;e3ev|tF6"Tv2 2 FEB 2005 WD 02/ 18609  PCT/ US01/27(191 METHODS FOR STABLE
* TRANSDUCTI ON OF CELLS W TH VI RAL VECTORS 5 Technical Fi el d27hEEBr#8®ent
invention is directed to nmethods, as well as conpositions related 10 15 20
25 ther et WO $268%he efficient and stabl e transduction of cBfTASULTAY viral
vectors. The nethods increase the effiki ency of transduction by contacting
the cell to be transduced with one or nore nolecules that bind the cell
surface. The cont aqURTHODSFORSTPABLE TRANSDUCTION OPFICBELDS! t aneously
with, introduction of the viral_ vector to_the cells. The present invention
al so concerns the use of the stV¥bIE ¥IReHs ¥ECEHORS| | s in ot her applications,

I ncl udi ng expression of nucleic acids borne by the vector or
|l iving organi sms. Background Art "Transfection", which generam mwmﬂmn Imlmo
techni ques for the introduction of genetic material into a cell, nas
contriﬁ/)ut d.greatly,to the nolecul ar and recombi nant revol utions 1I'fi*

bi ol ogy. %@ﬁkﬁi&ﬁg transfection techniques for use with higher eukaryotic
clel I's include Tht pﬁe&ﬁtfﬁb@ﬁﬂb@is&lifblﬁ::&ﬁit?hieﬁioﬁgmswaﬁﬁsﬁ_ 5i#iond feﬁ@édg\?nth

el ectroporation, mcroinjectio i pofectign, viral .infectiopn, and ot her
met hods fB‘GFFEP"r}ﬂr the e e aud F@Hieitr%nefacasz% eg%ﬁvé using ighveeirs. Lhgmgods
transf ect @rabembRIfARY dEM@NnsRRLON bY bofhctinB RSO YeStranbduted with dnbdr 2
virus' natural I{Woccurrl.n means of 1ntroducCing its genetic material into a
cel | is tEREnMAteoulns Hgebiod thocallwniewr The wontacting stgpinepyrascurhafereofftarerer est
Into Ce%}lmultﬁff@dﬁgﬂﬁit}?f' YA dURES of B Rr%hﬁ%c&)% ﬁB%‘ellEdTﬁé’Pl%kﬁ%? iEREH QLSS

i ncl ude adenovi ruses, ddeno-assocl ated viruses, herpes sinplex viruses, and
r et r ovi r usmsemSdineusel df yhe stahly iansdmcedicalts irecthbeapplitatiotseinebidingeexptessioh ofied
into a viral .genqne. Upon, replication and. packagi.ng of the viral genone,

t he resul ?‘écﬁ?‘gﬁflgggolﬁ’ﬁ&’tyﬁ}é?ﬁ G od'é]beéfﬂyeor}g’f"?%?rgg‘é‘ﬁ%ﬁ'g the nucleic acid of
interest into a cell via the viral entry mechanism Conmmonly, the viral
genone is_first made replication deficient by nucleic acid 30 35

mani pul atﬁéﬁﬁ%@%@t he addition of the nucleic acid of interest. The
resul fant viralTGRBMON " OWhith 'gRherdBF tedirs td @&Hﬁ?\f‘eﬁ foPheYtfodattiéh OE3dRREic Vi I US

or a packaging systemto conplete viral particle assenbly and release from
a cel | . Vielerigl ipte arell; des eontubuted grently tor the siodecular gad gecombinanhravelutiganist i ¢

material glodg! %Fhiﬁliﬂé'gsfbtf?raﬁ?fgéji&%tg&{}.fqugggdg%@&bﬁ?@@&ﬁg&f&é Qthelude

"transductl enera uce 0 use a viral
vect or or cal¢cinml phwaphate precipitati omg iE AJ-dgetrent treatmatt pelecttopordtion amioedihjection,2 2
FEB 2005 }{%%fgghzc{n} %ira llil}ecfign, and other methods found in numerous scientific textbooks and
20  journals.
Among transfection techniques, the use of viral infection is unique in that a virus’
naturally occurring means of introducing its génetic material into a cell is taken advantage
“of to transfer a nucleic acid molecule of interest into a cell. Examples of viruses modified
and applied to such techniques include adenoviruses, adeno-associated viruses, herpes
25  simplex viruses, and retroviruses. Generally, nucleic acid molecules of interest may be
cloned into a viral genome. Upon replication and packaging of the viral genome, the
resultant viral particle is capable of delivering the nucleic acid of interest into a cell via the
viral entry mechanism.
Commonly, the viral genome is first made replication deficient by nucleic acid
30 manipulation before the addition of the nucleic acid of interest. The resultant viral genome,
or viral vector, requires the use of a helper virus or a packaging system to complete viral
particle assembly and release from a cell. When a viral vector or viral particle is used to
transfer genetic material of interest into a cell, the technique is referred to as

“transduction”. Thus generally, to “transduce” a cell is to use a viral vector or viral particle

L
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35  to transfer genetic material into a cell.




PCT/ US01/ 270' I | Anopng transduction techniques, the use of retroviruses has
" been the subject of great interest for the genetic nodifi cati ohEBF2005

mamal i an o particular interest is the use of m)dlfl retroviruses
to |ntrodh~g)g(tzé'§(n(gtl c material into cells to treat genetic (ﬁgfab?yzgrtbl ot her
di seases. An. exanple of this approach”is seen in the case of cells of the
5 hemat opoi etic system where retroviruses and lentiviral vectors are the
subj ect of i nt Amwagitaseductipn tdvbniassaglhﬁmeoélretrovﬁmsesdwarbpbmthe(tubjem grduei r

studies o i re e t he. ef fi.Ci of . retrovi.r nedi. at ed
tr ansduct?%értg ;g‘grl tﬁ%?g@%}(’r@f& ]t% Q ﬁ%ﬁ%‘%@ﬂmtgrﬁtl 1§Hl9fuse of

act i vat edm'ﬁdrfmldlrstm\ﬁﬁwealohntrédme rgenammmnarlﬁtodsen@ roesdt geRait &Fddtygdcel |
division 1 edé“n t ansdu The work is also limted to the use of a

mari ne on? gﬂ‘l’%%ﬁﬂr?%ql?éﬁﬁeeﬂdﬁ‘ thei cgss of ecdlstof fheest i nul at i on
of thes Cehélﬁatbﬁ&@t’i@sﬁsfe?rﬂ%é?é fe%wrdéé@‘%m&flenﬁlwral(‘)éaf?@éx%‘tﬁg Agc? Qﬁet he

use of T cel stimul"ati on as a neans to | ncreas cell tra on O her
wor k on 'ITeééﬂIﬁhtransductl on with activated or stinulated cells |ncI ude

t hose of Dougl [ ra e Kl epha et

Barry et 15 al ﬁﬁ)vﬁé 3% fig mag eéc?n% é% giﬁﬁ‘?érﬂi}%%%?‘iﬁ,m ht??f ﬂc?fnpttﬁt{‘))@%‘i‘sﬁ
denonstr aefé]dlmc)anﬁmrowrmmedlﬁted |ttan9d1mmﬁby§ﬂcﬂnad1ﬂg rdshfrobodthdiedon theieslt el | o
et al. desc .heﬁ%a gtl O‘ﬁ’c f bot@ sti ed and non- stl mulated T
cells usﬂ‘?@c v, rF &P g‘e\‘}i’i‘*ﬁ tsf“? p@n ?“tIUQHPlaWYCa‘Fe LiwEsisRs. They
obserned duing t@@@&ﬁct@nme MRk @ aldo/ fen@ied kCth8 Sy oM Flirifik LHRG-AURA RS hfr Y- T
cell's and_| ess .t han EO 19% efficiency wth non-stinmulated T cells. They

al so not ethedequirgmentifos significant pyestimulatior obthe celishrfgretransduatione t han 36% i n
stinulated T Cﬁin'e%tﬁ’ly (W@P@@ﬂ#m Hgfcri%'é?ﬁaetﬁ%%ﬁ‘fceﬁl \t{nfuflﬁ?oq)ea%‘ca%g g eins.
Chi nnasany et al. also describe’an | ncrease in el ency or

t r ansduct Inereagnl pﬁétrpmSé@mnne Qsherﬁwarkpna”ﬁ cadbisansgugsiont veitln actmatddmr lstimulated

non-stinu Li k SS t al

Chi nnasan%/&%?&é@%th esqqurﬁllg odme)r/é%ﬁg?e(é‘toélgrq‘%t ﬁ"?ﬁ%ﬁe@n AWIEL ods
priorl%o al,ané Ii].mutmmt\a/l tUnﬁrﬂuﬂalbly\/nbﬁé oMafstvasrk déonhstrdtbd faadastonet aI
initiall yﬁ@bserved a ter t 3 96% t ransduction efficiency three days
after tra a’t?B‘le%ﬂfng 'S‘ Se/" of stably transduced cells decreased to

71. 2% two weekGoféileet al. fcﬁﬁt&ﬂié&hé @nsdud@sn 6both stuﬁhﬁfed%a%foﬁfs@tn{ut&%’re nt
transducti ?n and _"pseudotransduction” in cells 30 transduced wth a

| ent i vi r afellyasing Human mmaunadefgisnes: Vime- L {H W 1 dentiyinabvegaierse Fhey oseniedent
Pr ot &1 1) . oty 8bout AIrfikifANS M9 effcRARYIAM M1 b@BlIaEPP ol OUR el
transj ent transduction was detected based on non-integrative expression of
t he i kek9% @fﬁ;cmmytwarmmﬂpted fage}lsCOBay-also ndtel ladouliterbtikty tSirmhease

expr essi bI e at a 5% even
seven dayésfﬁ%{ggégﬁor ans Ha%%é%iggtgﬁigg?er g%o[}ﬁqﬂg gg%t %Brseger{cpgﬁglgl{lcltl on

22 FEB Zmessb}y]prﬁfeilrfSGOQ -3 PCT/ US01/ 27091 did expression fromtransient

t ransducti on "ﬁﬁg{; that | eI | s l_h)r ansduced ,wi th ar ker | ess vector.
Therefore, Chi angpergasedn theaflgiency selyction dmythei on

where an preéengé afHuviltucmseérytﬂisteiﬂsriﬁ'bo&ﬁfoh%uﬁtﬁﬁte@ﬁﬁdlnhf&‘g&t Sedulathia t he
chr ongsonal DEA 3\4 t he fnsduced cell, of primr nphocyt es beyond
71. 2%as Gedlp1 Likedovsssa Y &t %lePfet"Mu"&Eé OO&EHP@ hoggessorpi t e t he
use of cydigkeas pboddiport | r

1%&3 od3 ok Wﬁ&ﬁﬁ&léﬂ"@ltﬁ%l&rﬁwnﬁ‘&&% Tk e C%@%&%aﬁys post

descri be their |nab|I|t to significant transduce (
t r ansductinBigjly ebsereed weawé&lan%%ts@lwgsﬂm efficigney bhrqﬂedaye rftetizansdictionot

or e Tt e Bp e Fatahted ot gcliibe 07 L2k o TP Raledinh. ' ©

post - trarﬁahs@t abalso\Ahsdmedtttmsreasuhﬁsdumzmudﬁ‘psmdedawﬁetmatm\Melld"l the use of

non ctors containing accesso roteins, in no case
0 20, e osf Siten PR SRR SRRl o PGS f AR SO (TR UStPraRa od

cel |'s gr gabein)! Eeen thie @iys poyt tlths@ton! SigNHEME (6RR 10%4) tERBRAL ttéﬁgd&fnoﬁ he

stinulatory rotocolﬁfsed wth the vector. 15 Low frequencies of stab

t r ansductWarAsjgeted hased o nongintegrativs axppession of thegnarker genery tiansduced plamaly who
coul d onl ¥DaLHESY HlcbdBRNEs MHHeLSE I an
25% seven days )DOS'[ t ransduct R@pésgm&lﬁgﬁ%‘%&%éESJdCQgg?%ﬁgédc%eﬁ%%%bﬁ% d
cel | s. Statiakpw§lyevantiieserpdys wepteiransingtiono fOnly afierchibout bhdaysidost treptsdioetion

i nproved even after extrenely high multiplicities of infection or vector
concentrations, such as a multiplicity of infection




20 (M) of up to~ 9000 and vector concentrations of up to 10s_infectious
“units per milliliter. Follenzi et al. also used a very hi thI'N’/CfEB)Q B00 to
transduce cells in the presence of a three cytokine cocktail nt ai ni ng

interl eukW-B/14R.3) | interleukin-6 (11,-6) and stem cel | PFJ@?%W"%!:F)
Interestingly, use of the cocktail woul'd render the cells unsuitable for
human clinical transplantation. 25 Thus there remains a need to provide a
nor e ef fididerpressiamfron traisizht traifstactbahiiaimg thatlih selld trinsdecddorish amakiegless
frequency Additionally, there is a need for a nore efficient nmeans to
transduceVe¥- stinul ated cells for use both as research tools and as a

t herapeutic agfﬁlérefog t@ﬁm&@ et 418v &b Q¥ LIS fo /ABRVE stammansuﬂétﬁmdwﬂe@%nan
adm ssion that any o 30 Toregoing . s pertinent prior art:

st at enent mte@sat@cbfqrmeofah@ élr@irveﬁteph&@wameﬁtﬁd anjothpe @lﬁememe@MA@rf ththese
docu t Sy o] t i oes
ot _canst T QREEN B i B AR RbIUR 1E2) e 8L D8 B Ble RO hel Do
of these thoxweakst ﬂ‘hls w?deeEE& ho ©Se mﬁﬁmmrestmulmﬁhﬂS&MZ Fﬁﬂhemmre

Di scl osurg, of The on T resent S ef ficient
met hods, SR EARG ei f’f‘ elférf Eﬁgg ‘9 Ff&P%ﬁcan S?H%QQ‘{"X%? gAf maﬁ Ftl on of
cel I's w t Ransdiié@lony a6hRfimubied l?’mpﬁbcﬁesrﬁritﬁ heH;IV eactor&hamlenbw@@s&uaéde@s@ry it
is nmeant where an._int e%r at ed

rmof t vector has been inserted
[ nto 5 t HEFORME RN VERATONeDreventhe Q\féeac \vpre f}*ﬁes%ﬁlﬁﬁéé"“gb‘i\ﬁ
exposiNg mitGo&fid d%ﬂ%ﬁ&&%ﬁ&gné&cﬁwmm%é festls WERImpPRRd M| ecul e
that binds the cell surface his contacting step may occur prior to,
during, osoradwhet withehe usd of renetimubase gelisandtvsciors erintaiping@ccessoTyipreteins, in
particle. n&'gz[s ltleeéfgcfflﬂg){ Ef}sggq,le Waﬁsaducﬁ&?gpgtl eli g??loh'%ﬁﬁimi dj&ﬂgt e any
form of a nuclelc aci erive roma virus an tran er genetic
mat eri al gmetter than 5% en dayl Bt poshtrsubdatiion mé‘dpectu\@mﬁtbm stomphtsy protogodbsedect or
nucl ei ¢ aCLtg%];l sy h as DNA and RNA, encapsidated forms of these nucleic
aci ds, and™}HPLY*Mrticles in which the viral vector nucleic acids have
been packaged. Liwdrdyueacey ofl stibitrargduetichowithn tdntigizal Ydeeorsisas also bbserved by
transduced cells in other appljcations, |ncI d| ng dé)lrodua{ on of useful gene
product s HA §5Rabt ¥he goWg oew;ﬂcéegﬁ aﬁneﬁqmaml% c ﬁﬁreeg)éﬁf epsthame

vector org 5%6{1&% eﬂdst’irél&dﬁé%ﬁineﬁrﬁtﬁ ﬁirﬁdfyem d%!txv%tcoEdl Bloo@lcetiei Ng

afflicted ase. Preferabl t he su@{ ect I's human. The at | east .
one nol ecﬁtréﬂngiﬁtthllgl%&/summ llm;trqfarﬂe:s@uctton@oe rio§ be improved gyenaftss gxtremelydes

I
e ogni »oiiel b SEUCA IR clon AL RERT-Bpllrtedid SRS Y mulBLSRY of ffeckbyls”
sur f aze b(MOINef plorddioe and eeatarycobeentativns of ulhtogm eﬁfecnownng(tstpeamﬂﬁhtetl on of

ol coul o6 nay. FOLGR oo st epleh MORPEMD el sl b REBsgpREsT,

]PNA [ nL Iega ]fﬁré@diytoltlﬁe BOEKt &L emttmmhg!mﬁeﬂgmahsqmm} Bltmileu'kin-ﬁéﬁ_t 6y anfdrstem aclbite
avorabl e for yector gene expressjon: .in no ol en entr, t he _
nucl ei ¢ a&cwr&%ﬁfkiﬁlﬁaﬂ%ﬁ' Bﬁ? ‘?fit‘%c?‘f]i‘éall:?’f’%@lrﬁgclﬁr e F’BS‘H%PF PR RYmEh r y

of the vi 51%(,5’13{ @qaﬂtgﬁbQS cell nenbrane or internal nmenbranous structures
such as the endosone; or in making the cell nore perm ssive for nucl ear

i mpor25 of the Thustherasemeinsa nged ta provideraanprs effiginet meansed stably rasdysingnt i on
may al so d as

vy dont 1 COEV RS oL AEE SRRRY, AIAANE BORT; Aokl K RmdieRcidl

i nvent i onmeamstottranedudemonestimudatedgells rfer wsdedotlyas reseretatdolseand agla\lbarapduec

ext raordi nakl}/ di scovery of the invention 30 in the stable transduction of
up to 10088 the treated cells w thout negatively affecting the possible
use of the cel Ciatiéh bﬂfniarabb\lmedoapmcnﬁshenmmn&ezm amlmhldslbmthat mwyemfths

openi ng a_new.a oach in.the field of human cell
sgr f at®& bfoTega %ﬂeéfé‘vlﬂ“égnmtﬂﬁe‘%]iﬁtatwwts ‘i‘setgdﬁ? d?tﬁ of FFé’r%%f‘ﬁaEP‘éﬁ%m&hﬁl st abl e

LT ansduct kot oF b8 ddtBfdeRtss bisel oRRETISmAoR A AIEBIOoAR Bbplichh drd@Res
mol ecul e that 35 I nduces apoptosis will not result in efficient

t ransduct nqtmoestltuh:euweidmlssmlt aSrtaﬂweqomaemsmﬁhh dates opcqutgntyobihesap 02/ 18609
PCT/ US01/ 27091 .5_




Al t hough cell death may be preferred for the killing of cells (e.g. tunor
“cells) it is not preferred for the stable transduction of 29“: \mh
vectors Qg@t’a) %y ng payl oad genes or nucleic acid sequences. g red
cel | surfag& B ng. nol ecule results in the cell being R QTP ‘Hé’ﬂt’?‘ve to
transduction by a viral vector. Exarrpﬁes of such nol ecul es include an 5
anti body for a specific cell surface receptor or portion thereof as well as

a Ilgandwmor such a receptor Mor eover, anti gen-bi ndi ng

fragments of |es re cont enpl ated for
~use in the pr ? WBX?‘}%%S’H Pr%geﬁgﬁﬁﬁf ?iﬁ"r?ﬁ?‘ﬂﬁrecg gorg}b%sg;opﬁ clated
cel | - sur fthezetol ﬁ)@ ¢t stabl€ Gnsdabfic 6f celIS Wit VirabPédt6e @n@ 'anF‘ﬁ‘arﬁéleM?“ﬁ&’cLé opes.
10 Preferred, exanples of cell surface bindi n?@m)l ecules for use 1n e’

i nvent i -ofraasduchon.; itapmeanigvhere an dxegratedifpma af the vival vestor hag beerciasdrtedante nake
t hem gor gpd &ﬁ'&%& obfal DN X SF iy h'ar{sﬁﬂge@{feh' 8"%%% cgﬁﬁbﬁ-&g’% f8lthe gelfiﬁgécean q

bi ndi ng nol ecul es ‘are anti bodi es or I"gand,
Kit |igarbg trassdsoedbiossontaet wﬁthraalﬁastmielmolemnc thatbinds theecetlsarfpteo Bhis such as
hemat opoi ﬁﬂa&x tive.to . vector trans

Addi t | ona pr e %S?%Belﬁgk 8i§ciur§‘§1|rp$50r “BBm‘Fﬁ&“h‘BF& 1S eﬁp%segﬁq {I’E&F?]sg“éﬂ’

| i gands foovirel\pafififfe. aldreidafiér, the Picviral Witeehwithilseuekdne idehbte aﬁﬁ Fdrén 6Fa thei r
or thei g

precur sors,., suc S. ocyt es, 4 nositive stemcells

di f f er enf} QF@&C&%&@ E?%(?F'Y%&rl‘%a Héo fransdir; gepeticiapierip] intageel] Viar e
recepdi verah@iuég6t. OThd foR SHsth e @eh Qtctethcldidadias Qudt AdHRY, HRIeGH! es

i ncl ude nol ecul es found on ce surfaces which bind the surface of another

cel | . 20 cBgapsidatsd érmé@frrmswuglreut@qlqls eud visal @aticlngiin yhieh hewirekvectnr| ude

pol ypept indeRic ks el i &arbohydrates, lipids, and ions, all
- optional ny clc?rrp xed('gl\rvré)etqlﬁQ ra substances. Prefer abI y, the erI ecul es bind

f act or s found Tha ptdsentanvention sisofintihdesthe etd of thestradsdasedai2llt imoth&Dl b, CDl c,

ol 15, _COPPITitas, O iag Bducop St vl s g kg piescinags. coie

CDl 9 15 CDR0¢lelclRid, prédanPin tBBR8cto bR therapPdB liviaRathjeEPRMlictellst at §HRSF beghB0,

CD32,. O 7. CD38. CD39, CD40, CD41, CI42a,
CD42b cﬁ@&t wﬁ%&%m@ﬁaﬁy, BojegtisBEnNats  cD47, CD48, CD49a,
CD49b, CD49c, m%%ast@é%lem{at bﬁ%ﬁm s&%&eof@i@@eﬂs@%@ ua%a%éed CD55,
CD56 CD57, CD58: CD59 CD62L. CD62P, CD63, CD64,

coésdud eemiswoleembabat mglly m_t,%@ts mb@etcep@mmaﬂ@ms oﬂ@69 CDW?O,
CD71 cD 7
o0z, cotoeiiitle nighd on GlKintack oMb prdoipi kO raceififtins 0L
CD9420 CDRBlectboBay BD9sd forBigh cfdecyGRIBACtiGROtellsCIWRRouBIMdRABtheCD 104, CD
1 06, CD: 10 109. .CD 11 S, 22
FEB 2005 “;m%ﬁ%%‘ﬂg “"‘99% e%%‘%éff/%”@%"ﬁ%%%e spjein t’%i)h‘isigql &D 119, D
120a, CDchd@intinGEing2dora gec{éﬁtn‘kéﬂo DN Antdgzdion préferentidihicbrat{dnlot, vifaD1 26,
COw127, CDwi28 28 30, CDw131, (D132, CD133, (D134, (D135,
CD136, CIan Rres ?"‘EfB’i‘@g?r tgsgwne EIALEHIOT; FEFRQIE g‘%ﬁ‘%ﬁ?’“ﬂﬁ thenucleip) 144
CDw 145, a6 cdA@inifgRabdid, 1n@hé4§togﬁ§?ﬁ ffBorelefhidient®ntryB f Uelvink aefdkothe CD193,
CD154, CDLB5, CDIS6, CD167, CDI58a tD158b, CD161. CD162, CD 163, CD 164,

cD 185, mgbrang @t intrral mgmbranogs seyciurgesuch as the errslpsorse,)orrmmakmgéh@orrpl ex
CD ol ecilieg 88feGbr AL RpBoR SR iV ChorRBl ALY 1. flohl oS ©f

structurally re ated pr ot el ns e notation putarv
mol ecul esf Manvmav@maatalsroemvcld&emdrmtha;a one nf thembave pbssﬂmletlasom#oelandhs sting

f CD f
& 1ol oo sTiaghifonk faeser ba A0S MR Shond podcfiiles, Heriilinol BieE he "V
An | nter haniedmmhnwwﬂéltﬂasgu Méaﬂouﬂidlgﬂvemthefektr@onﬁinwdrbeovew oftle irivetifietnol ogy.

eyt S iRt of irad $hod ol dur eatel cotp MBRH Reseiy Sesine toos,
ng)gos'bfbl@ﬁﬁfhf thd 813 in Ghan @Qré;ﬂa ﬂ%&entl@l@%ﬁoul@g Qle\f@a?az opgﬁﬁg 3 CD29,

7. CD38, CD39. CD43, CD45R CD49c,
CD49d CRew appropshoin thefigld ofdpgmn O@lbshrerames 0057 CD58 0059 CDW60,

B2 comor SRR sfYhRes Rnle Ry ke AU PR R S0, o

107a, CDstmlm&;an@ﬂthBy vizal \GowrOForGRafip]e, Mto@mmurfaﬁ)ﬁa&wleﬁmzz

7 3 0. CD 4
1408, CD%QS Q%%%B EPN‘,‘&&C"?&?M éﬁﬁsg%" %ﬁﬁﬁe %?Béraz%bcg&&e 162
CD165; CD166, and TCR~. Additional antibodies and nol ecules that bind to
the surface of cells, and suitable for use in the present invention, are
di sclosed in Linscott's Directory of |Imunol ogical and 25 Bi ol ogi cal
Reagents, 11th Edition January 2000 Publrsher WD. Linscott, Petal uma




Wil e the invention may be practiced by use of soluble cell surface binding
" nol ecul es that pronote vector transduction of cells, other ppefEEB QM5
embodi ments i ncl ude 30 the use of immmobilized cell surface bi ndi ng

nol ecul es W@OYIRPADbl y, the i mobilized nol ecul es are anti bddiTegs01/27091

Al ternatively, inmobilization may be vfa use of other cells that express
the cell surface binding nolecules. A preferred method for the efficient

L ansduct isiholtn BAAPALF bE Grott el P blafihg o LI e ORGP [s Qi St ol

cells, expressch% s on‘their surtace iTitate st'em cel
mai nt enan@eefoire nthe stalm Oadstig¢tiaroof cells with FEGoRIBRt 4TS Payload Zo@s or

o ot Rl AR 00 sy FEe B AR SRS i o betes, 1o
appropri amreedcbptwgtbmﬁsducﬁdn by amwamu@ Bxamptksrofrs@cmmebﬁies ineRide@hr ect

stimul us for. sductl Addj ti onal nol ecul e t in rease or reinforce
t he ab’?'I | i 139“'69‘{3’ fea gpect %ﬁ@c%feﬁiﬂt%fc‘mpéﬁﬂ%ﬂgff‘ KAt phweeas 15%%@%3

al so be i elHide@r sichla R eMol%o%&' aﬁ%i Jg gﬁ n%neﬂgbmwodﬂe@tgum% for a
specific ce surface receptor se nation wth a secondary
ant i body tHasanddadragmests| armorpcmnlateﬁ famsebmdwaxe@m swention UFhe bindinge cel |
surface.  onfatos oo fE! depICAlnBENSSE: Jo) Pt 8RS Bhe 410 dUSHE! O

Pref erabl vy, rans uced I's a eukary o
pr ef er abl epitéges. cel | is a primary cell. Cell Ilnes 10 however, may al so be

transduced wt tho ent.i on and i many .cases,. nore

easi | 3blt ransdu%éetfh ?cge %4°§h \rijd% ffcqeﬁéﬁgftlésielle%lﬁe“tt‘roﬁﬁ%%uced -
is apri mﬁ-dmhmﬂfuen(zsuﬁﬁbaﬁesavmcm ping I Tosells @hd Bake theis iR A@eptlvelteh as a
nonocyti ¢ macr ophag or is a_precursor. to either_ of_ these cells, such as

a henat opé’F‘é‘f’T %ar§?woee|qthermrﬁ@irres el enfase bindingmplscules aresatibedienorn n
| | |
Pormed by BASE EMETIINS AT IPD ofd Kit 1434 ffeptks, il ke (R Rk Berdlne °0
cel | s assdled rgeeptiorad such bs berdatopoietid stnmtqebsq ma@acdeeptive to veotor trdpsdyctionul ocyt es
d | h t
ST AP o Al BERERA B BB ARG B LI AT B aBp S PN UM CSE) 00

cell f unctand)tL nmedepttes oﬂhblsntahaﬂemirniclcalls drethéin podcursots) guahfas inignongtesy st em

| i | I1.s. |.ike dend
endot he | D EenoRivetih GBS b Yo ared i SesaiPE ol ufip tekisibn
embodi ne nﬂmeiéeemﬁﬁi eBepive td- vbdt@ﬂbzﬁﬁ&ﬁdﬁ%n( Othel ceB lshifdce Bindifg afoldciRge
expressi ng mar ker s, particularly preferred enbodi ments, the
cell is a ﬁ%@e@mfmqi 9%%&%9@%%@&%@99@% Fatkgr efbi etic stem

cel | . ofovever, agiagiddaV SR ofl B8 sWifi@lbiYBES Rlofechiids inticdd Oﬂbl%&%n&&vﬁﬂ&éﬁ n

may be pseudotyped with Vesicular Stomatitis Virus envel 25 protein

(as di scugsids cetiobyfratesnipids and éens, aiboptmnlésdmnlewbwth@thmsme@ﬁ t he
present i %Y&Q&k&“ﬂ#e%@g%ﬁ s°l§hh fAdRdh Flﬂﬁ?lon%'é eqxfac@%mwa L8R é hag&qla

astrocyte, a epli a nheuron,

cell, al ﬂmrwcyne CBIG@DZGGBQﬁI@EdOD%hCDhQCDBUG% Cespcnm, Cogpascul ar
endothell cell, a tunor_cell, a tunor vascul ar endothelial cell, a |iver
carr e | U Eono, B fareokih.cnilcet Boiar CRis: ChafiBioin . EBies, 2

str or@b c@maba@mél emyt@m@%@zmﬁﬁzecmb' €D24Penes eebhs, ESh1, gﬁ’zéﬂ dney

cell, an ovum or spermat oc . to create transgenic ani mal’s a cell

t hat cont GD2A% §P300CD|3é, @EB% (Ng% CW%@#@%%CW pED3BtCRABY.iI4A,cel | or
its proge re i u S
pl at el et s@aﬁn er y ir ocg%é%%ﬁd&ﬁﬁg d%@@ém#er a%lt’ %ﬁﬁéb?él%r Eéfbszﬁ’bf a

eukar yot| €D48,CD48e) (EDK% A, €940, @49@61)4}9[5(@1@510 tCDSl, 3 CDsBar yeast

B R T

t r ansggic e IE3) CDB4PCEBS) ncbasa ,TI366BICHEBOITIDI6], TDEBRNCDE6R D67 CDFS! ar ger
collection of cells. Such "l arger collection of, cel I's" can corrprl se, for

i nst ance, @@eCP¥AY, CIA7, C&7f2h€}37ﬁn Glo@4, &rDWI3, QDWZG,t‘CE%lL@Q@Og CD798,

ol | bt aaasP S FPRT: 6B GHED. CRSE Clss, TR B2y Erfts: cORF Fman By g

(e.g., ciCDWwe, 01’!393$‘ZE719GUCD96$©D96;©]D9’7 OR9% DI S IGONCPI01 /G106y st em

U Ty SIS  RhSl, EBAP GOIRE B E B s, (o

the treatnment of a genetic disorderldi sease or for creating transgenic

ani mal s), diseased tissues such as a tunor or the site of an infection, or
an organism(e.g., a bird, mammal, marine organism fish, plant or the
like). 10 Preferably, the organs/tissues/cells being targeted are of the
circulatory system (including for exanple, but not Iimted to heart, bl ood



22 FEB 2005 WO 02/18(i (19 PCT/USO01/27091 . _9 disease ensues. However, the
" met hods of the |nventi on may al so be used in the therapeutic 22dEpe08 of
breast can t he di sease has been detected. Additional applications
of the inven |on |n cancer therapy are pumerous, and one skiflGTAPYR ke art
woul d be able to use the invention set But herein for the treatnent of many
types of cancers wi thout undue 5 experimentation. By way of exanple, and

wi t hout |i€DliGECDIE, }QIE]SKSQCDMQ;B@DIID@B, GHHOb,p@DIIEBd,IGDﬂZlB CD1P2,€eB123,

e A G LA R R IR e N et (i
| i gands t h@D1B3,/eDid% (}mzrsoamssegpmgv cm@s)rt@mt m4wctbf46bhémmut Ic
viral vect The vector may cont ai n, for ‘exa a tunmor | hhibitlng

gene, such(Q*Q% 42.{ P14 @1% W%Qﬂiﬂﬁ&?ﬂﬁ%@ @D\’W@ €P188 sl cel | s
can thus bepts) eshiyeiopidd b@s?}’cb’t 6,35451 47, €13k IBHI EHL BYeT. BRSO U LI

t hat can be 'activate rpes t ym di né I nase tTonal | es of
t uror |nh|6ms3;gztgmnecm @m«ssmmprmtd € NSl dettbis|@. 0 e” UMY Hdscagnd wel |

known in the nd be sel ect tf the skilled artisan w thout undue
exper i ment ¢ ?r‘ %1%‘ E’géleéfm&E?ﬁedé’?&B% éplsnganmév%grbﬂowmtm@wmw th
appl i cati Oélru@furilhereldt@d‘?x% ihd, OThd RSt RAS v refdi€td r%?{&wfoes no%( Lﬁé‘s tﬂ%t‘iﬁgley

applied to other tunp and the above exa
i nventi on B ysthﬁsfﬂ@tlymn dheﬁc mrfmoxmdptermm oHEDdaplentlenis fowminins onme

sol ublg f r X I itive
Conor ey KisBmdiG T 68" Qb BBt S GO e R IR T p el S i or

si nce non- %tmm@eweﬂepanlﬂeﬁtebt tﬁanhﬂemalmlWWQVReedWC&Jdtﬁnaihe hi ghly

resi stant ¢ }reat rrev{ (leth dréjgs such as taxol, an estrogen antagonist. A
preferred }érﬂ)é BNV S HAMIDR/EEY- on i s to include antibodies or ot her

mol ecul es t hat Monﬂpﬂd&rrrea/dﬁ@mofIchtbeﬂwbiddrfawois*fot(hd61‘1thé%ﬁi'fﬁéesmfepar ations
during transduction_of tunor contam nated cells, such as in a bone nmarrow

transpl ant LympBecytese el ancheukpgides, sughyas G GI3y, CRSIGO3eBDEEGDEChiEde

woul o Tpauf BPECRHE DR EB18 ol Chl Rite Bk, i CoBb IR on i <

to target CDB8SICI3Y, m@mw@z@,@m@cms CDAbLT@DLSY) OB4de, EPRYEL | Ng the
tunor cell St Croix i s hereby incorporated by’ refer’ence as

if fully s 4?%@49%%% @l@ﬁ%ﬂ?%ﬁ %@H A D8 CHSECPWSR) CP62L, CD6S,

over expre i I
endot hel i 3%1999 GSI?A%’;_O ;&‘EF@%%‘@Q? 6 éﬁgeﬁggﬁeﬁcodg%d Cﬁﬁf@?ﬁ?agg%
mol ecul es, CR#ICIARS, t@@’/‘r@)% 6&)99 €IDrIDQ;:@DMI Q2103 CTHOGe, IBD0The CDwil 08A1 1

o L0 B 5 R CrsHol ERARATES (TR BN OB 57 it

st abl e gen@DwilaR,JELI2, @D 13MCDWERT, EPYIK0R CDI40b, CINYB, mlbmambmybqbtbg to

et ! Ml 4B, VAL AUEE, G L TR gttt Ll ool e
PCT/ US01/ 27091 A&cﬂtlahz{l%ttt!&ﬁésoa[nd' xﬂolE&ﬁeéjﬂhﬁtstﬁH& Bk stithde dﬁ‘%{l?%ﬁd pﬁth%lng

nmol ecul es that bind sel ectivel t unor vascu ature an
endot hel i dr essiinghe prﬁs%ﬂétn\@ntwm@re d;ﬁ(tioshdnamnsgbtt‘tsﬂhmcmrgmf immuhelogizhbatd ve

ol erons. (2oioeftll Regents, TR 197560, (Pl B00ck BRSO R iatiie PR B i

on mRNA) iwhithis heretyl mvcﬁpbmtedtﬁyartefaaicemts iffally sgrfortht & sonld @abodinests of g
anti -t unor. gene i,n tunor or nal scul ar enqigt hel i um Such

met hods  caRY SOk IOREVEF. \;]63 thlt*lsr:’gfaf? Ematngl Iﬂc’le?/‘ﬁ%g nqt3 oyfesdng s t he preferred

met hod for therwmte e ihléntion M4y beAsatticad b%@@bhﬁhwgbenssﬁrﬁce%hﬂ%
AIternatlver if the goal isto bone marrow of contamnatlng

tunor cel |10 F?Prleso ﬁ%PrﬁatOtf’owqqrém&@&ﬁpap? &fls, pther mﬁmﬂ@mbpﬁmnmnph@e
pref ensped HELELUT iBlobillRdR s %rb?mﬁﬁ Ydot&@uf¥s. P J?!I'af)ﬁoghel cg» in
vivo uses are not restricte | Sease states an used to transduce
nor mal celm@lecﬁcﬂaremmmms tki@matwebt iramohilizatien msy de vin use afistheceells that

henmat opoi el AR NN he bon j nation of
ant i bodi e &Séﬁweﬁggﬁf?cem? %@%TCH hﬁ‘?ﬁ??e&rgg @%%ééﬁhea%%gﬁ* 3 ligand,
TPO and Kuttant]d@anm pfhém?ﬁpétulgctﬂgmrh%lls mllﬂ?ﬁddm{cﬁg&%ovﬁﬁté%hzl%ﬁé hcel I's
expressing the.ce rface bindi ecul e e added with vector
upon di re%ﬁ‘pteﬁfl%[lg?ﬂ#] gelf ﬁgPaggﬁgat zgﬁ‘]l’t&tﬁsfeé‘i‘ Cﬂfﬁﬁ‘%‘?‘?‘ﬂ%‘? wHE9uthone marr ow
transduction. The term "functional anal og" refers to any nol ecul e that
retains the cell surface binding activity of a cell surface binding

nol ecul e of the invention. Such functional anal ogs include fragnments of

FLT-3 ligand, TPO and Kit |igand; FLT-3 20 ligand, TPO and Kit Iigand
rml ecul es cont a| n| ng one or nore am no aC| d substl tut| ons, addi tions or

Y o T T Y o




to be transduced is not essential. ~ Transduction of mainly a cell type of
~interest can be acconplished by the choice of cell surface nol 2tBEB 200be
bound. Thyg éthsdeym Xed popul ation of blood cells, for exanplcgyysoigngguction
of cells expressing CD3, such as certayn T cells, will be enhanced when CD3
specific antibodies are used to interact with the cells. This 2 2 FEB
2005 WO 112/181r119 -11 PCT/US01/ 27091 will occur in preference over _ other
cell ty peélffCWM®§0@dbmnatﬁa®$ﬂu°§9% hThestipelating eslisase neidesiusisd o Baiverrslis.do

not expr 9?% ﬁﬁﬂé
purifi edet?)l?t [ Flalt;Ee b%}: g’¥§ H%érgd;tsoa%@&gem ?dgg e %@E&f?@gﬁggﬁgfrﬁg%&g‘? =
i sol at ed omllei-tctm‘pmdprthn/caimtstddulus fm&tanschmannages such as 5 higher

efficiencies of trans I O to hi vect.or C tiops relative
to the cell toddjena @ﬁ&&ﬁ@%ﬂ‘a&mﬁsﬁ) e’ffif%f&e%h caeqlf t& ogﬁbe "ﬁcl ag{e] O ansduced,
the ats | egRlecaRaoBrhdEiélcell BiuFiRmad) Msdbdingluded eFbor emﬂpa@a sohibdefoba dfaund on
T cells. Examples of such cel] surface nol ecules jnclude CD3, CD28, CD25,

CD71, and(onery) mtihedyder aspesificeellsuefaqarseentoniaay be pisddn cambingtion Withmace
mol ecul es écgﬁha?%naﬂwgm &&QhﬂPﬁ@@%@iﬁhbameg BRI Dohti®o the A0 BirEel NEM

many of whi e Co aval or readily and routinely prepared
usi ng standard(lf@ohnsﬁqnpselirwarrhnnsa!mdthepeaqﬁléﬁ ofthetinvensian. Prﬁfgrablb'eﬂ@rcp d

B N

avai | abl ehewevep) ay afso detfansduced withdle methlodsief ﬁﬁTﬂve&luonﬂDanmngﬁa@ZB 2

f CD28. Th tib bl e ]
og[ i onal | qugg%} %Pbé&q%ﬂwﬁpfsfeﬁgangsé@"gﬁe 8?11 ‘%?peg;ﬁn]s ﬁ?gn% #zed form
such as Opri riRRAFEmIhoe} e §such @k adl @H{ﬂh@éﬁ? or dimacrBphdgdeqsilohras ¥ s eti¢ ed

enmbodi rent of the invention, the antibodies are 1nmmobilized, on the surface
of the vemaerophagedhormis ammecupser tascigier of theseerllscanch s @ hgmpiopojstigsism egll hag

used for H@ﬁerfvp%heer@a Ofor EE%“dg%ﬁﬁbxhro%H&QP&E'cQ& s offtht H%Et\gﬁ@i‘eﬁg sﬁ@ém%r,

t heory, use o odi'es on the surface where cells adhere
or mak® cuomragenarally,icalls fommed by bamatopoicsin as mellaﬁ ¢hepfterg olls Gomfvddeh they

t t t b
{ransauce P ¢l Bt AR Blteg O RuRAGR. SBA Silhact@hERbIA A D O¢
t he ::LT 3 lympleoegtes ToihddTby lsnatymiesis as well Me@abargenﬂgnt}ﬂu@l@?mthlyamh?d and
Devel opnent tor e urfage
b1 el g Bl stenglBr el grspStaled yR piasa £oIF oo ML crug el YA iR
nar ker s, 'ﬁi}fbltlﬁﬂin £ Mm@%&stéﬁl%ﬂ@@uépaﬁﬂﬁéc@preééﬂtﬁ%ceﬂﬁﬁké)@enﬁﬁd celen a

| i gand contain & npound” or corrp05|t|on I's_used as a cel| surface_bindi ng
vlwgp f

nol ecéfe, endnth mqmﬁtes,uagdﬁ@n%@h%%‘ Ipglne B‘te&fff‘él emhodypend e cellyaids
bound 0 HELGHANOABURA QHE), B3HRMAR dipfesifh O orld TBs skidhk.e. Or

i mobi liz I orns I nc rrent to 30 m crobeads,
~directly or indn petttcnlp,rlyuxeﬁagsad embodizents) te callivi primaot CR4+ 4 lyephegytoer y,

the |igand erXe}rﬁ%I?%ﬁr S %Egp il 436 ¥bti 1 P%Vglj &P@@Euhﬁﬁh\é#ﬁ véé?cﬁ'g?

optlonally Her I coor Tust on exed
(coval ent luge ir thadnventiva hmytﬂexp)sewdot)tped rveithoY esicular StbmatlthUUeem(@pe CEr n such

i tn Pho. protein G fepsslbeious agy 5oh i BRI ERINGed G e3RGO Riorabe 8881 "

2005 PCT/ ygtention.28fch a delf Richided BatisGiontimited ke, anédﬁodyte;razslcneﬁdmblhasa of cell
surface bindi ng. nol ecul es that pay xpressed |§}w ral &@ges | ncI ude

t he numer @th@l?tl fFelba neyEary ﬁﬁlendrﬂtcéifﬁab ohogy et © %ﬁs@?l\""’@
bi nding MLOGHLELS vaSthiidt ASofBiidl RN LRnddk ob1i, BRI Fascular endothelial cell, a hver

cell, a lung cell, a bone marrow cell, an antigen presenting cell, a stromal cell, an adipocyte,

30 amuscle cell, a pancreatic cell, a kidney cell, an ovum or spermatocyte (e.g. to create
transgenic animals), a cell that contributes to the germ line, a embryonic pluripotential stem
cell or its progenitors, a blood cell including non-nucleated cells such as platelets and
erythrocytes, and the like. Preferably, the cell is of a eukaryotic, multicellular species (e.g.,
as opposed to a unicellular yeast cell), and, even more preferably, is of mammalian origin,

’35 e.g., a human cell.



thereof, are those that bind to the hemat opoietic stemcell receptors of
" Notch or Delta, or 5 the Notch or Delta proteins thensel ves, Qrz FeE®e 2bp50ands

of Notch owd¥liiggyet hat are bound to heterol ogous proteins. @rr?ﬂﬂygybtch
encode cell surface proteins that influgnce a wide variety of cell

deci sions in Drosophila devel opnment. Vertebrate honol ogues of Delta and

Notch are esse%i at for normal enbryoni c devel gpnent. Delta honol ogues are
i nportantly invoI% 60I’?\“@‘WQ“‘P%‘W&P%‘W"'B‘Iasmléﬁbﬁl@i;?fscan@maﬁ—@@rlm@ee | ag2

(DSL), a 1QueeticHdreilor Sudfa ﬁaﬂ%@ﬁé&lféﬂfi@no “ﬁ q?%s%cé”dnégfn“ ve

he~nat opoi eti c precursors. conbined wt por eti1c growt actors,
i ncl udi ng Guifues (eithex mixed Or purs), a tigrumie B ospithelial) mwnadlor otHeatissvg), 2aorganr

(G CSF) or factor (G CSF),
beL. pr oot - EREQ0NE SRE RARPHANE, G0 bladuer LIS EOU ol L o i )
t he saie tsymem (elg. bmtcaﬂttdryeysnierﬁ,flesrﬁrﬁtm@rwyﬁterrpgasmmnmsttinulasﬁtdﬁ@ WragRs i nto .
15 nore nmature Plrecurso cells resgqynsrve to |L-3 alone (see Han et al.).

DSL nost | PREM DEYPUs W b R G ZHR P ARy RYSIRBY Q,frPﬂPf‘é@éﬁncRYS@;rﬁr tblastgcyst, a
hemat opoi Biz@rﬁb kem B AL frdiA aGBluk i 8T fof %ﬁ?éaﬁﬂ&ﬁ osglggelzﬁﬁtpgilgora&/dlseafe

conventional hemat opoi etic growth factors by selecti ng ce
di f f er ent i AHpereatgig transgenis atimpls),aliseasedstisgnes suck e e tusaor enthie Mtoofan Bl ood

1999). Th I t

functi onalq{]%%g?% 053?8 %SEQﬁgl\#i A8 %%@é&gpm I%%’?&%ﬁz*eg @I’ Ilk%)ur face
bi ndi A§ rrcﬁreff;mbérs thﬁaorgamétlssnemﬂs bvmrggalgcedtaea’ oft thepirdil&toey £ysoane(1hclu&mgor
transducti I Qi et emcells. The present

i nvention frgﬂ% ¢ gg’ b\}J‘?PO i%’{}{;en:f:‘f ‘II8° gl d’ﬁ océbﬁ‘?ﬁ?lfzg?w&yftﬁ@rﬁp C-&:0x use
in the di smlse;s;mdrymthqdﬁ tra'dIEa \Aﬁﬁﬁ«lﬁ,sbraﬁﬂuﬂbgﬂﬁig’spmd thetlike), igagtoiftt@ial ¥
Retroviri dae}) Z@Iclef g]ﬁrmre pr fer abI y lentiviral vectors. O her
retrovi ralSY#ETGedud eégm Sﬁ‘d 15RIEs, arb'@%\rwph%gusVeemmfs may

al so be USﬁl@stuﬁdCBahkrﬂ@%ladd@Cﬁaﬁ&&aﬁﬂ%epegaﬁﬁlﬁﬂdé?daﬂdrtﬁglﬂ\ephﬁ%m% uses or

viruses that can convért their genones 1nto DNA during SOme po t heir
life dycl dsudhastesashenithelial oplly abeypapdingrashs imtbe tlaweb,rlemaadmtam (sudlaes

P
nepat | 1 s ey L o bihetg Blablis e o BRBChUbs AR bR R o'
Hepandavi rimitas) to, Brapoaridrspimbedrilaiduapiecigl selnee @Ehys) sech asitheeyg)ridt he

|1 d d ddi I f th
papi ona;{{r]%g&ﬁglgag%ﬁt%@s(\érrrw and Poxviridae. Additional viruses of the

famly Re rovirus), are of the genus or subfamly
Oncovi ri nae, Srﬁummdsrb peeferablylithe\cellsito bd_ﬁiﬂstlﬂcteﬂlah?@&leo%é‘tﬂfrbﬁﬂhé jougS. An RNA

virus f the .subf covirinae is desirably a human T-|ynphotropic
vi r us 2Py p&oRsiginge a{%n?a% bﬁoquﬁﬁﬂwlugrnm\?rg °°§r"eﬁﬁ9% %QII\:W%S virus
(BLV), an agstchited Witk Qﬁbc&ecﬁ&r diSHBed tishde [dAe @Q&M&ﬁbﬂéﬁl}&% tbssue

PCT/ US01/ 27091 virus Rous sarcoma Virus , avi an 'adt osi s

virus (AWYTPhppdss SBIF?I eraalla@t galibjadder, rinenEiipe mdmwwuss net ed Vi rus
RA. V, RA mlnt
I(eukem a éa{r%hcg&(r %%oéﬂﬂeﬁa@fﬂﬁ@ mar |I§12 tgg%%lgir%aa\ﬁwbj%oug??—la%{%%%@/sgcﬁrdrsrgrar ne
| eukemni a \but @pdls(aﬂommpmmnm@mrcheel qonealfﬁelb'emkmahheduqrmer( fﬁiog@mcm thiean
T L R N A N
2 t ém vi thost c(rga:gsgn, Mataved gbup Ef organisems wurwgcléwb)asmﬁﬁ}]m%r@@ , miy beises) .
n Vi rus en rus is desir a, hum
i munodef % cﬁ‘f 4 mtﬁﬁ}s@hé‘i g ?(I eén"enPIP‘IlleslPaB‘i?c V‘Z’JP%%‘F@ItHe H V-1 was
formerly Qﬁhb;ﬂﬁxtét%d OfRlls dRORE Bk BYgaAs SWkdra iR oMice bF thk t&ﬁﬂEﬁNcédl deils A1 be
acqui red i mmne frcrency syndr one (AD)-reIated virus (ARV)), or anot her
virus rel SiagRlte the opteon ofithetransplant. has been identifi ed and associ at ed
wth 80DS or Adisild beerdiraf@iitor KASAREEHW ihehofhod aflfe lentbiSa thighe " ©

“human i mmunodefi ci enc évrrus are use elrn o re
viruses, &ald adiscased edlldr apell ataiskdor beaothing abmmaltgmn&mecrhieltpltslgbnﬁm/er a

RNA vi f | Vi di vi
(o g oo mRel of 48 eBdic oo o Blney R HlcRl BB and Brolodhd bl 1ot e
l entivir usmbsdm@mpemfﬁtsrtbd&ﬁnsdueaﬁ:qellu iof dfe ifien¥ibn t&Be asHd iNGropHyRadd. OBeast

anem a virus EEIA Fé’% caprine arthrrtrs encephalitis virus (CAEV). A
par ti cul aFfRFehngcxampledaizidiicaAsg PROEesS oY eF%Pr&%°5(9’ér’I14}6‘t‘f°¥Sr‘6‘PHlﬁIP@°erﬁfst

pref epsbl yre2iehdrt With thé ¥rdisduce@lcels bfBiel ifvén@iBh | 'a§‘ @:kllf%%eﬁb &itebntidd bFONRE
different serotypes of retroviruses, especially be used singly or
in any conbination to prepare vectors for use in the present i nventi on.
Preferred vectors of the invention contains cis acting elenents that are
present in the wild-type virus, but not present in a "basic" lentiviral
vector. A basrc | entiviral vector contains nininally LTRS and packagrng
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22 FEB 2005 WD 02/ 18609 PCT/ US01/ 271191 transduction via the present

" invention are cr2H V constructs as described in US patent 5?825 ﬁé) 5A
previ ousl ?"‘%&Z@t"j‘fi ed sequence that is insufficient to signifi cg Igg]

i ncrease tYAISEEttion efficiency descrbed by Zennou et al PCIIFHHR 7L o
central DNA flap (a 178 base 5 pair fragnent from positions 4793 to 4971 on
pLAI 3, corresponding to positions 4757 to 493S on pNL4-3) capabl e of

i ncr easi ndiseasanpshiest Howegér, theimethyds dithe prvestiont mayisobe ased incthe!thesapetitc

di scovery that while this small. fragment js ffigcient to jngrease the
t ransduct FS%mgPtf ?Ilcl?rg?fé yancgt "Ir@?rélé? d@%ﬂéeg'aéb“a%%fecgﬂﬁa onahapplications of551 ¢ o
5096 i n pile4dyention iy eindepthgRipy f miReioss, 388 bad SN intthe WAWARAPEOAR &

i ncreasin ttg}ansducti on as part of 10 the present invention. Additional
exanpl es Bfe WF yienter ses outharen forthe tiagimentafimeay tipesiof eancers witheytwndue

i nventg one@eﬁrﬂ@,mqmi n US Patent S, 885,806, which is hereby incorporated by
. reference-as if fully set forth. The constructs in patent 5, 885,806 are
merel y exanpl eBytwet oftrxample, endrvithotdiniting ¢hegireseetinvestidn) ahe apyflicaiiemisliy

transduce I t aett 1€ nstruct rovi de,15 additignal i dance to
the skill@ gga{rc?? Cséart%ﬁ}aﬁgtg_eg rofep RBGIeE, Thoonter el %esgﬂﬁe"ﬁa%e@ﬂa&ibﬁ%hti on
may cont acancen wouldlbegeeforentisidy frarmdutdiEbnndink dntipedies brEgAids gipRbaidtheequences
up to al nost the entite nonme of, W vjrus, yet exclude an essenti al

f.wild-type
nucl ei ¢ at{HPSERFRFEROE paipnpith p dharanehic ¥ikalyicaton, The Beriet mancetain,
di seamp. {delehadplef @ burAGHigNiBitig 8 B6h S€1h% Hé?ﬁes%&%??ﬂ%%ﬁ{(ﬁems& gdrtléﬁ%e-

efficient transduction of cells are routine and 0 known i e art.
For exanpiransdycedcells gan thus e selegitiely kidled by thei additionedgentsistovira e lpro-diug ‘a

"basi o . ) . ctual |
the entir ooy ?&aﬁﬁﬁé@ D S B Rin KA Akflohet AR tlolirbitie 2
art. Furtgenessneéa cplresponding prpidnigase hinmerous hed well kadwh arc thearieandim4yobeyi r al

vectors of.d el cyt al ovi r us. .. I1s.also |1 known
ot he: ar Pl Bk aE A aE Wi bRIRGpithenlicho M Hinan St feshishle pro-
acceskor ydmgoirtambiaatiarieith byplicatich s£thisenasiuchsemettods bf thehfveatibalngaet i ¢
mat eri al lgm% be Iﬁfc{ in tggmvector or, hel per gen(i s if these proteins or
sequencesPPAUY 2pRked foqthey upppiypes: endtheabove pragle doss nos limit thedaventonda ous
routine smifRdthafir HRYRAbA akserdenttiRpEhdat YRR s6Ribicfabtod EtFrow e Br al
i ncreases transduction efficiency by incorporating the sequence n either
the vect oProlifersfileer genones. A 30 preferred embodi ment of the invention is

to not includ ] I NS: i | pe enomes.
R L T
acces¥br yprogeestic nedigatdr sindearonsastiogerc dspeadent hiefidrs containipesuch kellyae highlpr a

hel per g I t ti fficiency. The. vifal yectors used
in the p?ﬂéggﬁ{‘ ¢ @n%%%?@ﬁﬁ%@gﬁsg%ﬁragg%fﬁ’ ERe) 33838%8{]?56& p§"5éé‘fr‘6 mat i on,
wher e co-émbatimenitodhe mvemtidn ibyo itichideraatibodiés ot deter PicdehutaShAHRERY:-VI I i ons
2 2 FEB 2005 u2/l.sco.~ -l.a PCTIUS(11/27(191 contai hing the genone of one
virus en B%‘h&rgtfeéﬁgwnt‘ﬁ’itmvﬁ?h&ﬁt%?rqp D3 SHINS FROSIYRB 5 FUHRK e envel ope

protei n ofontmeinhied ckild, ¥ech aih 8 HORE RUFRNPAaRBRNARER pHTELL m@ﬁfahaag, ter al
vectors of |3te,rest in a "pseudotyped” virjon by co-transfecting.or

eudot yp ] : !
co- i iPect ragdyctionanaybaradedirecty it thrtumor site, or inita vasewlasty ifvivmwihasctorsnd
genetic nﬂiﬁte&"?lﬂhn%lﬁ.“?ﬂéﬂ.ﬁn&{ eh&@st one 5 envel ope protein of another virus
ol ecul &, e

or a cell surface _ e U S. Patent 5,512,421. Such m xed viruses
can be neut r al Yeteahother gmbpdigentiofibaiimeintioh és to tergaitherbmeorivasarl atnegaioae or

envel ope .pr kNS: i nl sed. 1.0 pseudqgtype formatiqn is
Che. vesr it il wipk e tmbP TR of CHSE S PREKEHARS T hreled]
pseudot y dywgidrencadanisfiflysetiost, leaelidemtifipd gofiestth avs spesifieylly oedrethroged in

el e ts of the,viral try mechani smof the 10 heter oys .virus used.
pseudit yimg® Bracheily glRAssBrand taorieendduelim bk SAHESeatvsiy Many pbn
resul ts itheséidefts @olé 6¢1ESurfed hivldtulds, 5t a¥ e hyVEE41PSurfiee aftigendtl d =
encapsul ated 1 n_a nucl eocapsid which i s surrounded by a nenbrane contai ni ng

the Vsv dinslodB@iaetinTiddl ofithe upreaplated qstlsnenendfpsiorsamayabeteounddyed eell suofacal | y

associ at %H&%@ﬂ&ﬁn{bfﬁk in}BkH o @id%.‘érsﬁfh‘dﬂﬂ'f{igef Sén(3bis A" €1 1

cont ai ni ng neftbrane forns part o e viral particle upon s egress from
the cel | tredudtionpddisga aphwavi forltumec therapy Boabibets debtrgptieaginog cel | s are
desc r3|5b edva's{‘ﬂé%u?/el' 1?35 ?itllﬁ-g, ttulg'fOF %r?do%eﬁial Icgllsgaf%? %%qesrclﬁceer{g ﬁ)rgt%?g&itﬁ%qkerggegn}ée-

i nventi on, cle'ls derirve




H V and pseudotyped with VSV G protein. Pseudotyped viral particles
"~ containing the VSV G protein can infect a diverse array of cel$ prgpgg With
hi gher ef {§iBgyw than 20 anphotropic viral vectors. The rapngs of %ﬂﬁit
cells include both manmal i an and nonmggnal i an speci es, suchas ShL{ ,
rodents, fish, anphibians and insects. . The viral vector for use in the
transducti on nmethods of the invention can also conprise and express one or
nor e nuc| ¥irdl vaetoRinsthg pessercs fifelsurfaee binding solesules that bing selecpivelydmtumor t he
virus or { il.ogous pronoter introduced into the
25 vect or%b?‘E%%?%‘%?@?%%&%géﬁF@éﬁ@ght ain insulatory elenments, such as
erythroi d DNAsk ye peothenerhbodiment ofthe irsention isaelbttivtlexpressiopof amardtbtunidrght | y

control | ed._gene expression., Preferred pronmoters i nclude the H \V-LTR, CW

pronot er , g‘ﬁ%{‘,‘%{ﬂ? ‘@éféaa?%‘h% H’rcf’ﬁﬂr{‘}ﬂ’ﬂpel%‘?"ct%{efg' BFRMBYEBAT ISR\ 1 us,

t RNA, 3J6 etabilikihg/débiadetidioélembnialon TRRETA iRfle vwaﬁ‘/&:quﬂat s@féhtﬂfzél& P&gsmpt ers
e

may al so be used. Tissue specific promoters are also 30 preferl

embodi nentXPressign of i gntistumargene imtunashuhngtde nerned yescylar RadotbelivemhSweber and
the al phag&Haat el b} . : ige L | fil ressi.on in
erythrocytes and eryt L?)&?‘d&g&t‘ftg{? %ﬁ&lﬁ%%f‘%ﬁ&gh}%ﬁlr é’?‘g??‘g&ﬁ Ogdnfg%c()glleﬁa@ th i's
to use cithedempripscdgquendotislivhmis tangeteds adteimtivelyyandtif theezopl o pwigs bofror

exanpl e, ST EMinRS S e f o ephance antisense gene expression where
non- pr ono g& °§i°<§%§ﬁ‘c es alr_né%ﬁréléﬂc?l% fP%E%%etm?lﬁ%w grﬁ?ﬁpiaéﬁag Ty fOT e"gmgéﬁééﬂ 2005
VO 02001 13tBePrefeiredietio8Gar téfkpY acttnezy was ofit vl e to a target spliced RNA

as set out in US patent 5 gl4, K500, which i§ hereby incorporated hy
reference. Of E‘b‘&f%@%f/’ Bﬁ%g uﬁ??tqrﬁgo?ﬂﬁﬁtpé‘i’?ait%lglsgaéaﬁ@FFéé‘élgF%é}? weditous may

be i ncor pRaResk Aotnal EIR. \Piofekmﬁﬂ@}slhesn@ﬁti&hﬁlayBaﬁgl%dter&anwh articular, cis

acting sequences found in retroviral 5 genonmes are preferred. For exanple,
ci s- act i nideTRiepaigia siemgels anvito insthe bene magaw: Haygembination of autibodids, orvpr.,
vpu, tat i ; | b ' ors _of the
i nventi on&t&lg_ urst e%?lwggg%ﬂepgg%gg% |S§ﬁ“%$?%%é£?gy &%{r%ﬁg{%‘{’ér a cis
actind setnectioral adegstberecef) oo dromnl el eemesingtht yelbpufae bindngwabdleenlps essed

as a poly i I eof..due. to..genetj.c.alteratio such.as

dol ot | on” SR bE Rackls Bt e JSIEBR ifeefiplsRudh B 6 oip Fralonchir g Shntiesy

fr agn‘en'[) bdneanﬁmvg&msngnbﬁmpTheimrmg‘tﬁlmaioﬂalrm?lag’t rﬁﬁﬁt&mgememeﬁlaiﬂmtng one or
i [ it . [ mi. [ . A

T T B A R R T

sequence Saifuhdtiond] Maldlsinéii@e fihpmBRb oPEIE-3 ligandi TPOBRG Rfit ﬁ%ﬁ&‘; FME-BG! c

acid sequences in the viral vectors of the invention may be “15 found in the

vi rugl r ohgapdi TROepé Kikligand meleawles candaining ione ar meresmainogoidsubsifudorse.  The

sequence JARifRlof HaRlYnS ahd! hﬁt‘gﬂo%ﬂ&ttﬂat%inﬂé‘f}{e' C%H sﬁﬁﬁ!’é%ﬁcﬁﬂg Iagﬁvig,sof%rceﬁncodes

a gene product of .interest. Such sequences and gene prodicts dre

pr ef er abl surficebisdingandlgculet i ve agents capabl e of producing a bi ol ogi cal

effect in a ce ) h nts include protejns,,ribonucleic
aci ds, enzymes‘J,dlfl lrtéglg{ggér?p}rngicgr%gg]ﬁ%r%%ﬁils&%ﬁ?h%ﬂelr?gré%‘?is mﬁb‘fel‘éﬁf es. 20 In
one pr ef eproducee ndisdiontiretviral hectagant thispm@vide ehievastor and Beld surface Okiding
transgriptipn factor,. growh . factor or cytohine, structural protein, or a
cel | %ur fr38§°w5 Ivgc‘fﬁr"ethg‘?% and geLAsA YRgiPr tgno ABOMET FXABPIRLES ns f or

whi ch no traiR@idtion of dScaMe @n dextiitid dells 8y addingBinchEnd1 afEbSHSEEDS @nd U928

t ransduced iE)el,l. Addi ti onal !Jif the protein may be absent, deficient or

al tered i#ntibpdicsen GM-ESFand,Ihrd aespeetively, tathiescioy dnring suhsutaneeusiipjeotign. be a
t r ansdom fyady Ragah aﬁ%&l@ : : : in
fromcarryin gtlﬁ'l.t S F\Jg‘rﬁma ] a@%fﬁ?@l?%%ggs 3 %g%ﬁd&tgﬁ%@ﬁ% mtgtlgh}quﬁlgnbl e,
t he nucl elades firgfficientdransduetipnof the thxgeted cellbozyne that binds, cl eaves and

dest RNA -1 0. in the t d . .l ..
sest e RO B PR R0 B LR o
gesi gge?.m(i)ettgla_mghtcea:snmﬂehse:ﬁi_alr- ’lfji%snlucﬂicﬂi di‘rﬁﬁhl@rgsﬁﬂuyp‘&@fi@f&kst gﬁﬂié di n. Ib][ S

egradation, Tf ctor contajined sequence e overexpressed, induyci
exgr esseoﬁccﬁrpp{‘ﬁ‘ﬂésyé@? Fhpics gft)"reﬁ\ﬁ“ﬂg? masty 19t yrbS?“P 'aﬁé‘&%‘gﬁtmlﬁfﬁd EBPHIP'gqn i ny
the transshmiest &ak,) for 6] tehs@ictidA® ficBlLaPEsiHE ©D3I, BecA! @HinCO oS,

sequence nﬁly encode any desirted prot ein_ inclhuding a marker for transduced
cel I's. SutHl besgnkancediwhan (a3 speciide ansibedien prearssd trinterags withpthe céltsu| Bhis

resi stance phenotype, such as neonycin, 35 MDR-1 (P-glycoprotein),

06- net hyl guani ne- DNA- net hyl t ransf erase (MGMI), 22 FEB 2005 WO 112/1S1119
PCT/USI| 1/ 271191 -17 di hydrofol ate reductase (DHFR), al dehyde dehydrogenase
(ALDH), gl utathione-S transferase (GST), superoxide disnutase (SOD) and
cytosi ne deam nase. See Koc et al., which is hereby incorporated by
reference, for a review In the nethods of the invention, the cells to be

o o o o v o a - o, g, . g, o



exposed to cell surface binding nolecules) prior to actual transduction

“with the viral vector. In enmbodi ments where contact with a c2RIFESu20%Cce

bi ndi ng nmol ecul e occurs after exposure of the cells to a viral vector
(transductYQM18%0%he contact preferably occurs within three PFEIYS0gR7091
transduction, nore preferably within oHe to two days after transduction. 1
~ Incubation of the cells with the viral vector may be for different

| engt hs oiwill beaty isipreferehoedven otheecelDiyged indhs peputationl fuchak granskdytekagd or s
that influence thtfx i&c:ubati on bbrge i nclude the cell, vector and MJ

(mul tipl i SoRgCYes thak CAROLEXPIESE 64P3- t he ol ecul es) and amounts used to bind

the cell surfagge inMRefibiEa1sd BcdisSARitRe FRAGM R pafified BFRBIatddZRf thfes i
sol ubilized, and the |evel of transduction efficiency desired. Preterably,

t he i ncubdesigd. The nee ez pumbided ordpejated cell Hpgprovidesradditionahasdvantagesfsuchibs v f or
about 42 . : AN ' [ t . nthe
ncubat | on i@ fibiedeiet Bt anedutich AR hEMlcPloolorloR ity BIRIEME 1T,
bet ween t betramddused.o be transduced and a viral vector occurs at |east once,

but it may occyr, nore. ce,. dependi.ng ,upon t he cell type. For exanpl e,
igh 25 o 1 of ST RS o are o berminad: B aeleat ahr sl arsbrine

acconpl i sbads wicki sitfddeiRbleciile FRERWH T B8, ExapkR Gl Slich AL H8RcHlgs hod of
the invention is to simultaneously introduce a viral vector in conbination

I
with a ceMclgGROLCRIH GG, 6 Ee ane (RS9 Examples ofrplecaissgha hinddedhess or a
FLT- 3161 928surfePnfledilds ihé10a08h13atks a1@ nibno 8RS REbd1&s m#few@n% lthgt ween
d d preferably,

about one and about eight days after transduction. Mre _ 0 the
medi um i s THBY of Whirheae fommergialdy aajlebls @z readily andirmutinely. prapazeseing stamdacdin

q 7 _ _ e . . b
G ani 11 canel iyt RAGE ohitf SRR B Fplepidd Mo b0 RE R IRy
Addi t i onabf ERdrpir D& calls] inonorldmat entib adiesrthatpreaigaize CHD andoro@DR2S mayibel ude

t hose descri her ei nabove., . Simlarl the MO ..used is ahoyt to
about 400 5 GBI aYT{HIE fraspeles Sesuel puttecies iictnds Dkaabr G wed | o
from abouCD28IDfor EPIR. THise MRBDAPHES16AH Hay BdWeselli a kSlubledortn fpBogARP VVO
112/ 181 119 -18 PCT/ US01/ 27091 from about 10 to about 30, although ranges of
f r om aboulat® ressiperdibyigherpeleeulog or imapimuzobilized fopwstckies o beads ewother

cont enpl ak&ich substs. %%fﬁwﬁﬂaex?}fplgﬁeﬁgrﬂt?gdg 294 bf # invettibl ShE RhibodidiGrd OPY

number of viral vector "per c t | east one. However, many
copi es of immebilized on thesurfzes of thayessel sudheasthewalis ofn tissue aidowe wilsplatehed

met hods. I r ' 1S t o_about
T00. The BAFuRRortie vtaPydcAdednel BRSNS, Withbu g SRR ERT thoohy e 8
provi 2és anbobiiapdantibodigeronthy barfice where ddllsladigsre at miake amitadt @siylihéBgsel 1 om
vector transductign.or the st efficient transduction. For therapeutic or
pr ophyl ac? cef_j‘é%’ﬁ?rﬁ?ﬁ't()f’%ﬂg?elggﬁgl"%"ﬁ?ré?t&n&sé’ﬂt@% _ Br is the maxi num copy
nunber -that i s WigineHeaiatshddtict s ¢elld aréid bOHinsaeéddarftitedick | dforthe
detrinmental 10 to.the cell or the orkgfml smcontaining it. Both the m ninum

and maxi niFEaigpgictic sismy celigrcepion of thg rigapd e (Hyombepoieti ot ell to be
transduc eﬂ/[é%ﬁkéﬁ?{)/éyt@@t&ﬁrﬁ%d%deﬁ it Fikte ri)%o&'l?iﬁtn Hgﬁ%ﬁﬁﬁy beiRd AP BLM COPY

\ . t
nunber is readi det er m ned ose skil art using routine

net hod%. Fafacebindimgmolesples Altesnativghs autdlendiestto pigay eedlqiosifive sell mageers, of
concentr at| . ik G L ) j en lyzed
for copy Elﬂlfl; %hél?é’ b%}létﬁg#lg%dettﬁt@??‘gér ‘%prl)%gl:l%e %ﬁ%’a@tﬂieg?ﬂ {Hagcrl Eg’e rient al
ef f ect s onompeurtdraxwsthposition éd hedas aaeclh swtface bislimgumolecglef the whoke mptiveaf et y

d toxicity), After incubati ith t iral t.Or | it h |
nhy be colitiesaingsrrREigdedh RadEppv e RISk s ot Gt el f or
vari ous t il il & b6luBleldiemeibiiszed foma NBhmablizé dforinB énchidel atth eiigent &

transducti Qn or ot hervi/i se.used. Alternati Velbﬁéi the cells nmay 20 be cultured
under 3&ny MigRbeads.gHeecty oF indissgily, usingefor iexyppiis 2V IUAMIYELI i fer ati on, such as

i ncubation W t i defa8i LIS UtHe; 3 [ 1v211 ¥ 15k ce

bi ndi ng nol gcu?‘éﬂgﬁ}{af ol ?gmgdl%nél}%fy% e? ?%&?Egﬁiselduc%i o%ﬁr??gbatl oarlls'/lr":(f'atélébe
for any peptioullyfin therform e chimericairdusion proteingrand/oucomplexaddcaraentlyssven t o

ten days. Logs..af  t] A I used,
al t hough Bé@?g%gemw g’rog%&éﬁéﬁngg}%gﬁgtt‘%ﬁ@gF@%F%\%P ﬁg%i?ﬂgngg%ﬁ%fa f g‘f‘g Erred.

I n enbodi biding méletile is presentédin cohbiratiohevithethe siralrectonks asiaglewotripotitiencel |
surface bindi ng nol ecul es) before incubation with the viral vector, the
culture tinmes may range from about 24 to about 72 hours, nost preferably 24
hours. Such pre-transduction culturing nay be conpared to stinulation of
cells, with cytokines and/or mtogens for exanple, prior to transduction as
taught in the art. The 30 present invention includes advantages resulting
fromthe avoi dance of such stinulation. For exanple, stimulation expands

R Y - s, =




WD 02/18609 19 PCT/ US01/27091 day pre-transduction stinulation that

" resulted in deterioration of the T cell repertoire diversity?2df Feg g
transducti urther culturing'. Additionally, pre-tran

stinmulati o%@ﬁgvres t he advant age aval I ?bl e fromthe transd %t%'ﬁjsr‘n E?"’&el S
that are not actively dividing. 5 The e ficiency of transduction observed
with the present invention is fromabout 75 100% Preferably, the

ef fi ci encyfor &aﬁﬁdubmgs&llabAdﬂltlBﬁalteQaJﬂQIHs oﬂ/baflbswfaeé bindink molwediegtint magfbet he

i nventi on are whe L@_ﬁns uct i, o? Cf&atI}I Ci enc atéj east.. abouyt 90 to 100%
Most pr ef ePXPEE$S d’dﬁa MEOReAYRCIGeLAG BYBERO ﬁsgfq;qe ActAts; listedgboxe. Ieast 91,
92, 93, 94, 95,08k pz%?erre%%eu%%xﬁé%&@ﬂg’qnol&uhé& sl dsiBfbbAed B the

transduced cel | s may be used in research or for treatment or pre entl on of
di sease cothgiepf, @resthpse that/bing tcst}mh@ma@pomcéséanfﬁlbremptarSrctfmm pr Delta,ios t he

struct ug e-fiu ttdho IS %ﬁ&ﬁ%@ﬁm\e At O;ﬁ%a{orﬁpgil B welbs g for

t he transduc I's 1 e intto e ce |V|ng
or gani sm F@crobgaumbmtemm dbelta dreitNotclp emcmie yel]'smﬂdesprotgnisahadnﬂmanm awide

i ndi vi dual _i nf t k, of with HV, b
Flrst tr amdRocer o) e ibeictins B Pressbnlls cqielatilo Voot ihatboiets s55Rbe
usi ng the gdaSGol aftishatial firdhofraAll ﬂ?&dé\fﬁl(ﬁﬁﬁé&nmitahbﬁloldg"&%%ced cells

back into the individual. AIternatlvei the cells %/ be used dlrectlyfor
the expr esipRostapily mvABed in thsgsgslateneldivamatonoiesis tDslta-Sereatelagd (DRt dr .~ When

used af) a Qe Rfrmdr4h ﬁd?x%]@?ty ; %g]%ﬁﬁ 'aﬁs’ﬂn?gf % J.}%g{reﬁ%irt]mﬁf‘c&ﬁé’aﬂsd?s toxin

20 or other anti-viral agen een a
appl i cati oﬁ@enAombmnémnhdhe}uatwmetmwth faatprs nmblm;namt@@@t}mn-ae(&-ghed to

target HV, ev nef,
vpuor  vptBEEee Sk g R R e PRSIt AR B Bph e ol "
corrected ttﬂntrixmrgastoa(GMgﬂSIprDSFfpr@habs me@apmsmtm cfpmﬁﬁtvgshteniatdpotaiedc![
anem a or al a mmune cel.l.s e.trapsduce o nodul a
et i i BRPRREY S theSRene Pt efeEenitith SPRRINGE prorulieat it | ons
Wi th otfer mesd haturelteciirkdr! deBlsl redpbnssdto IB-301BHE(see Blanteh 8l )R IOYE n&b%tem«ﬁpact& he
present transduction met hods as wel | as. nunerous ot her uses and

appl i cat i op¥sadtivating the Nateh eceptonexpupssed indematopaisticeells, mpdulatingeallsdarri gur es.
I'A and 1B ﬁﬁgﬁ/&&ﬁ@% o &Wﬁ%ﬁvﬂﬂgnﬂm ﬂ:a%p‘b?ﬁ)c grB@ﬁﬁﬁEfo‘ré’ﬁ’y YelecfRELyOUS

restrictio zynme SItRs are Indicated as el e conponent's derived
from H V. blaekipgoel Glifferamtiation,dut notmirelifivsatioh sigaele (stmgammemBlazprr ably

expr ossi onl? e IR EEER A 0 BB R, BBk o brbiatitinatons 97001

const r2&t ths hansivgned, ard ftheopreferyeiicelt pﬂﬁ@lﬁihdmg nwlmm@bscfonﬁm’ inactiibeing PPT

f the Hi V h t I d bed
bel ow: | i oEFEbStaRgns ohBeREuET eihifinbfertB By nERRbeRRe FRET Lsi ng
beads coatggiswi th i mobilized CD3 and (D28 anti bod| es. The cells were

either contacted with vector, 5 before contact with the beads (Panel A)
contacted with tRPEERTveatien inchidesKiral vectprs And prmpesitions comprisingdhem, gfor

si mul t aneoyq!iy HeQfAsdeq thathody. lq%h,eats&t&é prefdtai) %&%&Pﬂgﬁh@m@%&dﬁ

cytonetry results based on fluorescence from G-P encoded by "t he transduced
vect or2 ndvestars anf more peeferablydentivirhmedters ACthareeoira NsetatsestobGes pacowdral 19,

and 79. 14‘V d on

asing e t piad RRE e Aol et ity o beUBA" ABRRAREVecRAL il p IS RDC", |

stinul ate ﬁﬂér{DNAI \hﬂlsbeélovmwmma‘amn aontvért thelrzgenumes mto DN dusiag edme point

i nmobi |i zed s Jesulted in trans on ef.fi nC|e of, over.95%

et e, SEASY [BEYER HhEBraE e rusesdii? Foi GF Tufitics AdEPUEat Ramey sy « o

84.5% Fi gHegandavifidae @mu@mgm Ipafifieddifacirus BAY tHe hepefifdE Gidbs whidhak hot
e_present nethods. Fifteen d post transduction,

transduction u5| n?aé%g %%s

= compilt | seamahy Ffisied Foibe Hepaninindsr PP iH i GRCILONE eRal pRmganaend
transducedﬂlﬁiﬁgﬁ]llgm\é%%) g@ﬂ;@@{,ﬁdg‘; 2BXPbLAESINY dgreen fluorescent protein
(GFP) at a 20 shows that abdut 93% of the transduced cells al so

exhi bit green fAdditiedenmecs ¢fithefamily Retraviridasdi. cegmtr@m@ mthﬂgEmslos for

(P:IE—)&TPa(r)urj g%ﬁﬂgg«ﬁ@&a& %@%{ig‘ ‘ﬁg %t’)?& ?i?%sgg'fges. pr xi gﬁrf IQ%}’)%B]?‘ t he

anti body t vieatofthesiblfanily mbmdnﬁ ﬁﬂhg&nﬂabamhuiumeﬂ‘-l&fﬁphbtrdﬁac dianys typerll of 2about
75% of _cel |.s d w | I- renain abl nsduced after
Lo Cate i, SR G e bV of pats Feaken B AP B LI bt RO e et o

viral vectors. 25 Figure 6 shows the effect fromthe use of different Mds -
on transfection efficiency.. Figure ? denonstrates the stable transduction
of (D34+ cells prepared fromunbilical cord blood after multiple

transductl ons with a vi raI ~vector in the presence of cell surface binding

N ~NNn7s



transduction. 30 Figure 8, panels A-D, shows the efficiency %f |l ong term
" transduction after transplantation to SCm (severe conbi ned 2 FEB 2005

i mmunodefi ci enc éi’ mce. After approximately ei ght weeks, apcawsadaoef over
91 % of th‘éot”r"zipﬁ/ duced cells, which cogtinued to mature, remained positive
for expression of the transduced GFP marker. Figure 9, panels A and B,
shows the efficiency of dendritic cell transducti.on, after..l5 seven days.

22 FEB 200&us{@.gRA88atongvire REE)3vViaonyelgBeiesis VISt ViVag® et The

| nvention . T resent | t. ISl @g&anqR@x- -0 RIRAVENasi tions
rel at ed tﬁgﬂg‘?ﬁlﬁﬁpgﬁwrﬁgt@%@a rogglggét?%{t%i'on of ‘cel I’Lm?mvth Vi ralcm\ze,ctors to

gf fici enphﬁgggéliagr@@pyvima(algambne@g%lﬂﬁe eukiernia virus (el dHawey §|“W§9 b;a

i stinguished from transien t ransduce r. C sife . safter

Sbout " Sev sscowa vk (S Vi Abgfeariins e il SHAGHE FRARRAAES, Eetime

transdyct h&ﬁkgmimﬁf?@%ﬂ%, 8l als8rcbMatvitsf @etulbbmiotimtinsia virun(REV) spletn s t o
Wth a

be trahsduce | east one nol ecul e that binds the cel Wmc&da
i ncr eases netresieviriis (SNVY), aB-epakires (oGRS PR MHOF SRy Y ’
contactin tep.m C f et NEENTON afd SSA IS 8firudék).or e
surprisi n%’@pet"ﬂgsX?'ghgg{mﬁfg@ghﬁ]g‘?\e&‘gﬁ%g t.rl\g‘r{gduction wer e seen_when
transducti on oQoURNaIviris of thé sitifamidy Loptiviostia desiabhia humybimmynagefigiency

surface bindin | ecul e The . R ' i se the step
of transddé@?&g’e@p?# -evisf?%ﬁ'?%m%?@eg%m |na1t ?’gﬁmﬁﬂygglﬁpt with a cell
S]yrfa% bilgﬂmﬁeﬁaﬁﬁﬁyhﬁociﬁ@dmw (Hﬂmbllnmhwqﬁm dff@tm%ef ore,
after or a e sane.tine as. tr ction wth t : Y oigyent i on
i s broadl wm@pm%&@@)ﬂ%‘a§ﬁy%%fﬁgg%8r ?’?‘Péh?fs‘@msfagt\rélggigw LT Bindi ng
ol ecul e. ekl faBhtitSPart dsbodidiea MBIADS sreATIBik: distasde Thesronuh AHEY"
primary celTls, whi cth are freshly isol ate;jl froman,in vigggsource a§oﬁ\1/g£é as

cel | |inesor tedoisCHATIR vitus! r Basmansryinndefigiency Yirse 7% HF feipiadeter fuese,
the presenge, of fact i i D@k 8, senbri@illyf Metbng, SREAevirMhen
cel | Iiners]ﬁgY3‘%@@%W%€dg}gd%$d§%%€ﬁ%%eg _ ir_ln thg absence, of |20

sti mul g orof thaeibFamilyrientiving fireferebliista Gisnadmagdi;vims (¢-8s sugh asapfsplhecmna  he

case of prjmary cells,. they are.first tal f Lo At EHOeRQVIAR
f ol | owed of?ilpﬁ)HﬁmwoiiﬁcéeéﬂcéE{W%FFrWﬁffboﬁg@tllg%%ﬁglrs’ %feblrﬂ typl_g%otd For e.x.alrrpl e, if
primary \ %Br@/ RuirfeBfecToninkmiavienst BIAY),usdd capsne pifritistensephaditis PBYS or

cord bl ood froman unbilical source) sanples are first obtained
fol | oned b(CARY).chment for CD4+ and/or CD8+ cell 25 types. Standard

magnetic beads RQsifibMsiyfleiddQsniivilaposdtr indhederived fromyHlIVymostgireforabi,
and/ or other art ‘recognized standard techni qtéffs rragd%ﬁ?usted %oei §?| ate CD4+
and/ or 2CD8HIVel, HIVaRdyy chirericepmtingtieas thegeabs EPs! P EISPRRE i sol at ed

cell types%frg%gggp%@elggggg%ﬁgym oy Bi &1 conbifdtion t6 prepari vegtousi ng

standard t lon, the primary cells may, be,used in the
present netdiags it thelpeedt nventvdu Pecfemed vieakors of thedayBHion PN@IEICHAEHEP es of

greater than 75%_  The invention i.s. . HaadicMdnfivital mary
| ynphocyt eg!engg@ﬁhgsarerp{:eg?qqgl}ﬁﬁ lids%%évclfﬂg\’ﬁvt?ﬁha% H VH?lf1 hased vect or capabl e

of expressiyagoh ek ehaliURHEvigd vedtbrconkdins iniimally, IATRS enst packsgins BqUEREF &% r ed
use is with primry hematopoigetic stemcells, ; iR leafdnk S-
SEQIEETS Bﬁ;acta% als%%%lﬁoﬁéll fa g% Igﬁk]‘! n

In cas@8 wha® lpader and gagensgding ri"al fi's or enco
therapeuti ff? ﬁj’cﬂﬁﬁt@ Rl eaf bigort3T vBEOFRIIA. fnor Rews defiendesit womner. tA peaferead YackFent

@ disease, addi?iozlgl?ynggnl:;igg nfgléor{%%ecfueelnéesc at etgn]eaance%ge 5%%612199 gf transduction into
cells.
An example of such a vector is pN2cGFP, a vector that contains the complete
30 sequences of gag and pol. Another example is a vector that contain sequences from about
position 4551 to position 5096 in pol (reference positions from the pNLA-3 sequence,
Accession number M19921, HIVNLA3 9709 bp, kindly provided by C.E. Buckler, NIAID,
NIH, Bethesda, MD). However any cis-acting sequence from the wt-HIV that can improve

vector transduction efficiency may be used. Other examples of vectors capable of efficient



WD 02/ 18609 -2 2 PCT/US01/ 27091 introduced back into an in vivo

" environnent, such as a patient. As such, the invention contehpl|fiBe00§ he use
of the trapnsf cells in gene therapy to treat, or preven a di sease by
conbat i nga\g%dgﬁgﬁgc defect or targeting,a viral infection. ?hE’UiSHV@Hﬂ on is
al so contenplated for use in efficiently transducing cells for' 5

determ ning the function of a gene, expressing genes efficiently in

manmmal i an teapdustion via the prasentgayention are GREIV eongtopises|deserihed ds USiatapénet i ¢
antisense s0fgsfddgozynes libraries) for functional screening for genes of
interest, "Usé€’in protein-protein or protein-nucleic acid two-hybrid |ike
det ecti on st r atfegtreysqustieidenti fiaimewaca thmt dxinbeficicht @isigificingindreggene
screeni ng.,ana is Wth a mcroatr or prqtgin array, or_studies enploying
Sace. 10 SPBrERPR etidithed dhuited by Beana BLalu@yose iR Bipre i base
transdsct ?@ﬁ ferlori¥nt FfYpds@idng 4793 & M971esh PRI, 8érr@Bondile tARRYfons 4757 to
i sol ation purlﬁ cation steps woul d not be used. I|nstead, the cell to be

t r ansduced¥4e ap aNI&H-2)5apable of Iprassingdransdncyipn sffiqiensy: Thaprespatrinyentiane cel |
surface : IO ' . els tion of
one. or - mora O fisBIRY el RHIP ugP NPk iy if KBERBRIGI N REGRERE, | 07 O
noi ety mayrapsdustion effitiency, atarger545 basapauefragreen gprositadnsd568pitd 5456 inpNilde

surface of,,the rgeted cells., Once.selecte | ecul es that Jjnteract wth
The ot ety oeh PRES SFieuieRls OaiTRg i et SRRfosd e GrcrioRas PAY Ohe
presend i nkepresent inventioexanpl e, CD4+ and/or CD8+ cells can either .be first
purified and thg .t.%sduced b%/ t qe nmet hods- of the invention with the use
of imobilized t ewz%lege W iVS‘_st¥ genspcts that mayihensed inghe pregeiiduced as
part of a ifvextitn BRPAY IPTS Hatdhe 512851300 S Rich B 109€byCiRbdDofatd®) refience as i
peripheral_ bl ood nononuclear cells (PBVNCs), by use of the same antibodies.
Hemat opoi diilysedderth.c &he construetsimpatopt; % 885,800 aregaerelyxgmplasithat<lo nahlimit nay
be diffic j i B a ' ' _
popul at | ot gcoBe BE Vegtrs That cBRilfy rlfuCat ol SRR e bl O .
bi ndi 1§ nwdditiohalsguiddnce hethieskidletl iadisamhyat b virgbvectordobasedvidntherpoésetity f ound  on

t he surfage 01;. t he cel .to.bﬁEﬁransduc d. Er@ef. bl ¥1 the noieties are
found as pPart gy n?aé’ccé’ﬁ"k%? yum ﬁe@tug?ceﬁsmg? rw’%{'gfpgi Y& BhERILYR sequences up
non- pr ot eite kst the @kirOFenoate fivaldalpk vime e exclddwan i &itiabaudléle heide :

epi t opes reco%ni zed, by the cel |l surface binding. nolecule. These epjtopes
ncl ude t ESITEBTRIITER (7 Top HiaHign apA/PrerodueHiRa R discases MEBAJLE delemminingyi o, a

30 nucl ei préidetly thaehihcas Yéqeipdiiop efficiént thhfTue®én ofechSRiSdufthe &l Welpur f ace
blndlng nol ecul'es i nclude an anti body or an antigen binding fragnment

t heredP akgownpin gt oForsxamplega dytieneticigeomoraéipn of virglsequenseshsck into Bhe

cell surf :bi i i i 1cheke acid,
a car bohygﬁﬁlg,%w}%{ag!eﬁggggqn |oer§.ﬂoér§e%cet§§t§?a t@%‘%@‘%“@@’uﬁ*’% e?‘!é%aﬁ}ﬂ\gnti body
or a fraggeneme,sackos cr2EUYs, iasowinBahd $&lldmoin if tlegarent . More. preferabl y,
the nmol ecule i s.net _used.n_a sol ubl form but .i.s r.at her 22 FEB 2005 WO
02/ 18600 -23 PERFBEFIOS RIatnE sedispres Jiop sihen vicy bagkihogs H‘Fr?"gi’znlc‘ﬁ" I$5¥ad,

Wi th whi clintefest, eadH @ the citendepalosiguso@MWh s biso aelititho®el in @e drt) eRgardlagasof a
ti ssugscul turcg |sh1 ba(?r or . plate, ugon whi ch t he é:el I sg%(g be transduced
may bé> culBGAERR! vital yectoramed. MO AFSATSRBHRTOFYRS Sngedad by apd ssquences presept+ or

CD8+ cel | gn, thoviesl gnstic ﬁl@f&iﬁpﬁﬁhﬁ Be IdFRin the $Q48Y rhefged F@ﬁlﬁﬁé&ﬁf HSprBRInRSE
used in a cell culture bag_in the_ presence of a viral_ vector. The present

i nvent i on SPHERCRIIBCIEAIRIEAISERCSINY c&fbripnaydn eertain cell fypser Numerays Aeting sarseecul e
for use asrd@fallaBik th B&enﬂiéé%ﬂ%ﬁ%@ céﬁéiﬂggﬁaic%ﬂabt&%ﬂmré%)és ﬁgdmﬁéti&n' on .
conprises the nolecule and a viral vector to be transduced, optionally in
t he pr esesicigicytthrincerpbmting thresetnencs dw cidttbr theeectaroahelpergamomesah be

deriv fr sout.ce. . b are preferab). retroviral .vectors. . Mre

or ef ool VPR <RPafiffint otihe Hvepifisita Aol ity prtisits B S v ©

| enti vi r alvemecboliclper gpaemder Buetisiprefreacédommok sxaldahbodimest oMheus (HI V),
nost preferabl.f\;nHI V-1, H V-2, or chimeric conbinatjons thereof. O course

di f f er ent YEPHPR WhetsAcsessamyPiateins; and othes searengesiara lefign cither the Yedtorerdane

cel I by uselpef gddtpndlogaeRhsetRinb@ftion Effici&tyPl €, one vector can be a
replication de%i cient or conditionally replicating retroviral 15 vector

whi | e a second Thsctinat veaders peediinghe ResgeH dnvention maytalsoesulipfesomi“pecudelape’ r st
vect orst o | 4 /s ?}g% 0 i

acces g%r y f%’r?%a{tl‘;olﬁh{;svﬁgﬁreg@t12&%%2&2%%2%%%?/&%%31?&%}%3 ctor ,&aéﬂﬁé%/{ﬁ'mo%}&gée present
in any one of the vectors being transduced into the cell. Alternatively,
the viral accessory proteins may be present in the transduction process via
their presence in the viral particles used for transduction. Such viral
particles 20 may have an effective anmount of the accessory proteins
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conprise and express one or nore nucleic acid sequences under the control

" of a pronoter. 25 In one enbodi nent of the invention, a nucI232¢Ech bods
sequence & C(ﬁﬂ?cso a gene product that, upon expression, k’fdf all eviate or

correct a & "€ deficiency in the cell to be transduced. PFR/USAEE 1A

enbodi nent, the nucleic acid sequence Bncodes or constitutes a genetic

antiviral agent that can prevent or treat viral infection. By "genetic

ant i vi r alcoatémng the genomendant vamyercapatisted withivadn oserdayarderdtaiiing onsér t ut ed

by genetic nate nts are .30, provided | at ent

5, 885, soen°fﬂ?élyelpn%m95%ng’3a?§‘2ﬂt SUC& CBOMERPT B3 bee psed to pa agswgﬁlg. ns,

such as ne¥Rrsef fnfelekd o A PhsRidotPHped? Vi GREP 8o-rafTRding Qﬁcﬁhﬁfécﬁh% @baél@gfn@r s
for bindi nﬂ or target sites; or tar?etlng viral targets dire
s

degr adat i%H wigheth dke vigalivsetorafiatessst and genptie snatertal aqusr&wﬁée@bﬁm r uct s.
O her sex iral e i coys,
(r ansdomoamops ot afehfing Vit of 8 ccflaftich o Bsal Xy PRy s SMAgSEE2LS
2005 WO Buchaaged virusepcn b&qut@ﬁeﬁlbyrantubmegaunstmhnjoricyommedmtdrc]iogg;s

i rmunoge i S0 ead nd_externa ide .s uence
(EGS)  mod Py B plciBe HHEF it Viks Bamulhy By 3R Rocy P Gp frdiaipn Siedie

mar ker f Gtorhatitissdtset S3B)| Which isa tHabd@imp IThe ups e5meldstyping bicadehthe qaastand
bel ow, gre the rker ncoded by the viral

fl uorescent, pro
vect or tr°§ﬁ B“Eﬁ?éb{ Y%ummf}@ e‘@f’ﬁ%P Wﬁr"kré ety fee sprefdthe | | st ed

abovqo Dafeegblo aumlng:l@cgay serve to identify the nunber of functionally
transduced cel whi ch were not only transduced with the vector, but were

al so able to fltm@@tmglo)f vaglpieetoss 8Y fbreyssiin thepresenbiniventien wheulécined by
FACS | A, th
CACS 8 el R e SO S AP AL AR LSRR
trans duced sysirounded by\aen@mbrabmcorEMpmshe WSV Gtprdteme Iﬁlemhaleoeapsmqubmuljne

| t E d t t h to det
tr anst e BRI ERE ARy RALY rpr o ERS Tkl sPBr IRA bt TN . For
exanilse, pretgivhconPiimng ammbbramﬁﬁﬁnk paxd efﬁfemlﬁepirﬁelea@bﬂﬂis egteRdAbmOthe 66IPI €s  of

stably integrated viral ctor r%? ced cel]l. 15 The cells to be
transducé’ée P3gEa tﬁ‘ﬁé’é‘a "(9'“80 Ragkagingice ar\t;él@gqﬂbeélngpé Ratanbr e,

after or 573914)1@%%%&11\@&teﬂlbs&meﬁ%fmetlﬁvehhsn GRd hrﬁlﬁa}m&smeﬁ%&'&om

nol ecul e.__Thus the cells can be first exposed to the'vector for a period of

time fol |mé@|ndagseum%@mmm6’r$\6ﬁ nrnwlrsewseuww@oerabpw@pbg cantaiing e Such
cells M, not been
intenti ona$)? Clpgl\t/&n%irﬂlca Ig&(ﬁo en g%{t]en%g% gﬁ%%nc %{&1 t he 20
cel | §Ocaranné101tnopsztv®kpqstem flhe rzhgeoélhbstscﬂlisi mchldbbnﬂl mgmmaliex ehd&ndmr a

period of_ i foll wed o] nt act [ e viral vec After contact
with the vecmahan&c eg’ssu\?gg‘fgum?%s c\flge rg%’ﬁmﬁ mtnér?ﬁééréf °efid the cell's
cul tured underTlovithl vectosfor nmimaha&amsnlue@dﬂ methodd dsftha thventipd odr d1sg at i on.
Such condi tion n the Sres nce pf t he cell rface binding nolecule

or ot her “OMANSF &P@%@rﬁﬁq‘\?ﬂ mege pugleigacid %ﬁwcwf iGeBEo RIORSHSKi nes
in the casesenf lnﬁaﬁrﬁ@bx} mdeﬁhk%ﬂ@énwwer@me&ﬁsﬁnsﬁef& ﬁnti’e%um@@nﬁ@fﬂaved
after contact with the cell and before further cul turing. Another

enboaﬁrre rfector- th@pmmtﬁltslw fugthercoptain insulatang elements, sushtaseryihwid RMASST bot h

viral mgﬁs@ﬁk‘&ﬁ@éxéas Ssl.(!)rdcs ﬁallﬁ& @lg' rﬁ?h?ﬁ#ﬂt@r&hﬂgg%f%ﬁﬁﬁbyes&@#h cells

are pref y not reV|ous sti1nu tinme, the cells
are cul t&e&m@d@m@nmdumthgﬁfb’rbl‘m €MV pomaterd BEKy G BBER | ons such ‘as

t he cont r f i.ndi I

stinmul at I(SQE y? &c@ |{°€‘§f‘ﬂﬁ§ 1? 135385 &e%r{ %ﬁwl}mj %@g%ggk@%tlﬁorﬁmw “T? enoved
bef or e f waré peaferead, PurImgroxﬂdneranmymlsotﬂbalsemOTﬁsmpbélﬁafp'rmstetﬁarv alkal vector
B e T R R ER R R
02/.18609 thBlpR&-E b&d iro%?lo&%mm&@cmomettﬁgue%emﬂb §Qpr@§’516r?§ﬁ§$ltﬁ§b

e than
S
once, such as tw.ce, thrice, four tinmes, or nore. Incubation of tﬁ cells

to be tr aﬁﬁé@@&b@ld\mlh twtmrmmey@eqfewred@yb%bmmrls@n peectieAstingsegednses f
time, de

i nfl uencgﬁI %ﬂ%ggsslgﬁg{lfgat ?g%g{p ?drrng&?rﬁb ?‘éagﬂ %E,Celﬁlﬁfgggtrggfg%BW%hame

(mul ti pl iaptisgnse genadxpression)whesengn-piromated sequdness) ara nsedshodangestha setisenee & nd
the cell surface, whether and how said nol ecul es) are immobilized, and the
| evel of transduction efficiency desired. In a preferred enbodi nent of the
invention, the cells are T | ynphocytes, the vector HN based, the MJ




is about 20, the cell surface binding nolecules are CD3 and CD28 anti bodi es
" inmmobilized 10 on beads, and the resultant efficiency at |ea2t2 gm 20ﬂ5s
woul d be (ng (0%0 the skilled person in the art, sone of tg

factors areXdt% 1y correlated while f)(g_hers are , inversel§ E’H??’épﬁ?'ed.
For exanple, a decrease in the MJO w il |ikely decrease the |evel of
efficiency while efficiency can likely be maintained if an increased anpunt
of cell su'ibfoapaedmnbpmig tore kargetsplicadsRN#eas. sef 018 T RES padert 51804, 500 0xttielh ison
viral vectar.,and the cgh %EIFO be transformed is preferably for 24 hours and
opti onal | YFFRYHOmPIRGa Ry F frphocytes and up to four times for

hemat opoi eti ¢ OfeBuelahs cxs%cfmg Afid1¥otideqhdhced oM I AIsAY 8 PacbpRrated | s are
i ncubated with the cell surface binding nolecule before introduction of the

viral vectidte the Healveetamafithminyentiose Inpartigydas cm.zctnweguqn@eaﬁmﬂ i eetrpyirak .
Pr ef er gbl t ce
si mul tgne?grsl+r§%vjé}? Hgé(}?ﬁﬂac]{h% - fg, %g ﬁ%Hﬁ%\nﬂ?ﬁe&L aPPhgrg\% &ﬁ%gags uch
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with the | ] e S |ntr r.nati.vel excess eII
surface blciﬁ ﬁax\,ir]roo ecu‘ilg ear%lgu???%? ’Ipbeﬁﬁ}é‘egrelf el?'}yt%‘élsgﬁﬁ){ SIFUUERAS

i ntroduct lm)nemibdé hreexprredsed pdlgpépiiles Bllot expiossbliaeh poBpE dMﬂaBt thé't@of/&fet or,
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prol i f er at'P &/C 1§|a prafiop sych ay atiopal sttt $itey errodes tqﬁ’lllf fBORtAN PR e
presenge dfaghtet 671 largeHpbl @ﬁ@;tmen&l FE[e} xﬁﬁ‘ﬂa%éhﬁéuce%ﬁtﬁﬁnn b¥eEddmodehe cel I's

are initially. cul tured Wi he cell surface binding nolecule foll owed by
substit ut |Ssbﬁtwttqm»rﬁé‘éltwnmtd@lqﬁpngfranbithn aptivegegpenceo Maurxagwle of ek lactigowt h,

such as i i Y, bot h

t he excess% E@Iekfé%a% %z:Pg F‘},@?ﬁ‘%@%‘ﬁ@gﬂﬁ%ﬁb g%@e{‘ E%d%%s‘g@%%tqgém E(l)é)wed by
cul turinggene.the presence of a factor conducive to growth or proliferation
as well as enh ¢ further vect t ransduc .. Such factars i.ncl ud

i togens. such Seai csidre e E AR scuhR Rt YRk 3tEs of Fsdiieniga e

act i vasor soureihthesvinfsafeorn maietnihe vectot & derived bebea hgtktodoRs seqihed)| Ehe
factors, or conbjn ef Bﬁb’fbg‘ reof as well as “o‘i?l ve fragments 22 FEB 2005
VO 02 - 2| SPREEREsds Profems lolenth, o5 Pariial sequengeHa i6 PT ¢riGOREN® EFRRRTBARSHOL h
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al pha ( Tc;na@ﬁbéqn%ijpromgﬁ bwéqgwal Fffafﬁslﬁ @rclfﬂln xgmplgs f s@btagpn@ incede
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exanpl e, the conbination of IL-3, IL-6 and stemcell factor would not be a
choice for transduced cells that are to be used in human 30
transplantation. Simlarly, the choice of culture conditions would
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- transduction observed with the present invention is from about pgB s40%
Preferably, the efficiency is at |east about 75 to 90% Mbore preferred
enmbodi nent™O 81868 i nventi on are where transduction effici #&AYWSOI2HVY1| east
about 90 to 95% The nost preferred emffodi nents have transduction
efficiencies of at least 91, 92, 93, 94, 95, 96, 97, 5 98, 99 and 100% In
addi tion g _olammlctése@mm);o‘ﬂaagﬂefaeh&c&o%e%msé)exmﬁﬂ glitafiieeg.ch or for
treatnment of disease conditions in I'iving subjects. Particularly preferred
as part ofransferase{aSiDi speraxede ﬁ&n&@%(SQ&WWQﬁmQMn@n-S SeeKdcebill,s to
produce g ' | I ntroduction into a living
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Thus, both in vitro and ex vivo appljcatjons of the invention are

cont enpl atlrge daysof iransdugtien. spereipraferably withingne tofex-daystafier ransducticned cel | s

are preferablygl s ' L HE k Q0 _ tically
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i nt raper’i dependingyonghe bynditibresrandmaterialonsedn dFaniors thaj iafiheme theinusgiondimva i n

the art. Th a tq be . st.ered will. vary dependi n.a variety of
~ factors, u‘%gée gegﬁ yg‘%ﬁf ?‘ﬁg@g}"r‘# t hé:ﬂx)(?f Hf@c%oﬁ'#fegdﬁffﬁ@??‘ﬂ?@ﬁﬁ There
are nuner aiinuis usetoibind theresll strfideewhethecaid how said hleculd($)ark omobitized\el |
vect or, ere the. benefits copfer

desi gned payl.oads jn e .viral n red by, the
FFanoduced” SuRanesd Rad e erel R rhgutin cirgy dremloProfergvs the Topaodis

I ni tiably fortdbut Gfttho AHSHRED HAlrs, FRRSPreEREb1Y Tl dbolif BNES Hohie4B Hews.dibe from
about 104 to, about 101._ As_such, 105, 106, 10', 108, or 109 cells may be
used. The PARicHilY pirierEed empeodimsnt, therincuhshion i 1og abeit 2 dhouws|and ipeptippally
transduce@meyghbh&Le transfers, if required, of transduced 22 FEB 2005 WO
02/ 18C09

Contact between the cells to be transduced and a viral vector occurs at least once,
but it may occur more than once, depending upon the cell type. For example, high
25 efficiency transduction of CD34 positive stem cells have been accomplished with multiple
transductions with vector. A preferred method of the invention is to simultaneously
introduce a viral vector in combination with a cell surface binding molecule (e.g. CD3
and/or CD28 antibodies or a FLT-3 ligand, TPO or Kit ligand) and avoid changing the
medium for between about one and about eight days after transduction. More preferably,
30 the medium is not changed for three days post transduction. Transduction can proceed for
as long as the conditions permit without the process being significantly detrimental to the
cells or the organism containing them. Additional examples of cell surface binding
proteins for such use include those described hereinabove.
Similarly, the MOI used is from about 1 to about 400, preferably less than 500.
35 Generally, the preferred MOI is from about 2 to about 50. More preferably, the MOI is



-28 PCT/USO01/ 27091 cells are a preferable enbodi nent. Furthernore,
conditioning of the host prior to the transfer of transducedgcekFEg. qisf
required, ‘&8"3/ ) ferabl e enmbodi ment. Conditioning regi nens are known in
the art; an e é% e is the regimens) fqor bone marrow transpP@HUSEINIT 5
Havi ng now generally described the i nvet i on, the sane will be nore readily
under st ood through reference to the foll ow ng exanpl es which are provided
by way of frdn alstutdOitoabowti3d, altitoughtrangesefiftesh shoubptd dbsut 10)Abedt MDebdmngent
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t 'S thé & ” > . e . .
ﬁtr)ﬁogflt? ez Werdebygiepl et g?ﬁgﬁg?ﬁg?ﬁﬂgﬁg\@%n adlrlléealrs{e:ﬁdté' &?vfég'%&e%@g:}og%ggfi n
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2005 WO 02/.18 . PCT/ USQ.1/.27091 ... . Pripary CD4+ cells (apout 500, 000)
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be repeated for a total of two tines prior to renova excess vector.
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ar /emvv;;ls he dollwtdibyclilbzt Post teasductivs thduBafidiemiy BSReRy péridd $RIthg Bt 3 2 (10

ng .

15)referably from about one to about seven to ten days. Longer periods of time, such as
about 14 days, may also be used, although periods that are detrimental to cell growth are
25  not preferred. In embodiments of the invention where the cells are cultured with the cell
surface binding molecule(s) before incubation with the viral vector, the culture times may
range from about 24 to about 72 hours, most preferably 24 hours.
Such pre-transduction culturing may be compared to stimulation of cells, with
cytokines and/or mitogens for example, prior to transduction as taught in the art. The
30  present invention includes advantages resulting from the avoidance of such stimulation.
For example, stimulation expands the numbers of cells through proliferation to resuit in
many more cells post-stimulation than pre-stimulation. Transduction of this expanded set
of cells requires much more viral vector and related transduction materials (e.g. containers,
media, cytokines etc), increasing the associated cost. Furthermore, the stimulation of cells

35  affects their quality for further applications. Movassagh et al. describe the use of a three



EXAMPLE 111 Post-transduction anal ysis Post-transducti on and seven or. 14

" days after incubation, the cells were analyzed by flow cytorrztzrp %3@05CD4+
and/ or green fluorescent protein (G-P). 20 A conparison of the a% t hree

t ransduct wWeno2pisetocol s is shown in Figure 2. Contact wth lpeadisowvenbil i zed

CD3 and CD28 anti bodies after transduetdton with pN2cGFP at an MO of 20

resulted in about 91% efficiency. Contact with beads before . transduction

resul ted j Ll Ci e i . cont act,_and
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descri bedSt‘Hg‘ﬁ?)%n rmvﬁiﬁ’e\ﬂd?’#{g%awg@%%%@e ang%tl%af%@ aremt cul ture
condi ti on@ti\oayqiﬁain?oo, 000 CD4+ T cells per M in ' Yssel's nmedium _
suppl enented wi th 2% human serum al bum n. FACS anal ysis was on day seven
post <el ect i onthawdficiengy ef ransduatiors ohserved withthe paBentiinvention jst fiomh @bout(75-
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(indigated by cells. positive for both CD4 and GFP). By conparison, the

results with ﬂ%_aédgw% tplqit&f’ Qv SﬁaBWUFE‘%Eﬁ?FéHaEbhg Wﬂi‘%ﬁé‘i"?&tb%‘ fof only 70.2
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results of a simlar experinment at 15 dags ost Sel ection. wer e
agai n t r eiseéuth@istructura-fmetion stadigs deseribedby Untmaar ¢trabobhdripestic GRe famttie CD28
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both CD4 .apd, GEP. .5helse result ndi cat e t hat sma| | fraction of the cells
det ect ed B theudiyigual, Aligmatixe ﬂ%fa‘if’ils (’Wd%ﬁr‘@e‘g?“%{b’ farthe ehressionef a o :

" pseudot riafebREbIIbquet YRR InMhd firliveb@Fent vectors stably transduce
cells at high efficiencies’" This. exanple is a conparison of vectors used

for transductiWhen psetcasrpasbef BIVitherapy aspronhylayiy thaneciopmaysdeedy astogivence
o LN drRiek SAF AP B At bR s A00 o AN by SO At 00l o

sequence. As can be se ere ure vectors
show ver yvesfor mpyemcodes amaghnt tesignedfto pargetdilV, €ivh astrdnsdanhinent negativet aneous 20

tinmulati j t e i mobi lized CD3. an 8 anti bodi an ctQr at
an- vt *orRBgtlspR R re R S D B eGPl B of b T v e
V Ef f ect tmfcoldettedio express acipppsprizid glebirpeye &bcotheet sitkleetll edendh bf erent MO s

are shown, i.n Figure 6, where the_ use of s from2 to 20 resulted in
t r ansduct PHASSAPa: lpaymecefls mwwec%arﬁg@%%o @éﬂdr-‘ét‘?/@?‘é IR EANSHOM t h

bead 3s5mudkit resfohselss aﬁﬂgen(,:&? thefThicRREHbRSwItR bthef cEIRU The BRAIRE GrtishdASAHEE | ON
with pNl (cpt)CGFP at different MJOs. 30 EXAMPLE VI _Transduction of CD34
posi ti ve Yfdhg aborpages;ios the rresent irprsdyelion pethpdy asawell aynumesreusntheyisesand -

t ransduceg fitfont kA& W iHe N cpt GFP simul taneously in the presence of
FLT-3 Iig‘%ﬁd, 'IQIgO and \lgllt ﬂ?{lygand ( 100ng/ mM each). The cells were cultured

for five weeks in long termculture (LTGIC) and 35 then the cells cultured
in methylcellulose for 10 days prior to analysis (the results are from 22
FEB 2005

30 Brief Description of the Figures
Figures 1A and 1B show maps of pN2cGFP and pN1GFP(cPT), respectively.

Various restriction enzyme sites are indicated as well as the components derived from HIV.
The pN2cGFP construct contains the GFP coding sequence operably linked to a CMV
(cytomegalovirus) promoter, thus controlling GFP expression. The pN1GFP(cPT)

4




WO 02/ 18609 -31 PCT/US01/ 27091 an el apsed tinme of over 6 weeks in culture).
" The results in Figure 7 anal yze mature CD45 positive cells that? FEBUES from
the CD34 i ture cells. Control cells show no significant transduction
whi | e the V&P ansduced cell's show over 88% of cells asPCIMSIHAWIGFP
positive. 5 EXAMPLE VII Long termtrand¥ucti on of CD34 positive cells CD34
positive cells were transduced with pN (cpt)G-P as descri bed above and

transpl anteastnet iswlsdraardten ra@Pmt g@)@GFPalbéwwlahﬂ eh S BET Fofire

ei ght weeks1 cells 10 were iso nd anal yzed for CD45 bearing ma e
human cel IRO! §ARF- GHIESE SpRststs afe uppd fmthe examples despribed helows hown i n Fi gure 7,

s Ato D. t ed
Peth human_col I'oEne 2 hoRAErebilfs driaikddbribh bFphmE L oene (NS fodd: BERRI S\t
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cells) 8 eks after tr gductlon The | evel of human cell engraftnment in

this mouséd QRAEY@metry rggu f& ﬁ%ﬁ%éhprwwe@%@%iﬂnyo@dmmemnmm gect@0
Panel s C gfdicile S0 \hd defls 1P aHelsSA Wt warett\‘% glﬁ]&ﬂtsfo”?ocﬁﬁb ?{dans ) N panel B

The results confirmreproducibility of i'cfency’ UCtion wth
87. 8% and I8%eeti¥edy. CD45 positive cells al so being GFP p03|t|ve The aver age

efficijgney is s y

EXAI\/PLE VI Eﬁ |4f3| %@%"%%"E’%L‘ﬁgﬂt‘w sur a‘%’gwghﬁhggﬁﬁ?{‘éﬁ‘g Eh*i‘%g or E%’rrpl e
descri bes mmbduzeé@m amck@@es antllﬁmes(tasammate) cmmcbndbasrmtm&h(ﬁaﬁ)
anti bodi e e in the e I es helow, 1. Prepare
0.1 borat éleétgf u? éc()ﬁseb%}nl g’gl ﬁﬂﬂpéocg‘isé'eﬂ’ tegdn F&n ﬁ&’%ﬁnmes 8fovy tissue
cul ture gr9selkeeavhttisne. Mauwuamdm%sunb& éﬁ)eﬁic'i_bn@i%'s ragomym& s, 1y
NaOH. Brlngflr;%%qvolumat 100 and sterilize via a 0.2 filter. Seal

cont ai ner and Ig 44§ a flepiction o%ﬁ frequsnsy @ human SRAS 'Béﬁlétrénsﬁ@mnn wingt a

concensr atth ednt Hdndda/ BisBu d 75 p, g
of each peré:)irstlﬁe élf bor at eﬁs%eleﬁ? |5 O%]EHSEFI ng étgoig Q%&@pﬁ%@%@%?g%?@f gg
PCT/ US01/ 2nalysis ofcontenl galls vessus calls trmselucedswrdaa &emtomapablleaiflempresdmglgﬂem ot be

col ut 1 on, Mir s PiACRCRPTRANEor J0hafEll: doolh oRta AEESalesdittbatsn i g

wheel . exhibit green fluorescence.

Figure 4 shows the results of FACS analysis for CD4+ and GFP+ cells at 14 days

20  post transduction using either IL-2 and PHA-P or bead immobilized CD3 and CD28
antibodies. Approximately 93% of the antibody treated cells reméined stably transduced
after 14 days. Only about 75% of cells treated with IL-2 and PHA remained stably
transduced after that time.

Figure 5 shows the results of cells transduced with different viral vectors.
25 Figure 6 shows the effect from the use of different MOIs on transfection efficiency..
Figure 7 demonstrates the stable transduction of CD34+ cells prepared from
umbilical cord blood after multiple transductions with a viral vector in the presence of cell
surface binding molecules. Over 88% of cells remained positive after over 6 weeks post
transduction.

30 Figure 8, panels A-D, shows the efficiency of long term transduction after
transplantation to SCID (severe combined immunodeficiency) mice. After approximately
eight weeks, an average of over 91% of the transduced cells, which continued to mature,
remained positive for expression of the transduced GFP marker. !

Figure 9, panels A and B, shows the efficiency of dendritic cell transduction after
35  sevendays.



4. Wash beads three tines for 10 min. each at 22 oC with bead wash nedia: 5
phosphat e buffered saline w thout cal cium and nagnesi um 30/ r(r? @'

al bumin, 5. nMEDTA and 0.1 sodium azide. 5. Wash beads o ce 1or 30 mn
at 22 C. womastovwovernight at 4 C 7. Replace with fresh beat/usasbrmedi a,
resuspend beads to 2 x 10S beads/m . 20 1gG coated beads are stable for at

| east 6 nonths at 4 C. EXAMPLE | Transduction of dendritic cells Mnocytes
from peri pheral bl ood were isolated and then transduced for three 15
consecutive days at an MO of 50 with pN2cGFP using two sinultaneous

cyt oki ne bodds dbf CasyinfiuCPhe [IBBAtioMI. ts/ mY, IL-4 (500 units/m) and

TNF- al pha (2100, uni ts/ or, GMCSF nits/ and, |nte f eron-al pha (800
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effici encgtbOel | s transduced with vector under the second cytoki ne

a
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optionally by selection for particular cell types. For example, if primary CD4+ and/or
CD8+ T cells are to be used, peripheral blood (PB) or cord blood (“CB” from an umbilical
source) samples are first obtained followed by enrichment for CD4+ and/or CD8+ cell

25  types. Standard magnetic beads positive selection, plastic adherence negative selection,

i and/or other art recognized standard techniques may be used to isolate CD4+ and/or CD8+
cells away from contaminating PB cells. Purity of the isolated cell types may be
determined by immunophenotyping and flow cytometry using standard techniques.

After isolation, the primary cells may be used in the present methods to be
30 transduced with viral vectors at efficiencies of greater than 75%. The invention is most
'advantageously used with primary lymphocytes, such as T cells, transduced with an HIV-1
based vector capable of expressing heterologous genetic material of interest. Another
preferred use is with primary hematopoietic stem cells, such as CD34 positive cells. In
cases where the heterologous genetic material is or encodes a therapeutic or prophylactic

35 product for use in vivo to treat or prevent a disease, the transduced primary cell can be
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particle. 22 Fprexapmie, CD4andfpiCRA8+ cells can either be first purified and then

transduced by the methods of the invention with the use of immobilized CD3 and CD28

20  antibodies or alternatively be transduced as part of a mixed population, like peripheral

blood cells (PBCs) or peripheral blood mononuclear cells (PBMNCs), by use of the same

antibodies. Hematopoietic stem cells in total white blood cell populations, which may be

difficult to purify or isolate, may be transduced in the mixed populations by use of

immobilized CD34 antibodies. '

25 The cell surface binding molecules of the invention may target and bind any moiety
found on the surface of the cell to be transduced. Preferably, the moieties are found as part
of receptors, markers, or other proteinaceous or non-proteinaceous factors on the cell
surface. The moieties include epitopes recognized by the cell surface binding molecule.
These epitopes include those comprising a polypeptide sequence, a carbohydrate, a lipid, a

30  nucleic acid, an ion and combinations thereof.

Examples of cell surface binding molecules include an antibody or an antigen
binding fragment thereof and a ligand or binding domain fora cell surface receptor. The
cell surface binding molecule may itself be a polypeptide, a nucleic acid, a carbohydrate, a
lipid, or an ion. Preferably, the molecule is an antibody or a fragment thereof, such as a Fa

35  orF, fragment. More preferably, the molecule is not used in a soluble form but is rather
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said cell S‘%\n I} 5 both a lentiviral vector and at | east one nol ecul e which
bi nds sai &' Q&/I*r f ace wherein said cgntacting occurs in WETESY27Y vi vo
and wherein greater than about 90% of “Phe cells are stabl y transduced after
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contacting wth Iviral vector occurs nore than once. 6. The nethod of
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genes. transdueerh Jlhsrvie kb deivedi o wumee, byt MEPreRIPBssed or
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The. et hod o6 FRactElp e VERter S Pt el iR otedt o 2RgitontLY s i pyital
cel I . 135 ¥actodWhileBERRHd 9bct6! @inBela phtRaGhE comittictBAPSRRRIsThe Firse eédtoﬂ 16 be

| ynphocyte. 16. The method of clajm15 mhereln sald ynphocyte is a CD4 or

CD8 posi t rerlicateipackaged and prepagaech oWhen variensiirel agressory: Proteins H@ﬁ?ﬁbépm etic
cell is acfiRin gi'vtxﬂal’@‘ c:&?]ij dlhr? 0N @;ﬁre@?ﬁ ﬂp:ﬂllﬂf e@f%é@&ﬂc?or%@fn at.

| east one cell rface | e conprises ecul e cte from
FLT-3 | i ganig, them:e@ |Altgzmatively, the| mgaéagpesmry proteins may be present in the transductxon

process via their presence in the viral particles used for transduction. Such viral particles
20  may have an effective amount of the accessory proteins co-packaged to result in an increase
in transduction efficiency. In a preferred embodiment, the viral vector does not encode one
or more of the accessory proteins. '
A viral vector for use in the transduction methods of the invention can also
comprise and express one or more nucleic acid sequences under the control of a promoter.
25 Inone embodiment of the invention, a nucleic acid sequence encodes a gene product that,
upon expression, would alleviate or correct a genetic deficiency in the cell to be transduced.
In another embodiment, the nucleic acid sequence encodes or constitutes a genetic antiviral
agent that can prevent or treat viral infection. By “genetic antiviral agent”, it is meant any
substance that is encoded or constituted by genetic material. Examples of such agents are
30 provided in U.S. Patent 5,885,806. They include agents that function by inhibiting viral
proteins, such as reverse transcriptase or proteases; competing with viral factors for binding
or target sites; or targeting viral targets directly for degradation, such as in the case of
ribozymes and antisense constructs. Other examples of genetic antiviral agents include

antisense, RNA decoys, transdominant mutants, interferons, toxins, nucleic acids that
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anal ogs of FLT-3 ligand, TPO ligand, 6F Kit ligand. 30 20. The nethod of
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to grovvt%fand/or ro{iferati n. 25. The netho |
conditio _68%%‘?1?‘280 TePrasent tgﬁé%%ltq efpf fangdeend cells singe some eadismgayol ecul e
or a10yt Glsvéiesen 2Rndduced RAHMERE RS oPhuL n?i'zegg %P%ﬁﬁis%%%é&lﬁﬁ\&% fiits >

interleukin-2. 27. The_ nethod of clai ereln sal ing 1S for
about se\}’é‘?ii’é!e@/’scs defection. The et hod of claim 24 wherein said culturi ng i s

for about 14 : . ¢l ai .whetr.ein said.contacting the

cells with a %atqtle\l}%?lgf-gggﬁotggé Péjgsietg%lrn %%3%%41 %gﬁ'regc%ﬁdv IF}EB’G]BPfYS‘FFé ey

r epeat ed chainfreagtion (PCR). Bor e3ample) &agktah PCROéanWeaisan 1o ddtemehe tHeerdagnt i vi r al

vector i t_at an . of | ess. than 500. 2 C.2005 - 39 31. Use

of a cel ?’“@?gﬁ‘%&e‘%a@ﬁ*wem %6%“5?“’8?’9? W transduegdeeely epar ati on of a
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e di

conditio s%) in.a subj ef:t. 5 32., The use of claim 31, wherein t sease
condi ti ogcioLe, e simultaneously with contact with the cell surface binding molecule. Thus

the cells can be first exposed to the vector for a period of time followed by introduction of

the cell surface binding molecule. Such cells may be newly isolated or prepared primary
cells that have not been intentionally stimulated to enter the cell cycle. Alternatively, the
20 cells can be first exposed to the cell surface binding molecule for a period of time followed
by contact with the viral vector. After contact with the vector, excess vector is preferably
not removed and the cells cultured under conditions conducive to cell growth and/or.
proliferation. Such conditions may be in the presence of thé cell surface binding molecule
or other stimulatory/activating factors, such as cytokines and lymphokines in the case of T
25  cells. Alternatively, excess vector may be removed after contact with the cell and before
further culturing.
Another embodiment of the invention is to culture the cells in the presence of both
vira] vector and cell surface binding molecule simultaneously. Such cells are preferably
‘not previously stimulated. After a period of time, the cells are cultured under growth or
30  proliferation inducing conditions such as the continued presence of the cell surface binding
molecule or other stimulatory/activating factors. Alternatively, excess vector may be
removed before further culturing.
In any of the above combinations of viral vector and cell surface binding molecule

administration, incubation with the vector can be optionally repeated at least once. Contact
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" $10%&dr{dneing B GUR(ARES), RAMKTES (18&0%18d OhabtivabibBdrial T-e2pressed and
secreted), angiogenins, hepatocyte growth factor, tumor necrosis factor beta (TNF-beta),
10 tumor necrosis factor alpha (TNF-alpha), angiopoietins 1 or 2, insulin, insulin growth
factors I or II (IGF-I or IGF-2), ephrins, leptins, interleukins 1, 2, 3, 4, 5,6, 7, 8, 9, 10, 11,
12,13, 14, or 15 (IL-1, IL-2, IL-3, IL-4, IL-5, IL-6, IL-7, IL-8, IL-9, IL-10, IL-11, TL-12,
' IL-13, IL-14, or IL-15), G-CSF (granulocyte colony stimulating factor), GM-CSF
(granulocyte-macrophage colony stimulating factor), M-CSF (macrophage colony
15 stimulating factor), LIF (leukemia inhibitory factor), angiostatin, oncostatin, erythropoietin
(EPO), interferon alpha (including subtypes), interferons beta, gamma, and omega,
chemokines, macrophage inflammatory protein-1 alpha or beta (MIP-1 alpha or beta),
monocyte chemotactic protein-1 or -2 (MCP-1 or 2), GRO beta, MIF (macrophage
migration inhibitory factor), MGSA (melanoma growth stiﬁulatow activity), alpha inhibin
20 - HGF, PD-ECGF, bFGF, lymphotoxin, Mullerian inhibiting substance, FAS ligand, -
osteogenic protein, pleiotrophin/midkine, ciliary neurotrophic factor, androgen induced
growth factor, autocrine motility factor, hedgehog protein, estrogen, progesterone,
androgen, glucocorticoid receptor, RAR/RXR, thyroid receptor, TRAP/CD40, EDF
(erythroid differentiating factor), Fic (growth factor inducible chemokine), IL-1RA, SDF,
25 NGR or RGD ligand, NGF, thymosine-alphal, OSM, chemokine receptors, stem cell factor
~ (SCF), or combinations thereof. As evident to one skilled in the art, the choice of culture
conditions will depend on knowledge in the art concerning the cells transduced as well as
the subsequent intended use of the cells. For example, the combination of IL-3, IL-6 and
stem cell factor would not be a choice for transduced cells that are to be used in human
30  transplantation. Similarly, thé choice of culture conditions would preferably not be to the
detriment of cell viability or transduction efficiency.
Preferably, the post transduction incubation is for a period of about four hours, or
for about one to about seven to ten days. More preferably from about 16 to about 20 hours
or for about four, about five or about six days. About fduneen days of post-transduction

35  incubation is also contemplated.
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invention are therapeutic uses for the transduced cells to produce gene products of interest
or for direct introduction into a living organism as part of gene therapy. For example, and

10  as exemplified below, primary T cells can be isolated and transduced with a viral vector.
Successful transduction is indicated by the production or overproductién of a gene product
encoded by the vector or generation of a phenotype conferred by the vector. As such,
primary T cells can be first transduced with a vector containing, and capable of expressing, -
desirable or useful nucleic acid sequences, and then returned to an in vivo environment

15  such as a living subject. Preferably, the living subject is an individual infected with, or at
risk of being infected with HIV-1. '

In another embodiment, the T cells are transduced with genes or nucleic acids
capable of conditionally killing the T cell upon introduction into a host organism. This has
applications in allogenic bone marrow transplantation to prevent graft versus host disease

20  bykilling T cells with a pro-drug approach.

Alternatively, the primary cells can be deficient in a gene product, and the
deficiency correctable by the transduced viral vector. Such cells would be reintroduced
into the living subject afier transduction with the vector.

. Thus, both in vitro and ex vivo applications of the invention are contemplated. For
- 25  transfers into a living subject, the transduced cells are preferably in a biologically
acceptable solution or pharmaceutically acceptable formulation. Such a transfer may be
made intravenously, intraperitoneally or by other injection and non-injection methods
known in the art. The dosages to be administered will vary depending on a variety of
factors, but may be readily determined by the skilled practitioner. There are numerous

30 applications of the present invention, with known or well designed payloads in the viral
vector, where the benefits conferred by the transduced genetic material will outweigh any
risk of negative effects.

Initially, the total number of transduced cells transferred would be from about 10* to
about 10'%, As such, 10°, 108, 107, 10, or 10° cells may be used. The actual numbers will

35  vary depending on the cells being transduced. Multiple transfers, if requircd; of transduced
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Having now generally described the invention, the same will be more readily
understood through reference to the following examples which are provided by way of

illustration, and are not intended to be limiting of the present invention, unless specified.

10 ' EXAMPLE I
Preparation of primary CD4+ T cells

CD4+ T cells were isolated from peripheral blood using standard protocols with
slight modification. More specifically, contaminating monocytes were depleted by
attachment. Non adherent cells were placed in the presence of magnetic beads coated with

15  anti-CD4 antibodies for positive selection of CD4+ cells. The magnetic beads were
removed and CD4+ cells isolated.

The highly purified CD4+ cells were confirmed to be greater than 90% by flow
cytometry.

20 EXAMPLE I1
Transduction of primary CD4+ T cells with variations in time of contact with a cell surface

binding molecule

Transduction before cell surface binding
Primary CD4+ cells (about 500,000) were cultured with pN2cGFP at a MOI of 20
25  for 24 hours followed by addition of CD3 and aCD28 coated beads to the culture for an
additional seven days. Figure 1 contains a map of pN2c¢GFP.
Transduction after cell surface binding

Primary CD4+ cells (about 500,000) were cultured for 24 hours with 0.CD3 and
aCD28 coated beads for 24 hours followed by introduction of pN2¢GFP at a MOI of 20 to

30  the culture for an additional 24 hours. The cells were washed to remove excess vector
followed by incubation in vector free media containing the beads for an additional seven
days.

Simultaneous transduction and cell surface binding
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for 24 hours in the presence of oCD3 and aCD28 coated beads. The cells were washed to
remove excess vector followed by incubation in vector free media containing the beads for
an additional seven days.
5 Optional protocol substitutions
Other viral vectors may be substituted for pN2cGFP. Additionally, the transduction
may be repeated for a total of two times prior to removal of excess vector. Moreover, the
aCD3 and a:CD28 coated beads may be substituted by interleukin-2 (10 ng/ml) and PHA-P
(3 mg/ml) after transduction and removal of excess vector. After seven days, the media is
10  replace with PHA-P free media containing interleukin-2 (10 ng/ml) and the incubation
continued for an additional seven days.
Alternatively, after seven days of post—transducﬁon incubation with aCD3 and

oCD28 coated beads, the cells are washed and incubation continued in the presence of
interleukin-2 (10 ng/ml).

15

EXAMPLE III
Post-transduction analysis
Post-transduction and seven or.14 days afier incubation, the cells were analyzed by
~ flow cytometry for CD4+ and/or green fluorescent protein (GFP).

20 A comparison of the above three transduction protocols is shown in Figure 2.
Contact with bead immobilized CD3 and CD28 antibodies after transduction with
pN2cGFP at an MOI of 20 resulted in about 91% efficiency. Contact with beads before
transduction resulted in about 89% efficiency, and simultaneous bead contact and
transduction resulted in about 80% efficiency. In this experiment, the CD4+ T cells were

25  selected by adherence monocyte depletion, CD14 MACS depletion and CD4 MACS
enrichment. The antibodies were immobilized as described below. Contact with the vector
was at 37°C and 5% CO,. The culture conditions were at 500,000 CD4+ T cells per mlin
Yssel’s medium supplemented with 2% human serum albumin. FACS analysis was on day -
seven post selection. MF refers to mean fluorescence.

- 30 The results for an experiment after seven days comparing different stimulation
conditions are shown in Figure 3. CD4+ cells were treated with either IL-2 and PHA-P or
bead immobilized CD3 and CD28 antibodies for 24 hours followed by one round of
transduction with pN2cGFP at an MOI of 20. In side by side comparisons, the use of

immobilized antibodies resulted in transduction efficiencies of over 95% each time



& ()-3!'S,$10% U U& ()-!3y)"10% U U& ()-z! S$$10% U U& ()-~_"an{bC 1

11 X2$1mL0% h&' () - 10% h&' () -#10% h& ()- 10 U 10 U 10 UR<f#10%p&
U& ()-, g <bC 1 11X (31 %d0%H& ()-! "10% h h& ()-G 10% h& ()- G $1
:$

t& ()-!

%% -"10% h& ()-g02=OMMpC 1 1 "S31 % O%K>& RGIUS01/27091

1S, "' $10%hsh& ()-! @ ' $10% " & ()-! @%r %40% N N& ()-! a3l 940%1& ()-!;
©3194094 h[ h& () - RUMKdpquVv7 1 1 310%m& () - 310%m&: () - @L0%M& ()- 10xhxh
10xhxh 10ghaichtdd 59 LefidHOMING BT bdth CIRBIndEGPEY. i?BZﬁl on}}%ﬂ{s’%ﬁdﬂﬁ\:‘ \%'Ei]ti gv-lﬁh%\-/&JGuV?

31 $10%mm&’ () - 109%m&' ()- 10%t& ()-z" 10%T& (

0%& () -310%

1 1 ' 109%RR¢ PHAstauaiern sesuligdoan(rfcienciesafomiyn /0.2 Yo 86N BAGR an3lysis was on
' $10WNVE 3y deves bE& selection.

10

15

20

25

30

35

Figure 4 shows the results of a similar experiment at 15 days post selection. Cells
were again treated with either IL-2 and PHA-P or bead immobilized CD3 and CD28§
antibodies for 24 hours followed by one round of transduction with pN2cGFP at an MOI of
_20. The PHA-P and beads were removed on day 7 after transduction, and the cells were
cultured with only IL-2 at 500,000 cells per ml. until day 15 post selection. | Approximately
93% of the cells were positive for both CD4 and GFP after the use of immobilized
antibodies. Only about 75% of cells treated with IL-2 and PHA remained positive for both
CD4 and GFP. These results indicate that a small fraction of the cells detected as positive

after seven days (Figure 3) may have been due to “pseudotransfection.”

EXAMPLE 1V

Different vectors stably transduce cells at high efficiencies:

This example is a comparison of vectors used for transduction. pN2¢GFP contains
the entire gag and pol coding sequence while pN1(cpt)cGFP contains the 4551-5096 partial
(non-coding) pol sequénce. As can be seen from the results, shown in Figure 5, both
vectors show very efficient transduction of primafy CDA4 cells after simultaneous
stimulation with bead immobilized CD3 and CD28 antibodies and vector at an MOI of 20.

FACS analysis was performed on day 10 post selection.

EXAMPLE V

Effect of MOI on transfection efficiency
The effect of different MOls are shown in Figure 6, where the use of MOISs from 2

to 20 resulted in transduction efficiencies from 72.7 to 83.8%. Cells were contacted with

bead immobilized CD3 and CD28 antibodies for 24 hours before transduction with
pN1(cpt)CGFP at different MOIs.

EXAMPLE VI
Transduction of CD34 positive cells

CD34 positive cells were prepared from cord blood and transduced four times with
PN1cptGFP simultaneously in the presence of FLT-3 ligand, TPO and Kit ligand
(100ng/ml each). The cells were cultured for five weeks in long term culture (LTC-IC) and

then the cells cultured in methylcellulose for 10 days prior to analysis (the results are from

- digs " 10%
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EXAMPLE VII

Long term transduction of CD34 postitive cells

CD34 positive cells were transduced with pN1(cpt)GFP as described above and
transplanted to the bone marrow of partially irradiated SCID mice. After eight weeks, cells
10  were isolated and analyzed for CD45 bearing mature human cells and GFP expression by
FACS. The results are shown in Figure 7, panels A to D.
Panel A shows the results with a control mouse transplanted with human cells not
transduced with vector.
Panel B shows the results with a mouse transplanted with cells transduced with cells
15  transduced with pN1(cpt)GFP vector at a MOI of 50 for 4 sequential days in the presence
of 100ng/ml of FLT-3 ligand, TPO and Kit ligand. This mouse shows a striking 96.3%
transduction efficiency of transduced human cells (CD45 positive cells) 8 weeks after
transduction. The level of human cell engraftment in this mouse was 11.1%, consistent with
previously reported results. |
20 " Panels C and D show the results with two other mice treated as in panel B. The
results confirm reproducibility of high efficiency transduction with 87.8% and 89.6% of
CD45 positive cells also being GFP positive.

The average efficiency is 91.2%, which reflects long term stable transduction.

25 EXAMPLE VIII

Immobilization of cell surface binding molecules
This example describes the direct linkage of CD3 (B-B11) antibodies and CD28 (B-

T3) antibodies to epoxy dynal beads for use in the examples below.
1. Prepare 0.1 borate solution by dissolving 0.618 g. boric acid in 95 ml of
30 tissue culture grade water. Mix well and adjust pH to 9.5 using highest quality NaOH.
Bring final volume to 100 m] and sterilize via a 0.2 um filter. Seal container and store at 4
°C.
2. Add antibody to above borate solution at a concentration of 150 pg/ml. For
both B-B11 and B-T3 antibodies, add 75 pg of each per ml of borate solution. Bring
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5 phosphate buffered saline without calcium and magnesium, 3% human serum albumin, 5 .
mM EDTA, and 0.1 sodium azide.

5. Wash beads once for 30 min at 22 °C.

6. Wash overnight at 4 °C.

7. Replace with fresh bead wash media, resuspend beads to 2 x 10° beads/ml.

10 IgG coated beads are stable for at least 6 months at 4 °C.

EXAMPLE IX
Transduction of dendritic cells
Monocytes from peripheral blood were isolated and then transduced for three
15 consecutive days at an MOI of 50 with pN2cGFP using two simultaneous cytokine
conditions: GM-CSF (800 units/ml), IL-4 (500 units/m1) and TNF-alpha (100 units/ml) or
GM-CSF (500 units/ml) and interferon-alpha (800 units/ml). Figure 9, panel A, shows the
results seven days post transduction where the first cytokine condition resulted in 90.2%
efficiency. Cells transduced with vector under the second cytokine conditions show a
20 92.9% efficiency afier seven days (panel B). CD86 is only one possible marker for
dendritic cells, and it should be noted that CD86 negative cells can also be dendritic cells.
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- 20 All references cited herein are hereby incorporated by reference in their entireties,
whether previously specifically incorporated or not.

Having now fully described this invention, it will be appreciated by those skilled in
the art that the same can be performed within a wide range of equivalent parameters,
concentrations, and conditions without departing from the spirit and scope of the invention

25  and without undue experimentation.

While this invention has been described in connection with specific embodiments
thereof, it will be understood that it is capable of further modifications. This application is
intended to cover any variations, uses, or adaptations of the invention following, in general,
the principles of the invention and including such departures from the present disclosure as

30 come within known or customary practice within the art to which the invention pertains and
as may be applied to the essential features herein before set forth as follows in the scope of
the appended claims.

Hereinabove and in the claims below, use of the terms “a” or “an” is not limited to
defining the singular state. Instead, use of the terms encompasses the plural state. For

35  example the term “an antibody” is not limited to the singular state of one single antibody
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wherein greater than about 90% of the cells are stably transduced after about 14

days.

10 2. The method of claim 1 wherein said contacting the cells with a lentiviral

vector occurs before contacting the cells with at least one cell surface binding molecule.

3. The method of claim 1 wherein said contacting the cells with a lentiviral
vector occurs simultaneously with contacting the cells with at least one cell surface binding

15 molecule.

4, The method of claim 1 wherein said contacting the cells with a lentiviral

vector occurs after contacting the cells with at least one cell surface binding molecule.

20 5. The method of claim 1 wherein said contacting with a lentiviral vector

occurs more than once.
6. The method of claim 1 wherein said lentiviral vector is derived from HIV-1.

25 7. The method of claim 1 wherein said cell surface binding molecule is an

antibody, a ligand or a cell surface molecule.

8. The method of claim 1 wherein said lentiviral vector comprises at least one
cis-acting nucleotide sequence derived from the gag, pol, env, vif, vpr, vpu, tat or rev

30  genes.

9. The method of claim 8 wherein said sequence is not expressed or is a

fragment or a mutant of the gag, pol, env, vif, vpr, vpu, tat or rev genes.
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vesicular stomatitis virus G envelope protein.

13. The method of claim 1 wherein said lentiviral vector is a chimeric vector

10 comprising HIV-1 and HIV-2 sequences.

14.  The method of claim 1 wherein said hematopoietic cell is a CD4 positive

cell.
15 15. The method of claim 1 wherein said hematopoietic cell is a lymphocyte.
16. The method of claim 15 wherein said lymphocyte is a CD4 or CD8 positive
cell.
20 17.  The method of claim 1 wherein said hematopoietic cell is a CD34 positive
cell.

18.  The method of claim 17 wherein said at least one cell surface binding
molecule comprises a molecule selected from FLT-3 ligand, TPO ligand, Kit ligand, or

25  antibodies that are cell surface binding analogs of FLT-3 ligand, TPO ligand, or Kit ligand.

19. The method of claim 1 wherein said at least one cell surface binding
molecule comprises a molecule selected from FLT-3 ligand, TPO ligand, Kit ligand, or
antibodies that are cell surface binding analogs of FLT-3 ligand, TPO ligand, or Kit ligand.

30
20.  The method of claim 1 wherein the said cell is a dendritic cell or a cell

capable of differentiating into a dendritic cell.
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molecule is selected from the group consisting of CD3 antibodies and fragments thereof,

CD28 antibodies and fragments thereof, and combinations of said antibodies and fragments

thereof.
10
23. The method of claim 22 wherein said at least one cell surface binding
molecule comprises a combination of CD3 and CD28 antibodies immobilized on coated
beads.
15 24.  The method of claim 3 further comprising culturing the cells under
conditions conducive to growth and/or proliferation.
25.  The method of claim 24 wherein said conditions comprise further incubation
with a cell surface binding molecule or a cytokine.
20
26.  The method of claim 25 wherein said cytokine is interleukin-2.
27.  The method of claim 24 wherein said culturing is for about seven days.
25 28.  The method of claim 24 wherein said culturing is for about 14 days.
29.  The method of claim 3 wherein said contacting the cells with a lentiviral
vector is for about 24 hours and is optionally repeated at least once.
30 30.  The method of claim 1 wherein the lentiviral vector is present at an MOI of

less than 500.
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15 36. The use of claims 31-35, wherein the subject is human.

37.  The method of claim 4 further comprising culturing the cells under

conditions conducive to growth and/or proliferation.

20 38.  The method of claim 1 wherein said contacting occurs ex vivo.



