein, bone erosion/calcium deposition, and controlling levels of various

metabolites such as steroid hormones, purines, and pyrimidines. Preferably, the

25 recombinant retroviruses are first lyophilized, then filled into capsules and
administered.

Buccal/sublingual administration is a convenient method of

admlnlsiratlon that provides rapid onset of action of the active component(s) of the

composition, and avoids first pass metabolism. Thus there is no gastric acid or

30 enzymatic degradation, and the absorption of recombinant retroviruses is feasible.



10 4. Construction of Vector Backbones

Constructs prepared in sections B and C above, were conbined with a

pl asnm d vegboss@ee descri bed below, in order to create a ret POVAUSHS/O0TECE Or
backbone containing all elenents req@fired in cis, and excluding all
sequences of 8 nucleic acids or 15 nore contained in the retroviral
portion of the gag-pol and env expression el enents.

Briefly, parts B and C are conbined as follows: The product of B was

di gest ed witherdieligibRakiRBllitANMdaidddly Banseliat cedsaagieniretpiheds Posgblehe
LTR and nodifred [err]+ region is isolated. The fragnment is |igated

i nto the pr@uhvetsely, s@headntihigtration is ligmiteguie r¢lebyainiaw HesageeBypically ahouglfes

Spel and EcoRI. The resultant construct was. 20Q. designated pBAS Fi gure
3: see al sdUng): @éirfl&'ﬁlfe  begng sumulipgequs edting,; grmkmg of swaﬁoxfzﬁrég.vg B BASa

e o o SR g Bl S ooy g g i

f ol | oweds byreghrgbighntoretronirliseEahit tontdinegenes wntodigg i seifearid/ova Sorbignal/iC t or
pUC18 cut with Sma | and EcoR | to nake pBA5b. The neo resi stance
mar ker gendmuauneampdulagrs, £ thenyeatmenty afherakiranger; chepdreptment refy Siagrers om

KT-1 into pBAb. di.gest.ed with.Xho,l,and. . o) BAGD.

pol y1 i nicer WAL i Sersuplinel®) ogfiiostan of Ssfchoont Spt bR gl
TCGAGGATCGQG&HE%@H : Enéa] Ghel\ ke {r@RReRNGRihgviNG and perioddhtitisRah ( 2
5' - CGCGTCGACA T T% GATCC (Sequencle@V - |p[e>nﬁ|o®§) anél )
| i gati ng t hthe puoxdi/sublingus BAStnistwationi afg&or cytoking abtiserise gonesake 30 pBAGbL1

(see Fi?ure 4). e . . . . 56
EXAMPLEI® Rectal adminisfiagiorrproviggan ReghAta 5t Ras) Frigbongm Affect

GENETI C MA‘%E:%: EJ\E %B%o%m}ﬂf_‘%g& supply, and absorbed materials drain directly into

the inferior vena cava), and the method is suitable of children, patients with emesis, and
the unconscious. The method avoids gastric acid and enzymatic degradation, and the
ionization of a composition will not change because the rectal fluid has no buffer
15 capacity (pH 6.8; charged compositions absorb best). Conversely, there may be slow,
poor or erratic absorption, irritation, degradation by bacterial flora, and there is a small
absorption surface (about 0.05m2). Further, lipidophilic and water soluble compounds
are preferred for absorption by the rectal mucosa, and absorption enhancers (e.g., salts,
EDTA, NSAID) may be necessary. Preferred embodiments of the present invention
20 include the rectal administration of recombinant retroviruses that contain genes
encoding colon cancer antigens, self and/or foreign MHC, or immune modulators.

Nasal administration avoids first pass metabolism, and gastric acid and
enzymatic degradation, and is convenient. In a preferred embodiment, nasal
administration is useful for recombinant retrovirus administration wherein the

25 recombinant retrovirus is capable of expressing a polypeptide with properties as
described herein. Conversely, such administration can cause local irritation, and
absorption can be dependent upon the state of the nasal mucosa.

Pulmonary administration also avoids first pass metabolism, and gastric
acid and ehzymatic degradation, ind is convenient. Further, pulmonary administration

30 permits localized actions that minimize systemic side effects and the dosage required



5 Human beta gal act osi dase nRNA i s obtai ned from human

liver tissue prepared with a McroFast Trak[err] kit (Invitrogen, San
D ego, CA) .l guence of the cDNA for human beta ga ' S
listed.in Y-"Pg%?’gﬁ’? This is used as a tepplate for RT %’%@é@?ﬁgn
using the GeneAmp[err] RNA PCR kit (Perkih Elnmer) and prinmers: 5 GG

GGG CTC GAG ATG ACG CGC GGC TTG CGC AAT GC (Sequence ID No. 10 6) and 3
GGG GGG ATC GAT TTC ATC ATC ATA CA (Sequence ID No. 7). The resul ting

2.0 Kb hunm err]-qgal act osi dase ¢ has, no si gpal ..peptide,..Xho.| ,at the
5 0 1O M Tafr it aRisss p03 | BR5° cantbe | BAR Ml it Feu R Cind Reicumingh
retroviral ; ; i :

TR ) PR donth sl ok br R El Rl s o

human bet a iyakhiolizivedts theco wmeteslocal frritation] and soerdbsitg i< posgibles nFwthen 15
di stribution which allows conversiqn of the prodrug conj ugate to occur in
the cyt opl aRafent coopeAtior and pndersianging, isqefeged, and the propellant for dosing may

KT1/ h[erk] I S b . ucd cell .|i seudof,ypi ng
W th Ve G s Bl e, TPheted RlNRERR 1 B flfsens ol Enah BRI

met hod %ﬂﬁfbﬁhxg't AnthisG@idrPeBieeshbidanOletrdPidusés thal Bibrdss gedeCencBlingliga PNAS
90:8033-8037, 1993) 20 wth 10 [err]g of each of retroviral vector

KT/ hBGAL wi ehighofosgheofreatment/gfcapdifianseiuah as asthmachay fevit, Riletgjc alxgadiis or

t fecti ifth the. .PrqoF | Ki di to th . fact '
ot ruct | onGbioeg ARt dhs G R haps ForlfiE Sestpiefeof oyt fibmasis: ) Heithse 41
replaced wi é&]la%&r?a%@ H?@{’oﬂso%&ﬁ%saht%nﬁ A Br ttﬂén&r/é%ﬁvﬁafogg%%&hﬂht-

The resul Ting culture supernatant contailning VS pseu vect or
is filt&0edAlttmatiggly, 2hanyOofithe [seme ltypdsi dftpeiypeptides or peptided Ifsted dboes fodwedli on

of the retroviral packaging cell line, DA (see PCT Publication No. WO
92/ 05266) . aﬁwggtrgﬁpxpgaagpgug%j ected to cloning by limting dilution,

and the best clones s . : ' ' rj '

Exanpl e 5. The super ngb g%%@ﬂg%ﬁ Fﬁ‘g‘éga%"e'r Ivlidr?égédg?gmﬂ%f\%@%&W%&gé‘%‘i

t hr ough 0. 4itioarwildfe the adrhinistiRtion d9disimeed Rurthd0&vdids Bldt Py Metabbligm,use.
47 Supernatant fromthe sel ected vector producing

DA/ hBGal i sangsgastricoacid and engysutie degrndatdon, rad gemmitsesel fsadmyipistraticay wia thecwsef | xed

o0 B 180 rsobe LR e s RS R R ety o
PRODRUG TO &&teNE dechive REER abBliAidtk4ldnT iHdBAR Ytearidd) Preferred embodiments8€the

prodrug conj ugate, N-[4-([err]-D-gal actopyranosyl)
Benzy! oxy caprosany lijvadtiondnelbde it oplsthalymic reedgiizistiation af recombinagt méttaviruses t hat

descri bed in S. Andri anonenj anahar t al., Biqgorganic &.Medicinal
Cremi stry LBt BiREesS Bpeencoting 1§qy 1k ggnthe,Eairhentiod Bag drvst cOR RS ity s ky
to generateydfg hfd Mo dbARhAMNIIEN 374 ISphthalmic administration of recombinant

20 retroviruses that contain genes encoding melanoma specific antigens (such as high

molecular weight-melanoma associated antigen), self and/or foreign MHC, or immune
modulators.

Transdermal administration permits rapid cessation of treatment and

prolonged action leading to good compliance. Further, local treatment is possible, and

25 avoids first pass metabolism, and gastric acid and enzymatic degradation. Conversely,

such administration may cause local irritation, is particularly susceptible to tolerance

development, and is typically not preferred for highly potent compositions. Preferred

embodiments of the present invention include the transdermal administration of

recombinant retroviruses that express genes encodir;g IgA or IgEvfor the treatment of

30 conditions such as atopic dermatitis and other skin allergies; and transdermal



(S.J. Danishevsky and M T. Bilodeaux, Angewante Chemie Int'l Ed. English
35:1380- 15 1419, 1996). The relative sensitivity of
HT1080 wi w0 egrsb7ee t hout h[err] Gl to daunor ubi ci n and PCT/US98/00715

N- [ 4-(-B- D- gal act opyr anosyl ) Benzyl oxycar kagnyl ] - daunorubicin is measur ed
as follows: HT 1080 cells are transduced with the DA/ h[err] Gl supernatant
in 8 [err]g/ M pol ybrene overnight, then rinsed, fed fresh DVEM 10%
FBS, and incubated 20 overnight. The effect of daunorubicin and
N-[4-(B-D ﬁ@h@ﬁh@ﬂiﬁn&ff@&éﬂrﬂbmant remmkpmarngcgauéd endading rm@bxfdnﬁh $pecific
measured by plating 1 x 10[err] cells per wel di shes of

t r ansduced antigensnfspeln 28 Jighl neelE¢ular Werghtmmaeassgq:xated Fzmses)s sel4and/or

4846, 1988) Th é;\re i ncubat lfor six hours in concentrations of
daunor ubi cf9F EM? or immune modulators.

([err]-D gal act opyr anﬁa}m %a&amk%m#aemk locq?&gagmum &wm(@gﬁe?en{eﬁ 1 %rl M

or nedi a al one. I's are was and i nc I'n e
hours, tiﬁerfo:rlmmmel ainpinisgatiaf. Further] fueh afidiistymiodiaveid§ firftqpasd xﬁbiawlidra for
Si X hours The cells are transferred to glass fiber filters

count ed i naadsgAsHic peidtangdnenzymatisr dggmdaiipansnd is preferred for admrmstratxon of
48

O HUVAN PEREERFIAPNS: WGTFiRE thdesqmbineq: retrovirabel Viess* peptides. , Reefeeec
MARKER | N REH3@hEMN- ofMEEPEdSent inPention include the vaginkid@inRiraGRNéfrecathiighntne

phosphat ase cDNA (sequence shown in Figure 7) was cloned fromthe

vect or pSVTattiARey ChatHexpress ®edes) .ebcoding | seif aBil/or Hermig). MHC, oQ?lmmeQS,
1991) into ro d| son, at e, EcoR | sites. This
Fnoert Uho rheNAtER, e BRIER G boNRERS inclide BRI eBAGNEtoR o 85890 xho
| and Ca | [ pf{;}% Kk g&(gﬁ/ p
(Figure 8) .eni%dmg he %m%néd?g &%%ﬁﬁ Pslr_ugh é\%ae@g@é%d n?]rgkég@éq?/ ct oo{zﬂié
produci ng pedductibnefl¥perm-spegifie adtibodies gndwilienebyShteCerr mtgiancy Buris effdctC. et
al ., PNAS 90: 8033-8037, 1993). This met hod consi sts of cotransfectl on
of 293 2- 3@ he Teversefy pol/eF PregBANCYT iy SO WORER Mgk Perenhanced, RpAekivarag wi t h
10 [err]g i t R n t

with the ?%ﬁ?%?%{’? eg’{) ang%egr |c¥°g§teg1 ??%M; %ntﬁ?nogfdg rqelfr? gsrlnlsnﬂs'? rgé %? olr'lvgﬂ:h
(Promegps  LeneMatrfeedwitdte r&ﬂétﬁ@{b etins speefic dntidbaieect i on the cells were
rinsed and fed fresh M 10% F The medi a was renoved after 24
hours of incubation dnuaﬁsmbr@dimmstratlmr pemyits0. lagal [ geatment y farn geogenitaler .
Thi s supernatgnt was. dto h ack in.c |, line . DA, wth 8
Lo 1ol GROUGms R BiGR sysfemit Side'sirebR e % Qb nasf Bepgbotimopid hsfid,
adsor pti on 4eff Cayntd 1&084‘: dﬁﬁﬂnet'@on%@rseft?eaﬁl% frﬁéth@d"e%q?}g\e@x%ﬁﬂﬁle to
a magneti zed iron col ) using the MI {enyi CS system
(MIltenyi Bathttizhtion andSuqmyssai ]ﬂgh@ﬁs}qlw staff. | Preferretieentadiménssipf the presettl G- P1

(Bi osource .International, Camarill ific for the pl acental
al kal i ® mvenyﬁasm?&das @U%@cﬂoaﬁwraftr%wﬁ g6 TeRembinERt Feirdyims, gopdipg

10[err] traagfiesd e%%é lsSeH Bs g%}o&ﬁ"grgcltwatlon gene such thymidine kinase or various

immunomodulatory molecules such as cytokines.

USE

Endoscopic retrograde cystopancreatography (ERCP) (goes through the

mouth; does not require piercing of the skin) takes advantage of extended gastroscopy.

25 and permits selective access to the biliary tract and the pancreatic duct. Conversely, the
method requires a highly skilled staff, and is unpleasant for the patient.

Many of the routes of administration described herein (e.g., into the CSF,

into bone marrow, into joints, intravenous, intra-arterial, intracranial intramuscular,

subcutaneous, into various organs, intra-tumor, into the interstitial spaces, intra-



PBS/ 2% FBS on ice for 30 mn. The goat polyclonal anti-nouse |1gG nmagnetic
beads 25 (MIltenyi cat. #484-01) beads are washed by resuspendi ng 200
[err]] in _cold PBS then | oadi ng themon a MItenyi col nyi
cat. #422V6RAP82MEPY in the nagnet. The beads are el ut eﬁké?yon{’)élgng t he
colum fromthe magnet and eluting in 248 [err]l PBS/ 2% FBS. The beads
were then incubated with the anti body-treated transduced DA cells, the
cells are collected by centrifugation 10 m nutes at 1000 rpm 4[err]C, and

| oaded 30 on a fresh MIltenyi cqlum on_the net repar ccording to
manuf act ur geritoneal, intralymphan){:, or ?nto a capillary bgcsg ay b(epacc mpﬁﬁ'xe% s%mplzygb)(?:]

instructio . i ATy ek s&! |'s, the colum was
washed wit Rﬁx)et:t f%éﬁm%ggﬁﬁ% é@%d?{iﬁgm?ﬁgﬁﬁe%?mveﬁéf omthe magnet and the
bound cells were thenGene deliveyheticddsf canhdsoced deliverddit Lttt Bdh 3%6id85f The
cells were plated in DVEM 10% FBS and al | owed to grow out. The

per cent age thé bpds(asi ancowtphtient peeredwg) of @8 apsprgipgproeedurm, avhese theywsctoy is he
same nonpcl gnal, ant.j bod GP1,, foll.Lowed by staining wth Fl TG; goat
ot movte garieRH Pt ghva frocenty Wik Gert R0 @St fo A rioedurecifviahid
anal yzer. la5d WeShdR lfbesdnsidi ' ed

t hr ough %%Bgé&%gﬁ%ﬁq&rgélﬁlﬁér?&@??ﬂ%ﬁgr@? gragg at &fg(g![) err] %I.S%‘?'ﬁ%ﬁ il(letli-,llhlgés are
subj ect ed tthe abparegerhlyroutes as weltiat admindstratioh oig mahipld diesbest cl ones

St o s €0 P s vl B el g S GBSO B
w t hout hPLAP pQsi is t Sl
Fol l'ows: | ECOARRE0EHE% s gsne Y SRR h BB R B L HRIRE L8

et oposi f® (fRsrh Stpatieddedmludediingirkddndehliesl Wakepatleat] Exvibe gewy thefapy also al .,
PNAS 85: 4842-4846, 1988. HT 1080 cells are transduced with the DA/ hPLAP 15

super nat antencomgasses prajpenls poyoipingnadministiatigntof preduceri epllediney capabie of

etopos de. riRbzping & Y WL aqeiti” SRe s, 5 308 396,08, so ALRP 789 e
in 96 well gdizsResodi3dshansAgGefp@dito il Via g d8daPAdrSinistration the@egs.ar e

i ncubated for six hours in concentrations of etoposide, etoposide phosphate

(0 to 75 [err]M or nedia alone. The wells are washed and incubated in
media for 12 hours, 20 then receive a pulse of [[err]H thym dine .
(1[err]t§/we||) for six hours. The cells are transferred to gl ass
fiber filters and counted in a scintillation counter (Beckman).

EXAMPLE 5 PRODUCER CELL TI TERI NG METHODS 25

A TI TERI NG OF VECTOR VI A PCR AMPLI FI CATI ON USI NG VECTOR SPECI FI C

PRI MERS. Vector titer can be determned in a PCR assay
by correlation of detected provect or sequences in transduced cells to

a vector standard run in parallel. Briefly, 30 both vector test sanple and
vector standard are used to transduce target cells (e.qg.,



50 HT1080) in parallel (using serial dilutions of both vector test

sanpl e and vector standard), and specific DNA sequences of the
provect or&végg,g?ybgt ed in the target cells are anplifi escwisesidoRs The
PCR priners anplify a desired fragnment wjthin the vector LTR The

anount of anplified PCR anplicons of the vector test sanple is then 5
correlated to the PCR anplicons of the vector standard and expressed as
col ony form ng unit equivalents (cfu-eq). PCR anplicons can be

et el ' 2, e Pond! | k@i amo A AARGlsrAbNGr iR AGRRS 07,

Radi ol abel signals are quantitated usrng a g system
For exanple, HT1080 cA$isslesrisediienéindzdne &zhvatrlvembhﬁ eﬁthttpré’seﬁt ﬁﬁéﬁtﬁnnﬁﬁh 10
well. Twenty-four_ hours later, transductjons are perfornmed with the DA

Cb[ err] gal beesministered afigr iBdustiop of csllgmolifseationehyl a grosvth dactore or maxrhel e0-used

for transdugti.ons isS te 000 th ted
i ter) to Aumisyees i dioBi Mol (e eron paRgotiR RO R dablfe i <
i sol at ed 73yNolErRera] tSficdl! AP LB 1Al Xdl:ﬁui?é%ﬁﬂ@h/ bt emmé ffh@é}cf‘ﬁﬁtﬂa&@rs

and et hanol “precipitation and quantitated via m crof | uoronetry using

Hoechst dyerd adifd@déed parenterally, e.g., mtravex@&uslym snb@itineOc AP dntypdemiRly, or
reaction) i.s then anpl |f|egg 1;1 a 50[err] PCR reactlon cont ai ni ng 2mMV
Myl [err], imframwscyleriy, rabgyp th%ln%roa@wfacw (% adminigiered IB“WW%‘%/ HC
(pH 8.3),

Anpl i taq[ er r%‘fangﬁ%tp tﬂé {HZ? R elriéé\la %gl A?tﬁ‘e 1&*{){1%? 8%' Q\%\ﬁs t% ﬁ%fc hte ? b?"r for

anti body i rxdmipl) injEaris, &faﬂ{e&lﬁzhu&uflﬁﬁr-c('ﬁtéﬂnpéxﬁ%ﬁbn B@drﬁeléj E&Miatlo@[ld
0.2[err]C of Eedl vue [[err] [err] P] dCTP. Five mcroliters from each
PCR re | partilegw.endeduo o DES1 | on Exchange Chr omat ogr aphy Paper

(What man, Mai dstone Eﬁﬂ' and d 3 tines . a .phosphat.e

buf fered wash sol utio éf)"ea%%&’fs Og %H@'eﬂté%ﬁﬁ?né'péﬁagycﬂﬁigﬂg%rgge hhé‘i ng a
phosphor i pRARhacehtiSdl @AHRY that Ho¥e nbﬁxt&?ﬁﬁfdﬁ&eeéxet}%oclﬂc%ﬁ Iomnﬁmxé%qan%mnal s
versus the 25 <cfu-eq of the vector standard. The straight |line equation is

used to extto dbolimtieiduslerecéiving the coerpositiaheatd whichr mey beredniinistershwithew.
Primer seque ce uence | D No.

F2A priner U @@Mﬁ%@g@a}ggeqmge slowly me‘tabo?&ed3 (r)nacromolecules

such as proteins, polysaccharides, polylactic acids, polyglycolic acids, polymeric amino
acids, amino acid copolymers, and inactive virus particles. Such carriers are well
known' to those of ordinary skill in the art. Pharmaceutically acceptable salts can be
used therein, for example, mineral acid salts such as hydrochlorides, hydrobromides,
phosphates, sulfates, and the like; and the salts of organic acids such as acetates,
20 propionates, malonates, benzoates, and the like. A thorough discussion of

pharmaceutically acceptable excipients is available in REMINGTON’S

PHARMACEUTICAL SCIENCES (Mack Pub. Co., N.J. 1991). Pharmaceutically

acceptable carriers in therapeutic compositions may contain liquids such as water,

saline, glycerol and ethanol. Additionally, auxiliary substances, such as wetting or
25 emulsifying agents, pH buffering substances, and the like, may be present in such
vehicles. Typically, the therapeutic compositions are prepared as iﬂjectables, either as
liquid solutions or suspensions; solid forms suitable for solution in, or suspension in,
liquid vehicles prior to injection may also be prepared. Liposomes are included within
the definition of a pharmaceutically accepfable carrier. The term “liposomes™ refers to,

30 for example, the liposome compositions described in U.S. Patent No. 5,422,120, WO



(Sequence I D No. 30) R2A priner: 5 CGCTGACGGGTAGTCAATC
3 5 B. FAST RED STAI NI NG OF ADHERENT PLAP CELLS

Thi s assay, utilized to detect the presence of adher l'ls
and hence,“@gﬁﬂg@gused to titer PLAP prq&ycer l i nes. Briefﬁ@?”ﬁ; |gﬁgs

drai ned from pl ates contai ni ng adherent PLAP cells. One milliliter of
fixing solution (PBS + 2% 10 fornmal dehyde +0. 2% gl ut aral dehyde ) i s added
per well and allowed to incubate for 5 m nutes at room tenperature.

The fixing | O, ]S } JAt cel hed . with m s
of PBS. Thegﬂﬁdé’ arw Q %@2?‘5%??@60??@%3“@# éﬁ%sﬁﬁlesqﬂl’%som?&dﬁ%}t 8 at
56 C (with Wall foQri ' oq.ﬂge Hdd delts freshly prepared Fast
Red Stain mﬁﬁ%@%gﬁ{rhﬁfﬁgﬁ Ta nggtiégsdef!tﬂ,]é%ﬁ%ﬂgn'is added to each well
and the plates are 15Tkd promeh feaoisrafithatireveation arenadnsinisesred ir thefapewdcalijpour s

to overni ght, The percent transduced/transfected cells is determ ned
by counti ngeffeégv%ﬁgxqqg@ They term [‘therapeutically effective amount” as used herein and

ERAD| CATY NGPPURLP GRUSRFRHIOERSE Tes roteh 8 ad amlobh 3f ¥'groy RBCF sl 1

convert t hecapabldr ¢fostimilatifgneell dipRsHD iR bhetat dORss@ ¢ vivo. SHLARATIISS cell
phosphate (EP), into an active mtonycin C derivative, mtonycin al cohol.

25 and et opobfegationSinsa karg@sidssue Imeans thatthe Aumiber ef dividibg LeBY i ¢hd wargetabl y

ing . .hPLAP i | at ed_subcut Ly, i nude i
(Bal by c) i Segaet RBnp he SbocBEs (f BERFER 140t RiECise BIGHR HBOBHJepRat e

| s preparedgfyect Ray R 8RN et sB¥e-and health CRIC d &demt ‘92,
1988, or obtaer?ed flro% a B anrmacy eee. g.s, enalynu?eaactbredﬁ“{)tg@% é@?ﬂﬁsto ?Nyers
Squi bb) 10 Angomsitionabeing asattdyiredontrieadatides of ithe dreaeg tphysieianabnd pafiR@)ar 2- 30
10 days after inoculation with cells, Control aninmals inoculated with

par ent al HTEEOWHh factor that 1s used. The effective amount for a given situation can be determiped

cell s devel r ' (S 0 effect of EP.
Fowever ani Naruitie' k8 atod 370 AN B Whhyh b oF st P ol por
dose- dependsainple; €orHGB/a ddkelofMig/kg to WnpMdgbod§ Rightidthere gp?éféﬁﬁly@orﬁp-
Experiments_involving injection of HT1080 cells in one flank and

HT/ hPLAP celQughksta bedyaveight istuseth dndemense of KG@F tadose ofid 0fpgheftect 5

'S S pecig ! CSrIlg/E(g %%h}l, ws)veleg)fl ,ro?srr?olrg %rer}g!éﬁﬁf a dose of 1 mg/kg to 50 mg/kg body weight is

used. Dose amounts for the other growth factors used in the claimed methods are
known to those of skill in the art or can readily be determined experimentally.

Clofibrate, or the other proxisome proliferators, can be administered by

IP injection (5-500 mg/kg), or orally (5-500 mg/kg). More preferably the dosages are

20 10-100 mg/kg. A typical dosing schedule is daily administration for 3-10 days. A

tapered dosing can alternatively be employed. Following clofibrate dosing, retroviral

vectors can be administered, preferably intravenously, at doses ranging from 1ES to

1E11 cfu per injection. Injection schedules of one to three times daily, for one to ten

days, will be employed. Repeat administrations of retroviral vector with or without

25 repeat clofibrate or growth factor dosing can be performed.

 The following examples are offered by way of illustration, and not by
way of limitation. ‘ |
30



EXAMPLE 7 USE OF HUVAN CYTOCHROMVE P-450 2B FOR CONVERSI ON OF 10
PRODRUG TO ACTI VE FORM FOR ABLATI ON THERAPY Human

cyt ochr ongydegisidoB NRNA i s obtained from human |iver tRCIFUSIBpOAPar ed
with-a McroFastTrak[err] kit (Invitroges, San Diego, CA). The seguence

of the cDNA for human cytochrome P-450 2B is listed in Figure 9. This is
used as a 15 tenplate for RT PCR reaction using the GeneAnp[err] RNA PCR

kit (Perkin El nmer) and prinmers: 5 GGG GGG CTC GAG GEC ACC ATG GAG CTC
AG (Sequence | D No. 8) and 3' GCEXENEPIHES GAT CCC TCA GAA CCT GGI GIG
(Sequence |1 D No. 9). The resulting 1.13 Kb human cytochrone P450 2B
cDNA has Xho | at the 5 end and Cla | at the 3 end, and is inserted

into the Moloney retroviral vector 20 the Xho | and Cla |l sites
to make BA6/ CYP2B (Figure 10). 5371a0:81 BAG/ CYP2B i s used to make

a vector producing cel %ﬁ} i G protein
(Burns, J.C. et al., h&g%@&ﬁgg% é; EA‘@I{@%%@%“ bed in Exanpl e
2. Briefdy, 10 [err]g of each of .retroviral vect or BA6/ CYP2B with 10

[err]g of the VSV G protein vector, I\/LPGlntroduced into 293 2-3 cells by
CaP( err] 2°5 t IERERARATION OF WETROY IR KB Tklt according to the

manufacturer's instr

CaP( err]-cont ai ni ng%ﬁgfqngyrx% rﬁxg gE ’ahIY&ge(ﬁAMLw )St)i\()lg%!qi%}n?‘—lggip%ﬁt er
16 hours t RETR) BeHRALEG ROV Gabing i mcmﬁn¢ %"sédd&ﬁc&uﬁbﬂlrﬁe N2 (AfsieRfneat ant
cont ai ni ng VSV- G pseudot yped vector is ered through 0.45 [err]mfilter.

This is usatl, Fo¥irt 6a11641,c198Gn Eglitiahet aletSmnce 3230[1&85(&1\}1&5@] veabt whs figate®A,
o 1 B SR e SR S A TSl S

53 V\gﬁ{tlﬂ'gNQRS SlﬁeR?@l&t Q:'oﬂgﬁﬂzt ‘3"§la§j‘5‘1'ﬁl‘itraiegeg¥I QtebipaRe i vifk! | s
are then gro onfl uency, the supernatants of these ceII l i nes
wer e har veshetdgenesis 3¢ dhargeahe ATG 4fart codon [tem{’l]’lfnp‘re\}ehang gagexmessiond TFhis

-80[err]Cin aliquots until use erel%tlve

sensi ti vi t ynwagenzeddegmant ina00 hrserisirs (bripingepgth and flapked, By dshhssirigtion o

nmeasur ed asg; f ol tdi £ P2B
super nat ant tesﬁ ’ghe\[l\gsrttl] gf/ ;}g;%?at%?tlj gﬁgﬁﬁ’\"/&é{pﬁﬁgﬁy (}ﬁ]tq%\éﬂr? grk;‘ ngﬁﬁgdang '?Sregg

DVEM 10P%  into th8Psr Béid dﬂmbﬁimgvosrm ghplasnlideplets eatreplaceihe noplinapean de
is nmeasured by plating 1 x 10[err] cells ?er well 1n 96 well dishes of

transduced QéJﬁobmfmgramid uEkeiplasmids p ﬂ3éslé eggeatially PUiQ‘l(?LﬂSa'@@Eeff% ,Sag iDiegmsur s

The vel |5 &b ERHRdra RO A atcon b 4 dr Bgb ot Toma iRl ofd e

pul se 19§erl[e£iec{e'i\llwnt ﬁﬁénEéum? inheS'cch I Eﬁésr ])ptl‘é"ﬁé)lwmﬁé?r ’Pl!u§ cORfRt whie

cells are transferred to glass f |ters and counted in a
sci nti || at idesignatad pEIC3(1 BEZIIgM) .
20 A 1.0 kilobase (Kb) MoMLYV 3' LTR EcoR I-EcoR I fragment from N2

was cloned into plasmid SK™ resulting in a construct designated N2R3-. A 1.0 Kb Cla
I-Hind III fragment was purified from this construct.
The Cla 1-Cla 1 dominant selectable marker gene fragment from
pAFVXM retroviral vector, comprising a SV40 early promoter driving expression of
25 the neomycin (neo) phosphotransferase gene, was cloned into the SK* plasmid. This
construct was designated SV* SV_-neo. A 1.3 Kb Cla 1-BstB I gene fragment is
purified from the SK* SV -neo plasmid.
KT-1 vector was constructed by a three part ligation in which the Xho I-
Cla 1 fragment containing the gene‘of interest and the neo gene under the control of the -
30 SV40 promoter/enhancer and the 1.0 Kb MoMLV 3' LTR Cla I-Hind III fragment are
inserted into the Xho I-Hind 111 site of pUC31/N2R5gM plasmid (Figure 1).



EXAMPLE 8 15 USE OF FURIN AS A CELL- BOUND PRODRUG
CONVERTASE FOR ABLATI ON THERAPY cDNA encoding furin is
made by RT P ing MRNA prepared by Fast Trak[err] ( i San
Di ego). frowmbcell | i ne HT1080 as a,,enplate. The 20 gr&:ﬂnﬁes?gaﬁﬁ
(5'flanking: 5" CCC CCC CTC GAG ACC TGT CCC CAT GCA G (Sequence 1D
No. 10), and 3' flanking: 5 CCC CCC ATC GAT GIG GGC TCA CAG AGG GCG C
(Sequence ID No. 11)) are used in RT PCR reaction with the GeneAnp Kit
fromPerkin Elmer according to manufacturer's instructions. The resulting
PCR product is cloned into the TA vector using the TA cloning kit

(I nvitrogerg anObd%‘gﬁﬁhfowpiﬁéﬁevmx.@Wéxﬁ@ﬂyﬁmssanal ysis. An alteration is
made in the cytosolTc domain o urin to er the distribution from
trans-Col gi to ckll skrepaakod of i g 11 prdatacanii

| Hage ol DAVA I 3 3 [}
cluster fromresidue eifénded pd@dginisgauencd @) usi ng overlap PCR with the
fl anki ng_prinmers above .and the del etian i el. 5 ATA AAG GCG GIC

rimers (5 del,
CTT 5TCA GGG GGC Huig exempledsseroes %&Eﬁ%ﬁ% i rewrsyiralngector cgagtruct: oG
GCT 30 GCC QCC T TT AT . in. th
54 518 3% e Rotdihestsl s WithnC PngIE VISP it | 10

one tube argnkfget3's prepared haeldin ahé pdcidigingetigndli ‘MET f ithe aeredvial vebiot lis usi ng
the furin construct as tenplate. The resulting left (2.3 Kb) and right
(60 bp) bartdsnianted ptibastpaini6 by obSER 88N Qel, thereby eliminatinggho AdE sarhpfigathe DNA

ragment s are used asoreng VLS K, OFIRERE: Kdl #ERTERen Thas 5oin, feybl?
f1 anki ngg %pnét)gér?iéﬁisfroxg WE@SIUbfliinﬂﬁkpe@ai.,pﬁﬂgﬁkcﬁﬁ’iﬁﬁﬂg)q931)’3‘%@5 §igastkd at

the 5° and respectively is cloned into the vector pBA6BL1
at the Xho withldoSpard =i Okb fiagmentkie isolated. (BAGT PAf ants ifsirgam drofiethe 3ThERDNA

sequence is verified by automated DNA seqguencjn . . et hodol o
( Per ki n- El rigteby removing all env coding S%K@P%qﬁ?mifée ?Fé@dﬂf‘b"%‘?{ec%s'&\g%% ofhe

quci : 5 . . . C
D % Pnas Bearme VBt G SpbuWIA T nojyrihloR (MW ERghiR LR A for €,
[err]g of eawhymicléctideqVindatlonetime tBABCORVI sitsi sfpHA¥enéd pPinesériptid KS+ VSV

G protein vector, MPG introduced intg 293 2-3 cells, by Can%r]F] )
transfeddi ofPtiatagane, Sant Ricgoy ofalifth on TRist peresdwrgi digldso PR ARG s

i nst ti (P Vadi w:d N < [T ha i
ropl aced w RV AVBREN- Lo ek By perieiph Waly B When e el frdfia @ 1
overni ght. dJiigembbwhs bétaraet, the RnSdeqhdiat oNModMIV avaBiigefatdBV- G

pseudot yped vector is filtered through 0.45 [err]mfilter. This is used for

34

transducti on of the retroviral packaging cell line, DA. The cells are
subjected to cIoEi ng R ~diluti d the

sel ected by, e.g% PCX O O PN RSG OOl d G R A ReSerrbed =i n
Exanpl e28. " The supern@¥&hts of these cell lines were harvested, passed

The. prodrig substfat e T SPRY fevasl RENATAbO I Sract Bullabing ighal voo
(W+) by site-specific mutagenesis. In particular, the modification substitutes a stop
codon, TAA, at the normal ATG start site of gag (position 631-633 of SEQ ID NO: 1),
and an additional stop codon TAG at position 637-639 of SEQ ID NO: 1.

25 Briefly, an Eco571 - EcoRl fragment (MoMLYV basepairs 7770 to approx.
1040) from pN2 (Amentano et al., J. Virol 61:1647-1650, 1987) was first cloned into
pBluescript II KS+ phagemid at the Sacll and EcoRI sites (compatible). Single
stranded phagemid containing antisense MOMLV sequence, was generated using helper
Ehage M13K07 (Stratagene, San Diego, Calif.). The oligonucleotide 5'-CTG TAT TTG

30 TCT GAG AAT TAA GGC TAG ACT G’I:T ACC AC (SEQ ID NO: 3) was
synthesized, and utilized according to the method of Kunkel (PNAS 82:488, 1985), in -



pepti de synthetic nethodol ogy as Arg-Lys-Lys-Arg (Sequence | D No. 28)

w t hout deprotection. This is conjugated with phenyl enedi am ne nustard
(Everett, wologsgasd 25 Ross, WC.J., J. Chem Soc.:1972, 19BOy/Us9s/a71si xed
anhydr-i de coupl i ng (Chakravarty, P.46 et al., J. Med. Chem

26: 633- 638, 1983) foI | owed by deprotection with trifluoroacetic acid
to make RKKR-phenyl enedi am ne nustard. The rel ative
sensitivity of B16 nmurine nelanoma with and w thout Xfur to

RKKR- pheny | %ﬁ@ldfo%&l?y fHesdeqhichct Withiid B WegiBA Y Eﬁﬂ)d@%tcfp@oh@ﬁ!ﬁat itledB&4

cells are transduced wth the DA Xfur Supernatant in 8 [err]g/m

pol ybr ene 0834-633dd 63X7R&39.1i nsed,

55 fed fresh DVEM 10% FBS, and incubated overni ght. The effect
RKKR- phenyl enedi am ne nustard is nmeasured by plating 1 x 10[err] cells

per well in 96 | L.sh : r yeed hese
re incubated fof si X%%mgl/ﬁ 66 RefrolitAMPAKESH u 0 A xe%_%e‘%e
nmust ard ?0 to 500 [er or nedia alone. The 5 cells are counted with

trypan bl ue to det er nRe@owiaakkdging Be@hesuhich is downstream from the B' L@Rcel |'s
transduced wi th DA/ Xfur and sel ected as descri bed above. 1 x 10[ err]

transduced wad dclﬂmhmsshm:eﬂly Bis1@esceibed balewi mBriatlye dpKSbidisodHelblB(-y Was t he

| eft and ) LB/,c ce re ctive

est abl i sh p@!lgﬁﬁé ‘F‘uéf%? a Hind? F@szﬁeﬁé@ P%m%églﬁg%?ﬁ'ﬁcé @m]‘”g“iho 8
tnﬁékgulr\s;l i/n{;q,,J13(:1%1@%%%@@I(gg;o@eof}@oM@ng;lshggeum of mice on days 1 to 9 and
EXAMPLE18 | VECTORS EXPRESSI NG DCK 15 A
GENERATI ON OF KT1/DCK VECTOR To generate a retroviral
expr essi on vect oft. encﬁanﬂwﬁé_ﬁﬂﬁﬁﬁ_mm codi ng sequences, firstly,

t he dCK cDNA nust be ARl d, from
human T--cell I|ines, N@Wﬁ?&yégﬂhfggw w 4 or flﬁvr? a‘t:orr(l:l!,elﬁ&i el
using the %ﬁé@ﬁﬁ%&bﬁh£ Qesdribet t beldway irt m@erm Geate B egmyiralAyectdihbackibile

preparation is 20 wused as a tenplate for RT PCR reaction he ,GeneAnp
RNA PCR ki t cqriteiningrall elememts pagujred fricis,angesxgludmg afssqugnse m@s@&dm CAC

GrA Tor lecamatsceontaineq S ERER b RBn 1 ne Wikt a0 oM "

CDNA has a Xho | at tipgjeRly, parts Boid @aft &dribihedbs folwa: Hiecbrodict iof B waer t ed
into the Ml oney retrowra vector KT- 1 at the 25 Xho | and Ca_| sites

to make KT1Aipd@Kd with NheI and EcoRI and a g#36 hg@aﬁrg'ramt centpiniog the WIR ad

d S d h | Ak
enel L1 vhty agitish Y3 o ixgh?%gédgbﬁza@n 5 Rgtted T e PRRRECHEG A e
transduced il (@FnSHITICRNRRERTSNETINE HANECAN, OThE SehERE doandot ws

with KT1/ be I ST eva uate escii bed below 9L cells are transduced

Wi th vegipor dedigndtetsBASa (Figurkr3osee\dlio Bk SefiakNé. d)8/4<5|714&5dCK or
KT1/[err]-gal. Cells are transduced with tﬁ r su rnat an Ei)ln t@e
presence of 8 [err] g/ rbepseins Ry Yas sHgRith Noth ag tgﬁ& SEps\fpagg olunt by

filling in the 5’ overhang with Klenow (Sambrook et al., Mol. Cloning, CSH, 1989)

followed by digestion with EcoR I. The resulting insert was ligated to pUC18 cut with

Sma I and EcoR 1 to make pBASb. The neo resistance marker gene was added by
25 inserting the Xho 1to BstB 1 fragment from KT-1 into pBASb, digested with Xho I and

Cla 1, to make pBA6b. A polylinker was added by annealing two oligonucleotides: (1)

- 5 TCGAGGATCG CGCCGGGCGG CCGCATCGAT GTCGACG (Sequence ID No.

4) and (2) 5' - CGCGTCGACA TCGATGCGGC CGCCCGGGCG GATCC (Sequence

ID No. 5) and ligating the product to pBAG6b cut with Xho 1 and Cla 1 1o make
30 pBAG6bL1 (see Figure 4).



56 fresh nedia and i ncubated overnight. The effect of dCK is
nmeasured by plating 2X103 cells/200 [err]l in individual wells of 96

wel | di sheﬁggﬁgﬁ_@gel | s are incubated for 12 hours and tﬂg@@@gmgd wth

ara-C for The cells areflxedﬁnd stained with O

Met hyl ene blue. The dye is eluted wth 0.33 MHC for 15 mnutes with
agitation and 5 absorbance neasured in a mcroplate reader at 600 nm
Alternatively, the cells may be stained with Trypan bl ue and

vi abl e/ dead cel | s eval uat ed. UATI ON OF THE EFFECT OF HDCK
I N VI VO oL cells Mhdﬂ( or [err]-gal are

nj ected i nto Fi scher 34dricx BUMANEETA CAIURCPISIIOASE RS & 1 n Vi vo

sensitivity to araC. One nmllion stably transduced cells expressi ng
hdCK or [err]-gal are | GEMBHG MARKERINRETROVIRAONECTIIGR: f| anks of adul t
rats. Smal | tunor nodul es are evident between days 7-10. At day 9,
aninmals are treated with ara C or PBS. The dose of ara Cis 200 ng/kg

every 8 hours for 2 days. fioll g%ﬁgﬂoé?dase ﬁoﬁ%rou ﬁ‘?‘gh‘?}ﬁgn & fays

| ater. Tunor vol unmes are neasu peri 5d" e course of the

exper i ment . prepared with a MicroFastTrak™ kit (Invxtrogen San Diego, EMM?hE sddhience of the
GENERATI ON G: KT1/ hENT1 VECTOR 20 To generate a retroviral

expr essi on sla¥cfor buwenibelg galastosigasenis listed in Figure §odhisds usednendemplats fost t he

hENT1 d. Briefly, I I t df h
houte myel OB Fasfiva winedns CenfAmpkeiia FRR ! Beridn Rtnefliitimé s 0°
M croFast Tr 88 6da bﬁc GAY ATE WG CNGAEIG 6L Axfmai%b@qlﬁh@@m qd.on is

used as a tenplate for RT PCR reaction using the GeneAnp RNA PCR kit
( Per ki n1€&l n€xand2B GGHBIGHC Aﬁ"&GAﬁ' TOC IAME A’I‘UﬁATAp@Ar(Saqnepce e Nsdyudhece

R R e 5 o AR T i GRS 65
sequences tgkeind Fo Hihd 54 &S 1{3{3 ifierted into the (MbHEPrelfbdirallyREoP KT Bthe 1997)

gmi
where the tWo degenerate priiers are conb generacy o
sequences, %ho Eﬁiﬁ (e Z€] th'E@tcﬁ?iﬁké’ RA 1 MBGal @Fx@ArE)S)\TTMG&xﬁ&/aY&TthB%néSp@mdace I D

No- 17). Thgox?xb?lag\glna{)elzt(a)ngaliacr]coglcrllfse dgo%%ggsr ai;[f efroe;l 1[1T1‘?crrcs>sozriria(la t%s cytoplasmic in
15 distribution which allows conversion of the prodrug conjugate to occur in the cytoplasm
rather than in microsomes.

KT1/hR3Gal is used to make a vector producing cell line by pseudotyping
with VSV G protein (Burns, J.C. et al., PNAS 90:8033-8037, 1993). This method
consists of cotransfection of 293 2-3 (Burns, J.C. et al., PNAS 90:8033-8037, 1993)

20 with 10 pg of each of retroviral vector KT/hBGAI with 10 pg of the VSV G protein
vector, MLPG by CaPQ4 transfection with the ProFection kit according to the
manufacturer’s instructions (Promega, Madison, WI). The CaPO,-containing media is
replaced with fresh DMEM/10% FBS after 16 hours then incubated overnight. The
resulting culture supernatant containing VSV-G pseudotyped vector is filtered through

25 0.45 um filter. This is used for transduction of the retroviral packaging cell line, DA
(see PCT Publication No. WO 92/05266). These cells are subjected to cloning by
limiting dilution, and the best clones sélected by, e.g., PCR titering as described in
Example 5. The supematants of these cell lines are harvested, passed through 0.45 pm

» - ’ .
filters and stored at -80°C in aliquots until use.



57 follows Ris Aor G Yis Cor T, and Nis A T,C,G The
resulting 1.4 Kb human hENT1 cDNA, has a Xho | at the 5 end and C a
| at the 3yo@8Me70bt iS inserted into the Mol oney r et ryi/OSE8/0UA6t OF
KT-1 at the Xho | and Cla | sites to nmakg KT1/ hENT1. KT1/hENT1 is
used to make a VCL by pseudotyping with VSV G protein. 5

EXAMPLE 11 | NTRAVENOUS ADM NI STRATI ON OF RECOVBI NANT
RETROVI RUSES EXPRESSI NG FACTOR VI I | 10 A CONSTRUCTI ON OF FULL- LENGTH
AND B DOVAI N DELETED ,ﬁg‘c’{ﬂ?ﬂnl CblA ¢ oRE[ROP ARG

The following is a degcri pti gnﬁ%? t he e%:egﬁgt‘fﬁcotripgn of several erzgéggéit?al
vect ors enceaisdgeceeHT 1080 tacgey télls sdiahrary/tlen fo@tland BuiirtedevitidKgalu@swinet als al so

provided in_ U. S. Ag |ication No. 08/366,851. Due to the packagi ng
const r ai nt s/.dfirale§§: 361 54)vect ors 15 and because sel ection for transduced
cells is not a requirenent for therapy, a retroviral backbone, e.g.,
KT-1, lacking a sel ectable nmarker gene is enpl oyed. 1.

Productign of Plasm d Vectors Encodi BxAMPLERBength Factor VIII
A gene encoding full length factor VITT can be obtained froma variety of
20 sources. One such source is the plasmd pClS-F8 (see EP 0 260 148),

whi ch contains a I t.o pon is
under the cont roUS&OE@M@ﬁw &%‘Afm%ﬂdﬁ@@ﬁv@(gwabr onot er
and enhancer. The T RERRIG!T0 ARYIVERORMIFOR ABLATRONPHERASYY 80 bp of &
untransl ated sequence fromthe tactor VIIl gene and a 3 untransl at ed

regi on of about 500 bp. In addition, between the CW pronoter and the 25

factor VIIl sequence |lies a CW _intron sequence, or_"cis" elenent. The cis
el enent 10 spanni ndbaibout Fe&UBp, cofpPrEAlR a spNrlédBdraalactepyranesybm t he

CW 1) O | SO Soomal)-dn SR W esPROH o RARRBHAR SR et | C@

acceptor fr
speci ficall jp S.aAﬁbﬁa?i%ﬁn{éﬁﬁﬁirg RebBdBROW@Ic &SReichE! THerisngvidrls 3A093ect or
g

for expressing full length factor VIl 1s constructed using the KT-1
backbone 1096, 1992, using the method of Danishevsky to generate the §-D-galactopyranoside
(S.J. Danishevsky and M.T. Bilodeaux, Angewante Chemie Int’l Ed. English 35:1380-

15 1419, 1996).

The relative sensitivity of HTI080 with and without hfGal to
daunorubicin and N-[4-(8-D-galactopyranosyl)Benzyloxycarbonyl]-daunorubicin is
measured as follows: HT 1080 cells are transduced with the DA/h3Gal supernatant in 8
ug/ml polybrene overnight, then rinsed, fed fresh DMEM/10% FBS, and incubated
20 ovemight. The effect of daunorubicin 'and N-[4-(B-D-galactopyranosyl)
Benzyloxycarbonyl]-daunorubicin is measured by plating 1 x 10* cells per well in 96
well dishes of transduced and untransduced cells (P.D. Senter et al., PNAS 85:4842-
4846, 1988). These are incubated for six hours in concentrations of daunorubicin, N-[4-
(B-D-galactopyranosyl)Benzyloxycarbonyl]-daunorubicin (0 to 75 pM) or media alone.
25 The wells are washed and incubated in media for 12 hours, then receive a pulse of

" PH]thymidine (1uCi/well) for six hours. The cells are transferred to glass fiber filters

and counted in a scintillation counter (Beckman).



frompKT-1. Briefly, in order to facilitate directional cloning of the
factor VII1 cDNA 58
insert intg pKT-1 the unique Xho | site is converted to a i te by
site direct¥A98B079 nt agenesis. The resultant plasmd vect ’gg%sﬁ?gﬁ%opened
with Not | and dal. pCS F8 is df"estedtocorrpletionwithCIaI
and Eag |, for which there are two sites, to rel ease the fragnent
encoding full length factor VIII. This fragnent is then ligated into 5 the
Not I/Cla |l restricted vector to generate pl asm d desi gnated pJW 2.

2. Construction of a Truncated Fam—w&@ﬁ retroviral vector (ND-5)

A plasm d vector en | r ' { 9 | ely 370
bp) of the 3 untraﬁé@a?géﬁglgéﬁmogﬁ%@ﬂ?en&§g’&kr“®%|?ﬁ%%8¥§e% ghat ed
PND-5, is 10 construiSd GENBTIKMARKERIIN REBROVIRAWSVEABOHRescr i bed for
pJW 2, the pKT-1 vector enpl oyed has its Xho | restriction site

(rjgapl a;:gad byC'lt gaI[:8fO'rtN0tCI I .lThe f;i(ctolr VIIr]I :nts;art S g;a?grat eld b]}/

i gesting. pCl S- Wi a l, an a,. a enzyne ¢ in 0
the Tactar V11 stop. dbimah Plasrbtal akauns pheserays DA Ragoes e B Fews o
but the 3 jeB Gron® SHeQRecRr pENT7RAP(C. .E. kb CF-
pCl S-F8 is gs"‘(r)asd%?gigsted vm'ethc15pSXba I ang \I:%%&Tgf%}ﬁrjel?eg?gﬂégigﬂé%pﬁ
f Ir agment ]E:Q rfg'di% aﬁ?ﬁ? gﬁ%ﬁl igmnf:léf’tmagianﬁmadism, dMI)fn_mhetEcoR Hdm:iﬁ(%leugﬁﬁﬁ NThiss
also purified an en liga in, ree way_ ligatiop w e |larger
fragment endB¥TYRSHEN FEOUL g P@h@’“ﬁd&‘loéra“@’\ll\qq? I gah gloggeyingg theYhpdiand Clal
restricted _; 1N r Qg',ﬁlp e, supra) to
produce a plsggsn?@hgge?@r{gl[ eeg{or]pﬁ'{\)ﬁé}%gé%% ]ﬁ/?}a h%ﬁ’g% The uni que Sna

| site i70 pND-2 is t heviBA/PIQER wes aiséd aol makd @ Ryctor producHhiat cély 1idea by
| i nkers (New Engl and Bi ol abs, Beverly, MA) under dilute conditions to

the bl unt epgeudotyrangwithV Sy Srproteiny J.Cart ady PNAS 20:8033r80341 1993).ahtiis

i gation, pl ] : t ai pi t | .sit l,depnt i fi
oo R Sonsiss of 8RkRh b3 02% bl B bV s
bounded b I, (51 - @n g ] I € ¢ W teh:

tr 3ncat i o% (q)ata B#/u}gﬁl'éﬁ%ﬁef%a E 3 ﬁ?%ﬁgyg?g%m%‘gg‘?gﬁ?’ Mh?@g?gcg?ghggfl%%@g | 1 ows

into a pl asriigh kRS KBQREtAr kﬁeﬂcﬁfa%g&ol\m«e_ k{aliBcturddi sO BfstruelorRKPrédmega, (2

pKT-1 derivative by cutting at the | site, blunting with Kl enow, "and

i nsertinkp a Madison\oWI)l Sixttenr h¢uxe poBriganafedtidi Geatalls) wenahiinsed yand| ftd faesh. 2 kb
Not I/Cla | ) | S . F8 i | d.w.th E | d E d
NG 110 1 CBSURRL O S i g b S Y
full length tfng%gﬁ’g.%l dlnllﬁ filte?. 'Tﬁﬁls%&ﬂ?tarﬂl\‘%s%‘?_ Bed to the %&ﬁgﬁ?gelmih@, Eco

RV and C a | ragnment 1s 1solated. e two frag
59 DA, with 8 ug/ml of polybrene.

The DA cells were selected by adsorption onto antibody-coated magnetic

20 beads followed by exposure to 2 magnetized iron column (MACS) using the Miltenyi
MiniMACS system (Miltenyi Biotec Inc., Sunnyvale, CA) as follows: the antibody,
MIG-P1 (Biosource International, Camarillo, CA), specific for the placental alkaline
phosphatase, was bound at a 1:50 dilution to 0.5 to 1 x 10’ transduced cells in 200 ul
PBS/2% FBS on ice for 30 min. The goat polyclonal anti-mouse IgG magnetic beads

25  (Miltenyi cat. #484-01) beads are washed by resuspending 200 pi in cold PBS then
loading them on a Miltenyi column (Miltenyi cat. #422-01) held in the magnet. The
beads are eluted by removing the column from the magnet and eluting in 200 pl
PBS/2% FBS. The beads were then incubated with the antibody-treated transduced DA
cells, the cells are collected-by c‘:en;rifugation 10 min.utes at 1000 rpm, 4°C, and loaded

30 on a fresh Miltenyi column on the magnet (prepared according to manufacturer’s



containing portions of the factor VIII gene are then |igated into the Not

I/Cla | digested vector backbone to produce a plasm d desi gnated
pND- 5. WO 98/30709 3. Construction of Factor VIII vectrerasssodris
non- i mrunogeni ¢ markers / 5 49 PAE genes

The above vectors can all be made in the KT- 1 backbone, or a crossless
backbone (see PCT Application Nos. PCT/US95/05789 and PCT/ US97/07697), that
has no sel ectable marker. They can simlarly be constructed in the

PBAS vect oinBRAeHERYE FollowirgMdldibothe &ht&hh& oA The6dlafah v AP kdied GRth be
introduced into themby cutting at a 10 single Gla | site and introducing

an expressicok PRSR84 EBSpand then memébresd fismvths xmhgnet dndrthe bound tedlsveermthém
marker in Exanple 1. Int a_cassette ex SSin f_pl t al
kel | ne phsshbe g caUBRYEIR s BESEALES. 5 el R ppicie RMEMA O
suitable n r tt
w1 have TS g gllonFTBBRNbS. T fRlcenuakbr FERG ae‘é%?ﬂ%%%%e BoRaE e

Exanpl e 51 anslysis v ﬁﬁewwmmcmaleamﬂ&d OMIG-PE Ufoﬂl@%@ uwrs@ma@é with
pronoters (e.g fromthe pCl -PLAP vect or in Exa g can al so

be utilized ITGtgplat W monse Iaﬁe(F@thfmgnpnmd memzsm (1) mBz ickeusen PAAS

pBdel | - PLAP gnd pBdel | - nstruct i 0

pCF8- PLAP zﬁﬁyzef Spernatant from ‘the DA/KRLAR, el "6‘1‘5 goletsd 2 il ‘ﬁ[}ﬁﬁ‘u‘shf act or
VI11 cDNA It Bad! art Kobet rAgNEat I om
retroviral vecfl ﬁ . aI‘?afiso desi 8?\% ey]e{)NBFgﬁgssggﬁaeam %‘H‘@ tl}én No.
us 97/ 1178!5)mtjhg Bﬂﬁmd&g ahdhehe best cldnss|selected bpy ¢ grpPERaiehiigCht FaAbRed staining
FVIT113" Xba; gSequenceI D Na. 31) 5' GAATGGCAAAGTAAAGGTTTTTCAGGG (33 bp
upst r edi®h ofs geseribed kpxample 5. 2. FVI113" Not;(Sequence ID No.32) 30 5'

AP TAC AN TG PATSERS i ot 0P AR S o
| and cl onggd ietp@side phosphate is measured as follows: Etoposide phosphate is generated by
phosphorylation of etoposide (Bristol-Myers) using the method described in Senter et
al., PNAS 85:4842-4846, 1988. HT 1080 cells are transduced with the DA/hPLAP
15 supernatant in 8 pug/ml polybrene overnight, then rinsed, fed fresh DMEM/10% FBS,
and incubated overnight. The effect of etoposide and etoposide phosphate is measured
by plating 1 x 10 cells per well in 96 well dishes of transduced and untransduced cells.
These are incubated for six hours in concentrations of etoposide, etoposide phosphate (0
to 75 uM) or media alone. The wells are washed and incubated in media for 12 hours,
20 then receive a pulse of [H]thymidine (iuCi/well) for six hours. The cells are

transferred to glass fiber filters and counted in a scintillation counter (Beckman).

EXAMPLE 5
PRODUCER CELL TITERING METHODS
25

A. TITERING OF VECTOR VIA PCR AMPLIFICATION USING VECTOR SPECIFIC PRIMERS.

Vector titer can be determined in a PCR assay by correlation of detected
provector sequences in transduced cells to a vector standard run in parallel. Briefly,

30 both vector test sample and vector standard are used to transduce target cells (e.g.



the BlueScript SK plasm d (Stratagene) which had been digested with Xba |
and Not The resulting plasm d was naned pKS-121.

l. 5
pCF8 vvasAgkaﬁs)g{wggsted with PFIM1 and Not 1, and dephosphg&*@&@i&

usi ng C kb fragnent was isol g&@d and gel purifie

fragnent was al so isolated fromp by digesting wwth PfIMI1 and Xba
. A 121 bp fragnent was isolated from KS-121 by digesting with Xba |
and Not 1. Al 3 fragnents were |igated together to generate the

| 1d, - ‘.. Thi | asm d i. i,m.l CF8 t 10 th t he 3'

ISlo(frjll-scr:nodi ng(iﬁbﬁ?m 18fp4r%l&£|1@${fpg Sflﬂﬁhs %Hgéor%;%%a Ié?céexéﬁ‘gs%fn ot I"F“r’iﬁrer
dded. : td (%

Den (coSiandard), and specific DNA seluenced B Bie{jrb¥ectiry lt6eriled in i Mirget oglls |

Pol yner ase draameplifiehygaetR.( Khe BOR) primaerd adplifios desiredt [feprdnuwithin the A&ttod t was
then ligated in the presence of .excess Not | |inker (Phosphorylated). The
resulting LTR. plhgs H‘F’GPmpBgﬁPPLKﬁF@ %\fﬁ% aH}Péj‘é%rtseﬂf thet veckgst test sameple e theng kb
fragmentc ( . #ﬁﬁ D{}%% j I, CE8-D3' .

l'i neari ZS-edN\%rP lr?tﬁ_t@f’ l}?é P({Fﬁeam rpélglg: ti ﬁg p aosrm g#ﬂd%ﬁ&% ’f%ggﬁg?%}%%%ﬁ%‘f%
restricti onmifapgiivgled® @ai-e§)M IECR hanplidoadtcahi B defeciel evinNERbiporaliog &0
resulting plasm d, naned }Q 8-PLAP, is a dicistronic vector including both

cDNAs rediplabelt datingythe;PCRaeactiopa Radiolabel signalsgire quantigeadvusiga piaGpimit Vi | |

EXPRESSI ON. . ¢ 1. Assay of KT-ND5 Vector Expression by Transient
Packagi ng affg&2§ system Transduction of Mirine Cells

Cel | lines, L33, (DenmgrdxampfeCHIABRO QBB SieY a@%%rwgf?gfa?er&atlﬂg§ cells per

Angel es, CA, Patek, et. al., [nt. J. of Cancer 24:624-628, 1979), BCIOME

( Pat ek, 1t wedll., Twenty-f@a Hourstateno traisdidtByns heS@erfothECHithItRS D), ChBdad mectorand

BCenv (L33eny and, BCenv xpress H V-1 |1]Benv, Warner, et al, AIDS Res.
and Human Rét?’Fg\'ﬂ F%°$:WH&°1118%Qr tegh Sﬁmﬁlﬁé’d%gﬂ tgnsductions igAilngsd-1fktkto

Vet o, - car;yiga gkl AIPBPWOH A ASYE SINEAPsauction® b thedhfgessam ned

for the expres n-=transdu cells are also

61 ahehkysae dDN isfigslited 7% hblirsaRper @astieitioavih siRAbRdtEstofdrin exirhetidab- DCK
transduced cells to determ ne the effect of transduction on protein
expr essi on.and ethanol precipitation andviguantisated| via |migeoluoropmtnTusins -Hwgehst dye
L33env-i§r- g?g , L33env, L33, BC10ME, BC1O0ME- KT- ND5- DCK, BCenv, and
BCenv- KT- ND5- , are 5 tested for expression of the KT-ND5-DCK

mol ecul e. Cells are gr&idmit PNADGFHME BENPCR reactid8N$d thénadmsbliffed muPSoOpRAL ant
is renoved follow ng centrifugation at 200 xg. The sanpl es are diluted

and assayed®y redeiolcopmasitigeimM Mekds, G2l JAER SKITR, KA, wnd dGrkiP, 50 mM
Fol Iove: 1060t APrRNt ST GHLS A 4mML st winses A 268 Koo SDB0T P01 of

wor ki'ng buf{ GRG0V DREA dolyrhdifsekipreviddiiy MctbMES viifh TRfseRe¥efiBbdy in 1X

20 Tagstart™ buffer (Clonetech, Palo Alto CA), and 0.2uCi of Redivue [a-*?P] dCTP.

Five microliters from each PCR reaction are blotted onto DE81 Ion Exchange

Chromatography Paper (Whatman, Maidstone England) and washed 3 times with a

phosphate buffered wash solution. The signals on the membrane are quantitated using a

phosphor imager. A standard curve is generated by plotting the PCR signals versus the

25 cfu-eq of the vector standard. The straight line equation is used to extrapolate the cfu-

equivalent titer of the test samples.

Primer sequences:
(Sequence ID No. 29)
30 - F2A primer: 5° CTGTAGGTTTGGCAAGCTAGC Y’



37[err]C for 4 - 5 mn., after which 100 [err]L of a 0.025 M Cad [err]

stock solution is added. followed by a 5 mn. 37[err]C incubation. 200
[err]L of wbasgmenogeni c reagent (20 ng S 2222, 335 HeanidolndiiBt heti c
thronbtn inhibitor, 1-2581, in 10 nL) igithen mxedln After a 5 mn.

i ncubation at 37[err]C, 100 [err]L of 20% acetic acid or 2%citric acid is
added to stop 15 the reaction. Absorbance is then neasured agai nst a bl ank

conprising 50 nM Tris, pH 7.3, and 0. 2% bovi ne serum al bumn (BSA). A
standard curve based on dilutions of normal human plasma (1.0 U
factor VI11/m) is used and the assays shoul d be performed in plastic

tubes. Serum | evel s dSequencolD Mol 30)i n non- henmophilic patients are in

t he range of 200 ng/ 2Q th assay is used for

pati ent sanpl es, M@Qm&f %%TQQQGGGWQ&%%‘&&RE one volunme of 0.1 M
sodiumcitrate, at a neutral pH, and centrifuged at 2,000 x g for 5 -
20 mn. at 20 - 25[err]Cto pellet cells. Due to heat lability of factor
VI, 5 Bl asrBass®Rap S ngho oF ADerERSPEAPW@HLD§ N 30 m n. of isolation or
stored immedi ately at - 70C, although as nuch as 20% of factor VIII

activity may be lost during freezing and 25 thaw ng. 2

Assay of KT-ND5- DCK tor Ex resshon ransi ent Pac ng and .
Transduction of Human S 60 BBl R adtel the pEgsenqe; %a@gi‘?‘ie%gldﬁgéﬁnw th

KT- ND5- DCK aaH heRe [Bah B Js@d 1R ﬁ%pﬁro@ﬁcémneg gy V] e'aha is anH FHyagluced
cells are analyzed to conpare with KT-N |ya uced cells and

det erm ne tplaieaaf:cbmmmgtmihetenaﬁkml?cd:elbn (hmsmihthrmf@eng) Bolution (PBS + 2%
62 Yvo lltéghan cell lines, JY and JY-KT-ND5-DCK are
Wigra

tested ¥pr formaldehyde £02% g Xdso) isedd e@?p‘éﬂ&?%aﬂ%‘i"%“gmém@ &r1idlerr]
cel s/ afnbRURYfbal f {eiBerpture %tamfga SRS s%lpartgae&mﬂg% Bffs b fevgadshgtﬁ 4

centr|fugat| on at e super na

assayed by wilte2 Gaatoemser'rﬂe Wwelld are aMpitdtedioERYmaR HAIBE | a&b%bht@d ab
Exanpl e 2BL. TRANSI ENT TRANSFECTI ON AND TRANSDUCTI ON

PACKAG NG &6L.C LWNEQ“ﬂ)dltY) for 20 min. Queompliliter P fresky\EemoRl Mm&nm

KT- ND5- DCK Jransfecti

The packagi }I}'Ié/l\é@hlthql %%—JMKXT a%pog% ’Saq%rél ‘ig%&é H5ax51 the BIptSs 121 ce | s
on a 10; % Mallb&/ed Qo Girbibate ad hﬁﬁh Qémpdiitute Woh 204028 G6 va%nlYng' firgd m%?&'n

Medi um (DVEM and 10% fetal bovine serum (FBS). On day 2, d| ais
repl aced wittahsdiced/transfeqi¢d dalle shdeterttiinedtbshenuntingradandtont redrwﬂect i on.
standard cal ci um phosphat e- DNA co- precipitation is perforned by
mxing 40.0 [err]l 2.5 MCaCl[err], 10 [err]g plasm d DNA and 15

deionized Herr]Oto a total volume of 400 [err]l. Four hundred mcroliters

of the DNA- CaCl[err] solution is added dropwi se with constant
agitation to 400 [err]]| preC| pi t at i EXAMPLE6 (50 mM HEPES- NaCH, pH
7.1; O. 205 M NaCl and 1.5 kA !) %e - NaH err]P%err]) Thi s

2 DEMONST TION OF FUNCTION OF hPL

ERADICATING TUMOR GROWTH IN NUDE MICE

hPLAP is able to convert the prodrugs, mitomycin phosphate (MOP) and

etoposide phosphate (EP), into an active mitomycin C derivative, mitomycin alcohol.

25 and etoposide. Se5 HT1080 cells or HT/nPLAP cells (HT1080 celis stably expressing

hPLAP) are inoculated subcutaneously into nude mice (Balb/c). Tumor development

occurs in 7-14 days. Etoposide phosphate is prepared by the method of Senter et al.,

Cancer Res. 49:5789-92, 1988, or obtained from a pharmacy (e.g., manufactured by
Bristol-Myers Squibb). Animals are dosed with EP as described (Senter et al., 1988) 2- -

30 10 days after inoculation with cells. Control animals inoculated with parental HT1080



m xture i s incubated at roomtenperature for 10 m nutes. The resultant fine

precipitate is added to a culture dish of cells. The cells are

i ncubat ed_wi t e DNA precipitate 20 overnight at 37[er ildpudoBiosdy 3, the
media.is ‘A’%“E?ﬁ“gd and fresh nedia is ded. The supernatant is
removed on day 4, passed through a 0.45%err]l filter, and stored at
-80[err]C Alternatively, 29 2 3 cells (WD 92/05266) (
these are 293 cells expressing gag and pol) are transfected with the

ector DNA and, the plasm d - VSVG (,.ar SVG . encodin
\;;I asni ds) qe@]sﬂegaap\pygg%sprgg@%%‘ggf Véléél} t°(2gle eﬁ%%{]lg{:}sg's \ﬁ%ﬁ?veéﬁé"ﬁﬂ? vest ed
and st or ed;;as, 1908 Chitlh 9FTAPLAE- cells demonstrate a dése-depefiRak 3&dudfofah | tutrohe
Transduct i on DA (an anphotropic cell line derived froma

D17 cel | | grosvtifaftés ddministrationl@EP. VEXS2indesPGify olvirigl injection ofddle@Blatell5 i) x
10[err] cells/10 cmtissue culture dish jn 30 DVEM and 1Q% FBS, 4
[err]g/m ons fankand TEREAP csils ip @Ptfmef%%arlﬂage@nmtedﬁet @F% effecs o |

;dgegﬂ tgndisospgciﬁl fcﬁ}fcehngﬂrés‘éﬁlﬁ'ﬁﬁ%@.' ected virus-containing HXGgedl ais

the cells. The cells are incubated with the virus overnight at 37[err]C
fol |l owed by cl oni ng by limting dilution, and the best clones are
selected by, e.g., PCRtitering or Fast Red staining as described in

Exampl e 5. Usi nggm‘zocedur es, cell lines are
derived that produce greater than | to 106 cfu/m in culture.
The packagi ng cejdp bp@gjmwewqelﬁzxfm@w?%@ 28 AR GV VERSEORIGE ed

fromthe DA vector producing ce ine in the same nanner as described for
transdugti on of thPRDOREGITO ACTIVEYF GRIMEFORBILATION THERAPY 3.

Generation of Producer Cell Line via One Packaging Cell Line

In sone situations it may be desirable to avoid using nore than one cell

line in the process of aneraliie HASYOR nieSs dtabll TrobR HimaPAiee! | S

n
are seeded at 5.0 X 1§?err?}gcel S on a cmtissue culture dish on

day 1 withyiEdveWrepackdlVith h MiofbFas@enk® kit (InvitrogergSundlizgoy CA)UTe defencén day
2, the nedia is replaced with 5.0 mMl_fresh nedia_4_15 hours prior to

transf ect i ofithe/cI¥V Arfanhuman crtochropeRAMAEB-iDNEed ip Figsrg P+ dinols ysed as a

Cor 11 T8T- fpeplpe0 RE PO fastio yfing (i Grhal ' R RER"ETHHGS BIRLAMLS, 1
vol ume of gﬁglghs‘g(rjf’] GGGFeEt BT0GAC GGC AOT U TG IGAG TTU AGGchiceabINer 1

sol ution i dropwi se with constant agitation to 400 [err]] 2X
preci pi t at Bpanddf GGG GEHG ATHEFES QEOECABAA G6CTOCET FilRSequange IDNomv 20

GRS R AT RN TS e T W
o DU S A3 PR che o AR BBy i o8 ol e
cl oni n@Eby thd Xhd 1 i@l Qlal Jsiteo. malledB A YRIBFegral @). sel ect ed by, e.g., PCR
titering or Fast BAGE PR it 09455 Coaty | P%hctor SrodiBhe 2l line by
pseudotyping with VSV G protein (Bums, J.C. et al., PNAS 90:8033-8037, 1993) as
described in Example 2. Briefly, 10 pg of each of retroviral vector BA6/CYP2B with
10 pg of the VSV G protein vector, MLPG introduced into 293 2-3 cells by CaPO,
25 transfection with the ProFection kit according to the manufacturer’s instructions
(Promega, Madison, WI). The CaPO,-containing media is replaced with fresh
DMEM/10% FBS after 16 hours then incubated overnight. The resulting culture
supernatant, containing VSV-G pseudotyped vector is filtered through 0.45 pm filter.
This is used for transduction of the retroviral packaging cell line, DA, The cells ar€”

30 then subjected to cloning by limiting dilution, and the best clones selected by, e.g., PCR



25 D. DETECTI ON OF REPLI CATI ON COVPETENT RETROVI RUSES ( RCR)

1. The Extended S[err]L- Assay The extended S[err]L-
assay det ewmiossa708het her replicati on conpetent, i nf ectRCIIESIBIOHTIS i S
present in the supernatant of the cell IBBne of interest. The assay is 30
based on the enpirical observation that infectious retroviruses generate

foci on the indicator cell line MO J[err] (ATCC No. CCL 64.1). The
MC [err] cell line is derived from '
64 titeringviet (RasthRed stairlihg |as nies¢ribEGAnNBxarfijile $54)Cedlp dre ahewl gesw®onow t h

Murine Sarco Virus (MSV). It is a non-producer, non-transforned,
revertant @oBHencyntnd the Sigpesnatants Oﬁtéfﬂq celiling woes Barvestad. Reerd g O fin
provirus, St t Phé [ t muri ne | eukem a

provi rus, ﬁ[nelrﬂ?ﬁél.:s #?,f%@?‘,{%nh%ﬁ%af@?ﬂﬂﬁ%‘g [s with replication conpetent

5 retrovirus "activares'relatve MEMIgEROTEE HT1080 09Rh add amskdyt nelipeR” tyhi ch
results in foci formation. Supernatant is renoved

from t heé® calyclophesphamidsds megsurer aofoligwes &hlc 08 cells are trapsidiicest wish theoBPAt ent
retrovirus assed .t hr.oygh 0.45 Jerr] filter to renpye an ells,

o ey 1 TP SRt a? § SR BLPIYSreh SOyt ich Bt SR BESTBMENIAES et |
per sanple : I | ol o nd 8
[err]g/mM pfg?)s)f tb%rﬂ(e1 %Ubﬁwéﬁ Eﬁﬁ%ﬁﬁi.g?b@eﬂ@é&%%ﬁﬁg&dgﬂ ?%nltghégé{%r#;b/ngg §?€ r
posi tive aridx belyetls pyer welhin 98 weld dishepaf irdrsdficedantl untransdptet @dls. Thesect | s

are incubated overnight at 37[err]C,. 10% err]. On day 2, 1.0 m of test
super nat antingubaeddar Sk houFeingANEEAtEaEPRs; cyclpgho iflg €0 e A4V extraediar e

i ncubat ' 0] i . itiye ntrol, consi.sts_of three
a TR V@%% f%hfu‘%’é}soarrgnk”r?%{efrsﬁ’gdﬁ?“{%&?f‘gSf%dti%’rflﬁﬁmgﬁdhf“rrﬁif“éea% RUlss, 1.0
m nedia) off [NftNymidsne( (1IGICTWEY foP sBEhOdW! | The cells Ak [taBtfetbd 3b -glasViRE. and
Cell Biol. 5:431, 1985) which is added to the cells in the positive
cont rol welfllters arfdeconiptelddn aseintibatiopaounten(Backinghl.. On day 3, the media is
aspirated and 3.0 m of fresh DMEM and 10% FBS is added to the cells. The
cells are allowed to grow to confluency and are split 1:10 on day 6

and day 10, anplifying any 20 repl imbgzg:g)rrpetent retrovirus. On day 13,
the nedia on the M/lILu cells is aspirate and 2.0 mM DMEM and 10% FBS

is addeltb to the cells. UBE&FFURDMAS ACBLICBOI/ND RRODRUS e seeded at
1.0 x 10[err] cells per Ll in. 2. DVEM _ 10% FBS and 8 [err]g/m

pol ybr ene. On day 1%&¥€E§%%%$ML%T§NFW%PYU cells is
transferred to the correspondi ng well of the MO J[err] cells and

i ncubat ed overnight at 37[err]C, 10% CJerr]. On day 15, the 25 nedia is

aspirated and 3.0 m oPNA reasddibh/HRifid ik mkd8otyBRTi BCRARRE mBNA r&RkddSby On
day 21, the cells are exam ned for focus formati on (appearing as clustered,

refracti| e FastTrald¥ (lnvitregan, o Diggowfome hwwae cely ine Ihd 086 paiantemplaie hdlg on

th f |s. T ticle.l t '

cont ant Aat S 15 HapRingac: GHCEREEE B GAS s Tl G CEE LT 8IS on
the M Q[ engéqittd B> NdS i 0 and1$SBankihs SAECESCCCATEGRT GIOWGE A s HBY
30 core producer cell li'nes are not contam nated with replication

conpet ent rAGGRCEUS ¢Sequence ID No. 11)) are used in RT PCR reaction with the GeneAmp

kit from Perkin Elmer according to manufacturer’s instructions. The resulting PCR

product is cloned into the TA vector using the TA cloning kit (Invitrogen) and is
25 verified by DNA sequence analysis. An alteration is made in the cytosolic domain of
furin to alter the distribution from trans-Golgi to cell surface localization, by deletion of
the acidic cluster from residue 766 to 783 (Figure 11) using overlap PCR with the
flanking primers above and the deletion primers ( 5’ del: 5’ATA AAG GCG GTC CTT
TCA GGG GGC AGC CCC TTC TA (Sequence ID No. 12) and 3’ del: 5"6GG GCT
30 GCC CCC TGA AAG GAC CGC CTT TAT CAA AG (Sequence ID No. 13) in the



65 2. Cocul tivation of Producer Lines and MIH Marker
Rescue Assay As an alternate nethod to test for the

presence o{ygY¥gidotge a vector- produci ng cell line, produeBUsssRbiis are
coculti-vated with an equival ent nunber o§4 Mus 5 dunni (NIH NI AID

Bet hesda, MD) cells. Small scale cocultivations are perfornmed by
m xing of 5.0 x 10[err] Mus dunni cells with 5.0 x 10[err] producer cells
and seeding the m xture into 10 cmplates (10 m standard culture

medi a/ pl at e foltbwifs POR fdactissy bTINS’) fladking and 92ielCorintS iy oRe dubidansi thaes’

cultures are split at a 1:10 ratio and 5.0 x 10[err] Mus dunni cells
are added t flanking andiBt deleriphess in anothsrf koth jusipk yheifurim eonstatct ah tengplatdudhe cel |

cuper nat ant EHEBEN R, QarekD) S50 Selie Lo he) ohass RSt by agarose “gel

cel | ul ose- aggLAl & okdslst il th@ DA %Sﬁtgﬂiéd%gtdggxe%mkﬁgﬁioﬁ@ﬁ% Diegg, A7

Large scal e cocultivations are perforne ing & mxture o

10[ err] WBUusThe two frapimints etd ssedrad ténglates iDh ®OR] repetivaiueieii theed’laadi3n flankingot al
of twenty T-150 flasks (30 mi standard culture nedia/flask, 4
[err]g/n poriypsisendhe resyltingr BSR pradugs|with ghod andt Cly bat the1¥ and I5terminis 3,

6, and 13 and at. a r.atio of. 1:20 aon da 5. the.final

super nat ant S sg?chvgly 15 C;lu%{’fg\g égttoetgl? k& {:}Pf 8%@% B&ﬁ)gatgﬁ%g%? iloaf?goqlaei;%ﬁs itQ Take o
in the MIH gBRIGEXfut ERgRIR 125.5THe DNA sequence is verified by I&Smwwm)&@%uch@&gue
cell lineis cloned froma pool of Mis dunni cells transducéd w th
LHL, a retr methodbloge {Parkinelblensa).ng t he hygronycin B resi stance gene
(Pal mer et al., PNAS 84: 55-1059, 1987). The retroviral vector can, be
rescued 190  from MiH %36/% AHHSSCHP SR 'e%""(ﬁortﬂﬁ YeHlg E@WW@@ME‘“&I of

(5 GSETE! o9 99920 poin e ol sl ot el |

MIH cells in ndar d ure ne _ wth 200
mM L- gl ut anEremple%. nBricys 20 fugadf eachrd ragovdr) vector BAGAX Air witly 16 gesf thg/ m
pol ybrene. Media is replaced after 24 hours with standard culture

medi um wi t h¥$Y GarytsinerestorTidd. Péniptroduged intoi293 2eheslisby /AR etransiertion witht ur e

Cranst orr cato ieF SR scbBI e paendlel s IR BRCERER Qyalisily S

dunni t gsgewigelthe C4PG,-dontaidiag heddih tieplaced with frésBADMBMAOYAFBS Nifter 16
pol ybrene. After 24 hours, supernatants are replaced with standard

cul ture nedheurs dherainaubaiedoverpight: | Fheriresyitingyeplivrey siparmBtanh dontainingg V8V Gy
G AESEICIMINE AT T HNG R R TN AT A
\é : 3 gal i zed g [daYvithl RRckaghS) 841 1iRE) . DRY THeadeMNk Ae Vibjdbtdd t%o/elonig% byARRTS! eF'
TRANSDUCT| Oilil@ion;ildhvdtheBest SIvUEEHeketteThy, RQK, TERTORGONGSTHASICRed staining as
20 described in Example 5. The supernatants of these cell lines were harvested, passed
through 0.45 pm filters and stored at -80°C in aliquots until use,

The prodrug substrate for Xfur is synthesized by standard Merrifield
peptide synthetic methodology as Arg-Lys-Lys-Arg (Sequence ID No. 28) without
deprotection. This is conjugated with phenylenediamine mustard (Everett, J.L. and

25 Ross, W.C.]J., J. Chem. Soc.:1972, 1949) in a mixed anhydride coupling (Chakravarty,
PK. et al, J Med Chem. 26:633-638, 1983) followed by deprotection with
trifluoroacetic acid to make RKKR-phenylenediamine mustard.

The relative sensitivity of B16 murine melanoma with and without Xfur

to RKXR-phenylenediamine mustard iz vitro is measured as follows: HT 1080 cells are

30 transduced with the DA/Xfur supernatant in 8 ug/ml polybrene overnight, then rinsed,



On day one, HT1080 cells are set up at 2 x 10[err] cells per well in six
wel | tissue culture plates containing 2 nls standard growth nedi a (DVE
+ 10% FBS wod@s07¢® day two, ND-5 FVIII retroviral vector pBETUSINTIS om a
confluent vector producing cell |i & are harvested as a HX-ND-5 cl one.
They are filtered through .45 [err]msyringe filters prior to testing
the supernatants. (Alternatively the filtered nedi a supernatants nay be
frozen at 80 in aliquots for later use.) Polybrene is added to each well
such that tha fresh DMBM/t@%c @RS, aandnincabded eove]n;igbter rThe Teffect yRIﬁKrRl-t es

| ater, either diluted or undi|uted 10 retroviral vegctor suever nat

added to duphdnylenedigminesmustard isameqsyrashy platieedh P‘u’c d‘ﬁ s per well,in Bvellﬁ

per el LN BtodTBEF i oo b T B TR e
only. On dai!?ﬁc@ﬁﬁﬁlonfs IR K R-pheNEbhcdlibhite nafserd (Md SO pive) &fmf:dlﬁ%h‘bd&‘dl' i and

the cells allowed to reach confl uence, whi ch may typically be about
day four 5or céllsuae cémtedhish thpan blhetaodsiterming wiabiljisl andrgrowtd 15 with one ni

per well fresh growth_nedi nty fou rs l.at er e a,li

harvest ed and f| | tereBl é§°‘i§)ﬁ%‘é‘. uced thhbé%)( éﬂs %ﬂ%bx
VECTOR FOR i int d
uman cel | s 1 oty end vpspsdpeed BAS K16 a?%ﬂ%oﬁﬁ%déi‘%&éﬁaﬁfé*&g‘y“‘i?‘w

descri bed ahgyﬁﬂbxﬂcsE&amlL@/Q Rlice mpeampy isd allowstetb lesthbiishvmlpable twmors.
supernatant tromthe control wells b)F{r counting the cel]s V\&I‘I fromthe
8

two cont r ol RKKR-phenylenedianine rmastardi fgmr) (o & ma’ke oS oliicg inte thy or ]

o 2 e s oy AT e TFR TGRS,

epitheliumis an attractive site for gene delivery due to its rapi dly
proliferating tissue mass and the known | ocation of stemcells in the
crypts of Li eber kuhn. The deep EXAMPBE $Hf the stemcells in the

crypts and the protective rol {: 1| gel | ayer, makes the
retrovirus relatively inaccesi’g dORS E :EFgSﬁé celrls. 30 However, the
accessibility of the retroviral vector to these stemcells can be inproved

—"%

in 67 ani mal
model s bys t e i N GneRAMORWF KEVDECK vETTokod of Sandber g, J., et al.,( Human
Gene Therapy 5:3232-329, 1994). | ﬁ&rﬂ%ug DaV\A e rats
obt ai ned from Charl es 19 SER€Ta Ao FRtiqyiral expressinn, ¥eces 8%°°(j d)

anest heti zeq,a QfenE&CBPet Stle K EONOImitBOs: &Rﬁﬂéd‘gBﬁeﬂy, aenaxapammraeal

cavity. A 3Ch grren Is 1solated fromthe |ast Peyer's patch in the
termnal il meadlﬁohl gaha0T-a¢ll Haesh MODT-3XATCE CRE 152havIOL Ta4 oudirkat cells a
syringe is inserted into the segnent and_two m||ILIt

nucol ytic agsingghel Mlhﬁogﬂﬁ]r@lkf% F‘ltékﬁ'“ff’gen{\SQib@teﬁP»@f%t & ﬁéﬁﬁl\iﬁ*immﬁq%d?
inder A RSBl HFE PERCRVISRIAETE Gea P8 roun JUR ety
; Z;{)S\e/:jf i' t \Oﬁﬁ{efr?{)al?rﬁ?rﬁﬁ&é .e§ G6GleGerctcioad@er AGATAOCGAIBEE GG UGS are
(Sequence ID No. 14) and 3' GGG GGG ATC GAT GCT GAA GTA TCT GGA ACC
(Sequence ID NO. 15). The resulting 1.0 Kb human dCK c¢DNA has a X#o I at the 5'
end and Cla I at the 3' end. It is inserted into the Moloney retroviral vector KT-1 at the
25 Xho I and Cla I sites to make KT1/hdCK.

KT1/hdCK is used to make a VCL by pseudotyping with VSV G protein
as described above. The relative sensitivity to cytosine arabinoside (ara-C) of 9L
glioblastoma cells transduced with the KT/hdCK vector versus control cells transduced
with KT1/beta-gal is evaluated as described below. 9L cells are transduced with vector

30 supernatant from VCL specific for KT1/hdCK or KT1/B-gal. Cells are transduced with

vector supernatant in the presence of 8 pg/ml polybrenc overnight, rinsed and fed with



| ater and the abdom nal cavity is sutured. Control animals are instilled
with formulation buffer only. Bl ood is collected
fromthe twhbegy@ps and assayed for factor VIII pr oduc Pcenusss/om1s
sandwi ch ELI SA specific for human factosgVliI1l (according to the 15

nodi fied procedure of Zatloukal, K, et al., PNAS 91:5148-5152, 1994). The
ELISA is based on two Diagnostica). ESH 4 (25 [err]Jg/m in 1.0 M
NaHCO err]/0.5 MNadl, pH 9.0) is coupled to the ELI SA pl ates

over ni ght atesniiiid &dhiﬁ@?cﬁ?éél Weklight: %Fﬂ%@ﬂbf?cﬁﬂ{ s RBRBurcdndy l_%lat/irllg %(P@j(ed

with 1% BSA in PBS. The sanples are applied in 0.05 M Tri s-
NaCl / 2% BSAelip2D¥pbin indizidudl wellaof 9o welltdisheer Theice]s artincpbated foral2choas hed,

d ESH 20 8 (2.5 Im .05 M is-HCA /1 M NaCl /2% BSA, pH 7.5,
\(’mi ch has t?@ér?ﬁe“ tfea[t?efi {ﬂl r?}?‘glt Q)B%\ﬁnpkl%rﬁ\l- H%/E?I E%E‘Eiiﬁp @lzﬂifidﬂﬁh O(I%ﬁ%r ce?
Rockford, | ' f ... at . . .

Foaot o' | sthylele BREC reltye ds Bhed with Bs3AC! APRS AihHel yih 3i P nc

( Boehr i ngerabhirBadieinashried i@ A afieloptate tedddr B0 am. PAREYheVSH itheTtd)R may be
di hydrochl ori de as substrate. The human factor VIII:c standard (fromthe

Nat i onal 25stdimesk withi Teypan blusi apkd oipbieideadicgHsievaluatedad Control, Hertfordshire.
U. K. ) and normal rat pl asma are used as references. 2.
Human Adm ni stration Protocol Lyophi l'i zed reconbi nant

retrovirus gont aémL@gT@r&E@mFg%&q%@Kﬂywyb 30 expression is fornulated
into an enteric e aplret or gel capsule according to known

68 met hods i n Slheelisrekpressing bdGKoorfegal mrbingedted intreFifelier 3o mags pud ent s:
Us 4, 853, 230, EP 25,189, AU 9, 224, 296 9, 230, 801, and 2144, 52.
The capf% ¢valated fop ité%lmawer%ﬁnw‘fttzs PGy Qﬁrﬂ%&uﬁm fﬁébly éfaaﬁ%\gﬁ 415 (o
4 days foll Qw ag@'_' i ' '

expr essi on %W%%‘é? (Ii)]rabKS g%ﬁ%@%ggg?%%ﬁnélﬁgﬁgq) g@%hgn SIO(\c!)foé byra%she
Coat est R FaBrhgll tuMldrinodslesiyre evident between days 7-10. At day 9, animals are treated \eXAVPLE

12 PREPARATI ON OF RECOVBI NANT RETROVI RUS FOR DELI| VERY
HUMVAN GROWRR GeraRise: Tbe dose of ara (oreplme(kenevery ﬁ@“@@ﬂ'l\ldﬂl}’%@%m

Vi DHF8 | Ni f - . i
const r uct e BEE ARt A S5 By Hhst THRRE Al i RAbiseq prriopRRIITARGERTE | <
const r ugs ecnd¥oursd B thé expeigneiiol - C al fragment of the KT-1 retroviral :

vector 15 described above, and inserting the follow ng oligonucl eotide
| inkers by ligation of the cohesi ve ends:

EXAMPLE 10
GENERATION OF KT1/hENT1 VECTOR

20 ' To generate a retroviral expression vector encoding the human hENT
coding sequences, first the hENT1 cDNA is obtained. Briefly, cellular mRNA is
isolated from the acute myelogenous leukemia cell line KG-1 (ATCC CCL 246) using
the MicroFastTrak™ kit (Invitrogen, San Diego, CA). The mRNA preparation is used
as a template for RT PCR reaction using the GeneAmp® RNA PCR kit (Perkin Elmer)

25 and primers as follows: The upstream primer sequence (from Genbank Accession

. number (T25352), 5' GGG GGG CTC GAG AAC AAC ATC ACC ATG ACA
(Sequence ID No. 16), and the downstream primer sequences taken from Griffiths et al.,
(Nature Medicine 3:89-93, 1997) where the two degenerate primers are combined for a
degeneracy of 960 sequences, 5' GGG GGG ATC GAT TCA NAC (G/A/THYAT NGC

30 YCT RAA (Sequence ID No: 17). The abbreviations in the degenerate primers are as



Li nker sequences: (SEQUENCE | D# 18) 5'
TCGAGGATCC (GCCCGEECEG 20 CCCCATCGAT GICGACG 3

( SEQUENCE wbl9§13g7h9) 5" CGCGTCGA CATCGATGCG P

CGGATCC 3 25 In partigyl ar, the linkers were anneal ed at
65[err]C for 20 mnutes, 42[err]C for 20 mnutes, 37[err]C for 20

m nutes, and roomtenperature for 2 hours. The concentrations of both

ol i gonucl eoti des was 18nM and the salt concentration was 100 mM Nad .

After annegh Th & G1yBisdY anealded ki AFer Ghaghél '

over ni ght f}‘gl@&s RIS(%enerate dsal ends. For1 gat’i on, hSE%‘a%%‘E%#MF%‘gP% d al
fragment waENT keDNA, thas 3(hod0atho b’ éndrdndrClaa(mi thdfme' ands Ut isansertetXhtarthe

i ncubated at 15[err]C.for 3 hours R

69 DriplosgynseteoviEa V@?tahé%rln%or ¢ rﬁhe prdSFéﬂ ] sited 19 anaket KELMENT1.

foll owed b Plasm d chGH
800 cont ai ?%’Eghﬁﬁglf u}l%dltgrt]rbk% %%ﬁ%d&yﬁ@g W%XSVGpr?tmrt lal, RA et
al ., Scignce 205:602, 1979) was digested with Hnd Ill, blunt-ended 5

with the Kl enow fragment enzyme, and cloned into the Srfl site of pDHF811.

The resultant plasnmd was desi giEAMPhBHAS28. The
above vector is mad TI-1 bI e

marker. It can sim fﬁ#ﬁé%@%ﬁ@@ﬁ@fﬁﬁ%m ‘ﬁ%ﬁ?r%é@ﬁﬁf Ndckbone (Figure
3). Briefly a sel ecg@hgow WRES ExPRESHIS PACTHROVET Py cutting at a
single Clal site and 1 |ntro uci ng an expression cassete for the marker
as was done for the neonycin marker in Exanple 1. In this way a
cassette expressing any of pl acent al aI kal i ne phoshat ase,
deoxycylQ dise ki CRNEIRUETON! i Tl AND BiDEMAIN DELEFERF A
mar ker / R EGTOH

t h 40 I nd t
Sl te. ‘é{hZECsuf‘fam Z wﬁao TN LN St sty ?ﬁm%%?%a%aﬁ
vector in Bxapd &cﬁhmgaarruﬁhéxsm%ﬁﬂ \l'mzaﬁNA Fuﬂh@y&;@cdéﬁsh?sraﬂs@%vm@a hed
pDHF828- PLAP and pDHF

RECOVBI NANTU.REARfN oS No. 08/366,851. Due to the p'ﬁhleagmgmzﬁalﬁﬁlof pétaynabvamu hen
|ntroduced into the ac i ng, 20 usi ng, st and procedur es and
assayed Usihg HRESH OF Spstues re5 finot 2 rotlitent By, RitHoe
Institute, bﬁé‘ﬁboh%?@.g%{’r-% [Rk1Ag alseteltabRGAAKEN file iLerfipiBY &l € 1 ed

1. Production of Plasmid Vectors Encoding Full-Length Factor VIII

A gene encoding full length factor VIII can be obtained from a variety of

20 sources. One such source is the plasmid pCIS-F8 (see EP 0 260 148), which contains a

full length factor VIII cDNA whose expression is under the control of a CMV major

immediate-early (CMV MIE) promoter and enhancer. The factor VIII cDNA contains

approximately 80 bp of 5' untranslated sequence from the factor VIII gene and a 3'

untranslated region of about 500 bp. In addition, between the CMV promoter and the

25 factor VIII sequence lies a CMV intron sequence, or "cis" element. The cis element,

spanning about 280 bp, comprises a splice donor site from the CMV major immediate-

early promoter about 140 bp upstream of a splice acceptor from an immunoglobulin
gene.

More specifically, a plasmid, designated pJW-2, encoding a retroviral

30 vector for expressing full length factor VIII is constructed using the KT-1 backbone

from pKT-1. Briefly, in order to facilitate directional cloning of the factor VIII cDNA



nodi fication of the kit protocol. On day 1, the kit conmponents were war nmed
to room tenperature and gently m xed by inversion before openi ng any
vials. Tes S were centrifuged for 5 at top spelg'(‘déir
m cr of.uge &&%L’ sing themin order to nove 25 fibrin an 3 aebrrs.
Al'l sanples were neasured in quadruplicate, including the standards.
The i ncubations are perforned in 12 x17 pol ypropyl ene tubes that have been
stored in the dark. One hundred fifty ul of sanple or standard were
aliquoted intag ea and,, u ntibody .is gdded. apd the.sanpl es
were mixed GBS F O RE- lbélée u\}vﬁge Gy Séf&dﬁﬁo?vengééﬂ a\r\gf"i Fﬁ‘%"i H§ Stﬁ? rTEeps
provi ded 'nrﬂdifgoehéstls ’fﬁ@re%ﬁl%? pl’é@ﬁnﬁi %ﬂﬂ@ﬂthcﬁ@gﬁ&ﬂ%ﬁ@N\MI tnd €ld 1. ﬁél@

r

shaken on an orbital shaker fo hr at room erature

70 $Bain digedtedao rdomphetﬁﬁambg/(}i& I(an§HagO) fozawﬁxchetheml arel itwol tsites) 3o wer e
nmade in zero standard D of 0, 50, 25, 10, 5 and 2.5
pg/ m . release the fragment e;aengr ’Slu gactor Néﬁt dhisragment i tham heatediinto 0. 5
m of wagh f # added with
enough f§r cg&rﬁo&%{\éﬁI?%sm%%%‘é&géggﬁgeeﬁggagégpm@@%ﬁg‘% ovrrv?%f t he tube. The
sanpl es were washed three times with 2.0 m nanopure wat er, and

aspl rated conpl etely each t| ne. The I um norret er det er m nat [ ons wer e done
in 12x75 pol ycar Bonat &oqs of o or 4 R

| um nonet er was : t r of ot

Using this assay, HX/%G&W? %roé\}}cgg Vet ocrq‘iﬁﬁlg 208% )glquffr?ﬁlg?te}b
were gener ageg b\p’) bhthd 3 %ﬁraﬁﬂat@d&e%ﬁoﬂ@? e fac®k lVIm ¢DNAL H@ﬁg&fétéd)ﬂNDf-S tige
plasm d i nto DX packa ITs resulted in é)roductlon of ¢l onal

pr oducerlOcekbsstmycted in atpk \cﬁct01 a6 follovpt eAs describe @qanm-z, the pKE-1 vector
Fromthefore i1t oyl e.ap cia

enbodi ment s 6’% ghﬁ\}%‘m"? k)ﬁesmggﬁﬁ i?@gqch' g@&f‘ﬁé\ﬁ% “ﬁ?fr%gg@s'*e%f

|11 ustrati ofy generated’g ﬁyﬁgﬁ%lé'ﬂ%itﬁﬁ% I"8d RBa TBHAE 14e Ekﬁj'h\e%‘(ﬁ 4ng from

the spirit and scope o? i nvention. Accordingly, e invention is
not |i m t edthexfaetpt VAH stop ¢ddenaIherapprbxirhatelysl kb fragment containing all but the 3'
71

coding region of the factor VIII gene is then purified. pCIS-F8 is also digested with

15 Xbal and Psr 1 to release a 121 bp fragment containing the gene's termination codon.
This fragment is also purified and then ligated in a three way ligation with the larger
fragment encoding the rest of the factor VIII gene and Cla 1/Pst 1 restricted
BLUESCRIPT® KS* plasmid (Stratagene, supra) to produce a plasmid designated
pND-2.

20 The unique Sma I site in pND-2 is then changed to a Cla I site by
ligating Cla I linkers (New England Biolabs, Beverly, MA) under dilute conditions to
the blunt ends created by a Sma I digest. . After recircularization and ligation, plasmids
containing two Cla I sites are identified and designated pND-3.

The factor VIII sequence in pND-3, bounded by Cla I sites and

25 containing the full length gene with a truncation of much of the 3' untranslated region,
is cloned as follows into a plasmid backbone derived from a Not I/Cla I digest of pKT-1
(a pKT-1 derivative by cutting at the Xho I site, blunting with Klenow, and inserting a
Not I linker (New England Biolabs)), which yields a 5.2 kb Not I/Cla I fragment. pCIS-
F8 is cleaved with Eag I and Eco RV and the resulting fragment of about 4.2 kb,

30 encoding the 5' portion of the full length factor VIII gene, is isolated. pND-3 is
digested with Eco RV and Cla I and a 3.1 kb fragment is isolated. The two fragments



SEQUENCE LI STING (1) GENERAL | NFORVATI ON: (i) APPLI CANTS: Jolly,

Dougl as J. Moore, Margaret D.
Chada, SuRgboszeree (i) TITLE OF 1 NVENTI ON:  NON- | MVUNOGENI CW&@@ND
SELECTABLE MARKERS FOR USE Iy GENE THERAPY (rrr) N ER OF
SEQUENCES: 32 (iv) CORRESPONDENCE A SS: (A) ADDRESSEE:
SEED and BERRY LLP (B) STREET: 6300 Col unbia Center, 701 Fifth
Avenue (© CITY: Seattle (D) STATE: Washi ngton

E) COUNTRY, : i : \'A R ABL
(o T ontiing gorions of e (ihor™V lf B nep igmed hes FRUFEUTARE | o,
PC conpat i bleetor backbone to prodi)ce @RI NesigEddEINDG. DOS/ MV5- DOS (D)
SOFTWARE: Patentln Rel ease #1.0, Version #1.30 (vi) CURRENT
APPLI CATI ON DATA: (A) APPLI CATI ON NUMBER: US (B)

FI LI NG DATE: 13-JAN
ATTORNEY/ AGENT |I’NFORVETES pYeCiORs puithy nop-immunogenis, marke
(B) REGISSTRATI ON NUVBER: ok 963 (C) REFERENCE/ DOCKET NUVBER:
930049. 459 (i X) NI CATI ON | NFORVMATI ON: (A

TELEPHONE: (206) 622 TELEEAX: 82- 6031 2)
| NFORMATI O\I( FCR) SEQ T%’%%%W? vectors can (alﬁ )%)eéﬁﬁﬁéf\’@‘ Eﬁg& S @0531@%5
(A) LENGTHbalidsbae e PqPAp§lication Nos. PCTAB9SH789 afd PLENGSFRHT597), that has

(C) STRANDEDNESS: single o
no selectable marker. They can similarly be constructed in the pBAS vector backbone

ction _of Factox(

(Figure 3). Briefly a selectable marker can be introduced into them by cutting at a

10 single Cla I site and introducing an expression cassete for the marker as was done for
the neomycin marker in Example 1. In this way a cassette expressing any of placental
alkaline phosphatase, deoxycytidine kinase, cytochrome P-450 or other suitable non-
immunogenic marker / PAE can be introduced. The cassette will have the cDNA linked
to a promoter such as the SV40 promoter in Example 1 and no polyadenylation site.

15  Other suitable internal promoters (e.g., CMV from the pCI-PLAP vector in Example 4)
can also be utilized. Such vectors are called pJW-2-PLAP, pJW-2-DCK, pND5-PLAP,
pBdell-PLAP and pBdel1-DCK, etc.

4. Construction of pCF8-PLAP
20

a. Deletion of the 3’ end of human factor VIII cDNA
A Xba 1 to Not I fragment was 'ampliﬁed from retroviral vector pCF8
(also designated pMBF8; see PCT Applicatibn No. US 97/11785) utilizing the
following primers and PCR:
25
1. FVIII 3° Xba; (Sequence ID No. 31)
5 GAATGGCAAAGTAAAGGTTTTTCAGGG (33 bp upstream of the 3’ Xba I)

2. FVIII 3’ Not; (Sequence ID No. 32)
30 5 ATAGTTAGCGGCCGCAACCCGGGCCACCCTCAGTAGAGGTCCTG



(D TOPOLOGY: |inear 72
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 1: GCGCCAGICC TCCGATTGAC TGAGTCGCCC

GGGTA TA AACCCTCTTG 60 CAGFTCIIATCC%%@?%C&IGFT
CCTTGGEGAS CTG AGTGATTGAC 12 TACCCGTCAG C TTGEEG
GCTCGTCCGG GATCGGGAGA CCCCTGCCCA 1 GGGACCACCG ACCCACCACC GGEGAGGTAAG
CTGGCCAGCA ACTTATCTGI GICTGICCGA 240 TTGICTAGIG TCTATGACTG ATTTTATGCG
CCTGCGTCGG TACTAGITAG CTAACTAGCT 300 CTGIATCTGG CGCGACCCGTG GIGGAACTGA
CGAGITCGGA ACACCCGECC GCAACCCTGG 360 GAGACGICCC AGGGACTTCG GEEECCGITT
TTGIGECCCG ACCTGAGTCC AAAAATCCCG 420 ATCGITTTGG ACTCTTTGGT GCACCCCCCT

TAGAGGAGEG ATATGIGGT Ty /ﬁ@@?ﬁm was dgé’éated R o8 Cadd MM\%@IB% COGT
CTGAATTTTT GCTTTCGGTT T 20 GOGTCITGIC TGCTGCAGCA

TCGTTCTGTGtmmﬁeS@TnSBmMHﬂﬁﬁtagene) vdfch haATEECHPETEd GRETCATAT NFESCOCAGA
CTGTTACCAC MCCCTF%% CCTTAG 60 GTCACTGGAA AGATGTCGAG CGGATCGCTC
ACAACCAGTC T @iRed PKS-12350  GTTGRGTTAC CTTCTGCTCT GCAGAATGGC

CAACCTT CGTCGGAT CCCAGG
TTAAGATCAA COTCTTTTCR AT traeesied “HiioPIt e et s
TGACCT CCGAuACTABCA 8 BIHE-AekiERE was isol@ed andg el ACPAREGrdehdentsWASACCCTA
AGCCTCCGCC TCCTCTTCCT CCATCCGCCC 960 CGICTCTCCC CCTTGAA CCTCGTTCCGA

CCCOGCCTCGalsT dwtaet fronm pG B Apdiesting withPAM ¢aat KbrTic AG2AGRIBRMeMNGETAAAC
CTCAAGTTCT, TTCETPﬁomQZs an th]‘mO}?ba I and Not 1. All 3 fragments were ligated

together to generate the plasmid, pCF8-D3’. This plasmid is similar to pCF8 except
10 that the 3’ non-coding region of the FVIII ¢cDNA has been deleted and a short linker

was added.

b. Insertion of the PLAP cDNA
pBAAP (containing PLAP) was digested with Xho I, blunted using T4
15 DNA Polymerase large fragment (Klenow), and dephosphorylated using CIAP. It was
then ligated in the presence of excess Not I linker (Phosphorylated). The resuiting
plasmid, pPBAAP X/N, was digested with Not I and the 1.9 kb fragment (Not I to Not 1
PLAP cDNA) was ligated into pCF8-D3’ linearized with Not I. The resulting plasmids
were analyzed using restriction mapping to determine the orientation of the insert. The
20 resulting plasmid, named pCF8-PLAP, is a dicistronic vector including both cDNAs

separated by a short spacer.

B. ASSAY FOR FACTOR VIII EXPRESSION

1. Assay of KT-NDS5 Vector Expression by Transient Packaging and
25 Transduction of Murine Cells

Cell lines, L33, (Dennert, USC Comprehensive Cancer Center, Los

Angeles, CA, Patek, et. al., Int. J. of Cancer 24:624-628, 1979), BC10ME (Patek, et al.,

Cell Immuno 72:113, 1982, ATCC# TIB8S), L33env, and BCenv (L33env and BCenv
express HIV-1 1lIBenv, Warner et al, AIDS Res. and Human Retrovirus 7:645, 1991),

30 transduced-'with the KT-ND5-DCK vector, carrying the amphotropic or VSVG envelope

protein are examined for the expression of factor VIII. Non-transduced cells are also



TCATCGACCT ACTTACAGAA GACCCCCOGC CTTATAGGGA CCCAAGACCA CCCCCTTCCG 1140
ACAGGGACGG AAATGGTGGA GAAGCGACCC CTGOGGGAGA GGCACCGGAC CCCTCCCCAA 1200
TGGCATCT GGG AGACGGGAGC CCCCTGTGGC CGACTCCACT ACCTEESEHSE/007151260
CATTCCCCCT GGA GGAAACGGAC AGCTTCAATA CTGGCCGTTC TCCTCTTCTG 1320
ACCTTTACAA CTGGAAAAAT AATAACCCTT CTTTTTCTGA AGATCCAGGT AAACTGACAG 1380
CTCTGATCGA GTCTGTTCTC ATCACCCATC AGCCCACCTG GGACGACTGT CAGCAGCTGT 1440
TGGGGACTCT GCTGACCGGA GAAGAAAAAC AACGGGTGCT CTTAGAGGCT AGAAAGGCGG 1500

Tenacoacoe AR PR AR AR AR T B hedieed eelbg oo

73 GOCH et é2min S XBEATREIGB Trandduchdvi i protéideigpessiin. CCCCACCAAT TTGGCCAAGG
1680 TAAAAGGAAT AACACAAGGG CCCAATGAGT CTCCCTCGGC CTTCCTAGAG AGACTTAAGG
1740 AAGCCTATCG mest&xwreﬁ@mm@%&dﬁ@&@ﬁ&o@mmmm

1860 ATTTARMBCRMEACIMER IRPrich Bhreite i Shmdd
1060 GUGTAIALAITAPAE BRI AK AT

CAGAAAGAGA AAGAAAGAGA TCGTAGGAGA CATA

2040 TGAGCAéLHTY ahd THeGUpanatatiliSren é¥siGovihgAaMTiAugaton ACZIDACE. cmesﬁqsmc
2100 GAAGGAGGTC CCAACTCGAT CGCGACCAGI GIGCCTACTG CAAAGAAAAG GGGCACTGGG
2160 arec diluted and assayed by the COATEST® Factor VIII assay (KabiVitrum

Gm

Diagnostica, Molndal, Sweden).
The assay is performed as foliows: 100 pl of culture media sample is

10 mixed with 200p! of working buffer provided in the kit. The mixture is incubated at
37°C for 4 - 5 min., after which 100 pL of a 0.025 M CaCl, stock solution is added,
followed by a 5§ min. 37°C incubation. 200 pL of the chromogenic reagent (20 mg S-
2222, 335 pg synthetic thrombin inhibitor, I-2581, in 10 mL) is then mixed in. After a
5 min. incubation at 37°C, 100 uL of 20% acetic acid or 2% citric acid is added to stop

15 the reaction. Absorbance is then measured against a blank comprising 50 mM Tris, pH
7.3, and 0.2% bovine serum albumin (BSA). A standard curve based on dilutions of
normal human plasma (1.0 IU factor VIII/mL) is used and the assays should be
perforined in plastic tubes. Serum levels of factor VIII in non-hemophilic patients are in
the range of 200 ng/mL.

20 When this assay is used for patient samples, 9 volumes of blood are
mixed with one volume of 0.1 M sodium citrate, at a neutral pH, and centrifuged at
2,000 x g for 5 - 20 min. at 20 - 25°C to pellet cells. Due to heat lability of factor VIII,
plasma samples should be tested within 30 min. of isolation or stored immediately at -
70°C, although as much as 20% of factor VIII activity may be lost during freezing and

25 thawing.

2. Assay of KT-ND5-DCK Vector Expression by Transient Packaging and
Transduction of Human Cells

Cell lines transduced with KT-ND5-DCK are examined for expression of
30 factor VIII. Non-transduced cells are analyzed to compare with KT-NDSE)CK

transduced cells and determine the effect that transduction has on expression.



CTAAAGATTG TCCCAAGAAA CCACGAGGAC CTCGGGGACC AAGACCCCAG ACCTCCCTCC 2220
TGACCCTAGA TGACTAGGGA GGTICAGEGTC AGGAGCCCCC CCCTGAACCC AGGATAACCC 2280
TCAAAGT COGwg 3ddgnyCCC GTCACCTTCC TGGTAGATAC TGGGGCCCAA CACTE S rlddsr00715 2340
TGACCCAAAA TCCTGGACCC CTAAGTGATA AGICTGgeTG GGTCCAAGGEG GCTACTGGAG 2400
GAAAGCGGTA TCGCTGGACC ACGGATCGCA AAGTACATCT AGCTACCGGT AAGGTCACCC 2460
ACTCTTTCCT CCATGTACCA GACTGTCCCT ATCCTCTGIT AGGAAGAGAT TTGCTGACTA 2520
AACTAAAAGC CCAAATCCAC TTTGAGGGAT CAGGAGCTCA GGITATGGGA CCAATGEEEC 2580

ARGAGCCAGA TGTTTCTCTAT GO ALAP IR Y nd R IPS T s e 0670
AAACCGGGGEG &45T€3610AGT & TSNBGTDCROCG tAPSESTORGENT growh G TACETls ATl AN AR fron? 760

CCTCTACCCC CGTGTCCATA AAACAATACC CCATGTCACA AGAAGCCAGA CTGGGGATCA 2820
AGCCCCACAT i Basks Dy pipeianchpedlatpdy b crrdrifugation 200\ &e T Himosypematant i9880

roacacacT CHEAE R HE Colih o 36 S afpRAEove 15000

TCTTGAGTSG faliileA8PG TCCCACCAGT GGTACACTGT GCTTGATTTA AAGGATGCCT 3060
TTTTCTGCCT GAGACTCCAC CCCACCAGIC AGCCTCTCTT CGCCTTTGAG TGGAGAGATC 3120
CAGAGATGGEG AATCTCAGGA CAATTGACCT GGACCAGACT CCCACAGEGT TTCAAAAACA 3180

GTCCCACCCTC§TTT G CTGCACA GAGA AGC AGACTT ATCCAGCACC 3240
. 0 M ) (OIN --";"' RBBEINNG
3300 ACTGCCAA -
3360 1. Plasmid DNA Transfection
10 The packaging cell line, HX (W092/05266), are seeded at 5.0 x 105 cells

on a 10 cm tissue culture dish on day 1 with Dulbecco’s Modified Eagle Medium

(DMEM) and 10% fetal bovine serum (FBS). On day 2, the media is replaced with 5.0

ml fresh media 4 hours prior to transfection. A standard calcium phosphate-DNA co-

precipitation is performed by mixing 40.0 pl 2.5 M CaCl,, 10 pg plasmid DNA, and

15 deionized HO to a total volume of 400 pl. Four hundred microliters of the DNA-

CaCly solution is added dropwise with constant agitation to 400 pl precipitation buffer

(50 mM HEPES-NaOH, pH 7.1; 0.25 M NaCl and 1.5 mM Na;HPO4-NaH;PO4). This

mixture is incubated at room temperature for 10 minutes. The resultant fine precipitate

is added to a culture dish of cells. The cells are incubated with the DNA precipitate

20 ovemnight at 37°C. On day 3, the media is aspirated and fresh media is added. The
supernatant is removed on day 4, passed through a 0.45 pl filter, and stored at -80°C.

Alternatively, 29 2 3 cells (WO 92/05266) ( these are 293 cells

expressing gag and pol) are transfected with the vector DNA and the plasmid pMLP-

VSVG ( or other VSVG encoding plasmids) to yield VSVG psuedotyped vector

25 particles that are harvested and stored as described above.

2.  Packaging Cell Line Transduction
DA (an amphotropic cell line derived from a D17 cell line ATCC No.

183, WO 92/05266) cells are seeded at 5.0 x 103 cells/10 cm tissue culture dish in 10 ml
30 DMEM and 10% FBS, 4 pg/ml polybrene (Sigma, St. Louis, MO) on day 1. On day 2,

3.0 ml, 1.0 ml and 0.2 ml of the freshly collected virus-containing HX media is added to



CGGCCAAGAA AGCCCAAATT TGCCAGAAAC AGGTCAAGTA TCTGGGGTAT CTTCTAAAAG 3420
AGGGTCAGAG ATGGCTGACT GAGGCCAGAA AAGAGACTGT GATGGGGCAG CCTACTCCGA 3480
AGACCCCTCGvARRAHBAGG GAGTTCCTAG GGACGGCAGG CTTCTGTCGC CTCTRCARR08/60718540
CTGGGTTTGC AGAAATGGCA GCCCCCTTGT ACCCTCTEAC CAAAACGGGG ACTCTGTTTA 3600
. ATTGGGGCCC AGACCAACAA AAGGCCTATC AAGAAATCAA GCAAGCTCTT CTAACTGCCC 3660
CAGCCCTGGG GTTGCCAGAT TTGACTAAGC CCTTTGAACT CTTTGTCGAC GAGAAGCAGG 3720
GCTACGCCAA AGGTGTCCTA ACGCAAAAAC TGGGACCTTG GOGTCGGCCG GTGGCCTACC 3780
TGTCCAAAAA {HEEAIRACTH el ARCHCIT 4t SRTIERRCGRE JVeRagNGe° ATREEACENG clonix%%m
CCATTGCCGT ACTGACAAAG GATGCAGGCA AGCTAACCAT GGGACAGCCA CTAGTCATTC

TGGCCCCCCA inchimismgdiditionaarhtrdespelopgceestiected by cB QB itroag acEast ReH60
CCOGGATGAC TCACTATCAG [TT, TGGACACGGA CCGGGTCCAG TTCGGACCGG 4020
TGGTAGCCCT TR %@%‘%g“&@e CTGCCTGA GGAAGGGCTG CAACACAACT 4080

GCCTTGATAT OCTGEO0GAA QRpAQECA. AURGACTDRA. CLTARCIEAG 40
CAGACGCCGA CCACACCTGG TA GAAGCAGTCT CTTACAAGAG a@&%&éter th%oo

AGGCGGGASC HiGaBaNGAOE cADBGAGATDE: AGGTAATCTG GGCTAAAGCC CTGCCAGCCG 4260
GGACATCCGC TCAGOGGGCT_GAACTGATAG CAGTCA GGOCCTAAAG ATGGCAGAAG 4320
GTAAGAAGCT AAATGTTTATT mm@%ﬁ%nmm wathavestorTgsneratag g0

ACTAGATCTT TP, YRR HRHE g e AT A S iibed 1550
GICCAGGACA tFA#308A I A the DA Eond\ CAACCGGATG GCTGACCAAG 4560

CGGCCCGAAA GGCAGCCATC ACAGAGACTC CAGACACCTC TACCCTCCTC ATAGAAAATT 4620
CATCACCCTA CACCTCAGAA CATTTTCATT ACACAGIGAC TGATATAAAG GACCTAACCA 4680

AGTT CATTTATGAT -AA ) CTGT 4740
TGCCTGACCA GTTTACTTTTEAgHGR CAC CASCTEAL 4800
TCTCAAAAAT GAAGCCTCT Qrﬁ%@ﬁﬁﬁﬁﬁnm &Qu@&é@ %%EQSWOM céi60

line in the process of generating producer lines. In this case, DA cells are seeded at 5.0
x 105 cells on a 10 cm tissue culture dish on day 1 with DMEM and 10% irradiated (2.5
megarads minimum) FBS. On day 2, the media is replaced with 5.0 m] fresh media 4

15 hours prier to transfection. A standard calcium phosphate-DNA coprecipitation is
performed by mixing 60 ﬂl 2.0 M CaCly, 10 pg MLP-G plasmid, 10 pg KT-ND5-DCK
retroviral vector plasmid, and deionized water to a volume of 400 pl. Four hundred
microliters of the DNA-CaCl; solution is added dropwise with constant agitation to 400
nl 2X precipitation buffer (50 mM HEPES-NaOH, pH 7.1, 0.25 M NaCl and 1.5 mM

20 NapHPO4-NaH,>POj4). This mixture is incubated at room temperature for 10 minutes.
The resultant fine precipitate is added to a culture dish of DA celis plated the previous
day. The cells are incubated with the DNA precipitate overnight at 37°C, followed by
cloning by limiting dilution. The best clones are selected by, e.g., PCR titering or Fast
Red staining as described in Example 5.

25

D. DETECTION OF REPLICATION COMPETENT RETROVIRUSES {(RCR)

1. The Extended S*L- Assay
The extended S*L- assay determines whether replication competent,

infectious virus is present in the supernatant of the cell line of interest. The assay is
30 based on the empirical observation that infectious retroviruses generate foci on the

indicator cell line MiCly (ATCC No. CCL 64.1). The MiCl; cell line is derived from



ATCGAACACT CAAAAATATC ACTGAGACCT GCAAAGCTTG TGCACAAGIC AACGCCAGCA 4920
75 AGT CTGCCGT TAAACAGGGA ACTAGGGTCC GCGGGCATCG GCCCGGCACT CATTGGGAGA
4980 %% 0o CAGATAAAG CCCGGATTGI ATGGCTATAA ATATCTTClécfriddslobNEAG
5040 . ATACCT TTC TGGECTGGATA GAAGCCTTCC @AACCAAGAA AGAAACCGCC AAGGTCGTAA
5100 CCAAGAAGCT ACTAGAGGAG ATCTTCCCCA GGITCGGECAT GCCTCAGGTA TTGGGAACTG
5160 ACAATGEECC TGCCTTCGIC TCCAAGGTGA GICAGACAGI GECCGATCTG TTGEGCEATTG
5220 ATTGGAAATT ACATTGIGCA TACAGACCCC AAAGCTCAGG CCAGGTAGAA AGAATGAATA

sao - Tocr r 0 SRR TO P SRR R R

5400 CATAmwswAmT@@nWmmm ETERNETERG: ComaniHE
5460 CAAGAGITAC TAACAGCCCC TCTCTCCAAG CICACTTACA GGCTCTCTAC TTAGTCCAGC

5520 rCCINE PratrsAS AL Aot eERpicationCmmEtItC

R e S o R

5700 Acgaec;.@t PGk W R e e rac mnyogeeceaNc e e
5760 CATCCT % ACT &éﬁ%m TCAAC CAAAA CCCCTTAAAA ATAAGGT%I?:\A

5820 CCCCIaABEHONCCCCTAATCC CCTTAATTCT TCTGATGCTC AGAGGGGICA GTACTGCTTC
2040 COACACGOTA TOORURABHATERISIIEEAIE It Ga ApPrUSHER A EAOr FAC
6000 replication competent retrovirus and passed through a 0.45 p filter to remove any cells.
On day 1, Mv1Lu cells are seeded at 1.0 x 105 cells per well (one well per sample to be
10 tested) of a 6 well plate in 2 ml DMEM, 10% FBS and 8 pg/m! polybrene. Mvl1Lu cells
are plated in the same manner for positive and negative controls on separate 6 well
plates. The cells are incubated overnight at 37°C, 10% CGO;. On day 2, 1.0 ml of test
supernatant is added to the Mv1Lu cells. The negative control plates are incubated with
1.0 ml of media. The positive control consists of three dilutions (200 focus forming
15  units (ffu), 20 ffu and 2 ffu each in 1.0 ml media) of MA virus (referred to as pAM in
Miller et al., Molec. and Cell Biol. 5:431, 1985) which is added to the cells in the
positive control wells. The cells are incubated overnight. On day 3, the media is
aspirated and 3.0 ml of fresh DMEM and 10% FBS is added to the cells. The cells are
allowed to grow to confluency and are split 1:10 on day 6 and day 10, amplifying any
20 replication competent retrovirus. On day 13, the media on the Mv1Lu cells is aspirated
and 2.0 ml DMEM and 10% FBS is added to the cells. In addition, the MiCl; cells are
seeded at 1.0 x 105 cells per well in 2.0 mi DMEM, 10% FBS and 8 pg/ml polybrene.
On day 14, the supernatant from the MviLu celis is transferred to the corresponding
well of the MiCl; cells and incubated overnight at 37°C, 10% CO,. On day 15, the
25 media is aspirated and 3.0 ml of fresh DMEM and 10% FBS is added to the cells. On
day 21, the cells are examined for focus formation (appearing as clustered, refractile
cells that overgrow the monolayer and remain attached) on the monolayer of cells. The
test article is determined to be contaminated with replication competent retrovirus if
foci appear on the MiClj cells. Using these procedures, it can be shown that the HBV

30 core producer cell lines are not contaminated with replication competent retroviruses.



CCCAGATTTA TGTATGITAG CCCACCATGG ACCATCTTAT TGGGEGGECTAG AATATCAATC
CCCTTTTTCT TCTCCCCCGG GGECCCCCTTG TTGCTCAGGG GGCAGCAGCC CAGCGCTGITC

6060
6120

CAGAGACT CavfaoesCCTT TAACCTCCCT CACCCCTCGG TGCAACACTG CCT(ewrG8¢3/007156 180
ACTCAAGCTA GACCAGACAA CTCATAAATC AAATGAGSGA TTTTATGITT GCCCCGEECC 6240
CCACCGCCCC CGAGAATCCA AGTCATGIGG GGGTCCAGAC TCCTTCTACT GIGCCTATTG 6300
GGGCTGTGAG ACAACCGGTA GAGCTTACTG GAAGCCCTCC TCATCATGGEG ATTTCATCAC 6360
AGTAAACAAC AATCTCACCT CTGACCAGEC TGICCAGGTA TGCAAAGATA ATAAGTGGTG 6420
CAACCCCTTA GITATTCGGI TTACAGACGC CGGGAGACGG GITACTTCCT GGACCACAGG 6480

6540
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day 0. Every 3-4 days the cultures are split at a 1:10 ratio and 5.0 x 105 Mus dunni cells

are added to each culture plate to effectively dilute out the producer cell line and
10 provide maximum amplifcation of RCR. On day 14, culture supernatants are harvested,
passed through a 0.45 p cellulose-acetate filter, and tested in the MdH marker rescue
assay. Large scale cocultivations are performed by seeding a mixture of 1.0 x 108 Mus
dunni cells and 1.0 x 108 producer cells into a total of twenty T-150 flasks (30 ml
standard culture media/flask, 4 pg/ml polybrene). Cultures are split at a ratio of 1:10 on
15 days 3, 6, and 13 and at a ratio of 1:20 on day 9. On day 15, the final supernatants are
harvested, filtered and a portion of each is tested in the MdH marker rescue assay.

The MdH marker rescue cell line is cloned from a pool of Mus dunni
cells transduced with LHL, a retroviral vector encoding the hygromycin B resistance
gene (Palmer et al.,, PNAS 84: 1055-1059, 1987). The retroviral vector can be rescued

20 from MdH cells upon infection of the cells with RCR. One mil of test sample is added
to a well of a 6-well plate containing 105 MdH cells in 2 ml standard culture medium
(DMEM with 10% FBS, 1% 200 mM L-glutamine, 1% non-essential amino acids)
containing 4 pg/ml polybrene. Media is replaced after 24 hours with standard culture
medium without polybrene. Two days later, the entire volume of MdH culture

25 supernatant is passed through a 0.45 p cellulose-acetate filter and transferred to a well
of a 6-well plate containing 5.0 x 104 Mus dunni target cells in 2 ml standard culture
medium containing polybrene. After 24 hours, supernatants are replaced with standard
culture media containing 250 pg/ml of hygromycin B and subsequently replaced on
days 2 and 5 with media containing 200 pg/m! of hygromycin B. Colonies resistant to

30 hygromycin B appear and are visualized on day 9 post-selection, by staining with 0.2%

Coomassie blue,



CTATGITTAC GGCCTGITTG AGAGATCCAA CCGACACAAA AGAGAACCGG TGTCGITAAC 7200
CCTGGECCCTA TTATTGGEGTG GACTAACCAT GGGGGGAATT GCCGCTGGAA TAGGAACAGG 7260
GACTACT T, W CTCAGCAATT CCAGCAGCTC CAAGCCGCAG TA Sy 10071 320
TCTCAGGGAG T CAATCTCTAA CCTA G TCTCTCACTT CCCTGTC 380
AGTTGICCTA CAGAATCGAA GGGGECCTAGA CTTGTITATTT CTAAAAGAAG GAGGCECTGIG 7440
TGCTGCTCTA AAAGAAGAAT GITGCTTCTA TGCGGACCAC ACAGGACTAG TGAGAGACAG 7500
CATGGCCAAA TTGAGAGAGA GCCTTAATCA GAGACAGAAA CTGITTGAGT CAACTCAAGG 7560
ATGGTTTGAG GGACTGITTA ACAGATCCCC TTGGTTTACC ACCTTGATAT CTACCATTAT 7620

GGGACCCCTC ATTGTACTCC TAATGATTTT GCTCTTCGGA CCCTGCATTC TTAATCGATT 7680

AGTCCAATTT 5T TAANAY b iesroN G At ANCIE L WetH KFTINES DA el 7740
TCACCAGCTG AAGC Ay A A NCGAT X ATAGATAAAA NAAAGA 7800

CCAGAAAAAG GGGGGAAT GTAGGTTT TAAGTAAC . 7860
GCCATTTTGC AAGGCATM%%@@ M%&‘ %ﬁ%@?wﬁw wellgoo
ACGANCACAT GXOGHRE G AHREIER MACOGIITA JTIETRGT D GSAFTTOLESS ), 03980
CCOCGGCTCA GOGOCAAGAA CAGATGGAAG AGCTGAATAT "GGGOCAAACA GGATATCTGE .~ 8040

GGTAAGCAST d6apErCEDs ERTITAGRBIE] Ae@avEatiAts GOFCOCDADANT GERBTEEAGIng cdlil 00
CCCTCAGCAG TTTCTAGAGA ACCA GTTTCCAGGEG T, GG, ACCTGAAATG . 8160
ACCCTGTGCC mqr?meeme&%@% WM‘*&*@%@W@ filtegsr o)
77 TGCT. GCTCAA , T
6980 TOACTRILR g BE At (ARt e a2

8332 frozen at 80 in aliquots for later use.) Polybrene is added to each well such that the

final concentration is 8 pg per ml. Thirty minutes iater, either diluted or undiluted

10 retroviral vector supernatant is added to duplicate wells. Typical volumes and dilutions
are 0.5 ml per.well and four or more 1:3 serial dilutions in growth media. As a control,

two wells are transduced with the same volume of growth media only. On day three, the

wells are refeed with 2mls of fresh media and the cells allowed to reach confluence,
which may typically be about day four or five. On this day, the celis are again refeed

15 with one ml per well fresh growth media. Twenty four hours later the media is

harvested and filtered as above.

G. EXPRESSION OF TRANSDUCED VECTOR FOR FVIII
The expression of vector transduced human cells for FVIII is detected
20 by the CoatestR assay as described above in Example 2B1. Activity is assayed relative
to supernatant from the control wells by counting the cells per well from the two control

wells and normalizing FVIII expression data per 1x 106 cells per 24 hours.

H. ADMINISTRATION OF VECTOR CONSTRUCT

25 1. Animal Administration Protocol

The intestinal epithelium is an attractive site for gene delivery due to its
rapidly proliferating tissue mass and the known location of stem cells in the crypts of
Lieberkuhn. The deep location of the stem cells in the crypts and the protective role of
the mucus gel layer, makes the retrovirus relatively inaccessible to the tissue cells.

30 However, the accessibility of the retroviral vector to these stem cells can be improved in



(2) | NFORMATI ON FOR SEQ | D NO 2: (i) SEQUENCE CHARACTER! STI CS:

(A) LENGTH. 36 base pairs (B) TYPE: nucleic acid (O
STRANDEDNG$E:9880 709! € (D TOPOLOGY: |inear PCT(USPS/0BEQUENCE
DESCRIPTION: SEQ I D NG 2: GGTAACAGIC T@EICCCGAAT TCTCAGACAA ATACAG

36 (2) I NFORVATION FOR SEQ I D NO 3: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH. 38 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (xi) SEQUENCE
DESCRI PTI ONnirsdQnb821NGy 3he i/ Fad AddclisTrefibAIGAShA ACAndBESCT., e ANCEALnan

38 (2) I NFORMATION FOR SEQ I D NO: 4: (i) SEQUENCE CHARACTERI STI CS:

(A) LENGTH.Ga® Heeapypaidizd-329,1994). (B) TYPE: nucleic acid (O

STENTEDNESS: 701 i, s R b e vt Ry e

37 Laboratories (Portage, MD.) are anesthetized and the cecum is identified upon opening

5 the peritoneal cavity. A 3 cm ileal segment is isolated from the last Peyer's patch in the

terminal ileum and ligated at each end. A plastic catheter attached to a syringe is

inserted into the segment and two milliliters of the mucolytic agents dithiothreitol and

N-acetyl-cysteine is instilled under mild pressure for two minutes, then removed. This

procedure is repeated once again before filling the segment with 0.2 to 2.0 ml of

10  retroviral vector particles at 106 to 1010 cfu/ml. The ligatures are removed 1 to 4 hours

later and the abdominal cavity is sutured. Control animals are instilled with formulation
buffer only. _

Blood is collected from the tail vein and assayed for factor VIII

production by a sandwich ELISA specific for human factor VIII (according to the

15 modified procedure of Zatloukal, K., et al,, PNAS 91:5148-5152, 1994). The ELISA is

based on two Diagnostica). ESH 4 (25 pg/ml in 1.0 M NaHCO03/0.5 M NaCl, pH 9.0) is

coupled to the ELISA plates overnight at 4°C, washed with 0.1% Tween 20 in PBS, and

blocked with 1% BSA in PBS. The éamp]és are applied in 0.05 M Tris-HCl/1 M

NaCl/2% BSA, pH 7.5, over 4 hr at room temperature, the plates are washed, and ESH

20 8 (2.5 pg/ml in 0.05 M Tris-HCV/1 M NaCl/2% BSA, pH 7.5,) which has been

biotinylated with N- hydroxysuccinimidobiotin (Pierce, Rockford, IL.) is added for 2 hr

at room temperature. The color reaction is performed with peroxidase-conjugated

streptavidin (Boehringer Mannheim, Indianapolis, IN.) and o- phenylenediamine

dihydrochloride as substrate. The human factor VIII:c standard (from the National

25 Institute for Biological Standards and Control, Hertfordshire, U.K.) and norrnal. rat

plasma are used as references.

2. Human Administration Protocol

Lyophilized recombinant retrovizus containing the gene for Factor VIII

30 expression is formulated into an enteric coated tablet or gel capsule according to known



(2) | NFORMATI ON FOR SEQ I D NO 5:
78 (i) SEQUENCE CHARACTERI STI Cs: (A) LENGTH : 35 base
pairs B) TYPE: nucleic acid (O ST 45 Si ngl e
(D) T.OPO.&Q?”?‘?’R%ar (xi) SEQUENCE DESCRI PTI ON: 2@3‘ Tigsioms
CGCGTCGACA TCGATGCGEC CGCCCGEECG GATCC 35

(2) | NFORVATI ON FOR SEQ | D NG 6: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 35 base pairs (B) TYPE: nucleic acid (O

STRANDEDNESS:,, sk ngl . Y el d ; |
SEQUENCE Dé’g’ifﬁ%ﬁ%cﬁe o TPEeNEE @%‘%&M&ﬁ%&%&‘é&&ﬁm&@hm
35 (2) | NEORMAD! RN S5, SR APING0R01, and WO(9I4BBRUENCE CHARACTERI STI CS:
(A) LENGTH 26 base pairs

The capsule is administered orally to be targeted to the jejunum. At 1 to

4 days following oral administration of the recombinant retrovirus, expression of Factor

5  VIII is measured in the plasma and blood by the Coatest® Factor VIII assay.

EXAMPLE 12
PREPARATION OF RECOMBINANT RETROVIRUS FOR DELIVERY OF
HUMAN GROWTH HORMONE
10

A. PREPARATION OF HGH CONTAINING VECTORS

Vector pDHF828 containing the full-length human growth
hormone gene is constructed essentially as follows. Briefly, plasmid pDHF811, was
constructed by removing the Xhol- Clal fragment of the KT-1 retroviral vector

15 described above, and inserting the following oligonucleotide linkers by ligation of the

cohesive ends:

Linker sequences:
(SEQUENCE ID# 18) 5" TCGAGGATCC GCCCGGGCGG
20 CCGCATCGAT GTCGACG 3

(SEQUENCE ID# 19) 5' CGCGTCGA CATCGATGCG
GCCGCCCGGG CGGATCC 3

25 In particular, the linkers were annealed at 65°C for 20 minutes, 42°C for
20 minutes, 37°C for 20 minutes, and room temperature for 2 hours. The concentrations
of both oligonucleotides was 18mM and the salt concentration was 100 mM NaCl.
After annealing, 50mi of 1.8 mM annealed linker was digested with Clal overnight to
generate Clal ends. For ligation,”3nM of KT-1 Xhol - Clal fragment was mixed with

30 90nM of linker, and the resultant mixture incubated at 15°C for 3 hours. The ligated



(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)

TOPOLOGY: |i near (xi) SEQUENCE DESCRI PTION: SEQ I D NO 7:

GCGGCCGAT Coyvh\dgFdz6al CAT CATACA PCT/US98/00715 26
(2) 1 NFORVATI ON FOR SEQ I D NO 8: ©0) SEQUENCE CHARACTERI STI CS:

(A) LENGTH 29 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: linear

79 (xi) SEQUENCE DESCRI PTION: SEQ I D NO 8: GGEEGEGEECTCG
AGGGCACCAT DA\ Garh! as transformed into DH-50. competent cells, followed b?%crefcﬁ%g of

| NFORMATI ON FOR SEQ I D NG 9: (1) SEQUENCE CHARACTERI STI Cs:

(A) LENGTHtraggfotmands.pai r s (B) TYPE: nucleic acid (O

STRA si L
NDEDRESS: ST NGl € b1 cmid chGH 809 eIt the fll'f3kth cDNA of the hGH gene

(Martial, R.A. et al., Science 205:602, 1979) was digested with Hind III, blunt-ended
S with the Klenow fragment enzyme, and cloned into the Srfl site of pDHF811, The
resultant plasmid was designated pDHF828.

The above vector is made in the KT-1 backbone that has no selectable

marker. It can similarly be constructed in the pBAS vector backbone (Figure 3).

Briefly a selectable marker is introduced into it by cutting at a single Cla I site and

10 introducing an expression cassete for the marker as was done for the neomycin marker

in Example 1. In this way a cassette expressing any of placental alkaline phosphatase,

deoxycytidine kinase, cytochrome P-450 or other suitable non-immunogenic marker /

PAE can be introduced. The cassette has the cDNA linked to a promoter such as the

SV40 promoter in Example 1 and no polyadenylation site. Other suitable internal

15 promoters (e.g., CMV from the pCI-PLAP vector in Example 4) can also be utilized.
Such vectors are called pDHF828-PLAP and pDHF828-DCK.

B. PREPARATION OF HGH EXPRESSING RECOMBINANT RETROVIRUS
The pDHF828-DCK plasmid was then introduced into the HX packaging

20 cell, using standard procedures and assayed using the HGH Chemiluminescence Kit
(HGH 100T) ( Nichols Institute, San Juan Capistrano, CA.), according to a prefetred
modification of the kit protocol. On day 1, the kit components were warmed to room
temperature and gently mixed by inversion before opening any vials. Test samples were
centrifuged for 5' at top speed in a microfuge before using them in order to remove

25 fibrin and other debris. All samples were measured in quadruplicate, including the
standards. The incubations are performed in 12 x17 polypropylene tubes that have been
stored in the dark. One hundred fifty ul of sample or standard were aliquoted into each
tube and ul of antibody is added and the samples were mixed gently. One bead was
added to each well using the forceps provided in the kit. The tubes were capped.

30 covered with foil, and shaken on an orbital shaker for 24 hr at room temperature.



(xi) SEQUENCE DESCRI PTION: SEQ ID NGO 9: GGGGGEGATCG ATCCCTCAGA AGCTGGIGTG

?2) (LE?\IGITHFO;RAAEI ON FOR SEQ I D NG 10: (i) SEQUENCE CHARACTERI STI Cs:

) ase pairs (B) TYPE: nucleic acid )
STRANDEDNBELIE/3070% | o (D) TOPOLOGY: |inear PCT&"??’“"%E%JENCE
DESCRI PTI ON: SEQ I D NGO 10: CCCCCCCTCG CCTGTCC CCCCCATGGA G
31 (2) I NFORWVATION FOR SEQ I D NG 11: (i) SEQUENCE CHARACTERI STI Cs:
(SQQAII;I[E)ESTNH S31 basle pairs (B) TYPE: nucleic acid (O

ESS: sipgle . oGY:, L. near . xi ). SEQUENCE
DESCRI PTI ONtangergs coniai 10 pe/ @&&%@éé%gﬁ BONYRTEABAIE 7€$° sthndaF
31 of Std D of 250, 100, 50, 25, 10, 5, and 2.5 pg/ml. 80

After 24 hours, the tubes were uncapped and 0.5 ml of wash buffer were

added. These wash solution was added with enough force to make the bead bounce up

5  off the bottom of the tube. The samples were washed three times with 2.0 ml nanopure

water, and aspirated completely each time. The luminometer determinations were done

in 12x75 polycarbonate (clear plastic) tubes stored in the dark. The luminometer was
pretested with performance control standards.

Using this assay, HX/HGH-DCK retroviral vector producing cell lines

10  were generated with titers of 4.8 x 10° cf/ml. Introduction of the plasmid into DX

packaging cells resulted in production of clonal producer cells with a titer of 1.6 x 107

cfu/ml.

15 From the foregoing, it will be appieciated that, although specific
embodiments of the invention have been described herein for purposes of illustration,
various modifications may be made without deviating from the spirit and scope of the

invention. Accordingly, the invention is not limited except as by the appended claims.



(2) | NFORMATI ON FOR SEQ I D NO 12: (i) SEQUENCE CHARACTER! STI CS:

(A) LENGTH. 35 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS98/30708)| e (D) TOPOLOGY: |inear PCT/URIS00TSOUENCE
DESCRIPTION: SEQ I D NG 12: ATAAAGGCGG TCC]}'{TCAGG GGGCAGCCCC TTCTA

35 (2) INFORVATION FOR SEQ I D NO 13: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH: 35 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (xi) SEQUENCE
DESCRI PTISBQUESEHQLIEING 13: GGGECTGCCC CCTGAAAGGA CCGCCTTTAT CAAAG

35 (2) I NFORVATI ON FOR SEQ I D NO 14: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 33 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESSGENERRg| gNFORMATION: (D) TOPOLOGY: |i near (xi)

SEQUENCE DESCRI PTI ON: SEQ I D_NO 14:
(i) APPLICANTS: Jolly, Douglas J.

Moore, Margaret D.
Chada, Sunil

(ii) TITLE OF INVENTION: NON-IMMUNOGENIC PRODRUGS AND SELECTABLE
MARKERS FOR USE IN GENE THERAPY

(iii) NUMBER OF SEQUENCES: 32

(iv) CORRESPONDENCE ADDRESS:
(A) ADDRESSEE: SEED and BERRY LLP
(B) STREET: 6300 Columbia Center, 701 Fifth Avenue
(C) CITY: Seattle
(D) STATE: Washington
(E) COUNTRY: USA
(F) ZIP: 98104

(v) COMPUTER READABLE FORM:
(n) MEDIUM TYPE: Floppy disk
(B) COMPUTER: IBM PC compatible
{(C) OPERATING SYSTEM- PC-DOS/MS-DOS )
(D) SOFTWARE: PatentIn Release #1.0, Version #1.30

(vi) CURRENT APPLICATION DATA:
(A) APPLICATION NUMBER: US
(B) FILING DATE: 13-JAN-1998
(C) CLASSIFICATION:

(viii) ATTORNEY/AGENT INFORMATION:
(A) NAME: McMasters, David D.
{B) REGISTRATION NUMBER: 33,963
(C) REFERENCE/DOCKET NUMBER: 930049.459

(ix) TELECOMMUNICATION INFORMATION:
(A) TELEPHONE: (206) 622-4900
(B) TELEFAX: (206) 682-6031

{2) INFORMATION FOR SEQ ID NO:1:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 8332 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear



GGGGGGCTCG AGCCCCGACA COGOGGOGRG CCG
(2) | NFORMATI ON FOR SEQ | D NO 15:

A) LENGTH;
STRANDEDNIE‘gg:?bg@FﬁS

PCT/ US98/ 00715

(2)

(xi) SEQUENCE DESCRI PTI ON: SEQ | D NO 15:
| NFORVATI ON FOR SEQ | D NG 16:

(A) LENGTH: 3@ :haggueRés %ESCRIPT{L%IBI: s&B) 1ol ¥BE . nucleic acid

30

STRANDEDNESS:

30

(2)

(2)

CAGTTGCATC
TACCCGTCAG
GGGACCACCG
TTGTCTAGTG
CTGTATCTGG
GAGACGTCCC
ATCGTTTTGG
ACGAGAACCT
GCCGCGCCGL
TTCTGTATTT
GTCACTGGAA
GTTGGGTTAC
GCACCTTTAA
ATGGACACCC
CTCCCTGGGT
CGTCTCTCCC
TCACTCCTTC
TCATCGACCT
ACAGGGACGG
TGGCATCTCG
CATTCCCCCT
ACCTTTACAA
CTCTGATCGA
TGGGGACTCT
TGCGGGGCGA

TCGAGCGCCC

e pairs
|l e

single

CGACTTGTGG
CGGGGGTCTT
ACCCACCACC
TCTATGACTG
CGgACCCGTG
AGGGACTTCG
ACTCTTTGGT
AAAACAGTTC
GCGTCTTGTC
GTCTGAGAAT
AGATGTCGAG
CTTCTGCTCT
CCGAGACCTC
AGACCAGGTC
CAAGCCCTTT
CCTTGAACCT
TCTAGGCGCC
ACTTACAGAR
AAATGGTGGA
CCTACGTGGG
CCGCGCAGGA
CTGGAAAAAT
GTCTGTTCTC
GCTGACCGGA
TGATGGGCGC

AGACTGGGAT

(1) SEQUENCE CHARACTERI STI CS

nucl ei ¢ aci dpcrrusesnotis
WD 98/ 30709

(B) TYPE:

(D) TOPOLOGY:
72

i near

81

33
(O

GGGGGGATCG ATGCTGAAGT ATCTGGAACC

(i) SEQUENCE CHARACTERI STI CS:
(O

TOPOLOGY: |
DESCRI PTI Ghbcie@rt Rehtheac TdaceldctCeodabACH A CAATCCARTIA RRACArcTTG

| NFORVATI ON FOR SEQ I D NGO 17:

TCTCGCTGTT

TCATTTGGGG

GGGAGGTAAG

ATTTTATGCG

GTGGAACTGA

GGGGCCGTTT

GCACCCCCCT

CCGCCTCCGT

TGCTGCAGCA

ATGGGCCAGA

CGGATCGCTC

GCAGAATGGC

ATCACCCAGG

CCCTACATCG

GTACACCCTA

CCTCGTTCGA

ABRACCTAAAC

GACCCCCCGC

GAAGCGACCC

AGACGGGAGC

GGAAACGGAC

AATAACCCTT

ATCACCCATC

GAAGAARAAC

CCCACTCAAC

TACACCACCC

i near

60

(xi) SEQUENCE

(i) SEQUENCE CHARACTERI STI CS

CCTTGGGAGG
GCTCGTCCGG
CTGGCCAGCA
CCTGCGTCGG
CGAGTTCQGA
TTGTGGCCCG
TAGAGGAGGG
CTGAATTTTT
TCCTTCTGTG
CTGTTACCAC
ACAACCAGTC
CAACCTTTAA
TTAAGATCAA
TGACCTGGGA
AGCCTCCGCC
CCCCGCCTCG
CTCAAGTTCT
CTTATAGGGA
CTGCGGGAGA
CCCCTGTGGC
AGCTTCAATA
CTTTTTCTGA
AGCCCACCTG
AACGGGTGCT
TGCCCAATGA

AGGCAGGTAG

GTCTCCTCTG
GATCGGGAGA
ACTTATCTGT
TACTAGTTAG
ACACCCGGCC
ACCTGAGTCC
ATATGTGGTT
GCTTTCGGTT
TTGTCTCTGT
TCCCTTAAGT
GGTAGATGTC
CGTCGGATGG
GGTCTTTTCA
AGCCTTGGCT
TCCTCTTCCT
ATCCTCCCTT
TTCTGACAGT
CCCAAGACCA
GGCACCGGAC
CGACTCCACT
CTGGCCGTTC
AGATCCAGGT
GGACGACTGT
CTTAGAGGCT
AGTCGATGCC

GAACCACCTA

AGTGATTGAC
CCCCTGCCCA
GTCTGTCCGA
CTAACTAGCT
GCAACCCTGG
AAARAATCCCG
CTGGTAGGAG
TGGGACCGAA
CTGACTGTGT
TTGACCTTAG
ARGAAGAGAC
CCGCGAGACG
CCTGRCCCGE
TTTGACCCCC
CCATCCGCCC
TATCCAGCCC
GGGEGGCCEC
CCCCCTTCCE
CCCTCCCCAA
ACCTCGCAGG
TCCTCTTCTG
AAACTGACAG
CAGCAGCTGT
AGARAGGCGE
GCTTTTCCCC

GTCCACTATC

120

180

240

300

360

420

480

540

600

660

720

780

840

900

960

1020

1080

1140

1200

1260

1320

1380

1440

1500

15690

1620



(A) LENGTH 30 base pairs (B) TYPE: nucleic acid (O

STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (xi) SEQUENCE
DESCRI PTI GNo gaia@deD NO 17:  GGGGGGATCG ATTCANACDA TNGCYCTRARCT/US98/00715

30 (2) I NFORMATI ON FOR SEQ I D NG 18: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTH 37 base pairs (B) TYPB. nucl eic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: linear (xi) SEQUENCE

DESCRI PTI ON: SEQ I D NO 18:

82 TCGAGGATCC GCCCGGEECGG CCGCATCGAT GICGACG

37 (2) | BECRIMEGETONCEARCGEEQ ¢TOCPIMKS: CGGGCAGAX] pcgg@meEm STYCS:

(A) LENGTH. 35 base pairs (B) TYPE: nucleic acid (O

STRANDEDNESS\AGSART)|[ABACACAAGGG CCCAREFAGTOPTIROTYSG] CHEGHTAGAG AGACTTAAGG 1740
AAGCCTATCG CAGGTACACT CCTTATGACC CTGAGGACCC AGGGCAAGAA ACTAATGTGT 1800
CTATGTCTTT CATTTGGCAG TCTGCCCCAG ACATTGGGAG AAAGTTAGAG AGGTTAGAAG 1860
ATTTAAAAAA CAAGACGCTT GGAGATTTGG TTAGAGAGGC AGAAAAGATC TTTAATAAAC 1920
GAGAAACCCC GGAAGAAAGA GAGGAACGTA TCAGGAGAGA AACAGAGGAA AAAGAAGAAC 1980
GCCGTAGGAC AGAGGATGAG CAGAAAGAGA AAGAAAGAGA TCGTAGGAGA CATAGAGAGA 2040
TGAGCAAGCT ATTGGCCACT GTCGTTAGTG GACAGAAACA GGATAGACAG GGAGGAGAAC 2100
GAAGGAGGTC CCAACTCGAT CGCGACCAGT GTGCCTACTG CAAAGAAAAG GGGCACTGGG 2160
CTAAAGATTG TCCCAAGAAA CCACGAGGAC CTCGGGGACC AAGACCCCAG ACCTCCCTCC 2220
TGACCCTAGA TGACTAGGGA GGTCAGGGTC AGGAGCCCCC CCCTGAACCC AGGATAACCC 2280
TCAAAGTCGG GGGGCAACCC GTCACCTTCC TGGTAGATAC TGGGGCCCAA CACTCCGTGC 2340
TGACCCAAARA TCCTGGACCC CTAAGTGATA AGTCTGCCTG GGTCCAAGGG GCTACTGGAG 2400
GAAAGCGGTA TCGCTGGACC ACGGATCGCA AAGTACATCT AGCTACCGGT AAGGTCACCC 2460
ACTCTTTCCT CCATGTACCA GACTGTCCCT ATCCTCTGTT AGGAAGAGAT TTGCTGACTA 2520
AACTAAAAGC CCAAATCCAC TTTGAGGGAT CAGGAGCTCA GGTTATGGGA CCAATGGGGC 2580
AGCCCCTGCA AGTGTTGACC CTAAATATAG AAGATGAGCA TCGGCTACAT GAGACCTCAA 2640
AAGAGCCAGA TGTTTCTCTA GGGTCCACAT GGCTGTCTGA TTTTCCTCAG GCCTGGGCGG 2700
DAACCGGGGG CATGGGACTG GCAGTTCGCC AAGCTCCTCT GATCATACCT CTGAAAGCAA 2760
CCTCTACCCC CGTGTCCATA AAACAATACC CCATGTCACA AGAAGCCAGA CTGGGGATCA 2820
AGCCCCACAT ACAGAGACTG TTGGACCAGG GAATACTGGT ACCCTGCCAG TCCCCCTGGA 2880
ACACGCCCCT GCTACCCGTT AAGAAACCAG GGACTAATGA TTATAGGCCT GTCCAGGATC 2940
TGAGAGAAGT CAACAAGCGG GTGGAAGACA TCCACCCCAC CGTGCCCAAC CCTTACAACC 3000
TCTTGAGCGG GCTCCCACCG TCCCACCAGT GGTACACTGT GCTTGATTTA AAGGATGCCT 3060
TTTTCTGCCT GAGACTCCAC CCCACCAGTC AGCCTCTCTT CGCCTTTGAG TGGAGAGATC 3120

CAGAGATGGG AATCTCAGGA CAATTGACCT GGACCAGACT CCCACAGGGT TTCARAAACA 3180

GTCCCACCCT GTTTGATGAG GCACTGCACA GAGACCTAGC AGACTTCCGG ATCCAGCACC 3240



CCCGTCGACA TCGATGCGEC CECCCGEECG
(2) I NFORMATION FOR SEQ I D

(xi) SEQUENCE DESCRI PTION: SEQ I D NO 19:
GATCC 35

NO. 20: WO 9§/80708EQUENCE  CHARACTERI STI CS: (A) eENGEb00f9 base
pairs - (B) TYPE: nucleic acid (C) STRANDEDNESS: single
(D) TOPOLOGY: i near (i x) FEATURE: 74 (A) NAMVE/ KEY: CDS

(B) LOCATION. 61..2091 (xi) SEQUENCE DESCRI PTI ON: SEQ I D NG 20:
GAATTCGEEC GCGAAGCGEC CGECCTGEEC GCCGACTGCA GAGCCGEGAG GCTGGTGGTC 60
ATG CCG GOBATTEATT G @ETACRCTATGGERE: GETTANGCEWGCEIErCT cetiad®h® - 3300 108
Met Pro Gy Phe Leu Val Arg Ile Leu.Leu Leu Leu Leu Val Leu Leu 1

5 ACTGCCAACA AGR@IACTCGG GCCCTGTTAC AAACACTAGETGRACTIBcEEGACEIcades CCaz6C TTG
CGC AAT GCC ACC CAG AGG ATG TTT 156 Leu Leu Ay Pro Thr Arg Gy Leu
Arg Asn ATGSCTARGAE ACGCAANER TEPEAGAAAC AGGTCAAGTA TZYGGGGTAT CTTCTAAAAG 3520

30 GAA ATT GAC TAT AGC CGG GAC TCC TTC CTC AAG GAT GGC CAG CCA TTT

204 Gu HC@GA%ﬁkuM@éFGNTg GAGGFCREAA PAEAGAOTCT \GATAGISCEE \COBAETAREA Pha4so

35 45 CGC TAC ATC TCA GGA AGC ATT
CAC TAC T&CWC@TQQ’@@EAWWW GGACGGCAG%BZTNC@@? rCTICF‘féGAS§f—‘ GI 95@er |le

Hs Tyr Ser. Arg Val Pro Arg Phe

60 TGG ARGCERC CERSEIEERCERAS CK¥‘E? M@CWFGAW@%G@@CM’@T@EE ATES00

300 Trp LySehS&L” EGALC%XA&S&UAJK&'?CC!}/E TC IﬂcS;AA'\z/xertcAAA‘chms% Leucrﬁgwcélcg ' geso
CAGCCCTGGG GTTGCCAGAT TTGACTAAGC CCTTTGAACT CTTTGTCGAC GAGAAGCAGG 3720
GCTACGCCAA AGGTGTCCTA ACGCAAAAAC TGGGACCTTG GCGTCGGCCG GTGGCCTACC 3780
TGTCCAARAA GCTAGACCCA GTAGCAGCTG GGTGGCCCCC TTGCCTACGG ATGGTAGCAG 3840
CCATTGCCGT ACTGACAAAG GATGCAGGCA AGCTAACCAT GGGACAGCCA CTAGTCATTC 3500
TGGCCCCCCA TGCAGTAGAG GCACTAGTCA AACAACCCCC CGACCGCTGG CTTTCCAACG 3960
CCCGGATGAC TCACTATCAG GCCTTGCTTT TGGACACGGA CCGGGTCCAG TTCGGACCGG 4020
TGGTAGCCCT GAACCCGGCT ACGCTGCTCC CACTGCCTGA GGAAGGGCTG CAACACAACT 4080
GCCTTGATAT CCTGGCCGAAR GCCCACGGAA CCCGACCCGA CCTAACGGAC CAGCCGCTCC 4140
CAGACGCCGA CCACACCTGG TACACGGATG GAAGCAGTCT CTTACAAGAG GGACAGCGTA 4200
AGGCGGGAGC TGCGGTGACC ACCGAGACCG AGGTAATCTG GGCTAAAGCC CTGCCAGCCG 4260
GGACATCCGC TCAGCGGGCT GAACTGATAG CACTCACCCA GGCCCTAAAG ATGGCAGAAG 4320
GTAAGAAGCT AAATGTTTAT ACTGATAGCC GTTATGCTTT TGCTACTGCC CATATCCATG 4380
GAGABATATA CAGAAGGCGT GGGTTGCTCA CATCAGAAGG CAAAGAGATC AAAAATAAAG 4440
ACGAGATCTT GGCCCTACTA AAAGCCCTCT TTCTGCCCAA AAGACTTAGC ATAATCCATT 4500
GTCCAGGACA TCAAAAGGGA CACAGCGCCG AGGCTAGAGG CAACCGGATG GCTGACCAAG 4560
CGGCCCGAAA GGCAGCCATC ACAGAGACTC CAGACACCTC TACCCTCCTC ATAGAAAATT 4620
CATCACCCTA CACCTCAGAA CATTTTCATT ACACAGTGAC TGATATAAAG GACCTAACCA 4680
AGTTGGGGGC CATTTATGAT AAAACAAAGA AGTATTGGGT CTACCAAGGA AAACCTGTGA 4740
TGCCTGACCA GTTTACTTTT GAATTATTAG ACTTTCTTCA TCAGCTGACT CACCTCAGCT 4800
TCTCAAARAT GAAGGCTCTC CTAGAGAGAA GCCACAGTCC CTACTACATG CTGAACCGGG 4860
ATCGAACACT CAAAAATATC ACTGAGACCT GCABAGCTTG TGCACAAGTC AACGCCAGCA 4920



83

ACG TAT GTG CCC TGG AAC TTT CAT GAG CCC TGG CCA GGA CAG TAC

Thr
85

GAA
Au
110
444
115
CCT
Pro
140
540
150
AAG
Lys
175
636
180
CTG CGC
Leu
205
732
215

65 70 75 80 CAG
348 A n
Tyr Vaywd¥eiofgop Asn Phe Hs Gu Pro Trp Pro Gy G n Tyr PCT/US98/00715

90 95 _ CAG TTT TCT GAG GAC CAT GAT GIG
TAT TTT CTT OGG CTG GCT CAT 396 & n Phe Ser Gu Asp Hi s Asp Val
Tyr Phe Leu Arg Leu Ala Hi s 100 105
GAG CTG GGA CTG CTG GIT ATC CTG AGG CCC GGG CCC TAC ATC TGT GCA
Gu Leu Ay Leu Leu Val Ile Leu Arg Pro Ay Pro Tyr Ile Cys Ala

AGTCTGCCGT TABROAGGGA ACTAGGGTCC GCGAGTATCEHGACCIRECACAAANTEGABGA GGASHTA

GCT TGG CTG CTA GAG AAA GAG TCT 492 Gu Trp Au Met Ay Ay Leu
Al a TITBGATITCAC ICGBAGATAMS (FQFGBBTGT ATCAQIRATAA ATATCTTCTA GTTTTIRIBG 5040
ATT CTT CTC CGC TCC TCC GAC CCA GAT TAC CTG GCA CCT GTIG GAC AAG
|| e LAFACEITTAF JFESEFCHER FAFCPTHCASPAIGAACER PCAPRLCCAFG AREFTORTAA Ly s 5105

155 160 TGG TTG GGA GIC CTT CTG CCC
ATG ASCPRZERCET QCEHERGRE %’fﬂ%ﬁ@ GGTTCGG5HY G?FFPE@GA ETFCRACTEeu BREP Pro
Met Lys Pro Leu Leu TGy
GGA AEPTERCETHARTA EEAT%GE%@ é?@%EAGWCWCﬁFT%AE& TAE?20
GIyGIX‘ProVaI Ile Thr Val Tyr

GGAAATT ACAFEGTGCA YAl %%%A@%%%@E%ﬁg&ﬁs v CAB28%
A g P;%gz\g %c@%{‘ég % g%ﬁz\%ﬁ‘m cc;crmcggé gP oREraBa QARTESRRGE 28 OA§Po Tyr

.
o EoTas &%nggg%s@% A VE?JCL%%%ECﬁ%%ﬁ%E&%Eé@g& feed, (o o

CATATGAGAT CTRARATAY céXetcddbe CtorfMind ChrtddeciCcetiriztte COs4£d C
TAC ACC ACG GIG

780 Lys Thr

Phe Leu Lys Cys Ay Ala Leu Gn Gy Leu

;ZB Thr ThiadedrradSraacacccee TeTeTccaa@ IFCACTTACA GGCTCTCTAC TTAGDCCcAGE 5520
ACGAAGTCTG GAGACCTCTG GCGGCAGCCT ACCAAGAACA ACTGGACCGA CCGGTGGTAC 5580
CTCACCCTTA CCGAGTCGGC GACACAGTGT GGGTCCGCCG ACACCAGACT AAGAACCTAG 5640
AACCTCGCTG GAAAGGACCT TACACAGTCC TGCTGACCAC CCCCACCGCC CTCARAGTAG 5700
ACGGCATCGC AGCTTGGATA CACGCCGCCC ACGTGAAGGC TGCCGACCCC GGGGGTGGAC 5760
CATCCTCTAG ACTGACATGG CGCGTTCAAC GCTCTCAAAA CCCCTTARAA ATAAGGTTAR 5820
CCCGCGAGEC CCCCTAATCC CCTTAATTCT TCTGATGCTC AGAGGGGTCA GTACTGCTTC 5880
GCCCGGCTCC AGTCCTCATC AAGTCTATAA TATCACCTGG GAGGTAACCA ATGGAGATCG 5940
GGAGACGGTA TGGGCAACTT CTGGCAACCA CCCTCTGTGG ACCTGGTGGC CTGACCTTAC 6000
CCCAGATTTA TGTATGTTAG CCCACCATGG ACCATCTTAT TGGGGGCTAG AATATCAATC 6060
CCOTTTTTCT TCTCCCCCGE GGCCCCCTTG TTGCTCAGGG GGCAGCAGCC CAGGCTGTTC 6120
CAGAGACTGC GAAGAACCTT TAACCTCCCT CACCCCTCGG TGCAACACTG CCTGGAACAG 6180
ACTCAAGCTA GACCAGACAA CTCATAAATC AAATGAGGGA TTTTATGTTT GCCCCGGGCC 6240
CCACCGCCCC CGAGAATCCA AGTCATGTGG GGGTCCAGAC TCCTTCTACT GTGCCTATIG 6300
GGGCTGTGAG ACAACCGGTA GAGCTTACTG GAAGCCCTCC TCATCATGGG ATTTCATCAC 6360
AGTARACAAC AATCTCACCT CTGACCAGGC TGTCCAGGTA TGCAAAGATA ATAAGTGGTG 6420
CAACCCCTTA GTTATTCGGT TTACAGACGC CGGGAGACGG GTTACTTCCT GGACCACAGG 6480
ACATTACTGG GGCTTACGTT TGTATGTCTC CGGACAAGAT CATTTGGGAT 6540

CCAGGGCTTA



GAC TTT GGA ACA GGC AGC AAC ATC ACA GAT GCT TTC CTA AGC CAG AGG
Asp Phe Ay Thr Gy Ser Asn Ile Thr Asp Ala Phe Leu Ser An Arg

245 09830709 250 255 AAG TGI GAG CeCrmssss/ad@s CCC
TTG ATC AAT TCT GAA TTC TAT ACT G&C 876 Lys Cys Qu Pro Lys Ay Pro

Leu Ile Asn Ser Au Phe Tyr Thr Ay 260 265
270 TGG CTA GAT CAC TGG GGC CAA CCT CAC TCC ACA ATC AAG ACC GAA GCA
924 Trp Leu Asp H's Trp Gy Gn Pro Hs Ser Thr Ile Lys Thr Qu Al a

828

275 CCGACTCAGA TACSAAATC TAGGACCCCG CGTCABBTA GERWERCT CCCTRIGETC TAFOWAT
ATA CTT GCC CGI GGG GCG AGI GIG AAC 972

84 Val adicaasenc S8eacioFOCAI WGCEGARALT TGLTARGELG CATHCAGTPA AICAABRIACTa| ASFHP

290 295 300 TTG TAC ATG TTT ATA GGI GGG

ACC AAT TARGTGEEATATCTOICTART CCREIRBCT TCCACCGGEE) HFARCIGANRY rAmﬁ?CW@ 1€y Gy
Thr Asn Phe Ala Tyr Trp Asn Ay Al a 305

315 AAACTTAGTA GAC@ZGCCM@CWSC@C@W@% 1’@@%% Géécsé\@éGAGC PAR GAC
TAT GAT GCC CCA 1068 Asn Ser Pro Tg/ @ n Pro Thr Ser T(}/r Asp

Tyr ASp AFPECQIEETTG TGTCTAGTAG CGGGACC§§% CTACT

335 CTG AGIL GAG CCT GGEG

1116 Leu %CTGC%P%CAT‘EQCW%% ﬁTE%%FcéﬁC; ‘%GA‘ST%EC,;G%}

la Al a
CGRA GGGGTTGCCE 3P CTCGGTAC

SRR AT ASTY

GTA Con SSFBEIOUFHIESERT EERTER oy HIFr AN B ], Sy

305 | nca PR SebidechbA cRaerite. acaarcens

§5§TCTAGTTG CCCCTACAGG 36@020
TIG GAA AAG TTA AAG ACA

1212 Thr B @ b¥sed R ety locEhdereXe MRhrddiire LdatdatchyncrBhindets Thioso
370 37 380
TACCACTGAT TATTGTGTTC TTGTCGAACT CTGGCCAAGA GTCACCTATC ATTCCCCCAG 7140
CTATGTTTAC GGCCTGTTTG AGAGATCCAA CCGACACAAA AGAGAACCGG TGTCGTTAAC 7200
COTGECCCTA TTATTGGGTG GACTAACCAT GGGGGGAATT GCCGCTGGAA TAGGAACAGG 7260
GACTACTGCT CTAATGGCCA CTCAGCAATT CCAGCAGCTC CAAGCCGCAG TACAGGATGA 7320
TOTCAGGGAG GTTGARAAAT CAATCTCTAA CCTAGAAAAG TCTCTCACTT CCCTGTCTGA 7380
AGTTGTCCTA CAGAATCGAA GGGGCCTAGA CTTGTTATTT CTAAAAGAAG GAGGGCTGTG 7440
TGCTGCTCTA AAAGAAGAAT GTTGCTTCTA TGCGGACCAC ACAGGACTAG TGAGAGACAG 7500
CATGGCCAAA TTGAGAGAGA GGCTTAATCA GAGACAGAAA CTGTTTGAGT CAACTCAAGG 7560
ATGGTTTGAG GGACTGTTTA ACAGATCCCC TTGGTTTACC ACCTTGATAT CTACCATTAT 7620
GGGACCCCTC ATTGTACTCC TAATGATTTT GCTCTTCGGA CCCTGCATTC TTAATCGATT 7680
AGTCCAATTT GTTAAAGACA GGATATCAGT GGTCCAGGCT CTAGTTTTGA CTCAACRATA 7740
TCACCAGCTG AAGCCTATAG AGTACGAGCC ATAGATAAAA TAARAGATTT TATTTAGTCT 7800
CCAGAAMAAG GGGGGAATGA AAGACCCCAC CTGTAGGTTT GGCAAGCTAG CTTAAGTAAC 7860
GCCATTTTGC AAGGCATGGA AAAATACATA ACTGAGAATA GAGAAGTTCA GATCAAGGTC 7920
AGGAACAGAT GGAACAGCTG AATATGGGCC AAACAGGATA TCTGTGGTRA GCAGTTCCTG 7980
CCCCGGCTCA GGGCCAAGAA CAGATGGAAC AGCTGAATAT GGGCCAAACA GGATATCTGT 8040
GGTAAGCAGT TCCTGCCCCG GCTCAGGGCC ARGAACAGAT GGTCCCCAGA TGCGGTCCAG 8100
CCCTCAGCAG TTTCTAGAGA ACCATCAGAT GTTTCCAGGG TGCCCCAAGG ACCTGAAATG 8160
ACCCTGTGCC TTATTTGAAC TAACCAATCA GTTCGCTTCT CGCTTCTGTT CGCGCGCTTC 8220



GIG
Val
390
CAG
An
410
CCA
Pro
TCT
Ser
440
ATC
Ile
GGG
dy
470
TAT
Tyr
490
TGG
Trp
85

GGA GCA CCT CTG GAC ATT CTG TGI CCC TCT GGG CCC ATC AAA ACC 1260
Ay Ala Ala Leu Asp Ile Leu Cys Pro Ser Ay Pro Ile Lys Ser 385
wo 9830709 395 400 CTT TAT CCC TPI/Wgas/0qmy ATC
GI'G AAA CAG CAT TAT GG TTT GIG 711308 Leu Tyr Pro Leu Thr Phe Ile
Val Lys An Hs Tyr dy Phe Val 405
415 CTG TAC CGG ACA ACA CTT CCT CAA GAT TGC AGC AAC
GCA CCT CTC 1356 Leu Tyr Arg Thr Thr Leu Pro A n Asp Cys Ser Asn
Ala Pro Leu 420 425 " 430
TCA CRCTCTGGRATCTIBATEAC AGACS CATA (G CCIPRCTATCAGFFECIET CTORTCERNT 8280 1404
Ser Pro Leu Asn Ay Val H's Asp Arg Ala Tyr Val Ala Val Asp 435
TGACTGAGTC GCCQRESTAGCCSIIATCCAEABAERSE ERTSCATITCERS CGA AAC MRP2GTIG
ACT CTG AAC 1452 Glglle Pro dn @y Val Leu u Arg Asn Asn Val
Thr Léaj A§ﬁORMATI%G'OR SEQ ID NO:2: 455 460 ATA ACA
AAA GCT GGA GCC ACT CTG GAC CIT CTG GTA GAG AAC ATG 1500 Il e Thr
Lys Al a Gy AEQUEYHE E’é”d“ﬁ's?{sé“&ci’eu Val G u Asn Met 465
(A) [EJGTH: 36 base palrs 480 GGA OGT GTG AAC TAT GGT GCA

) E: i id
e 10 ) R gl o Oy Mgl e Ty Gy e
) 4{%8 CT ARE"CTG ACT CTC AGT TCC AAT ATC CTC ACG GAC
ACG ATC TTT 1596 Ser Asn Leu Thr Leu Ser Ser Asn Ile Leu Thr Asp

Thr Il e Phe 500 505 510
CCA CTG GAC ACT GAG GAT GCA GIG CGC AGC CAC CTG GG GEC TGG ;A

1644 Pro Leu Asp Thr Qu Asp Ala Val Arg Ser His Leu Ay Gy Trp Ay

515
GAT
ASp
540

(xi) SEQUENGE: DESCRIPTION: SEQ IDP#:2:CAC CGT GAC AGT GGC CAC CAT
GAA GCC TGG GCC CAC AAC TCA TCC 1692 His Arg Asp Ser Gy His Hs
G u AberaheRe? gcbictcAsn Teeca@ena ATACRS0 535 36

{2) INFORMATION FOR SEQ ID NO:3:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 38 base pairs
(B} TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:3:
CTGTATTTGT CTGAGAATTA AGGCTAGACT GTTACCAC 38
{(2) INFORMATION FOR SEQ ID NO:4:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:4:
TCGAGGATCG CGCCGGGCGG CCGCATCGAT GTCGACG 37

(2) INFORMATION FOR SEQ ID NO:5:



AAC TAC ACG CTC CCG GCC TTT TAT ATG GGG AAC TTC TCC ATT CCC AGT 1740
Asn Tyr Thr Leu Pro Ala Phe Tyr Met Ay Asn Phe Ser Ile Pro Ser 545

550 555 560 GGG ATC CCA GAGE CAG
Gac Acc TTVRRC®G 77T ccT oA Tas 1788 Gy lle Pro ASH st o,
Asp Thr Phe Ile G@n Phe Pro Ay Trp 78 565 570

575 ACC AAG GGC CAG GIC TGG ATT AAT GGC TTT AAC CTT GGC CGC TAT TGG
1836 Thr Lys Ay G@n Val Trp Ile Asn Ay Phe Asn Leu Ay Arg Tyr Trp

580 (i) sEoURReE cmaracTErisTics: 090 CCA GCC CGG GGC CCT CAG TTG
ACC TTG TTT GTG CCta)ChEndzhC ATgag;rgalrs 1884 Pro Ala Arg Gy Pro dn Leu
Thr Leu Phe Val Prg)Gripgd fudile@clelia 595 600

605 ATG ACC TCG Cify etitnnbatamee ARg1ACC GIG CTG GAA CTG GAG TGG GCA
1932 Met Thr Ser Alm Porordswn: Thhedd e Thr Val Leu Qu Leu GQu Trp Al a

610 615 620 CCC TGC AGC AGT GAT GAT CCA
GAA CTA TGT GCT GIG ACG TTC GTG GAC 1980 Pro Cys Ser Ser Asp Asp Pro
G u Leu Cys Ala Val Thr Phe Val Asp 625 630

635 640 AGG CCA GIT ATT GGC TCA TCT GIG ACC TAC GAT CAT
CCC TCC AAA CCT 2028 Arg Pro Val Ile Ay Ser Ser Val Thr Tyr Asp His
Pro Ser Lys P{%) SEQUENCE DESCRIPTI@¥5SEQ ID NO:S: 650 655
GIT GAA AAA AGA CTC ATG CCC CCA CCC CCG CAA AAA AAC AAA GAT TCA 2076
Val Gu L)?gcﬂ‘{rAE%LF%TGqSFS ISCECEISCPFAFCE n Lys Asn Lys Asp Ser 3s

660 670 TGG CTG GAC CAT GTA TGATGATGAA
AGCCTGTGTéZ’rﬁ@RE’M&?NﬁFA&Q:f&&m €: 2131 Trp Leu Asp His Val 675
ACATACCTCA CA - 'LQQ% @gé%TTCACT GATTGGAATG TGGAAATGGA 2191
AAAGGAATTT A

GA CAGCACAGTA ACGTGCATAC 2311

AGGITTCCCT GCATCCCTGC AGTGCCAAAG 2251
CCCCACCTTC AGGGA ; g

ATATCTGCAG GCCT 7 / aﬁéyﬁi AGI GATTTTTATT TTGGAAGAAT 2371
CATGITACCT TTTTGIT, dr T LCGAATTC 2409

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:6:
GGGGGGCTCG AGATGACGCG CGGCTTGCGC AATGC 35
(2) INFORMATION FOR SEQ ID NO:7:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 26 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: lineax

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:7:
GGGGGGATCG ATTTCATCAT CATACA 26
(2) INFORMATION FOR SEQ ID NO:8:

(i} SEQUENCE CHARACTERISTICS:
(A) LENGTH: 29 base pairs
(B) TYPE: nucleic acid .
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear



86 (2) 1 NFORMATI ON FOR SEQ | D NO 21: (i) SEQUENCE

CHARACTERI STI CS: (A) LENGTH: 677 ami no acids (B)
TYPE: am nywoees/ag709 (D) TOPOLOGY: |i near (PCTrUssdgaisL E
TYPE: - protein (xi) SEQUENCE DESCRI P I ON: SEQID NO21: Mt Pro Ay
Phe Leu Val Arg Ile Leu Leu Leu Leu Leu Val dLeu Leu 1 5

10 15 Leu Leu Ay Pro Thr Arg Ay Leu Arg Asn Ala Thr
G@n Arg Met Phe 20 25 30
Gu lle Asp Tyr Ser Arg Asp Ser Phe Leu Lys Asp Gy dn Pro Phe : 35
40 45 Arg Tyr Ile Ser Ay Ser Ile Hs Tyr Ser Arg Val
Pro Arg Phe Tyr 55 60 Trp Lys
Asp Arg Leu L%‘e) L%@UEE@E PHSCREPIIN :9 SER\ID ¥@:8Asn Ala |le 65

70 80 dn Thr Tyr Val Pro Trp Asn
Phe Hi s CGPECISCEETS &Gﬁf?%cé"%‘/ GERACTSHS 85 29 90
95 dn Phe Ser Qu Asp H's Asp Val GQu Tyr Phe Leu Arg Leu Ala H s

100 (2) INF°R”ATI%5F°R SEQ ID NO:9: 110 Qu Leu Gy Leu Leu Val Ile

Leu Arg Pro G Al 115 120
125 du Trp éXh %UI W%gﬁlﬁssm a Trp Leu Leu Qu Lys GQu Ser

130 e elzs:cfgm 140 Ile Leu Leu Arg Ser Ser Asp
Pro Asp Tyr Leu Al 145 150

155 E%D; P gyea?i? Val Leu Leu Pro Lys Met Lys Pro Leu
Leu Tyr @ n Asn 170

175

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:9:
GGGGGGATCG ATCCCTCAGA AGCTGGTGTG 30
{2) INFORMATION FOR SEQ ID NO:10:
(i) SEQUENCE CHARACTERISTICS:
- {A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:10:
CCCCCCCTCG AGACCTGTCC CCCCCATGGA G 31
(2) INFORMATION FOR SEQ ID NO:1i1l:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 31 base pairs
(B) TYPE: nucleic acid

(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:11:

CCCCCCATCG ATGTGGGCTC ACAGAGGGCG C 31



180
Leu
205
210
Al a
235

245

Leu

270
275
I'le
300
310
Pro
335
340
Val

365
370

Gy Pro Val Ile Thr Val @dn Val AQu Asn Qu Tyr Ay Ser Tyr

185 190 Phe Ala Cys Asp Phe Asp Tyr
Arg PWOB%&W%” Lys Arg Phe Arg 195 PCT/USOS A5
H's Hs"Ceu y Asp Asp Val Val Leu Phe Thr Thr Asp Ay Ala His

215 290 ‘Lys Thr Phe Leu Lys Cys Gy
Leu dn @y Leu Tyr Thr Thr Val 225 230

240 87

Phe Gy Iﬁ?onﬁx’k’m'ﬁe?or@\%@glﬂnena'hrz Asp Ala Phe Leu Ser A n Arg
255 Lys Cys GQu Pro Lys Ay Pro

Ile Asn Sen &@uﬁhe ARRATTERTEF 1S : 260 265
Trp Leu Asp Ihs LER@rHd y5 GaBe Rradrsi s Ser Thr Ile Lys Thr Gu Al a
(B) 28BE: nucleic acid 285 Val Ala Ser Ser Leu Tyr Asp
Leu Ala Arg Glg) ArarSEpNBAs: fiswle 290 295
Leu Tyr Met Phe ToPeLAGYy 1@ngafihr Asn Phe Ala Tyr Trp Asn Gy Ala 305
315 320 Asn Ser Pro Tyr Ala Ala Gn
Thr Ser Tyr Asp Tyr Asp Ala Pro 325 330
Leu Ser Gu Ala Ay Asp Leu Thr Qu Lys Tyr Phe Ala Leu Arg Asn
345 350 IIeIIeGInLys Phe A u Lys
Pro Qu Gy Pro lle Pro Pro 360
Thr Pro‘{yssﬁ%‘égNﬁFaDWFI@IWLﬁQ\Ef N‘?h’rz Leu G u Lys Leu Lys Thr
ATAAAGGCGG TCCT’I‘%CAGG GGGCAGCCCC TTCTA 380 35

{2) INFORMATION FOR SEQ ID NO:13:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 35 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:13:
GGGGCTGCCC CCTGAAAGGA CCGCCTTTAT CAARG 35
{2) INFORMATION FOR SEQ ID NO:14:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 33 base pairs
(B} TYPE: nucleic acid
{C) STRANDEDNESS: single
{D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:14:
GGGGGGCTCG AGCCCCGACA CCGCGGCGGGE CCG 33
(2) INFORMATION FOR SEQ ID NO:15:

(1) SEQUENCE CHARACTERISTICS: .
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear



Val
390
Adn
415
420
Hi s
445
450
Thr
475
Lys
Ser
500
Val
525
Ay
540
550
Asp
575
580

Gy Ala Ala Leu Asp Ile Leu Cys Pro Ser Ay Pro Ile Lys Ser 385

395 400 Leu Tyr Pro Leu Thr Phe Ile
Val Lywodsrsordos Tyr @y Phe Val 405 PCT/US98/00715 410
Leu Tyr Arg Thr Thr Leu Pro G n Asp Ser Asn Pro Ala Pro Leu
425 43 Ser Ser Pro Leu Asn Gy Val
Asp Arg Ala Tyr Val Ala Val Asp 435 440
Gy lle Pro dn dy Val Leu Gu Arg Asn Asn Val Ile Thr Leu Asn
455 460 Ile Thr Ay Lys Ala Ay Al a
Leu Asp Leu Leu Val G u Asn Met 465 470
480 dy Arg Val Asn Tyr Ay Ala Tyr Ile Asn Asp Phe
dy Leu Val 485 490 495
Asn Leu Thr Leu Ser Ser Asn_lle Leu Thr Asp Trp Thr 1le Phe
x1) SEQUEHEE DESCRIPTION: SEQ ID-¥B:1%r o Leu Asp Thr Gu Asp Ala
Arg S 515 520
GG&SG%ATE(? LLT@C¥GA§G¥ z;.rmrcq'sa.n}éc 88 Hs Arg As:’é) Ser
H s H Asn Ser Ser 530 535
f;%ﬁﬁ Iélk-gam-g Sls Met Ay Asn Phe Ser Ile Pro Ser 545
(1) é@cmc'rmlsrxcs. 560 Gy Ile Pro Asp Leu Pro @n
Thr Phe Ile )P Bndt0 {d Yadd Dairs 565 570
Thr Lys Gy Gg) ¥ede.Thikldie fsa Gy Phe Asn Leu Gy Arg Tyr Trp

(c)O8BRANDEDNESS: single 590
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:16:

GGGGGGCTCG AGAACAACAT CACCATGACA 30

(2) INFORMATION FOR SEQ ID NO:17:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 30 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:17:

GGGGGGATCG ATTCANACDA TNGCYCTRAA 30

(2) INFORMATION FOR SEQ ID NO:18:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 37 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:18:



Pro Ala Arg Ay Pro G n Leu Thr Leu Phe Val Pro An H s Ile Leu 595

EOO auT 605 Met Thr Ser Ala Pro Asn Thr Ile Thr Val Leu Qu
eu u Tr 610 615 CTAAS S
Ser Ser Asg'ois%(l‘{g?o G u Leu Cys Ala Val Thr Phe Val Asp 62§ BoeRS
630 635 68D Arg Pro Val Ile @y Ser Ser
Val Thr Tyr Asp H's Pro Ser Lys Pro 645 650
655 Val Qu Lys Arg Leu Met Pro Pro Pro Pro A n Lys Asn Lys Asp Ser

660 rceaceaTee cob@dscees ccecarcear ereeads/0  Trp Leu Asp His Val 37

675 (2) | NFORVATI ON FOR SEQ I D NO 22: (i) SEQUENCE CHARACTERI STI CS:
(A) LENGTkb) T&3drbasen p@rrseo 10 No:19: (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (1 x) FEATURE:

(A) NAVE/ KEY: (©PSEQUENCE CHARACBER1ISDTAT!I ON: 13.. 1617 (xi) SEQUENCE
DESCRI PTI ON:  SEQ (@) N&Ng2H: 3BERETees AC ATG CTG GGG CCC TGC ATG CTG CTG
CTG CTG CIG CTG (B) TYPE: nWtBeic acid Met Leu Gy Pro Cys Met Leu Leu
Leu Leu Leu Leu (C) STRANDEDNESS: Jsingle 5 10 CTG
GGEC CTG AGG CTA CAB) CIRBOLRCeY :CFin&8C ATC ATC CCA GIT GAG GAG 96 Leu
Gy Leu Arg Leu An Leu Ser Leu Ay Ile lle Pro Val u Qu 15

20 25 : 89

(xi) SEQUENCE DESCRIPTION: SEQ ID NO;19:
CGCGTCGACA TCGATGCGEC CGCCCGGGCG GATCC 35
(2) INFORMATION FOR SEQ ID NO:20:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 2409 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 61..2091

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:20:

GAATTCGGGC GCGAAGCGGC CGGCCTGGGC GCCGACTGCA GAGCCGGGAG GCTGGTGGTC 60
ATG CCG GGG TTC CTEG GTT CGC ATC CTC CTT CTG CTG CTG GTT CTG CTIG 108
Met Pro Gly Phe Leu Val Arg Ile Leu Leu Leu Leu Leu Val Leu Leu
1 5 10 15
CTT CTG GGC CCT ACG CGC GGC TTG CGC AAT GCC ACC CAG AGG ATG TTT 156
Leu Leu Gly Pro Thr Arg Gly Leu Arg Asn Ala Thr Gln Arg Met Phe
20 25 30

GAA ATT GAC TAT AGC CGG GAC TCC TTC CTC AAG GAT GGC CAG CCA TTT 204
Glu Ile Asp Tyr Ser Arg Asp Ser Phe Leu Lys Asp Gly Gln Pro Phe

. 35 40 45
CGC TAC ATC TCA GGA AGC ATT CAC TAC TCC CGT GTG CCC CGC TTC TAC 252
Arg Tyr Ile Ser Gly Ser Ile His Tyr Ser Arg Val Pro Arg Phe Tyr

50 55 60
TGG AAG GAC CGG CTG CTG AAG ATG AAG ATG GCT GGG CTG AAC GCC ATC 300

Trp Lys Asp Arg Leu Leu Lys Met Lys Met Ala Gly Leu Asn Ala Ile



GAG AAC CCG GAC TTC TGG AAC CGC GAG GCA BCC GAG GCC CTG GaGI cce 144

Au
35
CTC
Leu
TTC
Phe
65
CTG
Leu
90
336
95
ACA
Thr
120
432
130

155
528
160

185
624
195
GAC
ASp
220

Asn Pro Asp Phe Trp Asn Arg Qu Ala Ala Qu Ala Leu Ay Ala 30
40 GCC AAG AAG CTG CAG CCT GCA CAG ACApEFRiosssidaidAG AAC
ATC ATHO98BOM 195 A'a Lys Lys Leu Gn Pro Ala @ n o o L!)%? Asn
lle Ile 45 50 83 55 60
CTG GGC GAT GGG ATG GGG GIG TCT ACG GIG ACA GCT GCC AGG ATC 240
Leu Gy Asp Ay Met Ay Val Ser Thr Val Thr Ala Ala Arg Ile
65 70 70 75 4GTA AAA GGG CAG AAG AAG GAC AAA
GGG CCT GAG ATA CCC CTG GCC 288 Leu Lys Gy dn Lys Lys Asp Lys

Ay Pefc@dé A ofsocdeetcdrdc TTT cAT aac cccBBce ccA GeA cac Tac | 85 348
ATG Géin Gz TWHC Vel ArbATriChen Gt HIGEICOAAGPAGLC TAY AWl T¢f A GAC
Met Asp Arg Phe Prosgbyr Val Ala Leu Ser Lys Thr Tyr Ash Val Asp
100 105 AAA CAT GIG CCA GAC AGT GGA GCC

CCC ACt: 8¢ TAL 08T GALCCATSGAT GTG GAA 332 TRISCPY SCHATCPECT A3P Ser A9 Al a
Al a Ttn/Adre Fyr GlelAPyBisGApp Val ¢IY Tyr Phe Leu Arg Leu AlH His

GTC AAG GGC AAGOTTC CAG ACC ATT1@GEC TTG AGI GCA @CC GCC CGC TTT
Val Lys Ay Asn Phe An Thr Ile Gy Leu Ser Ala Ala Ala Arg Phe 125

GAG CTG GGA CFGSCTG GTT ATC CTG AGG CCEAGRG B TARATECESNECAACG ACYEACCT

AAC GSB:CGRE ANC Uped-eGTirATd= Agp Arg Pro QFS’OP%%rTYG Tteciys AR Thr Thr Arg

Asn G u VaI H% Ser VaI I\/Et A&zr? 5145 150
OGG GCC

G G G A T C T,
o AR B W TR i vg;gggzg? e ag
ACCTACdi‘(ECACACGGTGAA" CGC 576 VAl Gn Hs Ala Ser Pro Al a
Thr T cﬁc;7 A GCT GTG GAC ang 180 549

c GAG GGG

Asn Tr Va Pro Kla r AIa Arg Gnléou Ay 190

0 TGC CAG GAC ATC GCT ACG CAG CTC ATC TCC AAC ATG
ATT Ghge e cea atc cﬁ7%'r@(ﬁrc% AS® dakecd ardutcGhar bael dalre Ser #an Met
Il e AsppMViadu 309 val Leu Leu Pro Lys ¥4€ Lys Pro Leu Leu Tyr G2dfasn

165 170 178

GGA GGG CCA GTT ATA ACA GTG CAG GTT GAA AAT GAA TAT GGC AGC TAC 636
Gly Gly Pro Val Ile Thr Val Gln Val Glu Asn Glu Tyr Gly Ser Tyr
180 185 190

TTT GCC TGT GAT TTT GAC TAC CTG CGC TTC CTG CAG AAG CGC TTT CGC 684
Phe Ala Cys Asp Phe Asp Tyr Leu Arg Phe Leu Gln Lys Arg Phe Arg
195 200 205

CAC CAT CTG GGG GAT GAT GTG GTT CTG TTT ACC ACT GAT GGA GCA CAT 732
His His Leu Gly Asp Asp Val Val Leu Phe Thr Thr Asp Gly Ala His
210 215 220

AAA ACA TTC CTG ARA TGT GGG GCC CTG CAG GGC CTC TAC ACC ACG GTG 780
Lys Thr Phe Leu Lys Cys Gly Ala Leu Gln Gly Leu Tyr Thr Thr Val
225 230 235 . 240

GAC TTT GGA ACA GGC AGC ARC ATC ACA GAT GCT TTC CTA AGC CAG AGG 828
Asp Phe Gly Thr Gly Ser Asn Ile Thr Asp Ala Phe Leu Ser Gln Arg
245 250 255

AAG TGT GAG CCC AAA GGA CCC TTG ATC AAT TCT GAA TTC TAT ACT GGC 876
Lys Cys Glu Pro Lys Gly Pro Leu Ile Asn Ser Glu Phe Tyr Thr Gly
260 265 270

TGG CTA GAT CAC TGG GGC CAA CCT CAC TCC ACA ATC AAG ACC GAA GCA 924
Trp Leu Asp His Trp Gly Gln Pro His Ser Thr Ile Lys Thr Glu Ala
275 280 285

GTG GCT TCC TCC CTC TAT GAT ATA CTT GCC CGT GGG GCG AGT GTG AAC 972



ATC
I'le
225
AGC
Ser
250
GIG
Leu
260
GAC
Asp
CTC
Hi s
290
CcCcC
Pro
310
TTC
Phe
GAG

CTA GGI' GGA GGC CGA AAG TAC ATG TTT CCC ATG GGA ACC CCA GAC 720
Leu dy Ay Ay Arg Lys Tyr Met Phe Pro Met Gy Thr Pro Asp

230 235 OCT GAG TAC TAC
caa oV OB AGG CTG GAC GaG 768 Pro 4 u Tyro;% Es‘%igp Tyr

Gn Ay Ay Thr Arg Leu Asp vy 84 240 245
90 AAG AAT CTG
CAG GAA TGG CTG GCG AAG CGC CAG GGT GCC CGG TAT 816 Lys Asn

Val n al As 255
il %ﬁ% JJ”OSE%&I %r”a%glﬁ%“c%% %&? %@%TEXJFA%'GICAAC’;‘ GCT TCC CTG

CCG TCT GIG 864 Val Trp Asn Arg Thr Qu Leu Met A n Ala Ser Leu
Pro Setc Mak atc T27 ATA GGT GGG Acc AAT TREF ®Cc TAT TG AAT Gae ccc280 Ay CAT
ATG CGgdu @l Mekl pG16(@1yCely @AC MhCrAAALT AfyrGifp AdC Gly Ala 912 Thr
Leu Msbs Gy Leu Phe GaoPro Ay Asp Metaibkys Tyr G u |l e3z85

295 300 CAC CGA GAC TCC ACA CTG GAC
TCC CA2 AT RAGTAT GCACIHCAGALS @CT ACC AGC TAOGEACHTAT ART) GAspcc@er Thnokeu Asp
Ser Lasn Metr Btcu TietAlRhAlaGEin Ara Thr Ser Tyr Asp Tyr A8PFla Pro

315 GCC CTG CGC C¥® CTG AGC AGG AAGSCCC CEC GeC TTC
CTC TTC GIG 1008 Ala Leu Arg Leu Leu Ser Arg Asn Pro Arg Ay Phe
Leu PRECG WL GAG GCT GGG GAC3UTC ACT GAG AAG TAT TTT3GECY CTG CGA AAC 111830

GGT GBT+ e APCALACLEASGETY GAY GATLERAYARDATS GET AFBCAEGG

1056 Gu dy dy Ar@‘*?le Asp Hs Ay**%is His du Ser3ﬁ\?g Ala Tyr Ar g

TTC
Met
360

ATC ATG

GAC GAFC CCa aah GGT ‘6—'&" CaCE%lFC‘?‘h'FCTG TPn“‘fI
e gp g amilinme e o 2 T EHGR AT
CAG CTC A RGC GAG GAG GAC3R CTG AGC CTC &t ACT GCC GAC CAC

1152 A n ke LAramdfrrf diaGdr 680 alB ol lertre &Y YA rliang! RSP HiSysp

Thr Pro Lys Phe Ala Tyr Gly Lys Val Thr Leu Glu Lys Leu Lys Thr

370 375 380
GTG GGA GCA GCT CTG GAC ATT CTG TGT CCC TCT GGG CCC ATC AAA AGC 1260
Val Gly Ala Ala Leu Asp Ile Leu Cys Pro Ser Gly Pro Ile Lys Ser
385 350 395 400
CTT TAT CCC TTG ACA TTT ATC CAG GTG AAA CAG CAT TAT GGG TTT GTG 1308
Leu Tyr Pro Leu Thr Phe Ile Gln Val Lys Gln His Tyr Gly Phe Val
405 410 415
CTG TAC CGG ACA ACA CTT CCT CAA GAT TGC AGC AAC CCA GCA CCT CTC 1356
Leu Tyr Arg Thr Thr Leu Pro Gln Asp Cys Ser Asn Pro Ala Pro Leu
420 425 430
TCT TCA CCC CTC AAT GGA GTC CAC GAT CGA GCA TAT GTT GCT GTG GAT 1404
Ser Ser Pro Leu Asn Gly Val His Asp Arg Ala Tyr Val Ala Val Asp
435 440 445
GGG ATC CCC CAG GGA GTC CTT GAG CGA AAC AAT GTG ATC ACT CTG AAC 1452
Gly Ile Pro Gln Gly Val Leu Glu Arg Asn Asn Val Ile Thr Leu Asn
450 455 460
ATA ACA GGG AAA GCT GGA GCC ACT CTG GAC CTIT CTG GTA GAG AAC ATG 1500
Ile Thr Gly Lys Ala Gly Ala Thr Leu Asp Leu Leu Val Glu Asn Met
465 470 475 480
GGA CGT GTG AAC TAT GGT GCA TAT ATC AAC GAT TTT AAG GGT TTG GTT 1548
Gly Arg Val Asn Tyr Gly Ala Tyr Ile Asn Asp Phe Lys Gly Leu Val
485 490 495
TCT AAC CTG ACT CTC AGT TCC AAT ATC CTC ACG GAC TGG ACG ATC TTT 1596

Ser Asn Leu Thr Leu Ser Ser Asn Ile Leu Thr Asp Trp Thr Ile Phe
500 505 510



365 370 375 380 TCC CAC
GIC TTC TCC TTC GGA GGC TAC CCC CTG CGA GGG AGC TCC ATC 1200 Ser
H's Val PhgoRkeigde Gy Gy Tyr Pro Leu Arg Gy Ser Ser |l epctusesmooris

385 .. 390 395 TTC GGG CTG GCC CCT GCC AAG
GCC CGG GAC AGG AAG GCC TAC ACG GIC 851248 Phe Ay Leu Ala Pro Ay
Lys Ala Arg Asp Arg Lys Ala Tyr Thr Val 400 405
410 CTC CTA TAC GGA AAC GGI' CCA GGC TAT GIG CTC AAG GAC GGC GCC CGG

1296 Leu ken chwrcAd KePsAc@Ear BeA daey cdy moYadad-etc lase &6 rekYedd @ Ardgaq

415 Pro Leu Asp THZ@lu Asp Ala Val Arg sed2iis CEGEBATe TrpEyGAG AGC GAG
AGC GGG AGC CCC §AG TAT CGG CAG A6 1344 Bre Asp Val Thr A u Ser
GQu Ser Ay Ser Pro Gu Tyr Arg dn dn 430 435

440 TCA GRA BTGACECTRBECGHC CAA GBAGCCHCCCEARTCCEAC @BE BAGTEACrdETG CCos92
1392 Ser Aia Avgl AdRr ety i Ghis ASpuGTnRlkl BrpARBa Eliy A3y sAspsedal Al a 445
450 530 455 535 460 S€&TG TTC GCG CGC GGC CCG CAG
GCG CAC CTG GIT CAC GGC GIG CAG GAG 1440 Val Phe Ala Arg Ay Pro

G n Al a HRBEC|TAG AGH CFf $CG §CO/ZFT (JAT &FG GGG AAC TTC TCC ATT CCC AGT 1740

91 Asn Tyr Thr Leu R¢85Ala Phe Tyr Met Gly Agpophe Ser Ile Pro Ser 475 CAG
ACC TTC A¥A5 GCG CAC GIC AT?39GCC TTC GCC GCC3PGC CTG GAG CCC 560 1488 d n
Thr PheIIeAIaHlsVaI Met Ala Phe Ala Al a s Leu Gu Pro 480
485 GGG ATC CCA GAGJFC SUCCABCEASRCTEE @&"g 5% TEEGBUESEREESGrC GRE8ACC
ACC GAC GBY éé:@ Pro Asp %83%’%9?“1%? A P&gsnﬁsﬁlié’&eAF%P |5HS BPo Ala Gy Thr

Thr Asp Ala Al a 500 505 CAC
00 o0 Gt 16 gg&ﬁ%m B BB O e 30 M
10 Y Arflr %5 v Prgrde L& Oasrfier @y afy ‘B¥ Trp
515 58 : 585 550
CCA GCC CGG GGC CCT CAG TTG ACC TTG TTT GTG CCC CAG CAC ATC CTG 1884
Pro Ala Arg Gly Pro Gln Leu Thr Leu Phe Val Pro Gln His Ile Leu
595 600 605
ATG ACC TCG GCC CCA AAC ACC ATC ACC GTG CTG GAA CTG GAG TGG GCA 1932
Met Thr Ser Ala Pro Asn Thr Ile Thr Val Leu Glu Leu Glu Trp Ala
610 615 620
CCC TGC AGC AGT GAT GAT CCA GAA CTA TGT GCT GTG ACG TTC GTG GAC 1980
Pro Cys Ser Ser Bsp Asp Pro Glu Leu Cys Ala Val Thr Phe Val Asp
625 630 635 640
AGG CCA GTT ATT GGC TCA TCT GTG ACC TAC GAT CAT CCC TCC AAA CCT 2028
Arg Pro Val Ile Gly Ser Ser Val Thr Tyr Asp His Pro Ser Lys Pro
645 650 655
GTT GAA AAA AGA CTC ATG CCC CCA CCC CCG CAA AAA AAC AAA GAT TCA 2076
Val Glu Lys Arg Leu Met Pro Pro Pro Pro Gln Lys Asn Lys Asp Ser
660 665 670
TGG CTG GAC CAT GTA TGATGATGAA AGCCTGTGTC TTTGAGGGAT TCTACCCTGA 2131
Trp Leu Asp His Val
675

ACATACCTCA CAGATCCTCC CTGTCATGCC ACATTTCACT GATTGGAATG TGGAAATGGA 2191
ARAGGAATTT AGGATGTGCA TTTTCACCTG AGGTTTCCCT GCATCCCTGC AGTGCCAAAG 2251
CCCCACCTTC AGGGACCACC TGGAATGTGT GAGGGGCTGA CAGCACAGTA ACGTGCATAC 2311
ATATCTGCAG GGCTGGAATG GAAGCTTTAA AGGTGGTAGT GATTTTTATT TTGGAAGAAT 2371

CATGTTACCT TTTTGTTAAA TAARATTTGC CCGAATTC 2409



ACC CTG CTG CTG CTG GAG ACG GCC ACT GCT CCC TGAGIGICCC GICCCTG 1634

Thr Leu Leu Leu Leu Qu Thr Ala Thr Ala Pro 525 530

535 (2 blgs§#T! ON FOR SEQ | D NO. 23: (i) SEQUENGEUS9s/07IS
CHARACTERI STI CS: (A) LENGTH: 535 ami no acids

(B) TYPE: amino acid (D) TORR&.OGY: |inear (ii)
MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTION: SEQ I D NO 23: Met
Leu Gy Pro Cys Met Leu Leu Leu Leu Leu Leu Leu Gy Leu Arg 1

5 (2) INFORMATICNOFOR SEQ ID NO:21: 15 Leu G n Leu Ser Leu Ay lle lle
Pro Val Qu Qu du Asn Pro Asp 20 25

30 Phe Trp Asn(ifr seaBeNCRcainbereeisridsa Leu Ay Ala Ala Lys Lys Leu

35 40 LENGTH: 677 amino acid45 G n Pro Ala G@n Thr Ala Ala
Lys Asn Leu Ile Il e ®BheT{RR1 @hinoAgpid 50 55

60 Ay Met dy Val (SérTQHﬂLO%d lThearAla Ala Arg Ile Leu Lys Ay @ n 65

70 80 Lys Lys Asp Lys Leu Ay Pro
Gu lle Pro Leltihl %PWEUL%S"%’PN PrPhein 85 90
95 Pro Tyr Val Ala Leu Ser Lys Thr %r Asn Val Asp Lys His Val Pro

100 (xi) SEQP@BCE DESCRIPTION: SEQ ID) §: 21Asp Ser Ay Ala Thr Ala Thr

Ala Tyr Leu C%/‘h Val L)(’ 120
125 Phe "BEn* F1Y|Pé‘ed‘§/“ \G rIJA? A %F“AF%“AP@ Bk VAL rFeel kewys Asn
Leu Leu Gly Pro Thr Arg Gly Leu Arg Asn Ala Thr Gln Arg Met Phe

20 25 30

Glu Ile Asp Tyr Ser Arg Asp Ser Phe Leu Lys Asp Gly Gln Pro Phe
35 40 45

Arg Tyr Ile Ser Gly Ser Ile His Tyr Ser Arg Val Pro Arg Phe Tyr
50 55 60

Trp Lys Asp Arg Leu Leu Lys Met Lys Met Ala Gly Leu Asn Ala Ile
65 70 75 80

Gln Thr Tyr Val Pro Trp Asn Phe His Glu Pro Trp Pro Gly Gln Tyr
' 85 90 95

Gln Phe Ser Glu Asp His Asp Val Glu Tyr Phe Leu Arg Leu Ala His
100 105 110

Glu Leu Gly Leu Leu Val Ile Leu Arg Pro Gly Pro Tyr Ile Cys Ala
115 120 125

Glu Trp Glu Met Gly Gly Leu Pro Ala Trp Leu Leu Glu Lys Glu Ser
130 135 140

Ile Leu Leu Arg Ser Ser Asp Pro Asp Tyr Leu Ala Ala Val Asp Lys
145 150 155 160

Trp Leu Gly Val Leu Leu Pro Lys Met Lys Pro Leu Leu Tyr Gln Asn
165 170 175

Gly Gly Pro Val Ile Thr Val Gla Val Glu Asn Glu Tyr Gly Ser Tyr
180 185 190 :

Phe Ala Cys Asp Phe Asp Tyr Leu Arg Phe Leu Gln Lys Arg Phe Arg
195 200 205

His His Leu Gly Asp Asp Val Val Leu Phe Thr Thr Asp Gly Ala His
210 215 220

Lys Thr Phe Leu Lys Cys Gly Ala Leu Gln Gly Leu Tyr Thr Thr val
225 230 235 240



92 130 135 140 Thr Thr Arg Ay Asn

GQu Vval Ile Ser vVal Met Asn Arg Ala Lys Lys 145 150

155 woosso0e 160 Ala Ay Lys Ser Val Ay Val Val TheciiisesiterisAr g
Val Gn Hs A a 165 170

175 Ser Pro Ala Gy Thr Tyr Ala His Thr VT Asn Arg Asn Trp Tyr Ser

180 185 190 Asp Ala Asp Val Pro Ala Ser
Ala Arg An Gu Gy Cys An Asp Ile 195 200

205 Ala Thr G@n Leu Ile Ser Asn Met Asp Ile Asp Val Ile Leu Ay Ay

210 Asp Phe Gly TERAGly Ser Asn Ile Thr AsP20a KHeyLéw BekyGlrilwrgMet Phe Pro
Met Ay Thr Pro Asp Pre@sa&d u Tyr Pro 225250 230

235 240 Asp Asp Tyr Ser An Ay Ay Thr Arg Leu Asp Ay

Lys Asn Lbys ¢k Glu Pro Lys Gly Pro Z4§ Ile Asn Ser Glu Phe Zyg Thr Gly
255 dn du Trp LeBdAW a Lys Arg A n2€8y Ala Arg Tyr %8l Trp Asn Arg

260 265 270 Thr Au Leu Mt dn Al a Ser
Leu Asp PFp Sep Agpl High/Trpj @y 8in gp His Ser Thy7hle Lys Thr Glu Ala  pg(

285 dy Leu Phe”@u Pro Ay Asp 2Bt Lys Tyr Glu PR H's Arg Asp Ser

29
a 8 Vet THRL Gla $8%a S% &‘eEe"{YrAP‘gp 126 %‘?3‘5”3 Arg GlY / USeAS Fnda 58T Leu Mt

315 320 Leu Arg Asn Pro AY @y Phe Phe Leu Phe Val

€]
335 | Ve gsé‘ab TM?s”eé R 4 &1{13% Sh‘i\ls‘%lafﬁr }KFE;%%?‘ “Peditnr G u
340 345 Thr 1le Met Phe Asp Asp Al a
Ile GGUU%%!&gpg%Tg q\lkeﬂaTBin% Thr Ser Ty§5§’sp Tyr Asp Ala Pro 360

365 r LeysSer Leu Val ThryfNla Asp Hi's Serzkks Val Phe
370 375 380
Leu Ser Glu Ala Gly Asp Leu Thr Glu Lys Tyr Phe Ala Leu Arg Asn

340 345 350

Ile Ile Gln Lys Phe Glu Lys Val Pro Glu Gly Pro Ile Pro Pro Ser
355 360° 365

Thr Pro Lys Phe Ala Tyr Gly Lys Val Thr Leu Glu Lys Leu Lys Thr
370 - 375 380

Val Gly Ala Ala Leu Asp Ile Leu Cys Pro Ser Gly Pro Ile Lys Ser
385 390 395 400

Leu Tyr Pro Leu Thr Phe Ile Gln Val Lys Gln His Tyr Gly Phe val
405 410 415

Leu Tyr Arg Thr Thr Leu Pro Gln Asp Cys Ser Asn Pro Ala Pro Leu
420 425 430

Ser Ser Pro Leu Asn Gly Val His Asp Arg Ala Tyr Val Ala Val Asp
435 440 445

Gly Ile Pro Gln Gly Val Leu Glu Arg Asn Asn Val Ile Thr Leu Asn
450 455 460 -

Ile Thr Gly Lys Ala Gly Ala Thr Leu Asp Leu Leu Val Glu Asn Met
465 470 475 480

Gly Arg Val Asn Tyr Gly Ala Tyr Ile Asn Asp Phe Lys Gly Leu Val
485 490 495

Ser Asn Leu Thr Leu Ser Ser Asn Ile Leu Thr Asp Trp Thr Ile Phe
500 505 510

Pro Leu Asp Thr Glu Asp Ala Val Arg Ser His Leu Gly Gly Trp Gly
515 520 525



Ser Phe Ay Ay Tyr Pro Leu Arg Ay Ser Ser Ile Phe Ay Leu Ala 385
390 395 400 Pro Ay Lys Ala Arg Asp Arg

Lys Ala T | Leu Leu Tyr Ay 405 410
415 Asn @91&5"8}(‘%y Tyr Val Leu Lys Asp Gy Ala Arg Pro ASSTEPSHRTS
420 425 4189

93 GQu Ser Au Ser Ay Ser Pro Qu Tyr Arg Adn A n Ser Ala Val Pro
435 440 445 Leu Asp Gu Gu Thr Hs A a
Gy Gu

460 Gy ﬁ Aglase\{aéﬁlsfﬁgﬁ%% ey f‘l’\/gfp & U e he I1e 465
470 475 480 Ala H's Val Met Ala Phe Al a
Ala Cys Lgh '@ﬂv‘ TRE GelYbrol Bia BHR &S Met Gly Asn Phe Ser 482 pro ser 490
495 Asp dqeu Ala Pro Pro Aka Gy Thr Thr AgpsAla Ala His Prggddy Arg

500 505 510 Ser Val Vval Pro Ala Leu Leu
Pro Leu laay Alep&d Vasphied @do ldth h€d! Thr Phe I1&Xn Phe Pro Gly Trp 520

525 Leu Au Thr Ala Tékss Ala Pro 53970 57335 (2)

| NFORMATI ON FOR SEQ | D NG 24: (1) SEQUENCE CHARACTERI STI CS:

(A) LENGHHr fys181pase p&li Itsp Ile Asn Gly(Ble E¥PHeunchy arg Bei thp (O
STRANDEDNESS: si nglsso (D) BBPOLOGY: |inear 590

Pro Ala Arg Gly Pro Gln Leu Thr Leu Phe Val Pro Gln His Ile Leu
595 600 605

Met Thr Ser Ala Pro Asn Thr Ile Thr Val Leu Glu Leu Glu Trp Ala
610 615 620

Pro Cys Ser Ser Asp Asp Pro Glu Leu Cys Ala Val Thr Phe Val Asp
625 630 6§35 640

Arg Pro Val Ile Gly Ser Sexr Val Thr Tyr Asp His Pro Ser Lys Pro
645 650 655

Val Glu Lys Arg Leu Met Pro Pro Pro Pro Gln Lys Asn Lys Asr Ser
660 665 670

Trp Leu Asp His Val
675

(2) INFORMATION FOR SEQ ID NO:22:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 1634 base pairs
(B) TYPE: nucleic acid
(C} STRANDEDNESS: single
(D) TOPOLOGY: linear

{ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 13..1617

{xi) SEQUENCE DESCRIPTION: SEQ ID NO:22:

TGCCCTCCAG AC ATG CTG GGG CCC TGC ATG CTG CTG CTG CTG CTG CTG 48
Met Leu Gly Pro Cys Met Leu Leu Leu Leu Leu Leu
1 5 10
CTG GGC CTG AGG CTA CAG CTC TCC CTG GGC ATC ATC CCA GTT GAG GAG 96

Leu Gly Leu Arg Leu Gln Leu Ser Leu Gly Ile Ile Pro Val Glu Glu
15 20 25



(ix) FEATURE: (A) NAVE/ KEY: CDS (B) LOCATION: 7..1137
(xi) SEQUENCE DESCRI PTION: SEQ I D NO 24: GGAACC ATG GAG CTC AGC GTC CTC

CTC TTC GHlp 88#d7697C CTC ACA GCC 48 Met G u RCUSBIO0TAS| Leu
Leu Phe Leu Ala Leu Leu Thr Gy 5

10 CTC TTG CTA CTC CTG GIT CAG CGT CAC CC8I9AAC TCC CAT GCC ACC CTC
96 Leu Leu Leu Leu Leu Val @ n Arg H's Pro Asn Ser Hs Ay Thr Leu 15

20 25 30 CCA CCA GGG CCC CEC CCT CT1G ccC
CTT TTG @36 RACcEd TeACT@rCAGGANKE CGC GAG QCW! GPE sARr 6CECYGRGY Acg Pro Leu Pro
Leu Leu @1y Asm rkelAdpeBhédMrpMedn Arg Glu Ala Ala Glu ABD Leu Gly Ala 40

45 GAC AGA ABA GCC CTA CTC AA%R TCC TTT CTG AGROTTC CGA GAG AAA TAT

192 Asp Arg Arg Ay Leu Leu Lys Ser Phe Leu Arg Phe Arg A u Lys Tyr
50 GCC AAG AAG CTGSCAG CCT GCA CAG ACA G@R) GCC AAG AAC CTC ATC ATC 192

94 CORlEALY GHgs THRE AUG Rop AR leAGlETIBr R At ISR eoRemTB GIE= ATG CTG
240 Gy A45 Val Phe Thr Val*®H s Leu Gy Pro5i\rg Pro VaI VaI ﬁ/ﬁt Leu

65 70 75 G_GCC ATA CGG
G TCT ACG G c G
GAS Gcg E?FG @%g@ﬁcﬁ%s %ﬁ‘ééftcﬁ%‘ é&gsﬂ . (Yg§ Tﬁg/Ma A"ga\@g ?FQSAI a 1#¥ Arg

90 TTCTCTGGCCGGGGA%AAATCGTCATCAOI'GGACCCAGTC‘IJA?CCAGGGA

336 Phe SCe'I‘rA GéEgCA J;ylékGl JS£C Xﬁl\ A’IIG G n < y
A mac & &&GM% B T f’?g %L%ﬁlg 3 Phe Ala AS

GGA eu Phe Al a Asn
Gy Asn Arg Trp Lys Val Leu Arg Arg
ATG GAC CGC TTC CCA TAT GTG GCT CTG TCC AAG ACA TAC AAT GTA GAC 336
Met Asp Arg Phe Pro Tyr Val Ala Leu Sexr Lys Thr Tyr Asn Val Asp
95 100 105
AAA CAT GTG CCA GAC AGT GGA GCC BDCA GCC ACG GCC TAC CTG TGC GGG 384
Lys His Val Pro Asp Ser Gly Ala Thr Ala Thr Ala Tyr Leu Cys Gly
110 115 . 120
GTC AAG GGC AAC TTC CAG ACC ATT GGC TTG AGT GCA GCC GCC CGC TTT 432
Val Lys Gly Asn Phe Gln Thr Ile Gly Leu Ser Ala Ala Ala Arg Phe
125 130 135 140
AAC CAG TGC AAC ACG ACA CGC GGC BAC GAG GTC ATC TCC GTG ATG AAT 480
Asn Gln Cys Asn Thr Thr Arg Gly Asn Glu Val Ile Ser Val Met Asn
145 150 155
CGG GCC AAG AAA GCA GGG AAG TCA GTG GGA GTG GTA ACC ACC ACA CGA 528
Arg Ala Lys Lys Ala Gly Lys Ser Val Gly Val val Thr Thr Thr Arg
160 165 170
GTG CAG CAC GCC TCG CCA GCC GGC ACC TAC GCC CAC ACG GTG AAC CGC 576
Val Gln His Ala Ser Pro Ala Gly Thr Tyr Ala His Thr Val Asn Arg
175 180 . i85
AAC TGG TAC TCG GAC GCC GAC GTG CCT GCC TCG GCC CGC CAG GAG GGG 624
Asn Trp Tyr Ser Asp Ala Asp Val Prxo Ala Ser Ala Arg Gln Glu Gly
150 185 200
TGC CAG GAC ATC GCT ACG CAG CTC ATC TCC AAC ATG GAC ATT GAC GTG 672
Cys Gln Asp Ile Ala Thr Gln Leu Ile Ser Asn Met Asp Ile Asp Val
205 210 215 220
ATC CTA GGT GGA GGC CGA AAG TAC ATG TTT CCC ATG GGA ACC CCA GAC 720
Ile Leu Gly Gly Gly Arg Lys Tyr Met Phe Pro Met Gly Thxr Pro Asp
225 230 235
CCT GAG TAC CCA GAT GAC TAC AGC CAA GGT GGG ACC AGG CTG GAC GGG 768

Pro Glu Tyr Pro Asp Asp Tyr Ser Gln Gly Gly Thr Arg Leu Asp Gly
240 245 250



115
GAC

140
480
145
GAC

170
576
180
ACG
Thr

205
672
210

Al a
235
768
245
ACC
Thr
270
864
275
95

120 125 TTC TCT GIG ACC ACC ATG AGG
TTC GGG ATG GGA AAG CGG AGT GIG 432 Phe Ser Val Thr Thr Met Arg

Phe y Lys Arg Ser Val 130 - 135
.GAGWATT LA GAC GG GCT CAG TGT CTG ATA GAG GRETASIpL
Gu Qu Arglle dn Asp Gu Ala dn CspLeu Ile Gu Qu Leu Arg

150 155 AAA TCC AAG GGA GCC CTC GIG
CCC ACC TTC CTC TTC CAT TCC ATT 528 Lys Ser Lys @y Ala Leu Val
Pro Thr Phe Leu Phe His Ser Ile 160 165
ACC p G AN A ESe Adie E5C ThE el God Taa T ddc ol MAGEEG%S C TA@?[‘/
Thr Ala AsnLdd eail@moﬁu&% 1deabd q,fhsngGanéazAﬂg eger i s Tyr 175
255 185 260 TTC CTG AAG
CTG AAC TTG TTC TGC CAG AGT TTC 624 A n Asp G n du Phe Leu Lys

Leu Ase teeuaRhecCysctCone S8t AL cac cer Tee cre eac &89 rer gre gea 200
TTAVET GrpTAErAGEy TiRE ATA LECHAGE1£AGaCI&G TET LopCofd GeF R TCT GGC
Leu Leu d7oe Ser Ser Ile S5 Ser A n Leu Phreod u Leu Phe Ser Gy
215 220 TTC TTG AAA TAC TTT CCT GGG
CAC ACS @EACTET RTE AGTALPC ASC @HACCT GGA GAY 2@GRira faw dagsatkyr PhesPro Ay
H s Ahy HisnLapMeTyqlyl isu Rpm GlauPro Gly As@PPet Lys Tyr Glu Ile 230
CAG2&MA ATC AAT GCT FAC ATT GGC CAC AEAS GIG GAG AAG CADOCGT GAA
Gn Qulle Asn Ala Tyr Ile Ay His Ser Val Gu Lys His Arg GQu 240
CAC CGA GAC TCCA CREHEAETYSCGARES (TE€ AT SEEATCCRCMGRS T CTC AY¥E® GAC
TAC EFEAsgCrsp Ser Thrgheu Pgp K%S%&eprﬁeﬁs@#umaﬁ Prp GARRMasp Leu |l e Asp
Tyr Leu Leu 255 395 élégg cac
GI' GAA TTC A
i 8 T e I8 e e e S T A s

Léeu Ar 2ékfu n Pro he Leu e Val

325 330
GAG GGT GGT CGC ATC GAC CAT GGT CAT CAT GAA AGC AGG GCT TAC CGG 1056
Glu Gly Gly Arg Ile Asp His Gly His His Glu Ser Arg Ala Tyr Arg
335 340 . 345

GCA CTG ACT GAG ACG ATC ATG TTC GAC GAC GCC ATT GAG AGG GCG GGC 1104
Ala Leu Thr Glu Thr Ile Met Phe Asp Asp Ala Ile Glu Arg Ala Gly
350 355 360

CAG CTC ACC AGC GAG GAG GAC ACG CTG AGC CTC GTC ACT GCC GAC CAC 1152
Gln Leu Thr Ser Glu Glu Asp Thr Leu Ser Leu Val Thr Ala Asp His
365 370 375 380

TCC CAC GTC TTC TCC TTC GGA GGC TAC CCC CTG CGA GGG AGC TCC ATC 1200
Ser His Val Phe Ser Phe Gly Gly Tyr Pro Leu Arg Gly Ser Ser Ile
385 390 395

TTC GGG CTG GCC CCT GGC AAG GCC CGG GAC AGG AAG GCC TAC ACG GTC 1248
Phe Gly Leu Ala Pro Gly Lys Ala Arg Asp Arg Lys Ala Tyr Thr Val
400 405 ] 410

CTC CTA TAC GGA AAC GGT CCA GGC TAT GTG CTC AAG GAC GGC GCC CGGC 1296
Leu Leu Tyr Gly Asn Gly Pro Gly Tyr Val Leu Lys Asp Gly Ala Arg
415 420 425

CCG GAT GTT ACC GAG AGC GAG AGC GGG AGC CCC GAG TAT CGG CAG CAG 1344
Pro Asp Val Thr Glu Ser Glu Ser Gly Ser Pro Glu Tyr Arg Gln Gln
430 435 440

TCA GCA GTG CCC CTG GAC GAA GAG ACC CAC GCA GGC GAG GAC GTG GCG 1392
Ser Ala Val Pro Leu Asp Glu Glu Thr His Ala Gly Glu Asp Val Ala
445 450 455 460

GTG TTC GCG CGC GGC CCG CAG GCG CAC CTG GTT CAC GGC GTG CAG GAG 1440
Val Phe Ala Arg Gly Pro Gln Ala His Leu Val His Gly Val Gln Glu



AAC CTC ATC ATC AAC ACG CTC TCG CTC TTC TTT GCT GGC ACT GAG ACC 912
Asn Leu Ile Ile Asn Thr Leu Ser Leu Phe Phe Ala Ay Thr @ u Thr

290 WO 98/30709 295 300 ACC AGC ACC AECTIUSysmoTisT AC
GCC TTC CTG CTC ATG CTC AAA TAC CCT 60 Thr Ser Thr Thr Leu Arg Tyr
Gy Phe Leu Leu Met Leu Lys Tyr Pro 91305 310

315 CAT GIC GCA GAG AGA GIC TAC AAG GAG ATT GAA CAG GTG GIT GGC CCA

1008 His Val Ala Gu Arg Val Tyr Lys Qu Ile u dn Val vVal Gy Pro

320 32565 4380 CAT CGC CCTa®3CA GCG CTT GAT
GAC CGA GCC AAA ATG CCA TAC ACA GAG 1056 His Arg Pro Pro Ala Leu Asp
Asp Arg APRE§ g‘é THEt ATAr GCT\GACTEFC @G BBHTTC GCC GCC TGC CTG @AY CCC 1488

345 Gln Thr Phe IlegApp HZSAVETMepTAZ2CRITe BAS BT COAGSAGALUT PFo GCT GAC CTT
CTC CCC ATG GGT 480 1104 Al a VaI |48é Arg Gu Ile G4%%Arg Phe Al a Asp Leu
Leu Pro Met 360 365
GTG ccc CAE %ﬁ% CEF TORCEPELACCHEE &@f: FECCHET ESF BISGAFC GAC GCC 6CG 15361143
Val Pro HY e ™A Y psrafufed ?ﬁ? %’é’r A}?"‘hé*ly Thr Thr Asp Atgyhla :

375 (2) | NFORRATI ON FOR SEQ | D 5??) SEQJENCE

C:HARACTE%PAgTég ‘GGG.CEG TCC GTG GTé ééc \ﬁ%é?? MDe &% GCC GGG
B) TYPE: (ii}°8
VELECUL E WEQ’ prgtzgil gpSer Val Ta PIS’( cgtf‘biewl"’sﬁb’ | D NQ 25:

Met Qu Leu Ser Val Leu Leu P%e Leu Ala Leu Leu Thr Gy Leu Leu 1

5 ACC CTG CTG CH@ CTG GAG ACG GCC ACT GAP cobOMakfdrd@UaM@ord N Ar 9143'45 Pro
Asn Ser Hins Ay LdhrneueteP’c@uPR® aAla Thr ala pro20

30 Gy RB2@ Arg Pro Leu PrsggLeu Leu Ay Asgikeu Leu A n Met Asp Arg
35 40 45
(2) INFORMATION FOR SEQ ID NO:23:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 535 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
{ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:23:

Met Leu Gly Pro Cys Met Leu Leu Leu Leu Leu Leu Leu Gly Leu Arg
1 5 10 15

Leu Gln Leu Ser Leu Gly Ile Ile Pro Val Glu Glu Glu Asn Pro Asp
20 25 30

Phe Trp Asn Arg Glu Ala Ala Glu Ala Leu Gly Ala Ala Lys Lys Leu
35 40 45

Gln Pro Ala Gln Thr Ala Ala Lys Asn Leu Ile Ile Phe Leu Gly Asp
50 55 60

Gly Met Gly Val Ser Thr Val Thr Ala Ala Arg Ile Leu Lys Gly Gln
65 70 75 80

Lys Lys Asp Lys Leu Gly Pro Glu Ile Pro Leu Ala Met Asp Arg Phe
85 20 95

Pro Tyr Val Ala Leu Ser Lys Thr Tyr Asn Val Asp Lys His Val Pro
100 105 110

Asp Ser Gly Ala Thr Ala Thr Ala Tyr Leu Cys Gly Val Lys Gly Asn ’
115 120 125

Phe Gln Thr Ile Gly Leu Ser Ala Ala Ala Arg Phe Asn Gln Cys Asn



Arg Ay Leu Leu Lys Ser Phe Leu Arg Phe Arg Qu Lys Tyr Gy Asp 50

55 60 'vVal Phe Thr Val H's Leu Ay Pro Arg Pro Val Val Mt
Leu Cys G 70 75 80
val du Al‘g"ﬁ?’é""k?g Gu Ala Leu Val Asp Asn Ala G u Ala PhefSHPSIB0TIS

85 90 9592

96 Gy Arg Ay Lys Ile Val Ile Met Asp Pro Val Tyr An Ay Tyr Ay

100 105 110 Met Leu Phe Ala Asn Ay Asn
Arg Trp Lys y%} Leu Arg Arg Phg Ser 11p,0 120

125 Val Thr Met Arg Asp Phe Ay Met Gy Lys Arg Ser Val Qu Gu

130 Thr Th cy38sn Glu val Ile ser val#de A¥Oabbend nyHipsAu Ala An
Cys Leu Ii@gr G]l:,l Ggu ﬂI_Yojeusr,&r;g;ELyaé Se'ra 1%5 : 5 Lf%o s

160

155 160 Lys Ay Ala Leu Val Asp Pro Thr Phe Leu Phe Hi s
Ser Ile Thwa Ab@ Lys ser val Gly val ¥@D Thr Thr Thr Arg val ki@ His ala

175 Asn Ile Ile Cys Seeslle Ile Phe dy7eys Arg Phe Hi siflgyr G n Asp

180 185 190 dn Au Phe Leu Lys Thr Leu
Asn Leu Pher Eys ABanclSeThPhiyrl Bl HeE Thr val AshO&rg Asn Trp Tyr ser 200

205 Ile Ser Ser |l®sSer Ser G n Lewdhe G u Leu Phe 3er Gy Phe Leu

210 215 220 Lys Tyr Phe Pro Ay Ala His
Arg G n \adp Kz HspsVAsRre¢ AlaGer @lg 2F5G1ln Glu Gly Cys Gln RHRY Ile
235 195 240 |Ile Asn2APa Tyr Ile Ay BPS Ser Val Qu Lys His
Arg Gu Thr Leu 245 250
255 Ala Thr Gln Leu Ile Ser Asn Met Asp Ile Asp Val Ile Leu Gly Gly

210 215 220

Gly Arg Lys Tyx Met Phe Pro Met Gly Thr Pro Asp Pro Glu Tyr Pro
225 230 235 240

Asp Asp Tyr Sexr Gln Gly Gly Thr Arg Leu Asp Gly Lys Asn Leu Val
245 250 255

Gln Glu Trp Leu Ala Lys Arg Gln Gly Ala Arg Tyr Val Trp Asn Arg
260 265 270

Thr Glu Leu Met Gln Ala Ser Leu Asp Pro Ser Val Thr His Leu Met
275 280 285

Gly Leu Phe Glu Pro Gly Asp Met Lys Tyr Glu Ile His Arg Asp Ser
290 295 300

Thr Leu Asp Pro Ser Leu Met Glu Met Thr Glu Ala Ala Leu Arg Leu
308 310 315 320

Leu Ser Arg Asn Pro Arg Gly Phe Phe Leu Phe Val Glu Gly Gly Arg
325 330 335

Ile Asp His Gly His His Glu Ser Arg Ala Tyr Arxrg Ala Leu Thr Glu
340 345 350

Thr Ile Met Phe Asp Asp Ala Ile Glu Arg Ala Gly Gln Leu Thr Ser
355 360 365

Glu Glu Asp Thr Leu Ser Leu Val Thr Ala Asp His Ser His Val Phe
370 375 380

Ser Phe Gly Gly Tyr Pro Leu Arg Gly Ser Ser Ile Phe Gly Leu Ala
385 390 395 400

Pro Gly Lys Ala Arg Asp Arg Lys Ala Tyr Thr Val Leu Leu Tyr Gly
‘ 405 410 415

Asn Gly Pro Gly Tyr Val Leu Lys Asp Gly Ala Arg Pro Asp Val Thr
420 425 430



Asp Pro Ser Ala Pro Arg Asp Leu Ile Asp Thr Tyr Leu Leu H's Met

aao S ; a65 g 270 du Lys Qu Lys Ser Asn Pro
i s Ser G\ﬁ’b r Hs n Asn Leu 275 PCT/USEANT1S
285 lle lle ngﬁhr Leu Ser Leu Phe Phe Ala Ay Thr @ u Thr Thr Ser

290 295 38% Thr Thr Leu Arg Tyr @y Phe
Leu Leu Met Leu Lys Tyr Pro His Val 305 310

315 _ 320 Ala Qu Arg val Tyr Lys u Ile du d@n Val Val
Gy Pro Hs Arg 325 330

335 Pro d¥0sét @1leserASpy Asp Prd) cAb anbry srd/inRein $gr Allrva @xél a Val

340 a3s 345 440 350 Ile4®d¥g Gu Ile An Arg Phe
Ala Asp Leu Leu Pro Met dy Val Pro 355 360

365 Hi s dduenilcliheluGrnr His Alw GSprGlPhésp Val3¥ix Val Phe Ala Arg 375 (2)
| NFORVATI ON #¥8R SEQ | D NO 26: 455 460

97 (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 2410 base
pairs Gly Pro GIR)AIRYPES LeycVal digcfly Val Gln Glu Giy RerRAMDEBRESS: singl e

(D) TOPO4BSY: |inear 470 (j x) FEATURE: 475 (A) NAYBPKEY: CDS

(B) LOCATION: 17..2398 .
Ala His Val Met Ala Phe Ala Ala Cys Leu Glu Pro Tyr Thr Ala Cys

485 490 4385

Asp Leu Ala Pro Pro Ala Gly Thr Thr Asp Ala Ala His Pro Gly Arg
500 505 510

Ser Val Val Pro Ala Leu Leu Pro Leu Leu Ala Gly Thr Leu Leu Leu
515 520 525

Leu Glu Thr Ala Thr Ala Pro
530 835

(2) INFORMATION FOR SEQ ID NO:24:

(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 1143 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(ix) FEATURE:
(A) NAME/KEY: CDS
(B) LOCATION: 7..1137

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:24:

GGAACC ATG GAG CTC AGC GTC CTC CTC TTC CTT GCA CTC CTC ACA GGC 48

Met Glu Leu Ser Val Leu Leu Phe Leu Ala Leu Leu Thr Gly
1. 5 10

CTC TTG CTA CTC CTG GTT CAG CGT CAC CCT BRAC TCC CAT GGC ACC CTC 96
Leu Leu Leu Leu Leu Val Gln Arg His Pro Asn Sexr His Gly Thr Leu
15 20 25 30

CCA CCA GGG CCC CGC CCT CTG CCC CTT TTG GGG AAC CTT CTG CAG ATG 144
Pro Pro Gly Pro Arg Pro Leu Pro Leu Leu Gly Asn Leu Leu Gln Met

35 40 45
GAC AGA AGA GGC CTA CTC AAA TCC TTT CTG AGG TTC CGA GAG AAA TAT 192

Asp Arg Arg Gly Leu Leu Lys Ser Phe Leu Arg Phe Arg Glu Lys Tyr
50 55 60



(xi) SEQUENCE DESCRI PTION: SEQ ID NGO 26: GCCACCTGIC CCCCCC ATG GAG CTG AGG
CCC TGG TTG CTA TGG GIG GTA 49 Met Qu Leu Arg

Pro Trp p Val Val 1 ;
CHOREHR 13 176 ore cr6 A aca oot eaT cor cad TSRS
97AIaAIaThrGIyThr Leu Val Leu Leu Ala9fla Asp Ala A n @y dn

15 20 25 AAG GIC TTC ACC AAC ACG TGG
GCT GIG CGC ATC CCT GGA GGC CCA GCG 145 Lys Val Phe Thr Asn Thr Trp
Al a Val Agd Lhe dorfd ¥l bl Ar@ con cog ace3c ore ot 40

40 GTG Gy AMC ASTET 6n A1 Gls AAG AT oD Thr Ty ARG ey

193 Val Ala Asn @gr Val Ala Arg Lyg H's Gy Phe LeygAsn Leu GI n 45
50 55 ATC TTC GGG GAC TAT TAC CAC TTC TGG CAT CGA GGA

GTG ACG AAfe GEKSaTa Gac cc@4lral tes BRE ddcy o6 kTdYéacTXAc Hices Eecdep Hi s Agg Ay
Val Thr Lgyss Allg 8@ Glu Ala Ile Arg Glu X2 Leu Val Asp Asn Ala GlhDala

75 TCC CTG T&6s CCT CAC CGC CGfs CGG CAC AGC CGRoCTG CAG AGG GAG CCT

289 Ser Leu Ser Pro His Arg Pro Arg His Ser Arg Leu G n Arg Gu Pro

80 TTC TCT GGC CEDGGA AAA ATC GTC ATC ATO@ACCAR GTA TRAGAEGE:LTG GAAIGAG
CAG GIG Gk AAGC TEHACCELACYsANA @85 Ile Met As83FrdVal My @mclyp Leu Gu G n
G n Val A% Lys Arg Arg THoOLys Arg 105 95 110 100

105 GAC GTG TAC CAG GAG CCC ACA GAC CCC AAG TTT CCT CAG CAG TGG TAC
385 Asp VEAT $gf MErCXY GTPIGECTMT ASh MCoCE SOPHRAGHRES TR G CTRp Tyr 304

110 Gly Met LewjBhe Ala Asn Gly Asn Ard Jgp IyFGVFCRe@ENGREI ACT CAG CGG
GAC CTG AAT GTG AAG GOBMBCC TGG GOG 120 433 Leu Ser 8%y val Thr @n Arg

Asp Leu Asn VaI L s Ala Ala Tr AIa 125 @AET%A e
135 CAG I Q& 1‘2‘{'@ T
exr € M

481 G n dy *T*yr l‘tg AN entd PF% "\2§ MeEeF |F}§SL’;§§ $pVakp Ay 140
145 150 155

GAG GAG CGG ATT CAG GAC GAG GCT CAG TGT CTG ATA GAG GAA CTT CGG 480

Glu Glu Arg Ile Gln Asp Glu Ala Gln Cys Leu Ile Glu Glu Leu Arg

145 150 155
AAA TCC AAG GGA GCC CTC GTG GAC CCC ACC TTC CTC TTC CAT TCC ATT 528
Lys Ser Lys Gly Ala Leu Val Asp Pro Thr Phe Leu Phe His Ser Ile
160 165 170

ACC GCC AAC ATC ATC TGC TCC ATC ATC TTT GGA AAA CGC TTC CAC TAC 576

Thr Ala Asn Ile Ile Cys Ser Ile Ile Phe Gly Lys Arg Phe His Tyr

175 180 185 190

CAA GAT CAAR GAG TTC CTG AAG ACG CTG AAC TTG TTC TGC CAG AGT TTC 624

Gln Asp Gln Glu Phe Leu Lys Thr Leu Asn Leu Phe Cys Gln Ser Phe

195 200 205
TTA CTC ATC AGC TCT ATA TCC AGC CAG CTG TTT GAG CTC TTC TCT GGC 672
Leu Leu Ile Ser Ser Ile Ser Ser Gln Leu Phe Glu Leu Phe Ser Gly
210 215 220
TTC TTG AAA TAC TTT CCT GGG GCA CAC AGG CAA GTT TAC AAA BAC CTA 720
Phe Leu Lys Tyr Phe Pro Gly Ala His Arg Gln Val Tyr Lys Asn Leu
225 230 235
CAG GAA ATC AAT GCT TAC ATT GGC CAC AGT GTG GAG AAG CAC CGT GAA 768
Gln Glu Ile Asn Ala Tyr Ile Gly His Ser Val Glu Lys His Arg Glu
240 245 250

ACC CTG GAC CCC AGC GCC CCC AGG GAC CTC ATC GAC ACC TAC CTG CTC 816

Thr Leu Asp Pro Ser Ala Pro Arg Asp Leu Ile Asp Thr Tyr Leu Leu

255 260 265 . 270

CAC ATG GAA AAA GAG AAA TCC AAC CCA CAC AGT GAA TTC AGC CAC CAG 864

His Met Glu Lys Glu Lys Ser Asn Pro His Ser Glu Phe Ser His Gln
275 280 285



98
529
160
GAC
Asp
185
625
190
TGT
Cys
215
721
225
AAC
Asn
250
817
255
TTC
Phe
280
913
290
ATC
Ile
315

ATC GAG AAG AAC CAC CCG GAC TTG GCA GGC AAT TAT GAT CCT GGG GCC
Ile Au Lys Asn His Pro Asp Leu Ala Ay Asn Tyr Asp Pro Ay Ala

WO 98/30709 165 170 AGT TTT GAT ICI/HSBIOOAS CAG
CCT GAC CCC CAG CCT CGG TAC ACA 95577 Ser Phe Asp Val Asn Asp Gn
Pro Asp Pro G n Pro Arg Tyr Thr 175 : 180

CAG ATG AAT GAC AAC AGG CAC GCBC ACA CGG TGT GCG GGG GAA GTIG GCT
G@n Met Asn Asp Asn Arg Hs Gy Thr Arg Cys Ala Gy du Vval Al a

195 200 GCG GIG GCC AAC AAC GGTI GIC
GGl GRE COT ACFQICCEAT ACCARS EEE CTC TTC TTHALTARGC ST WG AESn Asn W2y Val
Gy \Ren Gy Vel I &Sq'ﬁhrﬁé?‘r* Apy Leuv PhgyyPhe Ala Gly Thr Glu Thy
CCC ATT GGA GF39%GTG CGC ATG CTE3EAT GGC GAG GTG3R8A GAT GCA GTG
Arg Ile d y Val Arc% Leu CpGIy GIuVaI Thr AscpAIaVaI 220

c TAC GGC TTC CT

ACC AG ACC ACT &%I' CTG c{igOCTG
cooly.: 1] E?CTRTC”EAE‘*‘A'IP(’EQTM ﬁ Phe Leu ?é@etGLﬁuﬂdyﬁ Nr 8¢ Leu Ay Leu
Pro Asn His 3%e H| s Ile Tyr 240 245

GOC_AGC_ 19z 54 %@ Y PRy G ST LCA Gcﬁoa
Ala SE}S Vaij G@ ‘}élp\%’p’ ﬁgécﬁﬁ%%gi % ?ac%ﬁ;; I’CéAél Gcc TTC
CGTGGG&OI'AGCCAGGGCC%EA%SGGG 865ArgLeuAIaGuGuAIaPhe

Ar g Yab 28 ¢ Be& TPl @Y con goc and/Rre coa TAac aca @ac 2751056
GGG 4lGy r-gcg‘rd“};% REL g}CA;MIJ PosGde APE FE0riFE616C6 GAA
Ay Lei Ay Ser Ile PhgoVal Trp Ala Sersady Asn Ay A y386g Gu 285
295 CAT GAC AGC TGC AAC TGC GAC GEC TAC ACC AAC AGT
TAC As&a 6T& aTc cor calbrtHeac Asp Tar cEy sadsorCyscAse &g GEyr ThriXsin Ser
Tyr Tiia kY 3@0arg Glu Ile Gln Arg B{#bAla Asp Leu Leu Pro M&1@ly
TCC ATC AGC AGC GB85ACG CAG TTT GGEs®AC GIG CCG TCGHBIAC AGC GAG

1009 Ser Ile Ser Ser Ala Thr G n Phe Gy Asn Val Pro Trp Tyr Ser Qu

320
ACG
Thr

GTG CCC CAC ABRGTC ACC CAA CAC ACC AGETC TEACCEGC TCG TCC ACA CY¥&3ECC
ACC WG AREC BASTIRGUapAhrCAR: MAF Thr Ser PPp@57 Ala Cys Ser Ser Thr Leu Ala
Thr Tyr Ser Ser3@y Asn G n Asn 375

(2) INFORMATION FOR SEQ ID NO:25:
(i) SEQUENCE CHARACTERISTICS:
(A) LENGTH: 377 amino acids
(B) TYPE: amino acid
(D) TOPOLOGY: linear
(ii) MOLECULE TYPE: protein
(xi) SEQUENCE DESCRIPTION: SEQ ID NO:25:

Met Glu Leu Ser Val Leu Leu Phe Leu Ala Leu Leu Thr Gly Leu Leu
1 S 10 15

Leu Leu Leu Val Gln Arg His Pro Asn Ser His Gly Thr Leu Pro Pro
20 25 30

Gly Pro Arg Pro Leu Pro Leu Leu Gly Asn Leu Leu Gln Met Asp Arg
35 40 45

Arg Gly Leu Leu Lys Ser Phe Leu Arg Phe Arg Glu Lys Tyr Gly Asp
50 55 60

val Phe Thr Val His Leu Gly Pro Arg Pro Val Val Met Leu Cys Gly
65 70 75 80

Val Glu Ala Ile Arg Glu Ala Leu Val Asp Asn Ala Glu Ala Phe Ser
85 90 85



335 340 345 GAG AAG CAG ATC GIG ACG ACT
GAC TTG CGG CAG AAG TGC ACG GAG TCT 1105 Au Lys dn Ile Val Thr Thr

Asp Leu Ar s Cys Thr A u Ser 350 715
360 CAC A &%CCTCAGCCTCTGCCCCCTTAGCAGCC(XBCATC T’QS@T
1153 His Thr Ay Thr Ser Ala Ser Ala Pro LBa Ala Ala Ay lle lle Ala

99 365 370 375 CTC ACC CTG GAG GCC
AAT AAG AAC CTC ACA TGG CGG GAC ATG CAA CAC 1201 Leu Thr Leu Qu Al a
Asn Lys Asyy hey GWL,TJ alé\r\&ﬁfg IMEE p@ Nph S7a88fkr gln, c Tyr giy 385

390 G ACC T GcC €AC CTC AAT
GCC AAC GAC TGG 1249 Leu VaI VaI A n Thr Ser Lys Pro Ala H's Leu Asn

Al a Asn Am¢x Te@ phe Ala Asn Gly Asn 408 Trp Lys Val Leu Arg 403 Phe Ser
410 GCC ACC AAM16GT GIG GGC CGGiadA GTG AGC CAC Tgw TAT GGC TAC GGG
1297 Ala Thr Asn Gy Val Ay Arg Lys Val Ser His Ser Tyr Gy Tyr vy

415 Val Thr Thr Meék2@rg Asp Phe Gly Met Glyllys AFGT S&d @aGAQWEGA GGC GCC ATG
GTG GCC CTG @& CAG AAT TGG ACG ACA 1345140eu Leu Asp Ala Gy Ala Mt
Val Ala Leu Ala @ n Asn Trp Thr Thr 430 435

440 GIG BCCIDCCLIEGABICCD: ME FICCAT C-eATO GARTu /TS CFC MECEBACELECC AAA

1393 Val M% Pro Gn Arg L3%9 Cys Ile Ile ASfSIle Leu Thr A @6Pro Lys

445 450 455 GAC ATC GGG AAA CGG CTC GAG
GTG CGG NG AbC rdctabdspTixe &g Phe Leu f&&lﬂlﬁsﬁeﬂféed%slﬂ% Arg Leu Qu
Val Arg Lys Thr Val ThllGN a Oys Leu 460170

470 C@C C CAC ATC CGG. CTG GAG CAC GCT
CAG GOG Cis2 &fe e CYS fa% &"GPBE Fﬁlés’ & AP STHY Elsrr?%’rA?Jd‘ PSR Qu Hs Ala
Gn Ala Arg Leu 18 480 488

490 Gln Glu Phe Leu Lys Thr Leu Asn Leu Phe Cys Gln Ser Phe Leu Leu

195 200 205

Ile Ser Ser Ile Ser Ser Gln Leu Phe Glu Leu Phe Ser Gly Phe Leu
210 215 220

Lys Tyr Phe Pro Gly Ala His Arg Gln Val Tyr Lys Asn Leu Gln Glu
225 230 235 240

Ile Asn Ala Tyr Ile Gly His Ser Val Glu Lys His Arg Glu Thr Leu
245 250 255

Asp Pro Ser Ala Pro Arg Asp Leu Ile Asp Thr Tyr Leu Leu His Met
260 265 270

Glu Lys Glu Lys Ser Asn Pro His Ser Glu Phe Ser His Gln Asn Leu
275 280 285

Ile Ile Asn Thr Leu Ser Leu Phe Phe aAla Gly Thr Glu Thr Thr Ser
290 298 300

Thr Thr Leu Arg Tyr Gly Phe Leu Leu Met Leu Lys Tyr Pro His Val
305 310 31s ' 320

Ala Glu Arg Val Tyr Lys Glu Ile Glu Gln Val Val Gly Pro His Arg
325 330 335

Pro Pro Ala Leu Asp Asp Arg Ala Lys Met Pro Tyr Thr Glu Ala Val
340 345 350

Ile Arg Glu Ile Gln Arg Phe Ala Asp Leu Leu Pro Met Gly Val Pro
355 360 365 g

His Ile Val Thr Gln His Thr Ser Phe
370 375

(2) INFORMATION FOR SEQ ID NO:26:



ACC CTG TCC TAT AAT CCC CGI GGC GAC CTG GCC ATC CAC CTG GIC AGC 1537
Thr Leu Ser Tyr Asn Arg Arg Gy Asp Leu Ala Ile H's Leu Val Ser

495 098530709 500 505 COC ATG GOC ARSVGSBINS ACC
A

CTG CTG AGG CCA CAT GAC TAC 1585 Pro Met Ay Thr Arg Ser Thr

Leu Leu Ala Ala Arg Pro His Asp Tyr 97510 515

520 TCC GCA GAT GGG TTT AAT GAC TGG GCC TTC ATG ACA ACT CAT TCC TGG
1633 Ser Ala Asp Gy Phe Asn Asp Trp Ala Phe Met Thr Thr His Ser Trp

525 530 535 GAT GAG GAT CCC TCT GGC GAG
TGG GTC CTA GAG ARJusnéf AREAAERIARILS: 1681 Asp G u Asp Pro Ser Ay Gu
Trp Val Leu Qu | & GencHsn24ir bSe¢ radbs 545

550 (B) T¥BE: @AAL&GCCadilC AAC TAT GGG ACG CTG ACC AAG TTC ACC
CTC GITA CTC TAT (c¢) sTex@@D@EsSs:Akdnglen Asn Tyr Ay Thr Leu Thr Lys Phe Thr
Leu Val Leu Tyr (D) TOPOLOGY: 1lineB60 565

570 GGC ACC GCC CCT GAG GGG CTG CCC GTA CCT CCA GAA AGC AGT GGC TGC
1777 Ay Thr Ala Pro Gu Gy Leu Pro Val Pro Pro Qu Ser Ser Ay Cys

575 580 585 AAG ACC CTC ACG TCC AGT CAG
GCC TGT. GTG GPg FEEI®BEG GAA GGC TTC 1825 .

100 Lys Thr LelPTAPMBEEYSEFPSI n Ala Cys Val Val Cys Gu Gu Ay Phe

590 (B) JQEATION: 17..2338 600 TCC CTG CAC CAG AAG AGC TGT
GTC CAG CAC TGC CCT CCA GGC TTC GCC 1873 Ser Leu His G n Lys Ser Cys

Val G n Hi Pro Pro G
6?5 c?:c ICZA SC g@%ﬁﬂ%ﬁ‘é&%ﬁ"‘%&q&% EAG AAT GAC GTG6%52\G ACC
éggl Pro &&CX@&TCLS&C%;F)A@EAEI& al¥bc S0t 1Y o8 WidShcd\ R \V@a G U Thr £20

et Glu lLeu Arg Pro qu,S eu/i.-gg V%ﬁec GIc TGC GCC
CCCTGCCACGCCTCATGT%SQC CA TGC 5 1969 Ile Argifl a Ser Val Cys Ala
Pro Cys H's Ala Ser Cys Ala Thr Cys -
GCA GCA ACA GGA ACC TTG GTC CTG CTA GCA GCT GAT GCT CAG GGC CAG 97
Ala Ala Thr Gly Thr Leu Val Leu Leu Ala Ala Asp Ala Gln Gly Gln
15 20 25
AAG GTC TTC ACC AAC ACG TGG GCT GTG CGC ATC CCT GGA GGC CCA GCG 145
Lys Val Phe Thr Asn Thr Trp Ala Val Arg Ile Pro Gly Gly Pro Ala
30 35 40
GTG GCC AAC AGT GTG GCA CGG BAG CAT GGG TTC CTC AAC CTG GGC CAG 183
Val Ala Asn Ser Val Ala Arg Lys His Gly Phe Leu Asn Leu Gly Gln
45 50 55

ATC TTC GGG GAC TAT TAC CAC TTC TGG CAT CGA GGA GTG ACG BAG CGG 241
Ile Phe Gly Asp Tyr Tyr His Phe Trp His Arg Gly Val Thr Lys Arg

60 65 70 . 75
TCC COTG TCG CCT CAC CGC CCG CGG CAC AGC CGG CTG CAG AGG GAG CCT 289
Ser Leu Ser Pro His Arg Pro Arg His Ser Arg Leu Gln Arg Glu Pro

8o 85 20
CAA GTA CAG TGG CTG GAA CAG CAG GTG GCA AAG CGA CGG ACT ARA CGG 337
Gln Val Gln Trp Leu Glu Gln Gln Val Ala Lys Arg Arg Thr Lys Arg
95 100 105
GAC GTG TAC CAG GAG CCC ACA GAC CCC AAG TTT CCT CAG CAG TGG TAC 385
Asp Val Tyr Gln Glu Pro Thr Asp Pro Lys Phe Pro Gln Gln Trp Tyr
110 115 120
CTG TCT GGT GTC ACT CAG CGG GAC CTG AAT GTG AAG GCG GCC TGG GCG 433
Leu Ser Gly Val Thr Gln Arg Asp Leu Asn Val Lys Ala Ala Trp Ala
125 130 135
~ay

CAG GGC TAC ACA GGG CAC GGC ATT GTG GTC TCC ATT CTG GAC GAT GGC 481

Gln Gly Tyr Thr Gly His Gly Ile Val Val Ser Ile Leu Asp AsSp Gly
140 145 150 155



640 645 650 CAG GGG CCG GCC CTG ACA GAC
TGAC CTC AGC TGC CCC AGC CAC GCC TCC 2017 Gn dy Pro Ala Leu Thr Asp

Cys Leu S o Ser His Ala Ser 655 £60
6us o CKe R ST CAd ACT TGC TCC oG Can ASe CAG AGE TR
2065 Leu Asp Pro Val Qu dn Thr Cys Ser AB§ A n Ser An Ser Ser Arg

670 675 680 GAG TCC CCG CCA CAG CAG CAG
CCA CCT CGG CTG CCC CCG GAG GIG GAG 2113 Au Ser Pro Pro @n @n d@n
Pro Pro Arg Leu Pro Pro Gu Val du 685 690

695 GCCG fFGchAaAeGnltar e Ghé 05l 6o @O E8h ACEd @cECT GAG;,,
2161 Al a He g8 MAr ﬂsteﬁsAsﬁb ALR 1ShYalL 1 enPER- B8 dHoSeleWiRro G u 700

705 7h@o 165 /15 GIG GIG GEC CTC AGC TGC
GCC TTC ATC GIG CTG GIC TTC GIC ACT 2209 Val Vval Ala Ay Leu Ser Cys
Al a Phe |Aer Yer dzauch@larPhencVahe Bar cor Gac ccc cac cocT 7648@ Tac aca 577 725

730 GIC §Crad G spTCaChen OMp EIs aspPrCAs3To T3l AGd AEFTTROBhECE GIG

2257 Val Phe Leu Vakh7ieu G n Leu Argi®er Gy Phe Ser iBse Arg Ay Val

735 740 745 AAG GIG TAC ACC ATG GAC cGr
GGC CTC ATXG ROC APACGHAGAGCEHGACTE: ©GC ACA CGG TGZ30B: GF8 oMl GTRY IGCThr Metedsp
Arg Gy Leln Mek Ser Adly AshyArgGHys |Gy ProArg Cys Ala/§Qy Glu Val Ala 755
760 CCT GAA GCGIPGG CAG GAG GAGIPEC CCG TCT GAC Te@A GAA GAG GAC GAG

2353 Pro Qu Ala Trp An Au Qu Cys Pro Ser Asp Ser Qu Gu Asp Qu

765 GCG GTG GCC ARG @AAC GGT GTC TGT GGT GTHMGT @X%G%GAG@%&GCAGG ACE3GCC
TTT ATC ANg @At BAGRACASECBYCYRL Cys Gly Val Gégg‘éalc;’*}a/ﬂfyg B3y 2Ry Arg Thr Al a
Phe Ile Lys G n Ser Ala Lé&t°780 785
790 TGAT
2410 ggj‘\lﬁgﬁfglzgi(f §Tﬁlcgs GGC GAG GTG ACA GAT GCA GTG 721
rg ry P Gly Glu Val Thr Asp Ala Val
220 225 230 235
GAG GCA CGC TCG CTG GGC CTG AAC CCC AAC CAC ATC CAC ATC TAC AGT 769
Glu Ala Arg Ser Leu Gly Leu Asn Pro Asn His Ile His Ile Tyr Ser
240 245 250
GCC AGC TGG GGC -CCC GAG GAT GAC GGC AAG ACA GTG GAT GGG CCA GCC . 817
Ala Ser Trp Gly Pro Glu Asp Asp Gly Lys Thr Val Asp Gly Pro Ala
255 260 265
CGC CTC GCC GAG GAG GCC TTC TTC CGT GGG GTT AGC CAG GGC CGA GGG 865
Arg Leu Ala Glu Glu Ala Phe Phe Arg Gly Val Ser Gin Gly Arg Gly
270 275 280
GGG CTG GGC TCC ATC TTT GTC TGG GCC TCG GGG AAC GGG GGC CGG GAA 913
Gly Leu Gly Ser Ile Phe Val Trp Ala Sexr Gly Asn Gly Gly Arg Glu
285 290 295
CAT GAC AGC TGC AAC TGC GAC GGC TAC ACC AAC AGT ATC TAC ACG CTG 861
His Asp Ser Cys Asn Cys Asp Gly Tyr Thr Asn Ser Ile Tyr Thr Leu
300 305 310 315
TCC ATC AGC AGC GCC ACG CAG TTT GGC AAC GTG CCG TGG TAC AGC GAG 1009
Ser Ile Ser Ser Ala Thr Gln Phe Gly Asn Val Pro Trp Tyr Ser Glu
320 325 330
GCC TGC TCG TCC ACA CTG GCC ACG ACC TAC AGC AGT GGC AAC CAG AAT 1057
Ala Cys Ser Ser Thr Leu Ala Thr Thr Tyr Ser Ser Gly Asun Gln Asn
33§ 340 345
GAG AAG CAG ATC GTG ACG ACT GAC TTG CGG CAG AAG TGC ACG GAG TCT 1105
Glu Lys Gln Ile Val Thr Thr Asp Leu Arg Gln Lys Cys Thr Glu Ser
350 355 360
CAC ACG GGC ACC TCA GCC TCT GCC CCC TTA GCA GCC GGC ATC ATT GCT 1153

His Thr Gly Thr Ser Ala Ser Ala Pro Leu Ala Ala Gly Ile Ile Ala



101 (i) SEQUENCE CHARACTERI STI CS: (A) LENGTH 794

am no acids (B) TYPE: am no acid (D) TOPOLOGY:

| i near wo 9s/fd709 MOLECULE TYPE: protein (xi) SEQUENCEUSHSAORSTI ON:
SEQ I'D NO 27: Met Gu Leu Arg Pro Trp Leu _Leu Trp Val Val Ala Ala Thr Gy
Thr 1 5 18° 15 Leu Val
Leu Leu Ala Ala Asp Ala An Ay A@n Lys Val Phe Thr Asn 20
25 30 Thr Trp Ala Val Arg lle Pro Ay Ay Pro Al a Val
Ala Asn Ser & 35 370 4975 45 A a
Arg Lys Hs Gy Phe Leu Asn Leu Ay G@n Ile Phe Ay Asp Tyr 50

55 CTC ACC CTG GAGGGCC FRT AAGS ARMECTTr BCAHITSGATGE GAY A¥G| CAAMCALYS Ar ged@er

Leu Ser Pes ThisLEé® Glu Ala Asn Lys Asn LgQ Thr Trp Arg Asp Met GIEH His

80 Arg P88 Arg His Ser AB85Leu A n Arg A®#°Pro A n Val @ n3¥6p Leu

85 95 du dn G@n Val Ala Lys Arg
Arg Thr ISF§ ®F%yCRR F;:Agapcq-ypc@pﬁ; €FR GCC CAC CTC AAT| §GC AAC GAC TGG 12435
110 Pro IpHrVas HaPr"&“Lg’? PRE pfsoPry fle ﬁlsl' MU BEY 238 A%R FrRal Thr

115 5125 An Ag As‘bl‘Leu Asn Val Lys
Ala Ala Tr

, GT\ fATG G FT c T G
g s AT b b e g g S 14 P05
Asp Pro Gly Al a Ser*Phe Asp Val Asn 420 170
175 ASp GpfS RaE @p 58 860 A ohE B 8rd cﬁsl@ Asp,
180 u N Leu AA fgl la Met 3a1 Ala Li&éiic gtﬂ%ﬁéﬁ% ¥h A9 P a
Ay GQu VAl Efaé@a Aa

440
GTG GCC CCC CAG CGG AAG TGC ATC ATC GAC ATC CTC ACC GAG CCC AAA 1393
Val Ala Pro Gln Arg Lys Cys Ile Ile Asp Ile Leu Thr Glu Pro Lys
445 450 455

GAC ATC GGG AAA CGG CTC GAG GTG CGG AAG ACC GTG ACC GCG TGC CTG 1441
Asp Ile Gly Lys Arg Leu Glu Val Arg Lys Thr Val Thr Ala Cys Leu

460 465 470 475

GGC GAG CCC AAC CAC ATC ACT CGG CTG GAG CAC GCT CAG GCG CGG CTC 1489
Gly Glu Pro Asn His Ile Thr Arg Leu Glu His Ala Gln Ala Arg Leu

480 485 490
ACC CTG TCC TAT AAT CGC CGT GGC GAC CTG GCC ATC CAC CTG GTC AGC 1537
Thr Leu Ser Tyr Asn ARrg Arg Gly Asp Leu Ala Ile His Leu Val Ser
495 500 505
CCC ATG GGC ACC CGC TCC ACC CTG CTG GCA GCC AGG CCA CAT GAC TAC 1585
Pro Met Gly Thr Arg Ser Thr Leu Leu Ala Ala Arg Pro His Asp Tyr
S10 815 520
TCC GCA GAT GGG TTT AAT GAC TGG GCC TTC ATG ACA ACT CAT TCC TGG 1633
Ser Ala Asp Gly Phe Asn Asp Trp Ala Phe Met Thr Thr His Ser Trp
525 530 535

GAT GAG GAT CCC TCT GGC GAG TGG GTC CTA GAG ATT GAA AAC ACC AGC 1681
Asp Glu Asp Pro Ser Gly Glu Trp Val Leu Glu Ile Glu Asn Thr Ser

540 545 550 555

GAA GCC AAC AAC TAT GGG ACG CTG ACC AAG TTC ACC CTC GTA CTC TAT 1729
Glu Ala Asn Asn Tyr Gly Thr Leu Thr Lys Phe Thr Leu Val Leu Tyr

560 565 570
GGC ACC GCC CCT GAG GGG CTG CCC GTA CCT CCA GAA AGC AGT GGC TGC 1777
Gly Thr Ala Pro Glu Gly Leu Pro Val Pro Pro Glu'Ser Ser, Gly Cys- L
575 580 585

AAG ACC CTC ACG TCC AGT CAG GCC TGT GTG GTG TGC GAG GARA GGC TTC 1825



195

220 Arg Ngb deRiedsSP Ay Qu Val Thr Asp Ala Val Gu Al a Arg-mpgedifdyis225
235

o0 Asn His Ile His Ilel0yr Ser Ala Ser Trp Ay Pro

230

102 .Gly Leu Asn Pr

245

275

Gy Ay Arg Qu H's Asp Ser
300 Cys Aspcthyeabytad mncAssr Ber drceciky cad hicelesr 8ex dacerfieiceSer Al 83305
310 Ser Leu His G1B1lys Ser Cys val Gln Hi82ys iy p&b relphenddaya Asn Val

580

200
Ala Tyr Asn Ala Arg Ile Ay dy Val

250
Asp Gy Pro Ala Arg Leu Ala Qu Qu

595

Cys Asn

Trp Tyr Ser @osa Al a Cys Ser Sewro Thr
335 Leu Ala Thr Thr Tyr

370
395 Ile

Arg

Thr Asn Gy Val

CAG
Gln

TTG
Leu

GAG
Glu

GCG
Ala
700

GTG
Val

GTC
val

Lys

CcCcT
Pro

GGC
Gly
780

GGG
Gly

GAC

TCC
Ser
685

GGG
Gly

GTG
Val

TTC
Phe

GTG
Val

GAA
Glu
765

CGG
Arg

Ala sgpyaldgas PR BEPOCYQ HigjAda 3r A¥H MPaT¥sYAsp Trp Al a
640 . 645 650

CCG
Pro

CCT
Pro
670

CCG
Pro

CAA
Gln

GCC
Ala

CTG
Leu

TAC

Tyr
750

GCC
Ala

GGC
Gly

375

GCce
Ala
655

GTG
val

CCA
Pro

CGG
Arg

GGC
Gly

GTC
val
735

ACC
Thr

TGG
Trp

GAG
Glu

TGATGAGCCC AC

(2) INFORMATION

CTG
Leu

GAG
Glu

CAG
Gln

CTG
Leu

cTC
Leu
720

CTG
Leu

ATG
Met

CAG
Gln

AGG
Arg

FOR

Ser

ACA
Thr

CAG
Gln

CAG
Gln

CGG
Arg
705

AGC

Ser

CAG
Gln

GAC
Asp

GAG
Glu

ACC
Thr
785

SEQ

270 Al a Bhe rRheAr glé;?os)érvs”ér 88k AFhncfd Ya

205 dy Vval

210

240

Cys dy Val

215

Gy Val

255 du Asp Asp Ay Lys Thr Val
260

by d2@Ucfd ¥neer lle

290

f“ﬂilci%f
285 Phe

615

sYyal

325

295

265

Ser Ay Asn @ n Asn u Lys An Ile Val
340 CCC CAA GTC CBARAT ACG CAC TAT AGC ACG3DG AAN GAQIGTASEAG @GCAr g GLgeilys
Cys Thr Grxp Sén HlsLdh@Asg ThrTHEs S Ser Thr G1858sn Asp Val Glu Thr
365 Ala &% Ala Pro Leu M3 Ala Ay Ile II8% a Leu Thr Le&38 u Al a
380 Asn Lys Asn Leu Thr Trp Arg
Asp Met QMF AFS 9EUARAICTYaTCCEEPRC HYf TS CAC GCC TCA TGT GCC Ay TGC

GAC TGC
Asp Cys

ACT TGC
Thr Cys
675

CAG CCa
Gln Pro
6390

GCA GGG
Ala Gly

TGC GCC
Cys Ala

CTG CGC
Leu Arg

CGT GGC
Arg Gly
755

GAG TGC
Glu Cys
770

GCC TTT
Ala Phe

CcTC
Leu
660

TCC
Ser

cCT
Pro

CTG
Leu

TTC
Phe

TCT
Ser
740

CcTC

Leu

cCcG
Pro

ATC
Ile

ID NO:27:

AGC TGC
Ser Cys

CGG CaAA
Arg Gln

CGG CTG
Arg Leu

CTG CCC
Leu Pro
710

ATC GTG
Ile val
725

GGC TTT
Gly Phe

ATC TCC
Ile Ser

TCT GAC
Ser Asp

ARA GAC
Lys Asp
790

ccc
Pro

AGC
Ser

ccc
Pro
695

TCA
Ser

CTG
Leu

AGT
Ser

TAC
Tyr

TCA
Ser
775

CAG
Gln

AGC
Ser

CAG
Gln
680

cCcG
Pro

CAC
His

GTC
val

TTT
Phe

AAG
Lys
760

GAA
Glu

AGC
Ser

CAC GCC
His Ala
665

AGC AGC
Ser Ser

GAG GTG
Glu val

CTG CCT
Leu Pro

TTC GTC
Phe val
730

CGG GGG
Arg Gly
745

GGG CTG
Gly Leu

GAG GAC
Glu Asp

GCC CTC
Ala Leu

TCC
Ser

cGA
Arg

GAG
Glu

GAG
Glu
715

ACT
Thr

GTG
val

cce
Pro

GAG
Glu

360

1969

2017

2065

2113

2161

2209

2257

2305

2353

2398

2410

Trp Ala Ser Ay Asn

Pro

330



405
Tyr
430
435
Thr
460
470
Adn
495
500
Pro
525
103
Au
555
Thr
Ay
580
du
605

Ay Tyr Ay Leu Leu Asp Ala Ay 420
AI a Meoos/ad70Nl a Leu Ala G n Asn Trp Thr Thr Val
440 ? Lys Cys Ile Il

AQu Pro Lys Asp Ile Ay Lys Arg

Leu Au Val Arg Lys Thr Val

Ala Arg Leu Thr

410

475

Leu Ser Tyr Asn

415 dy Arg Lys Val

480

Arg Arg Gf) ASROUERGE RHARAQTEREFBIGSeu Val

H s Asp Tyr

Il e

Al a
Leu

Au
Ser

, 560 Gg
Pro @ {¥i) SEQUENCE DESC

R YAl 1BLGE

Thr

Tyr

65

Arg

Glu

Pro

Gln

His

145

Pro

Asp

Arg

Gly

Arg
225

Trp

Arg

50

His

Pro

Gln

Thr

Arg

130

Gly

Asp

Gln

His

val

210

Met

(BHSLENGTH: 794 amino acidBl) Ser Thr

Ser (Bl aT
Asn Asp Trp Al #PbhHER

53 535
Gu AsHiTHYO%E?LFGTHPN FTRERAs N Tyr 545

Ala

35

Lys

Phe

Arg

Gln

Asp

115

Asp

Ile

Leu

Asp

Gly

195

Cys

Leu

20

@pipoppgid

Pehidirar Hs Ser Trp Asp G u Asp Pro Ser

Val Arg Ile

His

Trp

His

val

100

Pro

Leu

Val

Ala

Pro

180

Thr

Gly

Asp

Gly

His

Ser

85

Ala

Lys

Asn

val

Gly

165

Asp

Arg

Val

Gly

Phe

Arg

70

Arg

Lys

Phe

val

Ser

150

Asn

Pro

Cys

Gly

Glu
230

Pro Gly
40

Leu Asn
55

Gly Va;
Leu Gln
Arg Arg
Pro Gln

120

Lys Ala
135

Ile Leu
Tyr Asp
Gln Pro

Ala Gly
200

Val Ala
215

vVal Thr

%ro T%p E%u eu Trpy
Gy Phe Ser Leu His Gn Lys
ﬂgxsvéﬁaEe&;ﬂéqufg §X§ iﬁb Afg(bfg ¥1J?@§nﬁij% ng)ﬂﬁg Tﬁéa skﬁﬂj ASp

Gly

Leu

Thr

Arg

Thr

105

Gln

Ala

Asp

Pro

Arg

185

Glu

Tyr

Asp

Thr Leu Thr
RIPT%%% SEQ ID

5

Ser

425

Al a PrecTiUsssfoogts

455

H s Ser

e Asp Ile Leu
Thr Ala Cys Leu Ay GQu Pro Asn H s 465

Ile Thr Arg Leu Qu Hs Ala

Ser
15

Pro Met Gy Thr Arg
Leu Leu Ala Ala Arg

X}s Phe Thr

485

520

490

540 Gy Gu Trp Val Leu
550
Leu Val Leu Tyr dy
570 575

V%Sfakysla-rg{ ll%lr;’r%ygﬁglgal Val Cys

5

95

Pro Ala Val

Cly

Lys

Glu

20

Lys

Trp

Trp

Asp

Gly
170

Tyr

Val

Asn

Ala

Gln

Arg

75

Pro

Arg

Tyr

Ala

Gly

155

Ala

Thr

Ala

Ala

val
235

Ile

60
Serxr
Gln
Asp
Leu
Gln
140
Ile
Ser
Gln
Ala
Arg

220

Glu

Ala Asn Ser

45

Phe

Leu

val

Val

Ser

125

Gly

Glu

Phe

Met

val

205

Ile

Ala

Gly

Ser

Gln

Tyr

110

Gly

Tyr

Lys

Asp

Asn

190

Ala

Gly

Arg

Asp

Pro

Trp

95

Gln

val

Thr

Asn

val

175

Asp

Asn

Gly

Ser

val

Tyr

His

8o

Leu

Glu

Thr

Gly

His

160

Asn

Asn

Asn

val

Leu
240

600



610 615 620 Thr Hi's Tyr Ser Thr du Asn

Asp Val Qu Thr Ile Arg Ala Ser Val 625 630

635 640 Cys Ala Pro Cys His Ala Ser Cys A An
Ay Pro AMOPH30709 645 650 FeritSsshifs 655
Thr Asp Cys Leu Ser Cys Pro Ser H's Ala Sd02Leu Asp Pro Val Gu

660 665 670 A n Thr Cys Ser Arg A n Ser
G@n Ser Ser Arg Gu Ser Pro Pro A n 675 - 680

685 G n QLN BT QP Ahth b8 AOxPl 4@ H.Val, Ghy ALasE Yu AT g Leu

690 H ® 83%45 = 2’5’7%5" ,&rg Al %‘g‘t;‘;ﬁ%? Leu Pro Ser
Hs Leu Pro Qu Val Val Ala Ay Leu 705 710

715 Glu Asp Asp G1{2fys 28L vaiSadb &1PNe-d hea 3y L&HaVRlciBhgrwval Thr Val
Phe Leu Val Leu 260 12565 2780

735 dn Leu Arg Ser Ay Phe Ser Phe Arg Ay Val Lys Val Tyr Thr Met

740 Ala Phe Phe Arg48ly Val Ser Gln Gly Arg/Blly cASpLN Gifdserlete |1 e Ser Tyr

Lys Ay Leu Proz2Ps0 Gu Ala Trp &bm 755 285 760

765 Au @u Cys Pro Ser Asp Ser Gu Gu Asp Au Ay Arg Gy Gu Arg

770 Phe Val Trp Al&78er Gly Asn Gly Gly Arg/80u HElrAsi SePhuyslAs Lys Asp G n

Ser Ala Leu 7856 295 790 (2) | NFORWITI ON FOR SEQ | D NO 28:

(i) SEQUENCE CHARACTERI STI CS: (A) LENGTH: 4 amino acids

(B) TYPE.Cvanksw GlxiWyr Thr Asn Ser Ile Tyr Thr Leu Ser Ile Ser Ser Ala 104
305 310 315 320

Thr Gln Phe Gly Asn Val Pro Trp Tyr Ser Glu Ala Cys Ser Sexr Thr
325 330 335

Leu Ala Thr Thr Tyr Ser Ser Gly Asn Gln Asn Glu Lys Gln Ile Val
340 345 350

Thr Thr Asp Leu Arg Gln Lys Cys Thr Glu Ser His Thr Gly Thr Ser
355 360 365

Ala Ser Ala Pro Leu Ala Ala Gly Ile Ile Ala Leu Thr Leu Glu Ala
370 378 380

Asn Lys Asn Leu Thr Trp Arg Asp Met Gln His Leu Val Val Gln Thr
385 3%0 395 400

Ser Lys Pro Ala His Leu Asn Ala Asn Asp Trp Ala Thr Asn Gly Val
405 410 415

Gly Arg Lys Val Ser His Ser Tyr Gly Tyr Gly Leu Leu Asp Ala Gly
420 425 430

Ala Met Val Ala Leu Ala Gln Asn Trp Thr Thr val Ala Pro Gln Arg
435 440 445

Lys Cys Ile Ile Asp Ile Leu Thr Glu Pro Lys Asp Ile Gly Lys Arg
450 455 460

Leu Glu Val Arg Lys Thr Val Thr Ala Cys Leu Gly Glu Pro Asn His
465 470 475 480

Ile Thr Arg Leu Glu His Ala Gln Ala Arg Leu Thr Leu Ser Tyr Asn
485 490 495

Arg Arg Gly Asp Leu Ala Ile His Leu Val Ser Pro Met Gly Thr Arg
500 505 510

Ser Thr Leu Leu Ala Ala Arg Pro His Asp Tyr Ser Ala Asp Gly Phe
515 520 525

Asn Asp Trp Ala Phe Met Thr Thr His Ser Trp Asp Glu Asp Pro Ser



(C) STRANDEDNESS:

(D TOPOLOGY: |inear (xi) SEQUENCE

:DES% ;I;I ON: SEQ I;Z) glngJEN Arg Lys Lys Arg (2) I NFORVATI ON FOR SEQ

 NO 29: | CE CHARACTERI STI CS: Apdairdés8idn7181 base
pairs . wo 98'30_7'%98) TYPE: nucleic acid (O STR,(AN)[[)’EDNESS: ?sliangl e
(D TOPOLOGY: |inear (xi) SEQUERCE DESCRI PTION: SEQ I D NG 29:
CTGTAGGTTT GGCAAGCTAG C 21
(2) 1 NFORVATI ON FOR SEQ I D NG 30: (1) SEQUENCE CHARACTERI STI CS:

(A) LENGTH: 93 base pairs 535 (B) TYPE: sgycleic acid (O
STRANDEDNESS: si ngl e (D TOPOLOGY: |inear (xi) SEQUENCE
DESCRI PTE :GlﬁE@'ﬂ QaMe%O'Glu Q@GT@AO% m&%&@ Ala Asn Asn Tyr

19 (2) EREORVATION FOR SE&y | D NG 31: 555 560

Gly Thr Leu Thr Lys Phe Thr Leu Val Leu Tyr Gly Thr Ala Pro Glu
565 570 575

Gly Leu Pro Val Pro Pro Glu Ser Ser Gly Cys Lys Thr Leu Thr Ser
‘ 580 585 590

Ser Gln Ala Cys Val Val Cys Glu Glu Gly Phe Ser Leu His Gln Lys
595 600 605

Ser Cys Val Gln His Cys Pro Pro Gly Phe Ala Pro Gln Val Leu Asp
610 615 620

Thr His Tyr Ser Thr Glu Asn Asp Val Glu Thr Ile Arg Ala Ser Val
625 630 635 640

Cys Ala Pro Cys His Ala Ser Cys Ala Thr Cys Gln Gly Pro Ala Leu
645 650 655

Thr Asp Cys Leu Ser Cys Pro Ser His Ala Ser Leu Asp Pro Val Glu
660 665 670

Gln Thr Cys Ser Arg Gln Ser Gln Ser Ser Arg Glu Ser Pro Pro Gln
675 680 685

Gln Gln Pro Pro Arg Leu Pro Pro Glu Val Glu Ala Gly Gln Arg Leu
630 695 700

Arg Ala Gly Leu Leu Pro Ser His Leu Pro Glu Val Val Ala Gly Leu
705 710 715 . 720

Ser Cys Ala Phe Ile Val Leu Val Phe Val Thr Val Phe Leu Val Leu
725 730 735

Gln Leu Arg Ser Gly Phe Ser Phe Arg Gly Val Lys Val Tyr Thr Met
740 745 750

Asp Arg Gly Leu Ile Ser Tyr Lys Gly Leu Pro Pro Glu Ala Trp Gln
755 760 765

Glu Glu Cys Pro Ser Asp Ser Glu Glu Asp Glu Gly Arg Gly Glu Arg
770 775 780

Thr Ala Phe Ile Lys Asp Gln Ser Ala Leu
785. 790

(2) INFORMATION FOR SEQ ID NO:28:
(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 4 amino acids
(B) TYPE: amino acid



(1) SEQUENCE CHARACTERI STI CS: (A) LENGTH 27 base pairs

(B) TYPE: nucleic acid (C) STRANDEDNESS: single (D)
TOPOLOGY: | inear

(xi) SEQUéKEég@E’g?:Rl PTION: SEQ ID NO 31: GAATGGCAAA GTAAACEIH‘S‘*‘F%’Q%&BG

27 (2) | NFORVATI ON FOR SEQ I D NG 32: 104(i ) SEQUENCE CHARACTERI STI CS:
(A) LENGTH. 44 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e (D) TOPOLOGY: |i near (xi) SEQUENCE

DESCRI PTI O\ SEQ 1,5 NQeaRoemAdAGT TAGCG GCOGCAACCC GGGBCCACCCT CAGTAGAGGT

CCTG (D) TOPOLOGY: fﬁxear
106 CLAI M5

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:28:

Arg Lys Lys Arg
1

(2) INFORMATION FOR SEQ ID NO:29:

(i) SEQUENCE CHARACTERISTICS:
{(A) LENGTH: 21 base pairs
(B) TYPE: nucleic acid
{C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:29:
CTGTAGGTTT GGCAAGCTAG C 21
(2) INFORMATION FOR SEQ ID NO:30:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 19 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:30:
CGCTGACGGG TAGTCAATC 19
(2) INFORMATION FOR SEQ ID NO:31:

(i) SEQUENCE CHARACTERISTICS:
{A) LENGTH: 27 base pairs
(B) TYPE: nucleic acid
(C) STRANDEDNESS: single
(D) TOPOLOGY: linear



W claim 1. A nmet hod of delivering a gene delivery
vehicle to a warm bl ooded aninmal, conprising admnistering to a

war m bl oqglgdgasiosel a gene delivery vehicle which directs rCBUSIBOTSSi on of
a non-i mmunogeni ¢ sel ect abl e marker. 2. A met hod of
delivering a gene delivery vehicle to a wWEPm bl ooded ani mal , conpri sing
adm nistering to a warm bl ooded ani nal a gene delivery vehicle which
directs the expression of a non-imunogeni c nol ecul e which is capabl e of
activating an otherw se inactive conpound into an active conpound.

3. The nmEkhoGEQUENNEIDERFRIBTIINGI S8B0 IDO¥O:31wherei n sai d vector construct
al so directs the expression of a sel ected heterol ogous nucleic acid
Se(qeunCeGAATGGCAAR GTAAAGGTTD] TTCAGGEhe met hod according to claim| wheria? said
sel ectable marker is selected fromthe group consisting of alkaline
phosphat é3)e INFeRMATIQH [FARt 9 8B :3ferr] - gl ucosi dase, [err]-gl ucuroni dase,
Car boxypepti dase A, Cytochrone P450, [err]-glutanmyl transferase; reductases
such as Azor dducEQUENCEDFHARPSERRYSA4€S and Nitror educt ase; and oxi dases such

as gl ucose oxi das® FHAKENCH PREORPUSSe. 5. The net hod
according to clai/® 1T¥RRerTIcIeaF &?&Sf%;ound capabl e of activating an
ot herwi se inacti W&’ TOEEnt $18R act i ve conpound is selected fromthe

group consi sting B R THe pHB¥phat ase, [err]- Gal act osi dase,
[err]-glucosidase, [err]-glucuronidase, Carboxypeptidase A, Cytochrone
P450, [err]-glutamyl transferase; reductases such as Azoreductase, DT
di aphorase and Nitroreductase; and oxi dases such as gl ucose oxi dase and

xant hi ne oxi dase. 6. The net hod according to
any one of clLaj nMgbulfce? o &r8irforiakh d8NRo.gel i very vehicle is a retroviral
vector construct. 7. The met hod according to any one of

claiml geacdribel @cbe@abbe RBECACCCT CAGTAGAGET CCTG a4



delivery vehicle is selected fromthe group consisting of poliovirus
vectors, rhinovirus vectors, pox virus vectors, canary pox Virus vectors,
vacci ni a WypwssyRet ors, influenza virus vectors, adenovir uspdagkstichris _
parvovirus vectors, adeno-associated vijkg vectors, herpesvirus vectors, SV
40 vectors, lenti virus vectors, neasles virus vectors, astrovirus vectors,
corona virus vectors and Al phavirus vectors. 8. The

nmet hod according to any one of claiml1l or 2 wherein said gene delivery
vehicle is selected fromthe group copgigitng of polycation condensed

nucl eic acids, |iposone entrapped nuclelc acids, naked-BNA-e+—RNA—and—

producer cell |ines. 9. The met hod a | D nmn 3

wherein sai d heterol ogous sequence is a gene encoding aTﬂm “mnﬂ) ﬂ“rn

10.  TheWed#iBd according to claim9 wherein said cytotoxi € protein ts

selected fromthe group consisting of ricin, abrin, diphtheria toxin,

chol era toxin, gelonin, pokeweed, antiviral protein, tritin, Shigella toxin

and Pseudonpbnas exotoxin A 11. The net hod according to

claim 3 wherein said heterol ggQus, sequence i s ap_anti sense sequence.

12.  The nethod ac&ordiﬁgmﬁgwgmoﬁ iﬁiyemaegmesdghaewevéwpdgcwagecmwe

encodes i . | . .
aﬁklhﬁlﬂiﬁﬁlﬁ]ﬁ@g\f@a%%d& g%‘ awarm-blooded animal a grgr%?lgglweé; Q%hf&? @g@g

t
according to ¢la 1Z2®whereinsaid irmmune accessory u MR
from t he direvtthe exsressidnef afondimmibmigetic @electbBle ijarkdtt er feron, 1L-1, 1L-3,
lL-4 IL-5 IL-6, IL-7, IL-8, IL-9, IL-10, IL-11 and IL-13.

14. The nmethod according to claim 12 wherein said inmmne accessory

mol ecul e is selectegl from ﬁ)@@xogr&tﬁklﬁr@ﬁﬁgr§t gend d?eflivéxly‘ Yehidk-td % Afm-blooded
ganmma-i nterf eron. 15. he” met hod according to claim 12
wher ei n saiivhal, mompeisiag adssmstering lte auvani-blosdddeartimd! & rgene dekvayy owhicle which

consisting of |CAM1, |CAM 2, rr]-mcrogl Qbin, LFA3, ..
:%rects the expression of a nor[l-?mrrlunogemc %10 ecuTe wlhlch 1s capable of activating an

d

otherwise inactive compound into an active compound.

3. The method according to claims 1 or 2 wherein said vector construct

also directs the expression of a selected heterologous nucleic acid seqeunce.

4, The method according to claim 1 wherin said selectable marker is
selected from the group consisting of alkaline phosphatase, a-Galactosidase, f-glucosidase,
B-glucuronidase, Carboxypeptidase A, Cytochrome P450, y-glutamy! transferase; reductases
such as Azoreductase, DT diaphorase and Nitroreductase; and oxidases such as glucose

oxidase and xanthine oxidase.

5. The method according to claim 1 wherin said compound capable of
activating an otherwise inactive compound into an active compound is selected from the
group consisting of alkaline phosphatase, a-Galactosidase, -glucosidase, (3-glucuronidase,
Carboxypeptidase A, Cytochrome P450, fy-glutamyl transferase; reductases such as
Azoreductase, DT diaphorase and Nitroreductase; and oxidases such as glucose oxidase and

xanthine oxidase.



and HLA class | and HLA class Il nol ecul es. 16. The
nmet hod accordi ng to—etatm o whereitmsai d het erol ogous sequence is a

ri bozyne. 98/30709 thod according to cl ewcrrresmmu n :
sai d -het ero ogous se !ﬁ“ LH!H! al cepgnt gene. 18. The
met hod according to sai d repl acenent gene encodes a

protein selected fromthe group consisting of Factor VIII, ADA, HPRT, CFTCR
and the LDL Receptor. 19. The net hod accor di ng to claim3
wherein sai d het er of 0gOUShS RRMAIACK cBREAL 85 ad 'ohd TBE BREE NI 6r PVHerélA safd gene
virus selected fromthe group consisting of "HBVY, HCV, HPV, EBV, FelLV, FIV
and HI V. delivery vehicle is a retr@¥ral vedtoecomstrhatd according to claims 1 or 2
wherein said gene delivery vehicle is introduced into cells ex vivo,

fol l oned by administration of said gene delivery vehicle containing cells
to said warm bl oodegl ani TE¢ method according to any one of claim 1 or 2 wherein said gene

delivery vehicle is selected from the group consisting of poliovirus vectors, rhinovirus
vectors, pox virus vectors, canary pox virus vectors, vaccinia virus vectors, influenza virus
vectors, adenovirus vectors, parvovirus vectors, adeno-associated viral vectors, herpesvirus
vectors, SV 40 vectors, lenti virus vectors, measles virus vectors, astrovirus vectors, corona

virus vectors and Alphavirus vectors.

8. The method according to any one of claim 1 or 2 wherein said gene
delivery vehicle is selected from the group consisting of polycation condensed nucleic acids,

liposome entrapped nucleic acids, naked DNA or RNA and producer cell lines.

9. The method according to claim 3 wherein said heterologous sequence

is a gene encoding a cytotoxic protein.

10.  The method according to claim 9 wherein said cytotoxic protein  is
selected from the group consisting of ricin, abrin, diphtheria toxin, cholera toxin, gelonin,

pokeweed, antiviral protein, tritin, Shigella toxin and Pseudomonas exotoxin A.

11.  The method according to claim 3 wherein said heterologous sequence

is an antisense sequence.

12. The method according to claim 3 wherein said heterologous sequence

encodes an immune accessory molecule.

13.  The method according to claim 12 wherein said immune accessory
molecule is selected from the group consisting of « interferon, B interferon, IL-1, IL-3, IL-4.

IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11 and IL-13.
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14.  The method according to claim 12 wherein said immune accessory

molecule is selected from the group consisting of IL-2, IL-12 and gamma-interferon.

15.  The method according to claim 12 wherein said immune accessory
molecule is selected from the group consisting of ICAM-1, ICAM-2, B-microglobin, LFA3,
and HLA class I and HLA class II molecules.

16.  The method according to claim 3 wherein said heterologous sequence

is a ribozyme.

17.  The method according to claim 3 wherein said heterologous sequence

is a replacement gene.

18.  The method according to claim 17 wherein said replacement gene
encodes a protein selected from the group consisting of Factor VIII, ADA, HPRT, CFTCR
and the LDL Receptor.

19.  The method according to claim 3 wherein said heterologous sequence
encodes an immunogenic portion of a virus selected from the group consisting of HBV, HCV,
HPV, EBV, FeLV, FIV and HIV.

20. The method according to claims 1 or 2 wherein said gene delivery
vehicle is introduced into cells ex vivo, followed by administration of said gene delivery

vehicle containing cells to said warm-blooded animal.



