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WO 2004/ 044147 PCT/ US2003/ 035482 MODI FI ED DENDRI TI C

CELLS CROSS- REFERENCE TO RELATED APPLI CATI ONS The
w@e@gdenii4appl i cation clainms the priority of U BCT/US2003/035482

provi sional patent 5 application serial nunber

60/ 424,602 filed Novenber 7, 2002 and entitled

"Modul ation of DIAPHFIED DENPRELKG(GRERLS STATEVENT AS

TO FEDERALLY SPONSORED RESEARCH The invention was nade

with U S. governnment support under grant nunber P50

HL59412 ayROYSREBERENCEA0 REBATEDS APPLIGATIONSeal t h.

The U. S. governnent, 10 may ve.certa ights.in the

i nvehig dresept EIPBh@hO'JFHElaFP\R/ERFTI RPTith e O fﬁ&éntﬁ’%ﬁsmna} patent

at 1&:%0“?‘15 ste{‘wlalt them{qe?l 66494 66! f?l%@l RovBinBE09Y 206 eand entitled
y, and virology. More particularly,

"Mb@llatmtﬁyﬁmmdrntlel(_hu_éﬁmctmmbnpps|t| ons and methods for
(Lve) MATEERET S G rEBERRA Y, SORRdntind R ch®

BACKERCL N 5, T ol VG O ARt foportIhich erivymRiber

i mmunodeficiency virus (H'V) are associated wth
Pﬂb §H29412 rawardeddbss thet Nemcrnah Bastitutes oH HeplihsFher U.S. government
Bgenous nugleic,acid j.nto a host cell has been

¥ Gesain ety E e YFRISM exper i ment s desi gned t o

treat di seases. FOITEO®'OF 3P H hevBENYI@Np! i cati ons, LVs
of fer several advantages over other_ vectaqrs. For

ex anﬁh@ invenviendeslatese o ftherdielflsy of rigplsgula biolagy.r gengn therapy,

“aﬁn gang}%%iog%f' le]{o 4 %gaﬁ'ﬁry 'TEJ: P'I[ te%f??nof@% eté)t Ofonk 1t1ons

afit iﬂeﬂioﬂg f&ﬁﬁhn@dlihngjdwdﬁhl @eltewith lenfivirabaactors ﬂg‘és)db modulate
i nfecting both dividing and non-dividing cells makes
dengdsitig WB%WCEQEUI ar gene t ransf er vehicle conpared with

the conventiong %Zlg Q{) aNvigetens. The
efficient integration, the broad host cell tropismand

| ow Aﬂﬂhsagkel%ennbhlaslmwnmahmun&@ﬁmy ofirfus (HEW) aggnepsociated
useful than. ot he g}rs such as adeno- %ssoc%mt[oghostceu

wWihrdigeasroigagiaals, ¢ BSERSGS EtP PO S T

hhsnﬁé%n ?ﬁfl’ﬂeh'lﬁ e ih%rab?@&pérﬁﬁeﬂ@ &eﬁ@edltméﬁpdlbﬁsédOYFOr gene
and vaccCl ne ap I cati ons.” DC, professional antige

thprapyeapplinaions) L¥s offs0savanab advsatnged pusraathervesioeh For example,

i.cati.o cau e|r abi i
L e
thdse WRShé vaRIONBE %u&,hﬁbluﬁﬁgtthafabﬂiﬂﬁed infect both dividing and non-

dividing cells. The advantage of infecting both dividing and non-dividing cells makes

LVs a very popular gene transfer vehicle compared with the conventional
oncoretroviral vectors. The efficient integration, the broad host cell tropism and low
tissue specificity make LVs more efficient and useful than other vectors such as
adeno-associated virus vectors.

LVs have been used to transfer genes into dendritic cells (DC) for use in
immunotherapy and vaccine applications. DC, professional antigen presenting cells,
have been popular in such applications because of their ability to induce a vigorous T
cell response. As reported below, however, it was discovered that DC transduced
with LVs displayed a diminished ability to activate naive T cells. After LVs
transduction, DC showed altered cytokine response and surface marker expression,

including up-regulation of IL-10 and down-regulation of T cell costimulatory
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with LVs displayed a dimnished ability to activate

naive T cells. After LVs transduction, DC showed
wa@baoened4tyt oki ne response and surface narker PCT/US2003/035482

expression i ncl udi ng up regul ati on of IL 10 and

down-regul ation of T ¢ costinul at Qry,

ey ess A PatmepEth @seze(ﬁ@ﬁ%m% tragsfued Mg LVﬁ Werg gogpioppised

i iahc L TP MY Lot E6Rect thatppay limit the

use bf EVsgrafibduced Débmanmaunaﬂleﬁam'and vadrdte applicatiomst t he

use of LVs-transduced DCS ot herapy and vacci ne

appl i cati ons. SUMVARY 5 ntion relates to the

di scomgr invehtidEraeds Bnde C(ﬁE%Q@l‘yt bf "iﬁetﬁ@ds aity %Bﬁl‘ﬁﬁhﬂgns for

LVs-induced inpairnment of DC function. In making't

averceming h.Vsaindyasdi lemarxmenmﬂﬁél ﬁmumat dnyndﬂngtﬂmglrysntlon a
uced T

SH98F oh diFineCR gl toly SrloERL Yo+, nistenBdp; Brefecite the DC-

ihd\edd &gl @yblriceiah | lc@t[b‘éd b?fHIS@leﬂﬁhﬁal GirfleOdidl) @Scl@difls applications
i mmune nodul ators. By deliveri gg i Mune rmdul ators

of gelbleeytakines r‘i*!ld wmmne medulatsrn dBY delbveying iimpriag mogdulptogs such
|
SRR T RO PSR DUl pfiprions

‘ ohh&dlbypHIV eléntThtal) inﬁ@nom 8&n bs corestadl. eShebificany, ahé irﬂ@nta@ Thl
with lentiviruses. containi gl vectors encoding |IL-
TpIPORSE 1S gpstaneRX fg¢ e D avith lentyinses copfaiging ére%%wagfgﬂmg IL-

revige pe
AL SO eI AP COBINS s s
1mmoﬂmt@dum tﬁ)rrhlll‘a/s i fof emtercmmmg the tumimgsuppessior nproblems

VaCCI tor ions in patients.

asgtecn et FEh e fefem oGt Btingogeamatio) wetingtion o vector

:pﬁﬁ&dﬂl@hygl@ti%h{sst nucl eoti de sequence derived froma
entivirus and a second nucl eoti de sequence that

e n c o degordingly, the inveation featimes i RMAckpeid Inphldhm a fitst nocleotide
invention

SE%“G&CC d%l?w"er& EH‘F‘% alEdgos A F%‘%S’P? W%%t)‘d‘? ﬁ’?ﬂ‘ée% %Pl‘i opapges IL-

Heen2) &t aodaRBRsRcifierfof 16 00.NUEoBkEhin dkd BhvERITAME 8ideSdriic cell
nucl eot i de sequence that encodes an agent sel ected

(p-goone efegipduipth aclenfvige) iy whichihay beqn infroducgd @ mlﬁlﬁed nucleic

PIdTRAREY & hfcttdlids sbatllos ARPLABHCIERAY (B UEH herouy
cahmktlrtgyofoIL-a Hemjand ae siBNA spetife foellhad. i ncl udes t he
step of nodul ating the . 25 anmount of

7, 11L-10,
and/ e‘}nq loer138peet (8 | iV Hion; featurased d)éﬁla# of cm%@l?tmgptﬁe T cell
ag‘%ié'e}fﬂg%bllitg /o? aHeRBitFARI MR fﬁ%g'io\%ﬁfti ﬁ't?éﬁgﬂe 586 o AMRURGting the

I'L-12 associ ate
amount of IL-7, IL-10, and/or IL-12 associated with the dendritic cell. For example,

this step can involve increasing the amount of IL-7 and/or IL-12 associated with the
cell, and/or decreasing the amount of IL-10 associated with the cell. Modulating the
amount of a cytokine associated with a dendritic cell can be achieved by contacting
~the cell with a soluble cytokine, removing a soluble cytokine from the cell, or by
introducing into the cell a purified nucleic acid encoding the cytokine or an agent that
reduces expression of the cytokine (e.g., an siRNA or an anti-sense nucleic acid).
As used herein, phrase "nucleic acid” means a chain of two or more
nucleotides such as RNA (ribonucleic acid) and DNA (deoxyribonucleic acid). A

“purified” nucleic acid molecule is one that has been substantially separated or

2



10

15

20

25

30

cell, and/or decreasing the anobunt of IL-10 associ ated

with the cell. Mdulating the anount of a cytokine
wasaaoiated with a dendritic cell can be achi eredub3n03/035482

contacting the cell with a soluble cytokine, renoving

a sol uble cytokine fromthe cell, or by 30 introducing

isalated awey desinh othep uuuclmce@ld] srReluenass de iadcedinaroatigagsitie which the
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Pl i) confinibkeRs). MEfeClerin RIS, Ce.g N GERInthiAkit QucldRAdbH fholecule
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%&{) ] gp:ﬂye%lo?' élr’lgg(!i gucqglc %glﬁ%/@ 3%36 Af%ﬁfi‘gagm%%ts o%%enomlc

IﬁQ'EloUﬁZdeﬁﬁﬁ&Ethﬂls prédilcad polymerige Chaimredckion (PIOR) Qiu@lelc acids
acid sequences ina cell or organl smin whjicht

famede DY Teetrigtinn sizymey treptgits of gegomiczpuclgig, acaés @eombmant
9 of
nglglﬁ%cga?:nldnsé%%dséén?ﬁ i tg/Ztheﬁge r?lglelcl&%/ ‘inoflécﬁf‘es

rminc reconbi nant
nucl AAcusedihdreim| the tdrm "viector'r pfersitoeah entttp capabaaa:bblransportmg a

pl asm d V|rus enome of. a rokr ote or 5
I’é‘ﬁ i arit @ %Y%B%Sé’@“&? %&maf aepid gL Al YeoiRls i ol ude
lbdsAGBAYiSe %ﬁﬂ&ﬁ‘%{ﬁ fochfidRl Rinfs %%Qsllerélﬂcﬁzﬁ/bcthe same

aC|ds produced pol ynerase chain reaction (PCR
m@mi@ & eqnmenlyf widestbddyby est pf ordimary eshzlynnﬂlewaatthtch this

t
S5 BBt GoSpheRakibiso Rrer e aer moligr Biodde s can
BésBaEndRI RicBer 48, GRsRAry\ T epblicst EflfkRall shdWoRRkliat,)5th edition,
capabl e of ‘transporting a 10 nucleic acid and/or a

Springer-Yeulag: dVew Yeork, 199al phddsemdn, ofeenes\Y + Qxforé dfngyersity Press:
Iﬁ”' o8k, HloBg! o%%n&ﬁ&'dﬁﬁgrstoéh 'deﬁl%‘& 0 &8 818%”? 48 & e found
m’mnlfy CF erstoo

er éi n’have t

iR \GrandT aid Webstes Bnogdopddid 6F ‘Yllﬁtﬁiogy’,thHQdMainQ Achdungic Press: San
i nvention bel ong.}d Comonl y under st ood defl nitions

Digg datd9; anddidonaapd %G broSpianges Indexrafeljsysept Ist ];dltlon
Brinecl B0 N PO 2000, ZERhRELy R AREE ) W8nitons of
rhiewibin]loge oas by founddf inrSinglaion eand | SaynsPurys Dictiddary ¥dOMicrobiology
P8 Mo BRI coRipRciobol Mo SR p or 208,

Ency 941%%911 amBhoMd raﬁdl QfMeriAS Siart bO @ﬂ)aﬁ%ﬂte 0 Ghddeefieribed
San Diego, CA, 1999; and Tidona and rai,

}Srmm pgebe nsedan thef prmtrcasae sesting of thdiprésent invention, sultable methods

earl%%/%r%ﬁg%ushe Qr%b %@@%&%S%@g@ﬁgpwﬁwns pagents and

o‘ﬁhdi‘%i@féﬁ@eﬁﬁ@ntﬁﬁieﬁﬂiétﬁiﬂ arelQn€érpOnasdybyofefdbideCiBl théiP gittirety. In
and Mol ecul ar Biology, 3rd edition, John Wley & Sons:
the:oasy of ronfligipthe present specification, including definitions will control.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 is a highly schematic diagram showing various vector constructs used

in the invention.
Figure 2 is a highly schematic diagram showing siRNAs specific for IL-10
RNA.
DETAILED DESCRIPTION
~ The invention provides methods and compositions for overcoming an LV-

induced impairment of a DC's T cell activating ability. The below described preferred
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Al t hough nethods and materials simlar or equival ent

to those described herein can be used in the practice
weerot®stikng of the present invention, suitabl ePePURIIF035482

and materials are described below. Al publications,

pat ent applications, patents and 25 other references

embndineemésdiliustrage ademtrélomsl obtheer mmpbsmons ehd meatioeelsi MNonetheless,

h f fl
fignt e, SRRtipB of ihesg e SfReh ofiGndsbigis of . iRSREGH can be
nE’a‘ale ahd/PESfatli &2 YabbdIn theldedoRpbNEDvidcaweRwl is a highly

schemati c di agram show n var| ous vector constructs
used in the inventiomBiobgica]l Mgthwds is a highly

oo B SRR SRR HENERRRRALE) bl Gesren
herih ish ashniped el deherally kaswo e tieoit 8ad ar deVeribedduakethil in

|rrpa|rrrent of a DCs T cell activating ability. The
Qe SEGatipRsSupl ag MOk@Hlar Slaning dehﬁbma@w?Manual 5 ed., vol.

P

S O RO LR R0 o

N.¥e 2ﬂ)9$pan¢)CUﬂBntd?rotobe]S én Medllﬂeﬂiok)gypbdile{usﬂnbﬁieﬂtaﬂ;., Gireene
|nvent| can be. nmad and cticed based on

PR st iy WSS BB e, 3t D18 (GRE\ Bonots “Hpdates)

M@fl&ﬁd%r' aY&h&anyn@&@i‘ée@f hﬁél@i'c 53?4139 G @lscilsOd, ORY example, in

techni ques are described herein. Such techni'ques are
@emngalahgi Ganotirers, (T attae Lats. 2235911862t badi Matteten &t Ial J.

i, SPenea 1555 18 £ cheial SviRests s husleif Mol gfn be
p@fform@' Rr S@d’ahﬁb H RemnledhSIr Bitoimdtddr 65 SonueRbAdSRYAtREsizers.
Har bor , 2601 and Current_ Protocols in

Tyvstuseloigigal sieﬁlng yre dageribrds eigelin Slurgnt Pro@eelsria Ingaunology, ed.

LTI T e T —
Malyshesd. SM@.f,se_f/léE eedl; PotindWiley & Somss; m&ﬁﬁﬁoﬂd‘, QAPIEX @op¥edtional

in Beaucage and Carruthers, Tetra ts. i
myeshodsod_gppe fransfergand gerg thexanyesaal soel?e apted jfor uggn the present

LN, S86e e£ 3Ggﬁ|e8@wralp§/8 Pngi:ﬁfcég]aﬁ? rpf)ﬁ@étﬁ‘ﬁ?'e?l @f Blackenstein,

hucr el'c-aci can exanpl’e
Sqmngar Veﬂzig, al999,n€bmﬁd Thérapyp iﬂmtbe:dd; (Methogds it Molzcmlax Medicine),

eﬁ’r% 8{51% 1qs mat h {e5§a98’é, %egegppr% ?or’ 1|1nq Og%%ﬁee ?‘flerapy,
eWt ?’YH%déoQﬁﬁSSpﬂﬂ?g@r VRtlkg, 1981; and Met hods of
I mmunol ogi cal
Nucleic Acids/LVs

The invention provides a nucleic acid that inclu(ies a first nucleotide sequence
derived from a lentivirus and a second nucleotide sequence that encodes an agent
capable of modulating DC function (e.g., overcoming a LV-induced T cell activation
impairment). The nucleic acids of the invention preferably take the form ofa LV. A
number of different types of LVs are known including those based on naturally
occurring lentiviruses such as HIV-1, HIV-2, simian immunodeficiency virus (SIV),
feline immunodeficiency virus (FIV), bovine immunodeficiency virus (BIV) and
others. See U.S. Patent No. 6,207,455. Although the invention is described using
HIV-1 based vectors, other vectors derived from other lentiviruses might also be used
by adapting the information described herein. Because of the many advantages HIV-

1 based vectors provide for gene therapy applications, these are presently preferred.
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Anal ysis, ed. Masseyeff et al., John Wley & Sons, New
York, 1992. Conventional nethods of gene transfer and
w@eove/0i41eT apy can al so be adapted for use in tPET/US2003/035482

present invention. See, e.g., Gene Therapy:

PrlnC|pIes and Applications, ed. T. Blackenstein, 20
Spri nB@r LVaof élge mygrgg)n ragh by peeudoiypri.on Be i eversEme mstricted

r , [ na,
L0 Sl MROMARR ryfhonf B B e g s
(QKSV-G) erafﬁ%ms IrﬁS@{t ibe@eed. VEs lealgancd 886ty, Neelf-@iactivating (SIN)
Aci ds/ LVs The i nvention frow des a nucleic acid that
e

L\"]éllllﬂbteéls%b? ppagk Foicrampieda SEN daéneaa beagadechy ipagtivatigethe 3°
an cﬁE Ye'rré:h% a4 ?tﬁ%zﬁ?;qu l@?ts:egfenﬁg ethte h?t 1ntegrat10n

des an agen nDdu unct
e(t&clgnﬁntomer whithng 1mploktanmﬁ1n0the| iftegeakibn datol st Idhromosome A

ai r The nucleic acids of the jnyenti on,
rpﬁ emééovﬁ@@ B g N vector OF{heuenn is PTYF shown
]gqﬁ%qment types of LVs are known including those based
aturally occurring lentiviruses such as H V-1,
HI V- 2ZThessespmhnudieniide deqlicoce they endodes ar{ e} caBble ef inndulating

]é nc?%%{c%{ gﬁg v rﬁx%g(cygﬁﬂvugﬁl g[t-gm%g?gétﬁlsﬁg% herein
18, RrfooiRPL VAliAdIREE D %élﬁﬁ&ﬁ} | PBnfivirdes 66rtaRMgUSY H @ncoding
H V-1 based vectors, er vectors derived from ot her

ot
ek, T 1205 6M-GSFh anchlls 3 atseused deimoBylateddE fimagion e ., correct the

SRS B Gy S B9y e v

1hel-gisrorsip pletad, ipINTE-IILI2GM-ARE thi-Elsteoiiid Wedtos] and eAIYRIL-7.
WO 2004/ 044147 PCT/ US20Q3/ 035482 The LVs of the
Frefeared ilenivimugen ofe pvention gontain leVpTYFJLolebicgfgonic vectors,

EERTLEL BALEST kP Gutont PRI, 1Y TFIAY, S hbeoudomed with

VST’?(]} t@hnoaﬂmmhsu ﬂmghtllil)bEpll_Sﬂe@ee Ehaxgldmlr@bw, Safreht/Gege Therapy
-inactiv n u or

Saanod, SR henetidin yer dati el i 300 St TRaoohe o

5 U3 PRORRLE vepfdrs ({8AE IdoRGspdindile! virlis) ust® i SHHee BESeriments

except the 5 integration attachnent site which is

despdradalreihcare tMBV thaseslyaat SBY lentivirah 03TV-4 rbared saters. AFig. 1

P e B R VBT ERgRGE RSB, PP Pl

NYyIheRDIeLs gmwrmelz had pYFoHe s2/aMEesENt Tﬁeaﬁamng Msmid for
nmodul ati n 0O DC function can be one encodin

doningithe SSNchVass IMIYF, gy SIN - vieptor Hfgathring @APPIW@? @olypugige tract
Q%ﬁ?go;ﬁ lhé'{ ?’{’/S&dy %ﬁgT D%q{léngll{ag% )1 sh%&zﬂt fovéﬁﬁéﬁges viral vector

encodi ng
activity approx1mately 3-fold. The SIN LVs also contain a 3' bovine growth hormone

polyadenylation signal (bGHpA) inserted behind a 3' truncated long terminal repeat
(LTR). The SIN LVs encode a number of cytokines, including IL-12, IL-12 plus
GM-CSF and IL-7, as well as immune modulatory molecules such as CD80 or CD86
(Liang and Sha, Curr. Opin. Immunol. 14:384-390, 2002; and Carreno and Collins,
Annu. Rev. Immunol 20:29-53, 2002), and FIt3-L. Human cytokine cDNA
sequences contained within viral vectors are amplified by RT-PCR from human
peripheral blood lymphocytes (CD80, CD86, GM-CSF, IL-12 and IL-7), or from
human tumor cells (TE671 cells for Fit3-ligand). The IL-12 gene has two
components, IL-12A and IL-12B. For use in modulating DC function, cDNAs of both
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IL-12, IL-12 + GWCSF, and IL-7 are used to nodul ate
DC function (e.g., correct the inpaired Thl response

whgookemtievi rus-i nfected DC). Preferred LVs i ncP@m®©sS2003/035482

PTYF-1L- 12 bi-cistronic vectors, pTYF-1L12-GW CSF

tri-cistronic vectors, and pTYF-1L-7. 15 Preferred
1Le i j cpmnonens Gire tqhenednsiardiangouslyninie re P/sisEoniE- vectarowith an

|Gk e
Bl AR aErh eSS SO 25t R 1
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Curre e T 1, 237-251, 2001; Chang and_He,
I(IEUHA)@YIFG{S%FDI%}%@ to :geggrate@G@L ¢isfronig) g)mressqqpevqpfiqrm Genes within
d r
S oG08 SRR YR UERS) SRS AR (5.5 v
premtoterisnet as(hllm&tﬂﬁ)lenmsem factmt loalpha, EFda). FForshostructibe of pTYF

AR g s R 55 BB T o b, G

6’.71@ 78 12raMdzly V-Eet%rss Adt b&geng)lﬁﬁﬁ% Girhifs) Wer@ioRBtrycted as
the SINLVs is pTYF, a SIN vector featurlng a centra

dastyladrin Haiss ebadt, J. YooPT9:7209d21812602.0f a cPPT sequence

nopr ot S s RS YereRi e isgndd i Thlchachacher o

31QBl6&1 95: gzw:zmr 006 Cli@k)RdENGbmt TiRMapSi G785 - 7(29%@9} Emery
i nserted behind a 3' truncated | ong term nal repeat

eEFRPNABNY 5 50918, %Qﬂ%é\@lcammmbe&lmce@y@@éﬁr%& 1996; Paillard
I L-
étn‘ﬁ léd%p,gmg déﬁgdt%}#af?% é‘gﬁ es sucfi1 'E[%S’ %?%ser et al,

]éNASn% 135131568lr5a71 996, a0y i Chinha38fin ot . al. ;1421(3&14969909-2@063 2000.
nd Carreno and Collins, 30 Annu. Rev.

yectgn designzy deggrpedt| in3Miyoshy, Fhitl cyt URH%J%M -8157, 1998

t a a I 11ed.
ZREPECE, TOUIL SIS0, KOS ASRIEH S A oD e 196-152
IQBBSMan@B&th aB\VH C8irpl. I74:83D783d5,] 2000) and ISchmeihet &y, Gene
unoy. 71 cells for Flt3-ligand). The IL-12
@éﬁﬁeflh‘g@'i‘%QE@gnponents, I L-12A and | L-12B. For use
i n nodul ating DC functi qyepdgiblég@f both 5 WO

2004/ 044147 PCT/ US2003/ 035482 1L-12 conponents are
cl onebhesinmerniticapeaiiddsya Patintoaviiich basdreen initoduesst a)pmvﬁetdhluclelc

B Mgt R SR e epSad g asmpop ity 86 Suc o

i-7.f mr-ent of BRESIRNASpdcsicafer PL-a0edDIgRt e ight be used include
| L-"12B/ | L- 12A, and_ 1L-12A/ GV CSF cDNAs to generate a

mammafian Drs suchyxasr hoss Sieny sres alscapasa wigsh an-Humes primates
Y Y,
4 6 oA e 0l Lk L S
lelrses gddgspeats, ant duumbngl WhaD(EEhay be those Wi)ﬂhﬁi 4 ueinraliaafsubject
YE . ops o .

(I?.e., In vivo), or those within an in vitro culture (e.g., those cultured in vitro for ex
vivo delivery to a subject). DCs according to the invention contain a nucleic acid a
purified nucleic acid having a nucleotide sequence that encodes an
immunomodulatory agent such as IL-7, IL-12, or an siRNA specific for IL-10. In
preferred DCs, the nucleic acid is expressed, resulting in a polypeptide or RNA.

DCs can be obtained from any suitable source, including the skin, spleen, bone
marrow, or other lymphoid organs, lymph nodes, or blood. Preferably, DCs are
obtained from blood or bone marrow for use in the invention. Typically, DCs are

generated from bone marrow and peripheral blood mononuclear cells (PBMC) after
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vectors, see Zaiss et al., J. Virology 76:7209-7219;
and Chang et al., Gene Therapy 6:715-728. The M.V

wo e@iotd47 and correspondi ng viruses) were consPCT/USHA3/035482

as described in Zaiss et al., J. Virol. 76:7209-7219,
2002. 10 Construction of reconblnant LVs and virions
plimulation 3B EXogenys wERMIRSHtermagrophage colgny stimulating factor (GM-

£35 410 SR DDA o by ining FER g Neh®raow cells and

2616fingNaCsliare destritadd. in IHebeeacs., I7Bxp.Ge@.6176: 169361702, 1992 and
Pajl | ard 768, 1998 Sharma_ e

B3l £ ako 11t gl Onddg a0 34285 20020 MethopRaer cultuing DCs from
Bendagibodapbeniol 5o aaR AR, Berflutol. 130988,265, 2003)

amd Moposgies éﬁowd Shiraki akd rG@linet 7TDraspbedtBibh 774: 108381 044, 2002) are

Z@é&(ﬁﬂ)ﬁ% s lhq art Wx}%clva@@ y ;3| ¢ 7%%%%3% ggg@%lgnqg%g]ﬁ&@gprocedure

er g@hera’un]g D@fb E@Jlescﬂlﬁled&ﬁ(ﬁlllg&lﬁet a2qP anﬂﬁl%l 96MB4d 26K 173-183,
, her. 11:439-447, 2000. Dendritic

@Q@Z)s IQGS mﬂy bmw@lﬂtqéd) i&om a\licthrageac®S ol sanwie eisingaRC- -specific

d d d.h
R e A e S Bt i SE i ing (AR TP aia g Lipsiy
agrﬁﬁﬁurﬁﬂ ctssam16l402§, 19% Lhng etod)., BIGOVSSALLS-12 18, f1996 Wang
| L-10. that m g be used i nclude nanmalian

gfualh %190@1 H9s23 37250 n28@0). rhﬁ@atugmﬂ%arepclg@actﬂmdhmm level
ke

Q)E er(g:%%leogl)of c()gtpﬁ?lato?g @%ﬂﬁgfﬁg@@%ga{ﬁ% é%%ﬁ%bfﬁ tonglg cey T cell

Ec&ivanomrldalhhtyamproﬂlhcb ]IC$2W abé tlhdﬂps’@nﬁ‘dlttbl iAdece regulatory or

nammllan subject ,(i.e Vi VO) hose within_ an

pergie r esllsu mfgp%r@oas matflﬁ‘o@@ pé@fmca Nedzp%o ¢ expresshighlevels
¥f NRIE lakY B i gQHS?C@EW/ ; an Sg@ G99 ’lsll ﬁ].%d Qid€A population

I nvention contdin a nuc ed hucl eifc
at¢adls kantaimingaDOs @b wetliad éscdaeiBAs enawnﬁ cmumnkitsmgaxny su1tab1e in

dul t h | L-
AR P90 3 Db e e
nuclei c acid is express@fatidgdddFuhéifbnl N a pol ypepti de

or RNA. DCs can be obtained from any suitable source,
i ncl dde nlgvm’f@ns Riso prgplde% mpethesise for maoddating rD(étfmectlon DCs

AR i PR oo PO ARG Rf g R s g oo

S EL-Uptedicingn Th yatfeetdr | dells, Divhichr Bedig@n@iffRicntl inaie begnses.
marr ow and peri pheral bl ood_ mononucl ear cell's PBNC)

Ristasted Th ipgpopgessesiuram traasdugtion oBPEIwLBR Vs and pjinfectipm with
is%l nUrLFs)é%) I3 %Pﬁm%a? 4 ‘lg‘@fﬁla?&ﬂm%ﬁl AP 168V R infected DC induce

I ng“Tactor
differentiation of naive Th cells toward an impaired Thl response and an enhanced

IL-4-producing Th2 response. Compositions and methods of the invention can be
used to improve the immune-activating capacity of DCs (e.g., restoring the Thl
response) by providing cytokines (e.g., immunogenes) to DCs. Examples of suitable
cytokines include IL-12 and IL-7. Other cytokines that enhance a Thl response may
also be used in the invention.

To modulate DC function (e.g., restore a Thl response), a DC cell is contacted
with a LV that contains a purified nucleic acid including a nucleotide sequence

derived from a lentivirus and at least one transgene not derived from a lentivirus. The
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CSF) and interl eukin-4. Methods for obtaining DCs from
bone marrow cells and culturing DCs are described in

wo p@bad4at7 al ., J. Exp. Med. 176:1693-1702, 199PCT/ERID03/035482

Bai et al., Int. J. Oncol. 20:247-253, 2002. Met hods
for culturing DCs from5 hemat opoi eti c progenitor
Eansgene(ney bapneeytekine thit enhanessta Tidetespanst,. including IL-12 and IL-
20: 256- 265, 2003) and nonocytes (Nouri-Shirazi and
i net Transpl antation 74:1035-1044, 2002) are also

knownini éhet dxampld of ABdEX@EDE fahctionl BIYR=SERERA with lentiviruses
nonqQcyt e-enr i chrrentkli{r_ocedure for generating DCs is

eRIARING 3gCtors eigefimgdat 1%L 42 plpg GM a1d It Hodbis example,

e s g R e s T S e
THF AL 2-GM eGSE rov VI Tat efferandtirasion twittgLP$ AQH/m1) plus TNF-
gg@l @Ifénﬁghgg%i‘g gjng I %gﬁf%arﬁjsteél: arﬂﬁu %qlggalr?d with naive CD4+ T
%18 gafégl)é/a’zﬁtio 129530, Y 5 Elys 3F co-c éﬂ‘ggt}ﬂ%gfwg%gzag% ¥panded in

. Immture DC are characteri ze
thr preseiwiearf 1bf2 @osimifidratncadylitivnblet ddyss Th GIRHY £d, THODulations

oor ability to induc c activagion: inability

B8 te dnpisiiee By moncaiulers g kil (Cof shtdge atel ohr of
FeSAHLBEOR Wil idmorAREA Gind_PMOElih She | fe&ABP I BRMeldin A, LVs
mat ure DC produce 1L-12p70 and express high levels of

maaris dwsnune merulgerysmolepges 98°h asrdll-104D; 12 +-GMEIRF, and IL-7

ro X ulatio f.cell ont ai ni as
GG s R bRy o st Pu iy ug gt B

sui tabl e in MotilatiggAhUhiiige RebftRee MASubldcoWs growt h
and proliferation of the DCs. Mddul ati ng DC Function

20 THeompositianssnd apethods for ingeasing enbdecr¢asingrandiyimyrerrgsponse

. f [ [ ' 2 .
01 AL 0y S8R S AT LBl Aok ol o
trdatidg prmdnye diffprah diskdest Matarel DS, arsviticCkeyn@idigeh @resenting cell
different .i ne responses. . Distorted Th responses. .
RRIAFPH PYhih THISRSHY BIUEHES GtEs FASOT 4 ORgaRiZB) [ymphoid tissues

foP frRGhiARoNGE T cell ?&ggﬂéggn ???indﬁ&ioﬁ%f%?%?@e)@% gdyrBEhoctyes). The

lentiviral -transduc ent 1 virus-
I:lomnilab durtonlicffRCens itatpresantodntigans/® Thedks| mdidhotiendspacifically

e i g IR M

thevdpiticOMd proph§lactis Sdcdifesl RT QYiBers A infectious diseases. Such
I mune- activating capacity of DCs (e.g., restoring the

vpefines agpsispigagd toyelisitoysteing selylanioimuse faspepse. DC biology, gene

' ).t s _of suitabl t oki nes
AR B8 1 s R S PR b TR D Vil B ea
Oddol.r EB pORSEL, Y?2; BRrrdtasandoPerdsOeyiza, RBE CHRY.EBdp. @02:552-554,
nmodul ate DC function (e.qg., restore a Thi resgonse), a

a

1902 cand Onaitiz ¢l aStigd Ongplt Glim NaAmnbl:645A66:i298
pur i fiRdn BtGHof o cPoldkid B HFL MeBe U1 §likilS repon§ddG§ nighty
desirable for vaccines targeting chronic infectious diseases or cancers (P. Moingeon,

J. Biotechnol. 98:189-198, 2002). The use of modified DCs expressing interleukins

that upregulate Thl cells and their actions may be used to increase resistance to
pathogens (J. W. Hadden, Int. J. Immunopharmacol. 16:703-710, 1994). For the
treatment of HIV infection, for example, DCs can be targeted both ex vivo and in vivo
to initiate and enhance HIV-specific immunity (Piguet and Blauvelt J. Invest.
Dermatol. 119:365-369, 2002).
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derived froma lentivirus and at | east one transgene
not derived froma lentivirus. The 7 WO 2004/ 044147

wEDAEA®D3/ 035482 transgene may be any cyt okP@BUSIvAE/035482

enhances a Thl response, including IL-12 and IL- 7. In

one exanpl e of nodul ating DC function, DC are infected
wi t h Ineaddition tesHEV therapiss, modified-BCsrof tha @m@nhgl may e, used in

b oG, s b A bR G JROP antiden to sccondary

Buiohbérgiissond réstingPhdiie TIoHs hile-ubeful Torfgehdrd@ndIniophspecific T-
or TYF-I1L-7. AfterﬁIgrmt uration wth LPSrg(GSOng/ m) plu p

qalfs-(Aa Fp Rehsenbeinnt gncep Gepe fher. 9H94ﬁ>é95%»r?e0% rF@é@é%nple DCs
PR e L I B ifrn S Sl B gncncer

thefapgxpandiiible myddea (Becdddrcanddiajelk -Mec( nobid 19: 2103r zmj 2002).

additional 7 days. Thl, Th2 and_  ThO popul ati ns
Pﬁ%ne%%%e‘@w icwtokiies | qryghgmokings SR Mm4to display a

ﬁbgfaﬁhﬁlgl ﬁﬁp%rg{fecpﬂfahﬁ’ﬁtlonr &%ﬁ by e#étﬁtg% it | k@%@ﬂﬂé’? lymphoid

PMA'i n 't he presence o in A LVs enco
DIgaD & mydulalaxi abr)htyrm siimblat Swwh-specifi¢ Tlcl:ll tespdiBes- and induce

n e fe el orrect a
Wore@bwﬂw B0, T RiBET I P Brssn SRS oIt d map e seful
SRnlhith a8 RhBChe dsedGA @Bﬁrﬁiﬂa'n@ﬂ%vﬁf‘ﬁc modified to
rret hods or |ncrea3| ng and decreasi n(g an i nmune

exgsersriymor iantigensubflee therapputierale of P@s in gander ipmymotherapy is

ViR ATUDR e S PRRIb b0 87 061 po% o P SRR Cancer

DeasTRérl 9:90421055, 2002t Ziang Bt A1) Bibthed, Riadiophirny, 1Mesdil 31952002;
ant| gen transport to organi zed Iégghm d tissues for

Dhaigale £§ dlt iolnesTCelb Mol; Bgpoi3652(3. 1998; PréviganoRlagd Rev.

E%‘Ss?%ﬁx %‘99&%&5’%9 Iegzeﬂn%JJISﬂ@PsEb‘hﬁp@lﬂmgnﬁﬁé@”66§ 2001.

speci In amkkample f ngCZﬁlsahdadahiel strateglyy L¥1 ¢mcbdiat eant inenunogen

antlg n souyr.c are. used as bo t herapeuti ¢ an
ioarE? éfﬁgédieﬁ%lgng By expraseien an H@Smtmquﬁ%lmmunogen to

%%ﬁre fugﬁh S RHCANERI re@aﬁat&rhe anWelusdd alone or in
str g cel I nmune response. |o gy, gene

assaclatﬁcm, ap pand oDﬁuxahnimmiqua“hmrroglhena py oxdes to el¢ibbwodd immune

Lundqgv ..and Pisa,. Med. 25 .Oncol.. 19:197-.211, 2 )
fasprars, Dl sli3 el o i RpAeR o Vi 6TiSgy 0§05 pationts
2R QAscrdad irf0ahitik St AL, Sake. OnobY BlinRCARM. 1864B-66DL 200M

11: 645- 660, 2002. The induction of cyt ot oxic and tﬂ@&g}é Th?)

1 hel Madifieiih DCsc aayu rlse b@mé@gno@lﬁcg”ﬁ’royll dldd;

ESRoACRbNRS (AL S8H I RAARIE b 864 (@S HhAERIL atopic
dermatitis). The balance between Thl and Th2 cells is of importance in many
autoimmune disorders. Thl cell activity predominates in joints of patients with
rheumatoid arthritis and insulin-dependent diabetes mellitus, whereas Th2 cell-
dominated responses are involved in the pathogenesis of atopic disorders (e.g.,
allergies), organ-specific autoimmune disorders (type 1 diabetes and thyroid disease),
Crohn's disease, allograft rejection (e.g., acute kidney allograft rejection), and some
unexplained recurrent abortions (Allergy Asthma Immunol. 85:9-18, 2000). Allograft
rejection occurs when the host immune system detects same-species, non-self
antigens. To prevent or treat allograft rejection, modified DCs may be used to induce

tolerance to tissue-specific antigens (B. Arnold Transpl. Immunol. 10:109-114, 2002).
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J. Biotechnol. 98:189-198, 2002). The use of nodified
DCs expressing interleukins 30 that upregul ate Thli

weeld4and their actions may be used to i ncreaBET/US2003/035482

resi stance to pathogens (J. W Hadden, Int. J.
Irmunophar macol . 16: 703- 710 1994) For the treatnent
Bt eipyesstie inmpRosuppresevcamolesilepagay alopke usadges edtherapy for

BREPAERI 0 (PRend Packhit Trbpleidf 73 D002 908RET, o,
Der rra]lVIcoIchﬁeﬂJBCg G@ySﬁIBtherZE@ﬁéed 18 20 indAddelesponse against a

PCT/UZOO/O 82 In addition o HV therapies
RSP Y Rl BAIPRECNOLC-8 h JTTVFRIe REGIERR: M) St PTOM0BRR: | andcbglgths). For

é}&lﬂﬁl‘@“ﬁ@ﬁ £ be %dl kP lék?xg g& HEE %ijﬁéenrs uciE?irved from the

antigen to secondary npho s an estl
mmmiaalTp@thbgen arRres@atatlonh df athe WMgemtbyngldhum csﬂécstfnmdate a

T- cel lr%@ég hsenk% in ncer Gene Ther.

YeEU3t © TESPRPT ag4ipy &M pcs 5 nodified to
express a nyel oma-associ at edggfhplgen may be useful as

an anticancer therapy for nmulti'ple nyel oma (Buchl er

and Heheprepend inventen 1s faghe iustrad 130D follovias specific examples.

AR LS b SRR e o i

tht 8¢dps.or cament ¢fithé MvBht@hdh @ny wagecondary | ynphoi d
organs in vivo, and ability to stinulate

tunDr specific Tl'é?@mpbbsééﬁ%%lsweﬂ@dée 10 t unor

tnor apgregibal 6. miE S iPaLcA”, dAafie SBioy PRI blood

munbnm},eabeells;S(PBM(D) werehisodated Gromvuiiy Wtsm%ltleﬁ d(ém)rs (C1V1tan
The therapeutic¢ rol e, of

t
Bl & ocrmb Tl anh i USA)dui BT depsiorenaagzaion in Ficoll
e gRiah, R 8Pes iigueI p er BT CGPE o HRRE Virolomy
Hddi SopHey, 1993)7 TRD ivedd Prep2@0 Irond PEMCNiccadimgeto Hhurner et al. (J.
]%ﬂtgoml &%thcﬁi?%@ %41%%’31 tﬁﬁ gol e gé}go%gficatlbgs ng %ay 0, five
RS PBMC . pebt el GRbd sdBasd k0 tRRNeOREl cRRBE pldtBs D serum-free

exanpl e of 'a DC-based vacci ne strategy, LV encodi ng an
Aﬂﬁﬂﬁog@humat%étenmbatmmntdaiﬂz fo€sl, hy senthdhiengntioells were gently

r.esen n of the imunogen
VeBEq R 5 4 Eerbh B3¢ PUerest Baohary el g gk P shin ATM-
B i 8 YinfPda C?bli‘ TR Suldlr® AR AR WAs ?&n&%a%fem;oﬁbt t8Yisturb the
part of m xed i muni zation regi nens, in order

lepsely tadbersat] demuprd mews FoMEdS . m@litme(brm! gter awe@)u @gntalmng
izat e ebiver t

SRR BN BB TS BlaRGTe e PEAGA ) e
hm (25l G4 ﬁ&@) Sydéids) Wwhdidliéeshd B8 cBRY wetesulfafeduin et 100, 5%
nodul ate T-cel | (Thl "and/ or Th2)
CO; incubator. On day 3 1 ml fresh AIM-V medium containing GM-CSF (560 u/ml)
and IL-4 (25 ng/ml) was added to the culture. On day 5, the non-adherent cells were
harvested by gentle pipetting. After wash, the DC were frozen for later use or used
immediately. .

Lentiviral transduction of immature DC and DC maturation. The day 5
immature DC were plated at 5 x10° per well in a 24-well plate containing 200 ul of
medium supplemented with GM-CSF (560 w/ml) and IL-4 (25 ng/ml). Transduction

of DC was carried out by adding concentrated LVs to the cells at an multiplicity of
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responses for the treatnent of autoi nmune disorders
(e.g., arthritis, asthma, atopic 25 dermatitis). The

whadoanerasbet ween Thl and Th2 cells is of i nporPENTE20051035482

many aut oi nmune di sorders. Thl cell activity
predom pnates in ]!;OI nts of patients with rheumatoid

HHfeqtion: MOBmf 3400 i Abeieplisnwere ingubatest ats3776) for 2ukr with gently
%Qaﬂr%agﬁe-{g e%rqgrgﬁnlg agg qg&%rg gfrlgldla:bg%g nses ar gded’] Voc{ ¥he cul&‘ne was

alchibated @gth, the vitahvapes iidri addﬁiﬂnal mun ED(d m@@lhdﬂdsns what YitRiced by
etes and thyroid disease), 30 Crohn's disease

aidiug Darpolaeridr P o m%lcqweermaanﬁeysoang/a@ a8l {TNE-alpha at

SO DA MOETR! OGY BESH AT BB v

ha?(]VESIéd @fﬂeﬂﬁ&ﬁaﬁomﬁﬁ&fh ADg- esdiunEbRgings? eiMAEDEALiA a 37°C,
ame-speci es, non-self _antigens. To prevent or treat

é‘f/q EQRamcubaipie darj Yh minpdhe icells prse Feaghed thyes timssi anduessd for

sue-specific antigens (B. Arnold
wgﬁi‘%ﬁpéﬁ?ﬁ%% 10: 109- 114, 2002). 9 WO 2004/ 044147

PCT/ UBﬁﬁB&i}O&ﬁﬂl&% aldCflewpoyesRétnyg FoTanglgip prf esllﬂiisuﬁacef marker
al | ograft

Pareetingy Pod HREeRoiBE ST B ElSHBNRG R IR T wilbngmnal mouse
$2614) andDELS | R 1S wBY ﬂﬁb&"o‘:ﬁ}%ﬁleb& Onti-B Qf? Iﬁgnoclonal

t
i mmune response agalnst a m cr obi a hogen
aitibodiss, ibeludiogi HLA-ABG ,(Tpi4R, ormase a]ga}zh,emirﬁnhbeled Caltag

bl eSS RS RE %, deous 2o FHRCIab81e8) Lol sgortorics

EDQﬁ QHI@ infhsO gt e AV IBERIPBedbE bl@l&hs%ﬁ}“(ﬁbgd {18673, $rouse

%@'OUS I Mmune response agalnst t he pat ogen.
S

hromeelabgled diactonriVigkinsem ,i €DRAr(RMMP:I, IRa¢ Tg@G2a FITC-
T
B AT O RS g s

@BAE209y Belt M}Zal,l{nﬂl?@lglbeleh eeE@Qﬂéhc@} @Mle(Bﬂy-Gfmbﬂs% IgG1, PE-
I nvention in, any - Materials and

iobelRbRsotem Digersom, &D%(ﬁﬁaymm nlg%ls Ggrehrame-labeled, Beoton

?%Fﬁoj e@?éufpk%@gté of ea t onocﬁ&gg\@q%e{ﬁlse

hbuddl I(gGi E‘,e]h{RE lab&ad rBevon Dekinkdn). U%)cobjtspgihdﬂhlgeﬁdtype control
FREIOg 1 T A Sacth et Gon G ch s claro gy the cells
#8¢ £haRendeYl drd! S8 in2ibA: (ﬁaﬁﬂ‘é&@ﬁd%h%ﬁg@ PB@CT]J‘Y(‘F%E]Iyzed using a

prepared from PBMC accor gto amer et
FAgSgaliburMlow crytorztd: andl the CBRDRUASTh ptdgearh dBlectan Mdickinson).

ﬂllx)fglcfeilg %&elrg %%ted%} t%eyforv\’/ard and side light scatter characteristics, and the

percentage of positive cells and the mean fluorescence intensity (MFI) of the
population were recorded.

RNA isolation, labeling and array hybridization. After infection with
retroviral or adenovirus vectors, the cells were harvested and lysed with Trizole
(Invitrogen/Life Technologies, Carlsbad, California). Total RNA was isolated, labeled
and prepared for hybridization to the Atlas Array filters according to the
manufacturer’s protocol (Clontech). Hybridization was carried out overnight with 15

ug of labeled ¢cDNA product. After hybridization and washing, the array filters were
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mllion PBMC per well were seeded into twelve-well
culture plates in serumfree 20 AIMV nedium After

WO padboatison at 37C for 1 h, non-adherent cell sPe@BUS2003/035482

gently washed off and the renaini ng adherent
nmonocytic cells were further cultured in AIM V nedi um

§tned wane a phosphoranages (opa éﬁénMMuh@mecéaé@fqymntytatlvely
%ﬁﬁaﬁg{ﬁ%&% ?%tn%l%h |6L\ etfragv%g a&)l&ggﬁé%% ing r &% ggb [ 2 Z\rqvt

hurmanSEi-GSmtitAHS and qhantRebeRT-PCR aaheEtdfALI4)EL-10 and IL-12.

B Srrodleed S viand rireeSe et shise S DRNA ws

3, ] : - :
pael e ot AL, Ml on o
BOBe@romegd) avasyietformeed @inglpgimSrs foln émman JThahdE etk amielll-$2 and

t tl tti th
Raal TG Ior BimASCAPRIE. B6t e mEER Bipysiiagre tota
R8I b DCBvad fs@ﬁfe‘au&yt ms%g e THERIMT Rit Bhd %ﬂsc%ed mto 5ﬁrst strand

rmturatlon ay | nmat ure Dvaerepate at

REL LS B%ng wim dTnamd QMW\{erqal mcmptaﬁealarﬂ Bga]zgme LR’Z-@CR was
' d : |L-4.
Pt SHAR 2R G M PR RE ARt P Borb iy i, o)

Thli Ivﬁﬂd:ﬁém wm ﬁmefi foVILL 2pib e1Iced] GAPDIRRANG the TagMan MGB
rrultu&Fu city of 10 WD 2004/ 044147 PCT/ US2003/ 035482

SM{(aeled) srerepurglgsed figm HBI.| BCRenix wasqubpared a@prdlng

16 gl 0 U0 B D oins

Wateubsatfeibbm th xt BE Qv il 0atin e40-H0 &yél@ﬁ deflstitation 30592 11%. s) and
n was ind

‘FD‘?%B‘BBEFF ; at F%F’Ftﬁé“‘(fl_(%é;gg& Rinn aliel%%yﬁégmﬁa%%ﬂea vegy performed
BotdthpAREn E%&h@ﬂ%&/@fe V%h{c]a‘s BP%]anﬁﬁé‘sc\ﬁRﬁ 5&%%9'?111%%dl§4a[ﬁ1dards

tothe DC culture f ur ed
har veBteparatién ef niine Gt Doelis. t(BDN Mchlmdraprepared from PBMC

2 MM EDTA i + C, bat i
655 HeBtiver et S CRBL L FellPeleion RS dokiad (StsmCell
PEUDHEIISRAY acRURIBEd 0B SanFadtiRed YnstupiioH. nsnémd Ih Ll@i’é‘rlle 200 ml

cytonmetry. For analysis of cell surface marKer

Ea&mne;e/gmtaﬁlgsytubp,oﬂﬁ apl budlyreoat t(approdmately 5 pc MJaPBMC) were

et ot IR ABAR P Br 25 i

Andredfeed] 45mL oCPBSicogtatdidy ABE KBRS 49 ,adﬁé?l'l&)edlhﬁ@gl@e buffy coat.
FIL.TC | abel ed, Calta Laboratories), HLA-DR éTUSG
ABersgentlg apipingFi Ol Pg‘ﬂ?é dilnted bffy sgat wasdransisrredand layempil gn top

%%%%Lfggcgf’gyf)%u Elé aA0% 1 RR&Febe, %ﬁtcgﬂtn%ééﬁ' 0595 tin at 1,200

g. Non-rosetting cells were harvested at the Ficoll interface and washed twice with

PBS (2%FBS), counted, and cryopreserved in aliquots in liquid N, for future use.
The purity of the isolated CD4" T cells was consistently above 95%. CD4'CD45RA
naive T cells were purified based on negative selection of CD45RO" cells using the
MACS (Miltenyi Biotec) magnetic affinity column according to the manufacturer’s
instruction.

In vitro induction of Th functions and intracellular cytokine staining. The in
vitro DC:T cell coculture method was according to Caron G, et al. (J. Immunol,
167:3682-3686, 2001). Briefly, purified naive CD4 T cells were co-cultured with
allogeneic mature DC at different ratios (20:1 to 10:1) in serum-free AIM-V media.
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15 1gGlk, Cychrone-I| abel ed, Becton D ckinson) , CD86
(RMWP-2, Rat |gQ&Ra, FITC |abeled, Caltag

waawanatiori es), |CAM1 (15.2, FITC I abel ed, PCT/US2003/035482

Cal bi ochem), DC-SIGN (eB-h209, Rat |gQ®a, Kk,
APC- | abel ed, eBi oscien ce: CDl1lc (Bly-6, nouse 1gQ,
PE-daly e 6D eidin] Sdilon Wisoidided cmil theomBirgs5T3e enpanded and fed with

o ot AR P e BEET B Birclh Mooy okocoaer day 12
{HIBdR8sceRO THOMKIR Wefd wakhedRatEré-aipalRttd Welt PRMA (10 ng/ml or
Di cki nson). The corresE ondi ng |sot ge contr ol

8 6wya1wa@n@m§@n.(h@ dignre-Aldeighs fos Sl ngreéddiai A (b ug/ml)
@fag Ghdd d Lﬁﬁ%slﬂg Yast tzhse %? lclngure"\?ﬁepggﬁ%%g eg'ﬂeﬁxgd’] %ermeabhzed

par a or ma yzed*u

atalnE&\Gﬁ%FIMab%lequn tafid PENEIbEIBE afiEIL QURAD (Phaerngen)

program (Bect on Di cki nson Live cells were gated by
fucbarg inja BAGSEiakibun floyn eytemater éBD@amlce&h stl cs,

and t 2rcen C

fl uorg) g‘%gl%? g{}e@%%%wgﬁ? %ﬁq‘c\ﬁ?ﬂe&ﬂ@pul st ﬁﬂ Cfng of DC,

ﬁﬁﬁpl(ﬂe@b cdﬂbeyet sellab 308 cellepe el \x&i’éicﬁﬁirﬁj/wnh 1x10° allogeneic
ridization. After infection with retroviral or

bgelis i Qpaweld sbottaneedaripte dn fiple2 (9 e § daysa e pyalifgration
e-ci)—lr"s 'm;%) ﬁoy@drgc}’ 'bgﬁ%g%/ idl félgf)fr ﬁféhﬁar’ﬂ%'rfée olgggﬂ $P88kh well

moepdangtb the manyfactudérZzsaimbstbuction (Plomeih), asd ther@D réad1mgats490 nm

accoy dj ng to the manufacturer’'s protocol (Contech).
HEpPP@®dt i on was carried out overnight with 15 ug of

| abel E@’SQQM@H BG4 - pr@tﬁﬂcﬁbnhﬂqﬁénﬁﬁ%ﬁlhtﬁ{btﬁﬁ ATHESRERBtroviral
the array filters were 1 WD 2004/ 04414

Q@IZNDJ%GOBVS)IBHH‘S-Z ambHrNeldSIN) uus;dafop hhlswm:dyl wegeconstructed as

ARRpIL BNy CA & by dom it 26 AP 10tY ) ARl e sy

séa‘t&rwa(pw) 3@% aqyatmw&@gﬂowh %Bﬁn&i@ﬁ%zﬁcﬁw}éﬁoﬁ gileR(bGHpA)
anal ysi s of 4, 1L-10 and IL-12 wer e transduced

wisetted_Yehing dhenét tuaerted lorss termingd raprsy dLTRhe Anoerhiansadagreen

T

Ilgxtmg&gawoﬂaﬁgds&ﬁfp}mfednh 2 Ngl-gigesred éGFID fragmaf&mehkzedlfrom the
| L-10 and |L-12 and the control prinmers for

tgamwedF@GFaugﬂnstrwt phtained franm the, a‘t’%qrs Corenef tléiﬁ aﬁowell Gene

PSB! st BR ol 0 ) SRODRD fpdf o
Bk&RT) v & Vidl. EReGFP phtaspT Y BRnlaé®ateplacimg tRE -rRCRandsZ1@lac”)

Beiss LV EhE il nes eraera S gepaciisag i A e BB oL EeorD of
PTVEREBnIAK whth tHLEER fabmkh(XEACRESRAY Holah o WHMEFRYGPP. The
MLV gag-pol construct was based on pcDNA3.1/Zeo(+) (Invitrogen) with the

cytomegalovirus immediate-early promoter replaced by the human elongation factor
lee (EFlx) promoter. The lentiviral vectors expressing cytokine genes or T cell
costimulatory genes were constructed by inserting the cDNA encoding these genes
into pTYF-EF transducing vector behind the EF1a promoter as described above.
Example 2- Results
cDNA microarray analysis of cellular responses following viral transduction.

Cellular responses to viral transduction were analyzed by comparing different viral
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probes (6FAM | abel ed) were purchased from ABI. PCR m x
was prepared according to the manufacturer's

wOo patouat? ons (Stratagene and ABI) and t her mal PC/TEm03/035482

conditions were as follows: 1 x 95C 10 mi n, 40-50
cycles_denaturation (95C 15 s) and 15 conbi ned
Apciesl elrding dhi{-n (k¥oC Molengy  mpenetleykemia virus (MLV) and

P . . . ;
N e
iottu HEY- 1s arah VHI VI svectoRy wprer prepared bf DAV -feh¥fectiof @hll Sio viral

CD4+ T cells, were prepared from PBMC hy negative
8818 Y9rp oipdef gn Ahecysplor gepaings ASRIPHOPYH degsgibed Chang and Gay,

eARkh@GEnd ﬁl@rﬁ&l ﬂ:237-[§§ﬂ %?gkﬁﬁ‘% Ft?&l? ?z?ﬁjaﬁ 9 Thg 1%(2 gfz-c&%rs were

manuf acturer’s T'nstructi’on. Brie a 'steri
brised 20 dRalf Hvdeletad: veacfon ggsten bvehicld Bonthinb ufdkst of thetadenoviral genes

' | .108 .PB ' bat ith 2.25
BB S, AR ab AR S B, o
o7 TN Bl ISR A8 oy o

mukipligity 34 infecdén (inei) difl 248 e dl b ofifimizotite wakables arising from the

biagE ¥ aflfeRichn A 38 i wecteaRinesd Gt ey smsied a
Mch régortbr 264 adid viere Pﬂiﬁu&&ﬁfh@% rgllE eThScaRip r%@ﬁfé%% bEHUVEC

at the Ficoll interface and washed twice wt

peng-sigliedcuiing e setandl fowsy Slondectr Vaenann Agles sy 1ich blots each
Lo : I f the isol ated .
P el Pt NS i TS B Bl EDAA. B e

paitsods. T cel |l s were purified based on negative

I ' f CD45RO- |1, [ th MACS (M It [
EhE BTN DA M IR et - MU VY
R W€ M Ti tg@alﬁ rﬂoﬁsﬁﬁf Fﬁ‘q‘ Qlds hhﬁei‘cb& a3 1§ BRYCH &ﬂ?ﬂg labeled

Th functions an racel I ul ar cytokine staining
with VPdATIDBy Trevetst teamsuipitione anétused toelsybaidizer th heprt entical

t.al. Q | 7:3682-3686, 200]). )
éfqrﬂg?%if@ﬂ%ﬁ‘?m% R 2 CONA blofy 166 geshts isrs HiARed qsing the
WdnfechaAti2g@ngd Q.%b%ﬁre%@ﬁ)a%fs@%ﬁ?ﬁriﬁcﬂi Ofhe( &F- br down-
to 10:1) in serumfree Al MV nedi a. 2 WD 2004/ 044147

rREWaE8 22308y B85 48bitradly drtgrminedity anyndegisferadnthangesvefanore than 2

FRFE0 280 00 S B Syl gy v

temFarisee K The Akt wele¥uharizéd@itdlstk ?&ﬁtp of géheGRolsSarb®rafly set
washed and re-stinulated wwth PVA (10 ng/nml or
by §lesenty cakh eyrlsramdyencasenes.uzigral tragpdjietion) snoptasis gnsk GEPase,

GroBipig i, e ST, YDA AIRALE LT s

rspomesinterledkinsSitaifareds. WiSeh TableCl | bl .e A Vs tappdakdd 1o enhance

and PE: |l apeled anti-I1L-4 mAb (PharMn en&/f
transcriptional and surface signaling genes more often than MLV and Ad vectors, and

interestingly, IL-10, an immunosuppressive cytokine, was up-regulated after MLV

and LVs transduction.
Table 1. Effects of viral transduction on gene expression in HUVEC. The six

arbitrarily defined finctional genes are shown with fold of changes in gene expression

illustrated by up-regulation (1), down-regulation (¥) or unchanged (-).
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and anal yzed in a FACSCal i bur flow cytoneter (BD
Bi osci ences). DC-nedi ated m xed | ynphocyte reaction

wQ@ MoRp4418eri al dilutions of DC, from 10,000 cetT/8SIMe3/035482

well to 313 cells per well, were cultured with | x105
allogeneic 10 CD4 T cells in 96-wel|l U-bottoned plate
in total 200 ul for 5 day#d The proMI¥ration bVsT
cells was nonitored by adding 20 ul of the Cell Titer96
solution to each well according to the manufacturer's
AnelegtleOndogewssega) , andTthe OD reddfng at 490furn
was obtai ned. LVs construction and production. Plasmd
construction. The oncoretroviral 15 (MV) and LVs

HL n 1 SIN) usedjyfor this study were
gg%’é‘%b@ !londescrl bed previously (Zais et al'., J.
Virol. 76:7209-7219, 2002). Al HIV-1 SIN vectors
épTY) have a 3' bovine growth hornone pol yadenyl ati on

dpaptosiscqdRase i nsert ed behi nd the 3~ truncated | ong
term nal repeat (LTR). An enhanced green fl uorescent
protein (eG-P) expression plasm d, pHEFeG-P, was
DINGink &6 ﬁ@hburﬁ@ebgﬂamﬁgﬂqthe Not | - difgest ed pHERwi t h
a Notl-digested eGP fragnent derived fromthe
humani zed eGFP construct obtained fromthe Vector Core

R Theyo FetonPccushiaap’  Eorent (04T~ EcoR) 1rom

pTVvdl . EFeGFP into pTYEFnl acZ, replacing the nucl ear

| acZ (nlaczZz) gene. pTVvdl.EFeGFP was generated b
Fopiressirpsponise, This Ny agmen? (Xhol - EcoRl) of 25

pTVvdl . EFnl acZ with the eGP fragment (Xhol-EcoRl)

i sol ated from pHEFeGFP. The M.V gag-pol construct was
basedAﬁﬂ?lﬁB'é LB CLégaRe *fﬁarf(érnyﬁptrésgﬁﬁnc)ﬂew ItV Erﬁﬁ‘sductmn Surface
cytonmegal ovirus_i nmedi ate-earl'y pronoter replaced by
wiagkeh gmmssmmwgm afterflaés wansduction ysimr different putihodiesrand flow

S s Ehbabenf BALE Bloelt BoBRahd drEHD Bl A5 Bl pE were

ragendadnyithheectdBAinchang ngck Nestrdergss suﬁ&natmts) empty LVs
pTYE- EF transduci ng vector behind the EFla pronoter as

Pradelps Mlﬁlswentame%ﬁﬂé/ b.capgidy apd NG ranyelens veighout viral

?éi‘l% By Qfan‘aeM rhE eeﬁg)?gi% JVQA %lggmt&gedl rgljder to see if viral
ransduct i’on. ar ponses

pnommsq:resenbm the wectarr;airydmcdn}d mdogxedhiangesdh @ pldtiotypes. After

iral .13 WD 2004/044147 PCT/US2003/ 035482 vectors
ﬁr??éff%mth gUﬁ Riug Ty for %%H@P%W@rﬁ darveeiré Apraantibpdy staining
G Yo 5o ) SRR ), 2 T R st

molecules tested, CD1a, CD80, CD86, ICAM-I and DC-SIGN were down-regulated

after LVs transduction, but not when empty LVs or MLV was used. The same result

-,

was obtained when different preparations of LVs carrying PLAP or Cre reporter genes

were tested.

Table 2. Surface marker profile of DC transduced with LVs or MLV.

Geometrical Mean Fluorescence = SD
Surface Marker  Mock Empty LVs LVs-PLAP MLV
CDll1c 48.8+3.2 472+1.3 523+23 553+1.1
CD123 13.0+ 0.4 13.4+0.8 14.9 £0.6 15.7+0.1
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Both H V-1 and M.V vectors were prepared by DNA
co-transfection and no viral genes were included in

WO b@4weatdr genones as previously described (QremnySznsio3s482

Gay, 5 Current CGene Therapy, 1:237-251, 2001; Zaiss et
The Ad vectors were._ _hased on_an

al—supra)

E¢R1ael et ed vedl-de kst em2izch9cont ai2ds #DSF of 31 et 0.3
a viral gene (£ aham evec, i pyl ati og ~of
aggﬁgvi rus veqt%?éc, Vol . 7?‘5%1(géter 11%1962:}?)8lf 109- Q§,03

1EAYL-1 HUVEC wses 11876t ai3ned 280.1 ow pgegage 46<6)198130k 6.9
tragaﬁ_uced at a multiplicity of infection (noi) of
2CR0Zk g i ni i 238kl vari aBRe<0.83i si ng3ofhlt he 183+ 0.4

p@ﬂse%mgce' | 9 pag) § he thgpsgghes, al nggbﬁﬁ Vigal 4 g4

vectors uSed inthis study carried a feporter
g€P83and were pProeckd in 283 @el ls. Tée <eblul ar6.0+0.3

R BT B ¥ A £ agD 0B ot dhdiis B5nt aihibrigl s
Iptisidwman cObs .. 44 ne hesigekggpi Nng GaRtL P #Cl 6@@9.1

negative controls. 15 HUVEC were transduced w t h nock
(BbAABC 293 sliperrald ant s)13.8EVE0 M.V 1di6d: ¢d vecldest 0.9

The .tatal pol yA+_. RNA was rvested 24 frer

iﬁﬁé‘éﬁ on, |ab§%& i th Egéftdi\ P by ng?gi@g 33217
ReSUMEC bieDbtddBnted® Nt B8&iHetHBalMREN IfddzedcBndeOUFier TRV ! :
Clontech Atlas _Huma% Areray 1.2 CDNA blots. The resuc;&t?dsnmtry
Neteasken@) erete gigniftpanereof difforenec by Atudant wteee(*P<6.05, **P<0.01,
59@ A and pairw se-conpari son. The up- or down 20
regula ea’ genes were arbitrarily determ ned by any

regi stered changes of nore than 2 fold or above
10, 000_signal intensity using the software, and

conf i B8 dT8pdyGtion asimpagisd e insasiatedr Al risaynumity. wee in vitro DC
[ ' I Nt ' r f n |.s. arbistraril

BHETB "Ry DU PR iS00 FuCbBERL o o

gerergetl fbmoOPBMainopitosd withiGM @SFase] [L-4, aidsthe PBRM-deriadtlday 5

e si ling,. esi on-recept.ors-chenoki nes, .and
G0 oS sk Flsed SuuEE Sk eriS AR reorer o, §b infocted DC
WeRl ®allzBE Fvp1 AD/, §c§ﬁ9®e@r&g 7; Ioté'ﬁgk{f R#4S Condition, more thqrnt 90% DC

transcriptional and surfac i ng genes ‘nore o
whizrirdusduced gvikdLVe ot mos+-3B@ To seeifdbt iOnedpyessioh w3 affeoted in

' i ' - t ft ;
DR i nt o Vein EScis Ry ot udatene B wien
LPSa0HS1 6,0hd0thalRB@ M- B SkRBssich b Mtacellllf Sitdkine staining
arbitrarily defined functional genes are shown wth

fl6[C8) spingatiges1q mogeelenal aptibedsi amd flpw| qysametrsedn ithe following
485 T SO0y s SR Rt Mutikuglion F T8 DC was
observed after LVs infection.

To further characterize the function of DC after LVs infection, naive CD4"™ T
cells were purified from peripheral blood mononuclear cells (PBMC) and co-cultured
with allogeneic PBM-derived DC after TNF-o. and LPS induced maturation. These
DC were infected with LVs or MLV on day 5, induced to mature, and co-cultured

with the naive CD4" T cells. These T cells were allowed to expand and rest after DC
priming for more than 7 days. To analyze Th response, the resting T cells were
reactivated on day 7 and day 9 after coculture with ionomycin and PMA and

subjected to intracellular staining (ICCS) using antibodies against IFN-y and IL-4 as
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Ad MLV LVs A Cell cycle/Oncogenes TT T T T 5 B:
Signal transduction 4. 4. C Apoptosis, GIPase - - -

w20ramgar i ption, surface signaling T T T T T ACT/LS2083/035482

Adhesi on, receptors, chenokines TTTTTT F: Stress
response, ILs, IFNs T T T 15 Anal yses of DC surface
Aesckibed eabovessiThs resuits rdemenstratad sthiatc tieo BFN-Suprfodueing Thl cell

FBRHBuEVRL AERBA LB, ol 7% chrBD ot 154 30, 890890 ror e
peitta e Ry, & @ HANROY bR deyBidr e TiVEashnsdidl WE Wile the Th2
were transduced with vectors including nock (control

pomnlafignereninedt wichangept VA sipailar but tess bteikingpeffact wlag observed for
KA Q0] 1 capsids and VSV-G envel ops w t hout
Vi raﬁlla%dqggér_llg}%), LVs, and M.V. The enpty LVs was al so

t est edMddifieitidas of Dcsmnﬁﬁjfawby Vs daeadigg nRhe sdtluldtéyy genes.
particles could induce changes in DC

RE AR Bhinitages GPSS padODsd wistlonedertal 46 srEpigiecdn Fim 1. DC

f | LS
s, Mooy BBty Lol BRI LS o
ArvsiGD80% osthe GII85 cDINAGLVs D3 sirfidreatdd with P8 @And TREGe, 12 hr
CAM 1 and DC-S| G\ were down-regul ated 25 after LVs
i%nsﬁ%@:f%ﬁﬁi}w%mnww}m%w CD39 and EDE6 expregsien by flow
i | f € -
SPEntalc ol PRl Bl S MR AL ANl 1, rsducion
Bethe€D80ané (&G egpresdivh|veasZediiod afieCL WaPLAP Pifedtiohefrom 41%

18 BB L ok oy PLiscloviiph dor GEBR. E# Grpesssion of CDSO and

CERC o RS iy 0313y 50 o

2¥049 44%) and CORO(B2RCEPHREABA), ra8pdcivaly. 31. 1 27. 62. 9 .
05 FeolhepRsctaents DG fasguesd wigh mosR g S PEAR LV PLAP plus

B98-CD8(PoPLVs-PLAP plus LVs-CD86 were co-cultured with naive CD4 T cells.

After 8 days, the T cells were reactivated and analyzed using anti-IL-4 and anti-IFN-y
antibodies by ICCS and flow cytometry as described above. The results showed that
after LVs transduction, the Thl population was reduced from 24% to 13%, and this
impairment could not be corrected by up-regulation of CD80 and CD86 in DC (from
13% to 12% and 13%, respectively).

In other experiements, whether Thl activation function of DC could be
enhanced by supplementing soluble IL-12 and/or FL to the DC culture was
investigated where these cytokines were added individually or together to the DC
culture throughout viral transduction and the DC:T cell co-culture. The co-cultured T
cells were re-activated on day 6 and day 7 for Th analysis. Results of both day 6 and
day 7 analyses of the T cells by IL-4 and INF-y ICCS confirmed the impaired Thl
response after LVs infection (from 37.5% and 20% to 15.6% and 10%, respectively).
However, supplementing exogenous IL-12 only partially corrected the impaired Thl
response (from 15.6% and 10% to 19.1% and 11.7% respectively, for IL-12 alone and
to 18.7% and 13.2% for IL-12+FL), and FL alone had no effect (from 15.6% and
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CD62L 3.30.1 3.20.03 3.70.1 3.30.4 CD8O(B7-1) 9.9 0.9
10.60.7 9.30.2* 11.30.4 CD83 5.8 +03 5.8 0.1 6.4

w@2010611@7 0.3 CD86 (B7-2) 39.6 3.5 39.6 2.BCBLUS203/035482

0.4* 47.3 1.5 DC-SIGN 62.7 4.5 55.70.4 50.6 1.5*
68.6 4.1 HLA-ABC 13.9 1.3 15.8 1.0 14.6 0.3 17.2
30.9% rp AL46Y3 andB. 802 gedpreidvedd, 90n4 oh@r XkpFriRests| vsing higher

PP REGRERRE S Be Aoz pbPhind Rl iseidEs § S RS cheiSiot
di ffers nshg]nbb’r BCueRhtenharices fen&d‘g%ﬁ@usoéapressﬁﬁ%%ucal 8ytok1nes
***P<0,.001). 5 LVs transduction inparted DC nediate

FNs enprding fh,ffer%ﬁ cytekipes msludmg Flnld+7,dridd0la digistogicg-12, and

génera@gdﬁ’?rom [ Frn‘s%h: oun\rg@ﬁ% ?hgj@l\/lq%%‘—i EE &m?{) DC were

aakdubel Rl B¥s i caastingay réporedl SenDGIuveS; @ri dif &ﬁisﬂdcé& tith LVs

LVs carr a PLAP repgrter gene. The infected
FERTESSHIg 5&2 t cyiokisenp Thet Th finetigns eﬁ;}leV@ﬁ@@ﬁstCﬁd sDC were

e e G e T
m‘ d@cﬂb@ﬂ above DDdadriabized Yy ICASemidi flow cylameﬁryDCf heeresults showed

h LV d d th W t PS
it £ S Endtts sftor oansquc R afie JeL tofeddged Tl esripamagt (Grom

szy 5K 39 AR W er, cbSrambdudtibA QfE@ \mﬁ Lv%%nmlg%tmﬁlomc IL-

ant i body andflow%torretr on the [ owi n
8, nﬁ'llcﬁlfromé IV /6MekSHu end &h—%fefi}am@ emtmm@bﬂ?hhtrespnnm‘ from

7904 365 2 PSRN PO B bl e

tdgﬁﬁ&try Qftned) &lc‘heasCFE"‘G_M-GE:‘ lot CBLEL R |nBt eghibft Ry correction
per| pheral bl ood mononucl ear cel | s (PBMC) and

Gtultured with aIIogenelc PBM deri ved DC after

!t ectBqalibe ¢k B b9 LIS ekl he. el erfrios ma
argttiog- Hul0.ur dVs2@nuedihg tshealln dnteferiid RINAC &irgétmngIESI‘E) were
xpand _and rest after

%%%%d mg[rwe%gelrgléo%gﬁ%g Igal@sml%% AYFaP yhesernfo &%ng@rference
iR LRSt(FNY 2. FRL LRNEE egs@af&asya{e%%&\ggg)yﬁqm 19%¥ol I

9 after coculture wth | nonyci n and
pobjotartand ctomed mtte Ad/elih theareversaomemationl ABS)L VisHRINA vector also

ant ell-é) %gla_f%i% %‘?%tsﬁ%gel\} gg él I'thél poﬁ ]]11 SII%DA to allow for titer
determination. DC were co-transduced with a reporter LVs and the LVs-siRNA

targeting IL-10, and then analyzed for IL-10 expression as described above after LPS
treatment and ICCS. The results again showed that L'Vs transduction alone up.-
regulated IL-10 expression, whereas co-transduction with LVs-siRNA targeting IL-10
down-regulated IL-10 expression. The two IL-10 LVs-siRNA constructs were then
compared with LVs-IL-7 in a LVs-co-transduction and DC:T co-culture Thl
functional assay. The co-cultured naive T cells were activated and rested for 20 days
before reactivation and Th cytokine analysis. The results of IL-4 and IFN-y ICCS
demonstrated that both IL-10 LVs-siRNA vectors enhanced Thl response, and the #2
IL-10 LVs-siRNA displayed enhanced Thl response at levels comparable to or higher
than that of LVs-IL-7. This was further verified with analysis of another Thl
cytokine TNFa ICCS.
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descri bed above. The results denonstrated that the
| FN- y-producing Thi cell population was dranmatically

wo e@doeds7 from 72% on day 7, and 75% on day 9 POT/US1063/035482
control to 27%on day 7 and 22% on day 9 for the
LVs-transduced DC, while the Th2 popul ation renai ned

- unchanged. A sinilar b@th¢rdisbalimpmtsng ef f ect was
obser Weds florbe Zmferstopd athsti el DE. inviediién desi been déscﬁﬁ?ed in

|nnun|t WV C I, ne dul at ot enes,
élfa}{‘ﬁﬂﬁ:bth %ﬁgﬁ (gﬁ m%g@ aegoﬁilg)(g SGrption is mtended

@@ﬂlu@ﬁrﬁ@ ahdnét Binit th

car r y| E a ?epori ere géggg\é?ﬁ%slh%@g%? u‘gfﬁi‘ég% HéﬁdeHDMhe scope of

ylagms.t Fer cxpamle Bt ko \eDRs)e L‘dﬂdquedzﬂ@ dnpalrment

P a 0.later
%%12[ ter G d o % e D DB sl BRI Fmisiag other
: Oitﬁlo NRettobs W8l figh-asttdr GRS andhant i - CBRS ¢t90@uea§1ta?g@s and

after. LVs transduction. Both CD80 and
@3@6% watippsrarqardthindda seqpef the following chpmsnf ect | on, from

41% % and from61%to 49% for CD86.
The eyﬁgggg%%ﬁkggEﬁiBo and CD86, however, was
up-regul ated after transduction with LVs encodi ng CD30
(from 15 35%to 44% and CD86 (from 49%to 76%,
respectively. In other experienents, DC transduced
wi th nmock, LVs-PLAP, LVs-PLAP plus LVs-CD80 or

LVs- PLAP plus LVs-CD86 were co-cultured with naive CD4
T cells. After 8 days, the T cells were reactivated
and anal yzed using anti-I1L-4 and anti-IFNYy
anti bodies by ICCS and fl ow cytonetry as descri bed
above. The results showed that 20 after LVs
transduction, the Thl popul ati on was reduced from 24%
to 13% and this inpairnment could not be corrected by
up-regul ation of CD80 and CD86 in DC (from 13%to 12%
and 13% respectively). In other experienents, whether
Thl activation function of DC could be enhanced by
suppl enmenting soluble IL-12 and/or FL to the DC
culture was 25 investigated where these cytoki nes
wer e added individually or together to the DC culture
t hroughout viral transduction and the DC. T cel
co-culture. The co-cultured T cells were re-activated
on day 6 and day 7 for Th analysis. Results of both
day 6 and day 7 analyses of the T cells by IL-4 and
INF-y 1CCS confirmed the inpaired Thl response after
LVs infection (from 37.5% and 20% to 15.6% and 10%
respectively). 30 However, supplenenting exogenous
IL-12 only partially corrected the inpaired Thi
response (from 15. 6% and 10%to 19. 1% and 11. 7%
respectively, for IL-12 al one and
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to 18. 7% and 13.2%for |L-12+FL), and FL al one had no
effect (from15.6% and 17 WO 2004/ 044147

wEIMEEAd03/ 035482 10.0% to 14.6% and 8.8%  PCT/US2003/035482
respectively). In other experinents using higher
concentrations of soluble IL-12, the inpaired Thi
response was fully corrected. To engineer DC with
enhanced endogenous expression of critical cytokines,
LVs encoding different cytokines including FL, IL-7,
CD4OL]. bi - & micl€iaiacidl dondpisingndl firsh ntiéleotedeSédgReice derived from a
I L-12/ G\ CSF were constructed and tested (Fi 1). DC
YRtifirhd ARG A GBEbn hilcibofRieC t@iq’h%&g it " EROEdsC hin 9 jale rczé%atble of

al one, or co-transduced w Vs expreSS|ng 0
The. T Vs-transduced DC

%@gﬁhﬂg §8enc%ﬁ1§ C%Bé%%qlt%ﬁ)l acgggte Prufe- assay, and 12

days later, the T cells were reactivated as described

above, and anal yzed by I CCS and fl ow cytonetry. The

results showed 10 that LVs reporter vector

transduct i bhc andlaie acediof elaine duwdgreith thedseeendbpudentide sequence

(from 54.6%to 37.7% . However, co-transduction of DC

endolded Ws7.encodi ng bi ci stronic | L- 12, tricistronic

I L-12/ GW CSF, and IL-7, effectively enhanced Thl

response, from 37.7%to 56.2% 56.2% and 50. 7%

respectively. LVs encoding other imrune regulatory

goress i g STyl AR A M

LVs esry?@rg%s& ng small interfering RNA targeting |IL-10.
ng small interfering RNA targeting IL-10
were constructed. Two regions in the IL-10 nRNA were
chosen for RNA interference target sites (Fig. 2).
The si RNA expression cassette was driven by human H1l
pol 141 20The owsleieracahof clhionédwhaten the¢ssecond meclectide rssguence
orientation. The LVs-si RNA vector also carried a
elcades mesiRNAer gene adj acent to the pol 11l siRNAto
allow for titer determnation. DC were co-transduced
with a reporter LVs and the LVs-si RNA targeting
I L-10, and then anal yzed for IL 10 expression as

descr i bed

resul t's aggil?eg S é’}é&@ﬁok?ﬁnﬂz rrg%% ?M%Sﬂﬁ 3%”%510
regul ated IL- 10 expression, whereas co-transduction

with LVs-si RNA targeting IL- 10 down-regul ated IL-10
expre33| on. The two |L-10 LVs-si RNA constructs were

t hen 6.conphliteduepicracid/ef claim 1, whergigsthe owcteit geid cis icomprised
and DC. T co-culture Thl functional assay. The

wohinal lentrach] medtere T cel |s were activated and rested

for 20 days

7. The nucleic acid of claim 6, wherein the lentiviral vector is comprised

within a virion.

8. A dendritic cell into which has been introduced a purified nucleic acid
comprising a nucleotide sequence that encodes an agent capable of modulating the

dendritic cell's ability to activate a T cell.
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before reactivation and Th cytoki ne anal ysis. The
results of IL-4 and IFN-7 1 CCS 30 denonstrated that

W odaoh/0k41420 LVs-si RNA vectors enhanced Thl respoOnEs2003/035482
and the #2 1L-10 LVs-si RNA di spl ayed enhanced Thl
response at |evels conparable to or higher than that
of LV&-| L- The Hendritigaeelf of elaion 8y avhiefdim thencdlhcempriises iaslentiviral
of another Thl cytokine TNFa | CCS. 18 WO 2004/ 044147
PETP1US2003/ 035482 O her: Enbodi nents It is to be
understood that while the invention has been descri bed
in conjunction with the detail ed description thereof,
the foregoing descriptionis intended to illustrate
and n [ . e c
ot nod by TP ERBEIRDe Bk 7 WHKET I NS aldhce encodes
ﬁ)r(' npl e, agents that overcone LV-| nduced DC i npai r nent

ight be introduced into a target DC using

non-lentiviral methods, e.g., using other viral
vectors or non-vector based nethods. O her aspects,
advant ages, and nodifications are within the scope of
t he fbl.l owlChedelduiticsell Whalkaim §, wherieirette inncledt®deMBquence encodes
2004/ 044147 PCT/ US2003/ 035482 1. A nucleic acid
Hotprising a first nucl eoti de sequence derived froma
l entivirus and a second nucl eoti de sequence t hat
encodes an agent capable of nodulating a dendritic
cell's ability to activate a T cell. 2. The nucleic

T

rein the second nucleotlde sequence encodes
WL ‘4. The nucleic acid of claim1, wherein the
second nucl eoti de sequence encodes an siRNA. 5. The
nucleic acid of claim4, wherein the siRNA is specific
for I1L- 10. 6. The nucleic acid of claim1, wherein
t he nlitl ei Thedémdritis celbopelaizetl, wheckdin thessiRNAL ik ¥pecific for IL-10.
vector. 7. The nucleic acid of claim®6, wherein the
lentiviral vector is conprised

14.  The dendritic cell of claim 9, wherein the lentiviral vector coniprises
the nucleotide sequence that encodes the agent selected from the group consisting of

IL-7, IL-12, and an siRNA specific for IL-10.
15. A method of modulating the T cell activating activity of a dendritic
cell, the method comprising the step of modulating the amount of at least one

cytokine associated with the dendritic cell.

16.  The method of claim 15, wherein the at least one cytokine is selected

from the group consisting of IL-7, IL-10, and 1L-12.
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within a virion. 8. A dendritic cell into which has

been introduced a purified nucleic acid conprising a
wozoleetitde sequence that encodes an agent capei/@Smin3/035482

nodul ating the dendritic cell's ability to activate a

T cell. 20 WO 2004/ 044147 PCT/ US2003/ 035482 9. The

dendr 17.i ¢ €b¢ megfodcofglaimgl 6, Wieareinrihe hmouwtl of 1 shrpssosiated with

a lentiviral vector. 10. The dendritic cell of claim

B¢ cohériatmagade nucl eoti de sequence encodes |L-7. 11.

The dendritic cell of claim8, wherein the nucleotide

sequence encodes |L-12. 12. The dendritic cell of

clai m 8, wherein the nucl eotide sequence encodes

Si RNAj¢ 13. | m1
si RNA % S srgfe[%ﬁe?{?a]%g r Hﬂfé 16 g}hel%ilhﬁle%%ougﬁ%w? 2 gssg g]IaFe% with
&ﬁ clh gher ein the lentiviral vector conprises
&° Efclpcérg?ﬁe e sequence that encodes the agent
selected fromthe group consisting of IL-7, IL-12,
and an si RNA specific for 1L-10. 15. A nethod of
nmodul ating the T cell activating activity of a
dendrl%.i ¢ Themethotllvd ctainHéd wherepr theiangpunhef Hi-8) asbciated with
nodul ati ng the anpbunt of at |east one cytokine
ths seitisaicerbawdd h t he dendritic cell. 16. The net hod of
claim 15, wherein the at | east one cytokine is

selected fromthe group consisting of IL-7, IL-10,
and IL-12. 21 WD 2004/ 044147 PCT/ US2003/ 035482 17

The ho | n t
assoc?ﬂ at egﬂ\?\%?j%h%fl Ofc]ggP% ?rﬁ]@ g%@%@l OP Sf?Hgg st gyt of
f claim16,. wherein fhe a nt, of IL- 12 associ at ed
Fileat OnfcviQking tociated Wi ahe daniriteicsil s R foNGCaNE the cel
16, wherein the anpbunt of IL-10 associated with the
. widh p splyblgeyiakinged.

21.  The method of claim 15, wherein the step of modulating the amount of
at least one cytokine associated with the dendritic cell comprises introducing into the
dendritic cells a purified nucleic acid comprising a nucleotide sequence that encodes
an agent selected from the group consisting of IL-7, IL-12, and an siRNA specific for

IL-10.

22. A nucleic acid comprising a first nucleotide sequence derived from a

lentivirus and a second nucleotide sequence that encodes an siRNA.

23. A method for modulating expression of a gene in a dendritic cell, the

method comprising the step of introducing into the dendritic cell a nucleic acid
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20. The nethod of claim 15, wherein the step of

nmodul ati ng the anobunt of at |east one cytokine
was®aoidated with the dendritic cell conprises PCT/US2003/035482

contacting the cell wth a soluble cytokine. 21. The

met had of claim 15, wherein the st of nodul ati ng the
COMBONDE gt s, ML oRrRUEEoRsTE s BB APBV RS, AOY He Second

dendritic cell conprises introducing into the
ndelpetidetsequanet that engedes 41 $B@NAucl ei ¢ acid conprising a

nucl eoti de sequence that encodes an agent sel ected

fromthe group consisting of IL-7, IL-12, and an si RNA

specific for 1L-10. 22. A nucleic acid conprising a

first nucl eotide sequence derived froma |lentivirus

and a second nucl eoti de sequence that encodes an

si RNA. 23. A nethod for nodul ati ng expression of a

gene in a dendritic cell, the method conprising the

step of introducing into the dendritic cell a nucleic

acid 22 WO 2004/ 044147 PCT/ US2003/ 035482 conpri sing

a first nucleotide sequence derived froma lentivirus

and a second nucleotide sequence that encodes an

si RNA. 23
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