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e rnventro c(!:Ibrrpo& tions and nethods for
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BACKGRER Iy cafion mas imadeNTitioN S\ gavisergnent wapRast ndes shnframmber

HATYISHAEA ARAR 1 Sl RS ER BB e ) arvrmen
ey beveoeestainuigles in the invehtidro a host cell has been

exploited in gene therapy experinments designed to
treat diseases. ForFIE eg @H%iw l'icati ons LVs
of f er'fﬁ@‘iﬁf@m Qe Re exf]ol\é@lﬂ bloloP! gene therapy,

exanpl e erlved rom mpl oy cel I entry~a

pemmodogyn aad vaology. Mmeqmmﬂaﬂmﬂeamvbmhoﬁ Teladas tofcotﬂpesmons

DG S dressiog AR o il Lopslral palors G o mbdulate

deﬁﬁﬁﬁ&bagﬁﬁgﬁgh di vidi ng and non-di vi d| ng cells nmakes
Vs a very popul ar gene transfer vehicle conpared with

the convent i onaBAmKCtR@UMI@B\ZTHE\I[NVENI&BN The

effic on, the.broa ast cel | i sm and.
Fow Aftauab LR EMY & by i dcgpies iy D S g&beiated
Wiie fidéast M Anifialke theUBIIRY fo SaERraRop @A Anlsic @6id3A0% host cell
virus vectors. LVs have been used %o transfer genes

hasbeerietpleited in gesb therquyGxpeiments slesigned tontneasdiseasepy For gene

nd vac ons r of essi onal _antig
ool il Pys S S cufeads et R, v & #or oxampte
IaRRderivad @mmvw@y &1 dnlt§ and Behdink YntbGratilp@esdes similar to
vi gor ous
thoseg of the wild-type virus, including the ability to 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 tropi'sm 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. Afler 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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-cell response. As reported bel ow, however, it was

di that DC transduced wth LVs d| spl ayed a
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LVs transduction, DC showed altered cytoki ne response
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: ?%’%ﬁ%‘?%‘é@%ﬁ“@@é DGl VRS E0nehhing Feptors gacoding IL-
coht Hi-AZn QTWRNW Jargaibgr INJ 0 RNA. 1%k2’te&hoﬁg§zl\}ﬁ'ov1des specific

targetin Thi s technol ogy provides specifi
ir 'r%'lOF[%rﬂF H? rmylag, fos s ovesporgingr éhﬁnlmgalmh@uppressmn problems
| rEgYURRaSd RPHIE STV NinkdoA bk € 5 ociated with,

infecti on of DC duri ngmtlréegpénq@ﬁl a%??fﬁée(“i ,op{a%;pauon or vector

v@ﬁpbfratloa@pipmntsons in patients. Accordingly, the
i nvent ic acid including a first

{*A{(‘) at ures .a nuycl
nucl eo Ig%l e dBveipn £§ 8 mugleiceanid inoluding a dirst nucleotide

—d

S smRione| i pSEANEAS Fd Y30cISHIER 4t e i oot 1

i ﬁA/Enii!,dn‘ m@Nﬂespdmﬁb ifer e10. AGo(within, th@ﬁﬁeﬂtitfrﬁi@.ta%ndnuc cell
$ ?\%Y"#ﬁ) [ O i ch has been i ntroduced
r' -+ 1S Ag}hp@% tq whigh has hean wbofensd a punﬁed nucleic
se] ect ed
gr S ong}lﬁ[@;lt lﬁ%g&ggéf%ﬂ??cg%%}t ppco Jgﬁan agen L ﬁeﬁgteg%rom the group
s FeBsifting ¢de 7, l[_L-IQban]daipamléA@f)ediﬁd foraL.i lﬂgcatplbliﬂe of modﬁlatmg the
ability ctivate a T-ce Anot her

aspe&l{'ﬁ‘{%eel Wétﬁtt‘? v F@é‘t'tF%@ a net hod of nodul ating

the T Agbther aspect the invention features a method of modulating the T cell
activating ability of a dendritic cell. The method includes the step of modulating the
amount of IL~7, IL-10, and/or I.-12 associated with the dendritic cell. For example,
this step can involve increasing the amount of IL-7 and/or I1-12 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),




activating ability of a dendritic cell. The method

i ncludes the step of nodul ating the 25 anount of

IL-7, 1L-10, and/or |1L-12 associated with the

dendritic cell. For exanple, this step can involve °

i ncreasing the anount of IL-7 and/or IL-12 associ ated

Wi t h Another esplett, thaindémiondextureas nrethodfer moshilatingakpteksidiof a

associated. with.the cell. Mdul atin he .anmount of a . .
<23 Bh oS aby s cePd Rorap it ot oE irod Bing o e dEnarii
call AineMed abM coRpHMEE b Fllst nhiflBod! deqintHd@ive@ e Elentivirus and a

cytoki ne, renoving a soluble cytoldne fromthe cell
sgrongynugteolids scguenct Higt prpodes avesiRNAL a purified nucleic

acid encoding the cytoldne or an agent that reduces

expregsion.of the cytokine (e.g,. an SiRNA qr ap_ . .

ant i -é% n'%gd 2‘{';5&'%181 (P%Fd _uclfs%zf.gﬁ!] e}neé%é‘cl\léh?ﬁeop-“"o or more
Hnole0tilésosnche! RINSS (riboiBblbRhdi® M&t(g&g:yﬁssﬁ@a&b QRid). A
‘o;@g Jgene in a dendritic cell’, the nmet'hod conprising

‘Prdbied”s pougleie racid mpdeole isnone thet Iisnbient substantially separated or

nucl eic acid conprising a first nucl eotide sequence
. derived froma lentivirus and a second nucl eoti de
sequence that encodes an si RNA. As used herein, phrase
"nucl eic acid" nmeans a chain of . two or nore
nucl eoti des such as RNA (ri bonucl eic acid) and DNA
(deoxyribonucleic acid). A “~iurified" nucleic acid
nol ecul e is one that has been substantially separated
or 2a WD 2004/044147 PCT/ US2003/ 035482 i sol ated away
fromother nucleic acid sequences in a cell or
organismin which the nucleic acid naturally occurs
(e.g., 30, 40, 50, 60, 70, 80, 90, 95, 96, 97, 98, 99,
100% free of contam nants). The termincludes, e.g.,
a reconbi nant nucleic acid nolecule incorporated into
a vector, a plasnmd, a virus, or a genonme of a
prokaryote or 5 eukaryote. Exanples of purified
nucl ei ¢ acids include eDNAs, fragnents of genom_.c
nucl ei ¢ acids, nucleic acids produced pol ynerase chain
reaction (PCR), nucleic acids formed by restriction
enzyne treatnment of genhom c nucleic acids, reconbinant
. nucleic acids, and chem cally synthesized nucleic acid
nol ecul es. As used herein, the term"vector" refers to
an entity capable of transporting a 10 nucleic acid
and/or a virus particle, e.g., a plasmd or a viral
vector. Unless otherw se defined, all technical terns
used herein have the sane t / neaning as comonly
under st ood by one af ordinary skill -in the art to
which this - :
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i nvention belongs. Conmmonly understood definitions of

bi ol ogy ternms can be found in Riege
%IZ% 4?s@ary of Genetics: dassical and Ml ect?gfrtj,smomsswz

5th edition, 15 Springer-Verlag: New York, 1991; and

L¥tated deiyeony. otfies | iicrbid Ry @@eﬁé’es Rh&S& P H\Efgfﬁ%km which the

1994. Commonly understood definitions o

tmcledc acid nplurallynedursi(eng GROMSX 50,200; 70805 08,95, 96, 97 98, 99, 100%

E%?{;yo%(%gadl aﬁf) \Lglgf9 Ocﬁ}éf:lz db‘%dl tglﬁon !Aca %%11211@10 acufmolecule'

pédrpaRted HEe% Géctéfl al\J(ﬁﬁ‘énudlsé v td)roﬁl enome of a prokaryote or
Sprl nger - Ver | ag: or 2002. n% under st'ood

d%mwﬂesm pufified bideio @gids am:ltt;b CDNJthsi fragments of genomic

u'g{%% ect ?g(ﬁeg 8’ %a{@gcg‘p@&ﬁ %%h%% I’i?'\f/ll &6@0 %éﬂgm acids

Nomned bly, res@id8on Alrizine e mEAtoes geneniERhasltie! Scidd, Mebdifibinant

eqgu lent to.those described herein can be used
|’W°%cﬁf"’a@% d chemigally synthagizegmucleic %ﬂ@@@lﬂculﬂﬁ}v enti on,

A SOABEHERHE o ol eSS AP i

amblerc acitf mdmrcaaanmpaﬁicMe@ faqﬂ&nﬁd or eviralocer at ed by
refer e in their entirety. t he case of conflict,

the pridessothermaser detinedy qll ?eﬂépﬁﬁdlﬁﬁnﬁjé‘ﬁ%lhﬂ%gmw the same
GRRhIG as coRfFh y%&g}@o a_lb i of WG kL W' B vhich this
I's a Righly schematic ram show ng vari ous vector

umenlwmb@lengss dcbmmonly mademmadl tiefimitio®Oofnglecarbivk gﬁ terms can

b Fobint S Ret .1 G smreRe e Ghssiva oal Rfcdpeutar, S editon,
B{)/ﬂﬂ | nducmgt Nedsyend 1‘99{';738% té@iﬂf‘ ge%ﬁ R 5Pl DYliveRity Press:

I mpai r ment of activating
Howl York, 199 Gemmonltesmﬂemtmﬂ teoms ed vnféldw terms can be found

frfigeddt %ﬁa"’%ﬂt{rﬂ@%%@%&%@@? %ﬁ%ﬁr&{m FBlibe hadShicPrEss: san
Divpe! 04, 8999; ant b sndOHE], ThE ISPREngér &S 6f VIIIJSGS, 1st edition,

.enbodi nents, other aspects of thé ifAvention can be

piingeeverlag: @Jm‘t |Y6—’€H, bA¥8d oqummonIgs amdplstood deﬁmﬁons of

iRy o B B Bt By Sl Jodii) Bt Vet oBhotoy

AdVolebsldr Biodsg, Brd cditidh, U&ﬁi’Whl@jﬂ %Sﬁsem%xk, 2002}< nown
inthe art_and are described in detail
ough methods and materials similar or eqmvalent to those described
herein can be used in the practice or testing of the present invention, suitable methods
and materials are described below.I All publications, patent applications, patents and
other references mentioned herein are incorporated by reference in their entirety. In
the case of conflict, the present specification, including definitions will control.
7 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 2 DC's T cell activating ability. The below described preferred
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nmet hodol ogy treatises such as Ml ecular Coning: A

wabRbgsaiy Manual, 3rd ed., vol. 1-3, ed. Santy,
al., Cold Spring Harbor Laboratory Press, Cold 9%28631035482

Har bor, N. Y., 2001; and Current Protocols in
Nzhteuliaits Eil@dtﬁ%’adaﬁﬁhoﬁ@ﬂ%ﬁ@e c%?np%hﬁon@ﬁcﬁﬁ%#@s Nonetheless,

Publ | shing and W1 ey-Interscience

(e rhp ddeperintionupl thiess pmbom@tent@d sthep msprvtsTof e invention can be
R it i

ucage an
22:1859-1862, 1981, anéBidlédiedldtith@ds al ., J. Am Chem
85, 1981. Chemical synthesis of nucl ei ¢

o ds ]1@%#3%% m‘@é‘flﬂa CRtpRtpEH n@lﬁ%ﬂ iolsgy deshmisues are desoribed
m ogl ca hodgé ar eyj&lscr ﬁ%etégrmg[ aéld]a?? ﬁes&}lf?delﬁtdem n

mqthmﬂndxbgy MedtmawkmhagMolaﬁh(ljar%ﬁlg%nAG%ab?iatoryM&l aly\Bilrdead vol.
or n s of | mmunal ogica

i Sembik des s Epltk Sorig Hatbor hmatony Bipse ok SprngHerbor

Yok, 200998nd @%ﬁ’é 1‘0%615 in 61@@%&[‘ ﬁfol%g %ldtn Apﬂ%%ﬁét ANGEreene

ene therap can be a apt for
pokishing éﬁﬂeﬁi&ltel@aa;cee New Werlg THRZ a(with penodlc updates)

@{) dﬁ *,es and. I i.,Cat I(%’ﬂaﬁ e'draa%‘}s E{:eg%gsg&sétg&(%ét le, in
Beailda @@ﬂﬂ@mﬁﬁﬂ&@m}a Let%dzzﬁsﬁb I@@@bim bR

Press 1997; and F§etro vectors for Human Gene

Am. Chem. I-sm‘ngsl&?r 318ps |lﬂ§]hrCh@nicab syﬂtﬁ%s dfumcldic acids can be

he ent i o OVI de at, .
@&k‘f}af&hs r pirplen i SR citledeldsBecuplcotis Spsizers
Mﬁmlbgicﬁi@eﬂﬁds are&ﬁ@&ﬂﬁd,nél ), 8PCuAentSIBQIRBESn Higtunclogy, ed.
encodes an_agent capabl e of Todul at | ng DC function '

{eligan et ghefoloniVilgy & Pens, Newckorkel199 b,cand\Mpﬂlgds of Immunological

APRFHE o Mross R hofin P8 Sy R ¥k P2, Gpeentiona

ytheds of géﬂéstrats&rlaﬁd\gﬁne thetadlican) alsb Geendap®ed Torluse in the present
natuyal l occurrin ent i viruses such as. H V-1,

inyeplipn. Seg; &8~ iGang ydiewinjes,and 4 pplisatipns, 0. T.dblagkenstein,
SHEYEEYEHAE 39 Pk p ARt e Melgoly Mot

eEaP gntRdbbing Hfnand Press Al 9970 igthRethe-vietrs ey ok ®Timan Gene Therapy,
é bed Légflﬁg | V-1 based vectors, other vectors
¢t Yetlog; 149%uses m ght al so be used by

adapt| ng the i nformati herei n. Because of
t he many advant ages Hlyﬁgﬁiééggﬁ\?ectors provi de for
gene 'Rhcenwmoawbndma meekic ddidthat ctudes @ fiestinuyleotide sequence

referred. WD 20Q4/ 044147 1 1JS2003/ 035482
dBfived from a lentlvn'us and a secon nucfgi-:lrde sequence that encedes an agent

capable of modulating DC function (e.g., overcoming a LV-induced:F cell activation
impairment). The nucleic acids of the invention preferably take thesform of a LV. A
number of different types of LVs are known including those based:en-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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The LVs of the invention m ght be pseudotyped, e.g.,

WO 2000age restricted host cell tropism For /0354
LVs pseudotyped with vesicular stomatitis vi ruwﬁ} 1035482

(VSV-G viral envel opes mght be used. To enhance

saf et yTha L¥&sl Jf- the&ﬁtentlm nfight (b3l }i\d)suddt}bd@ elgt t8lov8rcbRie restricted
LVs can be nad

ﬁ%{%t“P@Z&f’P}?gt ef Sxall?i) Y essvdatypedh m@emstqulfg stamagitis virus G

t S VRG)WEraf e
a achrrent Si t I S |8%n'go;1t§arqlf&$° 5%&’%—5 machtvatmrg (SIN)
i IaVonlghtalsaz be amnis oEmr exAmpiea atSINUL Vs ban bs ﬁfadé b? (Ihactwatmg the 3°

R Y —
tdlﬁbh:ﬁ&ﬁoﬁﬁswﬂfbhaﬂeﬂﬁ por@Re Rlrenefin l@gﬁﬂnﬁt i‘nﬂg h?(%m}some A

function can be one encodlng a cyt e suc

drartiqularly proferredsionstmoh Sralesigning vovlercofthe uﬁxmhum isgeOY F shown

Qﬁiﬁléznial rment). Lentiviruses containing LVs encoding O
IL-12 + GWCSF, and IL-7 are used to nodul ate

DC f uritei seBordEnwbleotid’s cé Mt ehd¥Bad ff o Hﬂ'ca,lsa%wef%dulaung
| entivirus-infected Preferred LVS | nc

function ¢an bg org encoding@ Ovmllﬁs.uch pT N7 ok IR-12NbatBshown herein
F- . 15 Pref.
18 yBSh I ERELEDR: SANFIRIT by ELBHE TV cocoding

[BINE; I1-13 2GMECSE] o 1T~V 8eh@bd to m@fﬁ)ﬁtem FokoMolE.g., correct the
tri-cistronic vectors, .and pTYF-1L-7 and' are

H§Bﬂ%ﬁ9t Tietespenss by eied ). t PrsforreddsYs inslude pTYF-IL-

SR g%o%"’%aﬁ %%Mgﬁr’ %%p SH3RE 7 5ap§‘(‘%}l’m

B&%ﬂ&ﬂhﬁﬁﬁ)‘useﬂ' o the ingbnticacdontsin ([Aﬂ’zso 'IdTEFJIBﬂ}gﬁidiﬁﬂﬁétQJmc vectors,
- a@ﬁ@%ﬁ&% RIS SefoR, Al PTYF-IL7 Andeare peadotyped with
VEVCb visRB M Ad S ol Voes TR shif G GHA Y G Fherapy
ot oo e o,
eyt asni cl onin e S IS a
S Nyv@ﬁ? g‘?’% eYTetATs né'ﬂg CQFFSPOpding, Vises) nusedy Az tihe experiments
doattitiod: hdrial 418 1 M0 VOhasdd GRY SINCRHERAS (?ﬂ?—ﬁa ?@QQ&WISt Opig. 1

enhance viral vector 25 activity approxi
shows|thie stiueturss N thesL¥s 98 YEDED, p BY B CIDRS; |pfrms TYF-IL-

LETRREDARLY BRI M AP 00 e TRt be“ig d for

ddiing ehd SINNDVE 19 fp’l“’B'F o4 @Nsvectdicfeﬂﬁkﬂ e%lm%&l?@ﬁme tract

pluss GMWCSF and I'L-7, as well as |rmu
(ﬁBﬁ"@culI@@u%m tpfas cBBBOseqrerceditis l@etenaslgmantb ShhancEuviral vector

S 0 S 0 S R i ormon
polsfadenylatidinEiBndI Wb OKIp2) iG63NRd behind a 3' truncateddgng terminal repeat
(LTR). The SIN LVs encode a number of cytokines, including J1-12, IL-12 plus
GM-CSF and IL-7, as well as immune modulatory molecules such-as CD80 or CD86
(Liang and Sha, Curr. Opin, Fmmunol. 14:384-390, 2002; and @arreno and Collins, |
Ammu. Rev. Immunol 20:29-53, 2002), and FH3-L. Human cytokine cDNA
sequences contained within viral vectors are amplified by REPCR from human
peripheral blood Iymphocytes (CD80, CD86, GM-CSF, 11.-12 and IL-7), or from
human tumor cells (TE671 cells for Flf3-]igand). The IL-12 gene has two
components, IL-12A and IL-12B. For use in modulating DC function, ¢DNAs of both
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sequences contained wthin viral vectors are anplified

WY 2604/Re7f r om human  peri pheral bl ood |ynphocy BRIS2003/035482
(Cb80o, Cb86, GWCSF, IL-12 and IL-7), or from human

tunor cells (TE671 cells for FIt3-ligand). The IL-12

géh'elilhafmnamnts Sgerpc?m _simdltanécﬁﬁlyaﬁt?o L d..bhirﬁﬁtgoﬁ@r V&6 with an
I B .,N0D atin . LU | C 0 ot
by ey iR Bhsieon fese oo GoRARo RS ther TYE-IL-12-

c
s s e i g AN R .
t Her126(@Y-CSoeDNAs tp Peferate- ailﬁ‘b-clw expedsion, vector. Genes within

e’ B Ut in e B 208 Pl S g eI prgmiotas e strong

t piiontites stieH sl Gifpaton YREGr alph BEEa)V B icBnstrdcibn of pTYF
viral vectors can be under the cgntrol of any suita Ie

pY<SHBE,see faisg et aly Jschmi@y 6: aa@a-&ws and Cheng etrak, Gene Therapy

on I EFla constyuction
IR0 58N, Sob it FES], Hekb Bt
msamﬂfzaiss etald]. Griadlg7&y269- 7219620@ Ther apy
V vectors_(and correspondl ng Vi ruses)

Se?ésc gﬁgﬁ The W%B@@F L¥es énd wiripas @sﬂlw&uﬁ in Buchschacher et
YLt Blood U5 %7‘@?%’55 £ 20007 O $0ol ARG BRI 815728, 1999; Emery

reconmbi nan

egehléﬂ%% BE9166-9138, 202&71:slrgld1712 gt ﬂéll ?9&?5@972 265067 qg@egPaxnard
ok 9765755 8L drtoct Pl IONAS SB¢L1845- 11847, 96: Rolser ot al,

9
182 1S O e Ll Blonil e g1 F60 130855k, 2000,
- 8IN, vectoAlesigh: ma%mﬁ@ﬁﬂl\gigeﬂﬁlestaa%? I\::sz‘rflasagmsetmﬂ 1998;
| vect or. desi
Faered oLtk Ve g2 o8 B ost 1998 Tymcea ol Sisdog §91:120-132,
1988,
ot el ey OV iR, 748307815 2008 and Nehu@P (P al, o Gene
Thera11:439-447,2800. 74: 8307- 8315, 2000; and Schnel | et
al., Hum Gene Ther. 1 2000. Dendritic
Cell's 20 The invention é?%‘*}ﬁ’&‘@gegsm into which has
been Tl iho&hiiiol Provides’d Hadt bR hés befa hﬂ:r&ﬁ}égi‘? g‘iriﬁe/d nucleic

nucl eqgti de sequence that encodes an i nmunono
aeibhavingje nuelgondeLsequence that enoodes ransmmmmdulatorg dgent such as

1 g a
1 A M A oot 67T 105 BES el 00ERY b fasd nctude
marhnialigs DOsesugh , asqjib:&”&)%ﬁ?ﬁﬁc@ri-ﬂtso & > uERAKEYm
speci es), cattle, sheep, pigs, goa?tliﬁ 2 BIS wBih Aies
(e.g., chimpanzees and other apes and monkey species), cattle, sheep, pigs, goats,
horses, dogs, cats, and humans. The DCs may be those within a mammalian subject
(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, I-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 monom_mlear cells (PBMC) after

6
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25 horses, dogs, cats, and humans. The DCs may be

Wome4/mMatdy N a manmal i an subject (i.e., in viv 1R2003/035482
those within an in vitro culture (e.qg., thosec ture

invitro for ex vivo delivery to a subject)
actirulatiog with exegenonsegrandncyto nisiophage sotdri suxﬁﬂaﬂngafactor (GM-

PGSl BlSe 4 S et B abeying dsts o Bos magow, cells and
| LoukBrin@DC2Mrs dRRYALSP F Tifabs et of, j?xf)oMehFﬁ@I@éfflﬁer §892; and

DCs, the nucleic acid is expresse resulting 1n
pdia petptli, dat.of. Rmeol. Lﬁ@szdﬂazﬁsbezmm aiMieticbdsr fom aﬂwmg DCs fiom

> HebBipB1che BiEnitdr el ARl 1S Ryesh Devatod. TH05256-265, 2003)
bland dnorBeptte (MOUr-Shid MHeGuRb 'ﬁaﬂ%ﬂaﬁ i Ca?gﬁs i’% 2002) are

bo e marrqQw for use in the inventi
k@@W@rﬂatﬂéfdﬂff T ovh geEwleraf a Mgamalqamnnqw)éc-amwmmd procedure

”“’c“#% 88 BEE s st bR o el Mthoas 267:173-183,

g%ﬂﬂ)l do¢t enayebe Gphagt fioa] 8 mhetdrd t
an.d terl euki n-4. Met hods %eggél%b(iean?sr%&%gé %m&%rﬁpemﬁc

QreseprReezactivated el poring (RACS)analisisc(Thomds and Lipsky

ot s i 4 i b A e

el Blood O6G3BI2345,02005)h chisthtary PO &oRTASRMIZRA by low level
cells . I\/bII fF.clnvst

15reseipn 96 SOS'J?B’B%*?W \A W@ﬁd@?*@@%ﬁ (Cﬁé%ﬂipgm ability teritduce T cell
Getivation] HRIBARY 30 1R &RE ]if—"l%})%5 ?I}tp fh% a‘?&&q@ éﬁ?r%gduc%lrggulatory or

knovvn |n the art. An exanple o
s rIncompatisqr, mmd'eﬂlﬂ pfdducegﬂn X0 i sk Bigh levels

%W o asiggd) CBppS, g 9&@4’5?&%%8%'@@%%@ & populaton
hﬂ‘b@ﬂ@@ﬁm DS ds walsy ﬁo!é ']lfkrf pl ng é%)n I8 Shifable in

ina fl uorescence activate

X¥HEQ %ltugng mﬂﬂrmlsthmdloms;gwth ahd pmhfwaﬁbn of the DCs.

153: 4016- 4028, 1994; éqag]gl é@ﬁﬂg@%md 88: 42154228,
1996; Wang et al. 2000) .
| et Tiee inPEntire A @Qi@&lxﬁ@mo@sy Iféxomég%hg B@O'ﬁ&%ﬁbﬂn DCs

of costinulatory nol ecul es,
teynaies T helpee collctsl dlffemtlaWanﬁomlther mganmya producing Thl

?1; g%ugﬁgc?%/cmgﬁﬁ egegfoé gfb]( n aI @lﬁ%g%%glgﬁnune Tesponses.

Distorted ThGegonsesaesuit frd
MHC .cl ass flpl ant i ¢ gens, é‘%ﬁ‘?ﬁﬁ"ﬁgﬁlg@‘?ﬂ%m dﬂg\zbg/l_}ﬁfecﬁ’c;nmth

Ispidvmses- ofn PPF%B]@BI dentisrral-gransdupeds ambiﬂnamrusrgaféﬁsd &C induce

SBbienfiider & AL TH ST Rl g iRt AL e ShePiand i spanced

Rrtipmdating €Tt fegporst. t@@nﬁ&ﬁtions 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 Th 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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Modul ati ng DC Function 20 The invention al so provides

WS Rslgaqir nodul ating DC function. DCs stinul
naive T helper cells to differentiate into eit ﬁzjlt’r 52003035482

| FNgamma- produci ng Thl  or |L-4-producing Th2 effector

C atdnsgendhiof bemBgcotoRind 51%? i 0 .
Di st ogretned a?h er egr?onses tElesu %é%@??ﬁfﬁ@%&?‘?%% and IL-
with LVs and by infection with lentiviruses. In

partic Lviral -fr.an ed. an . . .
ot i vih Bhe el B bdlaRR LR BEETT G arn infactestvigh lntiviruses

nabrtainiily veetdrs ek, MBI pRS GMLCSIESROTES, A example
- pr oduci ngﬁThZ response. Conpositions ’

ah d L-
Z%Q@ﬂé Rted; wille Mack (283 supernatess), TYF-PRAB)EYF-IL-12,
t i a8db v.at- ' f £. tori
| T REECE, G PELIES PR e m s it L TaGord plds T
i pipha §2fbvral) ot 24ICthe D8 pd RarvastedSatidt @hb@eurEY Walh Afve CDA+ T
ncdsuaggd% -12 .and I L-7. O her cytokines that enhance a
r

Fafigf 125 After$ dnys of eerculiurenithei Tivells aroexpanded in

Ta, Hhcal Hﬁ:}]f) €, {113 r | .
res gﬁs e) ,&z]ap-%c,&g el ?é} %loar‘}i?l ittop. gelg’séﬁsm% 3] b0 populations
cont tiemsmeaspredi by einttracetlubir CTRN ptinin) CAUddING! ¥taining after 6hr of
”régtin .de _sequence .derived froma lentivirus and at

| ,

B ity onareycish o Y igo b b pragones of vBregedinghe LV
TR A o T DRG0 1 2SI IS ot 1.7

any cytokine that enhances a r espohse,
| 920 efeeiivgly qorredt the impaieedsRempspensd bynlettivieds ecRa DC.

function, DC gre,Lnfected with |entiviruses,

cont ai ni ng veg{[ﬁlgag}gc%ﬁf%@u?&isﬂnﬂe@nﬂsﬁbﬁﬁ GM CSF

and | ICofapokitiohd hifd S%818AL Gor inced r . i

W th NoOE Doy ARAEE for inctedsiHi dbpsgi S e Febponse

YR subjept apydsE nsest i wPvariety? of IC-basedrdtannatotiesapyt ttategies for

. | us .TNF-  al ( /m) for 24hr, the .-

%@“‘ag? g %T%@?’SB‘S dizardes: c@?@‘ﬁﬁ' ég”'u%et e k&Y \patiges presenting cell

populstiant whichefficidialyl edihted ; ﬁ%ﬁ%@ %xﬁd nhoid 4

gqgi-)tﬁultur,e,c the T glelfs g%g%feéf%and rtﬁﬁ%% e prlggl ]ﬁ(ggtlssues
T the mytiation of i opllirespoasesAeigi, indoetinn of aytntexic ThiympHogtyes). The

el TR S DERTS Ao haBih i 15 2 iy e oo, ocsitioaly

reesgiizallaad iwdtimwiclyh elieiindty the Afger’Moudch, TSP LES SREE as both
f Brefeldjn A, LVs Q encoding i mune nodul atory

apeicednds peqphyipctic -vEpcingy forpcancegnt apgrinfectibus L difeasesan Such
i@dé:%i?llﬁ%/ ?r% Sigé’igﬁ%@?@qd%&ﬂﬁpc%hﬁﬁfj m-erlﬁluné Teshonse. Igé biology, gene
transfer into DC, and DC immunotherapy are reviewed in Lundqvist and Pisa, Med.
Oncol. 19:197-211, 2002; Herrera and Perez-Oteyza, Rev, Clin. Esp. 202:552-554,

2002; and Onaitis et al., Surg. Oncol. Clin. N. Am. 11:645-660, 2002.
The induction of cytotoxic and type 1 helper (Th1) cellular responses is highly

desitable for vaccines targeting chronic infectious diseases or cancers (P. Moingeon,

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

30

that upregulate Th1 cells and their actions may be used to increase resistance to
pathogens (. W. Hadden, Int. J. Immunopharmacol. 16:703-710, 1994). For the
treatment of HIV infection, for examiple, DCs can be targeted both ex vivo and in vivo
to initiate and emhance HIV-specific immunity (Piguet and Blauvelt J. Invest.

~ Dermatol. 119:365-369, 2002).
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Modul ating An I mmune Response In A Subject 15
WoRe Algans and nethods for increasing and decreasi
n Hf?’r‘%mieﬁr esponse in a subject nmay be used i RCHUS2 09’035482

variety of DC based inmunotherapy strategies for

treati ng adifiBh Yo Wﬁéﬁgfe 1%8&555@& s OfthY eﬁgoﬁ‘rn?ayt& used in

key antigen presenting |on Whi €
efcﬁmctcr emmWolﬂuem;)mse sDés tm:gﬁpulatmmts preséntt tomor gatigaeth secondary

i ot et v -GAlcah 5P R epntating tumor-specfio -
| YBIRQC tB Qﬁﬂ]senﬂéﬁl @Qnd%? "G'BE 'Iﬁ:Hf‘ ©t1035-1955 %22 Fﬁg gﬁmyple, DCs

present antigens to whi'ch™ t hen ‘spe
r swedifindse eupresala myalomayasedmmtech antigenhmay ibei ugeful s Lmcamticancer

oy ok B8 Yo BNty SR BB e . dgea13-215, 2000)

dDCBasgiessing CoerMpl ChidRinead & Qﬁ‘ﬁioﬁtﬂﬁﬁ' Ha% &eefi| dhom to display a

strong .cel ] ular i mune response. bi ol ogy, gene

t pubstantially mnsovsd matvaiativg statns mepatetyap ynigrage toeseicondzdy lymphoid

Hglll:érq'gér/a ar‘{g %édrjez & gum“égvmco'!sﬂ %%5397 211 Zooéifi induce

i vive, ECsahMﬁ&Ufogax pfI3s Oytokifbd, ﬁleréfereAﬂiay be useful
1t1 - 660, 2002. The induction of cytotoxic and t
OF, &1 mg(fmoy pguniy apd mayhssed in sombightign: Wem@ﬁed to

R S R ROl b O o8 B in thorapy 5

Z@@ﬁ)lvﬁd TinEemoli ebfal.rbRikibtibg¥as8 266650025 AL @éﬂs@n%uﬂs(lancer

R T Bl PAES 200 s ovab, Sinhonyeieptiom. 1o01-619, 2002

I 0
il 4, ClodBanl. M ac0 s, AT, e o
claeb Inéd, tlﬁ%emd&yhmdt ab)J. Heumtathet. StemVCelDRed. 003601 16085 2001.

and e hance Hi |mTun|ty (Pl guet and Bl auyel t
J ?Fe %igﬁ‘f%&ég? 935 3pecing slrdiog)h 13V epcaging an 1mmunogen

Me@%%&ﬁ%@% ngﬁ %ﬁ?@ssﬂ:ﬁ:ﬂﬂﬂés‘ehﬁﬁoﬁ &gfﬂe\fmm&mo gen to

t her api es, nodi T i ed I nverti on may be use
irestingrmaive TroellsnoSheh an anisgen[ytﬁssentauom atratbg_sd cmb@ nsxiealone or in

PRSRIH o R0 oA PR laenl B, g0 el broad immune

&ésﬂaﬁwpmﬁérbﬁ Eatdgﬁéslo‘h:hﬁmnﬁau&?ﬁ% @FD@? tients
Ther . 1043- 10$55 2002). For exarrplgh%DCs 5 nodi f At

259 @ﬁ?ﬂf@@éﬂ Qﬂﬁvi'élebﬁla Sz ddticel. €dina Mt Agem;@;s-dﬁ@ a@&& uI

o5, TMRGETS sblaIEPY b oo BuSs AT s T2
?ﬁgﬁmﬁ‘éf gdigtlhg g:lfdaa)ﬁ/héhtcdﬂ SkbifRFarR" d1§&66f9 l{b ge Sarﬂ@ﬁ@ RERBa, atopic
dermatitis). The balance between Thl and Th2 cells is of: Jmpqrtance in many
autoimmune disorders. Thl cell activity predominates in joints of patients with
rheumatoid arthritis and insulin-dependent diabetes mellitus, -swhereas 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 réjection), and some
pnexplained 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. inmunol. 10:109-114, 2002).
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substantially inproved nmaturation status, capaci ty to

%%@@4{42 secondary |ynphoid organs in vi ergggﬁg%@smssctsz

stimul ate tunor-specific T-cell
and i nduce 10 tunor immunity in vivo. DCs nodified to

ERNT @EFreSitd hiififos P&Eﬁ%’ éﬁor%gtg{ﬁ%‘;eﬁﬁggﬁgﬂ ﬁé ustPs a therapy for

|ndu0| ng tunmor | nMMUATty an

c abegrafh rdj entiont(hu Bl msomﬁmlmmmms 192M12002).

anti ge era c rol e, of i n_cancer4nir
unot heis@%gﬁ e; Be pssrhiq méflceapn immune response against a

Havdareb 2
Hak 'I}ﬁler &h@gexﬁzsgigggses% g%.%tenéhgmg) :‘[5}3%?5@ Eﬁlﬂdﬁﬁ]ﬂ) For
AR mightbe 18adified 30 Bxpss bi pdpudelaaugansadenved from the

PRt ol o 8555452 2 B ol it

Feigonbos it o8 bk She JtRGRA: 608 2001 in an

exanpl e of a DC based vaccine ategy, LV encoding an
i munogen are used to nodi nymI,ﬂes esulting in

expre X h n.to
resti ﬁgie%;ral Y el['?[E t‘e'%%%éﬂﬁ‘ggr geﬁtqn‘&rg &%fpcfﬂ%:nexamples
S?‘fheaw(emples aré‘lbmwdeﬁ ﬁﬂ ifthartiof onlyandQr@AGa6 bébbﬁﬁmea s limiting

m xed i nmuni zatjon regi nens, in order

Q@e SCQPPB ?Oné%ﬁétheﬁmﬁﬁ’@‘m%%?@bs Di f f er ent

strategi es of i n very .of DCs

to patigents ar mesc?febedy{aﬁé‘%na%?h y Sur g.

Oncol Ge@eration N.of Amorbtyfedferived, d2pdic I\/E&ﬂsfl edP@ﬁﬁlefmy blood

al sa b use&&&rﬁ&gul ate T ceI | (Thl and/ or_Th2

FEUEBY Vs elatedorom buglyeeain of hpajﬂwlqngrs (Civitan

Blodl Ceatef, GaindSHit ey, gﬁq )Z‘BX ﬁ ity E& c%ﬂ %1 on in Ficoll-
npor n

bal ance bétween Thi an SIS o nce i
Hanyque SigomarAidrichj HSMasprededslscdﬂsbnlaaﬁt(Chaﬁyand Zhan: ngrology

t f t th h t
DIERSF108" e e Ty otk Deisetth B BEMES peordin 1 fgroer of ol (1
TnafenelaMeliids 22511:15199H é‘&:ﬁcéﬁb‘ﬁg' ifladyo, five

the pat hogenesi s of "atopi c di sorgers
llign JiE2d P@r@dhmeeﬁed intot birelverwel aﬁitamrpllates it sepem-free

AP, St Kot Bt o S22 o iy odpoeonr el wire gonty
gﬁhﬁ‘iﬁ"é“f‘%ﬁs@ﬁﬁ%l HATE Byt SRS Y LR A

apasizmn gntibdasut.s Tk e tvrh enddien wwmnevalmrﬁﬁmﬁﬂbemcﬁsmb the
0 prevent or tre

13607 SRR ool At e AN Deedingn, Th o dasa el containing

6 GRS (3604, T4 D68 s )

I@eb@/smmm&msysmmsaﬁd@ andheex]ls eefd difdtured in a 37°C, 5%
R HIBABE iday's, 173l f6sh MV fnedivms contathing GNLCSF (560 wial)

and IL~4 (25 ng/ml) was added to the culture. On day 5, the non-adhggent cells were
harvested by gentle pipetting. After wash, the DC were frozen for later use or used
immediately. ‘
Lentiviral transduction of lmmature 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

-medinm supplemented with GM-CSF (560 wml) and IL-4 (25 ng/m1). Transduction

of DC was garried out by adding concenirated LVs to the cells at an multiplicity of

10
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allograft rejection (Lu and Thonmson Transpl antati on

V?& &%%4527 2002). Modified DCs may further belPéTI%SZ(]ng“sz

GURRAURT i mmune response against a mcrobia
pat hogen (e.g., viruses, bacteria, fungl, pr ot ozoa,

afiffediRh VD Qst)f SeERS0. 'i’h@éa@%@r %bagé Bﬁ?hﬁ? % fi Gftn gently

to express a peptide antigens derived from
néhekolgl eteryp 30hnge and ices EmilaDiComediimt tvas addddoamd the culture was

i s MBS B it
ex ;ﬁﬂ%‘ hﬁ@olﬁabéh%hﬁ@KEﬁSﬁ(t fing Joﬂhé%ﬂ% B?H;ﬁini lafid TNF-alpha at

10 The e es are pro
a&sqona@nt@ﬁon rﬂoylmddtoaﬂn D6t culturd dox B . r l:m mtured DC were

g S o S e i o 7

nS%OG(YﬂZqn&ii'fb"a'tc}feﬁLr%r‘"l tTﬁe caid §ve dﬂé?r thite, F%) Gnd used for

nononucl ear cells (PBM.) were |so ate
cuhsequent enperiments.donors (Civitan 15 Bl ood Center,

cont 1 ARy leising AL o By (EsmmalvaieS el sutzep marker

ﬁ*ﬁdﬁb ﬂow é Qﬁeb@“@@& ]ﬁ(ﬂﬁ) Miin M)
211 157- 169 1 DC were prepar e%h?&(g)m rmal mouse

SBIMEt diﬂﬁgﬂwa ﬂwmmarvnﬂx fhioroahrome-gomjngdted MatiHousan monoclonal

aodnicy ipbiidihl Mol AR RSl flieo LR T, ot

Daboratories), HICAIDR! (TUBb, 2@ 6isd gga{, lm't:rla?el&ﬂ (ﬂlﬂ?\iaboratones)

nedi um After incubation at or h, non-adher ent

ladHIgQ, anensatlp(i 1k, AREdabelad B@n@ntIPlelGnmlﬁ; &D8Y (L.307.4, mouse

O, CenERRRK g 1l pRonl: Ol GMMHES, Riglebit, Frrc-

tabeleﬂuChlyagnbdbotﬂoﬂesstMMF €15.2,0U¥ e Mbéled) TAblockeézh), DC-SIGN
WAIE/FV rredlum m per well) contalnln

b Rah{sFRadk scienae), GREkuEIH-6, Mouse IgG1, PE-

%%9%%%%%%@339@4@% fiSis g, o il B, oco

BickitGon)s %D 128 niowse! igE [k, P@laﬁaitd,%edoﬂfblélﬁmh),/@my (AB15¢,

medi Ig %ﬁg%’CSF (560 u/n1) and IL-4 (25

HgRss m i detaeled Hretan Picknson)orTheprisspandenghigetype control
e t

aRutg g?f‘mﬁvﬂag %ﬂéosﬁl %% wer e&fg%%gnr‘é) ¥ 'ﬂﬁﬁ&{'él}ﬁ ulfs)tgJ o{rﬁﬂ%%eg,dthe cells

werpgdiuspaidgd 280 fivedtin vi% glardformpdduhyte dmn PBS may@dfi@mg a

ration. The d mat ure DC were at ed,
ERCSCRTE 250 et pnd 9. CBLLQUHST brogsmn deeriey Diskinson).
Live @&lls were gated by the forward and side light scatter characteristics, and the

percentage of positive cells and the mean fluorescence intensity (MFI) of the

-1

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 Aflas Array filters _éccording to the

~manufacturer’s protocol (Clontech). Hybridization was carried out ovemight with 15

ug of labeled cDNA product. Afier hybridization and washing, the array filters were
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- flherepfiern 45 mla 0§ PRSqeontaighg % taFBSrwahaddedttordi

medi um suppl emented with GWCSF (560 u/m) and IL-4

‘(avégoﬂg&% Transduction of DC was carried ou%CQ)b82003!035482

centrated LVs to the cells at an
multiplicity of 10 WO 2004/ 044147 PCT/ US2003/ 035482

A N R A
t mﬂwewma&nmmmmmgd ahdlgsis software. was

b2 A b5t A R0 b, 12 a1

| DO pely aacahedd Wih (VE8Sndahathidiads e fRBtdbalL. %e&%tal RNA was
ng/ M and TNF-al pha at 5 final concentration 20 u/

t Buxified peing (Writgagentor Farisemi-qriantitative) RIGPCR, Sandard one—step RT-

BCHE o) s nLRRBY g Ptmbed B ot ML L 610 g 112 and
2thengontroll prémes! fof hinkiire GAFIIEd Fob gestitatR R PPCRedysig fihe total
Ant i body "stai ning and_fI| ow

BRI Sr B whsRolstsd Bvsing hecBneasat ki gad od ufo first strand
PR BAIAR ofiouT MM MMTEbickse llfbralitlafid RIGHEREIT-PCR was

wperforfred on aaABRPrg0 A)0QRCR G yelet (Albpﬂéamlamtbﬁdspﬁaéter City, CA).
afﬁ%b%%é pncl ydi ng, HLA- ABC (Tuld9, nouse I%b@
&% 1or 4bok2edr leds, GAPRIbRnd thedagMan MGB

(a5 f“%%‘é%éabﬁi%f“’ R Rl Aal PERTR Y prony Fhétording

308136 maﬂmfact&rermmmﬁlsl(ﬁﬁhge@mﬂrm Fdln$ l(i:mrlmzilb cRdat nditions
e Filotes ok %@E%@m x5 Getos-devstizatien 445 15 5) aud

u%imiﬁ)eam%mﬂ & h '?@ez (%ﬁn rformed
APC- | abel ed | 0SCi ence %9])1 Etjvg t?ri%cl?ggn ey Pertorm

ey conygtagiseniof tBeashald cpile k'aluss)aﬁ smmo;vmsmanyﬂumd standards

l(gl()]us TP é:oql,r(‘? angﬁg{ig{ac&% f{(&ﬂl}] TB | ng%%epaéﬁgom PBMC

(Hs’Bih@@tlvg GelRHER Ushig a D4Rl 58shGsh @Eﬁt@ Rocktail (StemCell

cklnson) The correspondi ng i sotype control

Jechnsdegicsiascarting to thelmatadhctureds isirgetivm |Btg:fbohdasieuin 200 ml

ReleBh (oRRIAEE 15 i Bl oot (PSRRI a 5 10 M wer

dncubdied it :!J.ES ilen) qyéé!f@ﬂﬂ%hnﬁﬁﬁl{b&%ﬁe GEJ}I&%TZS"C for 25 min.
rogram (Becton _Di ckinson). Live cells were g]?te

¢ the buffy coat.

ﬁ@%’ Fes ceéﬁlé%% éﬁ e nggt%e {"kﬁ%% V?‘ﬁ‘ %Vlalfj ﬁlﬁﬂi'}g??%wi@?eged on top

oft®nieBicoll Hypaque in a 50 ml Falcon tube, and centrifuged for 25 min 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*CD4SRA

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

| aﬂogeneic mature DC at different ratios (20:1 to 10:1) in serum—ﬁee-AM-V media.
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RNA i sol ation, |abeling and array. hybridization.
After |nfect|on with retroviral or adenovirus

WR2PYY4147he cells were harvested and |ysed wi PRI/US2003/035482
Trizole (Invi trogen/ Li fe Technol og| es Car | sbad,

i 488 Dlyd G A B e S B Bl dpg e i

AgKTDL 2 icftainthetl ABM- vrﬁﬁafu@ﬁbwryroﬂiermh QO to(ﬁveatsecm’cer day 12,

Hybr| dj zati on was carried out overnight with 15

Bigseemh T pallsLweTe mlad e eIt edh v P KU g/l or
P@? /1 %@%?} %@ﬁ@mﬂg nebl [ %%9%{"’8‘%]‘%0@%6”’” A (1.5 ug/ml)

( Btae radiidBauringdihe dast 315 Wy anitns) The deltyumert ithent fivel, permeablized,
anal yzed u3| ng the Caontech Atl as Array i mage analysis

abgled izl Ny and PHylabeled a4 wAbpdaarMingen),

Wﬁ?iﬁ@eﬁﬁ%% EscalpddAlEebhptd epetfiied] S5 e

was  SDibfnefiiated nibiied dyrhbhodye@geattion HMLR). Senal dlluthIlS of DC,
sem uantitative RT-PCR, Standard one-step

890 olis Pﬁ’éWF]é foalP eellsipr prolhayese qstgwqqmgh 1@0 Yallogeneic

G‘RB%EF 88 i geeIP Dbatb AR IR Lot 0B Fon P Hayl TR proliferation
Rbﬂ[‘on‘e]l@@zasmommdahp dddipg 20 ulgof the Gall_'ﬂitefﬂyemluﬁdn tcagath well
transgr Wstg into, fi rs%aﬁ%l%%gga(ﬁ%g@fhﬁgﬁgi go- gT aai}gl%nm
Pe4d SBiamga.on an ABI Prism 7000 PCR cycler (Applied

Bi osystems, Foster City, CA). The validated PCR _
pri merEVE eonstiveti@pdiy ptddudtion. GRPSHid mdnsmlenffmqm ofv@Betroviral

m%esﬁ&eﬁgﬁﬁbﬁg&gm §%Bur Cgﬁﬁﬂp 'Q\Eérg constructed as

| (Rsérinal p&%uﬂ?t(za{sa&e%fle anuéﬁ' ‘)6 m-mgr aab:?c Y&l efIV-1 SIN
conditions wefre as 50

ectoss (pE¥hhaveas i3dbovine mowﬂl bi,»mmm pci}aad@wibiwre _@ignal (bGHpA)

anneal ifl?%éﬁﬂh%n ion é&gﬁoﬁgge_wel at% ?SFRbfA” enhanced green

_tﬂifo?@’@éﬁtd?l%}’éiﬁ e@EP} R%pREsicR PlhfsidVMpHEFREFPAWA constructed by

di l uted standards. ~ Prepar at| on of naive CD4+ T cells.

dipating thedYark digested phBB avithoa Nodrdigmiad cGFp fnement derived from the

ARl vl Mt e Byl B el (5 01, B, Bowell Geno
ﬂ&ﬁtaggr@éﬂt@'[ The pPT¥EFCGFP Gfas xﬁadl@ﬁj( ¥nsehihgans¢GFP fagaft (Yaol-
Fal con centrifuge tube buf 1gy coat

EspRDoftomep BY JLEFoOFP110tp pEWE;anZe repleing ficeusiparlacZ (nlacZ)

F® pTEFoCER S gl 68 15 Sy R00E Mai 0ot (P REORD of

pBY dvEFnRdZ ediht the eGP faigideat (Mol \EcoRBtisolated from pHEFeGFP. The
MLV gag-pol construct was based on pcDNA3.1/Zeo(+) (Invitrogen) with the

cytomegalovirus immediate-early promoter replaced by the human elongation factor

- 1= (EFlx) promoter. The lentiviral vectors expressing cytokine genes or T cell

costimulatory genes were constructed by inserting the cDNA encoding these genes
into pTYF-FEF transducing vector behind the EF1a promoter as described above.
' Example 2- Results

¢DNA microarray analysis of cellular responses following: viral transduction.
Cellular responses to viral transduction were analyzed by comparing different viral
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After gentle mxing, 30 mMl of the diluted huffy coat

transferred and | ayered on top of 15 nL Ficol]l 1035482
%&3&4(1%“}43 a 50 nl Fal con tube, and centri fugeBCT’arSM‘B%
mn at 1,200 25 g. Non- rosettrng cell's were harvested

atyehid ?3 Ehélﬁhih f1f f;”ﬂr ‘1@11%? Cﬁu%&;ﬁ Vi (MLV) and

(294-BS coun opreserv rquots i n
I i asiamimralz (Adjrvebtmts,r mepmery huftizn umnlnhd:a} veih dnﬂethelial lcall

).
o EVEL i WiE Y CVoHirs hestiptonaed 1o DAy s Rpestooton and no viral

S Qefiéd W ﬁélu%&ﬁ% vE&@bt §enH eE‘ 9s g u%%sérfﬂeht(eﬂé(ﬂg and Gay,

Biotec) magnetic affinity ccordln to
mePunfeat ﬁ@ne Therapgp1 'iZﬁ%-ﬂﬁ lr,citOOdn Zaissr et il, r:mpmzbrd l’.l?hBl Amh vedtors were

! ot 4R Retpd VB et OB Gt aioel bt Hignaat gomes
CqGahafa a®l Pedvec,( BlanipilMBR lof addfoiirt 82oidfd Glolzeoéﬁnapter 11, pp.

Brrefl urified naive CD4 T cells were Go-cultured
wilP9r128) 1 were mpDizined ptf fost pmsagmﬁ%@nd agngduced at a

V qpedi.a. WO 2004/ 04414
pep il ot SERHE G0 A Ye. ERShifipieg i Rrfble it from the
aﬂat&krdgmgméllt and thel tians geheyyeillethfos Raratl @ebtons dlsé@ﬁl thist dludy carried a
IL 2 containing AlMV nedium every other day for u

reRaxtes gong qns werg produced 293 eells s Tageelnter é@pp@emg HUVEC

V@gge gm%qaﬁédlmg E) n gl#y crf MW@%}}QQR% r&'i-% 1,2 blgts ecach

heorftuining| HI76 AufnhnSDNAS] 2ine hoasckedsifg confrdNGDNAS 4mis hegative
2 5 h_of culture. The cells were then fixed,
clat"ollzed stained with FITC | abeled anti-I1FNy

ZES“ B SN b AR ML 0R o, Lve, MLV

denc’ms) 'I‘Hdbclotré tholyﬁe dRNAxwds hynvpited 24 ch aﬁaﬂnfenuon, labeled

10, 0
)52p A0 by oo AR P ot A WA p JeHORAIZS 0, S identical
a(b!oﬁ&%! Atfas mﬁn&%ﬂi ?a EBNAD @&pgﬁé el WW%]D{; the.

in total 200 ul for
delontechneAtlasinageoicdd sbﬁwadchndg paifwist-cofapati@nCe ThEi uer 66 down-

?gtﬁ?ta@%r%% e%;:a&méal llycg cor di ?8 to th.e n facturer gthanz
wara SbhRIveerd, 000V sighANBidnsy uSing and stt@QféC tah@® rbonﬂxaédrbﬁ visual

construction. The oncoretroviral 15 and LVs
(CPpp2zisagin dThe resuits Srexg smqunntomsgmpsj geme@ools arbitrarily set

@S’@"ﬁf% %ﬁg!c}desﬁ” o Q E%{g‘ﬂgﬂfl‘ﬁsﬂﬁﬁw apopf%sw an& GTPase,

transcription and surface s1gna1mg, adhesion-receptors-chemokines, and stress
responses-interleukins-interferons. See Table 1 below. LVs appeared to enhance
transcriptional and surface signaling genes more often than MLV and Ad vectors, and

X

interestingly, IL-10, an immunosuppressive cytokine, was up-regulated afier MLV
and Vs transduction,

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

arbitrarily defined functional genes are shown with fold of changes in gene expressmn
illustrated by up-regulation (1), down—regulatlon () or unchanged (-).
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vectors (pTY) have a 3' bovine growth hornone
V{’)ol mdenyl ation signal (bGHpA) inserted behind the 3
Qa4 H | ong terminal repeat (LTR). An enhanbglU52003/035482
green fluorescent protein (eG-P) expression plasmd,
pHEFeGFP, was constructed 20 ligatj t he LVs
Not | - di gested pHEF with a tl-diges eGFP fragment
derived fromthe humani zed eGP construct obtai ned
fromthe Vector Core of UF Powell Gen Ther apy

cAn el cyaly/Oncogenescrp was nEde by ins&r?i ng an T
eGFPf ragnent (Xhol (J EcoP) from pTvdl . EFeGFP into
PTYEFnl acZ, replacing the nuclear lacZ (nlacZ) gene.
pBVSign e fddduetisngener at ed Py replacing the J

nl acZf ragment (Xhol-EcoRl) of 25 pTvdl.EFnlacZ wth
the eGFP fragnment (Xhol EcoR) isol ated from pHEFeGFP.
The . construct was based on peDNA3. 1/ Zeo(+)
(?h%WS%g’n @vﬁ\n % the cytoregal ovirus inmediate-early
pronoter replaced by the human el ongation factor |I|a
(EElrr) promoter. The lentiyvjral vectors expreaﬁi rllg
D{larnstaintione sudfacersigealing Jobt i nul at ory genes whkAd
constructed by inserting the cDNA encodi ng these genes
30 into pTYF-EF transduci ng vector behind the EFl a
PE:QX@H eSionFecffvis, dRehoxipmse T 1 Exanpl e 12t Resul t sf £DNA
m croarray analysis of cellular responses follow ng
viral transduction. Cellular responses to viral
transduction e | yzed oy conparing differen
ﬁ'&%essﬁegpmez\?ﬁé%ﬂgﬁ‘?il47 PC}?/ US2003/ 03%482 vectors
including HV -1 (LVs), Mol oney mnurine | eukenia virus
(M.V) and adenoviral (Ad) vectors, in primry human
unbi | iAmlyseeiof R0 dorfaet nwirker expresqietivie) LVsRpatsdiition] Surface

a5 EL80E) Y e A B S
. AhRr éi‘qﬂiéﬂlybléﬁg glgl{)lggc?fe( %%Wll?l-déﬁ%tf@ﬂamaﬁfre DC were

Current Cene Therapy, 1: Zai ss et al,

$apsduyped Trith Adctoes: tnrtsding rmocks feoatrob 293 nsupermatanity)s empty LVs
Buhd i%‘&lp'@gut viral

BARLES G SRR Rarep, e VRS
gen@d) s LVYOhnd KL EhaPhe emphy: LVH was BR9- thdi@d 1A 2fder. to see if viral

HUVEC wer e nai ntai ned at ow passage. (<5) and

projeinsprescat i the vestor pprdiclesicoyld dnduce changes tn Drphenefypes. After

-3 1o, ddd M.z e warjdabl es | Si fromthe . s
Bsaled, LR Pk TR 8 A 65 R et (el oy saining
wﬁpﬂewscg«s@sny.n THY festlid/thé SmirhdrBEd 3n Tadte/ 2! 8RGIONE the surface
gene and were produced in 293 cells. The cellul ar
melasules tested; ORMECDS0, CD86, ICAM-1 and DC-SIGN-Were:down-regulated
after LVs transduction, but not when empty LVs or MLV was:ased. The same result

was obtained when different preparations of LVs carrying PLAP-et#re reporter genes

- were tested.

~ Table2. Surface marker profile of DC transduced with LVs or MLV,

Geometrical Mean Fluorescence + SD

Surface Marker ~Mock Empty LVs LVs-PLAP MLV
CDllc 48.8%32 472+13 523423 5532 1.1

CD123 13.0 0.4 134 0.8 149 0.6  15.7+0.1
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were studied using a set of four Contech Human Atl as

I bl ots each <containing 1,176 human cDNAs
‘ﬁ{)ﬁ@%ﬁ%ﬂé%keepi ng control cDNAs and negative FPCI/US2003/035482

controls. 15 HUVEC were transduced wth nock (control

29 i Ack ve h
zg‘?&p%ﬂamggtﬁarvél%’ed R0 IR | Bl g0

482P- dATP by86&\;(blse traﬁsisﬂﬁptl on g@Elonsed t0.0+£03

h j fo a h
DREAES 12, eI Al o
theDpegl.ontech At gslgipge 1. 52504 pyare and . g1 33104

pairw se-conpari son. The up- or down 20 tegul ated
gekP8OWRTd) ar bi 9190 det #0.6:rRA by an93r:le@2§teréiﬂ3:i:04

s of nore f ol bove 10, 00 i gnal
i @ggl ty usi ngs{Bh’zié“bs:%ftvvarggia(hill confi ﬁéﬁggi vi s@Q* 0.3
CODD86 (BPR) Thesg@sylys Wesgeymmr | Zegm@@:ﬁ' X 47315

groups of gene Q%n‘gls arbitrarily set C ontech
cPE-HGN e and Brtbdénes, ﬁ@#&(Mtransd&Gt:ﬂbﬁ* 68.6+4.1

aRPPAQ and R tra ri.ption a ace

Si gnalﬂﬁ?}g adhg;glgg%?Pecept ggﬂ:clﬁésm)kl ng‘gsig%% strb%d+09

2HEAdIRNSes- | B4 08k ns-18) e Br ons. 2698 olabl e §32i17
dto-enhance transcriptional_ and

ﬁ?ﬁﬁ% 1€ | pRsantady ag@@@mdmab mane fluoreseenive \afterd flow cytometry.

v, Q

RSLRAE (PBhord LR B ety SQmt e CRTRASATG00L

dfdPL601)X ansduction. 30 Table 1. Effects of viral
transducti on on gene expression in HUVEC. The six
arbitrarily defined functi onal genes are shown with

Lgl ?e%lﬁ%ﬁm%m regu ﬁ #l% l"L'J"S"t"E' %’ﬁg yltﬂ’ vitro DC
fuictional ¥Eay ABHEOKdY DIC (Eﬁﬂtﬁﬁﬁé)ﬁf Q&faﬁ&%s p%ﬁfolfﬁab’d LVBC were
lg%q%t'a{!l @p&bhﬁwc ol%&?&%gtgt %MT -SI-F @f{gg amli e ll’BM-denved day §
R0~ i 93 SaYMA PEAP kol el it
were analyzed for PLAP act1v1ty on day 7. Under this condition, more than 90% DC
were transduced with LVs at moi ~30-80. To see if IL-10 expression was affected in
I?C after LVs infection, day 5 DC were infected with LVs and treated the DC with
LPS on day 6, and analyzed for IL-10 expression by intraceliular cytokine staining
(ICCS) using anti-IL-10 monoclonal antibody and flow cytometry on the following
day. Similar to LVs transduction of HUVEC, up-regulation of IL-10 in DC was
 observed after LV 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 aflogeneic 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-culturéd
-with the naive CD4" T cells. These T cells were allowed to expand and rest after DC

' pn'mjng 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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F: Stress response, as, IFNs T Tt 15 Anal yses of DC

W@rpmdﬁrker expression after LVstansduction
ace narker expression on DC after LVs PCT/US2003/035482

transduction using differentantibodies and fl ow

- CYlesdiitelyabotle TRE RARLAHeRMRRGE IO BRE WhE JFN- y.pro duc Thi celt

(PBM -derived; mmture DC were transduce vec

| POPWation was ckantatisally riducsl; fioup @2 Ya6addys],, and sy oway 9 for the

VRS 2B 1 £26 o5l ke Lo, vl tho o2

e pppylatiofs rotingd S He 'sﬁ%‘laﬂﬁfut tlé},s §ﬁ'ﬁmi£ %j:rt %ag obgerved for
ph&qel ns ‘sjesent in the vector particles cou
dEanp cB@:QSFwenotypes After treated with LPS pI us

and 11 Db b Bty BT NG sRedha b Heuiarn genes.

mhee eDNA éfagar OB86 wid D36 WH@'MH%OEW&%pQQﬁn Fig. 1. DC

6, |CAM1 and DC- SI G\ down-regul at ed
a‘FVF’?r “gﬂggu?qdawsthl}c N5 earyingie rapartastgene dhsPLAR, the D80 cDNA

R CEe0) QB TR N (AT DG el Pt g g TN 12

vietee. tEist £ahsdiedd BC2verdunbBesd T8 £P180 I%ﬁf cbgs %&pl%gsm by flow
tr sduced with LVs or MV. GCeonetrical
Yot upieg anfi-CPRsgnd ant-GIdGk antibdids ﬁ'rht@ﬂct\léfs transduction.

GBI B Opsp paipsidon s tefiged anio Yo PLab gfocton, ffom 41%

ZOM%MMDSB’CEME%OQP/@&M@% f&&lps@? Thb- ekp?e%m@ﬁ of CD80 and

%&%9*31003 CD40 60.1 90. 6 8. 60.
fowgyer; was vpgeg#@e@ aflgdl@ss!mog wigh m %a@hng CD80 (from

S5t TPt D oy G ARl ”, 07
0. 3 5.Is8vthet efpeticthents, BCARMSduccDSBh Bdck? LVAPIAB, [5Vs-PLAP plus
QLR IET RIS L O U
AheP8 diyd thé® cdlls were reactivated and analyzed using anti-IL-4 and anti-IFN-y

| antibodies by ICCS and flow cytomeiry as described above. Thegsults showed that
after LVs transduction, the Thi popﬁlaﬁon, 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-gggether 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#0%, respectively).
'-I-Iowever, supplementing exogenous IL-12 only partiaﬂy correctedsthe impaired Thl
response (from 15.6% and 10% to 19.1% and 11.7% respectively,ifor IL-12 alone and

~ to 18.7% and 13.2% for JL-12+FL), and FL alone had no effect (from 15.6% and
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HLA-DR 31.5 0.8 28.612.2 26.910.4 33.2 1.7 Results
are resented as geonetrical nean fluorescence after
¥¢hetry. Asterisks (*) denote signifi cRAEAISF03/035482

dlfference by Student t-test (*P<0.05, **P<0.01,

*** D<) 00]). LYs, t.y,ansduct.i on i nparted DC- nedi at ed
TﬂOO‘J) ﬂQ% CY gé‘rtl}eﬁi’qﬁ@"dﬁf ncy GHIST Gpsuments; Hyng higher

hi¢BRdEntSH AR GF 56l e w@ggﬁ@;
gener gt ed frgm %%l%qur}gctﬂle?ﬂlﬁw t %ﬁt— an c%irected
and t hdormiginger D(Z'e‘mﬂj zeph&ced (ﬁ)iogeﬁouee;@reasfoaodfammai bytokines,

Cegﬁé“ﬁ% g’cﬁ??%’# gi‘i‘i '\lﬂlg%elﬁﬁﬂﬂdgﬁbzlé% g}stqomcsﬂflz and

Cﬁil-distrbﬂﬁ IR ASNIGEE S0 Dbork@u¥i Cardd 3GRUGRE. MY D DC were

LVs at rml .-30 80. To see if |L-10 expression wa
with Bfs appying| yeportescgene rnlomy)razoElfamdueed with LVs

'9{1"?‘9% 8 dirkbbak YpioPids.| 782 B Aol of e Vs iemRdspa,OC wers

cstudxled fby BT eelin@cukire@Sayy ahd 92 aBys Iaiel‘- ﬂ@ 'm‘amevlr&e 3bactivated

ant and now cytonmetry on the foll oW ng
S‘?ﬁ# bove and analyeed b rICGS aadNte®; cylpmeyu I’I&teurgwlbfshowed

A S 5 ] e

| T &btto 87.7%6)aitoeveEY) to-Transdriction WEDE waith LV 8fcddiibicistronic IL-

her al, nmononucl ear cells (PBMC) and
0. e ﬂfiﬁM e 7peieciiapiy,aiansedaFi b Fesponse, from
B8 BNsk AHS e
i nfected vvl')yt?h SII(_; S or a;gé&ﬁﬁ%ve]_f ggfmngtol}]%eer immune
ac:@ll@torsc gértearsach 26 Fii t@M—@SFn ar @Wdsznaeéﬂﬁblt ‘BRgs@rrection
ells were allowed to expand and rest after DC
ﬁ Rk ng for nore than 7 days. To anal yze Th response,

the ragidusioh eeibe. 1k ﬁonrﬁ_f/‘clwé’ Uit Wl ARTRARY RNA

9 after coculture with 1 ononycin

fmg?tém db-10o | hVs aenebtlingasmsil aintérfeging| R!BS& ﬁasgengg IL-10 were
] I,e al_nst .
OBt am xSt b B BE R A Brer hpse ure RN dnterference
@%eﬂsi S R AN A NS rdstidn lchd¥etty
popugm)l on was d:bg(?r);tl cglcl yetrteg@%:ggy% r om@f&%lnpdm
Brpynoter aadelamdinin 1o/ inghé sevetsemricntation.oThe hVAZRIBNA vimtor also
n _day 9 for the LVs-transd
%aﬁﬂg(?'h%%%% {ﬁpg%f? ToF % ﬁﬁl %‘ﬁ ?ﬁ’ni‘ﬁaﬂ@eiﬁ gRg%nt? aﬁﬂ%tfor titer
«ﬂﬁsa?ﬁaﬁdngl mn:d Wer® Ch-tmbdued SkiMed FfePbrterSLVs and the LVs-siRNA
-transduce
targeting IL-10, and then analyzed for IL-10 expression as described above after LPS
treatment and ICCS The results again showed that LVs 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 I1.-10 LVs-siRNA vectors enhanced Thl response, and the #2

- IL-10 LVs-siRNA displayed enhanced Thi response at levels comparable to or higher

than that of LVs-IL-7. This was further verified with analysis of another 'I'hl

: ¢ytokine TNFo. ICCS.
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Modi fications of DC immunity by LVs encodi ng i mmune
genes. The cDNA of hunman CD80 and

‘gﬁdul at or CDB86 wa
YD 0 Lvs as depicted in Fig. 1. DC WerE‘T-"I"msz‘m?’"035482
transduced with LVs carrylng a reporter gene

(LVs- PLAP), the CD80 e E%ﬁ%ﬁ or the CD86 eDNA
r

(LVs- and trea TNE-a 12 10 . .
| at er Cqéﬁge L s}’é‘ﬂE’é S Juyenfiogn hasg geegngescnbed n

Clodtjuietivnesish e dotilbd @¥cripHéPMREdoY, ths forGrottY desGRB 3D Shiended
anti-CD86 anti bodies 36 h after-LVS transducti o {
B&® Hlustoalo and aoidpmit thegnops of the inmentionwbich mdﬁ:ﬁ:red by the scope of

o 13, PEOHSUYEEL RlkovaiB S Bt %@?r%ln%ec%mﬁ%wmem

haiphtelre, mwa&xdeﬂ fitd £ DR uLiAE nohdaRiel iethodth tdlg L ¥8ing other
(from 15 35%to 44% and CD86 (from 499 ﬁ

eneodln
t 9towe§5ereqq VRSt brspdomadhodsi pcPihemcaepests,Dadvantages, and

LVs CD80 or %}!}jﬁém#g%fﬁ{\? Eﬂbg'%\_/\ga?%@?cgl gﬁltur ed

with n!ﬂhaém@ﬁdmﬁmells After 8 days, the T cells
were reactivated and anal yzed using anti-IL-4 and
anti-1FN-y antibodies by ICCS and flow cytonetry as
descri bed above. Thesults showed that 20 after LVs.
transduction, the Thl popul ati on was reduced from 24%
to 13% and this inpairnent 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 enenting soluble IL-12 and/or FL to the DC
culture was 25 investigated where these cytokines
wer e added individually or.agether to the DC cul ture

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 ICCS confirmedi;.the inpaired Thl response
after LVs infection (from 37.5% and 20%to 15.6% and
0?4, respectively). 30 However, supplenenting
exogenous 1L-12 only partially corrected*the inpaired
Thl  response (from 15.6% and 10%to 19.1% and 11. 7%
respectively, r IL-12 alone and to 18.7% and 13.2%
for 1L-12+FL), and FL al one had no effect (from 15.6%
and. 17 WO 2004/ 044147 PCT/ US2003/ 035482 10.0%to
14. 6% and 8.8% respectively). In other experinents
usi ng hi gher :
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concentrations of soluble IL-12, the inpaired ThI
S‘ﬁﬁﬁ'ﬁi}iﬂ was fully-corrected. To engi neer DC wit
4tgndogenous expression of critical cyt 8?%@%003/035482
LVs encoding different cytoidnes including FL, IL-7,
CD40L, bi-cistronic 1L-12, and 5 tri-ci stroni c
I L-12/ GW CSF were constructed and tested (Fig. 1). DC
were transduced with LVs carrying a reporter gene
al one, .or C%h nsduced with LVS expressing different
cyt ol drfes. 0@8%?9%11&& a %F% npefgotidepsequensedlepived from a
vvere studied by DC. T cell coculture assay, and 12
ddgadivirgs aind 1 rscondc aneleotider eequennst thattemdoders amlexpent bawible of
above, and anal yzed by I CCS and fl ow cytonetry. The
r esodulaging h demdtitit@eilisability's dotipste el ceflect or
transduction alone led to reduced Thldevel opnent (from
54.6%to 37.7% . However, co- transducti on of DC with
LVs encoding bicistronic IL, tricistronic

Fesporice, C?F%m ol o 4 AL BLNEGH it e

r &ﬁgsts%_ LVs encodi ng ot her i mmune regul atory
genes as FL, GW CSF, or CD40OL did not exhibit any
. correction 15 effect. Nbdul ation of DC function by
LVs expressing-small interfering RNA targeting IL-10.
LVs encoding small interfering RNA targeting |L-10
ver e Fonsthhgotustbic dFoid ofafiionk wireréihahd kecbad Hadidotidy Sequence
chosen for RNA interference target sites (Fig. 2).
Téneodss RMA2expr essi on cassette was driven by human H

pol 111 20 pronoter and cloned into LVs in the reverse
orientation. The LVs-si RNA vector also carried a
nlacZ reporter gene adjacent to the pol Ill siRNA to

aIIowfor te dete m.nat,i o e ransdu
with ar epg)[?lF dpoleigsacid, of claim \7@%‘?@[‘&9 Bﬁ& %& sequence

IL-10, and._tihen analyzed for I L-10 expression as

&a #eHkMeve after LPS treatnent and | CCS. The
results again showed that LVs transduction al one up-

25 regul ated 1L-10 expression, whereas co-transduction
with LVs-si RNA targeting IL-10 down-regul ated IL-10

expr essi om&ﬂm&wﬂbﬁ%ﬂ%ﬁﬁ%& SIRINA {dpicitRIf6r I1-10.
then conpared with LVs-1L- 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 2 bef ar vat on, an h cy oki ne
anal y%i s. yl?’r?e ‘l‘%@‘ﬁl@&? ‘ , ‘%&P" apid is compnsed
- denonstrated that both IL- 10 LVs- si RNA vectors
ivighvectoronse, and the #2 1L-10 LVs-si RNA

di spl ayed enhanced Thl response at |evels conparable
to or higher

i

7. The mucleic 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
.compnsmg a nucleotlde sequenee that encodes an agent capable of modtﬂaﬂng the

‘ A dendntlc cell's ablltty to activate aT cell
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than that of LVs-1L-7. This was further verified vvith

Wyﬁba@ anot her Thl aytoki ne TNFa | CCS.
4 ¥47 PCT/ US2003/ 035482 Cther Enbodi rren?‘%TfP%SZOP%/"?’S‘m
to be understood that while the inventi on has been

descrilged | det e
description t Ser ewB%]PB?or eco%’@ ?f?ll eprises a lentiviral

| Rbggded to illustrate and not limt the scope of the
i nvention, which is defined by the scope of 5 the
appended cl ai ns. For exanpl e, agents that overcone
LV-i nduced DC i npai rnment m ght be introduced into a
target DC using non-lentiviral nmethods, e.g., using
other 10irafThe gmd@ms cell of olaim & wherehethe dusledtidedsquence encodes
O her aspects, advantages, and nodifications are

flin the scope of the following clains. What is
clainmed is: a 0 19 WD 2004/ 044147 PCTI US2003/ 035482
1. Anucleic acid conprising a first nucl eotide
sequence derived froma lentivirus and a second

nucl eofq de ogdes, an. ent abl e of
modul gﬂ ng a ﬂengﬁlﬁ? ?{iﬁé%ﬁﬁ‘f,}_%% 2 YoR§IE céeegﬁe, sgquencerencodes
I 2. The nucleic acid of claiml, mhereln t he

second nucl eoti de sequence encodes IL-7. 3. The
nucleic acid of claim1l, wherein the

. second. . nucl eoti de sequence encodes UA2. 4. The

(;) nucleic acid of claiml1, wherein the second nucl eotide
sequed@e dhedemitinroetiocRim, Wheeein e mtkoRd ééqﬁénce encodes
claim4, wherein the si RNA |speC|f|c for 1L-10. The
amgiRNA, acid of claim1l, wherein the. nucleic aC|d i's
conprised within a lentiviral vector. 7. The nucleic
acid of claim®6, wherein the.lentiviral vector is
conpri sed

13, The dendritic cell of claim 12, wherein the siRNA is specific for IL-10.

CD

14.  The dendritic cell of claim 9, wherein the lentiviral vector comi)rises
the nucleotide seqﬁence 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, Wherem the at least one cytokine is selected

from the group consisting of 1L-7 IL~10, and IL-L'?.
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withina virion. 8. A dendritic cell into which has

Gﬁ? ' uced a purified nucleic acid conprising a
nuc‘{fbgg{)]%“égpsequence that encodes an agent capaffitd/tpR003/035482
nodul ating the dendritic cell's ability to activate a

T [l .120 [/ 03548 The . .
deﬁgri .t1i7.é C\:ﬁez%g 819;&'?%1 ) ﬁ%gﬁgﬁeﬁg ga"&%%‘%i‘ﬁﬂﬁsg?&émd with
g,ﬁfﬁjﬁﬂé}%ﬁs&ea or. 10. The dendritic cell of claim

rein nucl eoti de sequence encodes |IL-7. 11.
The dendritic cell of claim8, wherein the nucleotide
sequence encodes 11:-12. 12. The dendritic cell of
claim8, wherein the nucl eotide sequence encodes an
si RNA. 183, ke noeshait oftdlainc 1, iwlefrein|ihé amaiit ofE]2iassdotieed with
SiRNA is specific for IL-10. 14. The dendritic cel
otheskHiisir@reasdsr ei n the lentiviral vector conprises
the nucl eotide sequence that encodes the agent
selected fromthe group consisting of IL-7, IL-12, -
and an si RNA specific for 11,10. 15. A nethod of

modul ajg ng ] lvathng.agtivity o . .

dendriti'c g‘gﬁﬁgﬂ{bﬁé’ fﬁ%c} ’ Evtl}ﬁ%ﬁ' erﬁ“‘f‘%'%éﬁéﬂ)" ggsociated with
{ing the anmount of at | east one cytokine

amlsiggégﬁgtd&yw the dendritic cell. 16. The method of

claim 15, wherein the at | east one cytokine is

selected fromthe group consisting of 11-7, |L-10,.

and 11-12. 21 WO 2004/ 044147 PCT/ 1JS2003/ 035482 17.

The m@0hod Tfe méthodrofdaimMs; viticteih The &EPU olMlatitg fhe amount of
associated with the cell is increased. 18. The nethod

af leastoon® diokink assabitell Wﬁt@fﬂé”dlhgldﬁ% gb%@gg%goﬁagﬁnrﬁ the cell

with the cell is increased.

. Wath ORI Byibligeamount of 11-10 associated with

21.  The method of claim 15, wherein the step of modulating the amount of
at least bne cytokine associated with the dendritic cell comprises-infroducing into the
dendritic cells a purified nucleic #cid comprising a nucleotide sequence that encodes
an agent selected from the group cohsisting of IL-7, IL-12, and.ansiRNA specific for
IL-10. |

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

lentivirus and a second nucleotide sequence that encodes an SIRNA.

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

method comprising the step of introducing into the dendritic¢ell a nucleic acid



the cell is decreased. 20. The nethod of claim 15,
WiEdosh e step of nodul ating the anmount of

one @?ﬁ%ﬁﬁne associated with the dendritic cel %ET}U%QO%&MS“S?‘
conprises contacting the cell wth a soluble
Ccotingpriditg, a2first hhelecovdd eeuehce: dakivedl fromMae IeditiRirkd @né L £ Recond
of nodul ating the anobunt of at |east one cytol dne
aRRRGHAS RYuiticetnd BRcHRIS sk cel | conpri ses
introducing into the dendritic cells a purified
nucl ei ¢ acid conprising a nucl eoti de sequence t hat
encodes an agent selected fromthe group consisting
of IL-7, 1L-12, aud.a i siRNA specific for (r) IL-10.
22. A nucleic acid conprising a first nucl eotide

" sequence derived fromit lentivirus and a second

nucl eoti de sequence that encodes an si RNA. 23. A

nmet hod for nodul ati ng expression of a gene-;".
endritic cell, the method conprising the step of
introducing into the dendritic tell a nucleic acid 2a
WO 2004/ 044147 PCTI US2003/ 035482 conprising a first
nucl eoti de sequence derived froma lentivirus and a
second nucleotide sequence that encodes an si RNA. 0
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LI STI NG <110> Chang, Lung-,Ti Chen, Xi aochuan <120>
MODI FI ED DENDRI TI C CELLS <130> 7655- 1WD <160> 2 <170>
Patentln version 3.2 <210> 1 <211> 53
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<212> RNA <213> human <400> 1 , ||l agccaugagu

.gaguuugacu ucaagagagu caaacucacu cacucauggc uuu 53
WORIGALD 1 15 49 <2125 RNA <2135 human  <400BCBUS2003/03s452

ggguuaccug gguugccaau ucaagagauu ggcaacccag guaacccuu
49 Page 1 SEQUENCE LISTING

<110> Chang, Lung~Ji
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<120> MODIFIED DENDRITIC CELLS
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<i60> 2

<170> PatentIn version 3.2

<210> 1
<211> 53
<212> RNA

<213> humaq

<400> 1
agccaugagu gaguuugacu ucaagagagu caaacucacu cacucauggc uuu

<210> 2
<21i> 49
<212> RNA
<213> human

<400> 2
ggguuaccug gguugccaau ucaagagauu ggcaacccag guaacccuu
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