TARGETED GENE DELIVERY FOR DENDRITIC CELL VACCINATION BACKGROUND OF THE
INVENTION [0001]The invention relates generally to targeted gene delivery, and more particularly to
the use of a recombinant virus comprising a targeting molecule that targets and binds dendritic cells
and can thus be used for dendritic cell vaccination. [0002]Immunization is one of the most productive
tools in modem medical practice but remains burdened by limitations. Certain infectious diseases such
as HIV/AIDS, malaria, and tuberculosis are not currently controlled at all by immunization, while other
infectious diseases are controlled by complex immunization regimens. Cancer is a promising target for
immunotherapeutic treatments, but clinical outcomes in experimental trials have been disappointing

(Rosenberg, S.A. A&f%ﬁ?@&%&@ME&W@@@@E@%W@Rﬁmﬁﬁbﬂaﬁéﬁaﬁimﬁwwerence in its
entirety). Novel methods of immunization are needed, for example, to reliably induce anti-tumor

immunity. [0003]Dendritic cells (D innate and adaptive immunity. DCs are
specialized antigen-presenting ceﬁ %ﬁa}%h&{m% é& ?g‘bﬁéﬁ\’% gga{ure and process antigens,
migrate from the ﬁw@@hery Tha iymyphioid eigan, gndrplgsentthe-ratigens WresHNg.fcellsin a major
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are characterlzedr@@ijendrtlc mor hologsy0 and Ql%jemobl |t Immature Cs are dept at antlgen

ingestion and are distributed as Sentinels in penphera’f’tlss SRSl IhE BB dlsles)
maturatiorP&fBEPIE requiredbinrdrekertp limoahven EfficientrifacionedisspenseiSteiManirR, M et al.

2003. suprg),Fhe mat ] vels of Ml en complex.and ather ¢ tlmulatory
moleculesl?ig,][lﬂl:lzﬁdagﬁ g&%&@ﬁ@gg@%ﬁ%&%@éﬁg é%?e?ﬁi{lrr?an f’gl\% & Eflev“%?:]]mu 9:

- 271-296, vVPﬁ%‘H%%Eéﬁﬁ@ﬁa%&Fﬁ@F@iﬁ%ywe@e@h%emmmlemetgeth@emsz apcbRiMhSteinman.
1998, Supfi@)v&h%%rﬁﬁﬁlﬁ&w&%;@ﬁ%'@éé&%x&'%ﬁ%'mm%ﬂp%icﬁiﬁ!dk 1&%90\@&&“@'%‘5@ [¥,gf the role

of DCs as specialized antigen-presenting cells (APCs) has fueled attem ts Ao base
immunizatRsilvSietmanEHzsatiRsrEmadiig BC@M@Q@%(M@ anfrgens(Beheherentich &sPalucka,

A K. 200541&&@@&@5& IReraING} 8k 803061 égﬁféliyﬁ Qo®l %a&%%oﬂ%nM&%&Qnﬂ?n‘é@&de ach of

which is mporporated herein by reference in its entirety). However, all of these attempts involve ex vivo

loading of ICEIMH PR U e 2B WAe'gEHRYaIEE DCs are then administered to the patient. Ex
vivo generation qbiGs for pachpatienkigBryeMaly BRRAINERSIVE PIRECRSnte and adaptive

immupity. DCs are specialized antigen-presenting cells with the unique capability to capture
and process antigens, migrate from the periphery to a lymphoid organ, and present the
antigens to resting T cells in a major histocomiaatibiiity complex (MHC)-restricted fashion
(Banchereau, J. & Steinman, R.M. 1998. Nature 392:245-252; Steinman, R.M., et al. 2003.
Ann Rev Immunol 21: 685-711, each of which is incorporated herein by reference in its
entirety). These cells are derived from bone marrow (BM) and are characterized by dendritic
~morphology and high mobility,. Immature DCs are adept at antigen ingestion and are
distributed as sentinels in peripheral tissue throughout the body. However, maturation of
DCs 1s required in order to mount an efficient immune response (Steinman, R.M., et al. 2003.
supra). The matured DCs express high levels of MHC-antigen complex and other
costimulatory molecules (such as CD40, B7-1, B7-2 and CD1a) (Steinman, R.M. 1991. 4nn
Rev Immunol 9: 271-206, which is incorporated herein by reference in its entirety;
Ba:!nchereau, J. and R.M. Steinman. 1998. supra). These molecules play key roles in

stimulating T cells.



10005]By contrast, the present invention is directed inter alia to targeting, antigen loading and
activation of DCs in vivo, which results in vivo treatment of diseases by generating a beneficial
immune response in the patient. The invention thus fulfills a longstanding need for effective and
efficient regimes for immunization/vaccination. SUMMARY OF THE INVENTION [0006]In one aspect
of the invention methods of delivering a polynucleotide to a dendritic cell expressing DC-SIGN are
provided. In some embodiments the methods comprise transducing the dendritic cell with a
recombinant virus, wherein the recombinant virus comprises the polynucleotide to be delivered and a
targeting molecul®f4k bind3DESIGN. ¢h b6rrdeaibedinte riectidi tafgatirasmuhseiiegs sspacific for

DC-SIGN. (0887] . someempagdinantaf e inyantion:she recombinant viss.camariesseduences

from a lentivirus genome, such as an Hrs,/ genome. [0008]In other embodiments the recombinant

virus comptisesrsetfiretittsssidRrachanindretr Sk ydnbmdBudieadeeduanses frdft3Mouse Stem

Cell Virus (3G VIaename cossMuENa Leukemia Vinis(MLY) ganame {0999 Linsame grppodiments
of the invention, the methods utilize a targeting molecule comprising a viral gQ(coproteln derived from

at least onEFHTSSEIdE SRS 1R HFeh BFoS thats SHARILS iR A ViR 1 Pa ol Es Vi,
tick-borne gaeaRhahtiscwll Usg D eRGUENIYSdHeDatlS BadrugsRahiesivisug.Semii Farestyirus, Ross
River virus, .Aura virus, Boma disease virus, Hantaan virus, and SARS-CoV virus. In MON particular

embodime%ﬁ%?rﬂﬁ?%gﬁ:ﬁg}c%’fﬁgbﬁfé‘%ﬁﬁpﬁﬁgé?ﬁl%@%ﬂﬁgﬁe\’?ﬁiﬁledl?&?ﬁotein derived from Sindbis

virus (SIN or SV@jedsjcertain embodimepissdhaiocgeting malaedle.is s mualssknowAas SVGmu
(SEQID I\{O: 11& I L . . .
oadmg and activation of DCs in vivo, which results in vivo {reatment of diseases by
generating a beneficial immune response in the patient. The invention thus fulfills a

longstanding need for effective and efficient regimes for immunization/vaccination.

SUMMARY OF THE INVENTION

[0606) In one aspect of the invention methods of delivering a polynucleotide to a
dendritic cell expressing DC-SIGN are provided. In some embodiments the methods
comprise transducing the dendritic cell with a recombinant virus, wherein the recombinant
virus comprises the polynuclectide {o be delivered and a targeting molecule that binds DC-
SIGN. In some embodiments the targeting molecule is specific for DC-SIGN.

[6067] In some embodiments of the invention, the recombinant virus comprisés
sequences from a lentivirus genome, such as an HIV genome.

[6008] In other embodiments the recombinant virus comprises sequences from a
gammaretrovirus genome, such as sequences from a Mouse Stem Cell Virus (MSCV)
genome or a Murine Leukemia Virus (MLV) genome.

[0009] In some embodiments of the invention, the methods utilize a targeting
molecule comprising a viral glycoprotein derived frorn at least one virus selected from the
group of: Sindbis virus, infleenza virus, Lassa fever virus, tick-borne encephalitis virus,
Dengue virus, Hepatitis B virus, Rabies virus, Semliki Forest virus, Ross River virus, ‘Aura
virus, Boma disease virus, Hantaan virus, and SARS-CoV virus. In more particular
embodiments, the targeting molecule comprises a modified viral glycoprotein derived from
Sindbis virus (SIN or SVG). In certain embodiments, the targeting molecule is SINmu also

known as SVGmu (SEQ ID NO: 11).



[0010]In some embodiments, the polynucleotide to be delivered to a dendritic cell comprises at least
one of the following: a gene encoding a protein of interest, a gene encoding a siRNA, and a gene
encoding a microRNA. The gene encoding a protein of interest may encode an antigen, such as a
rumor antigen or an HIV antigen. [0011]The recombinant virus may be produced by transfecting a
packaging cell line with a viral vector comprising the polynucleotide to be delivered and a vector
comprising a gene encoding the targeting molecule; culturing the transfected packaging cell line; and
recovering the ref@rtfinantwisus érembthinpackaingoteihcldbti. in some; emldodinentsithe

packaging cell line is a 293 cell line. [0012]In some embodiments of the invention, the polynucleotide is
e c Fﬁe?heasé itre, ﬁgﬂ%%lr}]ﬁg lgg’e%%%ﬁir%récr?tgsl%ﬁea FERAOIESBHETs defiBted to a

delivered to a dendric cefl m VItro, W
dendritic cefldpdangubeBiNA.viral Thesubjectisstypioaliyiainanimal gstekasdiumaiienouse or
guinea pig; [00131In another aspect, recombinant virus comprising: a polynucleotide of interest; and a
targeting rr"ﬁolecule%%etni (I)I‘Cl? grb%?ﬁé&ﬁuacfga%?(%\%fﬁ%ﬁ?ﬁ%ﬁgméagm%ﬁﬁ fits the targeting molecule
specifically binds{BCi$IGNITeherenbmipinaintvinay ayrodmpdide seqsferthas fnomkadenptiviius
genome, sHED @ SEANRERUM AR HbAABIRME 0D E CIIORAERINC ScomananIus
comprises sequences from a gammaretfovirus'genome, such as sequences from a MBuEe'Stem Cell
Virus (MSG\Brgfenaméiny Bidargriteukeeide)idsiivig W genarivetf0pidiadisstargieling raadecule may
comprise gisal.glycgpreteindarived rom,at ?&&Q&ﬁ’é@éﬁ&!@&%&dxﬁ %“mEheenﬁ)%o 4p O Sindbis virus,
influenza virus, Lassa fever virus, tick-borne encephalitis virus, Dengue virus, Hepatitis B virus, Rabies
virus, Semfkiearesedirise RastPRisdrivieus, Aura virus, Boma disease virus, Hantaan virus, and

SARS-CoV virusydgsspme gnbedimants:thetarsgling malsauls isa yitalglysopretein derived from

Sindb s virus. In particular embodiments, the targeting molecule is SVGmu (SEQ ID NO: 1 I').
dendritic cell in vitro, while in other embodiments the polynucleotide is delivered to a
dendritic cell in a subject in vivo. The subject is typically a mammal, such as a human,
mouse or guinea pig.

[6013] In another aspect, recombinant virus comprising: z polvnucleotide of
interest; and a targeting molecule that binds DC-SIGN are provided. In some embodiments
the targeting molecule specifically binds DC-SIGN. The recombinant virus may comprise
sequences from a lentivirus gemome, such as sequences fiom an HIV genome. In other
embodimentsthe recorabinant virus comprises sequences from a gammaretrovirus genome,
such as sequences from a Mouse Stem Cell Virus (MSCV) genome or a Murine Leukemia
Virus (MLV) genome.

[6014) 'The targeting molecule may comprise a viral glycoprotein derived from at
least one virus selected from the group of: Sindbis virus, influenza virus, Lassa fever VIrus, -
tick-borne encephalitis virus, Dengue virus, Hepatitis B virus, Rabies virus, Semiiki Forest
virus, Ross River virus, Aura virus, Borna disease virus, Hantaan virus, and SARS-CoV
virus. In some embodiments the targeting molecule is a viral glycoprotein derived from
Sindbis virns. In particular embodiments, the targeting molecule is SVGmu (SEQ ID NO:
11).

[0015] The polynucieotide may be, for example, at least one of the following: a

gene encoding a protein of interest, 2 gene encoding a siRNA, and a gene encoding a



100151The polynucleotide may be, for example, at least one of the foIIO\_/ving: a gene encoding a
protein of interest, a gene encoding a s RNA, and a gene encoding a mlcr.oRNA of interest. !n some
embodiments the polynucleotide encodes an antigen, such as a tumor' antigen or an HIV antlgen.
[0016]In another aspect, methods of stimulating an immune response in a m(_almma_ll are prowded._A
polynucleotide encoding an antigen to which an immune response is de5|_red is qlellvered to qlendrltlc
cells expressing DC-SIGN by contacting the dendritic cells with a recomblnan_t virus comprising the
polynucleotidsraRdi a tlrgeting. niolevutecthatdineds:-DE- SiGhhdranmencodaodirasnisdhaitargeting
molecule iséﬁﬁ{dﬂ%{?ﬁ&%ﬂ %h -.does not bind appreciably to other molecules. In other

e

embodiments the targéting molecu Ads preferentially to DC-SIGN. [0017]In a further aspect,

vectors encoding t8#déling mokoties matﬁdainddeSIﬁl\lsanmmmgdad.imrﬁ@mh er%ﬁ}gt_ airnerlgts, tlhe_
targetin [ ified yiral rotein. In. further embodiments, the targeting mo ecule is
Sv%smug(g?é?g ﬁﬁg%géﬁ&)ﬁdg{% ta}&é%%'ng%r%%fé‘%u?éms"gé%ﬁ:“aﬁ?f AgS gﬁf{éﬁl@\}qﬁ%’é@%ﬁ‘}dlments.
The vector ﬁ%@ﬁfﬁ%ﬂiiﬁi Skt ehicothadiie oelincrogenes DSy suathas @t@ﬁﬂf@nﬁf{ﬁ@dﬂﬂ@ e}[n
antigen an ' it lon factor. [0018]In a still further aspect,
met%ods o%aqttiﬁ%ga%%%{wv%ﬁ?%gggﬁrueg%%ﬂ\%%%%%f raélé{o?n THant Wﬁle%l a %ﬁ%él%%ed to th_e
patient, whg’r%“ﬁji‘e?’%ec PR AEPRdETEsia Shistssipmynelcledtide serodidiny AICSTeRasdoaiated with

the diseaseangl@ t@!ﬁ%&@@i%'%ﬂ&@ﬁrﬁ%@cﬁi@sIQQ&%%MEJ@%E%]@%n&g%%?cggl%%%%genved

from a viral glycoprotein. In some embodiments, the targeting molecule i mu ' NOE .11).
[0019] Thel g5aY e e atKdNs generally one for which an antigen is known or can be identified. In

some embodiment®pfithe ipventianethe disease.ia be faaledds Ganesl i aiher smbodiments, the
disease is E'llgﬁb\ges provided. In some embodiments, the targeting molecule is a modified viral
glycoprotein. In further embodiments, the targeting molecule is SVGmu (SEQ ID NO: 11).
The targeting molecule specifically binds DC-SIGN in some embodiments. The vector may
additionally encode one or more genes of interest, such as a gene encoding an antigen and/or
a gene encoding a dendritic cell maturation factor.

[6018] In a still further aspect, methods of treating a patient with a disease are
provided. A recombinant virus is administered to the patient, where the recombinant virus
comprises a polynucleotide encoding an antigen associated with the disease and a targeting
molecule that binds DC-SIGN. The targeting molecule may be derived from a viral
glycoprotein. In some embodiments, the targeting molecule is SVGmu (SEQID NO: 11}

10019] ‘The disease to be treated is generally one for which an antigen is known or
can be identified. In some embodiments of the invention, the disease to be treated is cancer.
In other embodiments, the disease is HIV/AIDS.

[0029] Dendritic cells transduced with a recombinant virus ere also provided,
where the recombinant virus comprises a polynucleotide of interest and a targeting molecule
that binds DC-SIGN. In some embodiments, the targeting molecule comprising a viral
glycoprotein derived from at least one virus selected from the group of: Sindbis virus,
influenza virus, Lassa fever virus, tick-borne encephalitis virus, Dengue virus, Hepatitis B

virus, Rabies virus, Semliki Forest virus, Ross River virus, Aura virus, Borna disease virus,



[0020]Dendritic cells transduced with a recombinant viru_s are also provided_, where the recombinant
virus comprises a polynucleotide of interest and a targeting molecqle that binds DC-SIGN. In some
embodiments, the targeting molecule comprising a viral glycoprotein de.rlved‘from at least one virus
selected from the group of: Sindbis virus, influenza virus, _Lassa feve_r virus, tlck-t_)orne_encephalltl_s
virus, Dengue virus, Hepatitis B virus, Rabies virus, Semliki Forest virus, Rqss River virus, Al_Jra virus,
Boma disease virus, . Hantaan virus, and SARS-CoV virus. In some embc_)d_lme_nts, the targeting
molecule igg{%@%uv{’é‘%d‘}ﬂ) WSIQ?‘{OGE!E&FJﬁhwmmmﬁmmhmmmtmmmm@ysde_l|ver|r|g
a polynuclesitidesensading swantigen to dendritic cells expressing DC-SIGN are also provided in which

" ; : : 2 : ding an
the dendritic cells are contacted with a recombinant virus comprising a polynucleotide enco
antigen and a tarég%]d molSEiE B Dersigring s semenehibottivenits, 2o ldendeiticdeclls are

: : : : ) ey ted
ntacted wiitothesresombinans vimsex Wi lpther epbadinents, g dendritic, cells. are contac
i s irutsgin vivo. [0022]The mgihodsgedisclosed hergin c%n ai{s?o be USed 16 stimulate

with the re inant : ( h he 0 St
an immungi%éq?ﬁgﬁscg b AepRRGted g {ﬁcﬁm%ﬁl%y‘mﬂéﬁwmaaﬁpbw}edn@a@notgjmg the
antigen to dendritie:celisl usingratiacominpaiRt Mk ERPIISIBEEE Paliucleglide and a targeting
molecule tlaat inds QF-SIGN. The immune response may be quul_ated by providing a further
polynucleofide whose e2prSRiFsH 1L dbn e Rl SHlifkEs s iHe idtrathse sespdinseniBdhexample, a

polynucleotitisleticodingra aendriticwnattration fastenttayshe delivered. BRIEF DESCRIPTION OF

[ [ ematic representation of a general strategy to target
THE DRAW'NG%‘EQ%S]FI%?H]{@%G%SS ¢ ISC%SSC? hegain can also be usegd to stimulate an immune

Tesponse to a specific antigen in a mammal by delivery of a polynucleotide encoding the
antigen to dendritic cells using a recombinant virus comprising the polynucleotide and a
targeting molecule that binds DC-SIGN. The immune response may be modulated by
providing a further polynucleotide whoss expression in the dendritic cell modulates the
immune response. For example, a polynucleotide encoding a dendritic maturation fac‘tdr may

be delivered.

BRIEF DESCRIPTION OF THE DRAWINGS

{0023} Figure 1 is a schematic representation of a general strategy to target
dendritic cells (DCs} for antigen delivery. Sindbis virus wild-type glycoprotein is mutated at
the heparan sulfate binding site to abolish its binding ability. The resulting mutant |
glycoprotein (SVGmu) binds DC-SIGN but does not bind heparin sulfate. DC-SIGN:
Dendritic Cell Specific ICAM-3 (Intracellnlar Adhesion Molecules 3)-Grabbing Nonintegrin.

[6G24] Figure 2 illustrates laser confocal microscope images of virus particies
harvested from virus-producing cells transiently transfected with lentiviral vector, plasmids
encoding GFP-vpr and SVGmu, and other necessary packaging constructs. The virus particles
arc labeled with GFP (green). The surface incorporation of SVGmu was detected by
mmunostaining with an anti-HA tag antibody (red) to label SVGmu. In the “GFP” shde,
viral particles labled with GFP are green. In the “SVGmu® slide, viral particles with surface
incorporation of SVGmu are stained red. In the “Merged” slide, viral particles where only
CGFP is expressed are green, viral pa;'ticlcsn where only SVGmu is incorporated into the

surface are red, and viral particles expressing both GFP and containing SVGmu are vellow.
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dendritic cells (DCs) for antigen delivery. Sindbis virus wild-type glycoprotein is mutated at the heparan
sulfate binding site to abolish its binding ability. The resulting mutant glycoprotein (SVGmu) binds
DC-SIGN but does not bind heparin sulfate. DC-SIGN: Dendritic Cell Specific ICAM-3 (Intracellular
Adhesion Molecules 3)-Grabbing Nonintegrin. [0024] Figure 2 illustrates laser confocal
microscope images of virus particles harvested from virus-producing cells transiently transfected with

lentiviral vector, plasmids encoding GFP-vpr and SVGmu, and other necessary packaging constructs.
The virus pHtfIEE e YAk &r6mn At P{grelory. (TRlos( riad ok rdtid rrefsis s motwazgetected

by immunastaining witbrarRelisi Atadaminosytad)to laRel SY QR 8. GE R slids viral
particles labled with GFP are green. In the "SVGmu" slide, viral particles with surface incorporation of
SVGmu arE®8tained red. In the "Merged" slide, viral particles where only GFP is expressed are green,

viral particles whegexsnly S¥igimuais inerperates ipta.he swufase aredied and viralnasiglas,
expressm%got GEP and containing SVGmu are yellow. The overlaé of the green and red colors

(vellow) indicatdd tha Girh FRRITEIas RORERinhg SVE e whicHTe s EB My ERieiotal virus

particles. Tigscalsobiar kgprespnisidlor. BOGAGHigure 34 showadowsaytamelicapalysisef
constructegl tartgetgégaj'ges 293T.hDCSIGN expressing human DC-SIGN, and 293T.mDCSIGN
expressing MUMSEDCSIESN Solid line: expression of DC-SIGN in target cell lines; shaded area:

background stainoges) 293 el HOA6Higw e 3R showssinvsytrraaton wsuits pdatestign of GFP
expressed, %Q%QI'Hcegs r'l(égns ceﬁlvéith lentivector 9f}?velop‘e_d with wild-type Sindbis glycoprotein
(FUGW/S %} itant Sihdbis HIVLSFrBIEMIF BRI G . Wik mpirabisresinraien

ormutant
supernataffJerAI B /GG andSFdBYISMErme e Eses e ansduee?9Btecolls {ax105)

expressing hum C- T.hD ).Qr murine DC-SJGN (293T.mDCSIGN). The.parental
293T cells% %)cﬁ(%gga{%ec}%%rgs\ﬁgr? 0 ﬁé:%g /vé\?\égnllﬁcf isd SomtRIRLTitstratet eftvector
envelopedewgtiasties st BihEBBENRE3 THhROPprote) v SGm D) (ssable (pospeaificallganstuce 293T

cells expregsing. hy 1 e DC-SIGN, The spegific duction titer of FUGW/SVGmu was
estimated to be app%?_r%é%%l@%ﬂ& Lffrﬁﬁsosrloébﬁﬁgzsﬁrggﬁgﬁdi%cé%r%%?ifaﬁ;a QRB-Bx 108 TU/mI for
293T.mDCUssENed0eRTFiurentAlosad st Sw oytemétindesuitsstightciirstrate Shésahility sfithe FUGW

lentivirus eouelopedintdhe: utans bl GheoRiOIE i I

/[SYGipW to.spegifically transduce
mouse dendritic cells expressing DC-SIGN In a primary mixe é(‘xné r%}r}r?w@cl:\ljlt;%ha{? Wf%’léa%one

marrow cefRPRsIIEd HomaBEHItW WEramaxpeseytiout frede viratsupetabtdnt 8F FUGWASVGmuU.

The FUGWelentivectorpsendatyped:with fhe eestrapic olycopsetain (FUENY/Eco) was included as a
non-targeting control. Surface antigens of the GFP-positive cells were assessed by staining with

anti-CD11c and tEDC-siesarftibobnss flow rotpsitpigaralsslsholismay betehbtryabdiits

indicating Fhat FUEW Jeaiirsispyelapad:mdtithenmytam SindRis,Slyg et G WIS VG mu) does
not transduce.@thg%cell types includin%ﬁimar T cells (CD3%, togqﬁ\?tnel) and B cells (CD19, bottom

panel). Prifiai FapLE IO Is W TsoR R iR dteat e ditransduced

with the freshrvirahisupematesit obeiherihe tangeatingElSRW/SY @IvewépeRaaeina S BGNV/Eco
vector. GE}E)m ¢ IE.J%zs'r?aIPagtV\é?%&Wé%b u.f I%ecg{ﬁ)g{%t{gﬁﬁsvgg%r”ggéu%%ltlysfped with the ecotropic
giycoprotein (FUGW/Eco) was included as a non-targeting control. Surface antigens of the
GFP-positive cells were assessed by staining with anti-CD1 l¢ and anti-DC-SIGN antibodies.
[0028] Figure 4B shows flow cytometry results indicating that FUGW lentivirus
enveloped with the mutant Sindbis glycoprotein (FUGW/SVGmu) does not transduce other
cell types including primary T cells (CD37, top panel) and B celis (CD19%, bottom panel).
Primary CD3" T cells and CD19" B cells were isolated from the mouse spleen and transduced
with the fresh viral supernatant of either the targeting FUGW/SVGmu or non-targeting
FUGW/Eco vector. GFP expression was analyzed by flow cytometry. Solid line: cells



exposed to indicated lentiviral vector; shaded area: cells without transduction (as a negative control).
[0029]Figure 5 shows flow cytometry results that illustrate the ability of the FUGW lentivirus enveloped
with the mutant Sindbis glycoprotein (FUGW/SVGmu) to specifically transduce bone man-ow-derived
DCs (BMDCs). BMDCs were generated by culturing freshly isolated bone marrow cells in the presence
of cytokine GM-CSF for 6 days, The cells were then transduced with the fresh viral supematant of
either the targeting FUGW/SVGmu or non-targeting FUGW/Eco vector. GFP and CD11c expression
were meastiieebtsy Rowlespetnistyy oD 80Py a4 hows bt vetion:of BivDAafter targetee:
transductioRyit,FUGW/SVCrmu. DC activation was assessed by analyzing the surface expression of
CD86 and I-Ab using flow cytometry. The addition of LPS (1 ug/m1) overnight was used as a
synergistic stimul&t8#%br th&l ety atide o tlirvsdutedeBN BesisShaddthsrea: GFRHkyatifehe

untransduged)ixsqlid:ing; i r . Fi TA.7 illustrate targeting
( qligiing::GEL-RosIIVG Aransdyced)- (0041 %ﬁ}%{%&tem %g%fz%l %11315 €

of DCs in vivo using FUGW/SVGmu lentivirus. B6 mice were i with
FUGW/SVEBRTiisAdyafanidecs ers srirer ’Momvad rlini ZB34RIce wérbTiiciu deteageaccantrdly In Figure

7A, the imagre-shom:ths ze @k asepreseative: inowinallymeh pade glose 49 the-ipjegtion site

compared to that of the e uivalentﬁ!émph node distant from the injection site. Figure 7B i Usirates the

total cell ndfb&F LS UREE o e Fiardared [y HIKodashin Ryt AR WE P iudrategsépesentative
flow cytometyisaTRSisobCRILG:eells fasthero,ysmph noges,shasmin Figwe 74, The,numbers

indicate the fraction of CFI)* DC populations [0032] Figure 8 provides a schematic representation
of the lentiTEEoF EnBbAME THEEHTA antigen (FOVA) (top) and the lentivector encoding GFP (FUGW)

as a control (bottero}oj0033ikigere Shibwstraiesitbyite stimtationof P8O T1xlerlls,Pusgndritic
the FOVAJSVGmu (DC/FOVA) or FUGW/SVGmu lentivector

cells that W‘%‘S@ﬁ ced rﬁlz)vg;tjh ! : 2 :
(DC/FUGWY, or ransadCet BRMBES Hurssd eV AR USRS IRIPERLY O EISFAD).
Patterns ofisiifact adtiyation epaikery. of B hdisels socukured.witln BMRGSweis assesses by
antibody SgaIning for R RIS R AN DA, od BMDCs. Shaded area: GFP negative
(untransduced); solid line: GFP positive (transduced).
[0031)} Figures 7A, 7B and 7C illustrate targeting of DCs in vivo wusing
FUGW/SVGmu lentivirus. B6 mice were injected with 50x10° TU of FUGW/SVGmu and
analyzed 3 days later. Non-immunized mice were included as a control. In Figure 7A, the
images show the size of a representative inguinal lymph node close to the injection site
compared to that of the equivalent lymph node distant from the injection site. Figurc 7B
illustrates the total cell number counts of the indicated lymph nodes in Figure 7A. Fi gure 7C
iHustrates representative flow cytometric analysis of CD11c¢” cells from the two iymph nodes

shown in Figure 7A. The numbers indicate the fraction of GFP* DC populations

[6032] Figure 8 provides a schematic representation of the lentivector encoding
the OVA antigen (FOVA) (top) and the lentivector encoding GFP (FUGW) as a control
(bottom).

[6033] Figure 9 illustrates in vitro stimulation of CD8” OT1 T cells by dendritic
cells that were transduced with the FOVA/SVGmu (DC/FOVA) or FUGW/SVGmu
lentivector (DC/FUGW), or by non-transduced BMDCs pulsed with OVAp pepiide
(SIINFEKL) (DC/OVAp). Patterns of surface activation markers of OT1 T cells cocultured
with BMDCs were assessed by antibody staining for CD25, CD69, CD62L, and CD44.



Shaded area: nave OT1 T cells harvested from transgenic animals; solid line: OT1 T cells cocultured
with indicated BMDCs [0034]Figure 10A illustrates the measurement of IFN-y by ELISA in OT1 T ceH
mixed with various dilutions of BMDCs transduced with FOVA/SVGmu (n), FUGW/SVGmu (0), or
pulsed with OVAp peptide (A) and cultured for 3 days. [0035]Figure 10B illustrates the proliferative
responses of treated OT1 T cells from Figure 10A measured by a [3f1] thymidine incorporation assay
for 12 hours. [0036] Figure 11 illustrates in vitro stimulation of CD4+ O0T2 T cells by dendritic cells

that were TSduEEH WHECHETR VRIS Es D ERro Ay sFUaivmsy et lieattdddr EIFUGW),

or by nondsansducesiBMBesuisgenith OVAp* peptide (ISQAVHAAHAEINEAGR) (DC/OVAp*).
Patterns of surface activation markers of OT2 transgenic T cells cocultured with BMDCs were

assessed by anti882{! staifigyifot Coisstass g ecrsastremss c DEL-shaBbHareaCiaiveslte T cells
harvested:ffeea tranggenigianimalsusolid line: Ol E celis coteluredwith-BMRES: 403 71Eigure 12

illustrates the measurement of IFN-y by ELISA in 0T2 T cells mixed with various dilutions of BMDCs

transduced- Wt BOYRISVE IPEER PO B WIS\ 4ot 3 sebivrrtioV Apspeptide (A) and cultured

for 3 days. [0B38]Figure-d3A1prOViRes A5 GRe MliGHeRtesREBHAR af thergirodiialvegior MIG-OTI

used for genetic modification of murine,hematopoietic stem cells (HSCs).
gf?om Fcigure 10A measured by a ["H] thymi%inc Incorporation agsay for)lz hours.

16636] Figure 11 illustrates in vitro stimulation of CD4™ OT2 T celis by dendritic
cells that were transduced with the FOVA/SVGmu (DC/FOVA) or FUGW/SVGmu
lentivector (DC/FUGW), or by non-transduced BMDCs puised with OVAp* peptide
(ISQAVHAAHAEINEAGR) (DC/OVAp*). Patterns of surface activation markers of OT2
transgenic T cells cocultured with BMDCs were assessed by antibody staining for CD25,
CD69, CD62L, and CD44. Shaded area: naive OT2 T cells harvested from transgenic
animals; solid line: OT2 T cells cocultured with BMDCs.

10037) Figure 12 illustrates the measurement of IFN-y by ELISA in OT2 T celis
mixed with various dilutions of BMDCs transduced with FOVA/SVGmu (m),
FUGW/SVGmu (e), or pulsed with OVAp™* peptide { A ) and cultured for 3 days.

[G038] Figure 13A provides a schematic representation of the retroviral vector
MIG-OT1 used for genetic modification of murine hematopoietic stem cells (HSCs).

(0039} Figure 13B illustrates how CD8" OT1 T cells derived from the MIG-OT1-
modified HSCs in reconstituted mice were identified by the co-expression of GFP and TCR
Va2 or V5. HSCs from B6 mice were infected with MIG-OT1 pseudotyped with Eco
(MIG-OT1/Eco) and transferred into irradiated B6 recipient mice. Eight weeks post-transfer,
the CD8" OT1 T cells were identified by flow cytometry.

[0040) Figure 14A illustrates assessment of patterns of surface activation markers
on GFP'OT1" T celis isolated from the spleens of reconstituted and immunized mice. Mice
reconstituted by MIG-OT1 meodified FISCs were immunized by direct subcutaneous injection
of 10x10° TU of either FOVA/SVGmu or FUGW/SVGru {as a control) and analyzed seven
days later. Detection of surface staining for CD69, CD62L and CD44 was conducted. Solid
line: GFP'OT1" T cells from FOVA/SVGmu-immunized mice; dotted line: GFP*OTI T



[0039] Figure 13B illustrates how CD8t OT1 T cells derived from the MIG-0T1- modified HSCs in
reconstituted mice were identified by the co-expression of OFF and TCR Vol or vv. HSCs from B6
mice were infected with MIG-OT1 pseudotyped with Eco (MIC3-0TI/Eco) and transferred into irradiated
B6 recipient mice. Eight weeks post-transfer, the CD84 OT1 T cells were identified by flow cytometry.
[00401Figure 14A illustrates assessment of patterns of surface activation markers on GFP+OT1* T
cells isolated from the spleens of reconstituted and immunized mice. Mice reconstituted by MIG-OT1

modified H&8S RRIPeSRRFAINTEEAB(SYirere Smmuiisse Suissndedsh sr20RTB6 Y of dieHerfom

FOVAJSVGiu:phbMe¥isMGmu (as a control) and analyzed seven days later. Detection of surface
staining for CD69, CD62L and CD44 was conducted. Solid line; GFP*OT1+ T cells from
FOVA/SVGmu-iniifihized iR dbRdtHTREE DR RS T1eTOEeNE HhiceHAtigvested from lymph

FUGW/SV et tmruizedgnrise; radedaiaaifzhned ki collsfronmend mmunized mice.
[0041]Figure 148 illustrates the total number of OT 1 cells harvested from lymph nodes (LN, o) or
spleens (SBYEIVE KoM AR 84 {& o imm) or mice immunized with FUGW/SVGmu or

FOVA/SVGmu. 100421 Figmieuls ikustradesdn wvorsiimudationef antigen.spesiis.Tcelkangdantioody
responses ilgt‘i iﬁ'gggt%%% mice following a subcutaneous injection of the DC-targeting lentivector

FOVA/SVE QSIS FAHTIRS S8 SUBURE SR iR S0 FECTEP SF hth B FeRai8%/ Gmu or
FUGW/SVGmivdas-aFcontud) dice Withaitdmmurization-eaosimainversineluded:astamegative

control. Fou@?e%g@/ /&glégrgg%g%wﬁfgﬁ ceill_lfcﬁvglir%qt)rha ?%;?ﬁgt nc%4anal Z%% E%% téhfg) presence

of OVA-spgbl i T celld meds a ated
percentagesware thecperteitdoitctale-@htchoails. [00434Riduye 9dbAramchi 6B dhy siraten inalivo

OVA-specific T cell respanses seen,i ce receiving.different s taneous doses of /ISVGmu.
ova-speclleT I RS R U e
measured PBNEHtdgB DD YAss padifid R ¢ etisriolfowindjderesh peizativaowithe 100 pt06E W Dfotal
FOVA/SVGmuy: lfigéﬂg 168 shows the dose responses of OVA-specific T cells following injection of the

indicated doses of FOVAJSVGam.
[6043] Figures 16A and 16B illustrate in vive OV A-specific T cell responses seen

in mice receiving different subcutaneous doses of FOVA/SVGmu. OVA-specific T cells
were 1dentified by tetramer staining as in Figure 17. Figure 16A shows the measured
percentage of OVA-specific T cells following immunization with 100x10° TU of
FOVA/SVGmu. Figure 16B shows the dose responses of GVA-specific T cells following
injection of the indicated doses of FOVA/SVGmu.

0044} Figure 17A illustrates the patterns of surface activation markers of OV A-
specific CD8™ T cells (identified as tetramer positive cells) isolated from FOVA/SVGmu
immunized mice 2 weeks post-injection. The surface activation markers were assessed by
antibody staining for CD25, CD69, CD62L and CD44. Soklid line: tetramer CD8" T cells
from FOVA/SVGmu-immunized mice; shaded area: naive CD8' T cells from non-
immunized mice.

[6045] Figure 17B illustrates the OVA-specific serum IgG titer of B6 mice
following immunization with 50x10° TU FOVA/SVGmu. Sera were coilected on day 7 and
day 14 post-immunization and were analyzed for the titer of OV A-specific IgG using ELISA

at serial 10x dilutions, starting at 1:100. The titer values were determined by the highest



[00441Figure 17A illustrates the patterns of surface activation markers of OVA- specific CD8+ T cells
(identified as tetramer positive cells) isolated from FOVA/SVGmu immunized mice 2 weeks
post-injection. The surface activation markers were assessed by antibody staining for CD25, CD69,
CD62L and CD44. Solid line: tetramer+CD8+ T cells from FOVA/SVGmu-immunized mice; shaded
area: nave CD8+ T cells from non-immunized mice. [0045]Figure 178 illustrates the OVA-specific
serum IgG _titer of B6 mijce following immunization with 50x106 TU FOVA/SVGmu. Sera were collected

on day 7 SHEY 344 BHSk it OpisaliRRSINY Waste A a8t fariranns - igesy Aap destiofgtusing

ELISA at seialdedibtions slaningadiis00. The titer values were determined by the highest
dilution at which the ogtical density was 2x standard derivations higher than that of the baseline serum

at the equivalent!8fidfibn. [GEABTFIGUTE R RRSHER SRS IPWHOR R TERGHTbAAHENT £iidrine E.G7
tumor modeh&6rniet \weEreritrmunizesiviiisubEHtaneats ijeckaRREINE FUrof @ibheler

Four mice WAHE AR A LU 6051 oy sUBEiThuns ATEH (e RG8 W EraHEged witr
5x106 of githmdﬁtﬂﬂ.tmmrmﬁﬁwexmesﬁf@im@%@ntiggrdaieftt pasehanthieaparetiahkitd tumor
ool eckng g VA NG5 ol Lo pane) albiancanhy unpl gout yap masurd
[0047]Figpmndl® dtustrates:tiaé HiYivoriheckihetiecgioytheoDitmers genaanuarineatrol, right panel)
subcutaneously. Tumor growth was measured with a fine caliper and is shown as the product
of the two largest perpendicular diameters (mm?).
[0047] Figure 19 illustrates the in vivo the kinetic growth of tumors in a murine
E.G7 tumor eradication model. An albino strain of B6 mice were implanted with 5x10° E.G7
tumor cells stably expressing a firefly luciferase imaging gene (E.G7.luc). A mouse (#1)
without tumor implantation was incladed as a control. Mice bearing tumors were treated
without immunization (#2), or with immunization by the injection of 50x10° TU of
FOVA/SVGmu at days 3 and 10 (#3, #4) post tumor challenge. The kinetic growth of the
fumors was monitored by live animal imaging using BLL The p/s/cm®/sr represents
photons/sec/cm?/steridian.
[0048] Figure 20 shows the quantitation of luminescence signals generated by the
E.G7 tumors in Figure 19. () for mouse #2; (&) for mouse #3; {4 ) for mouse #4,
[0049] Figure 21 illustrates the percentage of OVA-specific T cells present
following immunization with 100x10° TU of FOVA/SVGmu in the albino strain of B6 mice.
Albino Bé mice were immunized subcutaneously with 50x10° TU of FOVA]SVGmu.l Mice
without immunization (no imm.) were included as a negative control. Fourteen days post-
immunization, spleen cells were harvested and analyzed for the presence of OV A-specific T
cells measured by H-2K"-SIINFEKL-PE teiramer and CD44 staining. Indicated percentages
are the percent of total CD8™ T cells.
[6056]  Figure 22A provides a schematic representation of a DC-targeted

. lentivector encoding an imaging gene firefiy luciferase (Luc), designated as Flue/SVGmu.
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E.G7 tumor eradication model. An albino strain of B6 mice were implanted with 5x106 E.G7 tumor
cells stably expressing a firefly luciferase imaging gene (E.G7.1uc). A mouse (#1) without tumor
implantation was included as a control. Mice bearing tumors were treated without immunization (#2),
or with immunization by the injection of 50x106 TU of FOVA/SVGmu at days 3 and 10 (#3, #4) post
tumor challenge. The kinetic growth of the tumors was monitored by live animal imaging using BIT The
p/s/icm2/sr represents photons/sec/cm2/steridi an. [0048]Figure 20 shows the quantitation of
luminescence sigf8f!henefiied byiBe Hieraemdrsiinmigerente. (olingnadse#®; (Bjforehouse #3;

following immunization with 100x106 TU of FOVA/SVGmU in ino strain of
mice were TriiHiE &d/su Bt aRBGIER AT BOMBECT sarrowA/ SUG rpreMiteivithmagsnwaanization

(no imm.) ma@;}mw@}dg@%gsﬂgrg@&y&ggg;gqbﬁggg@%g@é% ost-immunization, spleen cells were
harvested and analyzed for the presence o?OVA-specific T cells measured by H-2Kb-SIINFEKL-PE

tetramer and CD¥W <thininG SWdicatalusErEentan e airithativareé it $hebalGDS FeoallsnfRO50]Figure
224 provides apealiemali éaprassoialinnahe LiClatasterientivesionaraoding apimaging gene firefly

Iuciferaseg %%iéjesignated as Fluc/SVGmu. [0051]Figure 22B iIIustgates bioluminescence imaging of
mice injec ?;] ButEheBIERAth BoXP R s dreiietivr DT I8F§RINGUFRIC/BYGHENEivector
(shown in Feigiue:R2hA) dicasnan-iasg i EucAMEY e lantiveatan. ThereRieseNiaive aage.was
obtained daxl?,g %{ost-iné%%io using IVIS200(r) (Xenogen). [0052]Figure 23 illustrates that
administration of « SIRGIEH0EE DT BRSTERAMR B - Pt et iveo i Fo vl vamiaesrgenerate

IFN-ytCD&#oih cletlsxipeBenigemiayenB 6 enicaareddmaiunizediy s ubsianeass: esipnmfs0x106 TV
of FOVA/SCV%Emel% 'erﬁ}&e%tﬂk,% th? a%me doseﬁ%: FUGW/SVGmu as a control. The non-immunized B6
mice (no imm.) were el ded aSH neyafv8BaN R JETHRE ks Hras Rsiceaire etk hiivested
from the exgpretirheNENmICE) &Nt sobise Athalyreid 08 intratrllular IFN-y production using flow cytometry

with or without O\ggat} ept'kde res}i lation. Indicated.percentages are the percent of IFN-y+CDS+ T
cells of the total & 8-I!OT Cef%.lm Z{nIHus ales a s¢ ematlg representation of lentiviral constructs for

preparation of DC-targeting recombinant viruses.
[0054) Figure 25 shows a schematic representation of an embodiment of in sifu

vaccination against HIV/AIDS.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENT

[0055] Genetic engineering has been shown to be an efficient and potent means to
convert dendritic cells (DCs) into special immune cells to induce antigen-specific immune
responses. A great deal of research involving in vitro manipulation of DCs for
vaccination/immunization against cancer, HIV and other diseases has been conducted.
However, until now, it has not been possible to specifically and efficiently deliver a gene of
interest, such as a gene encoding an antigen, to dendritic cells in vitro and in vivo. The
mventors have discovered novel methods and compositions for efficient and specific
targeting of DCs in vitro and in vivo. The methods and compositions can be used to induce
antigen-specific immune responses, for example for immunotherapy.

[0056] Embodiments of the invention include methods and compositions for
targeting dendritic cells (DCs) by using a recombinant virus to deliver 2 polynucleotide to the

DCs. This is preferably accomplished through targeting the DC-specific surface molecule
DC-SIGN (Dendritic Cell Specific ICAM-3 (Intracellular Adhesion Molecules 3}-Grabbing
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[0053]Figure 24 illustrates a schematic representation of len 'viral constructs for preparation of
DC-targeting recombinant viruses. [0054]Figure 25 shows a schematic representation of an
embodiment of in situ vaccination against HIV/AIDS. DETAILED DESCRIPTION OF THE
PREFERRED EMBODIMENT [0055] Genetic engineering has been shown to be an efficient and
potent means to convert dendritic cells (DCs) into special immune cells to induce antigen-specific

immune responses. A great deal of research involving in vitro manipulation of DCs for
vaccinatioh/iHGEIZaS dgarrstedaedPoHI\Pandtlother disehipedtvag-biencseriduetdblddWever, until

now, it has ok %ﬁ&%ﬁﬁ!ﬁ'&&&&&@%"%%ﬂa@é‘f@%ﬁ]&%ﬁé‘éﬂé{eﬁ%g%eaf?f WIS RUCRAS a gene
encoding an antigen, to dendritic cells in vitro and in vivo. The inventors have discovered novel

methods affé’EipesitiongHoriaficie neeaospedine i JutirtdesRTE it and i eTre methods
and compegitions£an he-usehivinduce; antigeRRReeificimmune JespensSes. fatiexample for

immunotherapy. [0056]Embodiments of the invention include methods and compositions for targeting
dendritic cHIRSYESCR)HSyssemitiatdepmbmartvirdd tralnveleatslsiyau debigedy inetdErltedis is
preferably gceomplisied Hereighitargatinguthe.b Grepgeiis surfage snateculeRtaRiah(Dgrdritic Cell
Specific ICAIIVI_?lcglerg)ttri%geemél%reAdhESitci) nerlyl 0|I?1Cgoll(?nse %%ﬁ%&%%%gt% the recombinant virus delivers

polyn ncodes an antig , ombinan $

more than one gene fo DCs. For example, genes encoding fwo or more antigens could be

delivered. The delivery of more than one gene can be achieved, for example, by linking the

genes with an Intemal Ribosome Entry Site (IRES), and/or with 2ZA sequences, and driving

the expression using a single promoter/enhancer.

[G857] As discussed in more detail below, embodiments of the invention are
based on the use of recombinant viruses, such as lentiviruses and gammaretroviruses, because
these viruses are able to incorporate into their envelope a large number of proteins are found
on the surface of virus-producing cells. However, as also discussed below, other types of
viruses may be used and the methods modified accordingly. Generally, a packaging cell line
18 transfected with a viral vector encoding a polynucleatide of interest (typically encoding an
antigen), at least one plasmid encoding virus packaging components (such as gag and pol)
and a targeting molecule that is engineered to bind dendritic cells. In preferred embodiments,
the targeting molecule is genetically engineered to specifically bind the DC-SIGN cell surface
marker of dendritic cells. During budding of the virus, the targeting molecule, which is
expressed in the packaging cell membrane, 1s incorporated into the viral envelope. As a
result, the retroviral particles comprise a core including the polynucleotide of interest and an
envelope comprising the targeting molecule on its surface.

[6458) The targeting molecule is able to bind DC-SIGN on a dendritic cell, and
the virus is able to deliver the gene of interest to the dendritic cell. Without wishing to be
bound by theory, 1t is believed that the binding induces endocytosis, bringing the virus into an
endosome, triggering membrane fusion, and allowing the virus core to enter the cytosol.
Following reverse transcription and migration of the product to the nucleuns, the genome of

the virus integrates into the target cell genome, incorporating the polynucleotide of interest

-12-



Nonintegrin, also known as CD209). DC-SIGN is a C-type lectin-like receptor capable of rapid binding
and endocytosis of materials (Geijtenbeek, T.B., et al. 2004. Annu. Rev. Innnunol. 22: 33-54, which is
incorporated herein by reference in its entirety). In preferred embodiments, recombinant viruses are
enveloped with a designed targeting molecule that is specific in its recognition for DC-SIGN. The
polynucleotide can include, but is not limited to, a gene of interest, SiRNA(S), and/or microRNA(S). In
preferred embodiments, the polynucleotide encodes an antigen. In some embodiments, the
recombinafiitiss grIReesointie tiiget orle géhe RCDBE Bxpressamtble pgbmesl encodifigtiweor more
antigens ¢ Q@c@; deliv achieved, for.example, by
linking the%yﬁces With%%ﬁ%%%r%%%%@bi%ﬁfé@%@%%rg E%?@n%?g#%ﬁﬁ% ?ggﬁ%%né}:%ég,{gnd driving
the expresSior siggrarainglaprofrserasHnten uoosTNs disBusseetifionetevdetdisosmd,
embodimensver hednvepiion aseibased ap RBASE AkIPEOMANNL MRIES, Sukl A3 Ieniiguses and
gammaretroviruses, because these viruses are able to incorporate into their envefope‘a large number
of proteins@re f5UREPBH the surface of virus-producing cells. However, as also discussed below, other

types of viruses maydye usesianshibasaethedsmadified-accaulingly,Gensaly 3 aaskaging cell line

is transferred with a viral vector encoding a polynucleotide of interest (typically encoding an antigen),
at least on@ 4R IFERTBHIMG HrtR P avkERsing B petentysuen ds day dvidopstpeaferedangeting
molecule tiab ismenginesredde bind dendsitic celisiilnRrefered smkediments, thedargeting, molecule is

geneticall)f;en ineeEed to specifically bind the DC-SIGN cell surface marker of dendritic cells. During
budding of th& R tHBLEFYEMHTERABRY, WiHiehue el ddsedifrrihEsshakai edpméhbrane, is
incorporatekininethervirahenvelope. AsjactesulicthenketoviralRAIEIBSCI9NRkSE.A £018 Heipding the
polynucleoatid([als?f irﬂteﬁest and an envelo%e, C mp%seing the targeting molecule on its surface. [0058]The
targeting FolecUIE 1S ABfe TBBIRG BN S5 HenBRERRIET AHEHS NAIKR BBetsAsiRRr the gene
of interestatuitiresdenahiticasslkiMbthoutindsh)ingstadepbaBnd byifaegribdtis-Religvedibatshg binding
induces eQ&?%{}g’SiSaS?”Q iggsﬂ%ﬁ:nvirps '{nto an er%dosome,. triggering membrane fusion, and allowing
the Virus COre'to enter the cytos0l FoNOWING TEVErEs %Pa%@?ﬁfi’éﬁ‘rﬁ%e HIGAIEOeEE D8 uct to the
nucleus, the jenoftiof thitgwiugiltegeptesinto the: taigatldelligenome dacbepaiatiagatiBout
polynueleg&gj&g&&%ﬁt m)tg the genome of the target cell. The DC then expresses the
potynucleotide of mterest?typlcally encoding an antigen). The antigen is then processed and
presented to T @ lcellsIhy Debodedsritieg herantigen ispeeiityimioping respinserghunspecific
pathway dgseriby ve. is.not-required s s the dendritic cell is able to stimulate.an
antigen-specific i%rgr%%ge%iétggﬁs% %{()e%%é)r#%%&dﬁng%s%f %ﬁ%ﬂgﬁ’?ggggﬁtﬁ%\%ﬁﬁﬁﬁ iﬁ% u8 é’%ﬁ%thods and
compositiehfs #sithirddetirgeting Bplgens sfifiaiztao DOsdouth viraliglyenpdoeivitie istme

preferred St miagiinents e Graaik inierRatis delvated 19, PGsitiopiadtgguifire of DCs.

For example, the gene of interest may be delivered to DCs via a direct administration of the targeting
virus into ‘%ﬂ@ﬁf@%ﬁ?ﬂ&&*ﬁﬁ’é}@@h@%ﬁ%f@%&eﬁv&%raﬁ&d@n‘@édaé%raﬁ Brtiséricaghinaemivion an
immune respesiseridesirest SxamPEALRNIGRRS inskle: timer BRegifie,aPtgRRS ymeyassociated
antigens, tissue- P,ecific antigens, bacterial antigien_s, viral antigens, yeast antigens, fungal antigens,
protozoary %ﬁﬁg@ﬁwé‘? BAPSSHERGERS: AFGUAS AHdthRAme OireSamilie el Berapharent to one
of skill in theaarvang canrbeittljzeehwithioutsunduR experimenation 00801 ke methads gisclosed
herein mz@/rbg. readilgl a%%ﬂed to {L%til' e targeting molecules that are specific for DCs or that can be
manipulate§ 16 BreTidSTHE dedFEFapCREmP iR fySting mBIEEEEYs preterSHi atperi§ieered viral
glycoprotgirg¢hag bindscbie-GHE N iddipneditte cadidiandihat facilintesdeliveny ebthagenepf interest
into the d%régri i? ce#l%rléggm%lag t(?%gt%n%fmoflﬁ%cules&,incl%%e, but are not limited to, glycoproteins
derived from the tol owing:@ing iS \}|rus,(?n SR AR FS Ead¥ e fever virus, tick-borne encephalitis
virus, Dengue Vi 1Hepatitis Buvihos, Rabiesivinie, Seroliki forest visusnRess RivefvijimgAura virus,

e bran e e N Do B GG OGP o BR 6 derivec
from a vifal giisoptoteiricior essniceting recb MbinastwifiiscarGheniodifie kigiasnembrareound form.

molecule specific for DCs, a viral glycoprotein that interacts with a dendritic cell-specific



[0061]Any method known in the art can be used to engineer the targeting molecule to provide the
desired specificity. Exemplary methods include, but are not limited to, rational protein engineering and
DNA shuffling. Generally, to engineer a targeting molecule specific for DCs, a viral glycoprotein that
interacts with a dendritic cell-specific surface marker is provided. Preferably, the viral glycoprotein
interacts with DC-SIGN. The viral glycoprotein can also interact with at least a second cell surface
marker such as, for example, heparin sulfate (HS), which is expressed on cell types other than DCs.
The viral giydeprateitids impdifidesUbhitheblitsthb iitpltalintaractiwitiahetDEitbgRCifdGNfate marker is

maintained; g, Ksdbilly ianicachits adeltipnalgell sudase pakers. isdaeieased.or iminated.
D LAk o) adagedn .

The modification can be a mutation In at least one residue of the viral glycoprotein aminé acid

sequence STHBOSuhserCan (e efalevibiehad ditiorserdsubstitUtior-of iive residus.afitistcan be carried
out by stapdard,metheds kagwndn-the artThadesiradsneciigity carreadily be sonfirmed, For

example, once the viral% coprotein is modified, it can be used to prepare a recombinant virus by
co-transfeStiaAitRe vitdls Bt esH s itainipgd raportsitipant sHoufleastokeaplademiceertoding virus
packaging:GefveReN T iRQ3Rackagingseldine T haiglsaprotrinisincqmerarestinto the,yiral

envelope during budding of the virus. The virus can be used to transfect both a pure population of DCs
as well asEYRREEBoFtIEfGH O PeanE eonhifimy e adbspeérleiyiortddionartrahgiiution of DCs

can be copfitmaddyasanyipgathsccalls faraxpessionafthener el gereHn DCSRNdARLI0 a

significant extent in other cell types. If the specificity is not sufficiently stringent (for example, if

undesired”RETEIS Y RFEHIHIOF TRBRERRR ty H&S FE BIErURES, R Tt fpespiFitamreesifiss ifodified
further ancaassayed aspdesedbeskomtil the: desived speciligivis,ashicy el 1A0RZ LEMmbRgIments of the

present invention include the delivery to DCs of DC activataors and/or maturation factors in conjunction

with antighns ExeibiaRl D& a&itafdts ZNFMAuTFI0H #actors iRttbHEn s HARBYRER iR fo,
stimulatiopavioigiogles] dytokinesyehamakings inatipodiesiandimihernagenissuehag Hiddiigands. For

vano G ApLISC SR B e b Do QU L L e
(ICD40) (Haxdd pBpAlztetnabf 2005 chiatiMegd D124 30xdl 8kcwthich ¢ iheorparateddietiein &ymeference in its
enire) 983 phedncin Lo manien Asalachs neiods ud competions relad
patients telgecAatecaivhigon-sibetificlinmene If the specificity is not sufficiently stringent (for
example, if undesired levels of infection of other cell types is observed), the wviral
glycoprotein can be modified further and assayed as described unti] the desired specificity is
achieved. '
[6062] Embodiments of the present invention include the delivery to DCs of DC
activators and/or maturation factors in conjunction with antigens. Exemplary DC activators
and maturation factors include, but are nof hmited to, stimulation molecules, cytokines,
chemokines, antibodies and other agents such as Flt-3 ligands. For example, the DC
maturation factors can include at least one of the following: GM-CSF, IL-2, IL-4, IL-6, IL-7,
IL-15, IL-21, IL-23, TNFa, B7.1, B7.2, 4-1BB, CD40 ligand (CD40L) and drug-inducible
CD40 (1CD40) (Hanks, B.A., et al. 2005. Nar Med 11:130-137, which is incorporated herein
by reference in its entirety).
[0063] Embodiments of the present invention also include methods and

compositions related to administration of recombinant virus as described above, or DCs

infected with recombinant virus, inlo patients to stimulate antigen-specific immune

-14-



responses, such as, for example, T cell responses (cellular immune responses) and B cell responses
(humoral immune responses). For example, activated CD4 T cells can coordinate and orchestrate the
CDS' cytotoxic T cells and the B cells in an antigen-specific response. In preferred embodiments, the
recombinant virus andJor DCs infected with recombinant virus are used to stimulate immune
responses for the prevention and treatment of diseases such as, but not limited to, cancer and
AIDS/HIV. Any disease can be treated for which an immune response to a particular antigen is
beneficial, irfctitierg , sbeit et fimitsenolendoptiistisiszasesihfectiousudiseapenany imhikneairelated
diseases. 100641 5herei deseiibsd, siudiss were, conducted hat sesplied n the discavery of
methods and compositions that can be used'to direct recombinant viruses to provﬁg genes’encoding
particular dRtigeHsHECDES Fhecyonetic odificatiche &f BOsinordeigemelicitifiradsctive. immune
responsesaaha usaRiita L RLSAAR AN IR of deeases.and provides an sfeeive method
of inducing effective T cell immunity as well as strong antibody production. The Tethiods and
compositichs HeddABEE Hate e presers sotarhmearentomimab tnigatiohofith desirettiantigens. Such

immunizalign SanRIRKe R AaklealIeRsRmSU A %Ok ARG, RICRL AN ARSI, Definitions

[0065]Unless defined otherwise, technical and scientific terms used herein have the same meaning as
commonly ERGBIE I FHBTHEHE srG s HrjesrficialiiechidinsivicrthimitrdeintiorobleitisglisSee, e.g.,

Singleton etfadidictienary liMisrehiolegy.and Malecular Biology 2nd ed., J. Wiley & Sons (New York,
NY 1994); Sambrook et al., Molecular Cloning, A Laboratory Manual, Cold Springs Harbor Press (Cold

Springs Harbor, R¥0fb89) A&\ 178 diseebebwirsicafgimatarassdithicotieduivilenizertiose
described drateifcrmieddsedinithe pracice Ofibis:wenion.0BE6IAs 1sed Reteituihg jerms nucleic

acid, polynucleotide and nucleotide are interchangeable and refer to any nucleic acid, whether
composed of BAS AL SRAD HED PhnbdifiBel BrIEsgee WifrrHehRbRSFotrestst, helighoramidate,

siloxane, gasbonate icathexyesgihydesier hacaiamidate rerbampatshdhiestnes bridagskes and
phosphoramid

mid gte, brig%eg methﬁle?ne osphonate, bridged phosphoramidate, bridged
phosphoramidate, ridged” “met ?/e?ifeﬁ}?ﬁfi%&ﬁ S ohEEb HBPURIG e Wb tRyipHesBHE e,
phosphoredithicate, bfidgedthbdsphbrothipaitonts suliaitedinkagesaangdocambinatopsaisreh linkages.

immunization with desired antigens. Such immunization can prevent and treat diseases such

as, for example, cancer and AIDS/ HIV,

Definitions

[GO65] Unless defined otherwise, technical and scientific terms used herein have
the same meaning as commonly understood by one of ordinary skill in the art to which this
mvention belongs. See, e.g., Singleton ef al., Dictionary of Microbiology and Molecular
Biology 2nd ed., J. Wiley & Sons (New York, NY 1994); Sambrook et al., Molecular
Cloning, 4 Laboratory Manual, Cold Springs Harbor Press (Cold Springs Harbor, NY 1989).
Any methods, devices and materials similar or equivalent to those described herein can be
used 1n the practice of this invention.

[6066] As used herein, the terms nucleic acid, polynucleotide and nucleotide are
interchangeable and refer to any nucleic acid, whether composed of phosphodiester linkages
or modified linkages such as phosphotriester, phosphoramidate, siloxane, carbonate,
carboxymethylester, acetamidate, carbamate, thioether, bridged phosphoramidate, bridged

methylene phosphonate, bridged phosphoramidate, bridged phosphoramidate, bridged
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[0067]The terms nucleic acid, polynucleotide and nucleotide also specifically include nucleic acids
composed of bases other than the five biologically occurring bases (adenine, guanine, thymine,
cytosine and uracil). [00681As used herein, a nucleic acid molecule is said to be "isolated" when the
nucleic acid molecule is substantially separated from contaminant nucleic acid molecules encoding
other polypeptides. [0069]"Immunization” refers to the provision of antigen to a host. In some
embodiments, antigen is provided to antigen-presenting cells, such as dendritic cells. As described
below, recasbjhant phuspleempyisitgpagah apcading sivatigen camiadaraaieshto daadsitic cells
with an affirﬂitg Worleﬁulets ecigitc to 1D -SIGNC?n dﬁfndrtitic cg%s.ﬂgf%he antigen to which an immune
response 15 GasiPed E8A be" JelVETe i85 "0 FAMTe GLAEs Gy 8ds of immunization are well
known in the art.[[8G70] Th&termriimmisiotogich| polyiteons:' sedpanseikitheldevelogrpant of a
beneficial théfnggarll ag}!}bgg Smediated an /or a ct%IIuI%raém diﬁtedl??‘ﬁ antigen-specific T cells or their
secretion progucts) responise directad againstarn amyloid peptide M REhRAf Palids:. "&ith a
response Galrbecaguactive thesponsetinduced hysatiministration of immunogen or a passive response
induced by admipjsration qf antibody or primed T-cells. A cellular immune_ response is elicited by the
presentation of p@@%%ptidg %Sﬁ%%%‘%y?h‘}ags%‘é% FO%C%{HG 3@5 Sor LIRSS Kﬁ?j%er%o k& etg“ato activate
antigen-specific @Bd-mbletpeicellssandiby GRS apRdtoxicchcatinaihevdsponsd majeaksa involve
activation gf mo cyies %r(gﬁggges, NIX cells, basophils, dendritic cells, astrocytes, microglia cells,
eosinophils or other cor‘gp énts of innate immunity. The presence of a cell-mediated immunological

response can be{‘éf&%}min‘e‘@t?bydpﬁﬂif@x’ét'r@fﬁlasgaybq®Mﬁf§meﬂsaiUig®TLo(@yﬁqisixi@Téwtphocyte)
assays (B&Hﬁ%&h?éms}-Mng{stlgrgvﬂd%&Qal%{%ﬁg%)g%{ég% %‘%ﬂ'%&‘? SfaLiiiing (gytotaxic T

i
lymphocyte assay, Tigges et al., J. Immunol. 156 0) or by cytokine secretion. The relative
contributisi§acHP R RbvE: aprdedindal YeshonspE o sicspito stivip puvatisewdo biferediedrio

immunog%@rfa%@%éﬂ@%&vE?DQF%RW&B%‘}%'X%%W@& pjeGrid Jrorllg feman immynized

syngeneic animal and measuring protective or therapeutic effect in a second subject. [0071]An

"immunog@igeadefttich SmmtGepr R caislstared riaedgliagred to the dendritic cells. Other

methods of immunization are well known in the art.

160791 The term "immunclogical” or "immune" response is the development of a
beneficial humoral (antibody mediated) and/or e cellular {(mediated by antigen-specific T
cells or their secretion products) response directed against an amyloid peptide in a recipient
patient. Such a response can be an active response induced by administration of immunogen
or a passive response induced by administration of antibody or primed T-cells. A cellular
immune response is elicited by the presentation of polypeptide epitopes in association with
Class 1 or Class I MHC molecules to activate antigen-specific CD4” T helper cells and/or
CD8" cytotoxic T cells. The response may also involve activation of mMonocytes,
macrophages, NK cells, basophils, dendritic cells, astrocytes, microghia cells, eosinophils or
other components of innate immunity. The presence of a cell-mediated immunological
response can be determined by proliferation assays (CD4" T cells) or CTL {cytotoxic T
lymphocyte) assays (Burke et al., J. Inf Dis. 170, 1110-19 (1994)), by antigen-dependent
kiliing (cytotoxic T lymphocyte assay, Tigges et al., J Immunol 156, 3901-3910) or by
cyiokine secretion. The relative contributions of humoral and cellular résponses to the

protective or therapeutic effect of an immunogen can be distinguished by separately isolating
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immunological response against itself on administration to a patient, optionally in conjunction with an
adjuvant. [0072]The term "adjuvant" refers to a compound that when administered in conjunction with
an antigen augments, enhances, and/or boosts the immune response to the antigen, but when
administered alone does not generate an immune response to the antigen. An adjuvant can be
administered with the recombinant virus of the invention as a single composition, or can be
administered before, concurrent with or after administration of the recombinant virus of the invention.
Adjuvants & entaficectn fomune responzedyspeyerd MerhaNisMS GkIAG WBIRROGY S
recruitmen{hélg%ﬁl@igﬁeg{ ] Qgé:l or de&t?Ll:St and stimulation of macrophages. [0073]"Antibodies" (Abs)
and "immunoglobulins” (Igs) are gR/coprjo%e'ins having the same structural characteristics. While
antibodies exhibit $#iding specificitytmecspeeifimeéntigenmimmineyabulipmiachidsdeihantibodies
and other anti -like;mgalecules that lack antigen specificity.. Polypeptides of the latter kind are, for
example, p%%%%%%%%ﬁéw%&%ﬁ?b& the %yrﬁ%ﬁ%y% erar@rélﬁ Sértgltho eﬁe I%i‘}éelgtbfﬂﬁ?%}ﬁag? [0074]The
term 'antibeRiyuistiEedith hadifvadest sense and specifically covers human, non-human (e.g. murine),

chimeric, and humapized mMenog| al ihadies (including full length monoclonal antibodies),
polyclonal ant_ibo%%s%multi-spepﬁg aﬁt%qo%?es ?:éf% %isfbggfﬁg% (Ig[) Feggs?%}n@qgl‘&ﬁﬁﬁegnﬁbodies,
and antibotfyTragErsts Glong een thegmextibinthe desireliobiblogic ahantivinTypioally i agments
compete with the intachaptibady: fromywhich he ere derived for specific binding to an.antigen.
[0075]The term "epitope" or "antige_-nic deteﬁrmginilr‘%ét{" o éalgg'%?oag Site’ Ig%egﬁs R OGRS and/or T
cells respdiil 2B1EE e pito Be s eavNiRicrefnTeth Db th irsmitomiguious aihtinomeitsoar 300chREigUOUS
amino acidsiyaneses-vdesiangfpldina.ohrprotein. Lriionssformed from ERIR S RN acids
are typically retained on exposure to denaturing solvents whereas epltopesr?orme By f)erﬁary folding
are typicaﬁ%// BT HR QARG IR HEH AR BbmEntan Anbepitope itppicadlysnciudcsy adleast 3, and
more usuallyhabieastimaidinL0gminesRidsbamia e sRaiaLcoiommalign, Metogls of determining
spatial con{or attlon of epitopes include, for example, x-ray crystallography and 2-diménsional nuclear
magnetic TeSOHANEE S BREH148Sitope Mapping Protocols in Methods in Molecular Biology, Vol. 66,
Glenn E. Morris, [Bel73[L996)s Aitiikndiesbatsacopniae e 5ame 2RIORE cARhEddensified ip a simple
immunoaﬁﬁgﬁaﬁg\é\%gﬁh? %ail%%of, one antihody to block the binding of another antibody to a target
antigen. T-cells recogniZe Con I8hitd Rl SRupstits B B HEdsefsf e dccersastibout 13-15
amino aciggiomCDamelgidbekls thauecognizedbedepitane aan hedeniifind Byiayvie assays that
measure antigen-dependent proliferation, as determined by 3H-thymidine incorporation by primed T
cells in responsel%)ﬂar%p S%It%b% (s%%ry@fﬁfég?ssﬁpé? %&a‘eﬁ"ﬁu%)fyf example, produced at low

levels by the lymph systemn and at increased Jevels by myelomas.

[6074] The term “antibody” is used in the broadest sense and specifically covers
human, non-human (e.g. murine), chimeric, and humanized monocional antibodies (including
full Iength monoclonal antibodies), polyclonal antibodies, multi-specific aniibodies (e.g.,
bispecific antibodies), single-chain antibodies, and antibody fragments so long as they exhibit
ine desired biological activity. Typically, fragments compete with the intact antibody from
which they were derived for specific binding to an antigen.

16075) The term "epitope” or "antigenic determinant” refers to a site on an antigen
to which B and/or T cells respond. B-cell epitopes can be formed both from contiguons
amino acids or noncontiguous amino acids juxtaposed by tertiary folding of a protein.
Epitopes formed from contiguous amino acids are typically retained om exposure to
denaturing solvents whereas epitopes formed by tertiary folding are typically lost on

treatment with denaturing solvents. An epitope typically includes at least 3, and more
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[0076]"Target cells" are any cells to which delivery of a polynucleotide or in which expression of a
gene of interest is desired. Preferably, target cells are dendritic cells, particularly dendritic cells that
express DC-SIGN. [0077]The term "mammal” is defined as an individual belonging to the class
Mammalia and includes, without limitation, humans, domestic and farm animals, and zoo, sports, and
pet animals, such as sheep, dogs, horses, cats and cows. [0078]The term "subject” or "patient”
includes human and other mammalian subjects that receive either prophylactic or therapeutic
treatment ulRAT9]As Used hereip.llireaimentids arclinieafirianenlianihatmen benhahapeutic or
prophylactc'ic. In therageu.titl: aiqglications, harémaceu 'C%| cipmgositi?ns or meditc nts a%e adgwinistered
to a patiert SUEPEER AP8F5 A B St iRy IPSh KU a AlselE¥ I A AntouRt SHRIENTO cure, or at
least partial§iamessnthewwyeaptoapscat theodiseass and. ifs Eomplidationsg IFrprajphyladtdespplications,
pharmaceutical .co itions icants are administer a patient.susceptible to, oy, otherwise at
risk of, a ﬁgr%dfgﬁ |§?é%%giﬁ Z\Fhoqél%%ju%%gﬂf |Ci§r?)t 6 ’el?’lt[r?}lﬁu%%% g férﬁﬁ’é)éi 1%&%%&8?%% fe outset of
the diseasenfreginotntratiedirateital accomplish:thisisdefinedoasra the rpeutidallye ortibody
pharmaceyigall-effective, dose, e an ameun! ¢anhe adminstered as 2 single dazgge,or can be
administere éccorcﬁng o égreglmen, w ere%)}/’i i< effective. The amount carr cure a disease but,
typically, isradwinisteredtiniordenite amedidratelh edinop st 0B al diseaseaodidoeffdet padishylaxis of a
disease oncisqLdeL fiam deyelaping, .o ibsianexlie And RippMaccRdmES agepis.are usually
administered In severa (%sages u tlf)% sufficient iImmune’response has been achieved. Typically, the

immune respertsaiorobisied apdrepeited boddgbymidingvesvibonetim ryimsredpbrasistarts to fade.
"Treatmeqle'gggl%g Qo&pggﬁ@ﬁ%t@ge%mQaggp%dﬁ%%g%,s p_eed it completely prevent a subject from
> b [O O

becoming ill with the disease or disorder. “Tumor," as used herein, refers to all neoplastic
cell growth and gi8if@ration’ axgétrelismaliy aantel benighicanielinepyert aneediousietitiearicerous cells

and tiSSUBghich expression of a gene of interest is desired. Preferably, target cells are dendritic cells,
particularly dendritic cells that express DC-SIGN.

[06771  The term “mammal” is defined as an individual belonging to the class
Mammalia and includes, without limitation, humans, domestic and farm animals, and zoo,
sports, and pet animals, such as sheep, dogs, horses, cats and cows,

[6078] The tenm "subject” or "patient” includes human and other mammalian
subjects that receive either prophylactic or therapeutic treatment.

[0079] As used herein, “treatment” is a clinical intervention that may be
therapeutic or prophylactic. In therapeutic applications, pharmaceutical compositions or
medicants are administered to a patient suspected of, or already suffering from such a disease
i an amount sufficient to cure, or at least partially arrest, the symptoms of the disease and its
complications. In prophylactic applications, pharmaceutical compesifions or medicants are
administered to a patient susceptible to, or otherwise at risk of, a particular disease in an
amount sufficient to eliminate or reduce the risk or delay the outset of the disease. An
amount adequate to accomphish this 1s defined as a therapeutically- or pharmaceutically-
effective dose. Such an amount can be administered as a single dosage or can be administered
according to a regimen, whereby it is effective. The amount can cure a disease but, typically,
is administered in order to ameliorate the symptoms of a disease, or to effect prophylaxis of a

disease or disorder from developing. In both therapeutic and prophylactic regimes, agents are
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[0081]The term "cancer" refers to a disease or disorder that is characterized by unregulated cell
growth. Examples of cancer include, but are not limited to, carcinoma, lymphoma, blastoma and
sarcoma. Examples Of specific cancers include, but are not limited to, lung cancer, colon cancer,
breast cancer, testicular cancer, stomach cancer, pancreatic cancer, ovarian cancer, liver cancer,
bladder cancer, colorectal cancer, and prostate cancer. Additional cancers are well known to those of
skill in the art and include, but are not limited to: leukemia, lymphoma, cervical cancer, glioma tumors,
adenocarcinathasanthskiredancervexenipiapycancers inefaeenbuiaenRotdipdied tnsatladder tumor,
breast tumor r%stetle turﬁort basal cell carcinoma, biliary tract cancer, bladder cancer, bone cancer,
brain and %?Hé)/ Cancefé g’ éﬁ?o‘r%% HORSPT RSP BI ATt 28R SFRSELICARSARSS S8 Shtl FaGtum
cancer, comnectivectissue cansen Gakcerlotihecdiestve.system]«idematiat camecess€saphageal

cancer; eye cancer; cancer of the head and neck; gastri¢ cancer; intra-epithelia] neoplasm; kidney
cancer; Ia%ﬁ%égﬁ%i r?ﬁ%ﬁf@?ﬁ{%ﬁ?v%lr% %*5%%8???&%‘;8 é%%égr‘?éab. §rﬁ§ﬁa(§8 HHEPHSR-small cell):
lymphoma includiit¢HodgKihimant on:édodgkia's, lyripRoma;dhetansiaia: myglomay e urablastoma,
oral cavit cancer.(e.o. lip, tongye, mouth, and pharynx); ovarian cancer; pancreatic gancer,
retinobIasy'?o?na;xefahjél)gblglrlrlf;hég%l]rﬂc%‘éjrﬁlalf;ﬂ??e8{a1i)‘ai:na1ﬁlge?,r1 %Zﬁf;l 55?‘1:83?,61”005%&5’?5o‘%fﬁsr?élgpci?gﬁo??%ystem;
sarcoma, gkesancer; stomach cancer, testicular cancer, thyroid cancer; uterine cancer, cancer of the
urinary system, Il asﬁ(h%r cartcinomas and sarcamas. Cancer.also incluges neoplasias and
malignant disora?gif} @’,}i mammals that aré wel r?lct?éwﬁ %S(fﬁseea{ﬁ.%ﬁgfﬁg@e%t%raﬂ% tgl}]%c Zjﬁé acid that is
capable oftregispertinglagstier nlicleirhsic! \tenter simlayg d dyforrexarh plejtplasmidscicosmjds or
phage. AnieXRESSORBRIOL A JRsloEatin capaple of diiscling sxpression of Aprotein or
proteins encoded by one or more genes carried by the vector when it is pfesenfln he appropriate
environmé&ht!{0D8319%e telen segalatuppslernent epituisxprassiorsioontb | etemeptharcatised

interchanggably andirsferte.nusleicasid mplagules that %@%@éﬁ?%&éﬂ%@@%&&%@ QAo

translation of an oPerany linked coding sequence in a particular environment. These terms are used

broadly andE80B? refemmams fapremisteerrefaid tihssetiprbinciuéndingisrovhbmsitdcore
elementseqeireshiar DagisdnierastinniolRNA polymerass andyanscrpion fastars, upsiteam

elements enhgcers, and response elements (see, e.g., Lewin, "Genes V" (Oxford University Press,

Oxford) p%@'g 97 -SSP E Rar T Heyqiar Bl dte Nlidra e e depbrataie operator

sequencesand ssiheshrae bindingwsites. (Reguateryrelemenisdhabane used ineukaryatigeells may
include, without }qimitatipn, promoters, enh%ncers, splicing signals and polyadenylation signals.

[0084] Th& T “transteltish  Hafdrs 16 e ntPBbtet ol st Z ok Sefanntsdarrdsrtammcer.

[0085]"Retrovintisestisie danses haviag dniRNAcgan@mestem; endometrial cancer, esophageal

cancer; eye cancer, cancer of the head and neck; gastric cancer; intra-epithelial neoplasm;
kidney cancer; larynx cancer; leukemia; liver cancer; fung cancer (e.g. small cell and non-
small cell); lymphoma including Hodgkin's and Non-Hodgkin's lymphoma; melanoma;
myeloma, neuroblastoma, oral cavity cancer (e.g., lip, tongue, mouth, and pharynx); ovarian
cancer; pancreatic cancer, retinoblastomna; rhabdomyosarcoma; rectal cancer, renal cancer,
cancer of the respiratory system; sarcoma, skin cancer; stomach cancer, testicular cancer,
thyroid cancer; uterine cancer, cancer of the urinary system, as well as other carcinomas and
sarcomas. Cancer also includes neoplasias and malignant disorders in mammals that are well
known in the art.

[0082] A “vector” 1s a nucleic acid that is capable of transporting another nucleic

acid. Vectors may be, for example, plasmids, cosmids or phage. An “expression vector” is a
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[0086]"Lentivinis" refers to a genus of retroviruses that are capable of infecting dividing and
non-dividing cells. Several examples of lentivimses include HIV (human immunodeficiency virus:
including HIV type 1, and HIV type 2), the etiologic agent of the human acquired immunodeficiency
syndrome (AIDS); visna-maedi, which causes encephalitis (visna) or pneumonia (maedi) in sheep, the
caprine arthritis-encephalitis virus, which causes immune deficiency, arthritis, and encephalopathy in
goats; equine infectious anemia virus, which causes autoimmune hemolytic anemia, and

encephalopathy inalnwa@@bieImi'mwugQﬁgf&imcmrpi-@tei%r\g}ﬂ%g%%&mw{@o%{&i@ncy in
cats; bovine immuneéglefi iency virus (BIV), which causes lymphadenopathy, lymphocytosis, and

possibly c&RtAl FERFSLY RrsYarPmiactioh iPEsin InHY ShmigrT ffAUNERtncy virus (SIV), which
cause immune deficisncy and engephalopaiiyeimad: humanpdmeriess 1008 dlAvlent vikal,ggnome is

generally organized into a &' | termjnal repeat (LTR), the gag gene, the pol gene, the env gene, the
accessorylaeﬁ%g%a?ﬁ%%t{oiﬁr\gﬁf?%p %Leg SCICFRO IS iPaT EFRIERRTA der RO THIREC RGeS called U3,

R and U5, tfhslatidirefjinnsanatajrisdhel eohanceqgaadoiompter @lrmenisomhe U STrRgioREantains the

polyadenyé%ionegi%gl%&. Tatl}% I§Oqee %Et) r%%ion S r%Jtarates the U3 arcﬂd U5 regions and transcribed
sequences 6f the R region appear af both the &' RGPS BRES Bt (RE A RNARESE: 8P U¢iiaple, "RNA

Viruses: ApRractical Apprachit{Ataniddanbaddin@xéard Bhiversity Piesse(2000)):s0-Nasayan and
Clements 4 Gen. Virology 70:1617-1639 (1989), Fields et al. Fundamental Viralogy Ravep, Press.
(1990), |v|if&%ﬁ%‘fﬁ%‘?ﬁ%r%f"ﬁcgf?aﬁﬁgﬁ??\%sc%“gerﬂﬁ%Fh%énﬁ%s?S\??raﬁ:g?zl(%}?al B$91998), and
U.S. PatefPNipré, 0x8y8H8y [0088)]" Gafnrianstpevikiy  §éfers tixengdmys ehtheomstreviricae family.
Exemplar mwggg%y&% sdnclyde, but not limited. to, mouse stem cell virus, murine leukemia
virus, Coling Dol virus, feline sg%c(%?%%at\%%s’?%ﬁﬁe%%narre‘?&’ﬁ?c%en%&%ﬁ%‘é%8‘%?%‘ ﬁﬁ%‘é%ﬁ%sgm
"hybrid virtl§mgesigstdthareinseefers eolawivtis alingreompbrints/fiomt limitation, promoters,

enhancers, splicing signals and polyadenylation signals.

[0084] The term “transfection” refers to the introduction of a nucleic acid into a
host cell.

[0085] “Retroviruses” are viruses having an RNA genome.

[0086] “Lentivirns” refers to a genus of retroviruses that are capable of infecting
dividing and non-dividing cells. Several examples of lentiviruses include HIV (human
immunodeficiency virus: including HIV type 1, and HIV type 2), the etiologic agent of the
human- acquired immunodeficiency syndrome (AIDS); visna-maedi, which causes
encephalitis {(visna) or pneumgnia (maedi) in sheep, the caprine arthritis-encephalitis virus,
which causes immune deficiency, arthritis, and encephalopathy in goats; equine infectious
anermia virus, which causes awtoimmune hemolytic anemia, and encephalopathy in horses;
feline immunodeficiency virus (FIV), which causes immune deficiency in cats; bovine
immune deficiency virus {BIV), which causes lymphadenopathy, lymphocytosis, and possibly
central nervous system infection in cattle; and simian immunedeficiency virus (SIV), which
cause mminune deficiency and encephalopathy in sub-human primates.

[00G87] A lentiviral genome is generally organized into a 5° long terminal repeat
(LTR), the gag gene, the pol gene, the env gene, the accessory genes (nef, vif, vpr, vpu) and a
3 LTR. The viral LTR is divided into three regions called U3, R and U5. The U3 region

contains the enhancer and promoter elements. The U5 region contains the polyadenylation
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one or more other viral vectors, including element from non-retroviral vectors, for example,
adenoviral-retroviral hybrids. As used herein hybrid vectors having a retroviral component are to be
considered within the scope of the retroviruses. [0090]"Virion," "viral particle" and "retroviral particle"
are used herein to refer to a single virus comprising an RNA genome, pot gene derived proteins, gag
gene derived proteins and a lipid bilayer displaying an envelope (glyco)protein. The RNA genome is
usually a recombinant RNA genome and thus may contain an RNA sequence that is exogenous to the
native viratigesianiEeTRerRNA)gesiomemay-alse COMRISS ddeiechive endegenolsidralsgauence.

[0091]A “"pseydotyped” retrovirys is a retrov ral particle having an envelope protein that is from a virus
other tharF}{ %ﬁleﬁ\i/freégoﬁoaﬁp Whié Léfﬂté Igﬁ% GBAoES @i #hE Bitvelshe B temivian Be 4or example

and witholtitimitationfraie difietant reiourus oeffoma ropHRIroviRalargiM-dhe@nvgjope protein
can be a q@%\éeagnvr%ogg IQE%ICEi QL an env loj e,@r jj]n th? is modified, mutated or engineered as
described herein. i some emf)odimeélhtsf ‘dr’enve 0% p}g?’ i 18 bé@?@Iﬁtﬁﬁegﬁi@%’i’ﬁﬁpﬁ‘l"}/coprotein

that is deriVeddmnR avglyEopsotéivtipipndofthel deltowingaiGingbisvimssdHfluenza.vimng, Llassa fever
virus, ti?k'ﬂggl'-eﬁﬁﬁ‘?%%&i?(Egb@ %1%”{9%5 yirus, pi’e%?él}bs :ﬁ <l7y.irus, Rabies virus, Semliki Forest virus,

Ross River virus, a virus, Boma diseaseé virus, Hantaan virus, and SARSCoV virus.
[0092]"Transforniitish, as ‘Hefinedrheveinstieselives @ progessbyathiah exagentus Dhignters a
target cell i rely on any known method. for the insertion of foreign nucleic acid
sequence‘z‘%%%%f%ﬁ?ﬁ%%{%gél%%%@ﬁ% %égﬁyz&é %Or%g%lé?/ inCITEESBEETE {8t NHite A8 ™ Aral
infection, Eldetrgporationitheatshocoks lipofecfidneaad particieihombartimesntcikrastabied; cells
include stap|ydransformed cells in which the inserted nucleic acid is capable of replication either as an
autonomously replicating plasmid or as part of the host chromosome. Also included are cells that
transiently exprd§8%hene‘of nteiésinjodesiacdisuygemidemidteculieys s describpddereifiois any

molecule ¥ialranoiigars MeMbLae sianbenAEsankondis sifage ALA VTS ang diows a virus

core to pass throu?h the membrane and, typically, enter the cytos a target ce g%nic
molecule @Y BETIEXEM dlEbRiRal Gy septdieins. IEkempretyreifaviigcoproteing contemplated as
fusogenicare@esuiesdeiude.Bul ggggggﬁéig}iqﬁg {o.hemagglutinin, mutant hernagglutinin, SIN and viral

glycoproteins from the following viruses: Sindbis virus, influenza virus, Lassa fever virus, tick-borne

(13

encephalitis virldBUngue Vifi: Hepmire s Jr i srk atsies irh gaselsilikr Foveb beiris lRuss River virus,
Aura Viruso Bamaieliseaseafiipissitariarn iks.and MB&&%\@W&%@@X@%@&H@ §8g,ag native or
T IHIAS R M Dildie Gopligtog ah Shveiops (Bycoproin. - Tae KNA atnoma for o ouarty
a DNA g

usually a recombinant RNA genome and thus may contain an RNA sequence that is

exogenous to the native viral genome. The RNA genome may also comprise a defective

endogenous viral sequence.

[0091] A “pseudotyped” retrovirus is a retroviral particle having an envelope

protein that is from a virus other than the virus from which the RNA genome is derived. The

envelope protein can be, for example and without Himitation, from a different retrovirus or

from a non-retroviral origin. The envelope protein can be a native envelope protein or an

envelope protein that is modified, mutated or engineered as described herein. In some

cbodiments, an envelope protein is a DC-SIGN-specific viral glycoprotein that is derived

from a glycoprotein from ene of the following: Sindbis virus, influenza virus, Lassa fever

virus, tick-borne encephalitis virus, Dengue virus, Hepatitis B virus, Rabies virus, Semliki

Forest virus, Ross River virus, Aura virus, Boma disease virus, Hantaan virus, and SARS-

CoV virus.
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sequence, that is integrated into one or more chromosomes of a host cell by human intervention, such
as by the methods of the present invention. The transgene preferably comprises a "gene of interest.”
[0095]A "gene of interest” is not limited in any way and may be any nucleic acid, without limitation, that
is desired to be delivered to, integrated, transcribed, translated, and/or expressed in a target cell. The
gene of interest may encode a functional product, such as a protein or an RNA molecule. Preferably
the gene of interest encodes a protein or other molecule, the expression of which is desired in the

target cell. The gepgyef interestisrganerally aperriively inked taugiharsequencesthal atestiseful for

obtaining the desired expression of the gene of interest, such as transcriptional regufatory sequences.

In some erfitREFRERISNY yerErdbRifiErb stis JrersiapRabae Bt shcod aeydmertigeriedvirdhean

immune resRoRSE i$ FJ)@&%%;@H?@E&@@S‘@&{&EE%%SE@%R%ip%ﬁ&&qﬁgbﬁgmt%P%%r}tS are

genes that encode dendritic cell activators and/or maturation factors. 100961A "functional relationship"
and "operaBfHifitked Meu, itdterekpadtaoiier iehectenssiom dieticidie ipafeatiemorrsct location
and orientafiencwithhreshestdn. therprametsiandier sRharcanthatexaressionglthe geng will be

affected when the promoter and/or enhancer is contacted with the appropriate molecules. 100971"2A
sequences ST EREATSITS ArSmaiPpRisicenitrtin Bl s TmRrBIOSEIRISEN Tl Breeriasaibwing

autonomous itparihasasaseliprasessing.eipatynetains e GrliRenienstis Maccings,and Ther.
2:13 (2004); deFelipe at al. Traffic 5:616-626 (2004)). The short peptides allow co-expression of

multiple pr Eiverom a single vector, such as co-expression of a fusogenic molecule and affinity

molecule from th¢osan)e vestomrddnes;dmeomaiembodineisdoplyaHcirotideseneoringihe.2A
elements are incorgo%ated iﬁto a vector between polyn cleot;‘Ldes,encodin proteins to be expressed.
JIREY j’ ea%‘f %

[0098]"DC MRuUration Tactora™ (A1<6 Rh 8t s “b TBrePart s mh RS thariaffdtice

activation prstithulagontef DEstsuch that DEsfacildate the elicitation of welittlacand-huspesal immune
responsesmygicgl DC mgtur%tion factors arealfnown in the art and incgude, buiagjgnot limjted to,
h

stimulation molecules. cytokines, Chemorines, ARTSSHIRS R A ofsr R Erts SRk “HEYGands
(Figdor, C @ntetplai2004 . iMNaghMedidptiEs4 80 Ridehdrare B Bindte@R0Denik dphmiuing i 651566-572;
sk oot 2900 Bleo 0 B R Erch S DR e Do
IL-6, IL-7, infhsnip -pirug) I2gsaT fore. v8Ts1 HgF-Domel 8BedBA ligand Penadiirandidpagtinducible
CD40 (iCDﬁR)s, Rabies virus, Serr_ﬂiki Forest virus, Ross River virus, Aura virus, Boma disease virus,

Hantaan virus, and SARS-CoV wvirus. Glycoproteins can be native or modified to have

desired activity.

10094) By “transgene” is meant any nucleotide sequence, particularly a DNA
sequence, that is integrated into one or more chromosomes of a host cell by human
intervention, such as by the methods of the present invention. The transgene preferably
comprises a “gene of interest.”

[0095] A “gene of mterest” is not limited in any way and may be any nucieic acid,
without limitation, that is desired to be delivered to, integrated, transcribed, translated, and/or
expressed in a target cell. The gene of interest may encode a functional product, such as a
protein or an RNA molecule. Preferably the gene of interest encodes a protein or other
molecule, the expression of which is desired in the target cell. The gene of interest is
generally operatively linked to other sequences that are useful for obtaining the desired

expression of the gene of interest, such as transcriptional regulatory sequences. In some -

embodiments a gene of interest is preferably one that encodes an antigen to which an immune
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Targeting Molecules [00991As discussed above, a targeting molecule is incorporated into a
recombinant virus to target the virus to dendritic cells that express DC-SIGN. The targeting molecule
preferably also mediates fusion with the cell membrane and efficient transduction and delivery of the

. desired polynucleotide(s) into the dendritic cell. Thus, the targeting molecule is typically a fusogenic
molecule (FM) with the desired binding specificity. The targeting molecule is modified, if necessary,
such that it binds to DC-SIGN on dendritic cells. In some embodiments, the targeting molecule
specificallydipdsdosResHEN dhatdsstbeitrcastingmelporsprafemntialy digets fe.recombinant
virus to deHldl‘ltIC CEIIS that express DC-S1GN relative to other cell types. Thus, in some em%odlments,

targeting mMteueLeAe Rtk By BIRR AP THBAAEAYTOF&EM to bind to other targets, such as
hemagglutinin, wtﬂt@@tainmm@ﬁ&imyr&%mghgﬁ-§d@%@&i?q{nﬁ@b%gﬂ?ﬂﬁmﬂ}%é%%‘%%i”9
n e

molecule ¢an be madified to elimjnate native binding specificity to non-DC-SIGN molecules and

componenta th&¥e St AR E4dBF P bifdlifocepactiems i pEosrertiay it germechtntsecific

binding to pthepmotecuiesnnactthusothgrqelbiypeshmanocauravendfheargating melscyle is
specific fogrl%%-SIf%N the _targetin molecules are modified to have sufficient specifiCity to avoid
L e N R A s IO Ry B IfG8 e desired immune response.

undesired si
[0100] Targeting Moksules are generaly ooleresihatasmablgtnpseudoiypeyits.andithus be
incorporatg%\;vneégetg(r)\velc% e of EFco.mbinant viruses, tar%et dendritic cells and, under the right
conditions, induce Mmembrane fasion snd SIS &rtrP BraPg e TRebF Hhitdrast & daridpiricdalls.
Preferred tdeg€tihgemOieculesvareiuiralagty chproteins. (poadylitipmetaegeting melecyles agespreferably

resistant tPZHgﬁgfeﬁg%ﬁg}lO” fé%% (%Ilo concentration wr}ich ¢an be important for in vivo gene delivery.

[0101]Tardgeting molecules pratarsbly mace rarmbrang R & PRSI ThaSHSH I €RRPaf binding.

Thus, in pretaresd-entodismentsd, adngetmgenoltcule-ind uddimembiane fusion0aeHESQRGE the virus
comprisin larget is inside, the endosome of a target cell and the viral core
gﬂtl?, Eﬁ %ﬂggrﬁ%glﬁ&%ﬁﬁg)% gleogc%s m‘iﬁ’é‘rf[.}'\/@?%“g%fg ﬁ%lementtg 5%?, ‘f&f@ﬁiﬁt%m@

component, including a polynucleotide ot Interest, Is ecy
embodiménitecitdyEEgnenbaisicosoraed iptorettagetirg:moleedle to allow detection of targeting

molecule expresgjggeand s PIESNEE,Q ff&@%}érgﬁ%%é‘%?% L%ie gc':rt%l’ 'c%"rsu Ig%. compounds
that can induce activation or stimulation of DCs such that DCs facilitate the elicitation of
cellular and humoral immune responses. Typical DC maturation factors are known in the art
z}nd include, but are not [imited to, stimulation moiecules, cytokines, chemokines, antibodies
and other agents such as Flt-3 ligands (Figdor, C.G., et al. 2004. Nat Med 10:475-480;
Pulendran, B., et al. 2000. J Immunol 165: 566-572; Maraskovsky, E., et al. 2000. Blood
96:878-884, each of which is incorporated herein by reference in its entirety). Exemplary DC
maturation factors can include, but are not iimited to, GM-CSF, IL-2, 114, IL-6, 1L.-7, TL-15,
IL-21, IL-23, TNFa, B7.1, B7.2, 4-1BR, CD40 ligand (CDA40L) and drug-inducible CD40
(1CD40).

Targetine Molecules

[6099] As discussed above, a targeting molecule is incorporated into a
recombinant virus to target the virus to dendritic cells that express DC-SIGN. The targeting
molecule preferably also mediates fusion with the cell membrane and efficient transduction
and delivery of the desired polynucleotide(s) into the dendritic cell, Thus, the targeting
motlecule is typically a fusogenic molecule (FM) with the desired binding specificity. The
targeting molecule is modified, if necessary, such that it binds to DC-SIGN on dendritic cells.
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[0103]There are two recognized classes of viral fusogens and both can be used as targeting
molecules (D. S. Dimitrov, Nature Rev. Microbio. 2, 109 (2004)). The class | fusogens trigger
membrane fusion using helical coiled-coil structures whereas the class Il fusogens trigger fusion with |
barrels. These two structures have different mechanics and kinetics (D. S. Dimitrov, Nature Rev.
Microbic. 2, 109 (2004)). In some embodiments, class | fusogens are used. In other embodiments,
class Il fusogens are used. In still other embodiments, both class | and class Il fusogens are used.

101041Someseadimitag-eramples.al-sudase aeoprisins hatmay b useskas taspetingmolecules

(or as fusogenic molecules in embodiments where the viral binding and fusion functions are separate),

either in tHERHIIBBRIEFHE PSSFEHIE IR RIGe BRAEBD RSN woih deptitiirerisdhauerpagsSemliki

Forest virusSiy Ress, RivesMius(RRM. ant AU GRS LANIawiigh Gﬁg&aﬂg%ﬁw&aﬁé ghycoproteins
such as El, E2, and E3. The E2 glycoproteins derived from the Sindbis virus (SIN) and the

hemagglufFiR LRy SHIRHGERE R A% e Hon FrioV Al g Sprbterss thatdpuchreagebiraiparticular
moleculesaicedsisifacas haparin sutatscoliensaminagly camiarkasipliciasidiforsAland can be

used to create targgggg molecules in some embodiments. Their fusion is relatively independent of
f&

binding to TSP BIEL IR S HR G AT 4B BB B RRSHH Rl pidhad S Jagl&esdif®stion in the
endosome:¢Sigehelantdidiesndnald ReunBioehemadas, H3¢H88 (R00)-Smit. J.whak dovikol. 73,

8476-8484 (1999)). Moreover, they can tolerate certain genetic modifications and remain efficiently

assembIeg(gonﬁqﬁcgg}%’ﬁéﬁﬂggs‘iﬁ’rﬁ%r(Kﬂ8lr?581r?8’(ftn |.t%?s\/%l%ﬁrﬁﬂsﬁ’%@eﬁﬁé)?fﬁ’fbéﬁﬁﬂ OtHEF

embodimentgeof theninwention ssucfaceglycommeins.ofilassadenckviles aHepaltiird idirus.fRabies

virus, Boma isea;cse ViEUs Hgntaan virHs .or SAaRS{goV viru cané)e iIizeg as fusion molecules.
esired side effects, su Ct (?H

gigi SR ORI SIS THES B8 used as

[01061In Sther emﬁged??ngirtl S %fa%oé%l\r}en ion, HaUivirtsnased it
the basis fstexpetimgmotspudes. Like alphaviruses, flaviviruses use the class Il fusion molecule to

And E (about 498 Ao QB L S S A e 5L 8RB A LB pocket fo
one fiavivivirgs @@fﬁn@u@ st%@ﬂt)i;alt_@sibém avetkgharboterizbtha@f ihterestpC- BtGHlhasieen
svsescdjg sagenelieg i i ceplissspigs R YR el v
DV E protéirtherdspdrideifields D\P Eiprotkinredndeoksdles margerdGheTretTBE dndeBiitBproteins, as
well as Othﬁfgwﬁg)%m@%@ég%@?ﬁ%bﬁﬁy MA%BR o ultracentrifugation to allow concentration,

which can be important for in vive gene delivery.

[0161] Targeting molecules preferably induce membrane fusion at a low pH,
independently of binding. Thus, in preferred embodiments, targeting molecule-induced
membrane fusion occurs once the virus comprising the targeting molecule is inside the
endosome of a target cell and the viral core component, including a polynucleotide of
mterest, 1s delivered to the cytosol.

10162] In some embodiments a tag sequence is incorporated into a targeting
molecule to allow detection of targeting molecule expression and the presence of the
targeting molecule in viral particles.

[0103) There are two recognized classes of viral fusogens and both can be used as
targeting molecules (ID. S. Dimitrov, Nature Rev. Microbio. 2, 109 (2004)). The class I
fusogens trigger membrane fusion using helical coiled-coil structures whereas the class II

fusogens trigger fusion with B barrels. These two structures have different mechanics and

kinetics (D. S. Dimitrov, Nature Rev. Microbio. 2, 109 (2004)). In some embodiments, class
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engineered to provide the desired binding specificity or to be binding deficient and fusion competent if
necessary. [0107]In some embodiments, a form of hemagglutinin (HA) from influenza A/fowl plague
virus/Rostock/34 (FPV), a class | fusogen, is used (T. Hatziioannou, S. Valsesia-Wittmann, S. J.
Russell, F. L. Cosset, J. Virol. 72, 5313 (1998)). In some embodiments, a form of FPV HA is used (A.
H. Lin et al., Hum. Gene. Ther. 12, 323 (2001)). HA-mediated fusion is generally considered to be
independent of receptor binding (D. Lavillette, S..1. Russell, F. L. Cosset, Curr. Opin. Biotech. 12, 461

(2001)). [0 6&fdapthercembodimentisen alassiieMsjsdusediipraferablyathe:sindbis irusgheoprotein
from the alphavjrus family (K. S. Wang, R. J, Kuhn, E. G. Strauss, S. Ou, J. H. Strauss, J. Virol. 66,
4992 (199 ,%{é%?ﬂt%llggﬂ?eégﬁefaa{g éqf‘%%féusg% iFEUHES two transmembrane proteins (S.
Mukhopadhyay, Ri10k} Kuhedvk £nRessmaakiNee RevdWigiabio:3ink3HR0R5) haukiest protein
responsible for fusion (El), and a second protein for cell binding (E2). SVG is known {0 pseydotype
ot ool SHBUTASHIF Rt Bt ESEE PROTERT AL STELSRR BABR e SRS Sretatvetrd
embodimeftsoa niodified SVE dbatrprofesthtialiy bivd V- S48 N\ois Litilizedifled ofban, embldiments, a
binding-deficient and fusion-competent SV.G, SVGinu,.can be us e fusogenic le in
combinatigé’?/ \C/\%?ﬁoae?espaor%tg ?aragéﬁ?ﬁas’rﬁ% }elc?ﬁ%?%%gh@éegtnvén |t§)%§§foﬂbﬁﬁlv wé‘fsgﬁ%% r dendritic
cell specifpraoteinvifor{@xdmplecia SYG frsoginicaiyolecule casudiess $&d B2 it B1h&he E2
immunoglobulin G binding domain of protein A (Z ain) is incorporated i he.E2 protein and one
o more aaR O T B R e O R o,
Nature Medrnus1a:3460(200%))if0 140§t igen ellaricading thiévtdngatirgiimdizculelésyprefenabyl cloned

into an expressloneEiany el 9 BEBNAGARIRISN. Backaging.pals) Pohar edl.adls are then
co-transfected with the viral vector'encoding a gene of interest (typically encoding an antigen), at least
one plasnfieEendetnieimnel padking compemdatiimgnts-alisttdrfor expréusioly ohdhreetdagetiig

molecule. e faigefing fdnchokis separRion o e disageniduns ion. anai gt Qe Estors

encoding an affinity molecule and any associated components is also provided, The targeting

molecule RCEkprassRidhaisadosmBsaelst aad PhkRadingedicatiarerpérated P8 tRB4®combinant
virus. Expggssion gf iargetingimelequlesairihe pagkagingsell, sHElaes: canhe-analygedfar.example,

by FACS. [01111Based on information obtained, for example from structural studies and
- meodifications and remain efficiently assembled on the retroviral surface (Morizono et al. J.
Virol. 75, 8016-8020).

{0105} In other embodiments of the invention, surface glycoproteins of Lassa
fever virus, Hepatitis B virus, Rabies virus, Borna disease virus, Hantaan virus, or SARS-
CoV virus can be utilized as fusion molecules.

[6106] In other embodiments of the invention, flavivirus-based surface
glycoproteins may be used as the basis for targeting molecules. Like alphaviruses,
flaviviruses use the class II fusion molecule to mediate infection (Mukhopadhyay et al.
{2605) Rev. Microbio. 3, 13-22), prM (about 165 amino acids) and E {about 495 amino
acids) are the glycoproteins of flaviviruses. Also, the ligand-binding pocket for one
flavivirus, Dengue virus (DV), has been well-characterized. Of interest, DC-SIGN has been
suggested to specifically interact with the carbohydrate residues on the DV E protein to
enhance viral entry (Mukhopadhyay et al. (2005) Nat. Rev. Microbio. 3, 13-22). Thus,
lentiviruses enveloped only by bV E protein, or by modified DV E protein, can be used to

target DCs. The TBE and DV E proteins, as well as other fusion moiecules described, may be
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molecular modeling, mutagenesis may be employed to generate the mutant forms of glycoproteins that
maintain their fusogenic ability but have the desired binding specificity and/or level of binding. Several
mutants may be created for each glycoprotein and assayed using the methods described below, or
other methods known in the art, to identify FMs with the most desirable characteristics. For example,
targeting molecules can be tested for the ability to specifically deliver antigens to dendritic cells by
determining their ability to stimulate an immune response without causing undesired side effects in a
mammal. Thealility 1 sResifically daraet deneiiticeeis fanalsobe iested disectly for gxguple, in cell
culture as described below. 101121To select suitable targeting molecules (either wild-type or mutant),
viruses beSPRyEt Erssatgolecule (and an affinity molecule where appropriate) are prepared and
tested for thelr seleaihty anidigribeiraBlityamdaciiate RensiiRiionabine tprgetselmembiane

ro

Viruses that display a wild-type glycoprotein can be used as controls for examining titer effects in
mutants. C&igek é%%?nﬁlﬂ#iéﬁﬂﬁﬁﬁlfgﬁa?ﬁé/ﬂoﬁth%ﬁ@érbéﬂﬁ@?ﬁol@cH@Q&TafﬁﬁiwlmmI§,~ where
appropriate):peirastaghaed by thepditugiusing a siandard infegtiomassay. Aligkp specifigddime, for
example 48 hours post-transduction, cells can be collected and the percentage of cells infected by the

virus comSTRIRG TR By MIRYOMTTCES toPsitfittty Fniachid aRyTuSEgenid fRoldciié) @8Albe
determinedt hysrfan @xarpionFh Gaxdhe, selastiviyican he %&Qd%cgtcw@éﬁﬂ&tlaﬁ}%@%@tage of

cells infected lf the effect of mutations on viral titer can be quantified by dividing the

virus. Similarly
percentage®of g%tlflfé MECtETBY g'rr&s%?ﬁ‘i‘?brg% ntfutintasgkting hiotdde by the percentage of cells

infected by virus fusgrising thégasesipanding withdy pertergeting mealeguley Aprefrped mutant will
give the beft combination (F)lrf‘ns %elgtivit %@f cti§u}§{titer. Once an targgting molecule is selected,
viral concémration assays %é "HETo cBnHIAT#h &t VirlEEE: énvIofaE by e i Ban be
concentratgchuyiral sipetnatantecare cstiestadrandatbonedatatad by glracepwifugaiionesT heotiters of
viruses can be determined limited djlution.of viral stock solution and transduction of cells
expressir?é} the binc ﬁaep FE%?SO?%@ alfkkrljl? a?h%@’cﬁ% : .E[Oﬁlé’l%ﬂhg\s%rﬁ?é ibodT e t}ﬁa(iﬁﬂ/pr fusion
protein mayiibebidliZed Id 28 atefvitappenetragionsibrddh fissthe @Efficany efsactusi@nombletule

(wild-type o A Vi Ay 06 RIgRATSd, (B BXAMRIS, By ansient tanplaction. of packaging cells
with one or more vec{ ) ? é)lfé - 8 tﬁe

ors comprising the viral elements, pr, an of ifterest (and an
affinity molecule if&firoprixte)sdisecreltitingvisomeprdmisé esbddionmfect oellsiesfressihgta molecule
the targetingmole it cule).specif) binds in. sengs;or presence. of the free
inhibitor o biunding%%lﬁét?{ ggfgﬁfnf?&%%%gﬁgf cs::ilrﬁE ?ﬁ}e{%p begl\%;v%as}we%%gi%Q@giﬁlﬁnﬁz%ie‘eﬁ%iea‘némedium
and loade'$iilr RIS YAUrdYA Bibseiaica)salfts s dubeahoic anobometansparanate tovallow
completion ofthe eleavagrsreastiane egels canhefxpd Py easpiarmaldehyde and.analyzed by

FACS and microscopy. The presence of blue cells indicates the penetration of viruses into the

cytoplasnEPesiET BIeECteIsTRb (REBE Bxfe St @ WHENRBIS RIS aHabeTy b adekdn 108K Tis investigate

whether ppRetatgnisidepepeeRiURaha oW Rbkeand Seleciiarasting:mn les {Qfusogenic
moleculesé with the desired pH deg)endence, NF14C1 or other compound that alters pH can be added
at the infelifR'SAY MEACIURPASHPAR, B R dFe SopiRRSHISSHBh S SHRTEEydIRgHECase of

NH4C1, hgidisapieasanes, ofdalueels wilknpdicadethat penetration of viruses is low pH-dependent.
[0115]In addition, t & nfirm that the actiyity is pH-dependent, lysosomotropic agents, such as
ammonium chlorg?.ig% ﬁllor?&ﬁiﬁg?%c?ﬂﬁgﬂg& 7nf35%eﬁ?%$n§aﬁ%llfrﬁ%ﬁéﬁ§f IRiGYIEH 1R 2fhay be
added intexthredsicnbetion bufferas helSsl AgahisicapaalevateithapHwithintheepdvsomIad are

compartments (e.g.. Drose and Altendarf, J, Exp. Biol. 200, 1-8, 1997). The inhibitory effect of these
e hS[%ecltego DE! TOF VH% (FSiSh %{)}ﬁgéé?ﬁr?/.gf fie ittt AR H&&vEEn viruses

agents will reveal he'role pH for vira
displayingdifferentau sege ricemddscude stmadine comparddranddnecnast, suitable selactedsfor a

rticular ication : . o :
particula e@&)%gsattg of the targeting molecule. If the targeting function is separated from the fusogenic
function, one or more vectors encoding an affinity molecule and any associated components

1s also provided, The targeting molecule is expressed on the membrane of the packaging cell
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[01161PCR entry assays may be utilized to monitor reverse transcription and thus measure kinetics of
viral DNA synthesis as an indication of the kinetics of viral entry. For example, viral particles
comprising a particular targeting molecule may be incubated with packaging cells, such as 293T cells,
expressing the appropriate cognate for the targeting molecule (or a separate affinity molecule in some
embodiments). Either immediately, or after incubation (to allow infection to occur) unbound viruses are
removed and aliquots of the cells are analyzed. DNA may then be extracted from these aliquots and
semi-quanjitati ed .usj RisRegific prime .app e of | TR-specific DNA
products W%ﬁein}é%:a eglt%fga Sl%ge{gsg O}F-l\;/il’a| entrg/qé%ﬂﬂn@é%%%&%ﬁgﬁﬁ%%éﬁo%ﬁ%%?gﬁir%gemolecuIe
can have Rf3atag SRdiRdaan erfuicmFliredotes crrmnbstitor B&P8ct of the invention, the viral binding

and fusion funciiqperaye segaiated inia e distnck omeanenta, TYRis!, e iecqmbinang virus

comprises both (i) an affinity molecule that mediates viral binding and precisely targets the virus to
dendritic cBIRCEHY (Felelisgncrriagsgeriic mvlebaletmivyafatomesienss dificiontararfedustioh and

delivery ofg@eﬁg@egg Relynusientidednta.tagslendsitic aglisn AResnethads disglosed herein may be

readily adopte utilize any of a variety of affinity molecules and fusogenic molecules. In addition to

those des@IHEd HBiA! Birdrexesprlrprigygapiy Rforsmirdsianeredl sluemetipdahrssdestribed, for

example, igsld ShP ateibAnmlication oW 1P M 48R filed Makeh 2 2002 (RuRlishadmagUosn Patent
Application Publication 2005-0238626), and in U.S. Patent Application No. 11/446,353, filed June 1,

2006 (publithBH s e &b taRRABRNSHof P UBITEARISN B EETIE0POESBIESesiEh st FkEnTTS ieorporated

herein by efgitence dpcdigientiretyliver 9idBk Theqflinite realecule isensdhat bisds.gidgndiitic cell
surface marker, In preferred embodiments, the affinity molecule binds DC-SIGN with specificity. That

is, the binding OF thea PR BRI 18 BEUs RERFRE presispl, siffe HfrcsriB iy Hdbid Thtlesired

side effectsbilite to ipietaetion wightMatkars evibthes ekl ypesidheaialfinityspeleswe can ke, for
(?ga%@cally binds DC-SIGN. [0119]In some preferred embodiments, the

example, g antbody. hat
fusion molecule’is a viral glycoprotein that mediates fusion or otherwise facilitates delivery of the gene

of interest to the Wandfitic dellsqxefenabbidmresponsetathe {ehaH.aovirenmnentieftheiandosome. The
the viral contents can empty into the

fusion molgayisielelabin exhiblis [t anauai Knelics fat ey :
cytosol before the degradation of the viral particle In addition. the TISigH eI S FERAH D EThodified to
reduce or fehiginéte twy bicldityinctivitjoanbeihubildsuce faciblirinate-amyonoas piecifiedeinditig. That is,
by reducingdhe,biading iyl e fusion mplesules, bindingiaf e virustq the targeelis
deteimined predominantly or entirely by'the a mn‘i?m %Cl.ﬁe,

exapuning titer effects in mutants. Cells expressing the binding partner of the targeting

molecule (or affinity molecule, where appropriate) are transduced by the virus using a

standard infection assay. After a specified time, for example 48 hours post-transduction,

cells can be collected and the percentage of cells infected by the virus comprising the

targeting molecule (or affinity molecule and fusogenic molecule) can be determined by, for

example, FACS. The selectivity can be scored by calculating the percentage of cells infected

by virus. Similarly, the effect of mutations on viral titer can be quantified by dividing the

percentage of cells infected by virus comprising a mutant targeting molecuie by the

percentage of cells infected by virus comprising the corresponding wild type targeting

molecule. A preferred mutant will give the best combination of selectivity and infectious

titer. Once an targeting molecule is selected, viral concentration assays may be performed to

confirm that viruses enveloped by the FM can be concentrated. Viral supematants are

collected and concentrated by ultracentrifugation. The titers of viruses can be determined by
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allowing for high target specificity and reducing undesired effects. Exemplary fiision molecules include,
but are not limited to viral glycoproteins derived from one of the following viruses: Sindbis virus,
influenza virus, Lassa fever virus, tick-borne encephalitis virus, Dengue virus, Hepatitis B virus, Rabies
virus, Semliki Forest virus, Ross River virus, Aura virus, Boma disease virus, Hantaan virus, and
SARS-CoV virus. [0120]The methods disclosed herein can be readily adopted to utilize any of a
variety of molecules as targeting molecules, or as fusogenic molecules in combination with affinity
molecules yln-addition.1o t rihe rein, other exemplary. melecules and related methods are

1R AAdan; 1o hesg deseribed, ‘@
described, %orlexamplé,gfn U.S.r Paté)nt A%p?}ggﬁgﬁﬂé%%ﬂscéa%%ﬁ%%ﬁ > 38876 At tﬁ? ltf?l d%%tent
ApplicatiorP®PUistication 2Z00¥0028288). Vectors [0121]In a preferred embodiment, one or more
vectors are used i ypoduge RGMDUGIRGHARFRAUBNSES I A packading celline fofihe prgparation of
a recombinant virus as described herein. The vectors can contain po ynuclréloﬁde sequences encoding
the various 6oHaporarty oftneiracontbiresntheiafé ineiudingftveDEbpekifie thkgating moleatle, a
gene(s) ofnlgLesh{ypicAl. eACRA'0R,ARBNHIRAL AN ANV LOMRARSNIR NEECSIAIY, B! (e production

0

of the virus that are not provided by the ‘packaging cell.. In some embodiments, vectors confainlng

polynucle e s&GtaRcespratioadbe e dsb Sospetiiciamditymmotet ihe did alkaparate(filgosenic
molecule agsubsiifliaddor avrpionthatancodesa Divspedificdagetingpaleckle in the: preparation

of the virus. Eukari/otic cell expression vectors are well known in the art and are available from a

number ofcBINRTEtEIHISHEEERE [Esls GierHapbcmstivnel mvreribenl bdkinsts isohtahigolynucleotide

sequencegihahencode P matbrationfasiors g alsmusesdnihe preratatianfing v sl hese
polynucleatides are typically under the control of one or more regulatory elements that direct the

expressiorrORHTERSITF SEGHRHR 8t hating i cbir dhdrane Bivsdenca). Afsppohate Several

lines of evideose kaupsshavndhaisucenss @lRGracciiaiondsdansndentan the matuation state of
DCs (Bancher, au,afl nd Palucka, ﬁ.K Nat. Rev. Immunol. 5:296-306 (2005); Schuler, G. et al. Curr.
Opin. immﬁaﬁgﬁi@: %%‘{ BOGE? ﬁ@‘acﬁy G230 NEETRIERPYL0:- WS I8E 199 0 PBIScRsdFwhich s
incorporatadihersithbyprekarence b Matiseation cae Hanstem REs bam eallswaatively bxyeled in antigen
capture invtv%e%eg)lf g ecialitzgddfor Té:del priming. In one aspect of the invention, the vector includes
genes that encode i af/oirsi/amo €cules to trigger the desired DC maturation. Such stimulatory

molecules are al§t tdferred toims:sngitr atierhfagtarsyarimakudapiedstimiatotyfatDed select

targeting molecules (or fusogenic molecules) with the desired pH dependence, NH.C1 or

other compound that alters pH can be added at the infection step (NH4Cl will neuiralize the
acidic compartments of endosemes). In the case of NH4Cl, he disappearance of blue cells will
indicate that penetration of viruses is low pH-dependent.

10115] In addition, to confirm that the activity is pH-dependent, lysosomotropic
agents, such as ammonium chloride, chioroquine, concanamycin, bafilomycin A1, monensin,
nigenicin, ete., may be added into the incubation buffer. These agents can elevate the pH
within the endesomal compartments (e.g., Drose and Altendorf, J. Exp. Biol. 200, 1-8, 1997).
The inhibitory effect of these agents will reveal the role of pH for viral fusion and entry. The
different entry kinetics between viruses displaying different fusogenic molecules may be
compared and the most suitable selected for a particular application.

[0116] PCR entry assays may be utilized to monitor reverse transcription and thus
measure kinetics of viral DNA synthesis as an indication of the kinetics of viral entry. For
example, viral particles comprising a particular targeting molecule may be incubated with

packaging cells, such as 293T cells, expressing the appropriate cognate for the targeting
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101231In some embodiments, packaging cells are co-transfected with a viral vector encoding an
antigen and one or more additional vectors. For example, in addition to the viral vector encoding an
antigen, a second vector preferably carries a gene encoding a targeting molecule that binds dendritic
cells, such SVGmu, as described elsewhere in the application. In some preferred embodiments, the
targeting molecule encodes a modified viral glycoprotein that is specific for DC-SIGN. The modified
viral glycoprotein is preferably one derived from at least one of the following: Sindbis virus, influenza

virus, LassadevalevitiS: UgksRRInemRceRallS I SoDE RIS MR hICRAHIL Bryliiis.Rabigs virus,

Semliki Forest virus, Ross River virus, Aura virus, Boma disease virus, Hantaan virus, and SARS-CoV

virus. In sGAE Erfpsdinadinslitte viinsco perEbEhg ad sinterrassrmat ded digewhotibetide
sequence gieogding.a DEenaration faglaryin Seme.embediments; fhapalvnuclediide sequence

encoding a DC maturation factor is contained in a third vector that is co-transfected with the viral
vector endIiNg A astigenlAntP e 6 REBEThore & BRGBHBIV EEloF & iFrecifie PAtkasmigser!l101241In

other embogimants.ANELL MOFeMUALICIsHORIC SRfession vectors are utilized that include two or more
of the elements (e.%, the viral genes, gene(s) of interest, the targeting molecule, DC maturation

factors) necessa®y 17 brodtithierebr tieltresiiad relsmlsinantiFradmp erRabirgseredTHEse of

multicistropig RGOS eduges hs-tetal nuanbripfvectRrsiaguiied andthusauoigs thefossible
difficulties associated with coordinating expression from multiple vectors. In a multicistronic vector the

various elSFREMETIHE B AL SHERNERIBIY ket Yo BhE SrRB R hIdmoterertaise Hef bxpression
control elemerftias negessank mathesermhpdimenisaimubcisirenicvesion GamMprising-aigene of
interest, a reporter,gene, and viral elements is used, The gene of interest typically encodes an antigen
and, optioﬁgl%f, ?B%‘&@\t%ﬁéﬁ(%%ﬁ&%?lgd%ﬂ? c\ﬁ ci@%’{.}nﬁ%lé"igd?%%s%&t?bg FBralsiie®™long with a
vector enciling-adargetingradaleBules] estite Som e e ipddifnenls, amulticisiinizaesionenseding both
an FM and an affinity molecule..In_ saome embodjments the multicistronig vector ¢ rises.a gene
encoding gina\ér?ffgé‘ﬁ%%ﬁ earﬁfgpe%ﬁi(:ct)%ir‘fE]rlel]é‘f:(f)ein %gwygat‘%%e crgraa{gx&t\yir%%fg‘rlneesn?& [rg%(ﬁ?é%h
componentitdebel expiessddiin aonuiticiStroniced Xpressiothaectenpiay eseparatetbcfdoeexainple, by
an 'RES e| t viral 2A element, 10 allow for a ression af the vari roteins from
the same prosotr RS o an A Th SRS are et T ekt o e R 657 1o
de Felipe MarpD0A0briafiidi8h616-626, aott obnlivetois InbbeporattdPheRARBG refetémtsdn its

entirety). Ip{ | oli leoti i I, £5| u AICR) (Fang
CC Bl 2008 ot e BB Lt o0 o e e T SNk nked

with 2A-liK&'s8griE L0 Fed R asacholiidis caseemira s ¢RMBY Pyeglirrechinitis Airds (ERAV),
and thosea asigngMs (Tal) {F2NMcEak &ldks 2004 N BinBiIQteshingl 22 383094 hich is

incorporated herein b¥ reference in its entirety) are used to se{)aratet?benetlc elements in a

multicistropiefFaefor PR Btadh o r A pRrTRRIRFHiuRiBlstFRiS KB tfornrsEimtey nihtisisirnbethe
desired reppimRinanthduissan-ieRdilk be tesiedhy; deiesting expiarsiomohasehHf thaiagnes using

standard protocols. [0126]Generation of the vector(s) can be accomplished using any suitable genetic
engineeririf feCHRTGUSE KR GURAF e dHt Trrateimgy QAo itrﬁ?ﬁti&;ﬂetﬁ@‘%’t%‘(ﬁﬂﬁgﬂ:‘fgcﬁ?ﬂ&iﬁes of -

restrictionfondemnpleageadigraianadigatidi:tianstasmationsplasmid purification, and DNA sequencing,
for example as ifﬁsﬁé?ed ili}fSambrook t al. (1989. Molecular Clgoning: A Laboratory Manual. Cold

Spring Harbor L ory PleS8TR. V)T E0HN SPRCESHSvires "8 819/ Balof L&BBratory
Press, N.ti{dQ9d)gianta? RixANesusessrAol mbtioalsAfpitach’ {&laary of giengdnd .o Qxteresiniversity

Press, (2000), each.of the foregaqing.which is incorporated herein %refer{ ce in its entirety.
0127 The ORIy Sy AP SEE B Tam The LorCHRE i hg KRB oo T
fusion molecule preferably exhibits fast enough kinetics that the viral contents can empty into
the cytosol before the degradation of the viral particle. In addition, the fusion molecule can be
modified to reduce or elimnnate any binding activity and thus reduce or eliminate any non-

specific binding. That is, by reducing the binding ability of the fusion molecules, binding of

the virus to the target cell is determined predominantly or entirely by the affinity molecule,



organism. The sequences may be incorporated in their native form or may be modified in any way. For
example, the sequences may comprise insertions, deletions or substitutions. [0128J Expression
control elements that may be used for regulating the expression of the components are known in the
art and include, but are not limited to, inducible promoters, constitutive promoters, secretion signals,
enhancers and other regulatory elements. [0129]In one embodiment, a vector can include a
prokaryotic replicon, i.e., a DNA sequence having the ability to direct autonomous replication and

maintenangg ohib e eeRmdinAnt NAmaleople extiachyameasmAlNine Prakaniolic gl gel, such as

a bacterial host cell, transformed therewith. Such replicons are well known in t Ina

vectors thatalseIiefe BPreRarktiete phtdimies Hssiintlatemytries wisoyedefiorassion domtfers a
detectablemarkey SHeheas &g resistansenlyRical bacterial drug [esistance genes are dhose that

confer resistance to ampicillin or tetracycline. [01301The vector(s) may include one or more genes for
selectable'HisrKeFaSpal drs: Hawtiles i Waaldriic aan, SaehidsFargenarer Rossuly resistance

selection marker-ul iR SRNELALOMRS 3 facian DecessANY At dhe,suryival or growth of transformed host
cells grown in a selective culture medium. Host cells not transformed with the vector containing the

selection gene WitABL surdibe Tetheds dicressrbbririn Fpikarseldrsaniehes eilEsdqnprefdins that

confer resigianeetondnithielics of-ather 1RXINS:I& Jor ARG, PEQIYGIR MethRtiexals, Qltetracycline,
complement auxotrophic deficiencies, or supply critical nutrients withheld from the media. The

selectabld AP EAT BtionAIRA B PReSeith B Laibafals Sias A Fafe RIS RO B} Botfidnsfection.
101311Veetoss witleusillyeoniaia-adprometesihatiés recagrized .y thepackaging.sgltanshthat is

operably I@) Q g polynucleotide(s) encoding the targeting molecule, viral components, and the
like. A progré (%&i |Js8t éﬁeée?iﬁé% o%%%tﬁ %ﬁ%ﬁ?@ﬂ?%‘f‘m% W&%@J@Qﬁ?%& sequence that permits
binding of RNA polymerase and transcription to occur. Promoters are untranslated sequences that are
located upétetaisn (5') to the start codon of a structural gene (generally within about 100 to 1000 bp)
and control the tiansyription and translatian atihe antigesy-spaeific.nglynueleotide, seauance to which

they are operably linked. Promoters may be.lndumbl‘e or constitutive. The activity of the mducible
promoterPMHRREH D pIREsate Rickises ed Idftsidoictbe pisivtiefactSrsramaugibiet priomoters can

be a usefyl lakinaensticenginering RerausaiDesRIGssIAN olaenss o Whish dhey.aig operably

linked can be turned on or off at certain stages of development of an organism or in a particular tissue.

Inducible FRBRINELS eAH B EGPOIERE LR aRsIEgInE [Bg dlSsacsibrisrTdname prysicatiseasgulated

promoters Typiea! ehemicallyreauiaied-namotars nclude pataenetdimited 40 alsehglkregulated
promoters (e.g. alcohol dehydrogenase 1 (alcA) gene promoter), tetracycline-regulated promoters

(e.g. tetral %@iﬁé’-‘%%ﬁ%ﬂsﬁ?g BPORETEREL RN SR RAGHAZEE S5FSmJteF ey SRk yitRBESrTSSIE e ceptor

(GR)-basedhpriamgtes furtiantristregrenes epter {kBjdbased premeterimath acdysanasgceptor-based
promoter, and éh romoters Pasrfr;d on the.steré)i /retinoid/tghyroid receptor supeirt{}]amily :

).
metal-reg TRt pramSTars R G HiTRIBTATE LT (e YBaLE S SRIBHSHS REdHatho GRREME related
promotersn@eguldrabitopsisaamibmaizeepathogEnkeelated (FRxpratdin-baced promdlershwhypical
physicalIy-r%%ufll%tgr(ljdpr%rg‘(f)t?%%inglude, butbageopgt limited }o, terggerature-regulated promoters (e.g.
9

heat shock promoters%r, and. %—reoéfljlaa?élgl pefomo ers fé.cglf ss8§f§:ea'n SSU promoter). Other exemplary

promoters are dés&dbed éisewtrereston exintigle pivdmyper textiransfestaining polvnucleotide
D oo 0P8 B R B YRR 2 Uk R BRI SRS SIDY reference
These polynucleotides are typically under the control of one or more regulatory elements that
direct the expression of the coding sequences in the packaging cell and the target cell, as
appropriate.  Several lines of evidence have shown the success of DC vaccination is
dependent on the maturation state of DCs (Banchereau, § and Palucka, A.K. Nat. Rev.
Immunol. 5:296-306 (2005); Schuler, G. et al. Curr. Opin. Immunol 15:138-147 (2003);
Figdor, C.G. et al. Nat. Med. 10:475-480 {2004), each of which is incorporated herein by

reference). Maturation can transform DCs from cells actively involved in antigen capture
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[0132]One of skill in the art will be able to select an appropriate promoter based on the specific
circumstances. Many different promoters are well known in the art, as are methods for operably linking
the promoter to the gene to be expressed. Both native promoter sequences and many heterologous
promoters may be used to direct expression in the packaging cell and target cell. However,
heterologous promoters are preferred, as they generally peimit greater transcription and higher yields
of the desired protein as compared to the native promoter. [0133]The promoter may be obtained, for

example, g (e, agaamesOltiaes SHeREs ROMAMBUILS IRMARKYS, 2denovis, fvine

papilloma virus, avian sarcoma virus, cytomegalovirus, a retrovirus, hepatitis-B virus and Simian Virus
40 (SV40)ETHE phahfarsidmiye sisewelofnr eriampts, o egarolSiotesmdMitatanptomoténad.g., the

actin promater era% immuneglohulin prapotar 2 leatshack prometer, or.the Rremeter nortnally

associated with the native sequence, provided such promoters are compatible with the target cell. In
one embo%@ﬁt, the promoter is the naturally occurring viral promoter in a viral expression system. In

some embodimengszthe promeler isaulandeiic cell-spesificarometer, The:dandritin.cqlkspgeific

promoter can be, for example, CD11 ¢ promoter. 101341Transcription may be increased by inserting
an enhancESEISAEER B THESRECIBf SncrsHadTecidddengipreaysciSaictigelerieridiSpDIA, usually
about 10 ten308-hpJe-iengtb. that astanRDremetsiHiednsreaseiis franscription,Many gnhancer

sequences are now known from mammalian genes (globin, elastase, albumin, a-fetoprotem, and

insulin). PETRTHBR, BA et it deattryetits cirliftE Gmmpes ukser edarifsidacincindlehe SV40
enhancer eprifadate sideekipefeplicationdarss (bR 190:270 i axtanegalovidasearlRromoter

enhancer,r%Teopolyéo,m%enhancer on the Igte side of the replication origin, and adenovirus enhancer_s.
The enharfeSF Ay Be SHIiE BRI S VECtSPAL a H5<RRIS o @ ¥HP S iigehEpEERY P8y nucleotide
sequence dbdis preferatiydocatedt atcarsitewBnfropmties piem ot fad3S]kxpressige ecigs, will also
contain SEHNERNSHR régggp%xsa%rtysf%rgg,e Dengue virus, Heﬁaﬁtis B virus, Rabies virus, Semliki Forest

virus, Ross River virus, Aura virus, Borna disease virus, Hantaan virus, and SARS-CoV

virus. In some embodiments, the viral vector encoding an antigen also includes a

polynucleotide sequence encoding a DC maturation factor. In some embodiments, the

polynucleotide sequence encoding a DC maturation factor is contained in a third vector that

is co-transfected with the viral vector encoding an antigen and the one or more additional

vectors into the packaging cells.

10124] In other embodiments, one or more multicistronic expression vectors are

utilized that include two or more of the elements (e.g., the viral genes, gene(s) of interest, the

targeting molecule, DC maturation factors) necessary for production of the desired

recornbinant virus in packaging cells. The use of multicistronic vectors reduces the total

number of vectors required and thus avoids the possible difficulties associated with

coordinating expression from multiple vectors. Jn a multicistronic vector the various

elements to be expressed are operably linked to one or more promoters (and other expression

control elements as necessary). In other embodiments a multicistronic vector comprising a

gene of interest, a reporter gene, and viral elements is used. The gene of interest typically

encodes an antigen and, optionally, a DC maturation factor. Such a vector may be

cotransfected, for example, along with a vector encoding a targeting molecule, or, in some

embodiments, a multicistronic vector encoding both an FM and an affinity molecule. In
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termination of transcription and for stabilizing the mRNA. These sequences are often found in the 5’
and, occasionally 3', untranslated regions of eukaryotic or viral DNAs or cDNAs and are well known in
the art. [0136]Plasmid vectors containing one or more of the components described above are readily
constructed using standard techniques well known in the art. [0137]For analysis to confirm correct
sequences in plasmids constructed, the plasmid may be replicated in E. coli, purified, and analyzed by
restriction endonuclease digestion, and/or sequenced by conventional methods. [0138]Vectors that
provide foé&&?@%ﬁﬂ%fé%ﬁs jon inlpc?mmalian cells may also be used. Transient expression involves

the Use Of AN ExXPrasaion vector thatis AbIS o Tepli At &HfitiB R A RELE A WRH K8 host cell
accumulatesadaredopisstof e éxgre ssidnive efomand, in turn, synthesize_s high levels of a the
> TeErory oo S SREP R A ENHTE M BE SRIE R IRRR SRR maRmr0k €

be separated, for example, by an IRES element or a viral 2A. element, to allow for separate

expression of the various proteins from the same promoter. IRES elements and 2A elements

are known in the art (.S, Patent No. 4,937,190, de Felipe et al. 2004. Traffic 5: 616-626,

each of which is incorporated herein by reference in its entirety). In one embodiment,

oligonucleotides encoding furin cleavage site sequences (RAKR) (Fang et al. 2005. Nat

Biotech 23: 584-590, which is incorporated herein by reference in its entirety) linked with

2A-like sequences from foot-and-mouth diseases virus (FMDV), equine rhinitis A virus

(ERAYV), and thosea asigna virus (TaV) (Szymczak et al. 2004. Nat. Biotechnol. 22: 586-594,

which is incorporated herein by reference in its entirety) are used to separate genetic elements

In a multicistronic vector. The efficacy of a particular multicistronic vector for use in

synthesizing the desired recombinant virus can readily be tested by detecting expression of

each of the genes using standard protocols.

$0126] Generation of the vector(s) can be accornplished using any suitable genetic
engineering technigues known in the art, including, without limitation, the standard
techniques of restriction endoﬁuclease digestion, ligation, transformation, plasmid
purification, and DNA sequencing, for example as described in Sambrook et al. (1989.
Molecular Cloning: A Laboratory Manual. Cold Spring Harbor Laboratory Press, N.Y.),
Coffin et al. (Retroviruses. Cold Spring Harbor Laboratory Press, N.Y. (1997)) and “RNA
Viruses: A Practical Approach” (Alan J. Cann, Ed., Oxford University Press, (20000, each of
the foregoing which is incorporated herein by reference in its entirety.

[0127] The vector(s) may incorporate sequences from the genome of any known
organism. The sequences may be incorporated in their native form or may be modified in any
way. For example, the sequences may comprise insertions, deletions or substitutions.

[0128] Expression control elements that may be used for regulating the expression

of the components are known in the art and include, but are not limited to, inducible

- promoters, constitutive promoters, secretion signals, enhancers and other regulatory elements.
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[0139]Other vectors and methods suitable for adaptation to the expression of the viral polypeptides
are well known in the art and are readily adapted to the specific circumstances. [0140]Using the
teachings provided herein, one of skill in the art will recognize that the efficacy of a particular
expression system can be tested by transforming packaging cells with a vector comprising a gene
encoding a reporter protein and measuring the expression using- a suitable technique, for example,
measuring fluorescence from a green fluorescent protein conjugate. Suitable reporter genes are well

known in the art. 11Tyansformatign of packaging cells with vectors of the present jnvention is
accomplished bwa\I%:%tnOV\i/’% %lgtﬁéng)so,ggﬁgnt & r"ﬁ%%ﬁgg% n(l,éY Hggé" igrﬁlé?lﬁ'ﬂﬂfeﬁ%’ﬁcé)ﬂy Way?A number
of non-virabd&tivenysystdmsngrékrnbiiyindhigrent ainchodingsfoedxatyplenelectroperatiost tipid-based
delivery sys| ncluding, li mes, delivery of "naked" DNA, and delivery using polycyclodextrin
compounds}%rﬁ?ﬁ%%ﬂ%@s% c?g(sﬁtgﬁﬁ%d ?%% 8%5{2 ein AG, 65051?@6%&& egztg?g’ing%gn%ser%ene
Therapy: PrpciptesendBogrestesicAriticanctr. Diugs, rmictnis incorpidriatedrharelr bytreference in its
entirety). Calignic lipid.or.salt tr t.m re typically employed, see, for example, Graham et
al. (1973. ViroL 52:456; \?’Vig%tfr 2‘?%”3‘?%157 .%%%%.’aﬁatrﬁ%g‘g%.lgg e ?é‘i%%—%ﬁeeﬁc%ﬁ)soef the
foregoing WHIEHS9Ineor o atctbteeteite byarsteremtedn dtdmgtiretstarhe calgitm phosphiatbrecipitation
method is peeferatkHaneyalQtiek matbeds forntoducing the vector inig cells may also be used,

including nuclear microinjection and bacterial protoplast fusion. Viral Vector and Packaging Cells
[014210ne of théd}é8lors digodrssomhe see wirlpsiqthes wiralovectory. Therkarbla teademuhaber of

avallable irBlyReies gl as SUEblR 0r o8 Wb e eI GIGINGRgSG Idgalfigg for human

gene therapy applications, such as those described by Pfeifer and Verma (Pfeifer, A. and .M. Verma.
2001. AnnEENRSTCEEhB ALer HGFRS Weret herrmbel ongrrertisoiicarprmedineretiugreatarance in its

entirety). Suiiablgvdralvesiorinehideyestorsbased-ARBNAYV I SHSURES tetivifys-derived
vectors, e.g., Moloney murine leukemia virus (MLV)-derived vectors, and include more complex

retrovirus-SRFRASA SRR RP IR Ry B W IBREI R m Armierh RGERSTTCiESy wiRgede
(HIV-1)-desiveshvattorsdigiongsietifis categanioRiher examplssniclude Jentivinss vestaysiderived from

HIV-2, felinedlmmunodeficiency vi[us (FIV), equine infectious anemia virus, simian immunodeficiency
virus (SIVFERE RARGIABnETRTE ’[’6"14%‘1?1’1%@?& GHEREP BPete SIS s DriSE s BRSO rmbral genes

encoding nutrients withheld from the media. The selectable marker can optionally be present on &
separate plasmid and introduced by co-transfection.

{0133} Vectors will usually contain a promoter that is recognized by the
packaging cell and that is operably linked to the polynucleotide(s) encoding the targeting
moiecule, viral components, and the like. A promoter is an expression control element
formed by a nucleic acid sequence that permits binding of RNA polymerase and transcription
to occur. Promoters are uniranslated sequences that are located upstream (5 to the start
codon of a structural gene (generally within about 100 to 1000 bp) and control the
transcription and translation of the antigen-specific polynucleotide sequence to which they
are operably linked. Promoters may be inducible or constitutive. The activity of the
inducible promoters is induced by the presence or absence of biotic or abiotic factors.
Inducible promoters can be a useful tool in genetic engineering because the expression of
genes to which they are operably linked can be tumed on or off at certain stages of
development of an organism or in a particular tissue. Inducible promoters can be grouped as
chemically-regulated promoters, and physically-regulated promoters. Typical chemically-

regulated promoters include, not are not limited to, alcohol-regulated promoters (e.g. alcohol
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components of the recombinant virus as well as one or more genes of interest, such as, for example,
an antigen and/or a DC maturation factor. The viral vector may also comprise genetic elements that
facilitate expression of the gene of interest in a target cell, such as promoter and enhancer sequences.
In order to prevent replication in the target cell, endogenous viral genes required for replication may
be removed and provided separately in the packaging cell line. [0144]In a preferred embodiment the
viral vector comprises an intact retroviral 5' LTR and a self-inactivating 3' LIP,. [0145]Any method

known in taerat-mehe LeRcip pipdeciies s eiraval nauices hose ggrame camrises an

RNA copy of the viral vector. To this end, the viral vector (along with other vectors encoding the gene

of interest MEHECDTYS HERHi A §Etiplg-FRoNafereroes (SreferadiEmstioeackd e alpEokeasig cell line
that packages wral gepomicRNADased:an e viralyesioninte vitalParicies. (461 bs.packaging

cell line provides the viral proteins that are required in trans for the packaging of the viral genomic
RNA into iFarppasticrey! ke pameigimgaced fite hiay Beidns Beiliiv threoupasw afaspressing
retroviral preigingRrRiared-RACKAEing selbiines dnkide 293 MATG GGk kil gl (ATRGCCL 2),
D17 (ATCC CCL 183), MDCK (ATCC CCL 34), BHK (ATCC CCL-lO‘) and Cf2Th (ATCC CRL 1430).
The packd§iftFeePIEoHRY dbly SRpilesithenb By KA gsibteingd sich a Balsadgitytell line is
described jengxamplerypitdiSpRatentNeg 6«48, Ladnwhichiiineornenated heseimpbysgfergnce in its
entirety. Alternatively a packaging cell line may be transiently transfected with plasmids comprising
nucleic aciFTRATEHEOHREE 81E BoMBIE SNy Ut BIORIRSntiadisgte 2 FERR B geting
molecule (@ralterpstivelysia Ponspesificadfigitysmnoleayleaneiusogeniesnalec wr)-alenag With the viral
vectors encoding the gene of interest, which typically encqdes an antigen and cap_additjonally encode
2 DG matd R ot P 4ot U1 ST L EERUTUIG o F g AEBREE S EnG GOFG of mierest
and a targefingh midlecuiethad gspetificfaredendriticeagtissare collected and allowed to infect the target
cell. In some preferred embodim the virus is pseudotyped to achieve target cell specificity.
Methods for pseu@g%%ing %S;neev(\’/fgﬁqgrrig\}v%?n%glér %r%@ fja%;os Eg%cs?gﬁbaggrﬁg?eafg.p rom 6{)§§T’§n one
embodiment, thre stectinbimantstinuseus édeaty diéfivemthe generohinterdskin evnmiodificdrieativirtus and the
viral vector is.based on a lentivirus. As lentiviruses. are able to infect both dividing and non-dividing
celis, i O B e R B e e
cells to divielg)enices and many heterologous promoters may be used to direct expression in the

packaging cell and target cell. However, heterologous promoters are preferred, as they
generally permit greater transcription and higher vields of the desired protein as compared to
the native promoter.

[0133]  The promoter may be obtained, for example, from the genomes of viruses
such as polyoma virus, fowlpox virus, adenovires, bovine papilioma virus, avian sarcoma
virus, cytomegalovirus, a retrovirus, hepatitis-B virus and Simian Virus 40 (SV40). The
promoter may also be, for example, a heterologous mammalian promoter, e.g., the actin
promoter or an immunoglobulin promoter, a heat-shock promoter, or the promoter normally
associated with the native sequence, provided such promoters are compatible with the target
cell. In one embodiment, the promoter 1s the naturally occurring viral promoter in a viral
expression system. In some embodiments, the promoter is a dendritic cell-specific promoter.
The dendritic cell-specific promoter can be, for example, CD1lc promoter.

[0134] Transcription may be increased by inserting an enhancer sequence into the
vector(s). Enhancers are typically cis-acting elements of DNA, usually about 10 to 300 bp in

length, that act on a promoter to increase its transcription. Many enhancer sequences are now
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[0149]In another embodiment, the recombinant virus used to deliver the gene of interest is a modified
gammaretrovirus and the viral vector is based on a gammaretrovirus. [0150] In another
embodiment the vector is based on the murine stem cell virus (MSCV; (Hawley, R. G., et al. (1996)
Proc. Natl. Acad. Sci. USA 93:10297-10302; Keller, G., et al. (1998) Blood 92:877-887; Hawley, R. G.,
et al. (1994) Gene Ther. 1:136-138, each of the foregoing which is incorporated herein by reference in
its entirety). The MSCYV vector provides long-term stable expression in target cells, particularly

hematopoiglic,RregHESOky their di ntiated progeny. [0151)In another embodiment, the
vector is based on a mod%]%gaﬁl/l%oggilg%ir 3}?%‘5% e??gsh%fzé g%o She§ TRRE TR uRRMISHIS. The viral
vector can 2fsEr el e psharmsofomtnbridviris suthias tiltidesedb&timaohdiite eleat(2001. Stern
Cells 19, Ngn 2365248 Which is Incer herein by reference. in its entirety), [0152]A DNA viral
vector may be useélj, incfudin% forgg?(%ﬁ%rfgﬁg%é%%\%rﬁglgéggg%\)/ng@g?stkaencanga’é%%l-‘%é%cfﬁfgﬁ virus
(AAV)-bad¥8E oI REHisEe retloviral-sidenouirahvisetdre alst cainlize rasibehtidthdhemethinds of the

invention. §84:231Qthem 'S H%gdﬁ lypucicatide delivery including vectors derived
from herpes simplex virﬁi%{Hg\%g;iﬁ%%ing amé:)%%gé%r‘{y @é%?ogé? r‘e%f%a ?o%gasezf]‘e%rﬁr\g}géolzlg\}oand
attenuated"& SVGERSIBF I, DURFISHIOPE: SHighmeeT IuRisusefRIpFintcD] et alsikogsrReavatopment of
herpes simpgigxigrus replication-defective multigene vectors for combination gene therapy
applications. Gene Ther. 5; 1517-30, which is incorporated herein by reference in its entirety).

[0154]0ther vectrEtHat h&vETFRSEERtY B devbloped formipne thmemsysusesessary for the

termination of transcription and for stabilizing the mRNA. These sequences are often found
in the 5' and, occasionally 3', untranslated regions of eukaryotic or viral DNAs or cDNAs and
are well known in the art.

16136} Plasmid vectors containing one or more of the components described
above are readily constructed using standard techniques well known in the art.

10137} For analysis to confirm correct sequences in plasmids constructed, the
plasmid may be replicated in E. coli, purified, and analyzed by restriction endonuclease
digestion, and/or sequenced by conventional methods.

[G138] Vectors that provide for transient expression in mammalian cells may also
be used. Transient expression involves the use of an expression vector that is able to
replicate efficiently in a host cell, such that the host cell accumulates many copies of the

- expression vector and, in turn, synthesizes high levels of a the polypeptide encoded by the
antigen-specific polynucleotide in the expression vector. See Sambrook et al., supra, pp.
16.17 - 16.22.

[0139] Other vectors and methods suitable for adaptation to the expression of the
viral polypeptides are well known in the art and are readily adapted to the specific
crrcumstances.

(01407 Using the teachings provided herein, one of skill in the art will recognize
that the efﬁ@acy of a particular expression system can be tested by transforming packaging
cells with a vector comprising a gene encoding a reporter protein and measuring the
expression using-a suitable technique, for example, measuring fluorescence from a green

{luorescent protein conjugate. Suitable reporter genes are well known in the art.

“35-



also be used with the methods of the invention. Such vectors include those derived from baculoviruses
and alpha-viruses. (Jolly DJ. 1999. Emerging viral vectors. pp 209-40 in Friedmann T, ed. 1999. The
development of human gene therapy. New York: Cold Spring Harbor Lab, which is incorporated herein
by reference in its entirety). [0155]In some preferred embodiments, the viral construct comprises
sequences from a lentivirus genome, such as the HIV genome or the SIV genome. The viral construct
preferably comprises sequences from the 5 and 3' LTRs. of a lentivirus. More preferably the viral

construct comprigggyie R and Woseoneness Hom el FHR REA BRI and: 3. dpaciyated or

self-inactivating 3' LTR from a lentivirus. The LTR sequences may be LTR sequences from any

lentivirus fRéfRERYSEpEleyeldmexanmpitiogreyirhdicoadiirr sebriatreels froniRid SIynFIys: BIV.
Preferably the |- TiR SeaYSncGS AreFIM- FREEIUSRCESown in[HblT NG yiaheopstuckpigferably

comprises an inactivated or self-inactivating 3' LTR. The 3' LTR may be made self-inactivating by any
method kniiG ARFRS ek Tnidrhesrefsiredveiboamenedie Uposerserich e o inrke¢ohtlins a

deletion ofitg aRhARGek NoRiRISieIRRBS RAT Aub0%s SRland Mirkappa B st Aga result of
the self-inactivatin% 3' LTR, the provirus that is inte%rated into the host cell genome will comprise an

inactivated 494 T RS 70 ptrstify e IS Lejise A #PsnT tisilstivivg) Brograsehad e H8iiaced with a
promoter gequencaiththe visaheonstiughFhisymapiaceasatheditenof virusdaesovsed from the

packaging cell line. An_enhancer seqluence may also be included. Any enhancer/promoter combination

that increa B rad o Rth SRR NAREHS & The PHORIGING RRIFNTS flal! BEudétin a

preferred embeslimagit-the £MYoenhanceripromeler sequenceds sseds[0da8]UT same pieigsred
embodiments, the viral construct comprises sequence . s
Wi ?ChQS 1ncorporate<§ ﬂere?n Q}E‘e erence 921 S:S entslrety. The calcium phosphate precipitation
method is preferred. However, other methods for introducing the vector into cells may also

be used, including nuclear microinjection and bacterial protoplast fusion.

Viral Vector and Packaging Cells

j0142] One of the vectors encodes the core virus (the “viral vector™).. There are a
large number of available viral vectors that are suitable for use with the invention, inciuding
those identified for human gene therapy applications, such as those described by Pleifer and
Verma {Pfeifer, A. and LM. Verma. 2001. Annu. Rev. Genomics Hum. Genet. 2:177-211,
which 1s incorporated herein by reference in its entirety). Suitable viral vectors include
vectors based on RNA viruses, such as retrovirus-derived vectors, e.g., Molaney murine
leukemia virus (MLV)-derived vectors, and inciude more complex retrovirus-derived vectors,
e.g., lentivirus-derived vectors. Human Immunodeficiency virus (HIV-1)-derived vectors
belong to this category. Other examples include lentivirus vectors derived from HIV-2,
feline immunodeficiency virus (FIV), equine infectious anemia wvirus, simian
immunodeficiency virus (SIV) and maedi/visna virus.

{0143} The viral vector preferably comprises one or more genes encoding
components of the recombinant virus as well as one or more genes of interest, such as, for
example, an antigen and/or a DC maturation factor. The viral vector may also comprise
genetic elements that facilitate expression of the gene of interest in a target cell, such as

promoter and enhancer sequences. In order to prevent replication in the targef cell,
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from a gammaretrovirus genome, such as the mouse stem cell virus (MSCV) genome or the murine
leukemia virus (MLV) genome. The viral construct preferably comprises sequences from the 5" and 3'
LTRs of a gammaretrovims. The LTR sequences may be LTR sequences from any gammaretrovirus
from any species. For example, they may be LTR sequences from mouse stem cell virus (MSCV),
murine leukemia virus (MLV), feline leukemia virus (FLV), feline sarcoma virus (FAV), and avian
reticuloendotheliosis viruses (ARV).. Preferably the LTR sequences are MSCV and MLV LTR
sequence e ' t J f L£HHR ' inactivated or
self—inacti\%%%%%ﬁhgfggp@r mr%&f%t%ﬁ%%f&%%ﬁv%&%%%ny me?gggel?r%)%gv%% r?ﬂthe art. In
the preferr®g Bl ert - U3 element of the 3' LTR contains a deletion of its enhancer sequence,
preferably the TAFfubpx, SplAndiNFkanpaBreliemAsa result ebihe sellinactivating 3:- IR, the
provirus that is integrated into the host cell genome will comprise an inactivated 5' LTR.
1016010ptibRamy #rielBassiyaened fldf the gammaretroviral 5' LTR may be replaced with a promoter

sequence in the yiral onstaugl iz Mawinciease Ae-tler olyiius rrearered-fromsthe-pagkpging cell
line. An enhancer sequence may also be included. Any enhancer/promoter combination that increases

expressioR BHHE VIR EGBRGHEIMH e &K cell fise mhysseusea. s pletberada!
embodimend:the GV enfiRnEREPIeRNteEReaNENSR isdised: [RERHTHR el censitusctaangrally

comprises a gene that encodes an antigen that is desirably expressed in one or more target cells.

Preferably TREGERe B inters oLy candusetie s IS S Engeahirs e RASkHs nEal SERHET, the gene

of interest ig\preferabdy maviunclignalirelaianshiagih other genetic elements, for example
transcription regulatoérg sequences such as promoters and/or enhancers, tQ regulate expression of the

H8hrticUI8F RARRERS Y HeF ERE eIt PEPARE RS Hh8!:argSt¥aictn'Certain

gene of interest |H’5

embodimenissthe usefukiansgryftipealraqdaiany Fequencesiadepthoseshatareabighiygegulated with

respect to activi% both terﬂqora‘lltg/ and%z1 iaII{y. 101621In some embadim ntfs, thde g&ge of interest is
r

ina functi(%iﬁlglr?e a%%ﬁns)ﬁf;ﬁwdﬁem A R BroMmteTRIRaREr rré)@qﬂ"liia%?)t/e%néq SREBSE RA™iREEthal"

promoter/ephaneer iscorie thei isAdcatedtietietieile @ TTR aad. thy BIZTRFEqUERHes #Bihe viral
consiruct gy s opesably dpked o g g hatis desably xprgsted OGRS el
promoter/enhancer may be any promoter; enhancer or
packaging cell line may stably express the necessary viral proteins. Such a packaging cell
line is described, for example, in U.S. Patent No. 6,218,181, which is incorporated herein by
reference in its enfirety. Alternatively a packaging cell line may be transiently transfected
with plasmids comprising nucleic acid that encodes one or more necessary viral proteins,
including the DC-specific targeting molecule (or alternatively, a DC-specific affinity
molecule and fusogenic molecule) along with the viral vectors encoding the gene of interest,
which typically encodes an antigen and can additionally encode a DC maturation factor.
[6147] Viral particles comprising a polynucleotide with the gene of interest and a
targeting molecule that is specific for dendritic cells are coliected and allowed to infect the
target cell. In some preferred embodiments, the virus is pseudotyped to achieve target cell
specificity. Methods for pseudotyping are well known in the art and also described herein.
[0148] In one embodiment, the recombinant virus used to deliver the gene of
interest 1s a modified lentivirus and the viral vector is based on a lentivirus. As lentiviruses
are able to infect both dividing and non-dividing celis, in this embodiment it is not necessary

for target cells to be dividing (or to stimulate the target cells to divide).
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promoter/enhancer combination known to increase expression of a gene with which it is in a functional
relationship. A "functional relationship” and "operably linked" mean, without limitation, that the gene is
in the correct location and orientation with respect to the promoter and/or enhancer that expression of
the gene will be affected when the promoter and/or enhancer is contacted with the appropriate
molecules. 101641The internal promoter/enhancer is preferably selected based on the desired
expression pattern of the gene of interest and the specific properties of known promoters/enhancers.

Thus, the internallptéfoterimano therceadnsiiiivepy orainmNon-Ritiag exaniesl cansijutive

promoters that.may b include the promoter for ubiquitin, CMV (Karasuyama et al. 1989. J. Exp.
Med. 169:13, which ifﬁﬁ%ﬁ%ﬁ%‘ﬁaﬁ%%%“&a%‘gé}%%% RO TSR O ASAASHHGifMng et al. 1989.

Proc. Nat!. Acad. 860U SAIB4n4881 488G imbichhis Jacorperaied harein Ry feferenpce.in its gntirety)
and pgk (sgggfeye , Adra et al. 7. Gene 60:65-74; Singer-Sam et al. 1984. Gene
32:409-415§;\q and Dgﬁé%@né%tﬁalﬁgéf!V\ﬁcig%%%?dﬁ ﬁ%g %2%%5 73882R701 438%okedsiag which is
incorporat&i»I%Péirﬁll%%)e?é@edéélii&7ﬁ38§ﬁtiEédyﬂ.ei,&i&'&léﬂtﬂr@@iy@ly}M@m@gggmm’ he.a tissue
specific prgmates, In.sQ fer bodiments, the promoter is a target cell-specific promoter. For
example, the pro?no er gﬁl}%éeﬁ t%g%é%g%ﬁ%%c%f?s%g& ?cfﬁ?gﬁ%?eﬁméﬁrf ?3%'( “Rvestos). 2001.
Intl Mol MEEEIds5\Bsienp iklaeAp eatian 1190%c Rrdt Acat-Set S 650 Fatdseashel which is

incorporatgﬁmgégi@i@gﬁﬁg@@%@%j}? entirety.) In addition, promoters may be selected to allow for
inducible expression of the gene. A number of systems for inducible expression are known in the art,

including the tetré%ine r@éﬂéﬁ%i%eﬁmémmdhhe'fta!@rdpémﬁawﬂpre&ﬁfiﬁeﬂy&temmdyiSia1§,0
contemplaac il ACOMANRON A RGN De R D ARIBIL NG Cealen SR o the
€

gene of inlgterest. The skilled artisan will be able to select a promoterr based oh e 48y et épression
pattern of B HeREsHTE Brdaidrcaheron hoialges ectl dRiftereXerf01661 M Sonte Mutmdiments the

viral constrigtipteietahlysemprispstlgashong Mtggwmerase Il or Ill promoter. The RNA
Polymerase Il or IIIéJromoter is operably linked to the gene of interest and can also be linked to a

termination sequ@r]i & In Z4H0Eh VO recIah e Riv estidiaeader omiplpromotins saayebe
incorporat&dtc[fklﬁﬂdMm%@f@@&i&;@%ﬂb@@g@te\r&%gwg%g@yg,nrg%gpg agfa[ kill in the art. A
a

suitable range of RNA polymerase || promoters can be found, for example, in Paule and White.
Roa/srs

Cids Resenta 8B Bsthosl® { Sisuy wiifeh is incorporated herein by reference in its

Nucleic Acids Reseaict

entirety. The defifAitih of RitArpobamerase |laf INDIQEI0RIS EESRRELNENY. RSO NcldR ANy, synthetic
or enginegég%rlggéi{,r_ m;e"nn}“tjhat can I’girect RNA Igggmerase.ll or Ill, respectively, to transcribe its
downstream RNA Coding Sequeicat P iFHEF & RN A-JBR HENE sB Mise Y ypers Ferligtsromoter or
promoters&sedvasifaftafitheevinatodeidfov ¢midie intyciblesAny suitiatadndusible LY Ierlll promoter

can be used with themefhads of the invention. Particularly suited Pol Il or Ill promoters include the
tetracycline responsive prorenolﬁemr%%r{')ovf(fi‘gasiPlI 1aﬁ§\,‘(',1§“§ PR MGHRSE SHEERRS 45§tV

for combination gene therapy applications. Gene Ther. 5: 1517-30, which is incorporated
herein by reference in its entirety).

[0154] Other vectors that have recently been developed for gene therapy uses can
also be used with the methods of the invention. Such vectors include those derived from
baculoviruses and alpha-viruses. (Jolly DJ. 1999, Emerging viral vectors. pp 200-40 in
Friedmann T, ed. 1999. The development of human gene therapy. New York: Cold Spring
Harbor Lab, which is incorporated herein by reference in iis entirety). '

[0155] In some preferred embodiments, the viral construct COMPIisSes sequences
from a lentivirus genome, such as the HIV genome or the SIV genome. The viral construct
preferably comprises sequences from the 5 and 3' LTRs of a lentivirus, More preferably the

viral construct comprises the R and U5 sequences from the 5' LTR of a lentivirus and an
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11, pp 577-585 (2000) and in Meissner et al. Nucleic Acids Research, Vol. 29, pp 1672-1682 (2001),
each of which is incorporated herein by reference in its entirety. [01681An internal enhancer may also
be present in the viral construct to increase expression of the gene of interest. For example, the CMV
enhancer (Karasuyama et al. 1989. J. Exp. Med. 169:13, which is incorporated herein by reference in
its entirety) may be used. In some embodiments, the CMV enhancer can be used in combination with
the chicken 13- actin promoter. One of skill in the art will be able to select the appropriate enhancer

based on thedesitedexpraasion Aatiern, I GRLT hepalimuceoliderer ggns.etdnigrest isTet limited in
any way and includes any nucleic acid that the ski.IIederactitioner desires to have integrated,

transcribeSEAPSREIR B A SFURPrES 68 Ah SREFGRRBICTATRIh héihBddiRfentE f58Y5BRFSucleotide

can be a geng that emcodes gpantigenagainskWineRa0dmanune Hesponss:im:dasied. In some
embodiments, the gol nucleotide can be a gene encoding a small inhibiting RNA (siRNAﬁ)_ ora

microRNA (miRNRY6H interdt YA RAVAIE ettt é cAruREon Bt Barbiaedig” 1o agehipiishe gene
encoding anisiRNAserammgreRNAcandbedsechigvdannyegrlatecaxiaressianafthegative fegulators in
a cell, includifng those that inhibit activation or r’r}aturat,ion of dendritic c;lgﬁsiR%As and microRNAs are
known in & SRCANAROSERER e WHetETEABA! %t al: 200F TR BIotEET Ib (LS 5482185 3; Zhou,
H. et al. 20eMmBirchesmieal ank-Biophysical ReseatcNICREpRL McataNs 34 7:200- 20 thsSaesd, X-T., et al.

2006. PLoS Medicin §é+ﬁel 1; Kobayashi, T..and A. Yoshimura. 2005. TRENDS in Immunology
26y 177 PRy T (¢ BIO3005 A S50188 T LA oTE A P EE e 200y, Sci
STKE 387mpedsaeachiofvhich is incorporated herein by reference in its entirety). [0170]In addition, in
some embodime ,ére palynucl ti%;? contain more than one , interest, which can be
placed in functio@gsr Iatio(ral%%%n\i@&t 8@?&1?&&‘68%6&@8%r%eg%ﬁg%’gﬁﬁg%gs% (%?yé%ﬁcrgaie&%e%rotein, a
siRNA, oraithigaRhAcr segomesemiodiing nisisthetptidmuejeotidestot vetitel veredscacorermprise

multiple genes encoding, at least one protein, atleast one siRNA, at legst ope microRNA, or any
combinatigrr(fén thetegr%olﬁfg?%%mﬁ@, ?ﬁ%’pé%nu%%%%%re to(éi)ue‘3 %%Iiv%% d %gél iﬁ%h:%é(lo%ﬁg orA more genes
that encodelomesnpmoeatigansdgaitsttwhictesen prmsseresptnseid désiregtnPine ondéher more

antigens cap be assaciated with a single dissase o disqrder, or the eampe.Assosiaterwith multiple

: 11 . . )
diseases and/or disorders. In some embodiments, a gene encoding an immune regulatory protein can
be constriéggnaitks #38Amary gene encoding an antigen against which an immune response is

desired, and the gqaipinationcan. eliciAng (peulaisthe Immung tespaRsedRthedesired direction and
magnitude. In some embodiments, a gene encoding an siRNA or microRNA can be constructed with a

primary géHereh oG ek At ST SINHE M am TR THEr6sp offse ¥desiiesrand e ombination

can regulaig.the seeRe Al thedmnunedespansentSeel Bhexamplesemiodiments abpalysucleotides
in Figure 24c and Figure 24d, with accompanying sequences in SEQ ID NO: 9 and SEQ ID NO: 10,

respectiveP T #@&h@@rﬁﬂoﬁ%ﬁé’ﬁt@ﬁé@@ﬁ@%ﬁ%&ﬁm & HEHESBrBtE T PE & PR ERSS a primary
gene of infaseskity altawdetisenifigatiomolpetiedmi-ase.apessingihedesikadpretain Aomone
embodiment a fluorescent. mar rotein, preferably green f] scent protein (GEP), is.incorporated
b 10 COTE BToRe W S P B S0 G S RS R fE i o gone
is included¢linte saaloriosansalreatry, sié {RRSrsaquedodsprRA elemeni \dre Eisorpbifatably
included% ratin(%éhe %’f&@gﬂfg%}fﬁ \rf] st from a reporter gene and/or any other gene of

e

interest. RESGF2A sequences ma{“/ aci |tas[eeq¥ﬁ808§épression of the reporter gene, or other genes.
[01711The viral ¢oIstiuct mmayaiso eontaimadditichal geretioelements:{diably comprises an

inactivated or self«inactivating 3' LTR. The 3' LTR may be made self-inactivating by any
method known in the art. In the preferred embodiment the U3 element of the 3' LTR contains
a deletion of its enhancer sequence, preferably the TATA box, Spl and NF-kappa B sites. As
a result of the selfsmactivating 3' LTR, the provirus that is integrated into the host cell

genome will comprise an inactivated 5' LTR.
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types of elements that may be included in the construct are not limited in any way anql_will be chosen
by the skilled practitioner to achieve a particular result. For example, a signal that fa_uhtatgs nuclear
entry of the viral genome in the target cell may be included. An example of such.a s'lgnal is the HI\/-l
flap signal. [0172jFurther, elements may be included that facilitate the characterization of the_ provirus
integration site in the target cell. For example, a tRNA amber suppressor sequence may be mcluded in
the construct. [0173]In addition, the construct may contain one or more genetic elements designed to

enhance expressi %{the of.interest..For example, a woodchuck hepatitis virus responsive
element (WRE) m@g (]a pla(@:)g)gglr?%i}thgh géggtfgg{l 2itrerey é&aﬁ%ﬁeﬁpﬁ !.5711‘%%6@??{6%“1.; Deglon
et al. 2000 r$pipredGeite Miverndidr 7Que88, iedbh Gfavhickiisdndiperajad dereimbyireferanss in its

entirety). [ hicke - in insulator may also be included in the.viral construct. This element
has been s%%%k%ﬁ%&reduc%h%k?%%%%ﬁ% %é?llsﬁrelﬁ'c‘lﬁ%% eaFr?Fggsf% ¢ c|E)erci)1\1/?1 gllsr? t eeif'e?% ‘fdcéﬁrﬁ/ue to
methylatiodiiadsetEroeriro metihiration bffetterchyaddiionsithedh sl atorintaysshielchibeintesnal

enhancer, promoier and £xo Us genedr sitive.or negative positinnal effects from surrounding
DNA at theBinteﬁg lon site o%%?e) ch%%moso?dhnéfoe? o%‘%’fﬁﬁ?ﬁgd |ﬁon%e‘3ﬁgﬁ%ﬁéﬁ%}ﬁ?§}ﬂ%€%re
preferably f798ft&6 5" Ethe gene of interest. [0176]In a specific embodiment, the viral vector

comprises: a CytOMRAIOVIFHS: viral construct generally comprises a gene that encodes an antigen that
is desirably expressed in one or more target cells. Preferably the gene of interest is Jocated
between the 5' TR and 3' L'TR sequences. Further, the gene of interest is preferably in a
functional relationship with other genetic elements, for example transcription regulatory
sequences such as promoters and/or enhancers, to regulate expression of the gene of interest
in a particular manner once the gene is incorporated into the target cell. In certain
embodiments, the useful transcriptional regulatory sequences are those that are highty
regulated with respect to activity, both temporally and spatiaily.

[0162] In some embodiments, the gene of interest is in a functional relationship
with internal promoter/enhancer regulatory sequences. An "internal” promoter/ephancer is
one that is jocated between the 5' LTR and the 3' LTR sequences in the viral construct and is
operably Iinked to the gene that is desirably expressed.

[0163] The internal promoter/enhancer may be any promoter, enhancer or
promoter/enhancer combination known to increase expression of a gene with which it is in a
functional relationship. A “functional relationship" and "operably linked" mean, without
limitation, that the gene is in the correct location and orientation with respect to the promoter
and/or enhancer that expression of the gene will be affecied when the promoter and/or
enhancer is contacted with the appropriate melecules.

[0164] The internal promoter/enhancer is preferably selected based on the desired
expression pattern of the gene of interest and the specific properties of known
promoters/enhancers. Thus, the internal promoter may be a constitutive promoter. Non-
limiting examples of constitutive promoters that may be used include the promoter for
ubiquitin, CMV (Karasuyama et al. 1989. J. Exp. Med. 169:13, which is incorporated herein
by reference in its entirety), beta-actin (Gunning et al. 1989, Proc. Natl Acad. Sci. USA
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(CMV) enhancer/promoter sequence; the R and U5 sequences from the HIV 5' LTR; the HIV-1 flap
signal; an internal enhancer; an internal promoter; a gene of interest; the woodchuck hepatitis virus
responsive element; a tRNA amber suppressor sequence; a U3 element with a deletion of its enhancer
sequence; the chicken beta-globin insulator; and the R and U.5 sequences of the 3' HIV LTR.
10177]The viral construct is preferably cloned into a plasmid that may be transfected into a packaging
cell line. The preferred plasmid preferably comprises sequences useful for replication of the plasmid in
bacteria. D§J.;“é§{§’ 94{1#;5 Virys [0178]The virus may be delivered to a target cell in any way that allows
the virus to CONTACT thies tafgut S Harieairs (brey ivwhferretsive i cherpolymit legitideof fnterest is
desired. In prefeikedserahodinesys, siitablesamosnbel vins.isinteghiced, intg apapimal directly (in
vivo), for eg)%rgs%lg th%i]grﬁ énéection into the body. In some preferred embodiments, the viral particles
are injected Into & Marmmars perifierarlsied d&tre i of vibih sestervé dienftysdinnentd)ithe iviral
particles atiedﬂq'petetd:dmﬁminrh@mmhﬂarmmmﬁa%rmal injection, subcutaneous injection,
intra-peritoneal c%&{%ﬁject' n, or.inté?-venal injection. The virus may be delivered using a subderrnal
injection device stich the déViEBE EIEH ok oS! B ottt Mo, B8 1Sprsfia resaies, I, 508679,
7,083,500 pTc088:8 92,0 #:027.00:6, 5545989, i6 808 ROCBIROAT bebinblG: 7 760:0883,118,,6.670,349,
6,569,143p§0ﬁ1904%&§60§h ,69%76,%101d 5t,848 5_91, 5,328,483, 5,279,552, 4,886,499, all of whi’ch are
incorporatéd by reference n their entire { Sf%?%ﬂ“p?f%%@%%é? njEetoh Reatiohs28o aresuitable,

elr entr

such as diféetiyetosciyans cdmpiisingargeticalissEor @xamplginttalympi npde; dnigclions

intra-spleegniggtion.. or intrasbone. marrow injection. may be used to deliver virus to the lymph node,
the spleen and the bon gr?wga{%ig\}/]ve,r?lensp@&?vg@ﬁﬁéﬁéﬁd?ﬁﬁr%%he[rbéiiﬁ%fﬂﬂéf BiFEuifstattégsband nature
of the targ@teeid, intriduchiorichmible capriediontithticugiethenmesnsngugingdersxamale,

inhalation .Qf dirget,cont th epithelial tissues, for example those in the eye, mouth or skin.
101791In gtlger embodin%g%‘?sﬂ, ?grg{%t %ljéﬂéngilégf)ﬂ v{%e%taaﬁﬁigﬁté%@%‘% THEWrARAGARAIES such as in

culture plRBEA N tigEeTatkcare ypicdlly deriditiaeslhabtainetifimha heatuasbigstsy a subject
in need ofsesmenlReiereba e faigs) ool e depdrile gells baipad from a sublect n whom i
t

is desired to stimulate an immune résponse to an-antigen. Méthods RN HORT A¥tibject are
well know? if%RE! FPPRO i Rssthybés ipanden iressiediarmcharited tedbenvalisosiazuiture plate,
tube or otheteeriainese IR Meadia.containing the virus may be added prior to the plating of the cells or
after the cells haye been plated. Preferably cells are incubated in an appropriate amount of media to
provide viability 1P aliow 1RSI ESAEChE atishecof Wi pinfthe imedtims et thetsnieetion of the

host cell aesiseAgaaIiha cells aiencelerably iRsubalagitLthe ¥rys forasufficient amount of
linked to the gene of interest and can also be linked to a termination sequence. In addition,
more than one RNA Polymerase 1I or [II promoters may be incorporated.

[0167) RNA polymerase Il and III promoters are well known to one of skill in the
art. A suitable range of RNA polymerase I promoters can be found, for exampie, in Paule
and White. Nucleic Acids Research., Vol 28, pp 1283-1298 (2000), which is incorporated
herein by reference in its entirety. The definition of RNA polymerase II or Il promoters,
respectively, also include any synthetic or engineered DNA fragment that can direct RNA
polymerase Il or III, respectively, to transcribe its downstream RNA coding sequences.
Further, the RNA polymerase II or III (Pol II or III) promoter or promoters used as part of the
viral vector can be inducible. Any suitable inducible Pol T or 11 promoter can be used with
the methods of the invention. Particularly suited Pol I or II promoters include the

tetracyciine responsive promoters provided in Ohkawa and Taira Human Gene Therapy, Vol.
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time to allow the virus to infect the cells. Preferably the cells are incubated with virus for at least 1
hour, more preferably at least 5 hours and even more preferably at least 10 hours. [0181] In both
in vivo and in vitro delivery embodiments, any concentration of virus that is sufficient to infect the
desired target cells may be used, as can be readily determined by the skilled artisan. When the target
cell is to be cultured, the concentration of the viral particles is at least 1 PFU/n1, more preferably at
least 10 PFU/ul, even more preferably at least 400 PFU/ul and even more preferably at least 1 x 10

PRUIM. _ 11l3B2Hrisssqme eyubedimaiten dolowing mipclion i et 9o jaiopbeells can be

introduced %Qée-introduced) into an animal. In some embodiments, the cells can be introduced into
the dermis{Afideérsié abrrhish o1 wrermE e srardnbiefsteateaants Teesells introduced into an animal

are preferably cellgdgyived {ipi il animak:ta. Ay alcha BEERSE MOVING LBSRANSE, (Ells aiso can be

used that are derived from a donor animal having a similar immune background. Other cells also can

be used, ifQHERTPIBsR G 8GR IS Yo P R aE Rk sBeRMOh ey EnreT 68 portemE0asd] TASStarget cells
may be analyzed jfer exampledardntegration AranSeHRlion ARdiorexpiessian-gh the Alynugleotide or

gene(s) of jnterest, the number of copies of the gene intearated, and the location of the integration.

Such analyBi§ TRy BR iR theat MY fithansAasialeosehincaabieayoanyifehssdickamin in the art.

[0184]Subjegis fromdieh aieconbinanindmswlMSbieced RS areadminisiered carLbeanalyzed
for location of(;i%‘?c ed cells, expression of the virus-delivered polynucleotide or gene of interest,

stimulation 8 (RETEPEALE and monitored for symptoms associated with a disease or

disorder by any nethegds knbwpihineiastide or [0dB5h hadnretheds olintecting sellsdisclased above
do not depenpl ypon indiv{d.ual-s eﬁ:ifi characteristics of the cells. As a result, they are readily
0 alt mammmars. i ac‘r@é 3H%%§hﬁ§ét§rﬁ?8t%6rﬁﬁ‘ﬁ%§nﬁo\/}?ﬂ§ iigeTRieteirs4ihtinan or to

extended t0 afl mamrmals. i1 §6
human demdritietedllsadrootheremboditrentgethelletomnbisantbitus dstdleliveradieRonasisg,or to
mouse de%griati(%e%%llﬁiatneﬁgg ther embodiments, the recombinant virus is deljvered to an animal other

than a human & & mouse.-of to HeRdHIE CETaform A ARk Bth &F R A haRErorE Hdte.
[0186]As distussadnah dve ptiheretambiranbyitugeoanibedpaeudanlpadita:cerker AIpeRNILE broad host
range as well.as farget gelhspecificity. One of skill in the art would also be aware of appropriate
internal promoters to ac(ﬁ:ifeve t eégegéltrfgas ﬁ)(%erl?es%%r‘r\l S?ggﬁﬁt%eﬁyr?ﬁgfé%sﬁ% 8fgaeﬁ}‘é) 18 I%’?‘g‘eres(frin a
particular &himalspdgicsnt rrsoding ofskilkWAherast wilirbBXbleto modifydhie methocofiiméecting

dendritic cglis-deriyed 4 rQEY A% S&%ﬁﬁt%‘rs in a cell, including those that inhibit activation or
maturation of dendritic cells. siRNAs and microRNAs are known in the art and describe
elsewhere (Shen, L. et al. 2004. Nar Biotech 22(12): 1546-1553; Zhou, H. et al. 2006.
Biochemical and Biophysical Research Communications 347:200-207; Song, X-T., et al,
2006. PLoS Medicine 3{1):ell; Kobayashi, T. and A. Yoshimura. 2005. TRENDS in
Immunology 26(4):177-179; Taganov, K., et al. 2007. Immunity 26:133-137; Dahlberg, I.E.
and E. Lund. 2007. Sci. STKE 387:pe25, each of which is incorporated herein by reference in
its entirety).

(G176} In addition, in some embodiments, the polynucleotide can contain more
than one gene of interest, which can be placed in functional relationship with the viral
promoter. The gene of interest can encode a protein, a siRNA, or a microRNA. In some
embodiments, the polynucleotide to be delivered can comprise multiple genes encoding at
least one protein, at least one siRNA, at least one microRNA, or any combinations thereof.
For example, the polynucleotide to be delivered can include one or more genes that encode

one or more antigens against which an immune response is desired. The one or more antigens
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[0187] The recombinant virus can be evaluated to determine the specificity of the targeting molecule
incorporated into the virus that targets dendritic cells. For example, a mixed population of bone marrow
cells can be obtained from a subject and cultured in vitro. The recombinant virus can be administered
to the mixed population of bone marrow cells, and expression of a reporter gene incorporated into the
virus can be assayed in the cultured cells. In some embodiments, at least about 50%, more preferably
at least about 60%, 70%, 80% or 90%, still more preferably at least about 95% of transduced cells in
the mixed cell gopulati.on reﬁfndriti cells that express DC-SIGN. Therapy 101881The methods of
the presentinvan |Sosr?cé§tﬁ%é”t 3d9?6g%r SRIOP T ERPUSHidE Psieay Bt arsadaisd sytidaigple
particularlyitbesesfanwhichiastivation efan imbdiadesponsadnacpatignisveuc.be heaefisial. Many
such diseasr%%lanr%aw%lé kgown itn het%rt. For example, d%eases or disorders that are amenable to
treatment bF prevention By the methods B THE presert HUERA R BRI R s B AR Kancers,
autoimmumespiseasesesing jnfettiensyritchadingcditalli baaterislnflungdkanthpasasitjointertions. In

embodiments of.the invention, a disease is treated by,using recombinant viruses to deliver a gene of
interest to %ée%rgﬁticngecﬁg? W ngiré? rai%lg?f)kr%'sssiglnSgﬂﬁeeégﬂ%elﬁ%%sucae§e§edf3§5:§§g5§pa&ﬁ?§ Aigen and
leads to stimaleRditofantigensspecifit seliulapimmunerespondieg andhignombimmuhanesponses.
(0189 In exppadineni olthe ineofion Afecombinant s 13 used iadelyer pelyaucieotides
encoding an antigen against which an immune response IS des‘%rue& to denditic cefts. ThSohie
embodimeiggpotse. déefiveriprareelachidveihsyicoritactmg deridtio:daliswithcthed Egambidnt virus in
vitro, whergt itk . ' tiept. me, embodiments, the
delivery ca%lﬂt?g%%&r?g\éggﬁﬁ%g%%gﬁgﬂtﬁg\%?ﬁ?é@;%@jdg:gi gﬁgﬁ’tﬁ’ \)rv%?ﬁg gvr\lf%lﬁt?g %}e?%nllﬁ vivo. The
dendritic ceMbHERSEMuRTRSnaeEinespaeier Prastie srBbeatlec affsatienineringerseotatitghastand
humoral _'%‘Hm%rrﬁﬁﬂ@&%@&cﬁ@i&ﬁ%?&@f@ﬁé@%%@%s&%H&'&e%ﬁ%ﬁ%?&@%ﬁﬂ% %@%ﬂ%&a&'ﬂ?&ﬂé suffering
from a disease or disorder is treated by generating immune cells with a desired specificity. 101901
Any antigentRers i dBeThea @it oretaade areaisBraerseart BoEBIi(arsy is meadnieediriusing the
recombinafit isHsesaaIdesaribaddrinias AARtipeH thal &aﬁﬁ%g%%%g%ﬁhﬁﬂb%@%&%giSOfdef is
r

identified for preparation of a recombinant virus that targgets dendritic cells. Antigens associated with

many diseBs Ao dremd HRIPRFEWTIRY thibea B SRABERThay Bé premsusinalim to be
associateghwithathle disedse, eesliserdenopmmar-beddentifind-Ry aay mathadkoanniutbeai. For
example, a%.anti en %o at __pe,ﬁ;e"c cer from which a patient is suffering may be known, such as a
tumor ass8ciated S8 ito Cﬁ%@cﬂf HESTEREGHEROMaMY eSS o A &hgEheE@ncoding
tumor antigens andlethgmaecessary proteins to DCs in vivo using engineered recombinant lentivirus.
In other embodirﬁﬁ% an tégenafeéateg to the disease or dis%{ er is identified from the (fatient to be
treated. For example, an an I§en AsSSRHE Wi &T0nToF HiRy B SRR ASBCHO T SRR ndr fiself by any
method krigpes irf therertis Tuanoraassasidneciantie nenarecnat:l nvitéditadanyaayay ancidnetiide; for
example, apiens. el akgidenliied Qo canceraus cels am the patient g be reated, Jpgot I Tumor
associated antigens are known for a varie?y of cancers inc‘lluadring, or erxapfzﬁra%,epraoss’ﬁ%%e cafcer and
breast carféeitithiesormddreattycsiibe rrdoreosampishtter ke &l reepptoniudvérexpeessedear the
surface of ganceraus; cells, ﬁiﬂ?mﬂt&% ppor antigens include, but are not limited to: MAGE, BAGE,
RAGE, and NY-ESO, which are nonmutated antigens expressed in the immune-privileged areas of the
testes and in a VR of turiBhaelisnissagesspeuifisdahidrahtigiens Gachascthezation of the
meIa_nocyggavﬂgrm{@grm@g@e%ttg@%é%&wM%%ﬁyegQ%9%%@&9@;2&%@%@&@&@”d .
tyrosinase-related protein, or the prostaté specific membrane antigen (PSMA) and prostate-specific
antigen (%%Pm%lé%%%ressed in nomial and neoplastic cells derived from the same
tissue; epitope pratems/perfidesderlvad famagnendyuigipdindnmar sels oraanesigngaibed at

c

different levels in tumor compared to nounal cells, such as mutated ras, bcr/abl rearrangement,

Her2/neu SFNERESH O IR sEapesionyeb S diens P SUCIES! B ximdentanp edgiresksbeniitrsn
sequencesisuch-gmhtiaceidaeqsaminyiiansieraser Ynslonalsearangaments af immygoglobulin

genes generatin uniqéje idiotéggs in myeloma and B-cell lymphomas; epitopé proteins/peptides

derived fréfi%nédvirapbeessissi e ehss Wam o apiieind tiud brdtei eedne Erbidnimutated

oncofetal praiginsiaithadurpprsalacive BXPRESSION, such as carcinoembryonic antigen and
alpha-fetoprotein. A number of tumor associated antigens have been reviewed (see, for example,

"Tumor-Antigens Recognized By T-Lymphocytes," Boon T, Cerottini J C, Vandeneynde B,
Vanderbruggen P, Vanpel A, Annual Review Of Immunology 12: 337-365, 1994; "A listing of human
tumor antigens recognized by T cells,” Renkvist N¢Eastelli C, Robbins P F, Parmiani G. Cancer
Immunology Immunotherapy 50: (1) 3-15 MAR 2001, each of which is incorporated herein by
reference in its entirety.)



[0192] The antigen can also be an antigen associated with an infectious disease, such as, for
example, HIV/AIDS. The antigen can be, for example, gp120 (Klimstra, W.B., et al. 2003. J Vim!
77:12022-12032; Bernard, K.A., et al. 2000. Virology 276:93-103; Byrnes, AR, et al. 1998. | Virol 72:
7349-7356, each of which is incorporated herein by reference in its entirety). Other exemplary antigens
include, but are not limited to: gag, poi, env, tat, nef and rev (Lieberman, J. et al. 1997. AIDS Res Hum
Retroviruses 13(5): 383-392; Menendez-Arias, L. et al. 1998. Viral Immunol 11(4): 167-181, each of
which is incorporated herein by reference in its entirety). [0193]Examples of viral antigens include, but
are not limited to] Hdéhovirdscptsiype pelebinaswiarumpoise pidedndedidivifusvpelypestides, e.g., a

calicivirus eaRSICABNDRIL KALPLRAYS RONRE BIR, ISP URSEMIURRRIYRERIAGS . FROIR tus
polypeptides, enterovirus polypeptides, flavivirus polypeptides, hépatitis virus (B\ ) poﬁypeptldes, e.g.,

a hepatitis'BaEbres brisariacacahfige redpesvirgbrpoRieptidese Begls dtheddemsirtiplessviate or varicella
zoster virsNRRORINIMMNAREGENaY Kiie RAVARRIAES, € MSMUIRNIBMHARdelciency

virus envelope or protease, infectious peritonitis virus polypeptides, influenza virus polypeptides, e.g.,
an influenPASK ARth SlGHIFRD HEtRERIRRESE: 8t thedikeprEes sitteukbmiromesopaty peptides, Marburg
virus polypeptidemoshomyxgv s RAMRLRLde s hapiloma Yitks.BRIYRERtdes Rafainfljenza virus
polypeptides, e.g., the hemagglutinin/neuraminidase, paramyxovirus polypeptides, parvovirus
polypeptid‘é‘é?rﬁ stivirus polypeptides, picoma virus polypeptides, e.g., a poliovirus capsid polypeptide,
pox virus polypeplides, e.0n @ \a&&GiniaeMbaaiRRIMPERIIJR T ARISS: isHs RAYPERIIdes. £10 i fabies virus
glycoprotein G, reovims polypeptides, retrovirus polypeptides, and rotavirus polypeptides.

[01941Exed 185 GHBAEERATERy SReuratidie taéfg %ﬁﬁ‘iﬂ?@&%?’%iﬁ@nﬁé}e/éﬂeT%e&ﬁdes,
Bacillus polypeptitigs sBasteraidesepoly paplides, Bordeiaiia pplwpaptides;Bartangiianelypgptides,
Borrelia poly}gggjtid% , €.9.,.B. burgdorferi. OspA, Brucella polypeptides, Campylobacter polypeptides,
Capnocytophaga p a}ﬁ%%ﬁgegfrﬁhfg?'ﬁwg%fﬂ%ﬁ%oaeg,{%fﬁs?fﬁﬁ?ﬂrﬁ“BB‘i?fﬁ@bﬁB‘&eP%r?ng acterium
polypeptidéenGoxiélleaptiypeptides, dlemmateptituscpalypeplide s niRiosocaus olypeptdes, Ehrlichia
polypeptidae%,g (S:Qeré%rgiag gg&ga&gjgyi@ancisella polypeptides, Fusobacterium polypeptides,
Haemobartonélla p%1ypept| es, Haemaophilus polypeptides, e.g., H. influenzae type b outer membrane
protein, Helicobdétst7polypapticdes) Klebsieltaipalyfeptitie s;ibntdrinbastetiapnlypaptides, deptospira
polypepti isteria polypeptides, Mycobacteria polypeptides, Mycoplasma polypeptides, Neisseria
polypeptiggazf,sﬁggléﬁgﬁgi aﬁ%ﬁlpnépff }é?sm -ﬁg%ﬁf»&é@ y?’f?é%ﬁ% §¥?5%Bs! eUrena ?)%If/‘pgeuﬁf?ac?és,
PeptococEsspoiypeptidesrdptostreptotoceasepelypeptides, Pneumococcus polypeptides, Proteus
polypeptides, Pseudomonas polypeptides, Rickettsia polypeptides, Rochalimaea polypeptides,
Salmonellgepalypeptidesi-~ahigella polypeptides, Staphylococcus polypeptides, Streptococcus
polypeptides, e.qg,, S, pyogenes M proteins, Treponema polypeptides, and Yersinia polypeptides, e.g.,
Y. pestis Fl and %9%1?%19% DorEEs BRYSIEE s My A asah ers e qesheiensthmitedsto, Absidia

pO'YIZepgidemﬂﬁ?rﬁmen&getpﬁbtﬁﬁﬂiid@% (@@md' iR | YRERULESE ﬁwmﬂéh@ti@glwgag&@@@%s .
Basidiobolus. pqlypeptides, Bipojaris polypeptides, Blastomyces polypeptides, Candida polypeptides,
Coccidioiégg%glyg% ﬁ%gg?ggﬁli%‘féi%?ﬁ p%%%fi?d@??@?yg d’é’ﬁ’ééﬁé”ﬁﬁ%ﬁ%ip@e?, Rl ari a pol
ypepti d ediréepidlefimophyltoricpokspeptidemobxopiniata polypeptitte sddeotrihdsipolyReatiees,
Histoplasm lypeptides, Madurella polypeptides, Malassezi a,pol tides, Mjcrosporum
polypeptigéni?el@fonﬁﬂ%rlg%o‘@/rg}eSﬁ écs?gﬁ(%tfgf% %%ngfﬁl)p%&Fé@@%&%ﬁ%%ﬁ%aéﬁﬁé@g%c%myces
polypepticés:: Reslieithd rmmpoiipepiidetcPhialemonienmupoiypeptides; Phiataphora-palypeptides,
Protothec ides, P llescheria polypeptides, Pseudomicrodochium polypeptides, Pythium
polypeptigggsgﬁﬁgé%%ﬁridfﬁggc%‘yeggsptfgggg &‘h.é%%ﬁ@ %rg yiﬁ')eeaéjtlc gqu SE68Eo a%l?dfgﬁa'ﬁgﬁlﬂgeptides,
Sporoth rli@mﬂlwe ptidesyisSte mphylfudel potypeptives sTrishophjtisatipalyeistidesh Tiichesjpeson
polypeptiges; aad Xy1ahyPPRRQIYRER!YSR 275, 7,115,108, 7,108,679, 7,083,599, 7,083,592,

7,047,070, 6,971,999, 6,808,506, 6,780,171, 6,776,776, 6,689,118, 6,670,349, 6,569,143,
6,494,865, 5,997,501, 5,848,991, 5,328,483, 5,279,552, 4,886,499, all of which are

incorporated by reference in their entirety for all purposes.Other injection locations also are

suitable, such as directly into organs comprising target cells. For example intra-lymph node

Gh.



[0196]Examples of protozoan parasite antigens include, but are not limited to, Babesia polypeptides,
Balantidium polypeptides, Besnoitia polypeptides, Cryptosporidium polypeptides, Eimeria
polypeptides, Encephalitozoon polypeptides, Entamoeba polypeptides, Giardia polypeptides,
Hammondia polypeptides, Hepatozoon polypeptides, Isospora polypeptides, Leishmania polypeptides,
Microsporidia polypeptides, Neospora polypeptides, Nosema. polypeptides, Pernatrichomonas
polypeptides, Plasmodium polypeptides, e.g., P. falciparum circumsporozoite (PfCSP), sporozoite
surface protein 2 (PfSSP2), carboxyl terminus of liver state antigen 1 (PfLSAL1 c-term), and exported
protein 1 (PHEKBOR) B BHS Il Pt R0 S AreHeys iy SO BpEds S s isErha Pty peptides,
Theileria pglypeplidess TeepiasmpinalyReptitde SRR EYPRN s ROl PaRtidas: 19 13 faxamples of

helminth parasite antigens include, but are not limited to, Acanthocheilonema polypeptides
AelurostroRBiGe Bty pupHidReSAREVIBLES A Bblsepiidis ArARSSRB faY REBBIFDaptitEe Hscaris
polypeptides: Bmgia Palypeptides, Bunestomuuniipelheptidesotiap loma golyprpidessChabertia
polypeptides, Coopena polypeptides, Crenosoma polypeptides, Dictyocaulus polypeptides,
Dioctophy A& BBl Hs6dR S ke tRHB M8ty peptides, Diphyllobothrium polypeptides, Diplydium
polypeptides, Dirgfitanp polypeplides:Hameuncyis-pobae ptidgsohaterehiusopakteeptileshEilaroides
olypeptides, Haemonchus polypeptides, Lagogchilascaris polypeptides, Loa pol tides, Mansonella
oty popidE TN SO LBTHBEE Ko R o R L A0 B Ute. Kbmatodirus
polypeptidésnOesephrgestomuntt polypeptide senchaeareanpolypeptidés, @pistherehls patypeptides,

Ostertagia polypeptides,.Parafjlaria polypeptides, Paragonimys pal tides, Parascaris
oty pepioBE BN B A BB B o Rl R B e R i b,

Spirocercapely petitide s\Epirainetratpaly pelidides; Stepianefiaril polype ptidesaStrohgyloides
polypeptides, Strongylus polypeptides, Thelazia, polypeptides,. Toxascaris pol tides, Toxocara
polype ptidglsd,y chﬁ%?agego@&egﬁ%éa@ ‘?nc%%%t%%gy%ssog&%ieﬁ? Z%?%F?%%ﬁ@%%l%@ﬁ? Erz's,
Uncinaria pily pegiries;tanthy\behersiapdly péfrtitipso| 01 08] Ertngié rotettoparasitecartigens

inlude, b are nekliied tppolinspss Rclydingaraipeive anigens st aeallargspe) from

fleas; ticks, including'he s and soft ticks; flies, such as midges, mosquitos, sand flies, black flies,
horse fliesprvrddliesbdiserfiiet Wérse fiesuistblsiediesralinsisCaugng filesasdiiing @its; ants;

spiders, licgripilgs»and fue huas, such as bed bugs and kissing bugs. [0199]0nce an antigen has
been identified and/or selected, a polynucleotide that encodes the desired antigen is identified.

Preferably the pol{Atileotidbeceiprsas deermyanquratpbiithsheotie & ricodices th e apwett are

preferably infoguogskinte {argeldendrili-cells UsiBg ayieeamRINaRViius ROk Brofelably a
recombinant lentivirus or gammaretrovirus, including a targeting molecule that binds DC-SIGN as

described $53vk Mie PeEOMBITARBAHR HrSPOIHA S0 THE deamic TailHriibiat e 8y ay of the
DC-SIGN targetingimgleculs, sl thevbaleore cantaining fehriuciestideeosading:the amtigen
subsequently enters the ¢ytosol. The polynucleotide (e.g., one encoding the antige%)? is then preferably

integrated YRGS tARA LAt SHBHEM & LRl piEs S83T 9 (BISRACTEN AUV 0P The tarGat HRNBFITE X s are then
transferredibrekieds patigatldoaexammienby thjeatien cwhire theyuinierhehyvdthimmatiencdlls that are

capable of generging anmnune eeRORsY RTINSt e desited A8 d"orusl, even more
preferably at least 400 PFU/ul and even more preferably at least 1 x 10° PEU/L.
{0182 In some embodiments, following infection with the virus in vitro, target
cells can be introduced (or re-introduced) into an animal. In some emboediments, the cells can
be infroduced into the dermis, under the dermis, or into the peripheral blood stream. The
cells introduced into an animal are preferably cells derived from that animal, to avoid an
adverse immune response. Cells also can be used that are derived from a donor animal
having a similar immune background. Other cells also can be used, including those designed -

to avoid an adverse immunogenic response.
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preferred embodiments, the recombinant virus is injected into the patient where it transduces the
targeted dendritic cells in situ. The dendritic cells then express the particular antigen associated with a
disease or disorder to be treated, and the patient is able to mount an effective immune response
against the disease or disorder. [0200]In some embodiments, the recombinant virus contains a
polynucleotide sequence encoding more than one antigen, and upon transduction of a target dendritic
cell, generates immune responses to the multitude of antigens delivered to the cell, In some
embodiments, the antigens are related to a single disease or disorder. In other embodiments, the

antigens are relat@(ﬁ multhHie argeals Wﬂ%%@%%fﬁlmﬁ%ﬁgﬁlm@ﬁ@%ﬁﬁ@%@&ffﬁh DC

maturationdedtorsthatach\@ieandianslinudateaturation;aftha, es:armaeliyeegeinganiunction
with the recomhinant virus carrying the polg1f nucleotide or %‘Fne of interest. In some embodiments, the

DCs are a&RUStEU B 81TRA Bt 92 TRACT oM R I prith o WIS BY B ais. I cbrimy

embodimeritse tid B@smremﬁwat@@msiawﬁmm[a@mmwmn factors after delivery of the virus. In
some embodime %52 s.are activat %Cgé delivery of DC maturation factors simultaneously with
o)

delivery of the V|r WRIED ot & FFARTPRIGR alioHs e PROVIALS fgdther Rith
administratidmniofskedicus binatheredmiadimpntsf REmatusiioafaeians araty ovidetksegarately from

admlnlstratlop of tlhet\grus e%cizozé]p ctert in em odlmeqls ane or more DC maturation fﬁﬁors can be
encoded b? eor rﬁo?eoé 788 PR EontAREE R fie® vw&én?iﬁlg 5%?8?@@%@%1“ fIBPHHE
transducesargendsiticscelidd 8aoe Biase dindénisicthie eimememxdsecgsmmem@ﬂmg DC maturation
factors can be m&%%eg %lral V tgr ertlcogégg an agtlg(?1 1 f{ljlr ere bod|tm§nts dthe one or more
genes encoding ura Ion ac ore can Be ncraded ina Virarvéctor tiat 3ﬂco§8%nm01% than one
antigen. Inisdividmiripedifivesitsratierione of therectjenes encodingdCamatuition: fandedstcali be

provided I ASERAT2IS VSHIPL AL cosnsTecial il heviahgelor encading one.or mote antigens

in a packaging cell line 0203] In some embodiments, the meth e present invention can
be used foterdopvesimmarstivsrapidiaspitiant. A ddsuibedabovéclanrantigerragaimst which an

immune resBaeRdsAiRR RS idetifieh anktlaalde cncagingdie desiiedatiaan sgbtained

and packaged into a recombinant virus. Target dendritic¢ cells are obtained from the patient and
transducedHWith! L Fedothiirfa HE MRS Shiamyiitg o pelyaudiistie hige o des i o diesifeehantigen. The
dendritic cgllg,atethepttansferred back into the patient.

[0186] As discussed above, the recombinant virus can be pseudotyped to confer
upon it a broad host range as well as target cell specificity. One of skill in the art would also
be aware of appropriate internal promoters to achieve the desired expression of a
polynucleotide or gene of interest in a particular animal species. Thus, one of skill in the art
will be able to modify the method of infecting dendritic cells derived from any species.

[6187] The recombinant virus can be evaluated to determine the specificity of the
targeting molecule incorporated into the virus that targets dendritic cells. For example, a
mixed population of bone marrow cells can be obtained from a subject and cultured in vitro.
The recombinant virus can be administered to the mixed population of bone marrow cells,
and expression of a reporter gene incorporated into the virus can be assayed in the cultured
cells. In some'embodiments, at least about 50%, more preferably at least about 60%, 70%,
80% or 90%, still more preferably at least about 95% of transduced cells in the mixed cell

population are dendritic cells that express DC-SIGN.

Therapy
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Vaccination [02041As discussed above, various engineered targeting molecules that bind the
DC-SIGN surface dendritic cell marker are contemplated for use in producing recombinant virus that
delivers a gene encoding an antigen to DCs. The virus can be used to transduce DCs in vitro or in vivo
for prevention of a disease or disorder. For example, the Sindbis virus envelope glycoprotein can be
engineered to bind preferentially to DC-SIGN and used to pseudotype a recombinant virus. A gene
encoding an antigen against which an immune response is desired, such as for cancer (for example,
Mart-1), or another disease/disorder (such as viral infection) may be delivered to DCs using the

methods describé®if8tein. Theswiibodmpb it erfesnniiltimegeriessnesding METEMICaktigeds can be
delivered tQ:BCs-HeinG, teeeth e deseribesd herein, thrual the.Wae. of yasiiinie Mrakyeeters, or,

preferably, a multicistronic vector system. The one or more genes for the one or more antigens may be
accompanﬁ'é%%@hé@%ﬁéb&ﬂﬁ%ﬁﬁhﬂ%@%&@é@f@scw}éﬁgé arreSEqpmin haayt 05 -7, IL-15,
IL-21, FL-23,TME iR %sks @1@%0?@&%3}’1&3%Qﬁi%‘&lﬂe(@%%@&%MH&M%}QM&%&% and the

[

like) and/or a reporter molecule (such as GFP, luciferase and the like) using multiple vectors or,

preferably B nRiRIERw SHiE TR (0P ydfentViiBowis HNESHIS: e AABEETM SHIS BTINES N YSRGS, ithan DCs

are generaige-hyRbiabnag £1334 sk humanshem e gietict agenitars and-wushngnamin yitgeculture
method as described elsewhere (e.%.;R?anchereau et al. Cell 106, 271-274 (200(1?%._ Viruses bearing a

targeting rifOIERENS-tALBiHGS DERIGRY S 5HEPRBG D S LI BFEBRg BT S ilfen against

which an igunime-regpoRserisesirediand areeysad sentransdutechimpreDc snilgansaticéan specificity

and efficienc%/ .ma%be g%antified béF C 1‘%gturation of DCs can gieﬁéhaliacterized bé/ FACS analysis

of up-requidtoRBIRETRAL EMETKEP ShR SE AL ETE e TREISELN. SHEP BHBBaIATERE U Ts may be

injected in vivo, wege]it contasibodatisial DEHhanshealivers ecpoahtincieotide B istérestidiipically a

gene encodippgjg& antigen. Thd?namount of viralggartticleths iﬁ at least 50 x 106 TU,.and can.be at least 1
a

x 107 TU, Bt asteft>1< 67@;]‘6[9, a?leaé]sta@%girbf St f’ﬁ?“ﬁ?}l OF at 1east 5 X ?Eﬁé%\t selected

t16as
intervals, M&sifroemctiie. récipient soipmpheidsorhadsimay e Usedlicevaéasurenexpressamdrfor example,

by observipgynarker gxPiesslon. o as GFFor lsiferass, el oy mpnnodes angspleens of
virus-treatéd recipients mayrBe measured from the magnitude and durability of response o antigen
stimulatiomTFisdek toallgatitiser thanBCsnbubmag e pith dtiay aelismbd pmprwidicédsyeniag e analyzed

for the spegiisit of Inyiup e Aelvany JORRTL Limwsly porsed atihe mosh fasig porential

method to end the AIDS epidemic (and other viral diseases) is a vaccine. To date, no vaccination
method ag@ihgeivetidls suceBsstally sabsed & plabset |p tirdoThoettherand Awergéritasercfor novel

and effective vaceinalioe siAleqiesmifbSoMe el iRk he, IvGNHRR : Db i@t Enaian.is used. A

gene is cloned encoding a viral protein, such as those described above, into a viral vector. Patients are
infected wiiSArESESieortp g Elrpetf e semanhs siNdd peeSRINNFFBEY- preferably with

specificity such thaisindesired side gffects aresavaided.ifhhe daraeting Mmetasuiaced lgifaeexample,
an engineered Sindbis virus envelope glycoprotein, and the administration of virus can be carried out,

for exampf8, BSPATEEHEHSIHERR i B IER T S1BEETaty GOREBTHIT Féborfat iHiEgs that is
(NFNSZ-r4d&a%ici lwith $43)sane olininakizelatesemaebeouseehivachallenge:-theanunalsihy tail vein
injection. Eé/idence of infection may be monitored. over time in spJ[%nocytes lymph nodes, apd
peripheral Db SCATRPR Ay ArBIER R RALS 157 LIRS 1 HNETED B DISES Ty Bh used to
test for virahthtegratienaandaie phitaio mak red peiveniny Stiv BCry decinationehay inbredisearsistance to a
HIV challegge, See Examples 11:20,/020811n so11s smbedinents,denditic cells tansdyiced with a
recombinant virus
 type of cancer from which a patient is suffering may be known, such as a tumor associated

antigen. In one aspect, the invention provides a method to deliver genes encoding tumor

antigens and other necessary proteins to DCs in vivo using engineered recombinant

lentivirus. In other embodiments, an antigen related to the disease or disorder is identified

from the patient to be treated. For example, an antigen associated with a tumor may be

identified from the tumor itself by any method known in the art. Tumor associated antigens
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as described herein are provided for the prevention of or treatment of a disease or disorder. In
preferred embodiments, the dendritic cells express an antigen against which an immune response is
desired. The antigen is typically one that is not normally expressed in a dendritic cell but is expressed
after the target cell is transduced with the recombinant virus containing a polynucleotide encoding the
antigen. In some embodiments, the dendritic cells further express a DC maturation factor which is
provided to the dendritic cell by a recombinant virus as described herein. [0209]In some aspects of the
invention, an adjuvant is administered in conjunction with a recombinant virus of the invention. The
adjuvant mait Betdamieisteratl withatitelrelodeniinantuirgs abédore the secdaifiehtvicuscesafter the
recombinaniyirgs, 1§12 191AMargtyaf adiuvants can be used in combination with the recombinant
virus of the invention to elicit an immune response to the antigen encoded to the recombinant virus.
Preferred adjuvant®i§dhmentiher interriicefespintme tocdmantigen withiny causingreanordiational
changes in i f itati nse. Preferred adjuvants include
i 3 Do ML (o B o8GR, DLIT A ordne
glycoside of $§58HIR isSTEEFATETFthendk ot tvs OlitaReSaporiivia MetdetreeriounehiizSouth
America (saeeasietaladn¥accine Resion: JheSybuoit and Adinant drerope sds,Royel 8z
Newman, Plenum Press, NY, 1995); US Patent No. 5,057,540). Other adjuvants are oil in water
emulsions (STERSSEHIFMsA LS SEHDLIProprerhnyeRs edriisinetion athimmemnestifmtanats, such as

monophospryl i dsieStonerchaluch nal-ol Meth B84 (A0 Anpingradiuvan i
CpG (Biowo &%d%%, Nov. 15, 1998). Alternatively, AP can be coupled to an adjuvant. For example, a

lipopeptide i/ O A EarBBEIBr eiidre dHsif Co LIRS I rRRdc s we o skt dih s idire ctly s the

N-terminuspesApeaseleseribesionbepatitis Bantgenvacsnatign ddvingsion p4mmuaah, 159,
1383-1392fas1 9972). Howev(fr_, such coupling should not substantially change the conformation of AP
S0 as to affectihe RARIFESEY teHINE PedpUHE therst ARV AMIS iR BESdHifISISRItPRS a

componenpuoftetkipeppeetidecomphsitiorivitmaniaativeageni-ars candheadminisiered separately,
before, coqgur{eqtly with, or after dministragon f the therapeutic agent. f02111A preferred class of

i ﬁ?ﬁﬂ?ﬁnﬁ}ﬁ}hﬁarS}ZfE?é?%{%irhﬁf{?ﬂhﬁfmﬁféﬁ%%ninum

. Jev 1° tmor, compareg (o a
adjuvants is aluminum Salfs ?‘&fum , SUBRBY
sulfate. Sughradjenvantsagaicberiideghbwithioryiitinvinethertspetifie drapadnastiylatingagers such as
MPL or 3- 21, pelymeric. or monameric amino acids such lyglutamic acid or palylysine.
Another clgs Eg?a juv%l%(tﬁs isaiq’)iI-in-\?vcgt%ﬁr]geur%%ﬁ%%ﬁyilgﬁnnsf é?lsc?ﬁ*s}.’ Sl?f:?ggdj UAREESEERBE us® with or
without othigmseadiicbitim srustiguiatngeagents sustiassmuramylopeptidésiegl, lymphomas; _
e RS ISRV RSO LA 6. (R MRS IO AT RRINER g amine
N-acetylm’ﬁfa?ﬁ?ﬁ@%%}%bl?@égmﬁﬁdi apka feishnateis (tithipaimitostsetighyegnessoydsoxiphosphorylo
x)-ethylaning déhBrithl. bragehiaicsaminibhaeeyImuamu LA R sealustrAlR-diplmitoxy

propylamide (DTP-DPP) theramideTm), or other bacterial cell wall components. Oil-in-water emulsions
include (a) RIS VIS G485, LorRsamRY:sT e dleasORsTe Iivee B0l dnehphsvy'Span 85

(optionally Besaiming:varipus@maats VTR RE) fefmiata dbinte, sthmicron. partcles.using a
microfluidifer such as Model 110Y rnicrofluidizer (Microfluidies, Newton MA), (b) SAF, containing 10%
Squalane, G YR TRELH 867 59 pidrbiic HIdEEd polyRar RIoar ansiesRs DPEthey hiesBilidized into

a submicraresmissioNRMINeXgth 1bige REFate: AR, RAtiSle Sz 80 IoRLARd (e} RIbFYM adjuvant
system (R'Ai?)j’ {?iﬁ#@gﬁ@och m, Hamilton, MT) containing 2% squalene, 0.2% Tween 80, and one
cterial cell

or more bactern oMp r‘i’éﬁ‘f%?Po%l?ﬁ%r@?%??i%@&Bﬁ&ﬁﬁq%gb}ﬁ%@ﬁ%@ﬁpid A (MPL),

trehalose dimycojeteAT DMJhandmeh wall skeleton We) peeterably Pl theWSWDatexdEm). Another
class of prg{!%rgsd Fdjuvant? isﬁgﬁ}? ' adﬁigvants, such ES timulonTM (QS21, Aquila, Worcester, MA)
or particleS gerierated tharefrom Stch as rSEBRETHh dFoSt TG &8 IQ&EE)SEﬁd%%OMATRIX.
Other adjuarits2figludée TempleteoFeundRAdjvvant, (R7A) andInzonplete bgupmbsoAdigyant (WA).

Other adjtg/ants ir}ﬁgde cyitokines,.such.as i [f)elilg s (IL:-1,1 Zh nd 1.-12), macrophage colony
stimulating factor (M-C8) %’ttijgrgg'r %Z’%Fgé??fa%% 1 Ig%)f%ﬁ%f TR EhjVART'eaR 158 Sarrihiltered with
the recomisifsegntovitnstefettiety). Other exemplary antigens include, but are not limited to: gag, pol,

env, tat, nef and rev (Lieberman, I. et al, 1997. AIDS Res Hum Retroviruses 13{5}): 383-392;
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invention as a single composition, or can be administered before, concurrent with or after
administration of the recombinant virus of the invention. Immunogen and adjuvant can be packaged
and supplied in the same vial or can be packaged in separate vials and mixed before use. Immunogen
and adjuvant are typically packaged with a label indicating the intended therapeutic application. If
immunogen and adjuvant are packaged separately, the packaging typically includes instructions for
mixing before use. The choice of an adjuvant and/or carrier depends on the stability of the vaccine
containing the adjuvant, the route of administration, the dosiniﬁchedule, the efficacy of the adjuvant

for the spedfeS &Y Vatcinated, AR, v H{rf??ﬁ'ﬁ@,"é]dﬁ%\)i'rﬁ%' 5P AL AR AHTRERER one that

has been gpRIRWRdgEisaprevahledes human administration by pertinent regulatory bodies. For
example, Complete Freund's adjuvant is not suitable for human administration. Alum, MPL and QS2I

are preferred. OpfidA3lly, th&BHhTorR difar i g6 AR Ea e 8 St 0 B4 BHdterred

combinatioas, phage alpR WiisMBlupabsae itk 2824 MBLwithddQ SR4., andadilktinmnQ S2dsand MPL
together. Also, Incomplete Freund's ajuvant can be used (Chan,%)et %ﬁdvance??&[’)ru Delivery
Reviews 33UE73. 16 PRYGR]) POBHERLIR i SRBRANDH WRIRRYEF altifl 7Q%%S RRE MR Snd al
combinatieatthareofpfhaspides ulisal sosmpasitiprsantdidi 0Ph3] Alse) qanteapalddecherein are
pharmaceuytical compositions ?nd kits conﬁainin .a rec?mbirt\ nt virus rovidseglﬁgelrexinv%lgogne or more
componet&@BHErm §REUTC Ao FBSRTBNE BRT THETL B B FREORbiFart Viths providad hefein and a
pharmaceutitadipatrirteKitseag inchude thenphatinddautical compaditiensdudiog.cémbinations

rovided herein, ane or more components, such as instructions, for.use, a device far administerin
: Y a e e o e B oo

HI U e or  phoigase, nfeCous peritgnils virns
a compounranf‘o a subject, 2 dévice Tor adminis efing a compguna toa surBJ

herein areipfrasmaceitisabobmpositions gontaimnuanzaug plovideehHisvein savdamsuiatisle or
pharmaceutical carrier. Pharmaceutical com oggsiorﬁ %%Jd\?g;? ' be in-vanousforms, e.g., in
solid, quuial,]'%(%?/\%%{?lg’qE%Igﬁgl%rﬂ%spﬁi?iqggggf%rmi Ex%';lmpcl’eslof sed'%%@p@]a’rm_aceu Ical carriers are
known in theartpSiesh papiidrsiandios auditwesdsan budodinatatediby cophrermioisl ethods and can

be adminigigiageia i adbia! AU ahisdass.Rlablising agents s ARIPIgRRipisase Inhibitors,

polymers, an elating agents can preserve the compositions from degradation within the body.
[0215) ThesstombiprirpsiFidsesPitonrBER e ip LR e PacRAGEAA KA IIBL MRV AMY include
one or Moyg.COMPANSRIR.SUCH asVRRIHEURNS RIHRRLALIARs: fRsk 3@%%@1&@@%@%@%

components, such as tubes, containers and syringes for practice of the methods. Exemplary kits can
include th&¥irusBY FBIEY HéreffOURY cARBYRGASHy FSERIGE T RALGIGHE For (88, AURVHEE for
detecting gofirpsoiuassubject, a device for administering the virus to a subject, and a device for
administering a compound to a subject. [0216] Kits comprising polynucleotides encoding a gene

of interest (typicafi} &H antiG&Hy NS affo PAHIERIpIATEERErE 1 %Some efibolithet Hhe Kit includes
at least ongqplasrNd-eneotingNiks prekagingograpirentsandodstosensgdite,a Fangetiig molecule

that is engineered.to bind dendritic cells, preferably with specificity. In s embodiments, the kit
includes a??g‘géetp gsplgfﬁif?&e cB 'W&Rﬁﬁ%’pggﬁ% RC Ao e

¥ 3

I

aélné’%g%a’aonehts} a vector nOcocIﬁng é”t%irgeting
molecule thatdslienginggreditehinddendobic:rellsmhgbepudetor Eapoding@tlgastohgdCdasaturation
factor.

Chlamydia polypeptides, Clostridium polypeptides, Corynebacterium polypeptides, Coxiella
polypeptides, Dermatophilus  polypeptides, Enterococcus  polypeptides, Ehrlichia
polypeptides, Escherichia polypeptides, Francisella polypeptides, Fusobacterium
polypeptides, Hasmobartonella polypeptides, Haemophilus poiypeptides, e.g., H. influenzae
type b outer membrane protein, Helicobacter polypeptides, Klebsiella polypeptides, L-form
bacteria polypeptides, Leptospira polypeptides, Listeria polypeptides, Mycobacteria
polypeptides, Mycoplasma polypeptides, Neisseria polypeptides, Neorickettsia polypeptides,
Nocardia  polypeptides,  Pasteurella  polypeptides,  Peptococcus  polypeptides,

Peptosireptococcus  polypeptides, Pneumococcus polypeptides, Proteus polypeptides,
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[0217]Kits comprising a viral vector encoding a gene of interest (typically an antigen) and optionally, a
polynucleotide sequence encoding a DC maturation factor are also contemplated herein. In some
embodiments, the kit includes at least one plasmid encoding virus packaging components and vector
encoding a targeting molecule that is engineered to bind dendritic cells. [02181In one example, a kit
can contain instructions. Instructions typically include a tangible expression describing the virus and,
optionally, other components included in the kit, and methods for administration, including methods for
determining the proper state of the subject, the proper dosage amount, and the proper administration

method, forSEtRIARETRG YREPURES. Ridirtivaddesatides fefiddysransaseidromtbnagdie subject
over the dysafieptide treataant tmepdoRdl]Kits prayidesthareinalsesandnclyde asdevicg for

administerin%; a virus to a subject. Any of a variety of devices known in the art for administering

medicatiodS 'SPt e €an Be MOBHSH i thE it BrodidBa FEYeif OBREMTIRry HEVideETHERUde, but

are not limiigopigyiadypedermissneedigdan intiaygnous needle, a catheter, a needle-less injection
device, an inhaler, and a "e%%id dispenser, such as an eyedropper. Typical(ljy, the device for
F

administering a W&t th ARIFD L EIHMSALBRIGAN tHE™itrs B AR LIPS niSe /P HERdIe-less
injection dyligepdt as adighi pressiresmiesicneavise sanhpiaciudegdnikits yithpdsuses not
damaged hy high pressure injection, hut is typically not included in kits with viruses damaged by high
pressure |f%%séé%}?g[b§ﬂkﬁ§g’ﬁ’%ﬁrd§dpﬁ n%@@%ﬂ#ﬁcl %S%?faé?ﬁéeﬁék’%%ﬂ%ﬁ Feterfly A Tompound,
such as a RG@gtietgr crsitdidater, tochkysefjdes, Ayokisovariety il deyites knowpitctherart for

administerin mediljg 2I‘jlry devices

n d egtioné toaa%%bjecglcag Qgeiipclu e%ein theqk"gs pr0\gldeg p gein. xen%%
include a KypOdBI faic needle” AR intrRVERAUS Feedie”a CHAENER a nBRdRSHEEE injectiSRBiRt are not

limited to, echypepdérmiCameacheapotrgieiauliveptiena patheteida, needeclessdhjegtidtedevice, an
compound ST AT W DN A e dLr L e o HP e EETie: oV hG 25 bound.
102211 T hecttientidies.ekmplepdrecpfidvedorillostyative pupppsés.oRlpctitiareaopaptedced to limit
the SCOpeﬁihh&rBEﬁﬁﬁpt i93%@89&&?”%%%}3%@93dpg@ggﬁ{?des, Prototheca polypeptides,
Pseudallescheria polypeptides, Pseudomicrodochium polypeptides, Pythium polypeptides,
Rhinosporidium polypeptides, Rhizopus polypeptides, Scolecobasidium polypeptides,
Sporothrix  polypeptides,  Stemphylium  polypeptides, Trichophyton polypeptides,
Trchosporon polypeptides, and Xylohypha polypeptides.
10196] Examples of protozoan parasite antigens include, but are not limited to,
Babesia polypeptides, Balantidium polypeptides, Besnoitia polypeptides, Cryptosporidium
polypeptides, Eumeria polypeptides, Encephalitozoon polypeptides, Entamoeba polypeptides,
Giardia polypeptides, Hammondia polypeptides, Hepatozoon polypeptides, Isospora
polypeptides, Leishmania polypeptides, Microsporidia polypeptides, Neospora polypeptides,
Nosema' polypepiides, Peniatrichomonas polypeptides, Plasmodium polypeptides, e.g., P.
falciparum circumsporozoite (PECSP), sporozoite surface protein 2 (PfSSP2), carboxyl
terminus of liver state antigen 1 (PfLSAT c-term), and exported protein 1 (PfExp-1),
Pneumocystis polypeptides, Sarcocystis polypeptides, Schistosoma polypeptides, Theileria
polypeptides, Toxoplasma polypeptides, and Trypanosoma polypeptides.
{6197} Examples of helminth parasite antigens include, but are not limited to,
Acanthocheilonema polypeptides, Aelurostrongylus polypeptides, Ancylostoma polypeptides,
Angiostrongylus polypeptides, Ascaris polypeptides, Brugia polypeptides, Bunostomum
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modifications of the invention in addition to those shown and described herein will become apparent to
those skilled in the art from the foregoing description and fall within the scope of the appended claims.
[0222]All patent and literature references cited in the present specification are hereby incorporated by
reference in their entirety. EXAMPLE | ENGINEERING OF A DC-SPECIFIC TARGETING MOLECULE
102231 Lentiviral vectors can be rationally engineered to make them capable of transducing DCs in a
cell-specific manner. Certain subsets of DCs bear on their surface the DC-SIGN protein (Geijtenbeek,
T.B., et al. 2000; Geijtenbeek, T.B., et al. 2000, supra), a C-type lectin-like receptor capable of rapid
binding an8@HerBtiAesis @b atieriaisliBuijidrbeBkabdiz etpalyPQoidcsutacavhiciobarieitsed as a
targeting r D indbis vir V)-a.me the Alphavirus genus and the Togaviridae
family-is a?lf?ﬁg%%t Dggﬂsy?ﬁgg%% Dg)?é é’%%mgﬁﬁ’%%a?%t SPBSBEIS,  BP 55 1 2032,
which is inEYRsERSE R AN RSPERSre il lebethtinsty) pRioprevidesth® manbinicalndaleecdptor for the

(Strause, D1 o8l 10T NV SR B A R, B 7

(Strauss, J.H., et al. 1994. Arch. Viral. 9: 473-484 _ rol. 72:
7349-7356PURRFPHEGIhiERSIREBYS oPatsREPiEtein igpehiinsaresimityntidsty) LTakintypehtaistage of the

physical saaaradanie! o s GeREDIEING,3iEs pRdTe S AYEloPS. dhycapralcn Bejgprte

designated as SVG), the receptor was engineered to be blind to'its canonic nding target HS and to

leave intadl HEREBIIET Yo MEBtEEEWith BUvBTRdetriglrerleeyseainTs ipriupspiidesd mehaceikal surface,
this mutanpglysepressirisaileciosmediptgdniecinrel RCsdunatahercells; {02241 The:cDNA for

wild-type %VG was obtained from the laboratory of Dr, J.H. Strauss laboratory at the California Institute

of TechnoloGy ERE USnedIRRF IS S DNAEEhr (RNIFEREIby Beralenianeratel praahtiespSVG. A

ten-residu@ tag Y RYRVIRDYA)isequepesivasinspres Nty &2 pratein) 8h amingasids 71 and
74 by PCR mutg}%e esis to isru% the HS pindin siteéKaravans, G., et al. 1998. Grit Rev Oncol

Hemat 285 50 Kitete B54RP 512580 1P BREEYH Bidteos19das 1 DR RSS! STongns L.

Cosset. 1988ypkBihe Mee!d2i3003dkphandriloNsscatial Ao Eauy, Top:Migrobigl BRhtiddy-178;
Verhoeyenfn%h%]réql;t osset 2001?),1 Gene Mled 6: S83-S94 iach of which is incorporated herein by
a

: . 0
reference in Its entirety). AR S5 ST B Rk S g OB S ﬁ@@fﬁg@éﬁff@ﬂé@qp}%‘%ﬂ?ﬂ“ﬁhe ability

to monitor thiyesréssiod 8 thiecrmodifidgr&MiBedn order to further decrease the HS-specific infection,

several critical regi were_ identified as_being .involved in hinding to HS molecules (Coffin, J. M., et

al. 1997. Retro vu%%%%s Ng%‘%?%scé’%d ?E?Pﬁégfﬁrb%‘r“ %‘ﬁor%tcg@% r%‘é%; Bad j?‘f‘.é%fa‘i?’l%&l

Viral 72:428“43@3%%6&@@@1&19@?@3@&3&@9%. ¥¥lirel 6BAB09r 4610 e, B jethadiR000.

Virology 269-47s1is &RSSet el I Miral 69: -6322: Ka . 9.C.,.et al. 1999.1 Virol
ficks tE:ll‘S, ﬁteg, 's&t%‘? g)S' r}lz\égé%g-g}o&;%%s, sand Iﬁ%’[ﬁ%glé %139% fﬁ]ﬁié’

73:1802-1808; Lorimar, I.A.J. and S.J. Lavictoire. )."J Immuno F*Barnett,
A.L., et allPoofligsoteNaflisedacss lisa g@la figanygsBenadin, oA 46t bitiR0@taHummGene Tiler

10:545- 55f;ida@lla8e; nde@NGhdvhiRe RiRE A Zred Mé@'aﬁﬁ%@ﬁﬁé%@% each of which is incorporated

herein by reference in its entirety). Two such residues were mutated'into alanines (157KE158 to
157AA158). [0228188 ladditiBRarE SRR ek PrPod tRiEkp toaior Selgsiedpratelivrosigniderthat

encodes the desired antigen is identified. Preferably the polynucleotide comprises a cDNA.
The polynucleotides encoding the antigen are preferably introduced into target dendritic cells
using a recombinant virus, more preferably a recombinant lentivirus or gammaretrovirus,
inciuding a targeting molecule that binds DC-SIGN as described above. The recombinant
virus first binds io the dendritic cell membrane by way of the DC-SIGN targeting molecule,
and the viral core containing a polynucleotide encoding the antipen subsequently enters the
cytosol. The polynucleotide (e.g., one encoding the antigen) is then preferably integrated into
the cell’s genome and expressed. If contacted ex vivo, the target dendritic cells are then
transferred back to the patient, for example by injection, where they interact with immune

cells that are capable of generating an immune response against the desired anfigen. In
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remove amino acids 61-64. This modified SVG was designated as SVGinu (SEQ ID NO: 11). The
cDNA for SVGmu was cloned downstream of the CMV promoter in the pcDNA3 vector (designated as
pSVGmu, SEQ ID NO: 3). EXAMPLE 2 PREPARATION OF RECOMBINANT VIRUS CONTAINING
THE DC-SPECIFIC TARGETING MOLECULE [02261Preparation of the recombinant
SVGmu-pseudotyped lentivirus was conducted by standard calcium phosphate-mediated transient
transfection of 293T cells with the lentiviral vector FUGW (SEQ ID NO:1) or its derivatives, the
packaging constructs encoding gag, pal and rev genes, and pSVGmu (Example 1). FUGW is a
self-inactivaie rehtvbarieensy. caerpmgnitesnlinitan Wbijedti Clortmpisetovdrive theexpression of a
GFP reporigg TS e 02.. SG O which is incorpoerated herein by
reference in itﬁ%%ﬁ?%‘ﬁfgﬁ}n@t%ﬁgl ét%rig'ns(,:;‘[eeﬁ ? \C/(ge(gtcg)ﬁrsE %@gg\}vﬁaﬂnéﬂ l% é%glﬁ\?a?ia\?ggfﬂt&ggg %’%Fﬁlnese
studies aréffifePifEn&iHltich NeRease direrinirgl Yectsrsedn sldichenyestwf thetli3 regionof the 3' LTR is

deleted, resgdiingd s lE toacthvating: Jir k(eI o [§24AlEor the transient transfection of 293T cells,

293T cells cultured in 6-cm tissue culture dishes (Coming or BD Biosciences) were transfected with
the appropriate 140l trdfistemvetibopiasait 5 rirspralony withip. Sontgsacroithelentiétope

plasmid (S¥GueRNGHMdEEO ,n%ry&\i@mr@;ﬁg&paﬁ@gm ﬂm&%ﬂ%‘}@&%&{%@@g RRSV-Rev).

The viral sugernatants were harvested 48 and 72 hours post-transfection and filtered through a

0.45-mm fREFTETING o Hrapue dbibemiatdedgiel vaieses rlirerddstiaysdhe Virglosepernatants

were ultraeenisifiigaied {Qpima-hts 88 KRrepa ative.WiaceniTifugs. Beckmam S emien: #ind,000 x g for
90 min. TP{E pelléets were t%e\géresdtlj_g\[})_ended in an appropriate volume of cold PBS. [0228]The resultant
viruses pseudot/pad WitRCENAE MU EYRISSHES ANYEYS as FUGWISVGmu. Control viruses

enveloped with thezaild-tyge S¥Goglyeaprerinarehemaltasrefgiedioaable WS UG ivate
and/or stimulate maturation of the DCs are delivered in conjunction with the recombinant
virus carrying the polynucleotide or gene of interest. In some embodiments, the DCs are
~ activated by delivery of DC maturation factors prior to delivery of the virus. In some
embodiments, the DCs are activated by delivery of DC maturation factors after delivery of
the virus. In some embodiments, the DCs are activated by delivery of DC maturation factors
simultaneously with delivery of the virus, In some embodiments, DC maturation factors are
provided together with administration of the virus. In other embodiments, DC maturation
factors are provided separately from administration of the virus. |
[6282] In certain embodiments, one or more DC maturation factors can be
encoded by one or more genes that are contained. in the virus and expressed after the virus
transduces a dendritic cell. In some embodiments, the one or more genes encoding DC
maturation factors can be included in a viral vector encoding an antigen. In further
embodiments, the one or more genes encoding DC maturation factors can be included in a
viral vector that encodes more than onc antigen. In some embodiments, the one or more
genes encoding DC maturation factors can be provided in a separate vector that is co-
transfected with the viral vector encoding one or more antigens in a packaging cell line.
[6203] In some embodiments, the methods of the present invention can be used
for adoptive immunotherapy in a patient. As described above, an antigen against which an
immune response is desired is identified. A polynucleotide encoding the desired antigen is

obtained and packaged into a recombinant virus. Target dendritic cells are obtained from the
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EXAMPLE 3 CONFOCAL IMAGING OF PACKAGED RECOMBINANT VIRUS [0229]
GFP-vpr-labeled lentivectors were produced as described in Example 2, except with use of FUW lend
vector (which does not contain the Gff' reporter gene) and with a separate plasmid encoding GFP-vpr
(2.5 mg). Fresh viral supernatant was overlaid on polylysine-coated coverslips in a 6-well culture dish
and centrifuged at 3,700 x g at 4C for 2 hours using a Sorvall Legend RT centrifuge. The coverslips
were rinsed with cold PBS twice and immunostained by anti-HA-biotin antibody (Milten)i Biotec) and
Cy5-streptavidin (Invitrogen). Fluorescent images were taken by a Zeiss LSM 510 laser scanning

confocal mietiscope equiped with filieicsaimiar fieressriniand FodahiplaR-ApackHamal Gl

immersion objective (63x/1.4) was used for imaging. [0230]Figure 2 shows the results of the confocal
S o lrith L Iféarbé‘ﬁ?e%ﬁgﬁ%ﬁ atemiedis BatTepresents 2 p.m.)

imaging of the recombinant” virus %%:&ﬁ
Particles in the "GFP" slide are stained green, particles in the "SVGmu" slide are stained red, and
particles in‘iﬁ%ﬁé&@ed" slide are stained green where only GFP is expressed, red where only

SVGmu is expresgedqand yellgwlyellawsorange where GEP and SVGmMuU are both expressed. Over
90% of the GFP-Iggge% particlels contained SVGmu.eT ‘Sg?ﬁﬁe 6%%{51&%8 g?qeeﬁt’fvﬁg;%ﬁ}é?r ICles

displaying BYSHiNwasfesripndatcalghentocaorragitged EXAMPDE % RRES ARATHIDMOF
DC-SIGN GEL LINES {0231} I0.facilitate. t tapget ian, DC-SIGN cell lines
expressin humtén_DC-S!GN %he?ééﬁﬁ%g{;ﬁ%fﬁﬁ%ggzgg%ﬁhe&gé‘i%ﬁlgl;é%%%%m%{%ng)gr&% N
(hereafter FEfEfR I 48 Podrimersieiyiere dsrsaecherte POSTHDOSIBN mdti298TsmDCSIGN

cell lines were-gpResales Ry.slakle yarsdietion of narantal AL sells, Witk 3 MRV.GaPseydatyped

lentivector. The cDNAs for human DC-SIGN and murine DC-SIGN were amplified from plasmids

PUNO-hDEETERYRS AP FURSIN DTS IGN ERGECRHS) andriese devhstedmepfitharmman

ubiquitin-G-qisnedas igeihede sivirak atasaid & U to:geprralgRUW BDGEHENHSEQJRNE: 5) and
FUW-mDCSIGN éSEq ID_NO: 6), respectively. The lentivectors were then pse_udo'%;)eg with VSVG
and used to4Far&avER B8%55I08Ndnh & detinfie! Qb werainabhscridhes adasaty S ey (Bhti-human

DC-SIGN asnttibesybiraimBi, Bicseirneasand it mulingRe: SN onrBiessenes) andigell sorting
to yield a if%%%%guiatio% OJ EC-SIGN + 293T.hDCSIGN, and mDC-SIGN* 293T.mDCSIGN cell
lines [0233]EI0W Cyiomety SROWST That FIReR B Was e rsele a\IREARy &f dirciorably, a

multicistronic vector system. The one or more genes for the one or more antigens may be
accompanied by genes encoding stimulatory molecules (such as GM-CSF, IL-2, [L-4, IL-6,
IL-7, IL-15, IL-21, TL-23, TNFe, B7.1, B7.2, 4-1BB, CD40 ligand (CD40L), drug-inducible
CD40 (iCD40), and the like) and/or a reporter molecule (such as GFP, luciferase and the tike)
using multiple vectors or, preferably, a multicistronic vector system.

[0265] In some embodiments of the invention, human DCs are generated by
obtaining CD340+ human hematopoietic progenitors and using an iz vifro culture method as
described elsewhere (e.g., Banchereau et al. Cell 106, 271-274 (2001)). Viruses bearing a
targeting molecule that binds DC-SIGN are generated comprising a gene encoding an antigen
against which an immune response is desired and are used to transduce human DCs.
Transduction specificity and efficiency may be quantified by FACS. Maturation of DCs can
be characterized by FACS analysis of up-regulation of surface marker such as MHC IL.

16206] In other embodiments, virus may be iniected in vivo, where it contacts
natural DCs and delivers a polynucleotide of interest, typically a gene encoding an antigen.
The amount of viral particles is at least 50 x 10° TU, and can be at least 1 x 107 TE, at least 2
x 107 TU, at least 3 x 107, at least 4 x 10 TU, or at least 5 x 10" TU. At seiected ntervals,

DCs from the recipient’s lymphoid organs may be used to measure expression, for example,
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the 293T.hDCSIGN and 293T.mDCSIGN cells of the cell lines (Figure 3A).In each diagram, the solid
lines (unfilled area) represents expression of DC-SIGN in the 293T DC-SIGN cell lines, and the
shaded area represents the background staining of non-transduced 293T cells. EXAMPLE 5
EVALUATION OF THE DC-SIGN SPECIFIC RECOMBINANT VIRUS BY TRANSDUCTION OF
DC-SIGN CELL LINES [0233]To assess the transduction efficiency and specificity of FUGW/SVG or
FUGW/SVGmu (Example 2), the viruses were used to transduce the 293T.hDCSIGN and
293T.mDCSIGN cell lines (Example 4). Transduction efficiency was measured by GFP expression

within the celldines:ifp234idargaircelisn 2931 HRGDIGN128FTDCSIE Moa! RIFT caliss Ar2x106 per

well) were seieded ig a 24-Well€gultu_re dish (Coming or BD Biosciences) and spin- infected with viral

supernataritd (T'mf p&PWefifatL BEHREH B 305 6E, iRty istggaitude and durability of

response to antigen stimulation. Tissue cells other than DCs, such as epithelial cells and
lymphoid cells, may be analyzed for the specificity of in vivo gene delivery.

(0207} It 15 widely agreed that the most effective potential method to end the
AIDS epidemic (and other viral diseases) is a vaccine. To date, no vaccination method
against HIV has successfully passed a phase Il tnal. Thus, there is an urgent need for novel
and effective vaccination strategies. In some embodiments of the invention, DC vaccination
isused. A gene is cloned encoding a viral protein, such as those described above, into a viral
vector. Patients are infected with viruses comprising a targeting molecule that binds DC-
SIGN in DCs, preferably with specificity such that undesired side effects are avoided. The
targeting molecule can be, for example, an engineered Sindbis virus envelope glycoprotein,
and the administration of virus can be carried out, for example, by injection. Jn an animal
model, molecularly cloned HIV reporter viruses (NFNSZ-r-HSAS, NL--HSAS) and clinical
isolates may be used to challenge the animals by tail vein injection. Evidence of infection
may be monitored over time in splenocytes, lvmph nodes, and peripheral blood. PCR for
HIV-gag protein and FACS for HAS in the reporter viruses may be used to test for viral
integration and replication. Productive in situ DC vaccination may increase resistance to a
HIV challenge. See Examples 17-20.

16268} In some embodiments, dendritic cells transduced with a recombinant virus
as described herein are provided for the prevention of or treatment of a disease or disorder.
In preferred embodiments, the dendritic cells express an antigen against which an immune
response 1s desired. The antigen is typically one that is not normally expressed in a dendritic
cell but is expressed after the target cell is transduced with the recombinant virus containing a
polynucleotide encoding the antigen. In some embodiments, the dendrtic cells further
express a DC maturation factor which is provided to the dendritic cell by a recombinant virus
as described herein.

[6209] In some aspects of the invention, an adjuvant is administered in
conjunction with a recombinant virus of the invention. The adjuvant may be administered

with the recombinant virus, before the recombinant virus, or afier the recombinant virus.
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Sorvall Legend centrifuge. Subsequently, the supernatants were replaced with fresh culture medium
and incubated for 3 days at 37C with 5% of CO2. The percentage of GFP+ cells was measured by flow
cytometry. The transduction titer was determined by the dilution ranges that exhibited a linear
response [02351Flow cytometry showed that FUGW/SVG (containing the wild-type SVG envelope
glycoprotein) had similar transduction efficiency (11-16% transduction) towards the three target cell
lines (293T, 293T.hDCSIGN, and 293T.mDCSIGN) (Figure 3B). This indicates that that SVG has
broad specificity and the presence of DC-SIGN on the cell surface does not markedly alter the
transduction abilif§2ld SVG-pseudetypgdveritivizal ectiet. in coditestpthe UGV WSMGmenvector

(containingvt%%% I\Err}é{é%% %\#3 e%%i%%%%%g%gt%g] o%(s?é”cg %%gaclzlitgicgnllgngg es?d?lél) 293T.hDC§IGN and

R
293T.mDCS S With & 4 o transduction efficiency, respec |vecf ?6%%0%%1 1€ 2937 cells

(Figure 3BYirthesBreéguits albnvenistratetbmet 4 sewasiy perdostivirany ectigedisplayingSW¥&mu can
specifically, - I essing ej I - r mutant
SVG gavecr%%aeﬁggf%ré%ﬁ %ﬁrﬁ%ﬁugfo%%ofd%% GSIDI%%?}%gs%%g%g%%gﬁ[kgg%ﬁvﬁge%%ggggyfggg 02361The
stable inte§rekiored pie FUGHYsstiiral veetoPmatieltfansdeplesdels! was! cotfitihedsby FER analysis

of the genomigntegration of theOFE (eparteigene. [,dempensiraiethat iipspesificiansduction was
mediated by DC-SIGN, the addition of soluble anti-human DC-SIGN antibody to the FUGW/SVGmu

viral superpgaptiefdrding Expouue B 03T ApasrIrecélimed diced th&araimsddetien efffedency (data

not showny, Ehe; Speeifie titer, oLEHEW/ SME ma@&@%&@&?@%%%&iweﬂg%ﬁe %106 TU
(Transduction Units)/ml. The titer of FUGW/SVGmu for 293T.hDCSIGN was estimated to be 1-2x106

TU/mI. EXRRAEEYS EVPALEA0T ONTESE 2FaRiE GOoMB N AR ARUIS GRS (56028 PARdeTE6tigate the
specificity pédhe engingiadientyvestesifartansayclion.af depgiitiscalls RCs)R¥pressiRgyPC-SIGN,

total bone marrow (BM) cells were isolated from mice and transduced directly with the FUGW/SVGmu

viral vectoPPEXANSRE 1N PbBeol td BEndrdteidie HEL HH ProdeniiisagiBtitiis BM ultures

was adapteBlJQbHseToday, Nov. 15, 1998). Alternatively, AR can be coupled to an adjuvant. For
example, a lipopeptide version of AR can be pfepared by coupling paimitic acid or other
lipids directly to the N-terminus of AP as described for hepatitis B antigen vaccination
(Livingston, J. Immunol. 159, 1383-1392 (1997)). However, such coupling should not
substantially change the conformation of AP so as to affect the nature of the immune
response thereto. Adjuvants can be administered as a component of a therapeutic
composition with an active agent or can be administered separately, before, concurrently
with, or after administration of the therapeutic agent.

10211} A preferred class of adjuvants is aluminum salts (alum), such as aluminum
hydroxide, aluminum phosphate, aluminum sulfate. Such adjuvants can be used with or
without other specific immunostimulating agents such as MPL or 3-DMP, QS21, polymeric
or monomeric amino acids such as polyglutamic acid or polylysine. Another class of
adjuvants is oil-in-water emuision formulations. Such adjuvants can be used with or without
other specific immunostimulating agents such as muramy! peptides (e.g., N-acetylmuramyil-
L-threonyi-D-1soglutamine (thr-MDP), N-acetyl-normuramyl-L-alanyi-D-isoglutamine (nor-
MDP), N-acetylmuramyl-L-alanyl-D-isoglutaminyi-L-alanine-2-(1'-2'dipalmitoyl-sn-glycere-
3-hydroxyphosphoryvloxy)-ethyiamine (MTP-PE), N-acetylglucsaminyl-N-acetylmuramyl-L-

- Al-D-isoglu-L-Ala-dipaimitoxy propylamide (DTP-DPP) theramide™), or other bacterial cell
wall components, Oil-in-water emulsions include (&) MF59 (WO 90/14837), containing 5%



in the experiment (Buchholz, C.J., et al. 1998. Nat Biotech 16:951-954, which is incorporated herein by
reference in its entirety). [0238]Total bone marrow cells were harvested from B6 female mouse
(Charles River Breeding Laboratories), and BMDCs were generated as described elsewhere (Yang, L.
and D. Baltimore. 2005. Proc. Natl. Acad. Sci. USA 102: 4518-4523, which is incorporated herein by
reference in its entirety). Either total BM cells or BMDCs were plated in a 24-well culture dish (2x106
cells per well), and spin-infected with viral supernatant (1 ml per well) at 2,500rpm and 30C for 90min
using a Sorvall RT7 centrifuge. After the spin, the supematant was removed and replaced with fresh

RPMI mediimatontaining 10%FBS and &M GRE(#:20,558 ifianed megium). The cells were
cultured fo&rﬁr ia%g)agd were analyzed for GF%%xprgs%on uskiir%%fqg%%%orﬁﬁmy [%%gggﬁgBM cells
|

isolated fro e waRd i vdPaTy Wil drhasiry s wisyBitidirachestdietelvithd control

vector. Fomiheantiob-an.aceitepicmuinadeukeniarisglycspalein (Fee)-enveloped lantivector
(FUGW/ECP‘L(%asgl#s%Q%I/‘ v?ctor,enveloped with Eco can infect rodent célls with a broad specificity.
t

Three days pogt-infectidr theiranSatciBA ERitibhe) Wik Ded(RBdBaow eyfbrkted (Rigure 4A).
Approximatehyn2%enidine sefisoiniberaixes BNty fﬁ%%eﬁ%&%@éé&%ﬁ%tﬁdaﬁ& Et?e;;%pfr@ssion of

CD11c), of which most (ac%p;{réoxima,te,ly 80%) were DC-S high (data not shown). It was observed
that 12% oF RS TSV BRI i Were & EpyBatRandiomil e id P uewisvcHiustesstudtiaoh (Figure
4A). Wherifgatedson GERhcelisniwasebservad hat sigfefk ofthedra edrcRlis were
DC-SIGN and CD1I go%)kl CSIGN+CD11c+) indicatinég that FUGW/SVGmu specifically

Hlempoit
transduces DES & re‘s‘sn%glj%%%%il %)WWB? &ﬁb"ﬁ?}@fﬂ%@%@m 1He Bohe A akdaom edhtrast,

although G8¢feafifigtabBI eellSwere@bRPOsitue Aler AxRosHIS IR FLICIHRSAONY:9%.0f the
transduced cells were DCs, within which 6.5% were DC-SIGN+. [0240]The stable transduction of

FUGW/SVEM{T s Wehniad 5PRHoBCRERAN st iliiel gaesisst ALP001. MEicivedererarl-634,
which is inberpiatechtiereindyceieransadniseatne kokihe.aenamiqdniegratienef thel IR of the
lentivector, ackbpne. infdgition, we_used FUGW/SVGmu to transduce primary T and B cells
uvants include Complete Freund's Adjuvant (CFA) and Incomplete Freund's Adjuvant
harvested from J
(IFA). Other adjuvants include cytokines, such as interleukins (IL-1,]JL-2, and 1IL-12),
macrophage colony stimulating factor (M-CSF), tumor necrosis factor (TNF).

10212 An adjuvant can be administered with the recombinant virus of the
invention as a single composition, or can be administered before, concurrent with or afier
administration of the recombinant virus of the invention. Immunogen and adjuvant can be
packaged and supplied in the same vial or can be packaged in separate vials and mixed before
use. Immunogen and adjuvant are typically packaged with a label indicating the intended
therapeutic application. If immunogen and adjuvant are packaged separately, the packaging
typically includes instructions for mixing before use. The choice of an adjuvant and/or
carrier depends on the stability of the vaccine containing the adjuvant, the route of
administration, the dosing schedule, the efficacy of the adjuvant for the species being
vaccinated, and, in humans, a pharmaceutically acceptable adjuvant is one that has been
approved or is approvable for human administration by pertinent reguiatory bodies. For
example, Complete Freund's adjuvant is not suitable for human administration. Alum, MPL
and QS21 are preferred. Optionally, two or more different adjuvants can be used

simultaneously. Preferred combinations include alum with MPL, alum with QS21, MPL

with QS21, and alum, QS21 and MPL together. Also, Incomplete Freund's ajuvant can be



mouse spleen and virtually no transduction was detected (Figure 4B), indicating remarkable
transduction specificity. [0241]The efficiency of the lentivector bearing SVGmu to transduce in vitro-
cultured, bone marrow (BM)-derived DCs (BMDCs) was also tested. Bone marrow (EM)-derived DCs
(BMDCs) were generated as described above by culturing in the presence of granulocyte-macrophage
colony-stimulating factor (GM-CSF) for 6 days. The cells were then exposed to either the
FUGW/SVGmu or FUGW/Eco lentivector. Flow cytometry of the BMDCs on day 3 post-transduction
showed that FUGW/Eco trartsduced both CD11c+ DCs (33%) and CD1 Ic cells (7.6%) (Figure 5),
which is considtetihaithethe Wikle srepis Drof Hean@n thecontimy | FUBWISHBYMwendydiangduced
CD11lc+ DCS%E%.%, arlg no (%F + c§%§lwer%g§g ct@d'ﬁ%mon .the CD1 1 Cr cells (Figure 5),
indicating tha ISR E %e |ca’tﬁ’§9l ﬁya fi%l?%ﬁﬂ]lsh ¥&Tesults thus collectively
demonstrate that the engineered recombinant lentivectors bearing SVGmu can specifically transduce
DCs in vitrd& baihaheittibal earpesidionsiaddietion is correlated with the expression of DC-SIGN on the
surface of DCs. EXAMPLE 1EFRECTORBECOMBINANTMBUSON AGTIMATION. OF DENDRITIC
CELLS in vitro [0243] The recombinant lentivirus was further examined to determine whether it
could specifedtiyiggat, rmnsteaandizstine Uek iptrnatyié D88, Phe BofacempIeyiifation of the
co-stimulatpgy molecile; B2 (6RRG) and the MHC.classdiynoleculs.d-Ah, wlighiare copsidgred to be
signatures of DC activation (Steinman, R.M., et al. 2003. Annie. Rev. Immunot 21: 685-711, which is
incorporated HEreAbGYefefEifce in kétentiratyaEs nibasahednpcDtsbxposeestEvEcommBifant virus.
BMDCs wesgragnarsied anshinfectest with BLGWRVanas.descrined p Sxampipbid-Re-akna

concentration of 1 pg/m1 was also added overnight for further activation of transduced BMDCs.
[0244]Flow EytEhiBtA BB NS SaRpS BsiPahSitetor sH6Wen hafakimEs amtrraiv/SVemu
elevated thg g)ggﬁ@@_ﬁjon of DC activation markers, CD86 and I-Ab, on GFP positive DCs, as compared
to GFP negative DCs (Figure 6, top panel). The shaded area indicates GFP negative (untransduced)

cells, and the soli k& (unflifey ardafisHaiiss PEPAUIHGE (FARE0TELE TR oB8ived that

the targetegriransgluetian Mt a suitable pharmaceutical carrier. Pharmaceutical compositions provided

it

herein can be in various forms, e.g., in solid, liquid, powder, aqueous, or lyophilized form.
Examples of suitable pharmaceutical carriers are known in the art. Such camiers and/or
additives can be formulated by conventional methods and can be administered to the subject
at a suitable dose. Stabilizing agents such as lipids, nuclease inhibitors, polymers, and
chelating agents can preserve the compositions from degradation within the body.

[0215] The recombinant viruses provided herein can be packaged as kits. Kits
can optionally include one or more components such as instructions for use, devices, and
additional reagents, and components, such as tubes, containers and syringes for practice of
the methods. Exemplary kits can include the viruses provided herein, and can optionally
include instructions for use, a device for detecting a virus in a subject, a2 device for
administering the virus to a subject, and a device for administering a compound to a subject.

[8216] Kits comprising polynucleotides encoding a gene of interest (typically an
antigen) are also contemplated herein. In some embodiments, the kit includes at least one
plasmid encoding virus packaging components and vector encoding é targeting molecule that
is engineered to bind dendritic cells, preferably with specificity. In some embodiments, the
kit includes at least one plasmid encoding virus packaging components, a vector encoding a
targeting molecule that is engineered to bind dendritic cells and 2 vector encoding at least one

DC maturation factor.
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BMDCs synergized with lipopolysaccharide (LPS) treatment to further mature DCs (Figure 6, bottom
panel). This indicates that the targeted transduction can either work alone or in combination with other
DC maturation factors to induce DC activation. EXAMPLE 8. TARGETING OF DENDRITIC CELLS in
vivo BY RECOMBINANT VIRUS [0245] The proof of whether this methodology can be used for
vaccination can be examined by in vivo experimentation. To test whether engineered lentivectors
bearing SVGmu could target DCs in vivo, the recombinant and concentrated lentivector
FUGW/SVGmu (50x106 TU resuspended in 200 ul PBS) was injected subcutaneously into the left
flank of the C57BIdBldmalé&itsicetBesiChariesRivsioB eedifine alsoratofiggrtigsevwaatinguinal lymph

node (withigd 1) 1398) TR eftnghinaAl R ARAE e Scaletipphpade Lke opposite

site were isolated for size examination on day 3 post-injection. The cells were harvested from these
nodes andatiertptalcd inisars Weiercounbedinmmes plrckihtayseaERD o \whsaitappredipy flow

cytometry QW&EB%&B@%M&%@EH&Q% %&@P@Q&%yngptég&ﬁgméamw%@@& Peefigignificant

enlargement of the left inguinal lymph node close to the injection site was observed (Figure 7A, left

image), anB R PHG r in this lymph node increased more than 10-fold, compared with the

equivalent lymph gogs at the eppasiigside OLlyrph 2008 finmuadiaive Mmauss:dEours ARy This
indicates that vector administration can enhance trafficking and proliferation of lymphocytes in a

nearby lynipRHtscete R el Tt O drething dreatees tish pBrorinaby semermeitsiadebr | c+
cells in theyeftdngyinal yonRianedecelswale.GRBdRE s Criow &7 Gaeiich 2PReRs jor- haie migmted

from the injectjon site. This is considered a remarkably large effect from one subcutaneous injection of

vector andefhdridiiils that AFPFeHTBM SMPhs FEb T tRARFINFIBHAG HECINVRRP EXRMPLE 9
EVALUAT KN @6isFhE (P EEH | GhTY SErREGOMBINANE YIRLISBY imyive ARANSREGEH ON

over the duration of the treatment time.

{6219] Kits provided herein also can include a device for administering a virus to
a subject. Any of a variety of devices known in the art for administering medications or
vaceines can be included in the kits provided herein. Exemplary devices include, but are not
limited to, a hypodermic needle, an intravenous necedle, a catheter, a needle-less injection
device, an inhaler, and a liquid dispenser, such as an eyedropper. Typically, the device for
administering a virus of the kit will be compatible with the virus of the kit; for exampie, a
needle-less injection device such as a high pressure injection device can be included in kits
with viruses not damaged by high pressure injection, but is typically not included in kits with
viruses damaged by high pressure injection.

[6220] Kits provided herein also can include a device for administering a
compound, such as a DC activator or stimulator, to a subject. Any of a variety of devices
known in the art for admimistering medications to a subject can be included in the kits
provided herein. Exemplary devices include a hypodermic needle, an intravenous needle, a
catheter, a needle-less injection, but are not limited to, a hypodermic needle, an intravenous
needle, a catheter, a needle-less injection device, an inhaler, and a liquid dispenser such as an
eyedropper. Typically the device for admuinistering the compound of the kit will be
compatible with the desired method of administration of the compound.

[0221] The following examples are offered for illustrative purposes only, and are

not intended to limit the scope of the present invention in any way. Indeed, various



[0248]To. examine the in vivo specificity of the DC-targeted lentivector, a lentiviral vector encoding a
firefly luciferase was constructed. The cDNA of firefly luciferase was amplified from pGL4.2LucP
(Promega) and cloned into FUGW (Lois, C. et al. 2002. supra.) to replace GFP, yielding the construct
Flue (SEQ ID NO: 4) (Figure 22A). The luciferase reporter gene was then used to visualize the in vivo
transduction of the tissue cells using standard protocols of bioluminescence imaging (ELI). [0249]The
recombinant lentivector (hereafter referred to as Fluc/SVGmu) was injected subcutaneously at the left
flank of the mouse. In another mouse, a lentivector pseudotyped with vesicular stomatitis viral
glycoproteim¢higienites referechamenRiueNBMG Jonassinjactes asi alaontspecific weniarecantsol.
Vector-treated mi ere then imaged nan-invasively using ELI. Fluc/VSVG-treated mice had a strong
and perma%péjnatr%?giloa n0p ?ﬁ‘e‘%ﬂ%‘é@ﬁg‘ﬁeéﬁt&p Y i'ggt ﬁb%ﬂ’é’lgn g e Gl e s ifided to
express ludifermpendeduean22B). This is consistent with the fact that VSVG-enveloped virus has broad
specificity. In con no significant signal was detected at the, injection site of Flyc/SVGmu-neated
mice (Figure ZZngﬁlégicatir{g E:I?gfet%teaflenﬁ\g/ee% %ﬁeﬁggjﬁeﬁlé; \féer%dliﬁgﬁz & ?%Féﬁ\fgﬁfgf?ﬁ{ﬁ)éhﬁ%rget
specificity. it ey imewesdd hyinefsceneensigriababieyto be detected in the targeted mice, likely due to
the rare and sparse distribution of the DCs, which is beyond the sensitivity of the current BLI method.
[0250]After one month, the mice injected withg=lug(SYE&mu were subjected to biodistribution analysis
by quantitative RT-PCR and no detectable copy of the lentivector was observed in all isolated organs

(heart, liver, spleen, kiNE}NGERA G Askin- R o e R GEARTRyMHELIEEKBE non-specific infection

in the animals angythys the specifisityceffae. fargetard vaatPLiorRCs: EXAMPHE QB Wiro,ANTIGEN
DELIVERY BY RECOMBINANT VIRUS [0251]To determine whether, the targeted transduction of DCs

by a reconiBIRsCiBA R IBrcsianE i et ardctrn bR rakige hegerr &6y DEssrBtimulation

of antigen-pEesNGREANGERAERET IeSROMSes0 @ lehtiNasier expessing e mass) antigen,
chicken ovalbugin (?VA), was constructed. In C57BL/63 (B6) mice, OVA is a well-characterized target
antigen for tRE EHE¥ FCEfrRYfBT 1o MMt RIpBeifRAIRp gifges:s of materials (Geijtenbee,

T.B., et al. 2004, supra.), which can be used as a targeting receptor on DCs. Sindbis virus
(SV)—a member of the Alphavirus genus and the Togaviridae family—is able to infect DCs
through DC-SIGN (Klimstra, W.B., et al. 2003. J Virel 77: 12022-12032, which is
incorporated herein by reference in its entirety). However, the canonical viral receptor for the
laboratory strain of SV is cell-surface heparan sulfate (HS), which is expressed by many cell
types (Strauss, J.H., et al. 1994. Arch. Virol 9: 473-484; Byrnes, A.P., and D.E. Griffin.
1998. J Virol 72: 7349-7356, each of which is incorporated herein by reference in its
entirety). Taking advantage of the physical separation of the two receptor-binding sites on
the SV envelope glycoprotein (hereafter designated as SVG), the receptor was engineered to
be blind to its canonical binding target HS and to leave intact its ability to interact with DC-
SIGN (Figure 1). Once it is incorporated onto a viral surface, this mutant glycoprotein is able
to mediate infection of DCs but not other cells.

[0224] The ¢DNA for wild-type SVG was obtained from the laboratory of Dr.
J.H. Strauss laboratory at the California Institute of Technology and cloned into the pcDNA3
vector (Invitrogen) by PCR to generate plasmid pSVG. A ten-residue tag (MYPYDVPDYA)
sequence was inserted into E2 protein between amino acids 71 and 74 by PCR mutagenesis to
disrupt the HS binding site (Karavans, G., et al. 1998. Crit Rev Oncol Hemat 28: 7-30;
Lavillete, D., et al. 2001. Curr Opin Biotech 12: 461-466; Russell, S.J. and F.L. Cosset. 1999,
J Gene Med 1: 300-311; Sandrin, V., et al. 2003. Cwr Top Microbiol 281: 137-178;
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OVA257-269 (designated as OVAp), and for the CD4+ T-cell receptor 0T2, which sPecifically binds
OVA323.339 (designated as OVAp*) (Yang, L. and D. Baltimore. 2005. Proc. Natl. Acad. Sci. USA
102: 4518-4523, which is incorporated by reference in its entirety). The lentivector expressing OVA
(FOVA (SEQ ID NO:2), Figure 8, top) was constructed from FUGW (Figure 8, bottom) by replacing the
GFP with the cDNA of chicken ovalbumin. 10252] The BMDCs (Example 6) were transduced on
day 6 of culture with either recombinant lenrvirus FOVA/SVGmu or control recombinant lentivirus
FUGW/SVGmu (encoding a non-relevant reporter gene GFP). The day 6 BMDCs were spin-infected
with viral stjeelinatant Fand Guitueddar 200addiienal30ayS: Ospdayash tievhieh-sdhergniaells were
collected aﬁld re-%ultuEed in RPMI medigén containé\ngl 10%bP S, GM-CSFHgL:ZO J.558L conditional
medium), aha TR T e (ST B Ry 1o YRUARSI e b B S TS 38 P E&H Stimulation.
The modifiechBNHI Gsevabiitdesignated: aseD& &N aridiB Gkl GAY Sd&peridingien ithéulenttvector
used for transduction. In.parallel,.non-adherent cells were.collected from non-transdueed day 9 BMDC
culture, A R i Rt (AN Lo DL & BNECRELR Lpe). o
day 10, thercéiistingre tdllecteduird (Gdtedwith, eithie ! DVAR=(ONMARE7 1269, Spkcificdl§bognd by OT1
T-cell receptors, hereafter referred to.as DC/QVA Ap* LQV, 339, specifically baund by OT2
T-cell receg{%?é(?rheargog?ggpfrgfgﬁé%%glgl ‘B%g\i‘kgg?%ﬁﬁ@ﬁ%ﬁ%?ﬁvﬁé%%ﬁo g or t%ll
stimulationetTd. dRafnin&itheEBIES faiScidrutrBrnddiet el BID Ca el gy 308 s%-aANid eresiehtithettransgenic
OVA antiogl, SYGER felFets £geslo, e RecO LiANDET 2 ANSaeria SR @ sliied wih the
lentivector-transduced BMDCs, or BMDCs loaded with either OVAp or OVAp*, at the indicated ratio.
Three days-tatbranfe subensttant 3AS- collerteth g astuyed For 1PN P prstuétibn eigihg #1lSA and
the cells weyg callecied andranalyzed fariheir surfage activation markers ysing fipp,cyspmetry. T cell

proliferation was assayed using [3F1] thymidine incorporation. [0253]After a three-day coculture with

varying ratis ofDEIFOV-ARE Manstesie FER1S, Grpf 76:3&6h8-Pa8p ot aMigbeb sy easnsietsured by

the releasg,@fliNsy (Rigiiecl Q) ianddieglhprotifgration, (Fighre-d QRk--As:exRacted, nguahuous OVA
response was detected usm%\DC/FUGW (Figures 10A and 10B). It was also observed that the

transgenic(é%%@s?éﬁoo]f%’%’ W% even more efficient than peptide-loading for stimulation of an OT1

T cell response, ywhigh) is capsigtentmitdhenotian thatMEE ¢lass Eiayersthrapreyematiag of
endogenously produced peptides. Flow. cytometgg showed that the activated OTT T cells exhibited the

typical effdEoP BRI F el bRénohbe TeE 28I CTYS0*Eh B #E e Y arE <A AN by either
DC/FOVA prDCH VAN AHguse O {0254 \Mvhen dbedaGswerereocputliusedisith 0 2GRenIagells, T cell

activation wa% @II\?% S%ggﬁégeag, wggaé%gﬁ%%é{: es in the surface markers (Figure 11) and the

production“i&C igure owever, stimu 1 of CD4* cells was not as pronounced as that of
CDS' cells, presumably due to the less efficient presentation of endogenous antigen peptides to the
MHC class Il molecules. By modifying the cellGPafld€afization of OVA antigen to direct it to MHC class

Il presentation gtk ABRNPARGRRNIERL X R4 simulationwasaqkieyed Hracwaseyen better than
that of peptide-pulsed DCs (data not shown). %255 These results show that the method of DC

targeting through lentivector infection can-&f Neiiiérdhtigens to DCs and stimulate both CD8*
and CD4* T cell reeR@NSespreparation of the recombinant SVGmu-pseudotyped lentivirus was

conducted by standard calcium phosphate-mediated transient transfection of 2937 cells with
the lentiviral vector FUGW (SEQ ID NO:1) or its derivatives, the packaging constructs
encoding gag, pol and rev genes, and pSVGmu (Example 1). FUGW is a self-inactivating
lentiviral vector carrying the human ubiquitin-C promoter to drive the expression of a GFP
reporter gene (Lois, C., et al. 2002. Science 295: 868-872, which is incorporated herein by
reference in its entirety). The lentiviral transfer vectors (FUGW and its derivatives) used in
these studies are third generation HIV-based lentiviral vectors, in which most of the U3

region of the 3’ LTR is deleted, resulting in a self-inactivating 3°-LTR (SIN).



EXAMPLE 11 In vivo ANTIGEN DELIVERY BY RECOMBINANT VIRUS [0256]To determine if DCs
targeted with lentivectors could activate antigen- specific T cells in vivo, a method of T-cell receptor
(TCR) gene transfer into murine hematopoietic stem cells (HSCs) was used to generate
antigen-specific and TCR-engineered T cells in mice, as described elsewhere (Yang, L. and D.
Baltimore, D. 2005. supra.). A tricistronic retroviral vector MIG-0T1 co-expressing OT1 TCRa and
TCRP, along with the GFP marker (Figure 13A) was constructed. [0257]Briefly, B6 female mice
(Charles River Breedling Laboratories) were treated with 250p.g of 5-flurouracil (Sigma). Five days
later, bone marroldZBW) céils eheithedanithalSEs averé HeyVesied 266M thddibidhand feduwrand

cultured in - I I 2x106 er well) in BM cultur. diu PM! containing 10%
PBs, 2ong L e e B I P TRy 2 of the
culture, thécwéitswerensfsinsinfactethwiil (Aeul)l GIOTE vetho¥ifal.yeetdr pSévdetypedaitasEdd (2 ml viral
supernata 0 0Gfor, 90min. chspin, t tyvas removed
and repIac%%%tﬁ%ﬁ%&%gm%ﬁ%ﬁn?gég%%%ﬂiﬁ%i}%gﬁ?%?ﬁ%@é&%ﬁ%ﬁeﬁrﬁﬁeged and
transferred it B8 Tepipiernihieerraveldniel 12004 dadoitorasbuaysrradiaton fllight thealke
pOSt'tranSf%.A@%{H"ﬁ%é’f’%&%fﬁ?%gﬁ g&yly&aama@@m%%%-ﬂéﬁﬁb@9%&%&?&%%9”6 dose

of subcutaneous injection of 10X of targeting lentivector. Seven days later, Spleen and lymph

node cells SHRFEHaRE St attpemmaiiedisdl Gidipre et & arrerrtiveally anrditHetesBreeaactivation

markers usingfloneyiomenry. [0RSSIFIaht Weeks RSt (RRsiet analvsis,aling petipheral.cells of the
reconstituted mice showed that approximately 5% of the CDS+ T cells were GFP*OTL1. (Figure 13B).

Some of theERBASERIEERice were immunized via subcutaneous injection of the same dose (10x106
TU) of either FOY#YRY CmuiExanmale +0)ef FidtMaMGmY (RXamPIR 2k-Araiveiel GFRIOTI+ T

cells harvested from peripheral lymphoid organs 7 days later showed that the targeted DC
immunizatfon By EOVREY GrrPabutisthe Helrnser Brto theTeias SOfth&EEPRIIE caFftrol mice,
which werg<iiter petifamdnizedigpimmanized with FUGW/SVGmu (Figure 14B). The GFP+OT1+ T
cells derived from FOVA/SVGmu-immunized mice exhibited an effector memory phenotype
(CD6910wCD62highCD44high), indicating th %ﬁﬂi@?Ve gone through a productive immune

response (Figure 14A). [0259]These results demonstrate that a recombinant lentivector bearing
surface CONFOCAL IMAGING OF PACKAGED RECOMBINANT VIRUS

[0229] GFP-vpr-labeled lentivectors were produced as described in Example 2,
except with use of FUW lentivector (which does not contain the GFP reporter gene} and with
a separate plasmid encoding GFP-vpr (2.5 pg). Fresh viral supernatant was overlaid on
polylysine-coated coverslips in a 6-well culture dish and centrifuged at 3,700 x g at 4°C for 2
hours using a Sorvall Legend RT centrifuge. The coverslips were rinsed with cold PBS twice
and immunostained by anti-HA-biotin antibody (Miltenyi Biotec) and CyS-sireptavidin
(Invitrogen). Fluorescent images were taken by a Zeiss LSM 510 laser scanning confocal
microscope equipped with filter sets for fluorescein and Cy5. A plan-apochromat oil
immersion objective (63x/1.4) was used for imaging.

[6230] Figure 2 shows the results of the confocal imaging of the recombinant
virus produced by the protocol. (The scale bar represents 2 um.) Particles in the “GFP” slide
are stained green, particles in the “SVGmu” slide are stained red, and particles in the
“Merged” slide are stained green where only GFP is expressed, red where only SVGmu is
expressed, and yellow/yellow-orange where GFP and SVGmu are both expressed. Over 90%
of the GFP-labeled particles contained SVGmu. Thus, the production of lentiviral particles
displaying SVGmu was confirmed through confocal imaging. '
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SVGmu can target DCs in vivo to efficiently stimulate antigen-specific T cells and induce a strong
immune response. EXAMPLE 12 INDUCTION OF in vivo CTL AND ANTIBODY RESPONSES BY
DIRECT ADMINISTRATION OF RECOMBINANT VIRUS 102601Studies were conducted on the
efficacy of the in vivo DC targeting for inducing an antigen-specific CD8+ cytotoxic T lymphocyte (CTL)
response and antibody response through the administration of the targeting lentivector to nave,
wild-type mice. [0261] Wild-type B6 mice (Charles River Breeding Laboratories) were given a
single injection of targeting lentivector (50x106 TU of FUGW/SVG or FOVA/SVGmu) subcutaneously
on the right flank at the indicated dose. On day:ZsanBidky 14 post- immunization, blood was collected

from the immunized mice throu il bleeding, Nnji- IgG was measured using
ELISA. On day 14, spleen and %%E?H%%oﬁdeﬁgglﬁég %;ggé@%;ﬁ alyzed for the presence of
OVA-specific T c¢lizgzand thEir Secfce: attivatioly markess:usingflanecgytonmetrg1 {0262)T henpresence of
OVA-specific T cells was S | by measuring cytoki refi d tetramer stajning. At day 14
post-injectieoxr%j,rﬁis%gﬁs}l %ﬁ\%@yﬁgﬂ%&?ﬁ%&g?y%% 3?(;5“ %?ga%é%g@%ﬁﬁm?ﬁin%@%r targeting
to native D8 wiéisrabieted|ioit®\ZARspINSIGNE Bére ToealisincbotTire dgahhiosleidaiainot shown)
and spleen, {Eigur @S dministration of a single d of recombinant FOVA/ muy. was sufficient to
generate CDS@%}?e S, vﬁ‘nfgﬁ rcf:lgﬁ?dwgree Piirir%%]et%o%ge%ﬁe %%ﬁﬁ@%b%“n%%&%ﬁ@egﬁ}éﬁ% alfl}‘osn‘”v(llgfgure 23).
Administratior® i cotobd detor &uG WIBVGN Y fdite dito ge DErtESanyn® YApsspe Cifti dsponses

(Figure 23 8V t magnityd ses, th Ap~ if] I%IS T cells was
measured lgél!; %EI%CH] C%Sﬁs Ié%it?rgéf%% g%aﬁn?r%& E[ﬁ%%?%%%u%nagé cﬁ[mlrggggu !\g ceﬁ(s}c(vcé3 %jo) was

obtained féléveiaged StpetdesecinfectiomiFigueeils)Cnooetrametipositiverebiiswereldtécted in the
mice treateg WU FHGNIBY G (iguse 15)The dalagsrsilen buietiameraynitgiog correlated

well with the analysis of CD8+ effector cells assayed by intracellular IFN-y staihing (Figure 23).

Phenotype@RgHdEof thekatoeapspuaititeT reeidsiswadtthub e seduil disprasder P slirface
characteristigs, Of RfIRGIOR BRBIRRY F e ttel 2 HOWSP GAIWLCRAZ LG4 RN (FigyEa L 7A)-

from BD Biosciences and anti-murine DC-SIGN from eBioscience) and cell sorting to vield a
uniform population of DC-SIGN™ 293T.hDCSIGN and mDC-SIGN' 293T.mDCSIGN cell
hines

{6232} . Flow cytometry showed that DC-SIGN was expressed in virtually all of
the 293T.hDCSIGN and 293T.mDCSIGN cells of the cell lines (Figure 3A). In each
diagram, the solid lines (unfilled area) represents expression of DC-SIGN in the 293T DC-
SIGN cell lines, and the shaded area represents the background staining of non-transduced
2937 cells.

EXAMPLE 5
EVALUATION OF THE DC-SIGN SPECIFIC RECOMBINANT VIRUS BY
TRANSDUCTION OF DC-SIGN CELL LINES

[0233] To assess the transduction efficiency and specificity of FUGW/SVG or
FUGW/SVGmu (Example 2), the viruses were used to transduce the 293T.hDCSIGN and
293T.mDCSIGN cell lines (Example 4). Transduction efficiency was measured by GFP
expression within the cell lines.
- [0234] Target cells (293T.hkDCSIGN, 293T.mDCSIGN, or 293T cells; 0.2x10°
per well) were seeded in a 24-well culture dish (Coming or BD Biosciences) and spin-

infected with viral supernatants (1 mi per well) at 2,500 rpm and 30°C for 90 min by using a
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102631 To investigate the dose response of lentivector administration, doses of FOVA/SVGmu
ranging from 100x106 TU to 3x106 TU were injected subcutaneously and OVAp-specific T cells in the
spleen were measured at day 14 post-injection. An exceptionally high frequency (12%) of
OVAp-specific CD8t T cells was detected at the dose of 100x106 TU (Figure 16A). The percentage of
OVAp-specific cells correlated proportionately with the amount of recombinant vector administered
(Figure 16B). A plateau in the dose response was not achieved with the doses that were tested,
indicating that further enhancement can be achieved by increasing the amount of vector injected
and/or the ¥regquiieygofinectifnc]0264iEurthey, the seumtigG levelscppeetie figr @hAcin timice were
examined gn the 7th and 14th fter i nizatign wi A/ISVGmu (5 TU). . The lgG
serum titefnv?/%lgljll:%C%E)%l%aﬁeggégagﬁ?ﬁsf}?fo% 1??1%3(;{']?(?%?@ %ﬁ}mﬂ ef(w?s? %%%gﬁ%%r%%pressive
antibody respomseifoy dsngiecdoseyinjBotioanadtihoonnh duditivrsad cdjueadt oy Gihdrlstionutinigrdicating that
targeted lenti A nization can also elicit significant B cell secretion of antigen-specific
antibodiesﬁié\/z%%%:!mqm 8 R

ese results Show that in vivo administration of a DC-targeting lentivector can
induce both cellu#235id huRloratjmometre sespaindes HEgaivet tHe delivensd: dhtigele-EDeAMRLE 13

GENERATION OF ANTLTUMOR IMMUNITY, BREYENTIVE PROTECTION i AP08A:Ehe

anti-tumor Immunity generated atter an in vivo administration of DC-targeted lentivector was

evaluated. thn B & awasiorethbded (WPaRg293 ahB CHIBAImne e YOoS) SEisrH) Wagrgsddl in Wikich OVA

serves & A IPLARIRENsARPSLL TGOS REH IR Fk4{CSREHRI - Py afRalnd E.G7
cells
surface does not markedly alter the fransduction ability of & SVG-pseudotyped lentiviral

vector. In contrast, the FUGW/SVGmu vector (containing the mutant SVG envelope
glycoprotein) could specifically transduce 293T.hDCSIGN and 293T.mDCSIGN cells with a
42% and 34% transduction efficiency, respectively, but not the 293T cells (Figure 3B).
These results demonstrate that a pseudotyped lentiviral vector displaying SVGmu can
speciﬁcélly transduce cells expressing either human or murine DC-SIGN. Furthermore, the
mutant SYVG gave more efficient transduction of DC-SIGN-expressing cells than of wild type
SVG.

{0236] The stable integration of the FUGW lentiviral vector in the transduced
cells was confirmed by PCR analysis of the genomic integration of the GFP reporter gene.
To demonstrate that the specific transduction was mediated by DC-SIGN, the addition of
soluble anti-human DC-SIGN antibody to the FUGW/SVGmu viral supernatant before its
exposure to 293T.hDCSIGN cells reduced the transduction efficiency (data not shown). The
specific titer of FUGW/SVGmu for 293T.mDCSIGN was estimated to be 1x10° TU
(Transduction Units)/ml. The titer of FUGW/SVGmu for 2937 hDCSIGN was estimated to
be 1-2x10° TU/ml,

EXAMPLE 6
EVALUATION OF THE RECOMBINANT VIRUS in vitro
[0237] To investigate the specificity of the engineered lentivector for transduction
of dendritic cells (DCs) expressing DC-SIGN, total bone marrow (BM) cells were isolated
from mice and transduced directly with the FUGW/SVGmu viral vector {(Example 2). A

protocol to generate mouse DCs from progenitors grown in BM cultures was adapted for use
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stably expressing one copy of chicken OVA cDNA) were used for the tumor challenge of mice. For the
tumor protection experiment, B6 mice (Charles River Breeding Laboratories) received a single
injection of 50x106 TU of the targeting lentivector (FOVA/SVGmu or FUGW/SVGmu) on the right flank.
Two weeks later, 5x106 ETA or E.G7 cells were injected subcutaneously into the left flank of the mice.
Tumor size was measured every other day using fine calipers and was shown as the product of the
two largest perpendicular diameters a x b (mm2). The mice were killed when the tumors reached

400mmz2. [0268]Vaccination with 50x106 TU FOVA/SVGmu 1pletely prqtected the mice from the
E.G7 tu mo’f’&h%ﬁ@?lﬁ@mb@lécﬁjé?llyefﬁgwﬁﬁI@'t&%gré%?g%\? ‘Fa‘g@%}%%fﬁ %% ‘fvg% Y REE accination
with a lentivestobiaaiinenthe Gl Antianggene (Figure 18, left). This protection was OVA-specific
because the vaccinated mice grew control EL4 tumors that lack expression of OVA (Figure 18, right),
regardless of the %Wecto?ﬂg}a RSt Wﬁﬁ\%i?ﬁ%%ﬂ’?ﬁ)@&ﬁﬁﬁ% irﬂrggﬁlséﬁ‘ﬁ%@ﬁlﬁr—(&gﬁﬁ?ﬁ&r UMOR
IMMUNIT R ¥4 MRRIER EABMENDS) [ @26 SMIhe anti-turaosr aninunibys géndreted adte (Cdang, Yivo
administration of DC- targe entivector was evalua r ells were introduced. prior to
administraﬁ%¥ lgf %%t’l@r?{%}e%%.' 5FLFf)ec‘s{ge'zfrg"S of (ﬁ% 'm%f 'ir%a %&Br? 'a%%&] e"ﬁr%riz\‘/%éc“‘[‘%lr1 Ca?dzrsh in Fsot%?%%eevere
reversed relativesiorifatinExampteidB/jo BstewheithBhareHstalllisfiedsturmeptoeddibe 2imilated, in a

test of INCLARELIEYAOSTIRION oL (iR Sith GG LI S xPISRaing e e lugllgyape dene
(E.07.1uc) were used'to ¢ affenge mic ,’aﬂo ng close monitoring of tumor growt Ef(inetl s in live
animals usirig@hin Todfatiiidte Magingiarndbme skahcef B6:picei(FHbeJnckddn fwsoratoty) was

used. Theseige Rel BIRmenRIen A0S alom I Rus gy &%959{9@@99@%%(&9@ alhesr

luminescence signal. Injection of these mice with 100x106 TU of FOVA/SVGmu (Example 10) showed
a similar ré$ponkes 8. traltbsed agdvanbics Bovmice[Rigdren] HagsGr v o+ §(5x106)

were implanfed.s g%‘;nggg!?ky i the albino B6 mice. The mice were immunized by FOVA/SVGmu
(50x106 TU per r#%e per time) '?Wicg%n dt?ys 3 and 10 post-tumor challenge via subcutaneous

injection. The exgB#HREbnt Was rBpbardy thptasednfeeriithos repite Sentdtc elipstirits e in Figures
19 and 20 pyyHR/Ehd DeaMiceece g the RlataalinglgniivegiardMmunization shawed a

decline of tumor growth starting at day 9, followed by tumor regression and a reduction of

luminescefBEBRIBWIRHE EHIETTEIFTRVEGH By 2rcdrigiiaecty RH 98/ Grhotigh HfimEdFaior

recurrence:Warpbsaryed fromdaynttadanil b micatieatadWith&NAYS VY were fae of disease
at the end of day 18 and thereafter; no tumor relapse was qbserved for as long as the exgeriment ran

(>60 days) FcE8Rtr48E HRRSTEGIE FIaTRESIVER iAtHEZH c&rebaRing WE HEANEHI End e mice had
to be remoyggksamatbE expearimaantaftenciay 16 tiderpitheitargevsize DUt @ufimditstdd Wwasiae interesting

o e et el AR Shoeed g Al e e sl myggn. T
induced byivacajnationaEXAMREERLD 10%vito RELNERY CHANFGEN ANDIMATORA TION
| FACTORSF%E(%’/SVGmu transduction (Figure 4A). When gated on GFP" cells, it was observed that
up to 95% of the transduced cells were DC-SIGN and CD1lc double-positive (DC-
SIGN"CD11¢"), indicating that FUGW/SVGmu specifically transduces DCs expressing DC-
SIGN and not other cell types in the bone marrow. In contrast, although 68% of total BM
cells were GFP-positive after exposure to FUGW/Eco, only 9% of the transduced cells were
DCs, within which 6.5% were DC-SIGN".
[0240] The stable transduction of FUGW/SVGmu was verified by Alu PCR
analysis (Butler, S.L., et al. 2001. Nat. Med. 7: 631-634, which is incorporated herein by
reference in its entirety) of the genomic integration of the L'TR of the lentivector backbone.

In addition, we used FUGW/SVGnu to transduce primary T and B cells harvested from
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RECOMBINANT VIRUS [02711The success of DC vaccination can depend on the maturation state of
DCs (Banchereau, J. and A.K. Palucka. 2005. Nat Rev Immunol 5:296-306; Schuler, G., et al. 2003.
Curr Opin Immune! 15: 138-147; Figdor, C.G., et al. 2004. Nat Med 10: 475-480, each of which is
incorporated herein by reference in its entirety). Therefore, genes can be included in the lentiviral
vectors that encode the stimulatory molecules to trigger the desired DC-maturation, Cytokines that can
be used include, but are not limited to, GM-CSF, IL-4, TNFa, IL-6, and the like. In some embodiments,
the maturation agent that is used is the CD40 ligand (CD40OL), which is typically expressed on CD4 T

cells and serves aglectigarid fanthe G:DAGvecsRioNen REs iV atanes Tn)etal 49951 Gearyiral 76:

3165'3169§rNrgHX§1ndnTs;%Ei?t‘ial' 1998. Hum Gene Ther 9: 2469-2479, each of which is incorporated
herein by reference in 1ts erllﬁiréty). To further manipulate DCs to be a potent vaccine for therapy, a

drug-inducible COéBtk¢cepltre(iGD46)ds atlaptechintectbe ganadeiven Systersdcome, gmbodiments.

As describ Isewhere, iICD40 esi ng consists of a cytoplasmic domain of CD40 fused to
ligand-bin |n§%(§%8ﬁv1\%?r?§ ey %Wn@r@%%ne‘%gﬁgéﬁ% %%%%5%’@5(@}5?1Fé‘?f@:A?oé‘FdF%.(M)Med 11:
130-137, witicheis Béke(BMDGIponatedsbyraferencesnibecativety hy\WMiemiG R40:is gxpassed.
maturationg,@m? ivation of DCs is,regulated with a lipid-per le, dimerizing drug, [02721To
examine the e fgg%a&lt%c%ﬁ]%g%gﬂr%n tf’lrtgﬁ%?ﬁ%%tgarm, fh(eggé%%%)fgqr gvﬁﬁﬁmﬁfﬁk & Fescribed in
Example 18ErGrRpGSRolEHeTNEETIFVE RiitnG DABLCARK okt adngdecThe IERAS isssanstagied as
described glsgyhere (H . |, 2005. supra)_Lsi ES and 2A-lik ences
multicistronic lentiviral V@?@ﬁg‘%}i %&ec%?ne |8?g%€%f&%aﬁ§§t?%§§% R4 %dré}f'e%?%% %o Psqfu cted. This
system is atifteddd-Eoristredts éntivialiactods, cdvekpressinigithevoloving geness@O VAR a
maturationdaqi BRIEFUIE(EMSEFub dnTNERdbs L gRICDAD) (Figyre 245, labeled as
"FUOIM"). An exempla%j vector sequenceni-g p?%/%g%dbeg/gsffli% %&R%:z‘?%é\fg%nﬁqe%%%lo%%%
lentiviruse® & PrESEEITaEcEerbBd A Erimpleanie and ihdidetmivitiseEla@NYaNSucedan vitro into
cultured n@@g@éﬂ%@d{gegﬁ@r@g as described in Example 6) to specifically deliver these genes into

the cells. Maturation of BMDCs is measured by FACS analysis for up-regulation of several key
molecules that h&%&*eksenfibtivleSinlthe Brocesiienivdell skmotatioh. TywicdheepragmetatiVe markers

are ICAM 4GREAn B84 (CRBO)MECasd MHG SRS @5}&1&}3@'%&%%&%&%@9

bransducetd with lentiviruses encoding only OVA and GFP genes serve as controls for the experiment.
It is observAd THAt TBSEGURRHS TS Hstlratidherarraiion alhievaeNprivcoiomesdfisd DCs are

exposed to an effective amount of dimeric drug AP20187. [0273]In addition, two characteristic features
of matured DCs are the reduced capacity for eRdocyiasis and the improved potential for T cell

cctvaton  Fhe spteh o FTERIGRH dRian s HESHIA AL e GadaYosis pLanaduced DCs.

The mature DCs are also used to stimulate T cells expressing E’:I’-’?é’jo(as
described in Exalf#tél10), Thordermbinve] lprévineircapadbytemoiet an dnenuie reBpopse:. It is

observed thafavlen; RA0:madified DG S argse d n effective unt.of dimeric drug
AP20187, the ué}&%e of %?Tc%'gtgged dext%%ig%ggggi&iﬂégelg%ven%ﬁ e:tﬂc? hotrll%&f)%gqcr%gaified DCs.
FurthermdFEXETYBIEhs s drioncowltaNe Rtk (GRAAY radides 6IIEDASs Modifiett® Csilireated with

the dimerigigdBug-to5ansgenit hEalls Rk LEBIS 185PAN QLS YgoRuslY A5 maasured by the
release of IFN-y and T cell groliferat%r] than do those co-cultured with riori’-i%%lﬂfo-mo'd‘l%nenél'DCs.
Rev. Immunol 21: 685-711, which is incorporated herein by reference in its entirety), was

measured in DCs exposed to recombinant virus. BMDCs were generated and infected with
FUGW/SVGmu as described in Example 6. LPS at a concentration of 1 ng/ml was also
added overnight for further activation of transduced BMDCs.

[0244] Flow cytometry of BMDCs 3 days post-transduction showed that
treatment with FUGW/SVGmu elevated the expression of DC activation markers, CD86 and
I-A®, on GFP positive DCs, as compared to GFP negative DCs (Figure 6, top panel). The
shaded area indicates GFP negative (untransduced) cells, and the solid line (unfilled area)

indicates GFP positive {transduced) cells. It was observed that the targeted transduction of
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[0274]Longevity of DCs is another parameter that determines T-cell-dependent immunity. The effects
of stimulator molecules on DC survival using an in vitro serum-starvation assay will be compared using
the method as described in Hanks et al. (Hanks, B.A., et al. 2005. supra). [0275]If necessary, two
maturation factor molecules can be delivered by lentiviral vector to targeted DCs, as the vector
configuration has the capacity to express four proteins. EXAMPLE 16 In vivo DELIVERY OF ANTIGEN
AND MATURATION FACTORS BY A RECOMBINANT VIRUS 102761Recombinant viruses packaged
with FLJOIM lentiviral vector (SEQ ID NO: 7) are prepared as described in Example 15. The viruses

are adminigtererttospaive 86 ‘miﬁqu%dﬁ&ﬂyyﬁ!c%\éée bgen-and Matratias; fﬁ%@?%%% 19 DCs,

and inductign_of |mmun|t§t ade ses of viruses is evaluated as described in Example 11. [0277]1t

is observedthgt & infiraisi ZBsoR e rietdoraarantion ‘Féﬁtﬁﬁ}ﬁelsé@fh@ﬂéa%@é the number
of OVA respansive:b:oplls ag:60mPaed 1 4heee0H Q) induce DC activation.

EXAMPLE 8.

TARGETING OF DENDRITIC CELLS in vivo BY RECOMBINANT VIRUS

[6245] The proof of whether this methodology can be used for vaccination can be
examined by in vive experimentation. To test whether engineered lentivectors bearing
SVGmu could target DCs in vive, the recombinant and concentrated lentivector
FUGW/SVGma (50x10° TU resuspended in 200 pl PBS) was injected subcutaneously into
the left flank of the C57BL/6 female mice (B6, Charles River Breeding Laboratories) close to
an inguinal lymph node (within 1 om range). The left inguinal lymph node and the
equivalent tymph node at the opposite site were isolated for size examination on day 3 post- -
injection. The cells were harvested from these nodes and their total numbers were counted.
The percentage of GFP™ DCs was analyzed by flow cytometry on cells stained with anti-
CD1lic antibody (BD Biosciences).

[0246] On day 3, a significant enlargement of the left inguinal lymph node close
to the injection site was observed (Figure 7A, left image), and the cell number in this lymph
node increased more than 10-fold, compared with the equivalent lymph node at the opposite
side or lymph nodes from a naive mouse (Figure 7B). This indicates that wvector
administration can enhance trafficking and proliferation of lymphocytes in a nearby lymph
node.

{0247}  Flow cytometry indicated that approximately 3.8% of the total CD11c"
cells in the left inguinal lymph node cells were GFP' DCs (Figure 7C), which appear to have
migrated from the injection site. This is considered a remarkably large effect from one
subcutaneous injection of vector and demonstrates that the recombinant virus is effectively

infecting DCs in vivo.

EXAMPLE §
EVALUATION OF THE SPECIFICITY OF RECOMBINANT VIRUS BY in vivo
TRANSDUCTION
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mice, which are either not immunized, immunized with a non-OVA containing lentivirus (e.g.
FUGW/SVGmu), or immunized with non-iCD40 containing lentivirus (e.g. FOVA/SVGmu). 102781In
addition, the resistance of the animals to a tumor challenge is assessed with the iCD40-containing
lentivectors, as described in Example 13. The mice are injected with the following lentivectors in the
tumor challenge experiment. FUOIM/SVGmu, FOVA/SVGmu, or FUGW/SVGmu. The following cell
lines are used for tumor challenge: EL4 (C57BL/6J, H-2b, thymoma) and E.67 ((EL4 cells stably
expressing one copy of chicken OVA cDNA). It is observed that the mice receiving immunization by
the DC-targeting jepisiectons FL @S Wemw and RSV Ginuharepreteeted fearmvébetumor
challenge. In contrast, it is ob .erve?t t.tumors grow rapidly in mjce receiving a mock vaccination
with 5 oM BLIBTAREREING THET P L e S SR T D T B VRt
because thexyaaeifidead fiee gD Corlr¢PE4d:amors thatddckieXiraessighodf, QVA, degaxitiess of the
lentivector used.for immunization. [Q2.79]Einally, the potential.of this method.to eradicate an
established} fffr%?)??srgé?saélgsz(é%dﬁs\)/viyﬁ[aﬁggd?ﬁﬁ%%ﬁgﬁin%cIé%%&e@osr%gagd SEh e:%? T%?Exgtﬁ*elple 34.
The following fentivegiorsagenasest fibeimpadnizetodite the expesimentueido MBS/ Brmu et
FOVA/SVGmu. '[atwn%g{%lo%itgg&ggflibr}gﬁl are used for tumor tment: EL4 and E.G7. It is observed that
n? .

the tumor 1cltsallxil-gnsjected Ice receiving immunization 6%/11%ﬁé -targeting lentivectors (FUOIM/SVGmu

and FOVA/SVGnjid4show d ke cticrerdidenn oengrowty, fotioaid byfturdoioreyidssiSN @maawesluction of

Iuminesce?ncgcpe%l OSW tct] a%ect)eggogt'?ﬁ’e? lieﬁuﬁtar}&r’ol%otﬁg%%ru%%!a. neaigo%bis'er{l\(l)%gefog ?e%ﬁ%gtgrs the
experiment Tins (>8 ayse). n-contrast, tumors grow progressively in the mice receiving no treatment.
EXAMPL Bty hsiDS tANEI Gz m@&wﬂm‘gl@wm@nﬂmﬁwwa@@ likAWEY G) [0280]

To treat H Wﬁ@k%&féﬁ“ﬂ' TELI’;%?,{%E’S%%S'{%&QQéc%ﬁecgﬁ{i‘&r.atﬁ'gc%@@a_%ﬁ hedesarined gane geliyery

strategy. The "dual functio are efficacious at both eliciting neutralizing antibodies (Nabs) and

inducing TieeabinshiumingyeBiglire 28y VRY Efficietadyrefieibaabstrangetisl aisooanst chgnérid the
membrane:hound apl2Q{gpia0 }i@ delivered e RGSCRIZ0 is AR gRYeloNS FMGoRIgtsinfor HIV and

is considered to be the most poten .
(Figure 22B). This is consistent with the fact that VSVG-enveloped virus has broad

specificity. In contrast, no significant signal was detected at the injection site of
Flue/SVGmu-treated mice (Figure 22B), indicating that the lenfivecior beaning SVGmu had 2
relatively stringent target specificity. At no time was luminescence signal able {o be detected
in the targeted mice, likely due to the rare and sparse distribution of the DCs, which is
beyond the sensitivity of the current BLI method.

102501 After one month, the mice injected with Flue/SVGmu were subjected to
biodistribution analysis by quantitative RT-PCR and no detectable copy of the lentivector
was observed in all isolated organs (heart, liver, spieen, kidney, gonad, lung, skin, lymph
node), verifying the lack of non-specific infection in the animals and thus the specificity of

the targeted vector for DCs.

EXAMPLE 10
Invitro ANTIGEN DELIVERY BY RECOMBINANT VIRUS
[0251] To determine whether the targeted transduction of DCs by a recombinant
lentivector could be used to effectively deliver antigen genes to DCs for stimulation of
antigen-specific CDE" and CD4" T cell responses, a lentivector expressing the model antigen,
chicken ovalbumin {OVA), was constructed. In CS57BL/6] (B6) mice, OVA is a well-
characterized target antigen for the CD8 T-cell receptor OT1, which specifically binds
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immunogen (Klimstra, W.B., et al. 2003. J Virol 77:12022-12032; Bernard, K.A., etal. 2000. Virology
276:93-103; Byrnes, A.P., et al. 1998. J Virol 72: 7349-7356, each of which is incorporated herein by
reference in its entirety). As described elsewhere, gp120 fused with the transmembrane domain of the
vesicular stomatitis virus glycoprotein can be expressed on the cell surface in a trimeric form,
mimicking the mature trimer on the HIV virion surface (Klimstra, W.B., et al. 1998. J Viral 72:
7357-7366, which is incorporated herein by reference in its entirety). This form of immunogen will be
displayed on the DC's surface. In addition to surface expression, the DCs can also present epitope
peptides dérwad frenidgpiafdn MO sestestethfashion40 T eellsd281iSnce bl dnigetiancan
significantlgiirgg% Cfunc&on through t%%de%e}- n of CD4 T cells, it is desirable to erl}%ineer DCs
that function Independerntly STERANE. Expréation St 40P Sr it DAY BRG et in A4t 4on and
activation ofBCsSin thE.alsendd IGHCDH WeelsisThussgherehgineeteehcD4CHs enikdp40, agcdescribed
in Example 16, which functions.as a ati imulatory mqlecule, is incorporated into the
DC-targeti%negn%ﬁefjcsiﬁoeﬁ(gﬁﬁslshné Iﬁﬁigﬁgﬁ‘sﬁ%&? ?(§ Z\}%ic}zﬁé h di@?*gwﬁ%csofég%gﬁaa&%n Figure
24b and isHalieVe dragaFd fGmiDriS EQdRahey 8) Goklontopitmized oDk sdangabififrom NIH AIDS
Research & Refe Reagent Program are obtained. The,codpn-optimized sequence can achieve
exceptionally higiﬁ [evéls o?glgr%hg?p(%ei%gﬁi a5t tt?lagsggﬁ?g?&no %Teg ﬁﬁ\?ﬁlméq%%?%g@?{e construct
is preparedehyribsiont dEgpt 206 IR tréinsmembrang demaimiofth Evedic| & SEWEHISmirus
glycoprotej 1IN Vitra s.are.conduc 0 assess t fficacy of gene-modified DCs to elicit
NAbs. CD %Ii‘ggsggle%|€%‘ég?§%?§t%%r?%e%e%h%€§%|?grﬁ’é' o e B%gsg%ugcﬁeeﬁg”ﬁé%rﬁ’t%i%ﬁ%g?n‘?cvfé eads
(MiHenyi BistéchirAubians, ©A calidred foultareddnitnahddified DBsdeythetpresenathekit o4lEnd IL-6.

The lentivigal vector EYMG IR I8 Co-iransieRe d-with S VGEmuil %%U/J_iﬁﬁé,t%ﬁxﬁ%@ixé% 1558L
I uced into bone

FUMGID/SVGmu virus, as described in Example 2. The resultant viruses are tran

marrow-deipdi DR TBIHIC s d heerahbBB cE DTS Qredbe Jfabintels @000t kdjednddisedias antigen
presentingrselisenREshini6R-crllrR Wb EaseteThe dimRe course obtediolisiatienmiBwells in

response to transduced BMDCs is measured. It is observed that B cells proliferate to a greater extent

in co-cultufERFIEa RS dlie ENBNRTIETs Yhesh o Sanmiac ape: cdrcmmiriel wiehribekatasiBusseBMDCs.
[0284]To ipyestigate-dhe gifechefgenetically medifledRes ondhedifferentintion ¢f Breellsnto specific

immunoglobulin-secreting cells, the co-culture method as previously described is employed with the

exception TR&t TR B corbmRsditicda FRfter 4 -Gas 205 v of Varitals iSotjisescds HY9 g pecific
antibody indidtute supesdtantsiis dateminedbyELASAUsingHesembinanhanl2etavailable from

!\IIB: AIDS Rgfs}%%gcg c?_%a%eef%%gcg Rga??g?éf?%ﬁm') S%theﬁg}ti en. Expression of the various _
isotypes of H “Speciic antibody ars dre PN BRESNS TS E A rator SRR BRI Y han in
those cocuklitetwithrangebtsahsdated-B8dBCs as DC/OVAp*), and used as positive controls for
T celi stimulation. To examine the ability of vector-transduced BMDCs to process and
present the transgenic OVA antigen, spleen cells were collected from the OTland OT2
transgenic mice and cultured with the lentivector-transduced BMDCs, or BMDCs loaded
with either OVAp or OVAp*, at the indicated ratio. Three days later, the supernatant was
collected and assayed for IFN-y production using ELISA and the celis were collected and
analyzed for their surface activation markers using flow cytometry. T cell proliferation was
assayed using [*H] thymidine incorporation.
[0253] After a three-day coculiure with varying ratios of DC/FOVA to fransgenic
T cells, OT1 T cells responded vigorously as measured by the release of [FN-y (Figure 10A)
and T cell proliferation (Figure 10B). As expected, no obvious OVA response was detected
using DG/FUGW (Figures 10A and 10B). It was also observed that the transgenic expression

of OVA was even more efficient than peptide-loading for stimulation of an OT1 T cell
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[0285]To assess the efficacy of the genetically modified DCs to activate T cells in vitro, CD3+ T cells
are isolated from naive 86 mice and co-cultured with lentivirusinfected and irradiated DCs. The time
course of T cell proliferation is measured. T cell proliferation is found to be greater in T cell cultures
co-cultured with transduced and irradiated DCs than in those co-cultured with mock-transduced DCs.
102861The results are expected to collectively demonstrate that BMDCs transduced with the
FUMGID/SVGmu lentivector is effective in both stimulation of B-cells to produce neutralizing
antibodies (Nabs) and in inducing T cell immunity against HIV/AIDS. EXAMPLE 18 HIV/AIDS

ANTIGEN RIREGENFATHON B¥siiet QMB IANE I RIESNIGVEass 1 10287 Ihd o.evaluals, the
activation of g cells i |r1V|vo BG |ce e mr& unized by subcutaneous injection with the recombinant

lentiviruses prepared as d& duc?ﬁ §<’arﬁ ¥ 157 St oRnE eniiteariaatet With Terglifruses
encoding awﬂgbm@aﬂmm@ﬂenhvffaaes sncodingmatlratan ypelemuesamecandriaive miee without

any treatmen t. Two aft rvi tlon S an bodle against HIV are measured by ELISA.
The antibody tltsetﬁ%l%unjb thj§er in f%gg?@@glﬁﬁé%{g&f%\? h the FUMGID/SVGmu virus as well
as in those injectdti2th IeﬁWmm%erI@@dmgaaUgﬁmadimeh lo'conmasty apsamtindy:diariis, relatively
low in thos%‘m%? Cl)mo un|z W|th en (#115 codln turatgn molecules alone and in nave mice.

SRl REE G BERDEY STEHecib @it 86 mice.

[02881For In vivo activation’o aﬁt VIrUs
Seven daysriatertidneslI$Tkre 6§(gaited12hridldheueprﬁhfeﬂaﬂm it eytokinevaearetiopraitanirvitro

restlmulatlggt%%g@b%m %} mo?me s measured as described in le 12. The durability of
the effector T cell responses i§ also mor ra% n%%éréd § vg%éj%? TarEHG gnn%%ve E)%‘gmésgﬁ 588 elicit

HIV-respomsiiedds dellghin Woth t‘H@SBﬂﬁhpm&@d@anﬂjsme@ﬁnﬁgimhmlsﬂHﬂmm@daﬂmﬂmbmfaGWA
FLIMGID/SYGmy I§ sufficient {9 %H%raéﬁs%ﬁ?t reilcgglggck% BAEN-7. In contrast TRt ?\}l atlon of a

mock control vector (e.g. FUGW/SVGmu) itan H %}fflflc response.
stimulation was achieved that was even better than that Of peptide-pulsed DCs (data not

shown).
{0255} These results show that the method of DC targeting through lentivector
infection can effectively deliver antigens to DCs and stimulate both CD8™ and CD4™ T cell

responses.

EXAMPLE 11
In vive ANTIGEN DELIVERY BY RECOMBINANT VIRUS

10256] To determine if DCs targéted with lentivectors could activate antigen-
specific T cells in vivo, a method of T-cell receptor (TCR) gene transfer into murine
hematopoietic stem cells (HSCs) was used to generate antigen-specific and TCR-enginesred
T cells in mice, as described elsewhere (Yang, L. and D. Baltimore, D. 2005, supra.). A
tricistronic retroviral vector MIG-OT1 co-expressing OT! TCRa and TCR{, along with the
GFP marker (Figure 13A) was constructed.

[0257] Briefly, B6 female mice (Charles River Breedling Laboratories) were
treated with 250pg of 5-flurouracil (Sigma). Five days later, bone marrow (BM) cells
enriched with HSCs were harvested from the tibia and femur and cultured in a 24-well
culture plate (2x10° celis per well) in BM culture medium (RPMI containing 10% FRS,
20ng/ml rmil-3, mSOng/ml mmiIl-6 and 50ng/m!l rmSCF (PeproTech)). On day 1 and day 2 of
the culture, the cells were spin-infected with the MIG-OT1 retroviral vector pseudotyped

with Eco (2 ml viral supernatant per well) at 2,500rpm and 30°C for 90min. After each spin,
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In situ HIV/AIDS VACCINATION BY RECOMBINANT VIRUS: PROTECTION AGAINST HIV
CHALLENGE f02891In order to test in situ DC vaccination approach to deal with HIV, a new mouse
model of HIV pathogenesis involving human/mouse chimeras is developed. As described elsewhere,
the RAG2-/-7,-1- mouse can be reconstituted with a human adaptive immune system (Strauss, J.H., et
al. 1994. Archives of Virology 9:473-484, which is incorporated herein by reference in its entirety). The
RAG2-l-ye-i- mice lack B, T, and NK cells (Morizono, K., et al. 2001. J Virol 75: 8016-8020, which is
incorporated herein by reference in its entirety). Injection of CD34+ human cord blood into the liver of

one-day olgspagtipllysirradiated-mise deads:t9itheiorns ration mad-matdratian.ef functigpallygiverse

human DCs, B cells, and T cells with human MHC restriction. Additionally, this model directs the
developmelEBepsinY arls stan saRFHAhBROIHBIGERS Hie Bie BrotcIBIPoF S TS GEIC DS+ T

cellimmune;iesiFanse RABINSh& MRl ChallenaeiFurhermere, the pRsenation okihemlg;jsotype
switching from IgM to 1gG indicates the existence of functional CD4+ T cell immunity. 10290]To

determine (HEBRECHIEROLE of BrVERHVR Bretecions dgshmderher e ageaitidfizaton, the

human/moyse:chimerasavecagmisuistarasktasemiiant MikisgspBniriopetk With-SMesstedyrajection.
The recombinia\nt viruses encode gpl20m antigen (Example 17) in conjunction with a maturation

stimulator (0% &&niple e BEERST FEGAG Astir B tirn BIE™ By Aoy prabarett ¢ tBhcentrated

as describegtimnkxample 2. The immunized mice are then inoculated with HIV according to methods
well known in the art, _such as, for example, via iptraperjtoneal.or intravepous routes. Since the
reconstituted micégkﬁhtain%%a‘ﬁe 154}%588‘#&‘?5‘% gﬁ#ﬁﬁfi Ste ChdIERSSH With ?ﬁ@?e@é]éﬁ? cloned
HIV reporteeadinssesed FINS ¥HoEASA CoRoxirepity, ML-oHBASICXCR4sopie) arkPctiical isolates
(Baen2|gerr§t ar!é 6. g’roc NfatﬁﬁeAcad Stﬁx!nudgA'103:15951'159%6x}i\£vh'8h Is incorparated herein by

CONS INUNEZC

. . €0 I & 1CE WEIe 1 bcutaneous Anjectio
reference in Its entiré y). ?ﬁle rep |ca?|on-compe]?en reporter viruses alSSO contain é?‘leatqsqt ble

antigen (H$®) dmnthedvpr régiom’ Flitther, tittestalieh. 4 poductierinfectioh priok X6 WiSs(ation, infected

[ iph blopd Is.(PBMC injected into t it | fth
S e o ey e Bepie e B s gpode of the

an/mouse chimera. ence o Infec IS moni over time in
spleens, Iyﬁamhlw@de@mmstmrpéctbﬁgat@owam FenHSIVianthedbivivé fortenvirases is
used to tesios IV vialnieqfionand raplicalian: Hiveviraligad is lsaumaasyigdipmiplasma using
RT-PCR. Through evaluation of HIV infection by these methods, it is observed that productive in situ

DC vaccinétishike s'ife FHAUHTESmicE more 1dBistarkhe FPHOVchalleate deanathokenwhich are
not immunizgd EXAMBLE 2Qnized  mice  exhibited an  effector  memory phenotype

(CDEYVCDE2™"CD44" e | indicating these cells have gone through a productive immune
response (Figure 14A).

[0259] These resulis demonstrate that a recombinant {entivector bearing surface
SVGmu can target DCs in vivo to efficiently stimulate antigen-specific T cells and induce a

strong immune response.

EXAMPLE 12
INDUCTION OF in vivo CTL AND ANTIBODY RESPONSES BY DIRECT
ADMINISTRATION OF RECOMBINANT VIRUS

[0260] Studies were conducted on the efficacy of the in vive DC targeting for
inducing an antigen-specific CD8" cytotoxic T lymphocyte (CTL) response and antibody
response through the administration of the targeting lentivector to naive, wild-type mice.

[6261] Wild-type B6 mice (Charies River Breeding Laboratories) were given a
single injection of targeting lentivector (50x10° TU of FUGW/SVG or FOVA/SVGmu)
subcutaneously on the right flank at the indicated dose. On day 7 and day 14 post-
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In situ HIV/AIDS VACCINATION BY RECOMBINANT VIRUS: CLEARANCE OF HIV INFECTION
[0292]To test the ability of the in situ DC vaccination approach to clear an active Hly infection,
human/mouse chimeras are first challenged with molecularly cloned HIV reporter virus,
NFNSX-r-HSAS (CCR5-tropic), as described in Example 19. Active HIV infectio_n is moni_tored b_y
FACS analysis of HSA expression in human CD4 T cells. Once successful HIV infection is con_flnne_d,
the engineered recombinant viruses (Example 19) are injected into animals via su_bcutaneous injection
or by an optimal route determined by one of skill in the art (for example, s.c., i.d., i.v. or i.p.). The HIV

viral load isitheminanitoedday R -RER:ae:RerirherheRdcaratE e fallowed.tis gbserved that
DC vaccin%'g%n i%n§Q§%?\/§er HIV viral load .and to_ clear an estab_llshed HIV infection in |mmun|z_e_d_
mice compared to non-VacEmatad CEATrETE. 1eine Sty Qe Atveieeniad dreralbpqdeasiaen), utilizing

a three-drugestrategystasusignifivantlyfimpie yee Ml S morbidityand mortality,, f hestrategy.outlined
above can b% a?agted E{o this par. d&gm by simultaneously transducing DC cells in vivo with engineered
aclivatio g

recombinant viruses. gBSn‘jlﬁin N vﬁ%oﬁmRT, the above studies are repeated to evaluate the ability

to Prevent or redi@zsifectibheafiessehidé mmg@é@%ﬂ% cJX‘ﬂI)E' ?J@'\%At\%%%%fl\%l Eﬁé%%gul\}ﬂ{g%e:ﬁ?rn

Ef(éAU“gPLEc%lggeEs'AéIrl\A%gLn E:e%“al}ﬂn@rus?ayxéxg-r LU cli\gy 14 postanjection, T cells harvested from
peripheral ymphoid organs were analyzed. Lentivector targeting to native DCs was zble to
clicit OVA-responsive CD8" T cells in both the lymph node {data not shown) and spleen
(Figure 23). Administration of a single dose of recombinant FOVA/SVGmu was sufficient to
generate CD8™ T cells, which could be primed to secrete IFN-y upon OVAp restimulation
(Figure 23). Administration of the control vector FUGW/SVGmu failed to generate any
OV Ap-specific responses (Figure 23). To further evaluate the magnitude of responses, the
OVAp-specific CD8" T cells was measured by MHC class I tetramer staining. A high
frequency of OVAp-specific T cells (>6%) was obtained following a single dose injection
(Figure 15); no tetramer-positive cells were detected in the mice treated with FUGW/SVGrmu
(Figare 15). The data generated by tetramer quantitation correlated well with the analysis of
CDS8” effector cells assayed by intracellular IFN-y staining (Figure 23). Phenotype analysis
of these OVAp-positive T cells showed that these cells displayed the surface characteristics
of effector memory T cells (CD25°"CD69CDE2LME CD44"eY (Figure 174).

10263] To investigate the dose response of lentivector administration, doses of
FOVA/SVGmu ranging from 100x10° TU to 3x10° TU were injected subcutaneously and
OVAp-specific T cells in the spleen were measured at day 14 posi-injection. An
exceptionally high frequency (12%) of OVAp-specific CD8" T cells was detected at the dose
of 100x10° TU (Figure 16A).  The percentage of OVAp-specific celis correlated
proportionately with the amount of recombinant vector administered (Figure 16B). A plateau
m the dose response was not achieved with the doses that were tested, indicating that further
enhancement can be achieved by increasing the amount of vector mjected and/or the
frequency of injection.

{0264] Further, the serum IgG levels specific for OVA in mice were examined on

the 7th and 14th days after immunization with FOVA/SVGmu (50x10° TU). The IgG serum
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[02941A human patient is diagnosed with a malignant tumor. The patient is administered a suitable
amount of recombinant virus containing a gene that encodes an antigen specific for the tumor and
enveloped with a DC-SIGN specific targeting molecule, such as, for example, SVGmu. The virus
optionally contains a gene encoding a DC maturation factor, as described in Example 15. The virus is
administered by weekly intravenous injection for the duration of treatment. At periodic times during and
after the treatment regimen, tumor burden is assessed by magnetic resonance imaging (MRI).
Significant reductions in tumor size are found as treatment progresses. EXAMPLE 22 PREVENTION

OF TUMORESRMATREIN 10 drUMAN USRIci e E Gtk ARSY- VARES 302851 Amgprsss 6f human

patients is adipinisierpd aswiiaple amaunt ah feeRmRINRLVIMS £RRIAININGAL IRashane:gane encoding
an antigen that is commonly and specifically associated with tumor cells and optionally containing a
gene encodit A s RIFRTEACRIEtBH A drHbERBEANIFRE REIN SIH SierHsdtds Gelewoebpeaiwith a
DC-SIGN spagHicstargatingumalpgule, such as, for example, SVGmu (Example 2). Patients in the
experimental grou(%gnd in a control group_are monitored periodicaII% for tumor growth. It is observed

that the incidencd Bfrlaligriditturfsrisimitib n felofer M BRI n?iha ittdaszstinginistered

than in thelegieal@reup i e AMIBEE c2BulR BAT MENGI GRS Ao e A ddhiMANURING &
RECOMBIQQQQ} VIRUS [0296]A human patient is diagnosed with HIV/AIDS.The patient is

EXAMPLE 13
GENERATION OF ANTI-TUMOR IMMUNITY: PREVENTIVE PROTECTION

[9266] The anti-tumor immunity generated after an in vivo administration of DC-
targeted lentivector was evahuated. An E.G7 tumor model (Wang, L. and D. Baltimore. 2005.
supra.) was used in which OVA serves as the tumor antigen.

[0267] The tumor cell lines EL4 (C57BL/6J, H-2°, thymoma} and E.G7 (EL4 cells
stably expressing one copy of chicken OVA ¢DNA) were used for the tumor challenge of
mice. For the tumor protection experiment, B6 mice (Charles River Breeding Laboratories)
received a single injection of 50x10° TU of the targeting lentivector (FOVA/SVGmu or
FUGW/SVGmu) on the right flank. Two weeks later, 5x10° EL4 or E.G7 cells were injected
subcutaneously into the left flank of the mice. Tumor size was measured every other day
using fine calipers and was shown as the product of the two largest perpendicular diameters @
x b (mm?). The mice were killed when the tumors reached 400mm”.

[0268] Vaccination with 50x10° TU FOVA/SVGmu completely protected the
mice from the E.G7 tumor challenge (Figure 18, left), while tumors grew rapidly in mice
receiving a mock vaccination with a lentivector lacking the OVA transgene (Figure 18, left).
This protection was OV A-specific because the vaccinated mice grew control EL4 tumors that
lack expression of OVA (Figure 18, right), regardless of the lentivector used for

mmunization.

EXAMPLE 14
GENERATION OF ANTI-TUMOR IMMUNITY: TUMOR TREATMENT
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administered a suitable amount of recombinant virus containing a gene that encodes Gp120 (Example
17) and enveloped with a DC-SIGN specific targeting molecule, such as, for example, SVGmu
(Example 2). The virus optionally contains a gene encoding a DC maturation factor, as described in
Example 15. The virus is administered by weekly intravenous injection for the duration of treatment. At
periodic times during and after the treatment regimen, HIV viral load is assessed by measuring
antibodies in the patient's blood against HIV using ELISA The patient's T-cell count is also evaluated.
It is observed that a significant reduction in HIV viral load is achieved as treatment progresses.

Furthermore, it is @hseyvedthattite:patientisnntelbcountstops decreasingamiseatiment progresses.
EXAMPLE 24 PGP?IﬁVENTION OF HE//AéjsélN A HUMAN USING %‘H ECOMBINANT VIRUS
[0297] A gratE 57 ATIHAH SAEE CORYTE SYaE Al o & N TR AR DS PR 5 080 le

amount of rechmisinapticirudlcopainis arge ngencoding kit k20 kkamptedol) and optionally

containing a.gene odinga D tlon actor, as crlb d in Example 1 The Virus is
enveloped W}i s 3%1 speEgii rq?arge ﬁ%fjv mglgrcﬁ suc as 1(%rrlOel‘“x%orlﬁlé)lIg fhil e(EE%’;('fl‘nple 2).
Patients inttisé eﬁp‘&rhnapcu‘at grawpnatichin a”hornlhml @r@uﬁ &re testedceNemn frenanghgforfikig infection

and if posnivg nitore [V.viral Ioad eII counts ositivel |nfe ted a nts W|th|n the
vaccinated grofﬁg(%ltégnggségé\g t%at ﬁlvw Foa %/Ién o anc‘f8 Ycé(/)un mé)unyhlg relative to

the positivelipirifekiedipatieits ofithelcontpBdiouln E@@Q&]@&Iﬂmg@g theaibmgstmgllnf/éﬁtmm@as been
described i f clarity of Ista ill b obvious.that certain modlflcatlons
{Jf Qg %%ﬁﬂxﬁ]ﬂf{?é) %?orbﬁ GRS %%g %]alms é\l/'!p'l tiOT, an She dﬁ%ore hav

may be practice e scope of the appe ications and patent ocuments
cited hereifésteciosrshipinavipordten bynefsrencesigihleingsticoty forcat pinposssl 49He’sBine extent

as if each were saRdiiday A5pRtes) WHATSGLAMER IS ma Jbﬁv@ﬂgocqn%fn@&if‘@émg a

polynucleotide to a dendritic cell expressing DC- SIGN the method comprising: transducing the

dendritic cEHSFiIfF SrEcdMmbiR&Ht Wietgmor coliherdif’ ih@?@é@ﬁi%ﬁﬁ@#ﬁﬁ@ﬁ@%@@@@@mo
polynucleogigesin:be dglivered and alargeinguPeesuiestiai-Rinds.0e A Ner mice per time)

twice on days 3 and 10 post-tumor challenge via subcutaneous injection. The experiment was
repeated three times with a representative experiment shown in Figures 19 and 20.

[0270]  The mice receiving the DC-targeting lentivector immunization showed a
decline of fumor growth starting at day 9, followed by tumeor regression and a reduction of
luminescence below the detection level on day 11 (Figures 19 and 20). Although minimal
tumor recurrence was observed from day 12 to day 16, mice treated with FOVA/SVGmu
were free of disease at the end of day 18 and thereafter; no tumor relapse was observed for as
long as the experiment ran (>60 days). In contrast, tumors grew progressively in the mice
recelving no treatment and the mice had to be removed from the experiment after day 16 due
to the large size of the tumors. It was & inieresting to note that tumor regression was
observed starting at 7 days after the lentivector immunization. The timing of tumor
regression correlates well with the kinetics of an antigen-specific immune response induced

by vaccination.

EXAMPLE 15
In vitro DELIVERY OF ANTIGEN AND MATURATION FACTORS BY A
RECOMBINANT VIRUS
[0271) The success of DC vaccination can depend on the maturation state of DCs

(Banchereau, J. and A.K. Palucka. 2005. Nat Rev Immunol 5:296-306; Schuler, G., et al.
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2. The method of claim 1, wherein the recombinant virus comprises sequences from a lentivirus
genome. 3. The method of claim 2, wherein the recombinant virus comprises sequences from an
HIV genome. 4. The method of claim 1, wherein the recombinant virus comprises sequences from
a gammaretrovirus genome. 5. The method of claim 4, wherein the recombinant virus comprises
sequences from a Mouse Stem Cell Virus (MSCV) genome or a Murine Leukemia Virus (MLV)
genome. 6. The method of claim 1, wherein the targeting molecule comprises a viral glycoprotein
derived from a virus from a virus family selected from the group of: Togaviridae, Flaviviridae,
Coronaviridees . Filovilitiae /andrdeisesyiits Figdor, Tbe sethmmof vhaimd 1 whereisthedargeting
molecule Ggmprises :151},1\6/(|)raOg’zlm}/cd%)errtf):;felny élved from at least one virys selected from the Bgroup of:

Sindbis virus. Nl NS RO Fhag S e e Rtk B S BAC e PRIV RTES SBNUB SIS Hepatitis
B virus, RamlémequﬁﬂmhkaoE@:hst mmsmtwummwmmsnggm&aisaa&ﬁ\MGS Hantaan

virus, and SARS-CoV The etho |m 7, wherein thet rgeti r@ #i‘r comprises a
modified vf? r)}é:%nprot Toine: erlve r(%ar%”l1 indbis \i/?rcu% °, bu achrelOFnlé ot o? cégﬁ] I?N din the
targeting MolEqulE i, SMGrhel KSEth[Md@ dridbhdimenid) tHh e methiod @é&iatmtlxswi@&{amtme

oo RS H  bREIRS R R e pehue e

siRNA, antha Gbrié emgd]ngmmsr@m&oof’l‘ntermt.w%. J Gen Virol 76: 3165-3169; Nguyen,
T.H., et al. 1998. Hum Gene Ther 9: 2469-2479, each of which is incorporated herein by
reference in its entirety). To further manipulate DCs to be a potent vaccine for therapy, a
drug-inducible CD40 receptor (ICD40) is adapted into the gene delivery system in some
embodiments. As described elsewhere, 1CD40 was designed and consists of a cytoplasmic
domain of CD40 fused to ligand-binding domains and a membrane-targeting sequence
(Hanks, B.A, et al. 2005, Nar Med 11: 130-137, which is herein incorporated by reference in
its entirety). When iCD40 is expressed, maturation and activation of DCs is regulated with a
irpid-permeable, dimerizing drug,

{06272] To examine the effect of including DC maturation factors, the ¢cDNAs for
ovalbumin (OVA, as described in Example 10), GM-CSE, IL-4, TNFa, 1L-6 and CD40L are
obtained. The iCD40 is constructed as described elsewhere (Hanks, B. A., et al. 2005.
supra). Using IRES and 2A-like sequences, multicistronic lentiviral vectors capable of
efficiently translating up to four proteins are constructed. This system is adapted to construct
lentiviral veciors co-expressing the following genes: OVA and a maturation factor molecule
(GM-CSF, IL-4, TNFa, IL-6, CD40L or iCD40)} (Figure 24a, labeled as “FUOIM™). An
exemplary vector sequence is provided by SEQ ID NO: 7. SVGmu-enveloped lentiviruses
are prepared (as described in Example 2), and the lentiviruses are transduced in vitro into‘
cultured mouse BMDCs (generated as described in Example .6) to specifically deliver these
genes into the cells. Maturation of BMDCs is measured by FACS analysis for up-regulation
of several key molecules that have essential roles in the process of T cell stimulation.
Typical representative markers are ICAM-1 (CD354), B7.1 (CD80), MHC class I, MHC class
[} and endogenous CD40. BMDCs transduced with lentiviruses encoding only OV A and

GFP genes serve as controls for the experiment. It is observed that up-regulation of
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12. The method of claim 11, wherein the gene encoding a protein of interest encodes an antigen.

13. The method of claim 12, wherein the antigen is a tumor antigen. 14. The method of claim 12,
wherein the antigen is an HIV antigen. 15. The method of claim 1, further comprising the steps of:
transfecting a packaging cell line with a viral vector comprising the polynucleotide to be delivered and
a vector comprising a gene encoding the targeting molecule; culturing the transfected packaging cell
line; and recovering the recombinant virus from the packaging cell culture. 16. The method of
claim 15, wherein said packaging cell line is a 293 cell line. 17. The method of claim 15, wherein
the polynueiam'tde‘ds detivereds tadhidendritieealCinadiadified I8CY heemeisedofclainefasithe
polynucleotlde IS d red t(P gﬁ;}% 59 cell in a subject in vivo. 19. The method of claim 18,

wherein the su%nec |sn§8rrr]1%m

[6273] In addition, two characteristic features of matured DCs are the reduced
capacity for endocytosis and the improved potential for T cell activation. The uptake of
FITC-tagged dextran is used to quantify the endocyiosis of transduced DCs. The mature DCs
are also used to stimulate T cells expressing OT1 T cell receptors {TCRs) (as described in
Example 10), in order to evaluate their capacity to mount an irnmune response. It is observed
that when iCD40-modified DCs are exposed to an effective amount of dimeric drug
AP20187, the uvptake of FITC-tagged dextran is reduced relative to that of non-iCD40-
modified DCs. Furthermore, it Is observed that after coculture with varying ratios of iCD40-
modified DCs (treated with the dimeric drug) to tranégenic T cells, OT1 T ceils respond more
vigorously as measured by the release of IFN-y and T cell proliferation than do those co-
cultured with non-1CD40-modified DCs.

{0274} Longevity of DCs 15 another parameter that determines T-cell-dependent
immunity. The effects of stimulator molecules on DC survival using an in vifro serum-
starvation assay will be compared using the method as described in Hanks et al. {Hanks,
B.A., et al. 2005. supraj.

[0275] If necessary, two maturation factor molecules can be delivered by

lentiviral vector to targeted DCs, as the vector configuration has the capacity to express four

proteins.

EXAMPLE 16
In vivo DELIVERY OF ANTIGEN AND MATURATION FACTORS BY A
RECOMBINANT VIRUS

[6276] Recombinant viruses packaged with FUOIM lentiviral vector (SEQ 1D
NQO: 7) are prepared as described in Example 15. The viruses are administered to naive B6
mice to deliver OVA antigen and maturation factor molecules to DCs, and induction of
immunity to graded doses of viruses is evaluated as described in Example 11.

{0277} It 1s observed that the targeted DC immunization by 1CD40-containing
lentiviruses increases the number of OVA responsive T cells as gompared to the control

mice, which are either not immunized, immunized with a non-OVA containing lentivirus
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20. The method of claim 19, wherein the subject is a human 21. The method of claim 19, wherein
the subject is a mouse. 22. A recombinant virus comprising: a polynueleotide of interest; and a
targeting molecule that preferentially binds DC-SIGN. 23. The recombinant virus of claim 22,
wherein the recombinant virus comprises sequences from a lentivirus genome. 24. The
recombinant virus of claim 23, wherein the recomb inant comprises sequences from an HIV genome.
25. The recombinant virus of claim 22, wherein the recombinant virus comprises sequences from a
gammaretrovirus genome. 26. The recombinant virus of claim 25, wherein the recombinant virus
comprises &equdnicesvivrGanMpuse Stenuiadl Vinish(MSGV)IgEnometaniadyUsid iretkéenia Virus

(MLV) 9eNQRIE-. /v Girnm).

[0278] In addition, the resistance of the animals fo & tumor challenge is assessed
with the 1CD40-contaming lentivectors, as described in Example 13. The mice are injected
with the following lentivectors in the tumor challenge experiment: FUOIM/SVGmmy,
FOVA/SV G, or FUGW/SVGmu. The foliowing cell lines are used for tumor challenge:
EL4 (C57BL/6J, H-2°, thymoma) and E.G7 ((EL4 cells stably expressing one copy of chicken
OVA cDNA). It is observed that the mice receiving immunization by the DC-targeting
lentivectors FUOIM/SVGmu and FOVA/SVGmu are protecied from the tumor challenge. In
contrast, it is observed that fumors grow rapidly in mice receiving a mock vaccination with a
lentivector lacking the OVA transgene (FUGW/SVGmu). This protection 1s OV A-specific
because the vaccinated mice grow control EL4 tumors that lack expression of OVA,
regardless of the lentivector used for immunization.

10279] Finally, the potential of this method to eradicate an established tumor is
assessed with the 1CI40-containing lentivectors, as described in Example 14. The following
lentivectors are used for immunization in the experiment: FUOIM/SVGmu  and
FOVA/SVGmu. The following cell lines are used for tumor ireatment: EL4 and E.G7. Itis
observed that the tumor cell—injecied mice receiving immunization by the DC-targeting
lentivectors (FUOIM/SVGmu and FOVA/SVGmu) show a decline of tumor growth,
followed by tumor regression and & reduction of luminescence below the detection level
Further, no tumor relapse is obserQed for as iong as the experiment rans (>60 days). In

contrast, tumors grow progressively in the mice receiving no treatment.

EXAMPLE 17
HIV/AIDS ANTIGEN PRESENTATION BY RECOMBINANT VIRUS in vitro
{0280} To treat HIV/AIDS, “dual-functional” DCs are generated based on the
described gene delivery strategy. The “dual functional” DCs are efficacious at both eliciting
neutralizing antibodies (Nabs) and inducing T cell immunity (Figure 25). To efficiently elicit
NAbs, a gene encoding chimeric membrane-bound gpl20 (gpl120m) is delivered to DCs.

Gpl20 15 an envelope giyeoprotein for HIV and is considered to be the most potent

-76-



27. The recombinant virus of claim 22, wherein the targeting molecule comprises a viral glycoprotein
derived from a virus from a virus family selected from the group of: Togaviridae, Flaviviridae,
Coronaviridae, Filoviridae, and Herpesviridae. 28, The recombinant virus of claim 22, wherein the
targeting molecule comprises a viral glycoprotein derived from at least one virus selected from the
group of: Sindbis virus, influenza virus, Lassa fever virus, tick-borne encephalitis virus, Dengue virus,
Hepatitis B virus, Rabies virus, Semliki Forest virus, Ross River virus, Aura virus, Boma disease virus,
Hantaan virus, and SARS-CoV virus. 29. The recombinant virus of claim 28, wherein the targeting
molecule comprisesa(¥irahglycopmfeindetyed from SMoltisvr®?; RerdtdTReareepambipant virus of

chin 23 e IS Taccue)s SUSTHISE DN Wl Sl cconbant vy
wherein thexpolymatiédtidercompifisescatin its entirety). As described elsewhere, gp120 fused with

the transmembrane domain of the vesicular stomatitis virus glycoprotein can be expressed on

the cell surface in a trimeric form, mimicking the mature trimer on the HIV virion surface

(Klimstra, W.B., et al. 1998. J Virel 72: 7357-7366, which is incorporated herein by

reference in its entirety). This form of immunogen will be displayed on the DC’s surface. In

addition to surface expression, the DCs can also present epitope peptides derived from gp120

in MHC restricted fashion to T cells.

{0281} Since HIV infection can significantly impair DC function through the
depletion of CD4 T celis, it is desirable to engineer DCs that function independently of T
cells. Expression of CD40L or iCD40 can result in maturation and activation of DCs in the
absence of CD4 T cells. Thus, the engineered CD40L or :CDA40, as described in Example 16,
whick functions as a maturation and stimulatory molecule, is incorporated into the DC-
targeting virus.

[6282] The lentiviral construct for genetically modifying DCs is illustrated in
Figure 24b and is labeled as FUGmID (SEQ ID NO: 8). Codon-optimized cDNAs for gpi20
from NIH AIDS Research & Reference Reagent Program are obtained. The codon-optimized
sequence can achieve exceptionally high levels of gene expression outside of the context of
the HIV-1 genome. The construct is prepared by fusion of gp120 with the transmembrane
domain of the vesicular stomatitis virus glycoprotein.

[6283) In vitro assays are conducted to assess the efficacy of gene-modified DCs
to elicit NAbs. CD19" B cells are isolated from the spleens of naive B6 mice using antl-
CD19 microbeads (MiHenyi Biotech, Auburn, CA) and co-cultured with modified DCs in the
presence of IL-4 and IL-6. The lentiviral vector FUmGID is co-transfected with SVGmu in
cell lines to prepare the FUmGID/SVGmu virus, as described in Example 2. The resultant
viruses are transduced into bone marrow-derived DCs (BMDCs). The transduced DCs are be
irradiated (3,000 rad) and used as antigen presenting cells (APCs) in co-culture with B celis.

The time course of the proliferation of B cells in response to transduced BMDCs is measured.
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least one of the following: a gene encoding a protein of interest, a gene encoding a siRNA, and a gene
encoding a microRNA of interest. 33. The recombinant virus of claim 30, wherein the protein of
erest is an antigen. 34. The recombinant virus of claim 33, wherein the antigen is a tumor antigen.
35. The recombinant virus of claim 33, wherein the antigen is an HIV antigen. 36. The
recombinant virus of claim 21, wherein the polynucleotide of interest encodes a reporter gene. 37.
Use of a recombinant virus in the preparation of a medicament for stimulating an immune response in
a mammal by delivering a polynucleotide encoding an antigen to dendritic cells expressing DC-SIGN,

wherein the recesabianbvusICOpRlBasdhe nebuudeetids and.adargeiingmalecuyle theispecifically
Pinds DO Bl iose thifar¢ b0 SolRrel with Mbek pataaaid MBS et specifically binds DC-SIGN.
[0284] To investigate the effect of genetically modified DCs on the differentiation
of B cells into specific immunoglobulin-secreting cells, the co-culture method as previously
described is employed with the exception that the DCs are not irradiated. Afier 14 days, the
titer of various isotypes of HIV-specific antibody in culture supematants is determined by
ELISA using recombinant gpl20 (available from NIB: AIDS Research & Reference Reagent
Program) as the antigen. Expression of the various isotypes of HIV-specific antibody are
greater in B-cells co-cultured with transduced BMDCs than in those cocultured with mock-
transduced BMDCs.
[0285] To assess the efficacy of the genetically modified DCs to activate T cells
in vitro, CD3” T cells are isolated from naive B6 mice and co-cultured with lentivirus-
infected and irradiated DCs. The time course of T cell proliferation is measured. T cell
proliferation is found to be greater in T cell cultures co-cultured with transduced and
irradiated DCs than in those co-cultured with mock-transduced DCs.
[0286] The results are expected to collectively demonstrate that BMDCs
transduced with the FUmMGID/SVGmu lentivector is effective in both stimulation of B-cells
to produce neutralizing antibodies (Nabs) and in inducing T cell immunity against

HIV/AIDS.

_ EXAMPLE 18

HIV/AIDS ANTIGEN PRESENTATION BY RECOMBINANT VIRUS in vivo

[0287] To evaluate the activation of B cells in vive, B6 mice are immunized by
subcutaneous injection with the recombinant lentiviruses prepared as described in Example
17. Controls include mice injected with lentiviruses encoding antigens alone, lentiviruses
encoding maturation molecules alone, and naive mice without any treatment. Two weeks
after virus injection, serum antibodies against HIV are measured by ELISA. The antibody
titer 1s found to be higher in those mice injected with the FUmGID/SVGmu virus as well as
in those injected with lentivirus encoding antigens alone. In conirast, The antibody titer is
relatively low in those mice immunized with lentivirus encoding maturation molecules alone

and in naive mice.
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39. The vector of claim 38, wherein the targeting molecule is derived from a viral glycoprotein.
The vector of claim 39, wherein the targeting molecule is SVGmu (SEQ ID NO: 11).

recombinant virus in the preparation of a medicament for treating a patient with a disease by
administering the recombinant virus to the patient, wherein the recombinant virus comprises at least
one gene of interest encoding an antigen associated with the disease and a targeting molecule that

binds DC-SIGN.

of interest.
factor.

40.

41. Use of a

42. The use of Claim 41, wherein the recombinant virus encodes a second gene

43. The use of Claim 42, wherein the second gene of interest encodes a maturation

44. Theasse of Glaim,43vvhereindhe MatHationdastenis selected Q. Hae Lrouwp
injected into B6 mice. Seven days later, T cells are isolated, and their proliferation and
cytokine secretion, after in vitro restimulation with genetically modified DCs, is measured as
described in Example 12. The duorability of the effector T cell responses is also monitored.
Lentivector targeting to native DCs is able to elicit HIV-responsive T cells in both the lymph
node and spleen. Administration of recombinant FUmMGID/SVGmu is sufficient to generate
T cells which secrete IFN-y. In contrast, administration of a2 mock control vector (e.g.

FUGW/SVGmu) fails to elicit an HIV-specific response,

EXAMPLE 19
In sivy HIV/AIDS VACCINATION BY RECOMBINANT VIRUS: PROTECTION
AGAINST HIV CHALLENGE

[0289] in order to test in situ DC vaccination approach to deal with HIV, a new
mouse model of HIV pathogenesis involving human/mouse chimeras is developed. As
described elsewhere, the RAG2™y,” mouse can be reconstifuted with a human adaptive
immune system (Strauss, J.H., et al. 1994, Archives of Virclogy 9:473-484, which is
incorporated herein by reference in its entirety). The R_AGZ'/'VC"' miice lack B, T, and NK.
cells (Mornzono, K., et al. 2001. J Virol 75: 8016-8020, which is incorporated herein by
reference in its entirety). Injection of CD34™ human cord blood into the liver of one-day old
partially-irradiated mice leads to the generation and maturation of functionally diverse human
DCs, B cells, and T cells with human MHC restriction. Additionally, this model directs the
deveiopment of primary and secondary lymphoid organs, and the production of a functional
CDS8" T cell immune response against a viral chalienge. Furthermore, the observation of the
Ig isotype switching from IgM to IgG indicates the existence of functional CD4™ T cell
irmmunity.

[6290] To determine the effectiveness of preventive protection against HIV by
DC-targeted immunization, the human/mouse chimeras are administered recombinant viruses
enveloped with SVGmu by injection. The recombinant viruses encode gpl20m antigen
{Example 17) in conjunction with a maturation stimulator (for example, CD40L or iCD40 as
in Example 15), and they are prepared and concentrated as described in Example 2. The

immunized mice are then inoculated with HIV according to methods well known in the art,
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consisting of GM-CSF, IL-2, IL-4, IL-6, IL-7, IL-15, IL-21, IL-23, INFcc, B7.l, B7.2, 4-1BB, CD40 ligand
(CD40L) and drug-inducible CD40 (iCD40). 45. The use of claim 41, wherein the targeting
molecule is derived from a viral glycoprotein. 46. The use of claim 45, wherein the targeting
molecule is SVGmu (SEQ ID NO: 11). 47. The use of claim 41, wherein the disease is cancer.
48. The use of claim 41, wherein the disease is HIV/AIDS. 49. A dendritic cell transduced with a
recombinant virus, wherein the recombinant virus comprises a polynucleotide of interest and a
targeting molecule that binds DC-SIGN. 50. The dendritic cell of claim 49, wherein the targeting

molecule GaBIPASEsa:YirAb Bl WseRratain Ry re: frama s i avwisiamilysalacied.item the
group of: Togaviridae, Flaviviridae, Coronaviridae, Filoviridae, and Herpesviridae. 51. The

dendritic cBFBfE MR8 iiksteln (b 1dhg g porsefRatishEsAsaEn Wrliylpts prosh d8Mved from at
least one vipiseelestaesframe grospofcSmskis iy siinfluenza (drusrhassadexer vitkisatick-borne

encephalit{'go ggg'(%ggn%?geer\,/ireqtséiﬂezggg.ti%’}%c Natl Acad Sci USA 103:15951-15956, which is
incorporated herein by reference in its entirety). The replication-competent reporter viruses
also contain the heat-stable antigen (HSA) in the vpr region. Further, to establish a
productive infection prior to inoculation, infected syngeneic peripheral blood mononuclear
cells (PBMCs) are injected into the peritoneal space of the reconstituted human/mouse
chimera.
[6291] Evidence of HIV infection is monitored over time in spleens, lymph nodes,
PBMCs, and peripheral blood. FACS for HSA in the HIV reporter viruses is used to test for
HIV viral integration and replication. HIV viral load is also measured from plasma using
RT-PCR. Through evaluation of HIV infection by these methods, it is observed that

productive in situ DC vaccination makes the immunized mice more resistant to the HIV

challenge than those which are not immunized.

EXAMPLE 20
In situ HIV/AIDS VACCINATION BY RECOMBINANT VIRUS: CLEARANCE OF HIV
INFECTION
16292} To test the ability of the in situ DC vaccination approach to clear an active
HIV infection, human/mouse chimeras are first challenged with molecularly cloned HIV
reporter virus, NFNSX-r-HSAS (CCRS5-tropic), as described in Example 19. Active HIV
mfection is monitored by FACS analysis of HSA expression in human CD4 T cells. Once
successful HIV infection is confirmed, the engineered recombinant viruses (Example 19) are
injected into animals via subcutaneous injection or by an optima! route determined by one of
skill in the art (for example, s.c., i.d., i.v. or 1.p.). The HIV viral load is then monitored by
RT-PCR, and peripheral CD4 counts are followed. It is observed that DC vaccination is able
to lower HIV viral load and to clear an established HIV infection in immunized mice
compared to non-vacecinated controls.
[0293] Highly active antiretroviral therapy (HAART), utilizing a three-dmg
strategy, has significantly improved AIDS morbidity and mortality. The strategy outlined
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virus, Rabies virus, Semliki Forest virus, Ross River virus, Aura virus, Boma disease virus, Hantaan
virus, and SARS-CoV virus. 52. The dendritic cell of claim 49, wherein the targeting molecule is
SVGmu (SBQ ID NO: 1I). 53. Use of a recombinant virus in the preparation of a medicament for
immunizing a mammal by delivering a polynucleotide encoding an antigen to dendritic cells expressing
DC-SIGN, wherein the recombinant virus comprises a polynucleotide encoding an antigen and a
targeting molecule that binds DC-SIGN.

above can be adapted to this paradigm by simultaneously transducing DC cells in vivo with

engineered recombinant viruses. In conjunction with HAART, the above studies are repeated

to evaluate the ability to prevent or reduce infection after HIV chalienge (Example 19) and to

clear an active HIV infection.

EXAMPLE 21
TREATMENT OF A MALIGNANT TUMOR IN A HUMAN USING A RECOMBINANT
VIRUS
16294] A human patient is diagnosed with a malignant tumor. The patient is

administered a suitable amount of recombinant virus containing a gene that encodes an

antigen specific for the tumor and enveloped with a DC-SIGN specific targeting molecule,

such as, for example, SVGmu. The virus optionally contains a gene encoding a DC

maturation factor, as described in Example 15. The virus is administered by weekly

intravenous injection for the duration of treatment. At periodic times during and after the

treatment regimen, tumor burden is ‘assessed by magnetic resonance imaging (MRI).

Significant reductions in tumor size are found as treatment progresses.

EXAMPLE 22
PREVENTION OF TUMOR FORMATION IN A HUMAN USING A RECOMBINANT
VIRUS

[6295] A group of human patients is administered a suitable amount of
recombinant virus containing at least one gene encoding an antigen that is commonly and
specifically associated with tumor cells and optionally containing a gene encoding a DC
maturation factor, as described in Example 15. The virus is enveloped with a DC-SIGN
specific targeting molecule, such as, for example, SVGmu (Example 2). Patients in the
experimental group and in a control group are monitored periodicalty for tumor growth. It is
observed that the incidence of malignant tumor formation is lower in patients to whom the

virus is administered than in the control group.

EXAMPLE 23
TREATMENT OF AIDS/HIV IN A HUMAN USING A RECOMBINANT VIRUS
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_ [0296] A human patient is diagnosed with HIV/AIDS.  The patient 1s
administered a suitable amount of recombinant virns containing a gene that encodes Gpl120
{Example 17) and enveloped with a DC-SIGN specific targeting molecule, such as, for
exampie, SVGmu {Example 2). The virus optionally contains a gene encoding a DC
maturation factor, as described in Example 15. The virus is administered by weekly
intravenous injection for the duration of treatment. At periodic times during and after the
treatment regimen, HIV viral load is assessed by measuring antibodies in the patient’s blood
against HIV using ELISA. The patient’s T-cell count is also evaluated. It is observed that a
significant reduction in HIV viral load is achieved as treatment progresses. Furthermore, it is

observed that the patient’s T-cell count stops decreasing as treatment progresses.

EXAMPLE 24
PREVENTION OF HIV/AIDS IN A HUMAN USING A RECOMBINANT VIRUS

{0297] A group of human patients considered at risk for HIV infection is
administered a suitzble amount of recombinant virus containing a gene encoding GP120
{(Example 17) and optionally containing a gene encoding a DC maturation factor, e;s described
in Example 15. The virus is enveloped with a DC-SIGN specific targeting molecule, such as,
for example, SVGmu (Example 2). Patients in the experimental group and in a control group
are tested every & months for HIV infection and if positive, monitored for HIV viral load and
T-cell counts. In positively infected patients within the vaccinated group, it is observed that
HIV viral load stays low and T-cell counts remain high relative to the positively-infected
patients of the control group.

- [0298] Although the foregoing invention has been described in detail for purposes
of clarity of understanding, it will be obvious that certain modifications may be practiced
within the scope of the appended clatms. All publications and patent documents cited herein
are hereby incorporated by reference in their entirety for all purposes to the same extent as if

each were so individually denoted.
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WHATIS CLAIMED IS:

1. A method of delivering a polynucleotide to a dendntic cell expressing
DC-SIGN, the method comprising:
transducing the dendnitic cell with a recombinant virus,
wherein the recombinant virus comprises the polynucleotide to be delivered
and a targeting molecule that binds DC-SIGN.

2. The method of claim 1, wherein the recombinant virus comprises sequences
from a lentivirus genome.

3. The method of claim 2, wherein the recombinant virus comprises sequences
from an HIV genome.

4, The method of claim 1, wherein the recombinant virus comprises sequences
from a gammaretrovirus genome.

5. The method of claim 4, wherein the recombinant virus comprises sequences
from a Mouse Stem Cell Virus (MSCV) genome or a Murine Leukemia Virus (MLV)
genome,

6. The method of ¢laim 1, wherem the targeting molecuie comprises a viral
glycoprotein derived from a virus from a virus family selected from the group of:
Togavindae, Flavivindae, Coronavinidae, Filoviridae, and Herpesvindae.

7. The method of claim 1, wherein the targeting molecule comprises a viral
glycoprotein derived from at least one virus selected from the group of: Sindbis virus,
influenza virus, Lassa fever virus, tick-bome encephalitis virus, Dengue virus, Hepatitis B
virus, Rabies virus, Semliki Forest virus, Ross River virus, Aura virus, Bomna disease virus,
Hantaan virus, and SARS-CoV virus.

8. The method of claim 7, wherein the targeting molecule comprises a modified
viral glycoprotein derived from Sindbis virus.

9. The method of claim 8§, wherein the targeting molecule 1s SVGmu (SEQ ID
NO:11).

10.  The method of claim 1, wherein the recombinant virus is pseudotyped.

-83.



11, The method of claim 1, wherein the polynucleotide comprises at least one of
the following: a gene encoding a protein of mterest, a gene encoding a siRNA, and a gene
encoding a microRNA of interest.

12, The method of claim 11, wherein the gene encoding a protein of interest
encodes an antigen.

13, The method of claim 12, wherein the antigen is a tumor antigen.

14.  The method of claim 12, wherein the antigen is an HIV antigen.

15.  The method of claim 1, further comprising the steps of:

transfecting a packaging cell line with a viral vector comprsing the
polynucleotide to be delivered and a vector comprising a gene encoding the targeting
molecule;

cultuning the transfected packaging cell line; and

recovering the recombinant virus from the packaging cell culture.

16.  The method of claim 15, wherein said packaging cell line is a 293 celi line,

17. The method of claim 15, wherein the polynucieotide is delivered to a dendritic
cell in vitro. |

18.  The method of claim 15, the polynucieotide is delivered to a dendrtic cell in a
subject in vivo.

19. The method of claim 18, wherein the subject is a mammal.

20.  The method of ¢laim 19, wherein the subject is a human.

21.  The method of claim 19, wherein the subject is a mouse.

22. A recombinant virus comprising:

a polynucleotide of interest; and
a targeting molecule that preferentialiy binds DC-SIGN.

23.  The recombinant virus of claim 22, wherein the recombinant virus comprises
sequences from a lentivirus genome.

24, The recombmant virus of claim 23, wherein the recombinant comprises .
sequences from an HIV genome.

25. The recombinant virus of claim 22, wherein the recombinant virus comprises

sequences from a gammaretrovirus genome.
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26.  The recombinant virus of claim 25, wherein the recombinant virus comprises
sequences from a Mouse Stem Cell Virus (MSCV) gencme or a Murine Leukemia Virus
{MLV} genome.

27.  The recombinant virus of claim 22, wherein the targeting molecule comprises
a viral glycoprotein derived from a virus from a virus family selected from the group of:
Togaviridae, Flaviviridae, Coronaviridae, Filoviridae, and Herpesviridae.

28.  The recombinant virus of claim 22, wherein the targeting molecule comprises
a viral glycoprotein derived from at least one virus selecied from the group of: Sindbis virus,
influenza virus, Lassa fever virus, tick-bomne encephalitis virus, Dengue virus, Hepatitis B
virus, Rabies virus, Semliki Forest virus, Ross River virus, Aura virus, Borna disease virus,
Hantaan virus, and SARS-CoV virus.

29. The recombinant virus of claim 28, wherein the targeting molecule COmprises
a viral glycoprotein derived from Sindbis virus.

30. The recombinant virus of claim 29, wherein the targeting molecule is SVGmu

(SEQ ID NO: 11).

3. The recombinant virus of claimm 22, wherein the recombinant virus is
pseudotyped.
32.  The recombinant virus of claim 22, wherein the polynucleotide comprises at

least one of the following: a gene encoding a protein of interest, a gene encoding a SIRNA,

and a gene encoding a microRNA of interest.

33. The recombinant virus of claim 30, wherein the protein of interest is an
antigen.

34. The recombinant virus of claim 33, wherein the antigen is a tumor antigen.

35, The recombinant virus of claim 33, wherein the antigen is an HIV antigen.

36.  The recombinant virus of claim 21, wherein the polynucleotide of interest
encodes a reporter gene.

37. Use of a recombinant virus in the preparation of a medicament for stimulating
an ummune response in a mammal by delivering a polynucleotide encoding an antigen to
dendritic cells expressing DC-SIGN, wherein the recombinant virus comprises the

polynucleotide and a targeting molecule that specifically binds DC-SIGN.
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38. A vector encoding a targeting molecule that specifically binds DC-SIGN.

39.  The vector of claim 38, wherein the targeting moiecule is derived from z viral
glycoprotein.

40.  The vector of claim 39, wherein the targeting molecule is SVGmu (SEQ ID
NO:11).

41.  Use of a recombinant virus in the preparation of a medicament for treating a
patient with a disease by administering the recombinant virus to the patient, wherein the
recombinant virus comprises at least one gene of interest encoding an antigen associated with
the disease and a targeting molecule that binds DC-SIGN.

4Z.  The use of Claim 41, wherein the recombinant virus encodes a second gene of
Interest.

43, The use of Claim 42, wherein the second gene of interest encodes a maturation
factor.

44.  The use of Claim 43, wherein the maturation factor is selected from the group
consisting of GM-CSF, IL-2, IL-4, IL-6, IL-7, IL-15, IL-21, IL.-23, TNFa, B7.1, B7.2, 4-1BB,
CD40 Iigand (CD40L) and drug-inducible CD40 (iCD40),

45. The use of claim 41, wherein the targeting molecule is derived from a viral
giycoprotein,

46.  The use of claim 45, wherein the targeting molecule is SVGmu (SEQ ID NO:
11).

47, The use of claim 41, wherein the disease is cancer.

48. The use of claim 41, wherein the disease is HIV/AIDS.

49, A dendritic cell transduced with a recombinant virus, wherein the recombinant
virus comprises a polynucleotide of interest and a targeting molecule that binds DC-SIGN.

50. The dendritic cell of claim 49, wherein the targeting molecule comprises a
viral glycoprotein derived from a virus from a. virus family selected from the group of:
Togaviridae, Flaviviridae, Coronaviridae, Filoviridae, and Herpesviridae.

51 The dendritic cell of claim 49, wherein the targeting molecule comprises a
viral glycoprotein derived from at least one virus selected from the group of’ Sindbis virus,

influenza virus, Lassa fever virus, tick-borne encephalitis virus, Dengue virus, Hepatitis B
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virus, Rabies virus, Semliki Forest virus, Ross River virus, Aura virus, Borna disease virus,
Hantaan virus, and SARS-CoV virus.

52.  The dendritic cell of claim 49, wherein the targeting molecule is SVGmu
(SEQ ID NO: 11).

53.  Use of a recombinant virus in the preparation of a medicament for immunizing
a mammal by delivering a polynucieotide encoding an antigen to dendritic cells expressing
DC-SIGN, wherein the recombinant virus comprises a polynucleotide encoding an antigen

and a targefing molecule that binds DC-SIGN.
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