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GENETI C VACCI NE VECTOR ENG NEERI NG 5 CROSS- REFERENCE TO RELATED

APPL| CATI ONSOBhiss3sappl i cation clains benefit of US Provisi onatcwppdiosedzi on
No. GO 07~,294, filed February 11 ) 1998, whi ch application is

i ncorporated herein by reference for all purposes. BACKGROUND OF THE ,
| NVENTI ON ) the I nvention This invention pertains I lof
Geneti c vamwmmm’"mmml fically, the 15 2U invention provi deﬂ“\‘ﬂ“i\“ﬂ\ﬂ“\“\“ﬂ“ﬁeﬂﬁt
genetic vaccingg.hhat contain conponents that are optim zed . :
particul ar vaccination goal. Background Genetic inmmunization repf€ents a,
novel nechani sm of inducing protective hunoral and cellular immunity.
Vectors for genetic vaccinations generally consist of DNA that includes a
pr oot er / enhancer GENETEE, VA€ CENE VECTORENGINE PRINGeNY! at i on/
transcriptional term nator sequence. After intramuscular or intradernmal
injection, the gene of interest is expressed, followed by
the yesulting proteif-by ddherpehlSe Ha s L A HWE oS em
im*ruS;li zations prov% S 10 '-’"- -‘;i'-l A LED APPEIC AL

situations when t ehipaiphiegidisciaing teasfil of U8 RiadiionalzgshiRaisaNBOt be
isolated or cultured in |laboratory environment. Elicitation of a desired in
vi vo re§pérdeosyfilgd Fehmunc! kd088.nehigl applidatign w5ineergaratesherginttiyple&rersk| ul ar
pr ocessctasr,c{p a go_rrpl ex sequence. Several potential pathways exist al ong
which a erlle?LfrB Y&ccine can exert its effect on the mammalian i mune
system In one pathway, the genetic vaccine vector enters cells that are

t he predom nant cell typgACKGROUNDOF THE INCENTMERN vacci ne (e.g., nuscle
or epithelial cells). These cells express and release the antigen encoded
by the vector. The vaccine vector can be engineered to have the antigen

r el Bhsedlield of the Invention, otein fromliving transfected cells (i.e., via a
secretion process o oadi ~ L L PCTL U irected
to a nmenbrane- bou)r;rci](?%g)r\%;%oﬁ Rhe néﬁ? acfggpg??t’%i]e%gggeﬁésf %i’%tkﬁig%gﬁgég% al so be
r el easethvendioh grovidds g etdmipaiencgenpet b amitesahateuafaic&hSorents thitase cel | s
die. Extracellul ar antigen derived fromany of these situations interacts
wi t h antpHevzedrfesepartiaglagedccnatigppgyalei t her by binding to the cell surface
(specifically via IgMor via other non-inmunogl obulin S receptors) and
subsequgnt. ERslQGyt osi s of outer nenbrane, or by fluid phase

m cr opi nocytosrs wherein the APC internalizes extracellular fluid and its
contents into an dhghetyimaunzatar tepenents hnbeelantdhanismi éindrGngpiotationr
before or after partial proteolytic cleavage in the extracellul ar

envi r onAmoraljapd gelulanigununitye Vapioryion seraticvaecipatinns\egaerali corgstef DNA

internal, zation and antigen expression, W thin..the predom pant Il type in
the t 1 oLt 1R Aqo fRle PR fe ReRTHeR et (b is-bREEE P A%mfinn
i nt er naidapsdriptivhalTBmiViktofdcaténde. HFebr Mhitrdsh@klal by ird2a&Mid] Mhje&idP thel dine
activation of CD4+ T-hel per cells (TH 1 and, %or TH2) and

of interest is expressed, followed by recognition of the resulting protein by the cells of the

D

20  immune system. Genetic immunizations provide means to induce protective immunity even
in situations when the pathogens are poorly characterized or cannot be isolated or cultured in
laboratory environment.

Elicitation of a desired in vivo response by a genetic vaccine generally
requires multiple cellular processes in a complex scquence. Several potential pathways exist

25  along which a genetic vaccine can exert its effect on the mammalian immune system. In one
pathway, the genetic vaccine vector enters cells that are the predominant cell type in the
tissue that receives vaccine (e.g., muscle or epithelial cells). These cells express and release
the antigen encoded by the vector. The vaccine vector can be engineered to have the antigen’

released as an intact protein from living transfected cells (i.e., via a secretion process) or



devel opment of potent specific inmune responses. In a parallel whﬂﬁﬁﬁygm?he
genetic vaccine plasmd enters APC (or the predom nant cell type in the

ti ssue) andyopsisdéad of antigen derived from plasm d expressiRET/ESHNEPIIg
directed to extracellular export, antigen is proteolytically cleaved in the
cell cytoplasm (in a proteasone dependent or independent process). Oten,
intracel lular processing in such cells occurs via proteasonal degradation
into pept.| that are r ' ARz TAP- rQt.ei ns._and

tr anspodiredes i SenBreERAGTb AR En e LRk ET s B0HI e R By ™ The
pept i derdleagdEdhbart AASAANIRDmMpAHehdnief RER 08T tRysedalll dMIG FR88uthr Such
antigen 20 fragnents are then expressed on the cell surface in association
Wi t h Cl asgean degped- froy anyoxd thesk sitpapdrsontesssty €ith pntigerr presgrgipgcells APRCrel |
receptor.then recognize the ex .and, can, ..n the presence of ropriate
a1 oRiheran S 88 Yo sl ahiReR e e AR b rhaivieaer Ao amdred B Whoor | v
charact efdegfls)Rak UGG ueitih it yiists SEAREShEMbARE, HAY AidAha&xi St in APC for
traffick%ﬁg d? cytoplag%icalﬁ?@%enerated pepti des I'nto g%é%ﬁonal 25

conpar t meatopinshetosistwieyein alne ARG inendized exedellbhlMdGndliss®niehts iarcnt her eby

act to present antigen peptides tg CD4+ T, ~ 1 and TH2 cells., Because
act i vat €BERCYPE 6PMpaimeniintesmtig MaHt AREI B8y asfdr batann eyt baswartn! psyesijgac

swi tching by B ocC S ui res, hel p. of T T cells tigen .

ot esent ALegtecR AR R B3 SRR Ry P i e PRb ey e

i nduct i QBctef infdthalANof BRE hhti gendbtdasidh 8 thiBhe\irbddiBin@ht deli §pPaT R¥WRYsued
genetic vaccine vector 30 can lead to CD4+ T cell stinulation in addition

to the dodd wawith@DSRCCTlheadtG thenipwocess the-anggen poamyidy goprdm8 ®OHG Class |

PCT/ US99/ 030 ocess .descri bed. ahove Iy |.t ernatiye pathway. is,
nowever oo (st oSseridlgiiohegsctivangn of DA T Eethiiaes (Lo Reln Tamen ass 11
expr essi : [ cedaccination can also elicit
cvtokinggggﬁégg§Q¥¥8E$€% cg%ﬁhg?u |n§&?§e%r take up DNA. So-call ed

i unosti mul at ory lan il pathway ohe pkhak vatcibblplaamed deersvaRIC $of them i t's

interaction with cells that internalize DNA  Cytokines can be released from
cel | s t psadomingnt gl type inthectissae) and. mexaf of epeecanicsived fiom plesmid expression

transcription. Separatel i nteractj.on of antigen,wi,th ARPC followed.b

o aLSet HRing e SRS e R celiuiat Bt Bnb P R o B B R e N s
that ha el o h&er@PrdcBayeorel lisrang L REiRGueR! | S
et e e e D O RSl Al Al PRIcel R

di f f er entilav@nts via prggeasbimabdegrad apioafintogreptidés that aye Tédogniaed HiHPheRaRdt argles.
Furt hernore, cytokines released at the site of vacci nation, regardl ess
of the retihaMratensand fansories g&eé,e@mmqu @%E’gﬁw ARG SRHCUH SRRE).

i mmune Il I i i . i St as
r i i ey Bend8 BakAfen|s PG AR inRRE K Cormfie SR LR, 1 SheradeN

el i 20 t atffagmeafs are PRheRpressudonahe eslp ondee it asRciativesittgalaey B Gb8ecytorkided
the genes for one or nore 15 cytokines in the DNA vaccine plasmd al ong

wi th t hd yamheeytastG Henbaaong speeific Z0ell gecepios then rgcegnze by coripiexsngdcan,

derived.nqgt ly f Ny insic.to the i. t DNA with
col 5. o e zitiebre dEROREiE AU 5 PRl et Bl hORiod et <
directed by the vagGiiagioR! Mﬁhakm&%d9§dhmy§rﬁhimﬁf&%&n@p&n?9m& ASmahe of
i muni zation fromdistant sités or 20 the bl oodstream Specific and

non- speckist m ARGUoetraffepmgsd sytiptastrhenilyggeaartated mopplies inedendosomnle cel | s,

i ncl udi APC, beari ti f t I t o VHC nol I

expP 555 AGPATEGeT IO SeA R B COMRSHEU R MBS ' 87 PRV LRI 2t | on
Site 10 PLAGY arilobRelil008creAC Jha hkelil SBUGRse Lamgog,ag§§€e{a&h?e”)

where addrti onal ne recruitment and qual rtative an ative

devel oprgfiérentiationand i ogRONIN $HtEfesawdtchitiy BB Il gmphesgespagtiveheipodft en
conpete, previously available genetic vaccines have incorporated al

conponer(iig4 T breelisn pntigangirpsgntasion inthersoatezhohEY(s Glassdl mobichlgh és crucial for

pol ynucl.eqt i .de | ecul e. Because,.separate cell. types are involved in_.the
Gy ox TP of PRTESTF ORI AP odicn Bby BHE 3 (AT 2 po ARt g B kP
vacghne MgetQnho cp&*ufilbélystlrﬂagﬁmfﬂ B GPRIRAHERAGRS CHR ATISEtivaion ‘
adm ni stration of a genetic vaccine that is



30 incorporated in a single vector nolecule. Current genetic vacfhrgiP 2002
'vectors enploy sinple nethods for expression of the desired antigen with
few if anywdesigseel enents that control ~ ~ S E P 2D02 WO 261rAKS$3042
PCT/ US99/ 03022 the precise intracellulgr fate of the antigen or the

i mrunol ogi cal consequences of antigen éxpression. Thus, although genetic
vacci nes show great prom se for vaccine research and devel opnent, the need

for major_ inpsov nts and.several severe lintations of these technol ogies
are appRIEREdepsrg Aoy d s e s RS S e LR e o BASI . none
of the gxisSiti-Bg SRARULGIVSOAHTECKRS IUPrdIsvR aheedy Wl ioRizged for human

ti ssues. The existing genetic vaccine vectors typically provide | ow and

short -1 asti ng expGeastiionacainatibe canalsgehciotytokinerelsise feom ceNethal ngeo or
quantities of DNA do not always result in sufficiently high expression

level s taseupdNe. Sootadled immuppsimelatogy poadBeant prpsiias Al RN Aeenderneds of t he
vector Yo ¢ - . ep it ot re orly
it st SO e hafofel R BilpempliE BREA IR BT LOVELRYS BLE-R)

pr oper t t$ bindiaftilo int¥malizd DN&\ insthk abswRc@bDgénetthldsergn AN sspiatt RatniéragWmt e
t he mai ntenance of vector functions,.includin% gene expression.

Fur t her pbamsigenmidodgh folewed by presentatins ang wevilistreefentinnalsmgineleieng t hat
speci fic,sequences. al ter, the i ost i mul at or roperiti es of the DNA,

7Bt T onal el ERGORLAPFIRG: (16! BANFo5 T BHGIPBtS L P TePESH LR PSS  omch
when uspog tdiigr dmd Bl il Qro RN oY BEED- HACkRONE ekdifalempr oved

i munonodul atory properties. Mreover, presently avail able genetic vaccine
veclor s pridiferate prefevandellg uf Tj; CoeTii2 phalbiypes.y Fuithanmirdiclidkynesrelegseelas thef
expression in vivo to_satisfg the desire for vaccines which_can deliver
boost er SithRRNAatacsmatipr. Hegardiserp the mechanies ioh d1efiel 535S (CPBIIDYIE 102U Boost er
| muni 2gt S R0R P ERLLY LR 86 Bicte B S ALl ok RS B IR i LI SR On
with exiSting genetic vaccr nes. ererore a need exists Tor i Poved

genet i CayaGeline s fides alfrebOsribmbi m6$mlpaﬁﬁhd§&iff&9ﬂ>$:iﬁe@ﬁn devigkiopeRt of
such vectors. The present invention fulfills these and ot her needs. 25
SUMVARY p@En{THENUMNVERINSY sThis ipyestigators haye nndlededphe genks Sonena érovensonent

gengtic vaccines t i ncl.ude, at.] east o nd preferably two or re
qenti | cVBEEFRE wE AR AREuNs RafhidhAines wiiahe Fe Bher @ imulBanre o o
direct @fs bé"E@‘Igg&)kYri%'éBFH‘&e?iv%ﬁn@ﬁoﬁl ﬁ%ﬁhbx%%@s_s@@ir@ﬁﬁéi@w thE $$PR2086n bPDNA

vacci nat1 on. r exanple, the genetic vaccines can Include a conponent that

provi desifhldetiptdrspeciintelhmspomstersthe antigamyrbmn efat syhthasis dirosted by tioptdcoimk
production of cytotoxic T |Iynphocytes; a conponent that directs rel ease of

an i mulles®dl at or; a conmponent that ~ 1 1 SEP 2D02 WD 99/ 41369
PCT/ US99/ 03022 di rects releas . ki ne; [ t _that
faci I tates bindi it pe GheRRTeglid 61RTSH BFimAOpe ot h RN Shed 5]

exagp! e}hetbl6SdEBRAANIS pecitic @AM heh-speifiOMatuhRispMaes RicnHemgrebly ampHfidt ake
of, the genetic vaccine to target cells such as antigen-expressing cells or
ant i genlprmawe nelis gncdeding APC, bearing antigen fragments complexed to MHC molecules or

even expressing antigen from uptake of plasmid, also move from the immunization site to

other sites (blood, hence to all tissues; lymph nodes; spleen) where additional immune

recruitment and qualitative and quantitative development of the immune response ensue.

25 While these pathways often compete, previously available genetic vaccines
have incorporated all components for influencing each of the pathways into a single
polynucleotide molecule. Because separate cell types are involved in the complex
interactions required for a potent immune response to a genetic vaccine vector, mutually
incompatible consequences can arise from administration of a genetic vaccine that is

30  incorporated in a single vector molecule. Current genetic vaccine vectors employ simple

methods for expression of the desired antigen with few if any design elements that control



Addi tional components include those that direct antigen peptides? aéﬁpvg%?z
fromuptake of an antigen into a cell to presentation on either Cass | or
Class || nwWeaeusies? For exanple, one can include a conponent RUTAYSIioBeet s
antigen peptides to presentation on Cass | nolecules and conprises a

pol ynucl eoti de that encodes a protein such as tapasin, TAP-1 and TAP-2,
and/ or a conponent that directs antigen peptides to presentation on Cass 1
Ull no : rd ! ' e rotein such
s an' chiotets AlRARMBARET o AU TR EEn R R D 0o
the gengipressiat Thig HABREN M es c vaccdisahb@thret promiB Todvdcbilk regpuinvga: ( 1)
reconbining at |east first and second forns of a nucleic acid which can
conf er devidarimend, the oped foy mppem mprepameantcandssyerab sevehelimitatienseofithesst 15 and
second foﬁ@ differ fromeach other in two or nore nucl eotides, to produce
a | i br alyHoRE} BRAPRA nucl ei ¢ acids; and (2) screening the library to
identify at | east i 3l iDid:is,an
enhgnced capacity Ltqggecl:}’(;gl%ée{rg| ttﬁﬁgacgg)glg{rﬁﬂgd nggggﬁ@qﬂ%&?lﬁgé goggerfllleate?](?h\ﬁ/%\cci ne.
| f furt petetiopiatdihe aedion halve bém apoinfioet fur humadessuesdThé Bestin ganetitgaccine
addi ti onal steps can be conducted: (3) reconbining at |east one optim zed
r ecombi Meghers 2epiedhpprexide 1w tand sherintasHBE expriessie of the antisree lintesesy, andieven i s

the sang or differe r h i d orns, 10 produce.a,further
[ 'br oy 68 SUAobligs FERNA BThb! v B Py PRERAR, by ReedsFeP IEI TR et 1o

i dent i f YroddcrivedginupeeedpehidicBedntd e 2esthh SRR ﬂfémiecfcﬁféﬁf??@rﬂb thd'@dlls@xRi bi ts
an enhanced capacity to confer the desired property upon the genetic

vacldl nefrangier ia8) theepelrus ang po8Yly andersWpd., vigualbicee stemptsinave beemireadeutot her
optim zed 25 reconmbi nant conponent exhibits a further ephanced capacity to
obnf or - THROHE TSRO PBERES. SPBRA b T RSP e R ARE e mee R T Aot S
of the v I t i : : he j e N j.r of a
gene. T atiti o bleinse ST bl HchBhe e oBhF B ocfl, Fubhefingre: Aol Bl Bie
menber afintieasiggamolinnafdata ibdidatihomat sfeoifitiseqlicricee al@dhié anmusdgintulaeind can

al so be 30 nenbers of the gene fam|y. As an exanple, the first nmenber of
t he gengrapgriasypf emDbé, sticaiahenginacong as 1 verytlakgeis agd dimesgaauingta and t he

secand nenber, of the ne. f.am | . ~ ~ SEf 200 0 99/41369 6

port Uso B aey bt U REERT s ba s Reraiecr 80 BrNPae R e i red, the
opti M zgAmnRGABRIIARY pifpRAtdsC vacci ne conponent obtained by the nethods of
the invention can be Backcrossed by, for exanple, reconbining the optim zed
reconmbi nant genet iNoreav@i, pesatlypyadattle gendticayapphaveersalosnaspravide or bot h of
the first__and second forns of the substrate nucleic acids tp produce a 5

f ur t her Syffigieat sta “%é&&?&ﬁhwﬂrlﬁm‘?'%‘P&eéé‘@i’h’év%’é}r’rﬁéﬁéﬁﬁ’g!e deste & cen ng
the T“rw&'inés'»l%?ﬂ%f i el*v@?példsftéfi h‘ldﬂ%ﬁ%{]%ﬁwﬂpg%&qi&% vE%‘?;?J‘deHiﬂEEtraHS&et! ¢
vacci ne conponen at turther enhances the capability of a genetic vaccine
vec®r Bosttet iMEhubiestidiiaire opRanNenéquiedBodileatLaftdrehd pHmas ihReHemS4th

Addi tional enbodi nents of the invention provide nmethods of obtaim~ a 10
genet i cexigied genctiogesinet t hat confers upon a genetic vacci ne vector an
enhanced ability reigl [ cat(ﬁ in a host ce%l . Igevse .ma'g/hgds igvol ve
creating a libr ar?q't?fe AP FARES IR ETRPE BT 0 7Lhn) &8 A% o

recombi Rah{ @4ticHs, ARBBEbULI AEPRofther®t QLI WAROt TS ekttt 18RRI GORA BNl

epi somal replication upon a vector that contains the pol ynucleoti de;

i nt r oduthesgandotheangmpoul ati on of host cells a library of vectors, each of
whi ch contains a nenber of the library 1 ~ of reconbi nant nucleic acids and
a pol ynucl eoti de that encogs I 98 ; propagating the

po ation of host cells f t . d identifying cells
whi ch di splay the BRldre®Mt indemicHYrboRIEs %lt?eo%&ﬂo%@ﬁ%e%tié DECHR hat Whgn gl N
cells which display the cell surface antigen are likely to harbor a vector
t hat cont Eastona, arelcpeferatdy twe ecinore gametit gacsimecdonegprinentsdbattchefeanpédn the of t he .
vector to replicate episonal I_%m 20 Cenetic vaccine conponents that confer

upon a Vag%ieF thsRba K An Aikert ABilMUpe {ESPPRIF OAI LR 2P HEYE HHRUIRY|TFSRORFE Wl so be

obt ai ne atl i L : [ ' ' j ecting
tor ecO%?cﬁrgﬂoglhFg{‘%@ﬁg%%ﬁb&gg% Xé&g aago ﬁ%}é’f%‘%{‘?‘g@%@‘?} eagéﬁ#égom a’
hungan papiimapamikenUslehdeat c6aPosn iRl privides ptinag prdduatiornsf dipeoxie TVect or

that contains the polynucl eotide; introducing a library of vectors, each of
whi ch cdymphaeytes; aeompenant thahdirects release of an immunomodulator; a component that

Lam¢))




25 library of reconbinant nucleic acids, into a popul ati on of host{{ceeBER;2002
propagating the host cells for a plurality of generations; and identifying
cells that WOMdlI¥69t he vector. In additional enbodi ments, theP¢HUEINIIBIE
provi des net hods obtaining a genetic vagci ne conponent that confers upon a
vector an enhanced ability to replicate in a human host cell by creating a
| i brary of reconbi nant nucleic acids by subjecting to 30 reconbi nation at

| east tvmretgrrgﬁﬁé%f ofth ARMORYUR: Eﬁa/bid?c&h@n&@ﬂl ?%glﬁﬁtegglrﬂﬁ%{o. Bf%bci%o' an
upon a vector that contalns the polynucfeotide; introduci a library’of
genet i c desieed nagget cdll fypSEPoZexamp2, AVoAbda8n CaPCIABAAPRIOG- BnpRetObindingach of
whi ch conprises a nenber of the library of reconmbinant nucleic acids, into
a test d9sardintdetofnihgigenetic Yagaias to targsicclesishris antigentexivessing eellagr whet her

t he geneti.c v i Jveetor replicates or induces an inmune response in the
t est sys%gglen'ipe&’infnﬁoﬁe@ test systemcan involve human skin cells present as
a xepotranspl ant 0Ad&iioRaltonidnkTHIPERITRORTheeHred0 MntiieBRpii@stdeanLdal . for
exanpl e, or a non-human mammal that conprises a functional human i mmune
system (Replupta&eiofan antigdndste agall torpessaratibr odeitbert €dsdhlordeliney Hinmileaileshet her
t he ani dr’c'\%lrd:exhi its an | ne response agai nst the antigen. The invention

al so pr SAMRIS ABHSANIACYAE ACATRENENt Al SHTEE!S GRIGSREPUARIGIEEIENIANER OBonf er s

upon a gepet; rhip e gxgd %ﬁ%‘%@ﬁ%&gﬁ@iebli&é’thtaper?c%?{z|1gﬂaté}ﬁ'fsh P, chasin

presenting ce he s i'nvolve creating a rary of rec I’'nant
nucl ei ¢ BAPdsandyT SPHY), e6d/bNgcdapsrRaotiat diaédioit BlenlpepadestivPrdseriBBoPbn &lass

pol ynucl eoti de that can confer episomal replication upon a vector that
contldi ndl medegydas\and cospriserea polmydenideribat £n¢edss arpyoigin syshes pe endnsoinakor
vectors,, eoaschapf ‘fé”isCh conprises a nmenber of the library of reconbi nant
nucl ei ¢ ‘acrded PIRtE sy popul ati on of antigen-presenting or

ant i gen- pr ocessi NgiRnSemBimERt S8 dtiridte bf the diReREVE@ M ReEhd S I N

t he popul ati on which contain the nucleic acid vector. Antigen presenting or
ant i gen-qgtanesby agnatiedd thaomvolvee (( €stecombinirgest 1€ast fiest anpbepn® fareds of

nonocyt es/ Facrq hages, dendritjc cells, Langerhans cells, keratinocytes,
and nusclUeleerqis Whith erfion{ G RAesEshBRPPRENERON 4 BENSHRVERTING VIsToIvithrelishet hods

f cle . . . ;
of 9 ta'z{?lld@gccﬁ'xdrf%ﬁgmﬁgeﬁ(?%ggg%ﬁgdg%rﬁﬁg\% (E)!an%gé&lgﬁe)&g&gigé,ﬂ%a&&ge &iprary oF 2

genefi c vaccCine ‘an en I nmune response

in a mareedmbihBeSRicleEd 8068 ahd YDl Y@ eeridg dhelldearis Mon@ifipit lkRBShe bpiirfize@nd
second forns of a nucleic acid which conprise a genetic vaccine vector,
wher ei n rE¢rmbippritcommenseicbicxhihits@ngnhinsed £apaeite e horfehide desiradpyopertynor e
nucl eoti des

vy L .od Lb f. i t ti L t ;
(2 trarfPacs Einarong 4 (R YelnirmiRint by 20eeHEcH it fesl B hy otving
popul at i itRnaMREFPEInAR Blhded Qhﬁ%&Miﬁiaglaeéaét%e%aﬂﬁzegqe&rﬁﬁihm of
peri pheral bl ood cells, T cell clones, freshly isolated

mon@yt esmpracophng e Surdnat fommdf theinnclea dcsd, WiBoh stthe samgot diéfemt fronfthe t he
presence_of one or nore cytokines and jdentifying cells which exhibit a
cyt oki nellst Adergndiarmerta Arefdhce atpgaerdibramof a%%qn?gréaam REEIRKE acklspifise: and

4) obt aj.pi ' ' ' i f th
Col 1 9 wheReie B RN ABlory B Rt R o R o AN e RSRRERR 070 ovi dea
by the igdongithetthat exhiBitshadahaicet BRpQYiyng ciiter midekived mbpétyoepwithe vacci ne

vector to nodul ate an i mune response by: ( 1 ) reconbining at |east first
1 1 S E genetgpacciy®; and 5 3wpeating (3) and (4), as necessary, until the further optimized

25  recombinant component exhibits a further enhanced capacity to confer the desired property
upon the genetic vaccine.

In some embodiments of the invention, the first form of the nucleic acid is a
first member of a gene family and the second form of the nucleic acid compriscs a second
member of the gene family. Additional forms of the module nucleic acid can also be

30 members of the gene family. As an example, the first member of the gene family can be

obtained from a first species of organism and the second member of the gene family



PCT/ US991 03022 and second forms of a nucleic acid which conpriseqa §eheilc
vacci ne vector, wherein the first and second forns differ fromeach other
in two or WOr%/4hisél eoti des, to produce a library of reconbi nBART/UaHEI0RE
vacci ne vectors; (2) transfecting the gibrary of reconbi nant genetic
vacci ne vectors info a popul ation of antigen presenting cells; and (3)
isolating fromthe cells optim zed reconbi nant genetic vaccine vectors

whi ch extifid fréhhare&s %@t&,& b¥oreniIRO M RksRed t9@5hﬁ1§§jzeﬂ FELShihSRRASE:

Anot her enbodi nent of the invention provides nethods of obtainirng a

r econbivhetihe gamporient visamied &y viermethodh af theasvanioardaabe édcladvodsed Yyt fori nduce a
desired I mune response in a mammal upon adm nistration to the skin of the
mamal EXARBeIGERMRHHRS s APHUBIaATecombManlegeHftis NasrinGtompansnt Mthgtmealay

econd for f nucl el.c id i.C onpri-se a,genet i acci ne vector,
wher of fegasaof Spe Br BB S o beSih RPEP o R Dol bR i PSR o
nucy eOtf@lﬁl@é,libTr&yW@éhéﬁﬁaiﬁank 'Fé}ieﬁlircyvaeéiné @&ﬂﬁ&héiﬁlﬂtangg&%ﬁiﬁg\{l@&ﬁjr{h%r MB@hor S;

(2) topically applying the l'ibrary of reconbinant genetic vacci ne vectors
to ski o ofentifynatrtagst ong gptimued récopibmepny genadicsvarhiat comgonent Almt ifumhare

response; and (4) recoverin enetic vaccine .1l ~ vectors fromthe skin

ot P AnRFes Ui capt Bt SRS i AP A HAS B SRR T TOAR B  on
al so previfesndeihafds. of inducing an inmune response in a mammal by
topically appPyln to skin of the mammal a genetic vaccine vector, wherein
t he genetic vacci Aédiviesdl @mbodinegits of the dnvedtioh ppivadd maolds oAbbraiiidis ough use
of DNA shuffling. In sonme enbodinments, the genetic vaccine is adm nistered
asl@ f geneiicatdcemesempene that sanfercupan HEWGHC ¥aeRNS Yo apferhancesmbilay el
patch, a.create, nak m, xt ur e of A and a transfection-enhancing
aent | e nRrEr aBPrmBemiinbRs Lo s MHied e s B e B  gon o

sel ect gdids9rBubfRetif AURcERRRASSH Ndeh 1o FdrRishf adhdI{RRERMBe it REPESFHEL, and
a lipase. Alternatively, or in addition, the genetic vaccine can be

adni ni spwsoetl adplieatipr gioneatestonthasfcontamsghké polypuabotads; onraslucingiintoraenoval . 25
I n anot her enbodinent, the invention provides mnmethods of obtajni an
opti mi z@au&@ﬂwghowe'&% %Bbr@ YrerRrs1dasi Otwﬁfcélr%o%w @eg&ﬁwf ey B ne

cont ai nj : il | i i.nhibLt. apoptosis
o 13 S A En R HBRRE A TAMARRR BBl ot b e siracoihiBel Mher (1
) recopbbpgagn@thel popalatibh b hokellsRe andtiplergeRerations; and iddindif@ag delhwvkioh
conprise a nucleic acid that encodes an apogtosis-nndulatin

30
pol ypeptispdey thaisel sprfacerpatigen en a swdacserfdheicelb wherein celds whichdispdehtherceBr i n

(3, Cr aTES Bl B iy Py BT b Bt s L RAR] flisgRyfiie’ © et o
PCT/ Li Wé@%%céseﬁe@mnwafmgw]@&@} Fohl%ﬁiiéja‘ie Eisomanpopul ation of manmal i an

cells; (3) staining the cell or the presence of” a cell nmenbrane change
wh2eh i s indicatiGenaik vapopt oshponenis thatt donfigr wgoed a(veytonlah @nhanegd mbidiontsi nant
apopt osi s- nodul atin enetic vacci ne conpanents fromthe cells i ch.

exhi bi treRifIGIBA la%ag%{geﬁa%ﬁq be SIABFLRY cm&ngééfm@w FECOMIBATHEHE S 1CACIdShe

i nventi ' : 0] ' ' : t
cont or SHsBIRLhgS HEbHBHRUG 1ehE ohb M HERh @ REiC ATRBRC hurkal?

I espongapillongavit@s thatesiednferdpisdendreépgiiedsorc apor Mvedtvethat cohtding ghreonbi ni ng at

| east first and second forns of a nucleic acid which conprises a gene that
encodesodynuckeetige;tioirodicing dibrarnedivestorasiseh o€ Whighegoataing hmembes of 98d second
fo iL.ffer fromeach other in r<vo or .10 nore nucleotides. t roduce a

| B ar y oGS QL CERERNARE R asRb IS f PROPER S E Ersh g BioneERund Belhg  genet i
vacci N&eWeF4,Of Studdlinyr B CHBRIORS ahB§dertipyiRb Xell tHaEERHIRh M eckdrh | nhi bi tor
nucleic acids intoa pfurality of human cells; (3) selecting cells which
exhi bit reduced MiGdditasal ¢mbmiimenisethexpreasion enovidesdnéthipd obttainmga

optim zed reconbi nant CTL jnhibitor nucleic acids fromthe selected cells.
15 The §SRGEHYIGHICAOTHOPBEHINCONIRES KRRIS2 BECIYIANTHRRGF dRDYHN P TepliFatedn de

compon : : i i . - jhility to a
e it s, S0P RatRED Bl Bt GmifRERE ARIGEALGEy SUTEERIS B! )
r egonbimtdrgbiahtibeadtast twé formR df agoditicleolidd that can coidéreipisoadl depiftiatibn
conprises a gene that encodes an inhibitor of a CIL i nmune response,

wher ei rupone Yectastthaiedntgins dhapdlpnualealides sirofneRg @dtmarytof @engtis Yageingr nore 20
nucl eotides, to produce a library of reconbi nant CTL inhibitor nucleic
acids; (2) introducing viral vectors which conprise the library of

reconbi nant CTL inhibitor nucleic acids into mammalian cells; (3}
identifying mammal i an cells which express a nmarker gene included in the
viral vectors a predetermned tine after introduction, wherein the
identified cells are resistant to a CTL response; and (4) recovering as the

o o "



.11 S E P 2002 9a reconbi nant nucleic acid vectors; (2) transfectﬁqgsgmqnn
library of reconbi nant nucleic acid vectors into a popul ation of mamral i an
cel | s sel ecVO®IHEWM t he group consisting of peripher al bl oodPGT/E&I¥B022T
cell clones, nonocytes/macrophages, T cell lines, T cells, B cells, total
human peri pheral bl ood nononucl ear cells, and dendritic ceIIs; (3) staining
the 5 cells for the presence of one or nore cytokines and identifying cells
cont ai ni RGtdr& &AM MBALch r&umpﬁlses DfrleFhb¥EHIAE HibM 6 NrRbRBHESI ﬁu&&&;%iéi@ into
staining pattern indicative of an enhanced ability to induce the desired
i Mune respoaysencthapameds adunhtae isbidnetrgspofise; hed detetreasty Whether hhagesaond
forms of the nucleic acid to induce the desired |gnune response; and (4)

obt ai ni NFCFBE SREPHERIICHET Pinduces 2h IPERING respaptfcAdbS (st s arhe® swfable hli ch
exhi bi t skgteﬁh@anﬂﬁ%l(rgﬂuﬁ%ﬂ glﬁh'l%uég%ké?h gga&@ﬁdt;tgarn'g%lahpor?&% %?Em aspect, the
0 es a nethod of producing and scr

i nventi provi ng a reconbi nant DNA

pl asgi d wesicoh@ydriBedfomhli@ag Ho@inirhaly fdr Qxﬁfhpl@Cbr al hbrlhamaff Hmmal that
differentiation, the nethod conprising: %@ reconbi ning at |east first and

second maEMIses aéumon@éwmaﬁumr@,lr@ satea. prlpcralt@nmrgtf@s@mtqmasan ok detertiast |
V\/nerelnth at | east f|r nucl ei ¢ ac differ from each

ot her ir% %}‘“Wﬁr@‘eﬁﬁf& ?qlﬁlgéexr{l%?quno‘mge fefFiOSF%Pyd'B%‘ he@YtEs i nant

hucl ei c acids, eaciih¢ geenmbdass %%Wde%fctl?efds%f ‘égﬁﬁ{lﬁhggnémﬂ%&ff@' nant DNA
pl asm d vector; (2) culturing t brary of recombindnt nucleic acids wth

a popul atdrmmneﬁt thatnooaféranpared genesielvacdiedard edrantdtealgliup encnahahiigan-of T
cells, T cell clones, T cell |ines, nonocytes, nmacrophages, B cells, total

humdf pertEssnépg el isae msHoda Vel gertng d lsbraarﬂf reeaTRPInERt g lsiq acidslbi ( 3)
I
G e AT e 5 RIS S P

a reconbiephddtioPNpoR ba&aﬂod thaeEérRfink h&épowmu@ﬁae ;An@yd Wih21ibEay Bf féhepat t ern
indicative of an altered ability to direct TE, 1 or TEi 2 differentiation

conpar edvaceing wectatﬁ, mqhwfovhwlheoxapnai‘féasnember@tf tlsmlebrge(:@fn@ccrrmbunentm@tm@s to
direct TH1, or d] gnt iation 1 7 SEf 100Z.9b {1 %‘t anot.her
aspect, 9% i‘H%rRPP‘cBﬂ“%‘PB AHLeE N PRSP RO AP S P RTREE RIS ﬁ%l 55 BRGNS

r ecqmbi nﬁ@?{:?%ﬁtagé ﬁPé@lQ le{%t&rg#p %h%ﬁﬂccﬁf?&l?%&?ﬁlﬂb Ba;lhwemr'm g. T cel |

differenti nmet hod ¢ rising Ining at least first
and secoprdsantia} et antégznefgovdsiiap ceilf dfintetesoimcaaichfontehamplenBtostis,or nor e
nucl eoti des, each nucl eic acid
monocytes/macrophages, dendntxc cells, Langerhans cells, keratinocytes, and muscle cells.
In additional embodiments, the invention provides methods of obtaining a
recombinant genetic vaccine component that confers upon a genetic vaccine an enhanced
20  ability to induce a desired immune response in a mammal. These methods involve: (1)
recombining at least first and second forms of a nucleic acid which comprise a genetic
vaccine vector, wherein the first and second forms differ from each other in two or more
nucleotides, to produce a library of recombinant genetic vaccine vectors; (2) transfecting the
library of recombinant vaccine vectors into a population of mammalian cells selected from
25  the group consisting of peripheral blood T cells, T cell clones, freshly isolated
monocytes/macrophages and dendritic cells; (3) staining the cells for the presence of one or
more cytokines and identifying cells which exhibit a cytokine staining pattern indicative of
the desired immune response; and (4) obtaining recombinant vaccine vector nucleic acid
sequences from the cells which exhibit the desired cytokine staining pattern.

30 Also provided by the invention are methods of improving the ability of a

genetic vaccine vector to modulate an immune response by: (1) recombining at least first



conprising a DNA plasmid vector, to produce a |library of recoghi pgmtogs

nucl ei ¢ acids, each reconbi nant nucleic acid conprising a reconbi nant DNA
plasmid ve®Y@PY439 culturing the library of reconbinant nuclRTEUEEE 2w th
a popul ation of manmalian cells selected fromthe group consisting of T
cells, T cell clones, T cell lines, nonocytes, nacrophages, B cells, total
hli 1l 11all peripheral blood nononuclear cells, and dendritic cells; (3)
measur i Bgi dldof Fthfsi 918 MRCRULSLE Qhi @ cdnEprseGlildndli8 9afind @ctdlY whiRH Gyt onet ry
and selecting individual cells CAIltallllllg reconbi nant nucleic acids that
pr oducefiest ayd edcone fomodiiffer fomprach bther imovaecart invee micldotides.lto @rdduee anibrad i on;
(4) recovering. reconmbinant nucleic acids fromthe selected individual cells
of (3); 06m0@g)nanaww yAsrnGyectars:SA) dransegung Hirdibrapiapeambiaan gsnetint
nucl ei c_aci d 1SN I ' | 1.4,y or iC roduces a
Cyt ok ne bt R b A% Py LEP AR o B S L R ctroABh el B S e

T ce | dhihiheset nédonttifdht condRNRdcine veitBrsoyhiok eRBIbRI R bEded @Bi1RY & toguRioduced
by the first and second nucl eic acids. The invention al so provides a nethod

of i npr dedired imirunglyedponse. of a nucl ei ¢ acid vector to nodul ate an i nmune
response, the nethod conpri sing: 1.) reconbining at |east first and
second forms of a.‘Arﬂ?é}Fééi%B‘bﬁal"bg\mggw‘é%ﬁg}oflsoéo‘éﬂdﬁg[i egloéi_sﬁ PRfadRg &r , 20
wher ei N dce el Bhter RS E’ciﬁ@%c%r tﬁ&%ﬁ'aﬁ%ﬁhﬁg@?laﬁm{@lt(?ﬁfd'u&'@a htﬁaﬁe_dqmﬁx s an

i mrunogeni ¢ anti gen and the first and secon orns” of the nuclelc aci

di ffer tgspomsedsla nedrhsal ipontadeninistransretontie sleatafdies mahonglr Dikse enddhddsbr ary  of
reconbi nant nucleic acid vectors; (2) transfecting individual |ibrary
nmenber sinvelys: §bpecamdining atleass fight andseqpad fomesena nugleie apidsvhicB yomprise a

culturing transf.ected APCs W }.h | ynphoc s _aobtained fragmthe sane

ndi vi eSS EHEE Ve&"&“’%sgﬁ“}gﬁz“rré%% ?X&aﬁ’ﬁf“é%ﬂ&?rﬁ ﬁ"‘@] RGNS et ed
APC cul tisreaunboifdes abprédRalliray Jfneidedtifam gdndtidRRemE VR RS PON&RicaBPd (5)
isolating fromthe cells optim zéd reconbi nant nucleic acid vectors which
exhi bi t appipingvbel libmppof tegombinantgenetiamadommuvestore spokis of b mammels(3)ani nal ,
wher ei n&,)d[ he .i.mmune re@)on e is.selected frc_)m@?@n roup.consi sting, of

i pr ovefGHHERE VFLArS SRat {FBICE @R {MARINFEESPIRSH: AR cpéﬁygz $GRCHE VRGHRe

i . P @R MANIRAFPAGSS: srderrGe
ot vatr SnoRieh L SRR Eofan REPrERal b F ah B AEHMBonsell” (e O

invention provi desTha ifeinkied alkb profidemiiotfief @dutingan dfnundwedpdhse g d
vector to nodul ate an imune response, the method conprising: _
| ' eCO | nsmrhalHygopicalle apnlyingrie skiarmd theememanal graepeied vaccimgoleeios. wlsreinihé ch

OO el 195, YR oy A 3B B BUPh E AESBRE ™
ot her i BohWRnBbdifs, MiCdRetié d8%indi9 aBmPH e das!al BFANNMIISH sdie@EPHbDE! al |'t
nucl eic acid vectors; and identifying optim zed reconbi nant nucleic acid

20  group consisting of a transdermal patch, a cream, naked DNA, a mixture of DNA and a
transfection-enhancing agent. Suitable transfection-enhancing agents include one or more
agents selected from the group consisting of a lipid, a liposome, a protease. and a lipase.
Alternatively, or in addition, the genetic vaccine can be administered after pretreatment of
the skin by abrasion or hair removal.

25 In another embodiment, the invention provides methods of obtaining an
optimized genetic vaccine component that confers upon a genetic vaccine containing the
component an enhanced ability to induce or inhibit apoptosis of a cell into which the vaccine
is introduced. These methods involve: (1) recombining at least first and second forms of a
nucleic acid which comprise a nucleic acid that encodes an apoptosis-modulating

30  polypeptide. wherein the first and second forms differ from each other in two or more

nucleotides, to produce a library of recombinant nucleic acids; (2) transfecting the library of



vectors by: injecting the library of reconbinant genetic vacciﬂe1§§8tgm%
into a test ani mal ;. Cobtall[1111g |ymphatic cells fromthe tesﬁ] %nl mal3 an
recovering WO nant nucl eic acid vectors fromthe | ynphat & @Jélg?’g 022
wherein the recovered reconbi nant nucl eic acid vectors exhibit |nproved
ability to enter lynphatic cells. BRI EBF DESCRIPTIO' OF THE DR A'ii~GS
Figure 1 shoes a schenmatic representation of a nultinodul e genetic vaccine
vect or . reotnpimaashuddeinatids inaapopelation b manrhilidnneligds) aneniap 1HO¢isFbr t he
conponents indicated, each of which can be native or optim zed using the
DNA shuﬁTPInF%erﬁeQ fripepd! m@@brqnséhamr\éhlﬁh lmﬁlélc@dﬁf)@ﬁ@?ﬂpsoscsaln“b?élopresb(dﬁ on

t he tvaccme ve ctor %)can %g g d in.a %%?GIIC vacci %s

separ at% At L manl7dpfp SE-Po%%H" ‘I%f%%@e PSSy 55 33¢ 9B SFi gure 2
shovs awRRARARi Qhe GBsiNdpBp @M kdBline chaigUe si ve sequence r econbi nat i on,

of genes. Figure 3 shows g 8|agranto the &pplication of DNA shuffling to
evolsut i on of geneOtlcer\aadmdnemts BY fhieenemitioh@rowde merhuds of obraimits a Bavdtizg
known functional properties (e.g., regulatory, coding, and the like), are
shuf f | edRCaing coptoamRidhalFongEnLPdT) 2 Q%Itq"értt%mﬂﬁé%dué%t?%ictptlwl!fb’dvédﬂﬂr operties

for use a v e 0.0 rto based
screeni h"él%ﬁg %gé&nsf #&é@f)&f’ﬁ?mse Ltrht%rs%??egr\p% |m ze {)]r) rrg?mﬁ s'e'qﬂgﬁi}? s

evol vedfits hidsdcBRd ferims fahifcldid aad w‘hré}t/é&ﬁ@g@k QWeh&lthat EMEHePLPTRIBIorioe Used
for illustrative purposes. 10 Figure ~ shows an apparatus that is suitable

for m ca 6T isvnhummresporgenehéreinube st esd agnpndtformns diffag&omseachbthet irssweosuch
"o nuRHRR SRS R PoFRE BIPEY of R LS Ton 6! R CRGRHE) The ¢ ps
of the apRALAhYSeRR \g‘a&%Q'vgttB& Wi l:f?%x%ghHéfh%‘tmﬁar%%ftr&%hbﬁ&h%t s fit into

a mcrotiter prate. ter obtainin fnterest i s obtained from
a plat ei’nh’idiﬁarhhﬂslcaicﬂjshnto Zafﬂhﬂﬁltl\edf hemén d:tl&t 3)celeofingbdtwhiciBexAbigpar t
enabling transfer of 96 different sanples to an area of about 1.G cntby 2.4
cmto atrdueeddMAHE ntabg/l @OEcetﬁexrareSdem grdd4) oblainjeg epimiged eesombsrampCd L
transferreg can be el ft&roglE troIIed typically the vol unes

transf ef? “t&H@émﬁF HB ébout 5 ~l. Each reagent can be nixed
Wi tfy a marker age%e%vcﬂﬁ@n Eﬁofp?ﬂldéstrﬁétﬁoﬁéamélhlrﬁrh Sneli@@adciieCtion site
in the tissue. For exanple, particles of 20 different sizes and shaped
can be compchent thiat tdrdensapge ratgenétra veceinestducad dusteptimigopya @HH immune
|nnunoh|stochen1str used to identify each injection site and to study t he
react i oFFSPORSGERA hpgt ré%rawat J@@%@ethr«ﬁéwwsee(@ fecempaning at Ipgst &irg@nd ¢ he

|nject|on S f|r [ ev n_ex e of
a1y SRaRd Ferms faglf i FERTch el gbng MaBliBats SRR oFY FTL

i 'l ust r ghin@he rddpénse@hérRRME G ah8 sedidldi forhd €iffed frRRY edtH Gliir ¢n AL ar mefe Whi ch
different strains, species, or gene fam lies have honol ogous nucl ei c acids

t ha0 haweclemisesrto poodace @dibemlodeeconmw Edmphiar mccletcraerdsh@mtrxgi@uma
nucl ei ¢ aci ds i fferent, variant. nucleic ds e shuffled, a

Hocori DuAsInariorsBishomEr Go e o BeRangy W HE Rt PHEEts FTRR s ¢ ha
exhi bi t i f t ed
o one. B ER 08 51 88 ing BRI 80 P SEC N CR0 500
99/ -t 1362 VR éé&&@laQﬁ&ﬁe?erirﬁnﬁ e afidr Biodection, ehargit theddemifiedctldy arehat i s

useful for screening to identify inproved pronoters froma library of
shuf f | eesistahist f Thuespsinse;aad 4] r@I@MFfﬂlP%GF &bﬂ@éﬂ‘i’ﬂﬁe‘%?@ﬁﬁ@@t’@nw &g nsert ed

t th t. h di
dotBet oebRBinahL ] LapERTbervdsit AR bt BEMUBea BhEr The product of the
reporter gene be Aol L LACHYBRSIBIR 4 Asho Sk Lea e exbaas N of

| evel s of the reporter ne can ted u5|ng flow cyrtonetry-based cel

sorting us orter e ter
genes i Hctclfb%am 8?“ M}geang@?l 'ﬂ”% Hﬁ% %@C epi t %gg‘ieérﬁ‘ﬂkﬁggf&f{igﬁ{y) ation
region is typically placed downstream of the reporter Sv40 ponA i's
|IIustrdﬂ@H¥MIﬂ#@“@@@@@?méaﬁnéﬂsor?%%mﬂﬂ@gét§@8% Qﬁ%??gﬁél %an
internal control (G-P; green fluorescent protein); this gene is Ilnked to a
pr onot ernucBiRaaciy whithecomeison naplsis acithyestar) yhergial thejaideast St and sas08d mar ker
(kanamnyci n/ neonycin resistance is shown), and origins of replication that
are Bundbhﬁmaﬁﬁiﬁoﬁﬁﬂﬂhbﬂ&nh(ﬁN%@nnmbhudhdﬁ@%,henb@xkaﬂﬁtmw@fori) cells.
Figure 8 shows a diagram of a scheme for cycling evolution of inducible
pronoters using DNA shuffling and fl ow cytonetry-based selection. Alibrary
of shuffled pronoter nucleic acids present in appropriate vectors is
transfected into the cells, and those cells which exhibit the |east
expressi on of marker antigen when grown in uninduced conditions are
selected The vectors are recovered) |ntroduced |nto ceIIs and Bromn |n

—yr N S " 1. . 1 Y



sequences derived from human (AD 169 and Towne) and nonkey (rhesu§ Qﬂﬁazmz
vervet nonkey) cytonegal oviruses by PCR anplification. These anpllgied
fragnents are suitable for use in famly shuffling. Figure 13 shows the
enrichment of a library by subjecting shuffled CW pronoter sequences to
fluorescence-activated cell sorting. gl 1 S E P 2002 WO 99/41369
PCTI US99/ 03023 12 Figure 14 shows the functional diversity and enrichnment
of hi gh actdcbhdbindaNudEie ABlilestofP (B RRRYin PR ST fir8@nitthdr® Wedeidacid
fluorescence-activated cell sortin~~. Figuré 15 shows the |evel of
transgene i Y j L ect ] . ctor that
%ﬁ&%ﬁﬁﬂg} Sogla}a%ﬂ%@'n{ég&ﬁerhlftaﬁtcéﬁé'}&é{: dafhflhgﬂe S%Wp%rgfs\t}gg‘é?

contai ned a luci ~~ene un e control o Sus a

control CW pr.on r..Figure 16 shows a schepatic . represeptati f the use
of DA shuPPITIRGIEhars & o5l sTipe: moptrbmBeronagRy (ol poedeedlsr ) Cpe
sequences are del eted. DETAI LED DESCRI PTI ON Definjitions 10 The term

"scr eeni ngtelife &l yawn peppharakhlasd manepusieas gelispad deadritic £¢liss (Ppithimig the
antigens. Several properties of the antigen can be used in selection and
screeni fhg kel fodihegressncgeivrexqpness cynkintohndi idgntifginglsiells tontainimgunogeni city
and presence of epitopes fromseveral related antigens. Selection is a form
of screeni agohibivint Glicléid acidivict@ad whioh prodiupdy 8ytoRine SRRA@pAt AN Hdecali¢bbeved

si mul t aneously by expression of a seiection marker, which, in some 1 ~

genetic Ci hgUARLRBERS]itAbliRNRe BR delir8X RRRES RpInle coRp4red td e BHiLIYY ¥Emuhi | e
other cells die (or vice versa). Screening markers include, for €exanple,

l'uci fer a.seali llgggt q‘f&%'nﬁ% cg)%lfiq'&%% oanHe &Ec?éi@ aéihlt'cg) fn%ﬁgeeﬁ% d@%}ipetdqh Qnun%%%%%hgeon

mar ker s i ncl ude érug an oxi n resistance genes, and the I'TKe"“BERAUSE of
limtations in studyin rijary inmmune,.yesponses in vitro, irt vivo studies
are part i cAMHA)yORIEBIETeCem BTt Ay s HECIor SoqiirREss R dhes!ls MRFERET s
are first 20 introduced to test aninmals, and the immune responses are
subseqliént Hie desiied esdolpye sialNePat§pr ot ecti ve i rmune responses or by
studying the quality or strength of the induced i nmune response using

| ynphoi d cel | s deri véulafathenaspest,itherinvertenh movided a mathod @fi gitpdspingtaadeous

sel ection can and does occur in the course of natural evolution, in the
present nmekkesling era@ohibdhnt BNRephohieetchy haviig ar altéred eXitigedQUfcCNA or Ti2
segnent”, "heterol ogous sequence” or a "heterol ogous nucleic acid’, as used

herein, is L o hokek st st e i host
ol 1 or, e B8 bn bt Bl el ek T S ol 1R B e
Thus, a heter.ol ogous .gene. .in _a .host L1 _;includes a.gene.th i,S-.endagenous
Lo the par e EUIAN HULFE g OmPr MR AL N A G 7510t R Pl

het er ol pgous sequence in the applicatjons 30 described herein typical

occur s!1 hr &R t“H%le’&s“éldéf‘m%ﬂﬁfr% G¢ Wth‘a.m TH8! mPFFe“‘-tCErOHEeSP K Ripdies aliray g
r 2002 WO 99341369 13 PCT/ US99103022 a DNA segment which is foreign or

het er ol ogoaérecombientcidleic a¢id$ eagl iygonbingy nunlksiccasid camprisitg aregerbiriaph

wi thin the host cell nucleic acid in which the element is not ordinarily
found. ExofdhwpisiiNvaesgiint cilariag chepitesiyed récombiint neclaigenidsi svith a

pol ypeptides. The term "gene" is used broadly to refer to any segnent of

DNA associ gbgiflatidi & Baiin@lifoidrlscleetos ot ithe TR3H codSIBG S dMTEAURET collchges,
sequences and/or the regul atory sequences required for their expression.

Genes al soragliyde 11%1%?21%5,%%2&}%%%{ %?&ﬁ?,r{étgl hd}n per ge%ﬁfmh %%J)n;oﬂ{lé’[bar

recogni ti on sequerices r ot el ns. nes ca taine roma
vari ety of urc i.ncludin g%oni froma squrce % Lnt.erest or
synt hedd 71 Q1% PoReadbitg <8 AL el and BERRLETHFET ) BRI ieondS o ot uate
sequences designed to have desired 10 paraneters. ) . .
or more cytokines and identifying at least one recombinant nucleic acid comprising a
recombinant DNA plasmid vector that produces a cytokine staining pattern indicative of an

altered ability to direct Tyl or T2 differentiation compared to the ability of the at least

first and second nucleic acids to direct Tyl or T2 differentiation.



The term "isol ated", when applied to a nucleic acid or protein, dqpqtﬁ§>zmn
that the nucleic acid or protein is essentially free of other cellular
conponents with which it is associated in the natural state. It is
preferably in a honbgeneous state although it can be in either a dry or
aqueous solution. Purity and honogenei t9 are typically determ ned using 1 ~
anal ytical chem stry techni ques such as pol yacryl am de gel el ectrophoresis

or high perfornmance ||qundye@Bﬁ&ﬁ&ta‘éﬁéc@Rﬂé’mvéntlilﬁ‘%r@hﬂeé/\@h\%hldd%ftpl?&iucmg
predoni nant species present in a preparation is substantially purified. In

particul ar andasr},réeﬁgiga& £do drggirmrltl ﬁNﬁ%ﬁggnﬁEQ/gctB ﬁ’e[Ul Spex{h%ﬁlgédrh%ll t&er i tux\é\@q'_Ch

fl ank the gene and “enco a protein er t e gene of

term"purifi otes that . a nuclei.c d or rote |ves rise to

essent | al | SPIGHESERASD HeroahSd PUBpRRBsaT b er@myliioe sbBe it an s5conf *reans
that the nucleic aC|d or Proteln is at | east about 50% pure, nore

pr ef er abl ynygleif agigs whkd ditfgsipm gaeh otaﬁrdnrhygtor Brose suclentideneachonudleigpeidt 99%
pure. The term "naturally-occurring” is used to describe an object that can
be fourfd ieomiumga BNApkbsinntvectaroto fredurg adibrary iof retompipmoduded abigs,reach  For
exanpl e, a pol ypeptide or polynucleotide sequence that is present in an

or gani sm (iedémbihangnucidiciads copriiag haccopibiiadz DNA phasaid Fectdd @)tal@fing the
manmal i an tissue) that can be isolated froma source in nature and ich

has not begpya} W&ﬁ@édxﬁl@iﬁhﬁ%u%@ dci@dviaya B@ﬁlll!ltfbntdﬁm{rﬁrﬁ%ﬁlt Q1Y sélScted from
natural |l y- occurrlng The term "nucleic acid" refers to deoxyribonucl eoti des

or rlbonuc t i

doubl e- st rgg%ﬁe Cc,(s)o n@ﬂﬁ@g{gg& sspg c@ﬁ |Cieo Tn?eeff 15[{&‘3 8]%'(#% gﬂng&o%laegﬁdonpasses
nucl ei ¢ aci gs con ainin anal ogues of natur nucl eoti des whi ch have
simlar ﬁghsntg% 8par Pradal bR e Bidied) aanéad'en%%c e hrsturing
netabollzed in a maruier 1 1S EP u02 WO 99/41369 14 PCT/ US99/ 03022

si m | at0 t ocyielting arddyciaerceiractivgltiigs PEGD budlow exiometsy sndelastise indididedicelds a
particul ar nucleic acid sequence also inplicitly enconpasses conservatively
nodi fi ed vemit@ning redventendnt feclgic adelg ¢lree patdace o kytokmu ipsdduction prosife mditative
conpl ementary sequences and as well as the sequence explicitly indicated.

Speci fi cal b§T célegieRedtiaBotqh P RecaubSid febdBingnt R eheachds @ @itk fRYecked
generating sequences in which the third position of one or nore sel ected

(or all) c e i dues
(Bat zer etﬁ“fm‘a“ T ki €9 A et B ERRGu ARG, S “39&%4}%2“’@9“3@5 (
198 ) J. Biol .Cher 260 2605-2608 oI|n| et
- 1 1904) MRS A |°Pmprsﬁl&ﬁé'l§ewn%§&adééﬁ‘5 Bhomfydonathid? em&ﬁféa At
|nterchangeably W th gene and encoded %‘ ene. |0 Nuclelc
aci d deri viy@dpgtiom piof d%dlcﬁ“é’fe(-ﬂf@lFBhaamFﬂjétP‘Eiyctoé’éq‘He &ell\ﬂfﬁg%rén%%}‘rﬁ’ﬂ]hem s the
gene, or a subsequence thereof, has ultimately served as a tenplate. Thus,
an mRNA, acamMsed vibe syoking psasiucbertipofidmpradusRiex, thefirskaps secamdievdlee dcifls.om
that cDNTA. a DNA anplified fromthe cDNA, an RNA transcribed fromthe
anplified DNA, etc., The mvahtionddsd predides amethod ofémproving e tigitity ofn wicldgech
derived products is indicative of the presence 15 and/or abundance of the

ori gi nal genevanel e mdRiMe hi HGAE Rbpdrie,ahs HE-A.cophivial ©(19 ré&dhfbidifg at
"operably linked" when it is placed into a functional relationship Wit h

mot her ”“Cleﬁ?%(‘ﬁl&cﬂn S&%‘Ekg?&%% of‘:zﬂ{uc!é‘é&ﬁé‘%achacoﬂ{é)%%%{ clffe LNAGET 1S

operably Ii e transcription of

t he cadi ng er al bl Ilnked mean uences bei.ng

[ ke thr cvigg ?Pg»cl?@ﬁﬂ 165 CARETS36 RRnar et Datppods MM R bR ot ei n
codi ng regions, contiguous and in reading frane, Fbmever si nce enhancers

general | y 3niiger peshtl R agdpssanddams ofrthe ﬁ@clﬁlpaﬁ@tdéﬁferbfporgémgher in two or

more nucleotides, to produce a library of recombinant nucleic acid vectors; (2) transfecting
individual library members into separate cultures of antigen presenting cells; (3) co-

culturing transfected APCs with T lymphocytes obtained from the same individual as the °



kil obases and intronic sequences nmay be of variable Iengths, some 44 gep 2002
pol ynucl eoti de el enents may be operably |inked but not contiguous. L
specific binding affinity between two nol ecul es, for exanple, a ligand and
25 a receptor, nmeans a preferential binding of one nolecule for another in
a mxture of nolecules. The binding 8¢ thée nolecul es can be consi dered
specific if the binding affinity i~ about 1 x 10°i M~~ to about 1 x 106 M
-1 or gredt’s: anthgrideriifying dvpseiah AP Gprdmrassdiichprersaperie peinducingad cel |
indicates that the cell replicates a heterol ogous nucleic acid, or

expr esses [pnpkptyidespmsgrantldb niselatogl @dmbize aclBlphietierddeograbinamunk kicaddi d.
Reconbi nant cells can contain genes that are not found ~.vithin the native

(non- r econBttaant hich ekmibfimphe eg ebpacitiRes ARt N@NmBeNd RspohBe Al SRsCAHA N
genes ~ 1 SEN U02 WD 99141369 15 PCTI US99/ 03022 found in the native form

of ‘the celdnpfil fhrhilf @ERASe RIBIcRE o B AAMh idfisishibd OBMARTL LRt 0 the cell

by artificial neans. term al so enconpas that contain a nucleic

aci d endogenous t he cel.l that s,.been i fi.ed without r.enoving. the
ot e ¢ adrertios et BeCimaiins S ARt B o fordiad ProbcSTRY sehis by
gene repl acenent,,. sjte-specific putation) 5 and related techni ques. A

"r econbi n@AtLEY lééb? tat dumak prdimprpved apbivatioof b limrrhosyten incthe &t primal.s a
nucl eic acid construct, generated reconbinantly or synthetically, with
nucl ei ¢ aci d el ementls anpfaer aspectcthp abieation prwividss ainreghakqfriowsivong the ahility
structural gene in hosts conpatible with such sequences. Expression
casset t es dfaclude @id Veaatto picdibtesisinandnoRiponsdthymethod B8 Sptipihgon 1 U
term nation signals. Typically, the reconbi nant expressi on cassette

i ncl udes gedduddifing affchst iret MQ sbEANTEFADEh AiRIde acid wHIH &nfprRed fnfdlgiedi ng a
desired polypeptide), and a prompter. Additional factors riecessary or

hel pful i ffecti A i I se descri bed herein. For
oxanl e, AnterPLLlRsfRREES R TR BeRE e AT o B Bedi e Bt na
encode a signal a%quencg,that dirg@ts,secretion of an expressed protein
from the RBSgecosf formsslifpniiaReath PIHA" IdWRioR A RULFiiEr L0 PEAHERE SPEIY ghd

ot her nucleic acid sequences that influence gene expression, can also be

i ncl uded irgroarpiegnp nedsic@nidoestoss; tead 1gentifiing oRtihiged regambient ruch¢ gpept i de”
or a "reconbinant nultival ent antigenic polypeptide" is a non-naturally
occur ri ng vepabsspiinjeeinchad libmet effesormbinma gandtit wecueneasrsfintontenmeinidian one
source pol ypeptide, which source pol ypeptide is typically a 20 naturally

occur ri ng oBRiMRE Bimsitic Ablld PaRtthS@E@nthalt Bed Ire;eme@mg rédondliifdi® he&Ikicavigno acid
sequences constitute epitopes that are recogni zed by anti bodies found in a

manmal th . ol : i [ .
pol ypept | QLS ok b ERACLIE Lherk BNE AEERPRARER R AN ST SUEER,
honol ogous_(.i.e.. have the sane or sim,lar structure and/or function),
and are oﬁ‘lgz‘h‘tf‘?’gfﬁv&%{f‘?@%me‘ﬁt?d}"&?@@fc “SEfot ypes, strains, species, of
organismor 25 fromdifferent disease states, for exanple. The terns
"identical" or percent "idntit " n t he cont ext o twQ.or nore nucleic
acid or pol ypeptide sequeht I DESCRIBTI QO T =--=~'- safieages or _ _
subsequences that argide) SR Dlchifific dn08atdi R brachaBRiagR RheaingiAci d
resi dues or nucleotidés that are the sang€, when conpared and aligned for
maxi num COdfchfip(An@ﬁmeger&ﬁch&eﬁudf eettoswitpinohde ofie 3tnioheof the kcombogersequence
t

conmparison al gorithns or by visual inspection. |, ]
indicated. each of which can be native or optimized using the DNA shuffling methods

described herein. The components can be present on the same vaccine vector, or can be

included in a genetic vaccinc as separate molecules.



—~ ~ SEP 2002 WO 99141369 PCT/ US99/03022 16 The phrase "substantial 1Yo a2
identical,” in the context of nvo nucleic acids or polypeptides, refers to
two or noreV9gHEHSes or subsequences that have at |east 60% PEFASEYANRY
80% nost preferably 90-9S% nucl eoti de 1or ami no acid residue identity, when
conpared and aligned for maxi mum correspondence, as neasured using one of
the foll owi n~~ 5 sequence conpari son algorithnms or by visual inspection.
Preferably, the Stmsa@msr@kyslacteﬁ&mtyoremmm&smrmrma“re%grsm Rhudfle sequences
that is at |east about 50 residues in | ength, nore preferabl'y over a region
of at Ieaxmﬂamnwmﬁumgmwsrdues and nost preferably the sequences are
substantially ideg%rcal af. | east gbout 150 r |dues In some

enbodi nents, the SdgiEnt iagrpRy ofrifs apnlicaliorA SWan&névehrtorlef

| ength Qtnétttevaseﬂttygntﬁaemﬁmwf fiR1ci8 SAUE AEAnE RABGH R Mlionk M BLEANLY (O
sequenc€ acts as a reference sequence to test sequences are ¢ ﬁpa red.
Whens usireghl&ose quéing camciothp dike)s are shlufid atntdn:r:reteﬁsd todiden i B varans ehf eghdnces
are input into a conputer, subsequence coordinates are desi,nated, if
necessanypreyed Psmneﬁfﬁcfbr a$fgft§r§et\ﬁ‘rﬁ W@g’t@ém paraneters are desr ghat ed The
sequence conpari s

t he I t th t tit
for the test sequgﬁewg) %%WQ%QV@“&E&Pﬁ%§§éP®§E§§%%§gqﬁéﬁ@§SHﬁ%%%hfn '
the des's@l@@ﬂ@r@oﬁ%ﬁﬂﬁé@& gt%rn%tais%aécncgptrcn%d @&mgr&tﬁrttveog‘hu%mﬂuewes for

conpari son can conducted, e.d., by the |ocal honol ogy aI@orrthntof Smth
& \V\at er ngromaddiovirdyp pCM WhirbmoRr 482sed f&@ﬂmst)atnbypttrh@ehorml ogy alignnent
al gorithm of Needl eman & Winsch, J. Bi al 48 443 (1.970), by t he search

forl%inmilarity methéHreoy Shﬁé"’ér“slci‘rﬁpgai_‘lsﬁh%{ns siptable forgiicroinjegtionf ssaptic UsA

Conp, e Abne Wabal s honB SRR RS, Ple JIEPRUA0T T
Package,paftediddri yCisse 60 TodcedenfacObize nhibetCh RApe s vivoMaélhg BBsed\In)a 90 vely

vi sual |nspect|on (see generally Ausubel et al., |nfra) One exanple of an
al gor i t Herm#ta{Thedips off theipparfasys adetrewablmtngllwradentmeeqqetmeha mrﬁu mgp and

A tschuimgtot Plats! A SbmILRE 2 srgencet g gé%aqné@,ﬁgﬁétl'@%? H8eor m ng
LARY 2|86 s BURL oo nd i L i gyr;rts R QRL AR LD

Bi ot echnof ogy Information il mni gorr thm

i nvol vesirdd ¢fsdboutdbicnt iy DG dmi ghalﬁmommgn seqLﬁeafme Ifddsired, (tl'tBPSl)m’Q)bf each
identifying short words of length Win the querY sequence, which either
mat ch orsagiRlq Egng %‘Eﬂﬁiecaﬁé@|Ct!qCV8m\?alI1¥|6‘€t"‘t{q1“€ésWB¥ Iy ¢lest volymgh EAnspireshiangei t h a

wor d of sequence.,, T is.referred to as the
no nborTBaoeH A e aPat Tl Sin BIARTER AR e  rlgBed B RE B Y
nei ghborhgachieicgiitibs offhe n%%ct&ﬁﬁﬁﬁ: ih@Ke nssue Foﬁéeng:ry, oW 89CREZ69 17

PCT/ US99/ 03022 initiating searches to find | onger HSPs containing them The
wor 30 hi tdiffercet sipesrandshapedarinibe nbised wathrtbe rdagert cdlintargse ast nuengsempyantior as
far as the cu Ia ive aluganent sfore can be i.ncr ased ﬁ%gu ative, sc res

are cal GTVHTSHSRSHABISHSH (o UBBR b oRach S BRIREET 200 ity R pelion Inf

score fof, aR3ddoefl mtfmueae El@%eqyggcct% ¥R/ ] e%txg)t RO flsl RGBALA ¥y SCOT e for
m smat chi'ng Fesrdues ways é sequences) a scoring
matri x isargesed to cal cul ate the cunul ative score Extensi on of the word

hits in each direction are halted when: the cunul ative alignnent score
falls off by the qﬁmtqwrwsnncﬁﬁamée olefamhyrsha Elngy Baundiffaeent stvingehdil at i ve

t l,at f
negati vatder fpare diatbeaighaaie LR ERE" BhhiRsh Rl A PSsRsRER <
reached.yfigg dBEASh smmal §REikel [NgRa¢ aimilies EaWhoRol%@s%u@%ﬁ@idﬂMaﬁm e

sensitivity and speed of the alignnment. The BLASTN program (for nucleotide
sequencesie aisase ascldetfidadthasges commireshigtdthgrionuflogons nupleaxgpads aktieahffe®@nt of

10, a cutoff of 100, M5, N=- arisqn of both strands r am no
aci d sedifgdpeaucl qlﬁéClétArstUB}%gﬂégﬁﬁr@ég%nEﬂra@P greeencd Qigelie eﬁg}t’hdw? Yof 3,
an expe )i Qf g R
Fen kof 10 Bpindl exhibi ARHeqiaR prlpd the SHRIAIRG AT Syibe i SERDERL]
cal gol atdredhriRrdre ¢ittes36 gbRACRrtheLmMiprbyeméie BLAST al gorithm al so perfornms a
statistical analysis of the srntlarrty beriveen two sequences (see, e.g.
Karlin & Altschul (1993) Proc. Nat'l. Acad. Sci. USA 90:5873-5787). (One
measure of simlarity provided by the BLAST algorithmis the smallest sum
probability (P{N)), which provides an 20 indication of the probability by
whi ch a match between two nucl eotide or am no acid sequences woul d occur by
chance. For exanple, a nucleic acid is considered simlar to a reference

sequence if the smallest sumprobability in a conparison of the test
nuclerc acrd to the reference nuclerc acid is Iess than about 0 1, nore

Y T T o " I ~ o~ A o, Y e T o " I N NN A



~ 1 SEP Z002 WD 99/ 41369 18 PCT/ US99/ 03022 the hybri di zation medi 4 t §EP 2002
achi eve t hgfRpiis0d detection of the target polynucleotide SegygRS§3022
"Stringent hybridization conditions" and “'stringent hybridization wash
conditions" in the context of nucleic dcid hybri di zati on experinents such
as Sout hern and northern hybridizati ons are sequence dependent, and are
different under different environmental parameters. Longer sequences

hybri di ze speci fi Eiguray7 siows arexampéhpled vedierdat iaysefitt Bisrrzeniggiteldentifit he
hybri di.zation of nuclgic acids is,f din Tijssen (.19 aboratory
Tochr r (ERER A PR Biate oy oS 4 ol RIS rb o gl d5ids SRAthEERLE e
ivrtlr i I y A {1 A LG of
ybr i i o e e A e Actoreg AR 8 a fepceP U e Bl Rlois Q)
New Yorrkadilsedmeatd. yForimagtyl apphitationggeinis destrablditzathoprodonc ofabdireponel ¢dnens ar e

selected to be about 5 C lower than the thermal nelting point (Tm for the
speci f ik sedduer@ee arotein gethaseells which expresnbieh laveds pHhe Tspsirenkene canieer

"stringent ,condiftions” a prob i L _hybridize to jts target subsequence,
ut 0 REBEREE bhannBelbiRE Hhseuleli i B abtrist Bt ERRRheG dreman ¢
strengtdiiabie rdfdrerbeNRiifdlude, Tordmple. BTE2 had HELL ITOHYRBES. hayl%b%a@@aﬁo% a
perfectly matched probe. Very stringent conditions are selectéd to be equal
t o t he rEgiohos typiqadytplacad dowpstodae ofAhe espomer gensf (SS40 prdeatis Hiusiratdd z dFeon
conditions for hybridjzation of conplenentary nuclei ci ds whi ch have nore
than 106CEBARN aKRMANYF 3 ESPRAIEPOBF e e daiereh capteg) (CRE Bregn ThersEEKn bl of

is 50% hde, wi thy 1 f [ t : ol j on being
carri e0 rgﬁmbm\;lgsfﬂélﬁgeﬁgh&léé@q %pergrgﬁ%? @%@' )hill[g}%\fwsoﬁ' rg}srﬁg$rllpm\?v\;afs"gl@g§r1%i tions is
0. 15M Nafectable ridfkef Qfan@i9sih/nkomytiiltEsiSianAYlis SK&WR), @n@brigink iofg@Ncat@Sthar
conditions is a 0.2x SSC wash at 65C for 1 ~ m nutes (see, Sanbrook,

i nfra. ,aré¢ fmctiovass mammamndS Vagor ahdler pactefialdpUCeorhiqghs.st ri ngency wash is
preceded by a | ow.stringency sh to. repove backagroun robe. signal. An
Pl o i am ot PGP A HEar o ARBRDE (o Cveang OB of iranby

nucl eot | L Sc: 1, : § 1 e { ngency
wash 1 grooipetfiside INECEh it ot oy SR ExcleciBn “XCBR SPER 00
for 1~ promates ucleiRracidiqrésenr mpprdpeiate vectdrois tratf3 fdcted-iAtonthie celts, aald those
stringent conditions typically Involve salt concentrations of |ess than
about Icells Mhighrexhihit thelerstenprgssippadtmarkeriantigen Wievgrer ibwniadirednt r at i on
(or other ,salts) a Q. to 8.3, and the tenperature,is typically at

| enst dgoaiessete SR, dne vedint Tt sR0vels n SR Y SuhvaBo i he

addi ti ing! blsi ZTHAGe AURMhA eRPBs AR Hi SRRV A rhdtkSeNfiuh ared Signal to
noi se ?g?%n%g%c@@%ﬂgr Z[maghgeg) thaenblriéhsat oll)*served for an unrlé’l a{ired probe in
t he pargelectddar 1 1 SEP 2002 WD 991413® 19 PCT/ US99/ 03022 hybri di zati on
assay indicates detection of a specifig¢ hybridi zaﬁqi 8? NUfI_ei c aci ds which
do not hybridi ze Figueatprogidssp sehrmatic<tirgrage@ memad {9rgrvelvinga genqtic
substantial Ly idepti.cal i e] pepti des which they encode are
substan‘%aicglln[s)%eftg%r?tﬁ"%gfqveérﬁl;asl%g@géﬁ's, e.g., when a copy of a nucleic acid
is created using [fhge 18X 4T gRGRANOTIAGANAERRY spQidités cfdhdimhbdageagyi c.
code. A furthesr i@ Glorhdloid® (ONOHaLGinASED BENURNE &5 B¥o BOhlE3ept i des

are substar? -Biﬂl(bﬁgTIgﬁIQb'Scé"anii? that the polypeptide encoded by the first
nucleic acid 1s 1 nol ogi ca §/ cross reactive with, or specifically binds

to, th | ti ded by th | ei i . tid
s typical Ly subSGE i 4 5IEe8 ep%ﬁsle"ﬁgg %%”‘%egﬁ'ag 16l ST Cal Bpgppeert e
exanpl e) V\A:ﬁé(’f‘@et(ﬁthIWoNQé N dioPHEEQJ by) conservative substitutions,
The phrase "speci Figaal 1Vsho®fs aseh@riticv/sreyentdionds thop@mAaTdnhatyer/imfon

"specifically
sequences derived from human (AD169 and Towne) and monkey (rhesus and vervet
monkey) cytomegaloviruses by PCR amplification. These amplified fragments are suitable
for use in family shuffling.
Figure 13 shows the enrichment of a library by subjecting shuffled CMV

promoter sequences to fluorescence-activated cell sorting.



(or selectively) inmmunoreactive with", when referring to a proteiinl 6EP 2002
peptide, refers to a binding reaction which is determ native of the
presence oV@PA¥I3Fdtein, or an epitope fromthe protein, in tHMdPIELeNCe of
a heterogeneous popul ation of proteinsiand other biologics. Thus, 1 ~ under
desi gnat ed i nmunoassay conditions, the specified antibodies bind to a
particular protein and do not bind in a significant anmount to other
proteins present i irbe43REWE fhe IRRIGAR 4iNOYItEEnd BhS&n AR ARt Al ti val ent
antigenic polypeptide will generally bind to the proteins fromwhith one or
mor e of CMié pepnotepasbtaeedby DNA sledflirgpfetiofved blyi fhubresgetae-aon varat icblb dyrtinnder
such conditions may requifre an %ntib dy that is selected for its
specificity for 2 ‘@rﬁgﬁﬁﬁ%‘ﬁ?ﬁ‘t‘? f)‘feéf)gfrﬁ‘?SSﬁ”‘?/S’FRréisgprb?b‘PWﬁ@uHB%.%say formats
may be | _ . . . Ve wi

part i cult b8 FekiohBe s 0L EMmaERTRAhEF ACHHEEE ERELINEAAT o8 o
bl otss, shufflearisretd §bmhﬂrqjmwpm.@bm,routi nely used to sel ect nonocl onal

anti bodi es specifically imunoreactive with a protein. See Harlow and Lane
( 1988) Anti bodi edigure Lalshewus anchelvmtig aepregotadiogmfitheyusdcafiINARW flicatd ons,
New York 2~ "Harl ow and Lane"g_iv .c{lor a desc%i on of in%r:}}:?r]oaasay formats
and conBFErYRETGIRAET SeqHeRRSS s Bl chdnges S i HEUFRTE FTitifiSfeact i vity.
Typically a specific or selective reaction will be at |east tw ce
background signal or noise ajgkTRIEEDWESERIPTION than 10 to 100 times
background. "Conservatively nodifred varirations®™ of a particular

pol ynucl eoti de sequence 30 refers to those pol ynucl eotides that encode

i dent i cBefiBitianssential |y i dentical anmino acid sequences, or where the

pol ynucl eoti de do g o2 ] ' RS, J
a2 Vo 991 41360 136 BErLLB0N 53059 a8 I erford AR thPidenfes ol

Becausea@igenbeSergginibpéiiePdf thh entieineiah beGOEPin 1dctibgand vere&tin®including
functionall y identical nucleic acids encode any given pol ypeptide. For

i nst ancentigenexprdsing, Olding, 6@ABj litgGAMOEBEZEnLEA and presABE ofl dpitepesaliien tskeeralmi no
acid arginine. Thus t .every. posi.tion .where an.garginine is specified by a
codon, %egawnéa#@et}%n et TBEm P8 SeRERiBR i welcgda?rggfﬁahav ARl RS

descr i bethaitlod ot adlibed difluidiRoGlly BYRURALIYPEPE Leriot il BLGHELE iR Cle
variations are "silent variations; ch are one species of

" corser gaidticelirgumotintésedllovey ¢edlsieapressing-thermganiet yranevieo tvhile ogeg uelcdie (or
descri bed herein_which encodes a pol ypeptide al so describes every possible
si | ent VEEVEISBbnSCresuBs Mapisas Mchidrelel cxampis: Waiferape bsta-galaqiesidaseiand ecogni ze

that each codon. in cl e i e h:i8S..: rdinarily the
oty codtirt Pk BaftéRe Scfesfoh i Fburerkve MY Rl RafloRb R, e

i denti Cee IR Fash@scOf ImhieddAL th §t8€1Ng aHARry AR tadPbikes BAGH 0, B hfNt
variation" of a nucleic acid which encodes a polypeptide is inplicit in
each deswdidsatt patjodadye usdfulscheenmgrrasthode lnftheseiskudies, e anggenprg éirdthat

i ndj vidual substitutions. deletjons or additions which alter, add or. delete
a si%g| e tadeat apmals.ciRgithe [RmERAECSRNsE afféua?ﬁqﬁsmaﬁta@eé DY BRRIXFRS | ess

th 5% -yl cal - O ol -
an rd?@ét@ﬁ&%%tﬁﬁr!%%ﬁh&%%r%?%ﬂld 'gn%le ﬂuﬁﬂK ?P Q{?Q?éih f théGhR&tced ifimune

"conservativ variation ere t alterations result 1n the
subst i t wéspoiseaisirgnyaiphoid il deriwddfreamchemmanhizyd snimall.akltisough apeatatkous
Conservative substitution tables providing functionally simlar am no acids
are wel belpgfismreanmnd geegpqcur hibe conise af Agural geolytionis thepmseopetiadsani no

aci ds thqt are consery tive substitutions for one another: 20 Aliphatic:

d yci ne & OMAP BRS ﬂ%“?“i‘iy,m% ine (V), Leucine (L), Isoleucine (1);

Aromatic: Phenyl al gréRgehdus DNAI @Mt Mie{erarogsa@wa@en&ev\)o;r a “heterologous

Sul fur-containing: Methionine (M, Cysteine (C; Basic: Arginine (R,

Lysi ne qlgleickicst’ ad weed (hefein, As Dok that dugiaates fromca sbur® foréientathieaaiudhr( E)

Aspar agi ne , G utam ne . 2~.See_.al sq, Creighton 84) Proteins,

W EE By berwet abr TR AB, SEIeo i HAFS GPBLAS BNl Fol O de. I n

addi {1 Ofereld1gdotlsBeAk iPHREY cbH iAcATtRs adRhe HaP Renibedflilt bd RDaHLLER Bkl g, add
or delete a stngl™ amno acid or a s percentage of amino acids 1 n an
encoded baekpsReR nivdefi@l. Modifianivarofathewedly gomchuatte\inthiedppliostions ‘

30  described herein typically occurs through the use of DNA shuffling. Thus, the terms refer to



A "subsequence" refers to a sequence of nucleic acids or am no Adi o %
30 conprise a part of a |longer sequence of nucleic acids or am no acids
(e.g., pol wpembisgled respectively. ~I 1 SEP 2002 WO 99/d 13&9r/2399/03022
Description of the Preferred Enbodi msntlzs . General PCT/US99/03022 The
present invention provides nulticonponent genetic vaccines that include one

or nore conponent nodul es, each of which provides the genetic vaccine with
th i siti f ) i t i teristi isef ul
1 gonetd BNVLRERTFat MBIFh T REIER e RO B P HESo: Gh PE G LS VAR HUBY By er
pr evi OUSdL%otsH%%%ﬂﬁﬂ%é ost B&1F hil&8rc al-ﬂ:iﬁg%nc}\’&% manVh t'&B@?g@fﬁan accine,

one can aln an inrrtune response I's particularly e ive for a
parti culENogenls DR RBmeAtsiid Expresspo feyieldosdgbhdus\watiepedaan, for exanpl e,
contain a conponent that is optimzed for optimal antigen expression, as
wel | as a 10 conpohenhtermpgenednfieadorpagly v ederdtetany segmentel YA dsweiaedr

| ynmphocyt .es Ls nhanci ng the present.ation of the antigen on

donar 112 apol e g TRk et dnt SRS R Ben ol Me BERalRY | peo
herein. depuael tdganad fRMRAELIFR sfon. (RAePAISS RittudeMoBBEirefe @ DAVA d8snémt hods
of obtai ning conponents for use in genetic vaccines, including the

mul t i cornthanéortexamplec faresrecdgni tidraseqacmcendoreotbérf proteinse Genescaan foerabitaigedafrom
desired i mune fesponse property ug‘%n a genetjc vaccine. The nethods

i nvol ve LYK Algsoarqes pnghidingrClompg MM FRUER ] 1BIECH OF SHAGHEIRE FreBnfINg ™ he

library to identi 0 |.brar r | bl
capacit yor'(t% 5&]3%%@ 5%&/u§h%e§1?orljédél %Bﬁ’o%lg ﬁ?ﬁlﬁ g‘rﬁl tegg(é)léeﬁé?% QASLO%S g?% gmk%ﬂegggd
recqubi napiméel ei ¢ acids that exhibit inproved properties can be used as
conponents in a genetic vaccine, either directly as a 20 pol ynucl eotide or
as a protein that Tkespnaisetadedywdrpeppliddda agiuctheacid appreesin, danetesithataci d.
The properties. or. characteristics,that be ught to he i.red.or
nor oved i iy P s Bep SRy it tms e s e R ife. For
genet i C AQCSABE the NRAPHSERA E%ét%ra'b[}/cinuﬂ%rﬂé%%ustétit@%lthﬁﬂ%’hﬂt il #
expression, Inproved stability, higher specificity targeting) higher or
| ower f redtheeadyy afaquategoattionnPunitydnd ddnidgeneripare ggncaiytdetemitddeuswerct or or
an expression product thereof. increased | munoaenici t%/ of. the anti gen,

o}

hi ghér eanghaisal chsmbstriglepianipressueh as paliecry s gel eleotneehorssispehighes f or

whi ch opt m .00 J: i.red incl - i i : ' se
to be mot PupRMs S PRt Bt E 5l S Peaninlh T ek SRR
vacci ne sepRenats Subdtent a9 \Warified An@aftecular, dBoRtedE@he i CEFRARRINSm GpBn be
included in a single vector nolecule, or each conponent can be 30 present

in a gerreading fraves méhidhofiankl the igome 2l encedpapenteinpphesdidnethe gene gf igterest’ 2002

WO 99/ 41369 PCT/ US99/,0302 2 In the nethods of the .invention, at |east two
Var bant T T oPUSIT, CIeBREs T & Pup G BRbORRISH oS Potlic@ St Bap yo5T
recogbi nanh e'iléé%gh&reﬁ&?&sl)ar_%hﬁh I ® miagumaciesnerid fid epiotdiy iBh iéRast one
reconbi nant conponent tThat is op%ll m zed for the particular vaccine

pr oper t yaboSefife paee, newre phaferablycn leaanaboat &5%i peve cind moshpyefetablyer &rast fbontrat s
and 5 per mut ations of formats, as described in further detail bel ow These
for mat s $aPéesone comon principles. Afamly of nucleic acid nol ecul es

that have some sequEnGen UaAHIHYoldnhes RIE Bl hicheLe bk LhFoPspance

of nutations) is typically used a strate reconbl nat1 on.

liven cyialture 8¢ @iFhhAdFHdn? Beit @ Artdidially prodiiosd B mah \Hor leRampRY ﬁg_@@bémi@rdry or
extracellularly. Furthernore, diversity resulting fromreconbination can be
augrRént epblymuclectidasgqueped dabig pagsehljinrig QPeamsm fec vrusasitbagiénagirgtoged,g. |,
error-prone PCR or cassett.e nut nesi tqg either the substrate r.

pr oduct sT31°% 8 ﬁso‘?rﬁﬁ?rpﬁﬁ_haq jis gﬁ‘g}af %&%gdaﬁgﬁeégr%aﬁgwc? Hb?%@’irépmar‘@ﬂ‘é}?ty or
char act efdsSiot GedndftABoRflY AYGHAbY Fhartilthe AbSHAGHSs ﬁé/tﬁxlaﬂyfgcchrfdngyt vo or nr
vitro reconbi nation, as when using different, vafiant foifnms of Che
sequence, as honol Dhs tehmomudiefcf aidnefarnth dedodyabenusieosiiessomsbapiuclzntidesgadi sm
or related sequences, fromthe sa

polymers thereof in either single- or double-stranded form. Unless specifically limited, the
30 term encompasses nucleic acids containing known analogues of natural nucleotides which

have similar binding properties as the reference nucleic acid and are metabolized in a manner



15 organism as allelic variations. However, recursive sequengq sgp g2
reconbi nation, which entails successive cycles of reconbination, can
gener at e f wd bgsizggprovenent. In a presently preferred enbodireEmusooobi:?
shuffling is used to obtain the library,of reconbi nant nucleic acids. DNA
shuffling, which is diagrammed in Figure 2, can result in optim zation of a
desired property even in the absence of a detail ed understandi ng 20 of the
mechani sm. whi ch the particular  pr rty.is medi ated, The.sybstrates for
b o modiHIER Regiralbrocebamgeislotios s HieruRe gt i B Goes
the propgityenadbiso ifphed eatim s QbR aYRdy nfouil eitials hiaRdr daj ©
substrates r acquisition” of a property or |n%rovenent I'n a property

i ncl udedegenatatasstionabstitalionsgahdeamplea@dniany ganehts andes iwel isahe s@men&l | as
nucl eic acids that are involved in nediating a particular aspect of an

i mune o¥plicatdypbdicatedrfececdlbcdegeagiate eoden substitiongonyybe achictedrtys of a

starding substrate, The variant farns. of ndi date ¢ onent s, can have
subst antri Rl aReses o MBIsh IR Tidn et Biestley ST Tu GedoSer
but t heyyiRautdwathsRixeifhed addibrafeok Aasding MRiRRS (B4:20%: ol R8I 1Y NulcMic 4c1d

di versity between fornms can be the Tesult of natural variation, e.g., the
di f f er eRes.vi&r bAdL; Qlusulm 4 b8 ) Baw eClodnt. 60e A60T-2008] iGharlent:/. ( 92y dual s

St AT LB R B, I BRI SndRaRl Skl T
T 1°s eieehRaiarinf sl SNA I B Yy SRR ond vari ant Torm
cani(be generated bWwRldi®hcipdeomed fFEAACThPT tedens tsdalciRie &id &riveio@e one PCR or

use of a pol ymerase which |acks proof reading activity (see, Liao (199U)
Ge~~e 88ymbesisithe gene,ofr atsybsepense therepizahas plommnatelyserveg as apemplatei Shusshnt he
first form.in tator strai t at or t_cglls are discussed in further
det ai | BNy 2 SRV Biseatznristhet onger BRISRart RN IREREeE FOR Treiy Aohe
cycle ODNRRARNIRY fin 1 ENAOH RRIA #RISANE oAkt SR UF BN 0! ARG Y OF
characteristic. IT a reconbination cycle is perforned i1rr vitro, the

pr oduct dendfed feonhe patd and, detecdon of awhrderivad preimgrsenisijcaare of drgireserse

introduced into cells_ befaore the screening step. Reconbinant segnents can
al sb be 2n¢/ak alindanegofHRp pEBINALEGRC RBA(0H EeRfy IASRER! InEidMPler y sequences

before screeni ng. AQuALkSLIANHEL Yo HRRENCH AL £ SEOUPRIFL FbagRer ated 11

vitro are sonetinmes packaged as” Vviruses ore screening. reconbi nation
i s perf egla@shship Witk @notheCRiEididadil e8quehes UESSingances @ pRdrhoRs oPéntaféeened in
the cells in which reconbination occurred. In other applications,
r econbi npemblydinkedits agpdingsequeoced 1f inoreasdsdhe shnssnpuion obheicodmigl spqysackaged
as viruses, .bef.ore screeping. The nature af screening.or selectio
clopends URARMAITERLREHT R RE s Pemed G BB Heliy samGpioEnand
P ORET t Yyidke FAREART &Y ot} two frBfei i dihl tIRIRY &R BlobSatOHG8hdi gany
exanpl es aree %i sc&gségﬁtﬂgfooév. eIu){\lml sﬁ%oe{gnfjsugf{l:ﬁ% (r)lecaessary tlrcl)gt‘}%ﬁler stand the
nol ecul &ovest,Sirey enharchrspntiatiy fiarction scheatssparhted dromritienabmorer biysevsrbl nant
segnent s) have acquired new or ingroved proPerties or characteristics

Y

rel at i v&lpbasenandingonicigqpenceymay bgwé yarighie lengtispsame polypiprdeotidesigpsme
vect or %ﬂ@tﬂﬂ%%r %nﬁ&ﬁgg%gp&nﬁgﬂgﬁgces each having a different intended
I'n a

role (e.g’, ¢C sequence, feg ory sequences, targeting sequences,
stabi | i ty-conf erriQgp&eRdBMERS, affifiHPaTREN had BiolecaRBURD@REMpREE UBARESJ
affecting antigen presentation) and sequences affecting integration). Each
of 1hese repponmeansepefresizl badingeoflameineeleairid foramottsr rrea mektind ¢faneousl! y.
Scr eeni ng/ sel ectj.on .25 can then be perforned, for exanple, ,for reconbi nant
Segment STIRGHES aE hiREng 26U BN SORbTAT A ST OSPPA LA h e St nb R ihou
the needyi @ & 469 L & Mk&ixwwer@%;e%&_ any of the individual conponent
sequences of the vector. pendi ng ormr the particular screening protocol
used for a desiredltenetegombinahi’alhenowsed syitlofefgenceaniang!ldadicsesmhti thes be

performed _in bacterial cells due tqQ high 3U transfection efficiencies and
ease of celirenlicates pdetarologeusduiclesmeridt B EXPISFIRsS RePLide PERIDIGID SOFRYSA DX Re not

anmepabl 0 [ eeni Ln.bgcterial c - Y, i ~ ~
B Bels IR Y5 e g REA kB G5 e SRRt S P B! B
reconbi m@@ﬁat%gﬂ&m&omnmefohn o heERRYll ReFUTERhakt REE chrPalkddbniaf dehed I

i ntended use. Final rounds of screening can be perforned in the precise

cell type of intended use (e.g., a human antigen-presenting cell). In sone
i nstances, this cell can be obtained froma patient to be treated with a
view, for exanple, to mnimzing problens of



5 i munogenicity in this patient. In some nethods, use of a gpheitifc®accine
vector in treatnment can itself be used as a round of screening. That is,
geneti c vacWiorl/44¥dt ors that are successively taken up and/ or PEKPFEREER by
the intended target cells in one patients are recovered fromthose target
cells and used to treat another patient. The genetic vaccine vectors that
are recovered fromthe intended target cells in one patient are enriched
for 10 VBEAAImmE RakvEIRHR STIL Wflwhéreflr the YR PERIBIITRA datl.ilYod BEHIA) Ve
reconbi nati on, toward inproved or new properties or characteristics for
speci f i ahepélake artifloial noani Tettyrm alsalehéorhyassasndilk kieat bodkain alhel&€e keigni ng or
sel ection step identifies a subpopul ati on of reconbi nant segnents that have
evol ved angdpegnpua sy thiesiet! ithay hag begnqaodifed wighppismoyers the guplespasid fromrthd 5
properties, useful ..i.-n genetic.vaccinat.io Dependj.ng_on t.he screen, t.he
Pecondi ri: SEhgtesilaa ThuSae PEE ARhRE by BEBTERLCORR, SR PUBTRRERE s o
viruses Qi refabRreMsqRss, or in free form Mre than one round of screening
or selection can be perfornmed after each round of reconbination. If further
i nprovenent in a pAdpercmpinst demesseah) carseticd as simpip aarfexpressadr gasset20is a

col | ection_ of r_gconbi nant segrrtents surviving a ff rst round of

screeni MYIClas adt icanstaich SeREIRIEE reqombinaniiyi sy niglicAilYo ithawslets #rad FERIEPhese

r econbi pe I j ' : ' ous
ceqnent SRsse SR or ARRURE R AEQTH HchPaGRER AR oMt S RESHRLY o1
Agai n, rReeeHenakkeste caasdesaitlide A ildasOpromotdis Whd Optidrfally hearREBYHAUS
screening step identifies desired reconbi nant segnents as conponents of

cel 118, ttaanmatigosigodient spically, e rwodnbBRRIEXPIESHIGN CASSENE Hsdidss aawiclsie dond vi vo,
or can be ,subjected to further reconbination in vitro. .or can be isolated
et or 6. (BRI (pGutdubit agd ERERALIG e RalpbhfiodngdBampeer { | he

pr evi ousa §&iti8e4i fAdoRRPess A9 hbip®ist i @BkEaTk IxPEQABRKIA 2l SCBORMISsIdRs ke d
formor as conponents of viruses or other vectors, these segnments can be
i nt r oducledteinnFar exatripe, o eppesstomeasetzunad akb includd mecle@miesbqueniceothat The

second round of, 30 reconbi natjon, irrespective how perforned %ener at es
further §EEeHHSIEARLSCIugIE that dwtéﬁeorenonloffngxerq&ﬁégRygtmfrggl/thi 8g celj.
PCT1US9 022 .en ) it | diversi e i.nant
ceqrlint s ROSTIRECHAe T Onep el S ns st either s IRAA TS sdeReh ST st  on

can be f@ijeQ@wBsdivn, Eah dlsbBRMind10aHdnQh ckpfe80h BaFss@d. ecti on according to the
principles discussed above for the first round. The S stringency of

screeni ng/ sel ect i oA ‘zativdentaptigenie golypentisien or a lirRgembiiagbmuftivalenat ur e of
the screen. and the property bei creened for c ar ef ween rounds if
 mpr overBEsT PROPEDUT® BHemBrBReRY Seeng it e tgr WP el BRRRe R8Pt han
one new Qb AaRkes frohSmeRSthadene fMddd ;s@?ﬁéptiaawmsh QéurE@?&S‘Péﬁlﬂfe'iQWﬂy a
screening can then be performed until the reconbi nant Segnents "have

suf 20ci emttiinaligwotwreidg polypeptider At tdast sbewi afable regwnsofidififerentedni® apidoperty or

function. Il1. Formats for Reconbination A nunber of different formats are
avai | abl ¥AB§NCRACLIFUGHE cRitapes thah pre Tacogniged by ahibpdics FRINA AR & maremal hathas 4s

o o et e A 6 TS BRI S e

"' evol veepitopdd MedeledRBeSualWIInto1BEAS!TT. 8Shae th EABE6s a Bitilar gei@uel andlorr S,
or even whol e genones (Stemer (1995) Biol Technol ogy 13: S49-553).

Rei t er at fupetion)carskare pftee Hombdiffgrand isotats. sTPRPES. SHRISE| Pe¢iro@f organism or
perfgr msg to.éurtggr evotl ve the nucleic acids of interest. Such techniques
do rdt r O i HerepbdISeASe Nates PR YEFs and conputation required by

COHV?TBF l 0?@' et hogfe fepns PRIHBEITT bSer8 HMRRAIYNUin (BOBEté:dtdd twb P Whrd he
reconbi nati on

nucleic acid or polypeptide sequences, refer to two or more sequences or subsequences that
are the same or have a specified percentage of amino acid residues or nucleotides that are the
same, when compared and aligned for maximum correspondence, as measured using one of

30 the following sequence comparison algorithms or by visual inspection.



20 of large nunbers of nutations in a m ni mum nunber of sel ectnthE%@%?s;
in contrast to traditional, pairw se reconbination events (e.g., as occur
duri ng sexy¥P 99/éi369 cati on). Thus, the sequence reconbi nati on PEPRAIHILR
descri bed herein provide particul ar adygntages in that they provide

reconbi nati on between any or all of the nutations, thereby providing a very
fast way of exploring the manner in which different conbi nations of

nmut ati ons can aff Si , I Lo s [ ?tn&fe@

structural and/or eﬁf ct?%ngPﬁéii% t%??ré(ﬁngkﬁi’ sﬂggg:c?’g% e mhiocrﬂ{a@?/?ﬁéﬁarh not
requi r egolypepsdsguriiee t¢ ecoobmosd sequencps ovsubasquppey thanhdviees 1281 60%,

nmodi fication of the technique. The DNA shuffling nmethods can involve one or
nore of Pagferablisd0% omestdirefeeabbnpO-Apin wistandige op amigs acid resiguemidgeutycwhen i vity
as well as to brgaagen(f1 §cifi.cityc. First, DNA 30 shuffl.i ng carg1 be Herforrred
on a si TPRAFETEd 24gREh R JraxrBU R R em PHFT-n ABICBYHES UijaR 28< ohifiefaliowmg
ideng i f ls&gm%e 5&@1?)&%@ AEIARME 8PPy Wshi iK%Morﬁl%fe?ﬂﬂﬂsthg§n§l§‘s‘€ant1—5hﬁ1§ﬁtit€}enes
can be 1 SEP ~pp~ 99/ 41369 2G PCT/ US99/ 03022 synt hesi zed and”

shuf f | edx&ss evef amediyn of thecrpleangss thaois seleasttaboaciivtssiaes & length, tivee desi red
activity. %g shuffl ed e?es can, be irQBtrogucedclnto appro riate host cells,
whi ch cRAEPRODIRNET @ regigN 8 §ielgast abpytdN0aesigdupsgpnd mastRIFiezally dhe seAbeRcRsale ke,
and tho ' : : [ tyi : bg..i ti £ t S
Gescri beaPRatlan S e s 2B e B 1o O epoBiin P BE FRRARET 1
genes t had subsnntgally Rlenfical @sér B eptirepaidtly ofiRrtodingaReions. vacci ne (along with
ot her genom c nucl eic acids). For whol e genone shuffling approaches, it is
not l@ven necessar yrarseqepnae Wrypamoahtyg@ngx on¢ eedieneryacih af & refdrentistqeeante
e.g., bacterial cell or viral ge or{ﬁ are conbined and shuffled.to acquire
r econbi fAMMHUEHSPRUSIErYFeCATIPArSY; | @"r" Y%t Fe%’l"’“f%?%ﬂ%‘%ﬁ@é‘iﬂrﬁﬁma‘“‘

POl YPePlhGecRAYE sRRANLGR: BBl intd/a EAmb RN GELRAuLTTRUE i RRBORI GesiBiurds)
measured i n any of the assays described herein. Fourth, =

pol ypeptif seesvacyydnd gegenesalganthbeprogrhom paadictdre dret desepnateds Tiwtsaguennal
diversity not, present in any naturally occurring, gene. Exenplary formats

and exarfpreparisqy algeriiieniien cRIEBIAISE fit PAFEN! Setnenearidentit for Fedfestseaienona)
NURS | rai G0 0 HE b QironBE sdREEEAed BHIRLUMbn RS BRFN paiERERL DD DY L he
ors and CcO-Wor ndr ng ap .

S
present nventol ers'n co-pe pPications”U’S. Pat ent
Application Seri a'O%thnB\balngﬂ{eﬁQ& ésllencfsé fedohparibed Yanlbe cobQéted SE5.] B* No.
PCT/ LJS95/ 02126, filed, February 17, 1995, Serial No. 08/425,684, filed
April 18he egthon8dpgyhighiothnpef SBith &7 AV at¢imand AQet Anpdr M30) 214335 19%b)% bytheNo.

1906, SHpFIRloRA BRI b NEGTHRILH BiniiodaHiobdliphAbigs 1578k =

PCT/ US9 £ ' LiS8hi abyoNox,OBLO59, 400s /o i 46 20,
1996, odeeft it sichl gﬁg’pﬁ%@gé Og?faerﬁ%Lyﬁ%h’? 0%8@’6{))8 &l sk :)éssf%dfysm,

filed Sdppesibey caimput@fd infpdermneadtatidms oPClese hIgdTitHIdS0OAPf BESTFERH A3y 26,
1997, and Serial No. PCI/LJS97/24239, filed Decenmber 17, 1997; Stenvner,
Sci ence PAGFFIA in thyd¥jscorsin fsnslicsSofiware Pagkage.daenesics §omppigydyrousst ¥imer |

Biol T 13; -5 . i .S A
ol * 107arefBp Ty Mg Wi VoD R on ¢ Sfepe Bl 4o 48Bhsr Ao o
al ., Nature Medi ci@Qfe &andpl® of &n alBofithhPHa) is stitabierfor @teriningkéene

Bi ot echnol og7~ 14: 315-319 ( 1996), each of which is i ncorgorat ed by

Ir_e]l‘3 er encequance identift indetequéroe Simi:larbmi%)'bs@iA?T higorithsn hellishfipdesobibed ini ng
nuces o Skl Gelor 0ol mASHPLFELPED) SRlineks 1 melorting BPaR T ey, "
honol Ogg%’guﬁllf'cg)g_gﬁiﬁﬁfé tﬂgau R&ld Hz%’cﬁ{a@@%\?rér f&@btec%lowgﬁéﬁﬁt@& , 30

ol i gonu ot recte tagenesis (for review see, Ann. Rei ~.
Cenet . 18tip A28+ 62bi.nlnkEBEpy/) Bitstatgorithmdn Ghleed fisst idsatifring RighX@oridg 93- 1201
(1980; Carter, Biochem J. 237: 1-7 , .
sequence pairs (HSPs) by identifying short words of length W in the query sequence, which
either match or satisfy some positive-valued threshold score T when aligned with a word of
30  the same length in a database sequence. T is referred 1o as the neighborhood word score

threshold (Altschul et al., supra). These initial neighborhood word hits act as seeds for



1 1 SEr 0102 WD 99/ A369 PCT/ US99/ 03022 27 ( 1986); Kunkel, "The[b#it&i ety
of oligonucl eotide directed nmutagenesis” i~t Nucleic acids c~ Ml ecul ar

Bi ol 0g3~, Be®9vm@iyand Lilley, eds., Springer Verlag) Berlin ¥KCWO89PB)03022

I ncl uded anong these nethods are oligonucl eotide-directed nutagenesis
(Zoller and Smth, Na~cl. Acids Res. 10: 6487-6500 ( 1982), |hlethods in
En~vnol . 100: 468-500 ( 1983), and Methods in 5 Erz~i~nol. 154: 329-350 (

1987)) : i - iy £.4 S r.:er . ci ds
Res. 13 MDHE bR o3 R CreRE B SRBARANRYS MO A iRl Mo 550°
1985) ; Nakaswmytioandliongeatiesdquededbr adar ds thideamuldtivehsdAnRa0&ofe &R8R) ;
Sayers et ul.) Nucl Acids Res. 16: 791- 8_02[( 1988); Sayers et al., Nucl.
Aci ds Rescreassd. ghmnigdative(scorggye calenlatad usiagi for nuélaetide seghénceprihaparamgters

t enpl at Kunkel , Proc. .Nat '|. . Acad., Sci. USA 82: 10 492 (1985) and
Kunkel Sﬁéqwa,r chgfﬁ%rdaspalh%ﬁ@-vme.re%%s’ %%‘?Y%é%%)a?dﬁ?%@%gq%e i ng
gapped i x i ' cormtfhacyk 4},
Krantr anarErrror R RRaL B B o i 30 S5uRGes, Hosopma Bulen L
Na~cl . AridfatRee. cuhfirlatii2G¢ofcl WBansionasfdhdmiotdzhiet inadach diYection ar® hhlts] Wesn: 16:
6987-6999 (1988)). Additional suitable nethods_ include point m smatch

repai r (ke swrlabye glignmens sporgdallsgofgby e quaoliv X from itsnaxgepedichieyed ng

4a51- 240315 SRRSO a2t BF oy gue 1 W e bR EP e
del et i O ROIdeiRk Tedife diRAaTcard 6Nthared e Bitkafstqudidelis reAtieds TRRBLAIT S

115 ( 1985}), restriction-selection and restriction-purification (Wlls et
al . JOPhidlgormhaymararReteSol¥, TLandX dategmine the Senmsitdity1:0@6pred ofthagbgmsers. Gjc
total g hesi s nbiar. et al., Scie~ice. 223 : 1299- | 301 ( 1984);
20 Sakaﬁ@f’*%ﬁlﬂ{ﬂsﬁaah OT RYfdgOLIdR SPQHEnpesd UsesAs d@&’é‘i‘-s @W%?GPSQ‘S()“?) et an et

ul ., Ge~ ; ( 3 NSt t : I . 13:
3305. 33167 %g%??@%%ﬁg ’ %g‘?‘%%%%figg’n&?’ﬁ;‘é%@%%%’r é’ﬁé’ﬁ%sgx’/oéﬁ%g%ﬁé' Par

Bi 0- Rad, anfine asidaseyhigtices, nisd BDASTP phoghaimauseBaodefalinod agydlength ¢wWho€8damg

procedure starts with at | east two substrates that generally show 25
subst ant§xgectadeudhc 10gant the BLQSUEMOR sspmeg marixg(see Benjko gk f’b@@dﬁﬂff 3689 50%

70%, -80% 0r 90% se nce o, dent. , but differ fromeach other at certain
posiltDi on%ﬁocT&%t[q?(fa%sfe'h?gAg@Qd@ig))any type of nutation, for exanple,
substitutions, insgfiddpmsn t%%‘dlcﬂ&'ti_ﬁ% ipeftent {dqhisrte i@értitprBOBLISUNBBbSthe f f er

from each other in about 5-20 positions. For reconbination to generate

i ncr eas ealsadparéargistaystatistiaalianal ysis of te smaatiiyrgtwednecageguendse (set.aa£.i Kgrlin

mat eri al st di r from 30 ea ot [N I t.two nucl eoti de.

posi ti on‘gAnl‘uﬁ’?é?’ dlégf)l Rr "F'hlg}”elQ éF@? gﬁi' }fmogégéﬁg? ié?“etfﬁaﬁsére Of(s)SHBﬂ?rbtybe at
| east t ' frt4 l; ot ebidi ; axanp! e,
one .~ oG BT BRANT ) Ay SRR S g MR S R,

f r or20t heindranowlo fithe prebabglte bp edith ®matchriebtwben ts@couredectian od afnirey adid om t he

third at a different single position. The starting DNA segnents can be
nat ural SeEAReNERs Would eesEnbyErRRey. For exampip adiucleng agid ds eansidsesd; similgrtpiaant s.

The segnepts can al so. fro onal l gl iG. gen show degr ee
atruct urarsns Heliaer i e oA SRR pibab s B SRR ABRT RaL BRI
Wi t hi n ahg werefehadhhdleic abiis &ss tHaQ abaii 0.V, bre préferdbiyidds MragdRbb@eNS], ah@r
exanpl e). The starting DNA segnents can al so be induced variants of each

ot her. Popstgxeafersibdy leshthambbowdfdint can be produced by error-prone PCR
replj.cation of the,other, the nucleic acid can be treated w th. a .chen cal

or dfher mutagen, SRRy Ldratio Ha' SO BREISC assanrices acuprlanta e

mut ant s gag SR PoRLERENTELRY R QPRORIE 1R NG RN BldNloR! THOpHR
segnents in a nmutagenic strain, or by Inducing an error-prone repair system
in the celybsidizing speedieally taratdfas so thetbinding yduppexald, og hybiidizing ofadndbdile
segnent is not a single segnent but a |arge fam Idé(l_of rel ated segnents. The
di f f er enenls éQApattisutas nueipefiderrequinse undey stngehbtenditiensoyhearthatrequase 1 engt h

or substantially the, sane |l ength, . Ho [y, i d.. t he .. e: for
exanpl e; prgﬁe@? "e%ﬁ%‘ﬁ?leéélﬁ'xf%e Qg%ugéaéﬁ\é\@%lgg %%I‘Ré)?l'(%{[ﬁg'r ﬁ%@?‘éﬁ%&‘ﬁ‘% @5'} can be
present aferd B EihpleRbntarlf BRIridiEHOR beSSoen 2UFBbeSuI €16 abidSand Atap@Mngeit Bcid

i solated foam The starting DNA segnents are reconbi ned by any of the

sequenc eandegrobmtesaninon nfionatahes thatean de dcénmmpipted by setuicgdhestingencyef

i brary of reconbi nant DNA segnents. Such a library can vary widely in size
fromhaving fewer than 10 to nore than 105, 10~, 102 or nore nenbers. In
sone enbodi nents, the starting segnents and the 20 reconbinant |ibraries
generated will include full-length coding sequences and any essenti al

regul atory sequences, such as a pronoter and pol yadenyl ati on sequence,
required for expression. In other enbodi nents, the reconbi nant DNA segnents

T o, o o ey



,~ ~ sEn 2aaZ WO 99/.t1369 PCT/US99/03022 29 strains. Boundarq ¢Sedefgni ng
segnents of a nucleic acid sequence of interest preferably Ife in

i nt ergeni c We@gp/@r369 introns, or areas of a gene not |ikely toPGBRWEIN03022
nutations of interest. Preferably, oliqggnucleotide priners (oligos) are
synt hesi zed for PCR anplification of segnents of the nucleic acid sequence
of interest, such that the sequences of the S oligonucleotides overlap the
junctlo , I 10 to 100
nucleotl e@yfﬁw éﬁ@tﬂ %&:ﬁ£h$e9ﬁ§a§§§%g§g§9§gb?ﬁkx #ggéhﬁngﬁgacget of such
pri mer sscqiaacCR products are then "reassenbl ed" according to assenbly
protocols such as those discussed herein to assenble randomy fragmented
genes. In brief, @taﬁg@sb)éwlyatmémonﬁhendvmlmmbwsdlameortwaem

o AT B R A e Plra L AR 5
subj ect %@nﬁ@m?ﬁ@ﬁﬁlﬂa{lggs &L‘%(ﬁﬁ:n@é dﬂfélﬂaérw ﬁlﬂgdrerd‘?ﬁ&@ﬁﬁﬂdd@g di f?é??rgex'[ ensi on in

t he presence poi ynerase and deoxynucl eosi de tri phosphat es NTP' s) and
appr opr ieaveotdmmérter psahesrs. hobge sadpmneseh\dindwbchyiecxfmally p)trh1g’ee13empsxetdres
primng"). Subsequent agR w t.h {ﬂH;w anking the gene are_use

anpl i fy AhextgRstygeyee i MPWZ?%%% llf'éaaeﬁalssfﬁum nbausjsﬁék993i5 | n a
further %'}[B dﬂbquﬁetcth rt?zré ?Fﬁé?m% aﬁ‘m}dl cf‘zt?tgtﬂ?z%? Igg Iﬁzgfqgﬁzg i3 sztlthhzfect/eéc t he

nucl ei ¢ "aci erest -are use dtice™Vari'at

gene of dd erawet pas Ifcﬂh;h@zV\E ‘OWbtvedv ONsriddiples bEByEHdizdMoRraQatthé SirAcdus ei C
aci d sequence are identified by screening or selection, by sequenC|ng
homb? oguslest acidhprabgabssivs” eEd-'ie(Yl%’eNg‘edé@k Gaacraldy. dnehlﬂsirganummmmmm

priners are t nt hesi ze h encqde, wild typ mut an

it or btk copdighae saieaeley 6 4RBEa” Ty et uiaiBe frael eling popekt
mut agen r

per mit At g “BrEE Fieocita e (e birer SRAR SPRFRL"REGH Mg
posi ti orsndilibhs’ 4 pwbaivilidybsdizy o tatarget advszqhergepbis to ho odkeSeqdtace. t he
screening or selection process is expensive, cunbersome, or jnpractical
rel ative to the coble bf ISIBELRARTAY S d@"e‘?f‘édg‘eéf‘oﬂ‘rﬁﬁté?ﬁcéh and pHp arwhichand

oY DSt nGE AU AIENLG Sl JOBMAILEOK SE8recty rhdlncdiBhL 18, Lhgdhn Conetic

Vacct nat’i onent enet Y and

net hods cghditiBhahiisekc@ANEbE 6qYAEE tH?:GTn‘Em%ﬁﬁ&ﬁaﬁﬂ?@ﬁe | A& Qe 1£ Bfestﬁagehl lity
of the genetic vaccine for use in nucleic acid-nediated i munonodul ati on. A
gener al hyppdizagéen Eendigwsl fat hyhncbzat@emétcompmmtmsmuam @mdmwheht}svdamom\lA

shufflin sho schemati cal | 3, 30 Broadly spe

genetic 85%@9(}1@"9 EmsRtansresidues % ‘q‘p% hE‘F‘éHt“iO&SeWhl‘Bﬁ 3:6 ?Jluces a
nmedi cal | il 4o sSns
o ahi SR ERE IRicpadh %%%&f%?*%é‘é@%esmpa‘ﬁ?‘@é%% S S G
A vaet orAnreyangple wéiighit sthagcmt avasb cogdinomns is 0ejHM Mﬂlmn77°l€bforehamq)1|3e it is

useful to include an origin of replication.in a vector to allow
pr opagatMightess Anfexaiule of StRge Haph condibent is 2dkax P3¢ &tnsh qLaniG fqrég of the

ot ear atindles (eostuBiobl Algrde? BafeBPibFRESSS oubed. (AP BERPFT 1
repli caty R ié preb8ed 54 10wbsth ?Av&ehw&%ﬁweaéucﬁmhhe pRiYedigha®l Ah@RAmpRL i ON
can be renoved beforeé adm nis or an origin can be used that

functi onsedmmtshmgmbj/ svasts fogt afdnplaxeaft og., prqrdmham 180 rgteotides. iinlx ABCtand §fi
ceI : in certain situations in of tho cussed
ror a5 VTS Bipel. A it o HEngo st ab L NEe Shecs. B eantl o

repl i cat aeolifeARPYBRISSE & 4096 o Hy trinytd EShoR protRe fe b 2B5RG1 5
vacci nation can be viral or nonvira vect rs arc”usual ly |ntroduced

into a paikleetiies)sstanggno oemdisors typicwily U‘B/oNe| daitsbhednitrationd asfallessneam absaut ik o
whi ch one can incorporate nucleic acids that are nodified b

DNA
shuf f1inl§ hﬁ%tlﬁ@dyp’@ﬁ“l’ ployt ﬁ\%ﬁ?l 1ghM Nél PBSONEFHTERR PN Q;hcr ﬁb‘#lpﬁlgo based

hoad. Sl 165 eptrerabiis Ry M1k ol Io"C. SR, i dn B paso R ¢
199%) J. achf&r@d %m the %d]f?@l?o?@étéb‘?@nﬁé&géms ﬁfém@\fbmnaésmcgeﬂém avsll rid;ﬁto

vectors, Sindbis virus vectors (Strong ( 1997) Gene Ther.

her pes momsml redio vi 2xi¢ontegheny thaf iemt nbshrvdd fo® @7 unBriated pad@:in 11E4;51-1ﬁcmar59) and
retroviral vectors (Schubert ( 1997) Curr. Eve Res. 16:656-662). Nonviral
vectors, typically dsDNA, can be transferred as naked DNA or 20 associ ated
with a transfer-enhancing vehicle, such as a receptor-recognition protein,
| i posone, |ipoam ne, or cationic Lipid. This DNA can be transferred into a
cell using a variety of techniques well known in the art. For exanple,
naked DNA can be deI|vered by t he use of Ilposorres V\:hl ch fuse W|th the

o o o o o o Y 1 I T o



| i posones, particularly where the |iposone surface carries | Qa8 gpecific
for target cells, or ~ ~ SEP Z(102 WD 99/413@ 31 PCT/L S99/0302 2 are
ot herwi se prepgrex®ially directed to a specific organ, one nmeRCTHEIHI0FE2f or
the introduction of the DNA into the tgmget cells/organs i~r vivo. A Viral
Lectors Various viral vectors, such as retroviruses, adenoviruses,
adenoassoci ated viruses and herpes viruses, are conmmonly used in genetic
vacci nat S

vaco! naty BRdicIey s86 RIERR dGRoH B Sl FRTRRRRIT MDA Flckbgal
Annar . Rethybfidizotd ech offty uB@-s&3Rent adndhomghresaitbdubsestizlly aleniedtfrhe are

i ntroduced in naked formor coated with proteins other than viral proteins.
Mbst curHOéY'RePWl?Sa‘Vh‘\?Bé}ﬂ%’r%‘C%F\/@eéB%t?t‘a@'ta?f‘tiéQ“ﬁ‘F‘é%‘ Ihifiqearrst e2a whien dtoppe of

or ovi dest PR BHAS FEBTRERAT: DReE, MRt S Yofusd PIUR &l |, 72

nucl i c @ged in a vector designed for genetic vaccination can be changed in
many ways. The goals of these changes can be, for exanple, to enhance or
reduce replicati onAdhirthérandication that thwarnysteicadid sethr'nt@ Q'rmioﬂbtmptidasglré ts
ability t vector, formin av ackagin el per cells, to
incorpor%’i&%tg ys‘g L@éh?tﬁ%‘ipcgm% eﬁﬂ‘b(’dgﬂg’%'lté g E)lFiCa&CéCPEES expr essi on
of a ge 1854 thv g Bftidado 988 e
mminogen e e ﬁﬁg%ﬁe%ﬁ e e B T o °vec?“rypnu€?iéﬁ‘59%%d?‘5 he
gener al | gconhmucide atidoToap polgpestideds s}@maulglsubstsmmtyl identidal @l a seanences for

replication and packaging in a helper line and a transcription unit for the
exodBnouplypspéde. dpherample.ayhare Hettvernspidas dideranly by sesarvativieaplstitpiens.

speci fic packagin hel ber es ,,Adenovi S
corpri se a T arge oTRSRMGH RRrdftAlb RS sbAbiRIR R GhUB er e ficshy
doubl e- siF %S@H'e%mm%réﬁgﬁmltﬁ” f@qeﬁ%@ﬁe?nr%f toldftotdif Hxspéiﬁi%é R@rs [LLUI T e

di viding cells and involves productive infection in perm ssive cells during

whi ch | angdingmeagtips wiifichvis dasrmmatine b bihe préﬁhmeprfolj@ptqtme, omenegptiope froyrcthe

t akes about . 32- ?1}6? hour s | ceII culture Lgnd 25 co S t\/\@)éghases t he
early er.{Qlé“m AR PrF%?“G?P m&gwﬁegw atl Qfﬁrﬂ logigs E;“va ch
stryetur

i1 fone HdePUci Halty @uidatl PRUBABAE o %E"S‘l?%%ﬁ‘é'%%dé?saﬁéﬁ‘m%ﬁl‘?wbﬁd di sease

i N hunmangroteAt@RDIO hotbinE it Dsignificentsarrnwhatotharngekimpdestnt & thosphel. Than
retrovirus_or_ AAV vectors) partly because only a small fraction of the
viral gedngibedies raigadiagainst 3 owitivatant aweeesinnadynepiide wall gengrellybinditp dheal  genes

ded he h f
has pr ovateer Y aftich BACHuBSre e GiRBrL PeR G ShEulE Filine Blca 02
S =~ ZCdrﬁibo&@uﬁ@ér%ﬁ@:@@or@?udﬂ@ﬂdﬁ%gﬁ@@ﬁr&tmﬁy@Ha‘i 141&%&:@119@9 igspebifeciy for

E3-del etion and E 1-del etion vecCtors. Sone viruses in |aboratory stocks of
wi | @0t ypeparticklat protdiid A egfiieiyn ofiimimonoassgyofarinats tntey tbissed ¢@ seléctiaatipedies Thi s

af' | %Wﬁ?e &c”lﬁ’imqfﬁﬁ?}egﬁ}veﬁvq?\ﬁEBﬁe@ 6BPFa g sl Phat eﬂ%InLSAng cti on
of e Eyh a2l ol 1serdrfi SlnXRAEARMS PRAGAGNANERSo LO ©

vectors capa uctrve infection a synt hesi s of

rel ati vemynbédsge antiadiéssspedifiedlboiedunuredceive withed oteim Sée Hbtow atd Lage on
di sabl es the adenovirus, but such vectors can stil |
(1988) Antibodies, A Laboratorv Manual, Cold Spring Harbor Publications, New York

N
W

“Harlow and Lane™), for a description of immunoassay formats and conditions that can be
used to determine specific immunoreactivity. Typically a specific or selective reaction will
be at least twice background signal or noise and more typically more than 10 to 100 times
background.

“Conservatively modified variations” of a particular polynucleotide sequence
30  refers to those polynucleotides that encode identical or essentially identical amino acid

sequences, or where the polynucleotide does not encode an amino acid sequence, to



be grown because there exists an established human cell |ine (cal1 &b w2
'7293") that contains the E 1 region of Ads and that constitutive

expresses MWRI¥136%r ot ei ns. Most recent gene-therapy 10 appl |P(53W$%§’30

i nvol vi ng adenovirus have utilized E1 pepl acenment vectors grown in 293
cells. The mai n advant ages of adenovirus vectors are that they are capable
of efficient episomal gene transfer in a wi de range of cells and tissues
and t ha%sstehﬁyll)afd%nﬁ@a?r xec}&nwsoyemsé 8f 0 REDENS, ofAHE g@f{ét{ctb%dpaassfg egvectors
can al so be used to deliver antigens after topi'cal application onto the
ski n, amdmbeadeftfuncmoralyaddritigelhrispec adids enandaapy lgas:pqmtﬁzepndm Hoe irdstance,

o e bl AT A Sl e W e i b
tpoears el ey RSO O i GEPPRIAR 80 cofEy it bdh 4% R 1o

dosi ng, at 'leas doses o -generat1onm vectors.

enbosli maAy of fHéQoh%@ﬁUmm’baddd@ﬁs H&‘ch@&ﬁwﬂﬁoifltfw’tehﬂv@ﬁ‘é erfddéd ol ideOSuch
construct” a novel adenovi rus- phagem d capab e of packagi ng i nserts over
10 ki | obasles 201 variatiopearel isdortperiationss’ which aphergespiecies off Yeamstrvaavelyasni d

using the ods of 1t |nve i qn., &l s9 enerate novel VIV shuffling
Format - CmeBrC R8sl iy RRBnucBeti e tGRe el e ihidh d1edeet kb
famly h 5 (Ad5)
has a g@%%é@zﬂgﬁ?&égﬁﬁ&%m J%E‘bé‘. R e LS e g
vi tro wiQreaftskitl et feaggraze thetexhicodomimbeuclat achiaegespt WUGHwhigh icause a

hi gh 25 percent age of nonyi abl e, reconbi hant variants. To mnimze this

pr ob? emoidinarlytheowly\seden ftgéﬁ%ih@ngwmm b%gwéfﬁedds yigld aduegiionaly e,depna@iem d

was con t ) Xo| Loe inserts as
| ar ge ai‘%‘{‘g@“gﬁ% % &?(rlé‘?% ases anapcﬁamgﬁg & L@ ‘éazlﬁlgllpﬁtg g cfhat

size. | RyiacH bﬁc‘bh@sfa ﬂltfﬂ%% 1mﬂ)1?di9i%reaaﬁ\|6eﬂc%@d E&yueﬁé;e | arge as 50 to 100 kb
are inserted into t phagem d of the invention; wth generation of full

| ength 30 ssDNA cd?urﬁspummu@mﬁ)skulhmlérdcagglee tbras énndti siduesubstittitions. of such
| ar ge ss frag pravi des a a to evolve) e.e, nodify by the
recur i lEletioBo oA T R Pt s ote  pimgfesBing ok oph verbpsharsass o

/lysggi;rﬁr%) g&ﬂé (fy&@&l'l)pféss fiah 'S@E.rﬂdré%gﬁgﬂn@%ﬁhﬂ_ hyﬁ]m GRk dcf&i%@cit{egge are

provides for t rst” tinme a uni que syste capa oni ng

| ar ge DNéonsepekively(rddlfikByardnibnge whertthe gltearafidi result i the sutsnitution of\ani Vo
corresponding to those |large inserts. The genones of rel ated serotypes of
human adEHBY R¢idsvity achamiesl )é%imllﬁf Ot DR néomr@twmsqb@ltwmg@hieapg%dlam as
descri bed |tn I ernﬁ‘tlonal |ICe|t1IOI’l No.. CT/U 302

W98/ 1348830 Fares nogny ‘Hé F"r“rt ?]}Oa“é‘&m We\ﬁé‘&‘{P&reac‘énd

the res‘ébhtaﬂgarﬁin%%dd thAl@$d EiRbRMAL A subSdititidns f&%elaﬁoﬂ')%?d to produce
si ngl e-stranded (ss) Adm d phage by using a hel per M 13 phage. To achieve

in 2vo reconbi natA_bmbgussEdmlde pGrgdanioe th hiVialimg (VidLgemetd ) .dsolkacine gous
human adenoviruses, 10 are o pe m hi g | tiplici i nfection
(MJ) on F+ nlzl chp §amﬁ?é%22[rml?es®n§ gﬁ’haéltf&é)erate f or
reconbi nation enzyq{Rg, 4 Rﬁféﬂnoﬂ]‘ﬂ@élwggig tweeﬁé)csfures that the

probability of ha Cross- ov opi es of the infecting

ssAdm d DNA is hi dBasicthargifiué (REdystherly, Higddige(Hye i s generated by
purification of the double stranded Adm d DNA fromthe infected cells and

i's introducti on i nheidig: pepartis sFidd DIsGhtarals astd (E)) Aprareging (M dlutamtiee (Q).

adepgovi rus | i brar. noni c fE£lin rate f,or cr.eation
o PRconb Al CERigiet F1Be CRRPiR, 4 Fre-in bR Corbinty of Bt gar Bo i
al | ows FLAEAY AGd9Tn 884iA6H, iAGivRIual QARHIRIIBAL dekAibha Bt aRNIGHRIWRIRR alt&iS Hdid' ng
from conbi nations of variations in multiple genes. (2) Adeno- Associ at ed
Vi rus ( AAMdelete a single amino acid or a small percentage of amino acids in an encoded sequence
are also “conservatively modified variations”.
A “subsequence” refers to a sequence of nucleic acids or amino acids that

30  comprise a part of a longer sequence of nucleic acids or amino acids (e.g., polypeptide)

respectively.



2U AAV is a small, sinple, nonautononous virus containing |i nea1r1sS|Ergg?D«gz
stranded DNA. See, Muzycka, Current Topics Mcrobiol. hnnmunol., 158 97-129
( 1992). ThWOAY4ES: equires co-infection with adenovirus or cBFTEPY/G0Her
viruses in order to replicate. AAV is wHespread in the human popul ati on,
as evidenced by antibodies to the virus, but it is not associated with any
known di sease. AAV genong,  or gani zaf i ? straightforward, 25 conprising
only two genes: rep and &xgacrintion obihebyelerred ROTBOIMERtS: oppri ses t er ni nal
repeats (1 TR) sequences of about 14S nucl eoti des. AAV-based vectors
typically conggherfin!y the I TR sequences flanking the transcription unit of
interest. The Tength of the vector DNA cannot greatly exceed the viral
genone | ength of 48%6 presentdovendies praxidesanulticomppoentizensticmycings that inciusle

cunber sone and 30 invol ves é‘gtrod%ﬁ(ign‘g?.i nt o t.ge Bost cell not o IK t he
vector i PRePFMAYHCORROgen! oA, Jaclofsdhiny PFRdeR {ac BensE 3 261BY M Bl per

f unctsi on : ; ] KSrohditS o Bkhr&Qes I =11 2002
W 98, 91 gy e L B (RIASVERS nkcgﬁngrtobrlﬁf cate anﬁ‘*ﬁ?ﬁ‘é’é“e?e“leﬁc35?55‘?%’3;
hel per vThemventdn povalte sewifiaast ddyaofagesovee pueviad!y dded geottantdcalnesadvant age

of AAV vectors is that they appear .capable og | ong-term expression in
nondi vi dit Apugkiuse of »auIkiaMPONEN FREHNHANSFEB S8R Al MMYBE ERSRRNSEHBANS r al  DNA

i nt egr at . The. v S i |.]:y . sj ' therefore
o0t 2 e iy SR B B A PR o SR ARl MR R,
Papi | | omyiripe &onddif a e6Rbbiend 8¢ nvetimeed forepsaiae tiaden ENfretibH SRSy diN#!a
replicate in the nucleus of squanous epithelial cells. Papillomaviruses
conslilst oémpomginh tHae conferscuipeovsfl adivvasios-of cywtetad TdymphoaesiA Lapobut 8, 000 by
in size within a spherical tein | U coat. .of oneres. Such

bapi | ondiangoedng Pesensitan dtifc Sjeenop EBitngcell REjCRIRST IS bovi ne,
human, r ' t kb pecies. Over ~0 distinct human

papi | | Ongx\??lrtt&sngg&%nﬁ%v,agﬁ)ﬁ%é\%& eg%réd'escri bed. See, e.g., Fields Virol ogy
(3rd ed., eds. Fielinadditiomd] embbdippénts; dic pridsent imveRhion pelidebingsthdBdF) .

Papi |l omaviral vectors are described in detail .in copending, commonly owned
US Pat enfbiaping eempesienisdor Bsg/ingenctE vaceingy legudips thomulticgmponant vaggingsh i s

i nc orated herein.hy reference in.i : i f I [ poses. ..

papt 11 onfs praty Stieatd A ehfife  Aetiearhrehiber St p@prl UhBT B8 ustic, et i
cell's. Spe&idd. Th¥nicthodsIPRIvdereting Plisthsf 8MeeorthBinafl iltiic SHHARRPHSecing
mucosal epithelial cells. Al papﬂ | omavi ruses have the capacity to induce

cel | ul ar therldirafyep adéndifiy thibke libmagt meobrrsrihail sxhibetslanenharfced capacay totonfer a
prolifergtion is the production of bgnign warts. However, n :

papi | | onaﬁlﬁﬁaéjégpqﬁ%'v‘g’%eweﬂ%/V"tcﬁmﬁe'?g?fgdﬁ%qwlﬁmf"ﬁ r‘é‘\é\ﬁé" ‘?%‘Eﬁ%ﬁfvﬁ‘i‘ﬁ’ét and sone
papi | | omgyi ]l j ET<Yo P eToWH i

associ amb{oggfgrn %ﬁlrfc?)scgrp h%‘ﬁ%g%gggﬂplsgmngsl ruiée}{s}tl%ﬁgsldg Eghagdeﬁrégpérgg?fi ed in
one Hf f polynuelpetidegsraypproteanthans obmmedibylexprassion e dheatoeponsht mueteihagd- ri sk
(Fields Virolow, (Eields et al., eds., LippincottRaven, Philadel phia, 3d
ed. 1996); DNA Tundmhewrongsies or phararieEpicsi that R o¢ sPuHE & he asquisdeancer

ﬁg‘\"}?gm ﬁg@é&%@%xé@h&@%@,ﬁx}; 2Peandd d%{{fegg 051“?{ og%e c\éﬁ’ JuB?t?zﬁe.FEXr_ é‘ﬁnehﬁ:‘ V-2,

e assocl I gnh cutanheous— | esl ons.

Viruses HRMikesaishrbPamndnt gohle itdefeciighardite, hlory/ sthiialexpRedbh Gmperitd|stabyitgeal
warts and are considered lowrisk viruses as they are rarely associ at ed

wi t h i nvaiggheespeaifcitycangsting/highsegr ld@gr fréquddey-of 8rtegipor reduwed HPV- 45 are

consjdered high risk virus as they are associ ated with a hi.gh 30 fr.equenc
o A e RBmaeri sp e Vet e B Sip R Brai g ol ipilefied idainog GG o

are assogl Al i thd) ERhGiGHS oduRE, 8RW {1 1fke Otk bAfpeRidsdbr WhiRRase

Epi der nogiyésa%ﬁ gg%{“a Eh 1 ?}58 IIE P %%g% B%ik '
optimization is desired include the tailoring of an immune response to be most effective for a
particular application. Examples of genetic vaccine components are shown in Figure 1. Two
or more components can be included in a single vector molecule, or each component can be

30  present in a genetic vaccine formulation as a separate molecule.



WD 991 41369 35 PCT/ US99/ 03022 Verruciforms (EV). Such |esions,! hikv&P?
can progress into squanous cell carcinomas. These viruses do not fail under.
one of theMBLYWHI3 or risk groups. New y di scovered HPVs can PETASEPH3RY for
ri sk based on the frequency of cancerogg lesions relative to that of HPVs

t hat have already been classified for risk. HPV vectors can be subjected to
iterative cycles of reconbination and screening (i.e., shuffling) with a
view to obtaining ¥ QEHod SMthk TNAUEH. RN1QRERJ Efiant FRERVEY RIcRRELdil €S

i nclude increased tissue specificity, altered tissue specificity, Increased
expr essamret@uiingd pr ptodngeallibrepy ebecoampinancmedsedcidpiwbithlis thepgcreemddan

i ncreased or decreased cg\%acity for chronpsonal. integratiaon, increased

upt ake EEpHE deash gae FCARMPINANG CompRieht thakispotignized o5 dhe pasHeYIAr vapslest ar t i ng
mat eri a f ffll Y D] | g j scri bed above
construbfoéjg% T%%%BHE%%?%%P ﬁl%b%glh%@t’o%lc%%%gﬁg]élppldlsig%ﬁgel tLr?)u gg’,angr segnment s
or vari gainsutdfiorkWiToSRAS ad!destridid tn BirthePAERT HRIAN T HRSS alsdha Rt dothe _

mut agenesi s. The human papill omavi ruses, or at least the E 1 and E2 codi ng
r egi ons comeroaqgfrineipesp e fagr hd finulleaacid ntodgradesshpdpve somea sequenes idedtiS to4)
Retroviruses, Retroyiruses conprise a |large, class of envel oped viruses that
cont ai negﬁhﬁf“fé’ gt“rﬂyalﬂr&éﬂ’ ‘Eﬁlﬂreggnqetﬂaf“@‘i“i“é(l"gggr%ﬂ'@?“bﬂ?qdr?é 3 HESHYE RN vir al
1T e Yl Rmpihdiah, [y SvEPURIS SedohBiRAIohREH dkluhShdh S0HRLPo ShiARARAAPNA
that integrates into the host genone and is expressed over extende

per i ods or dstraetlelatll i Furtiheotee diveasilyyesiigel ftbmuscerabinhiomusl e wadnanséd a0
apparent harmto the host cell. The viral genone is smal I@g\approxi mately 10
kb) 10 andny exclppyraplypicritoraneibersfimyasanssis k¢ ge REPY PEINGHIER oE e#ssetissi ng
U R e L
term ni Qed P I QRBicl &L Bt 1 T

i ncl udeogﬁrgérrg)t gr aﬁ%ﬁgﬁﬁﬁﬁggeg%{ci %ﬁtb:eegglgnd g%ﬁ?gn}zggﬁli%}le\sl%}fc\see@sﬂ)lr}%dor

i nt egr atn eivo rebanBinagem assyheh sisingricfiferdes vanse dommce! the gerjueack, fas homaidgagi ng

viral RNA and_spli.ce acceptor .and_donor sites for generation of the
separ at &oshgfesp indaxiduales straips phyp prgarisme ahrqlﬁ%g?%gceérﬁgm ith yme

repjs Cato%%a@xis%‘?,'a'sigeﬁé L OO0 NESBL, o FRURGPE L eﬂ@{)’ec%h“oﬂfmi@h{'\Vh'cﬁl%ﬂaﬁés to
be an exception. Retrovirus vectors are relatively sinple, cont ai ni ng the
5' and 3ucdeddres cyrladdbiracdmatghatiprs esfigeieeate furched impaivemehpt i on unit conposed
of the gene or genes of interest, which is typically an expression
cassette. To growIgwmre%enuﬁ@mfmed)mb@mmenbIﬁ%@buffK@g 1s used fo ge@imthe2 WO

O A RIS A B L o
| nt egr at et GARDARILhioddF a defked FOPerf) &ver iR e ARARC AdATAHRRIARAl SO

that no hel per “virus sequences becore encapsi dated. Additional features
adde@ t of die mechavisth by simnidhitee paticolar propeppikagdngdc€he stbseratesfforethts at t enpt s
to render the vectors npre efficacious oy reduce the possibility, of

cont ani MRYIBFAUOR. PeFotioR, Very in differeppPyeations s e&f*ﬁéaraaiﬂx wehtide

retrovirg it ribr ‘ﬁ?E&Qﬁ?QQXP‘ aaﬁteoéubgﬁ&et@% {cﬁf&%ﬁui&%ﬁ%@%ﬁp‘?obéﬁg}.&ﬁ They

chronoso refore potentially capa g-term expressi o

can be g Mehra:nfﬁia'stpxioyserhyidc&fc@evixanmmﬁ@vitheax@rselsécsinnwadvhaimum t he
absence of helper virus. 10 B. Non-Viral Cenetic Vaccine V ectors Nonviral
nucl ei ¢ veadl & nuskioac duthetiane inpdyrst ingnedagiigmparspulanaspaeteo fanasmuens, RNAs,

pol yami de. nucl gl ach 95, eand X988l il bdridhd Bils 7Y SISO TR 4Rshangd the
forms of candidate components can have substantial sequence or secondary structural
similarity with each other, but they should also differ in at least two positions. The initial
diversity between forms can be the result of natural variation, e.g., the different variant forms
(homologs) are obtained from different individuals or strains of an organism (including

30  geographic variants; termed “family shuffling”) or constitute related sequences from the

same organism (e.g.. allelic variations). Alternatively, the initial diversity can be induced,



Such vectors typically include an expression cassette for expressinf1aSEP 202
" pol ypepti de agai nst which an i mune response is induced. The pronoter in
such an expV&s¥4d#%assette can be 15 constitutive, cell typeP§hasPepo2e

st age-specific, and/or nodul atable (e.g23 by tetracycline ingestion;
tetracycline-responsive pronoter). Transcription can be increased by
inserting an enhancer sequence into the vector. Enhancers are cis-acting
sequencesg, tNENcEShd Varkl IRRah el RndRdaRs@rdairbac trindcBPASL sutinad ad Bigsease
transcription by a pronoter. Enhancers can effectively increase

t r anscr i pohe BCRheruseidf heolyaerase ghich dackhpraof-aiemting petivoty (sed. Liaclti690pGenal so

20 effective if logated wwthin an intron or wthin the coding sequence
itself. %b&-&ﬂlxﬁ?&%fgﬁt RIRANOERs O P¥ FERIKG!OR A }fﬁdﬁrﬁbfogma@hwaﬁ%é%p
cyt OMegal Ao fio QURANEE! fscu B YR FRFABAAFeRwAN adenovirus enhancer s.
Enhancer sequences trom nmanmal i an systens are ‘al so comonly used, such as
t he fouse i nmmunogl gbrebodmbinadnycydiaisrusaslivafitidmed Mymtil¢adl ontasicty & LRRaigng

products useful in gene therapy can be introduced 35 into an animal by
means suetselgstipn formelerdes haviied # desiced propartysyrabgractansbeoHesrecombination

i mrunol i posones ol ycat.i on; nucl gi ¢ id conjugates, naked DNA injection,
arti 11 ci SE o rmebREmed, HEtr0 oA RFRdy S Al FasRuTI Rt € JePRIBURNY PegRAR: Bl %0n.

Li pof ect { BetirfesiRB6H4RANtb Refs Beford4Re BakeMhe NRR: RRcOMBidR0:. 48ko and
4,897, 355) an eIlﬁpo?ecti on ?eségeggs gre sol d cgm*re?ci ainlay (eé’ﬁgeagl% >0

Tr ansf ecbaliiiked tarad dpppphetven{br oy oth€atdgahitay anguaneed befbrel scypedimgt hat are 30

suitable for efficient receptor-recognition |ipofection, of poiynucleotides
i ncllfde AHeZaUYslY, prodycty olyepombingtign EGRSTYEE 41 WEY 235 SPRIUNLORACHALEASFe| gner

For exam 60 B patarnt 2SR i OERHR HRE, RERPPRBNRRISLRE ehe

The i nvegdrhéiméy kuvdceeaedrii the eoll@neiith eeogibimtsacetnesd. tinathé@rppHsioganed to
obtain an optinmal immune response upon adm nistration to a mammal . In these

vacci nesrecombinant sagnmentsayse exirastegefiemitbe oellscantbopmmebnpackaged es visesds.f or

I mmuni za,éeiton, referably in the same fornul ati on. Each conponent can be
opti m zetPPBr S A& ul ar functions that ~ill occur in some cells and not in
ot heyss, thus provi di JEAd | e ke f d i i responses in

di ffelesfent cel | typg‘g?% gn w?efgﬁgy&isﬁgg%ﬁa??%rgg ggﬁ@% eﬁg%%ggre derived
10 from cieeacérisvieds pl Besadqdired biothe pacpertyi dricasraarceisse fiavetiedimprooerdéiitfier ent
vectors that will have different fates and effects jii vivo. Genetic

vacci nessSoigst.jagd grany sxamples pey HEfusssdheion. Sdvaphysuily pesstaay 19 understand

chen cal "y pRe 8% RERES @ik Bt e KA b n i E R AR p el g™

manuf act pavethchiirédifes afBnsroesd sidbedieel bOEhPacerdics adlatfens ehsSaaringhe vacci ne
preparation can consist of a 15 defined nolar ratio of the separate vector

conp¥hensubstratgs. Eanexsmpie rragheticvRcegeripr aardhavepsanyeeinypongal/saquencge nedhi ¢
vacci ne yector dC r’r’gonent(il thﬁete can %e oused as con%?nents of a .

mul ti conpOiR&? b‘g‘?{ Rt 1ptendedToff( e «C O I AR S e BY RO HEAUFBE §0 HESBIEL he

i nventio I Hapol B : 0 ts,
booause Tielal ol dritrihg Se RKE O RIRTho RO AL, Kt SRNER S and
t he pr opefféedtimg antigen prebetation, sitbsequednen affectifg iatbgration). Eadhoofcthedehat

feature, need not be known., Even in the absence of such know edge, by
car ryi ngCYUPORRESGREEHES ICAKPE YA edmNdrerabingG SRR IRBERUSH S9ieening/eleStoR, one

AR e e R A R
Geneti C wagfem@cY 84 Birget QOIPOBOHt thdtted ® dAebuwdh idpfiverietetoanliofthe
individual component sequences of the vector.
Depending on the particular screening protocol used for a desired property,
initial round(s) of screening can sometimes be performed in bacterial cells due to high

30 transfection efficiencies and ease of culture. Later rounds, and other types of screening

which are not amenable to screening in bacterial cells, are generally performed in



rel ease of antigen in a formthat will be recognized by antigen prieSeEht20g
cells (APC) and taken up by those cells for efficient intracellul ar .
processi ng WO ¥ent ation to T hel per (TH) cells. Cells traRSTESP¥BE04Et h
AR plasmi d can be considered as an antigen factory for APC. AR pl asmi ds
typically have one or nore of the follow ng properties, each of which can
be 30 optim zed using the DNA shuffling nethods of the invention: 1 1 SEP
2002 WO 93hfa368 B (d-5331i08 Ftdmbbndn@ e gditintdRIr uBé A54H chiondidad cfofe ANHat

upt ake by the chosen antigen expressing cells (e,g., nyocytes for

i nt r anuscfithamr imtendmi wat Foral coundpiof batkérang cal bspdéréormreddo stad prienise nélz gipe i) .
This is a critical property which di ff,erenlﬁ})i ates AR from ot her vector
conmponentéendsd ppe(end)i 3 NRBAD ARG -IOREENAE €5 e . InGpiedastansse 18 a5ilian B8 to t he

target cgll. 5ii oncep [ i.ndi n
subs equeﬁtlftallngfi grra) ?\Aa i g@?ﬁgénb?ﬁt% %lte{l g& %121 ﬂg‘gl f(g %@(%Péﬁ fe}’%q@éérﬂg@hﬁ%gﬁ%l%ago{ o]

bi nd st o pRsluftdcaicigtiRehis palidrd. O henetidde usefoftahtieeticatdceinefved@sin ed
binding to undesired binding will significantly increase the nunber of

t ar get cukatment eansfsettbedisedps & rpindpd sergeiag. Bbaboist gamctie dacmnggecBiigthat are
shuffling according to th resent .inventio s described herein. For
oxampl ¢, SUZFRY et Bp SeORDERRRReL Lol dad Rk e M P Bhut 11 i o,
conbi nat Q& | i jnON :

o1 1 gonucl st sa TORT ok Brecl SR And AR REldnoloF BHIcHE " THy gERANRAINS L ose

t hat bi ndedtorsttiaan ged recevdred frafi the imbnded thigescablspubat paiendarecairiched Sordepl et ed

for those that bind to other cells. Vector conponents for targeting genetic
vaccifne vestersikatthaveayalvedir.gs havg beenypedified By repprppscombyBianowgrd npr oved

targetin escr | i.n ndi.ng. 1 i.0 Pat.en

nop | cat TORBKE SFRGY bRl of BHaAct: s 38 SRERE BRK I RS Rgd Ty
1809703026809)iikehi ch is entitled "Targeting of Vaccine Vectors." (b)
optimal trafficking of the vector DNA to the nucleus. Again, the present
i nvention provi des Tt $vockmingyonselechionsiep odentifibs aiswbpppnkation of aguoimbénant
conponents that are optijal for such properties. .20 (c), opti pal

transcri pigTRiOhat baye P{‘T’géﬁf"@%é‘ﬁ%‘j‘?‘ 'PR0S 2 OFH ‘?HU‘(BF‘W),C‘ ng‘u’e‘gE@Hﬁrl‘ké?fthe
use @f ORL{ i I By b L O hg, .|| .

pr o'y r ol BRSSP AR AEe yAUIARGR! DeptliO8 (nMfbeh e rkodibihiindpmens
transcri pin bsovéenel @s gempsnenest dells, coaglonents f wirhifds or biter vectbsusr wffréche
target cell type. In this case, specificity is derived not only from

sel ect i véorgechlere har ppe raung of sergering er pejectidy capbedsifprasd efterfaark KQung At
MRNA to the[n?ﬁ/tg | asm and optinmal |ongevity of the nRNA in the cytoplasm
To achi el&° "?lgpoperty, the nethods of the invention are used to obtain
optimal 3' and 5' nPAntheRReprdl ekt aPRchedly it BesiFddNG: ledsebn@BAd (®lally 2
transl ation of the nRNA. Again, the DI~ "' A'shuffling nmethods are usSed to
obt @0 opelisriize df resourbimang segneatsmeirmghfitshrawxdidfiscreopngisalectiorhars enigject

bi ndi ng 30 and assenbly of translational chi pery, plus . optinmal. codo

bt 6 er anitoe Bithe? st ecsrmnaibro o ipses s PR TAORGsaB 38 e gmppes i

anti gen re . | Gl : : pgen is

t aken up%{?ﬁﬁ’% (ﬁ;v 12{ eﬁé%}sut%sﬁg egﬁ%ﬁg‘g—gc 35?\%3 @e%ﬁ%%iﬁgérﬁt@sr&gg%%hani smis
sanpl i ngvafiardththefoof e Again, fdcombinHiag ahproteed pimoy ioeis. dfttle previous

internalization of a vesicle. The first nechanismhas, as far as is
pr esent | yerrering stepddentifige denirgd recombinantsegrsentsps egmppngntsi ofeslis.the he 1l uid

DR A oSSR S R ORI 3 e GRS e 0
the APC saiobideation Ur ik, BELADb O61Ie RE&GE peHBENING A BLif§ of NASindre only now

bei ng studied (these receptors are not inmunoglobulin famly nmenbers and
appear t ceqoeprimsiont Gomverselly, ifalnd piceusfcrperongsiap idantifigs desiredoteimsnadpabl e
of binding different classes of extracellular 1 r ot ei ng/ gl ycopr ot ei ns}.
Thi s typSUuest RaRGS Farth o1 SSGRRPORTS GE SN t5e CFBHIeRY BHSTon e SR G beb 50
In a Ves'irﬁkc?duc%?ﬁlwgﬂlsttggﬁrfgﬁﬁquﬁrgf%ﬂiﬁ yRBYEL S bGRAre PO Rbnd FAREY
el ements of antigen design cannot be incorporated in a rational design
Procyss. rédndifdtionaiRf¥sp&dive Bbwier@emed sfeuéfates fartha@re@mbinimakgpens @dtctof

sel ection of variant nol ecul es nost successful at entry into A PC, can
select for variants that are inproved throughout this 15 mechanism The

ot her three nmechanisns all relate to specific antibody recognition of the
extracel lular antigen. The first mechani sminvol ves i nmunogl obul i n- nedi at ed
recognition of the specific antigen via IgGthat is bound to Fc receptors
on the cell surface. APC such as nonocytes, macrophages and dendritic cells
can be decorated with surface nmenbrane 1gG 20 of diverse specificities. In
a primary response, this nechanismw Il not be operative. In previously
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S structure of the protein antigen. Protective antibodies that w}ISEpr w2
recogni ze an extracellular virus or bacterial pathogen and by binding to
its surfacewproemesdo i nfection or nmediate its i Mmune destructi por/Agsen@oenent
medi ated |ysis, inmmune conplex formati and phagocytosis) are al nost
excl usi vely generated agai nst conformational determ nants on the proteins
with native structure displayed on the surface of the pathogen. Hence, it

is 10 inperative for %Fneration of QiSt protective hunoraﬂ i nitx, to
have t hdSECRRAAIEIQmR] ViRt FomRaRd o f ?CBH@’;‘/" SEMTLS Feo1 IO AT REY IV al
epitopeqogpg§ent on the pathogen be stimulated by direct contact with T

hel per cells after intracellular processing of the antigen and presentation
of degradation pepTheesohd rélel afeatoetinaiforde bel falswed by THiighet rb@ldooni | |

all ow selective proliferation of the relevant B cells with consequent
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i ncreased _.speci,fi-cl - I nt | wi f chi.ng.. To su rize,
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recognition by specific antibody 25 and elicitation of the required inmune
responses, the structure (and sequence) can be optim zed for increased
prot ei n Yt abi a 0 ressing cell, until the tine when it is
recogni zed by i mu j i : [ cTesel I, eni ng
nmet hods of the inv%ﬁyﬁ@%*?gﬁ“ﬁ%&ﬁggﬁg¥§5§§??ﬂ?ﬁz5 helaﬁgﬁg%ﬁqg r%%?g&l (and
sequencejf reesmbinbsanictsid agidofoe seearingflh some Rhlodirhentd\fhe sRtHodabf the

intracel lular processing results in derivation of the 30 required peptide
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i £ o entPRESRDet © FRPSRmRRaRr SRt Rouen ASl SRRt ThuT iR dn
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B. Y ector corrrponents "CTL-DC'") "CTL-LC' acrd "CTL- NM de5|gn¢ct sgforz
opti mal production of CTLs Cenetic vector conponents ' CTL DC', "CTL-LC
"CTL- MM' arwo394t8i gned to direct optiml production of cyt oPEXILSITIRI

| ymphocytes (CTL) by dendritic cells (G@4--DC, Langerhan's cells (CTL-LC),
and nonocytes and macrophages (CTL-MV). ~ 1 SEP 2002 WD 99/41 369 47?
PCT/ US99/ 03022 These vector conponents direct presentation of opti mal

anti gen sf P{i and BhAREPSEL ﬂér&g/sas\*@?wgi,% @él?ctlre dﬂ%ﬁﬁ% St dig re%ax' el

cyt ot OXI I nmune respons ranst ect

Corrponeruc&vqanrﬁbestmmed Eale e Barfibe inh@ddwdaﬁto &PropadtOhsst @kl MisicREm pliugpect
fic imunity that is usually critical éh ﬁortant for protection against
a

viral S Bicdaygesst, pbmts, \f@@gloﬂmlmh?ﬁcbhe et3nsi hasd haverssthgrdedir¢dopiopemeenne
or nore of th ertie ach can be mzed usi ng
Che Dua S tr e it Bl sl RS s aRrm T IS Boni SRSk s cAtbRg o
and gpt ?}%&fo@iﬁedw&lﬁﬁ@ @r’ibsacﬂét'cgﬁ'aoﬂe?§ %Qénfé&gprégéh}(;%ér?a g@n@@m vaf&Ad Qn&ﬁgc

cel | nocyt es/ macr ophages, Langerhan's cel s acritic

pr oper t ywith othet gmc&ntclrmtlelcﬁ'ﬂdgeFoewhuhcg,enomefshufﬁmg bpproyees oit $s nal elére

mul ti conponent DNA vaccine. CTL series vectors Eﬂef erably do not bind to or
ent er ceqcesenalo demifydEEheqnss Bes heiee twtfled elnstpads e gnbagiemal é’)@Br@ésg’?bn host

AR t Thi I
i acel faegies i SIRBEE A Bs g SHOSHRBR Tl bloreh i et RAlreserghons
i mune c@kduhlkncodiht @lpolyPepids hw@éﬂmac@mg@noqm&%%llﬁﬁn&ﬁl respohs€ Uk t €
different than the Tate of anti gen destined fo be presented on the cell

sur flace mragssl aayiodwhamssdysMeartieddwrdin. Fourtiepdiypeplide- -enasbng gertdsgembe s

directed vj a a secretion ence to be delivered intact to the
e ofcohd o B BrrSEASHPEoRLEie &{ﬁl&xrﬁoc RESRFI Y R Tl P RN $30°% he

latter case antlgg ?13§gf°%5§d‘6‘yt & %ﬂé& h@ﬁ“ce(‘r% xﬁémﬁag LAgLE De

degraded into peptl ment s prot easomal system [Foned by

del i ver yref@rddhe ak um@ﬂ shbifflihe eRﬁBnBﬁroraﬁalemlat breeding ! luvbieeCiassibkd by lﬂﬁse
conpl exes of peptide and MVHC Class | are then delivered to the cell surface
f or specws@t invesiong eiche-Wotherameo- wldmdﬁnp@caﬂ@ém@ Pytsat 6pp1¢wpm$@nals

For Par oo wy i ToLEIFL e 17, £ SE6 Qe O DAR B g Rlacb ot Bty

assi gnedléé% Kl 8o AR 5ol Fmed n12158 1994, 's%ﬁaFﬁBr@@SW 894, 18D ctrber 36
Attorney Docket No. 18097 030200US, which'is entitled "Targeting of Genetic

Vacci ne MO, Sesal Ng. b)8/iﬂ4t95rﬁaﬁlsdrl\ém&mhep80,o}996t Sehad I‘dthS@fé}l Sh éile) Maithi s

e oot OB nay aPRE Baf e RErer 25 Rn e berd W B §aaME s Hed
vectors ﬁﬁggp?s Q@ﬁbt;t,é}m Gg/ggoﬁg)osfﬂlell? ta‘g‘éid M99§%e§ﬁ¥ I\‘B%B@Mb?nﬂlg%']ﬁm of

t he nRNA non-trans regi ons o

obt @ioned3 uigegSérie NE0BadS, 894, fihe SaprantarQr, 1996~SenaﬁkofP(ZDQ289Ml%b41369
PCT/ US99/ 03022 43 (d) optimal translation of the nRNA. Agai n, the DNA
shuf f1i n@ledrﬁw?m@tzﬁo SteanbbriadNo: RETYHSHEA S0, dded BGCQIB@! 7919k ai n

poi ynucl got i de ri bos &lp )
POLYIAC] SRl S SSHEEON UGN IR Qe O3B (B A9 OSB!,
protei n BapTALNBILHT3.549- 5ts§'(§995e}89enm@ PRI Bl RERL 86D (290 91 MBYiRAoYd el ds
appropriate cytopfasmc proteolysis and production of the correct
(1994); Stemmer, Nature 370:389-391 (1994); Crameri et al., Nature Medicine 2(1):1-3
25 (1996); Crameri et al., Nature Biotechnology 14:315-319 (1996), each of which is
incorporated by reference in its entirety for all purposes.

Other methods for obtaining libraries of recombinant polynucleotides and/or
for obtaining diversity in nucleic acids used as the substrates for shuffling include, for
example, homologous recombination (PCT/US98/05223; Publ. No. W098/42727),

30 oligonucleotide-directed mutagenesis (for review see, Smith, Ann. Rev. Genet. 19: 423-462

(1985); Botstein and Shortle, Science 229: 1193-1201 (1985): Carter, Biochem. J. 237: 1-7



peptides for presentation on MHC Class | and elicitation of the dasigeds
specific CTL responses) rather than a conformation that will interact wth
speci fic awOBYdd6dr ot her receptors on the surface of APC IRCT¥Y9968632nal
proteolysis to generate the correct peptides. The order of specific
proteolytic cleavages wll depend on the nature of protein folding and the
nat ur e of prot eases either in the cytoplasmor in the proteasone. ()

opti rral ISR t.1 Of o pl. cul um
morbr and 48 R P e R RE R AR th B BRSRP AL G
recogni Wa@cm; Bhdodh’ Epeptindad LhyeyTé&% pﬂpﬁr@,leﬂsfeﬂag @erﬁhhﬁgsmmlam
transporters. (h) optimal association of the peptides with the Cass |-Q@2
m cr ogl @mﬂngnhmmmtgadsmmotlgmle@miwglrc@ed raitagenpsis (Aglkec end Smitthduskcr et ory

Beceseorlrapnaely B gt LB b BRaby LB ERet Do AR B Ao P ih o
desi gned, 0, 6% 5 £SO @987‘5‘?{)?0@{)%6&%3{&&%1%@@91 ﬁ:u?d&%h&@@(ﬂ?ﬂﬁ Pl
several different targets for inmunization. Miltiple optimzed antigens can

be expr é‘é&émcﬁdsoﬂasalhnﬁé@r@bﬂmﬂ&:)ﬂaw atiadi é/tlclomcdsfftmmbfmﬁﬁé?%ct or. C.
Vi "M : i f j f I Vi "M
are desilhi: NaRamascndsbatet ek dadh Ko |4rand oRoBol daee ?éasye;s?e‘?éz cNigls.
cytoki ne, cuﬁ“ﬁeso‘i@%l d%%??ﬁ)ag%&’réen{/rwm A GRLR e!éssosTﬁu bgg! | s can be
ei ther the predoni nan he T'immuni ze I'ssae or i ne cells

such deﬁmtugdrﬁs@ @king urddi¥IncaihinBganiplaIEs SKakd SPAMM M 1. AFRNOSY I BSA 82: 485-
macr opha These vectors direct sinmultaneous expression of

opt 10l 4 %éxiéi)&i)@ﬁdé%mécpbm ail.rdgtheds & Enzvinsdul 54t 866382 Dy mukagaresis epingmt h

ype. - oresBpr RN IR il N B e SRBATRA kT 0! R e ™

transf eqtrig MehDaMVELLRLE 19@ms@e3mésg)emﬁnaserwewu %tagrz@esofa tzhgy nat ur e
of the vaccine inmmune response (CIL vs 1 vs 1 SEP 2002 WO 99/’41369 44

PCT/ USOq1 988) 2 2nd 2tz &r MK Noeel. lcidatRes) 16ar6687¢6999rﬁ1ﬁﬁ81)pdeld1ﬁ|'dm1 uinplrties of

t hese vectors reflect, the nature of _the cell in he vectors are
desi gnedngtBodsjag &@%POP&F’@Rﬁ%Te@?“KK@Wﬁ 8¢ sc%lrl é8d%7§ %7e89186))b| nd to and

ent 28 NBUAESILE DR hod B AR ALR 8RR DRUE 8L ARDPGLLL Gk SR £

prondt ers ranscrip |on I'n esired cel he VECt ors

can al sq198s5)eqsaesleekbds on Ehihdel. IFMXBﬂﬁMOSYIESWﬁUSIeﬁBﬁirﬁtﬂi@ﬂ&ﬂs Of the cell
nodul at or proteins fromthe target cells in the desired ratio. "M genetic

vacci ne (Egbte d«'rrsa@heandmmlmff YWugb sicitreRest b v é (bd)bresineteonsseledienfand | owi ng

t b th hyf f t hod
of “Che. ievanEaoRr iR VAT el AL 7B SR n bR AAh JHoRk H9SPhe. chosen
modul at %u]xt%é?{e%% g aPQ‘%Ae sgﬁﬂﬂb&@m@m%%z%ls ISP@neELIS 1290 1‘3@?(168‘1’) exanpl e,

nmuscl e ce epi he I or ot her dom nant (by nunber) types in
t he20ar gakamesaukbK hamha,géur]. ptoddelsi hfg 636l 4@72«51%8):1%5 iet ulc, (éaziela’eﬂ 315-
nonocyt es/ nacr o Langer hans cel | s). IS acritical property which

ha
di f f er er2P418%) Eﬁ&@ﬂé@s\?@@t‘-’b?% N‘f‘érﬁ‘t’%@%’ éés?@?e@lﬁdlgg?ﬁdmté faind ent er
ot her ¢ t e(s).
Agai n, - reiseres oRc bRy SARRSE LEL. 8O- Rod' (Al MR TE TR Apefar
accor d| rmOte@hﬁd]@gy‘get hods of the invention. OeII specific pronoters are very
val uabl e here as an additional |evel of selectivity. (c) optimal |ongevity
of the mRNA. Opti nmBhe Breeding paicedirn startandihaatdenst Byg substraEs drat gpreraingiopan be

obt | ned si ng.the nethods t nventi on b, 113 i on.of the

. Fﬁant?%éewcwﬁmrﬁﬂﬂgacimh%r Bl it HEDHOREE oo O ROZhor R an
be used s%g?é?#e& i ml&frf@r%rﬁ%aa@aﬂem%énmrpogi@sbhgram GIR3GIE chh pelhpg and
assenbl y transl at'i onal machinery, as well as optimal codon prefererce.
25 (e) appé ofrnutatiahf ﬁock}.aim)le),fsubhﬁumduirﬂhmmns addé¢lborsur@fireno tliffdientRER (vi a
a signal secretion sequence An alternative strategy for nodul ati on of the
i mune r$Spents &ifferdEomeath othe i RbAWr 40 ReRItPHs o8 TPCOMMIPAL A SSREAEL i on of

sol ubl e IHPrgHJeatdl?Yer% f&ﬁag{v%% {m;uraﬁgfnhm@ﬁb s%»a{q%l t ésltpfastsa £ 2g6mOf the

synt hesi zing ce rexanpl e ydrophobi ¢ phosp oi nosi t ol
gl ygan |dabka@Rr in at least two nucleotide positions. That is, if there are only two substrates, there”

should be at least two divergent positions. If there are three substrates, for example. one



~ ~ SEP 2002 WO 99/41369 PCT/|~S99/03022 45 (fJ optimal proteinqq Str w2
conformati on for each nodulator. In this case, the optimal protein

conf or mat | wo 9®418évat whi ch al |l ows extracel | ul ar nodul at or and®GIvusseloBo22
menbrane anchored nodul ator to interachgwith the rel evant receptor. (g) the
ratio of nodulators and their type can be determ ned enpirically. One S )

will test sets of npbdul ators that are known to work in concert to direct
the i : ; Can. T Qo d i f
152 el il fo e Hobfa bl 28inble bslich. APRERETRMGEN o1l AGHTH BT ©

Vect or Migbat LiffeRal GREE folitRNP IMREStRtiey DN AYDE e dmdlednat O SuraOphr dikZed

i mmunonodul ators, and nethods for obtaining optimzed inunodul ators, are
descr i beath ethdr) farspempien glleliornapatips sgsangh ebheUs gmentsrran Apgel becfaioinon No.
filed Febryary 10, 1999 as TTC Attorne cket 8907- 0303US, ichis
ent ¢ 1 HOMRRH et BRI S RO RLMALHTS A0 tsbae Bhe gl S ahe 26

i o] Q. RAL G Y favhi R 2. £or as. conponents
o Che T e e R B i B By

modul at exsmpla) Dee exRing BN sepmiens danaBoibetinduved variants bf eashsdth@nifer 15 form

of the vector. D. Vectors "CK ; designed to direct release of cl:enokiiies
Genet i ¢ e¥aeRlienens//aboregmeas sanke r@duesd bysrEorgueng ReR replicatioadf thgptherml

| f Ki f t ar. 1S, | be. either th
br edom HER ety PpI5E of Rl A R or SR Pl B BE Sy fiflohtEiy " uc
as dendijdthgenteddssetfeCinddekd mifahtad RBE ARG Be Plre@ﬁeld%y(;%p@@in%%emmt&s and

macr ophages (CK-MM. These vectors typically direct sinulfaneous expression
of Wbt i thed segmesissn efmsteganastraiherrdki indscisg e etrbmpronh ecpragresysietmanthe oflls. nune
cells t? the site of i ni zal%.i on is o%%. Cells transfected with CK

vect or s [RHSHBINATART-JEIRLY sREKipg: thr 5590 PEETCHAY DO FIRGCSREME A

cells ckiti : %ﬁ% € Th BTk R Tl se
vect orlerrg% Fégxb:lt]}t tgﬁgﬁd?ngdt% e o& "Erhe Ceﬁfﬂtﬁ%&%gﬁ \?\/ﬁ?%ﬂﬁ% Weeos\?%@%ﬁ%zatglﬁaeg l§l§si gned
t 0 oper aften tHeosaneXaigh @r stifteantially dissantecledaii Gloadtver this Aded Aotadrdhesisel t he

desired cell type, and/or can have cell-specific regul ated pronoters that
drive t ferrexe@nipit;iona segmer €2e bs arsubisegapncetof gaothyn eThasegnentsaan bglpsesent as

engj heere di rect xi mal synthesis and.rel easg. of the chenpki nes from
thew ar @8& o&iqrg%r- 'P_?llef‘ﬂgs’&g%f ?Se%ecﬁ%ﬁs’i %‘."a@ﬁé’? 158%\%/1%@_8?% conponents, and

met hods for obtai RfOGAARP DMA kSambmabreRehBiae®@BY bARLS ihelsegagcef 30
chenoki nes are described Tn cormmbnly assi gned, copendi ng US Pat ent

Appl i catrécombilnation fermats BRVidaizheIna0 /gdd3 89 a4bhv RETHSH0s X30@AbIaheldNPebr uar y
10, 1999 as TTC_ Attorney Docket No. 18097-0303US, entitled "Optim zation of
| rrrrunonﬁ%?’ﬂ%lg%)r d?ull;oa hhra%g%n'va@«w!\g@m glzgfregt %@H&z SHPT g Ighedmets th;@a\/e_ one
or nore D e usi ng
the DNALSHUEF 1 o Hae e B ARy I e <Bent e e e R B B gt o
and20pt ad@nibindrt ¢ibedies gendthedokilriacledpidisiehsl coding. sefuéricadhmd gl dsseritiat! ude,
for exanple, nuscle cells, epithelial cells, or cell types that are

dom nantegugtonisereences,suehas parametar and palyadgaylgtion peguenes, reqalired feti t abl e

ti t | J. .9. d QL | | d
o oo S ek el 8L DOE el P BBy
di f f er entdeab@ntSs ORGPVt IR vidiHoB b hReEndR BN RA ckpreliiBf bEerand enter
other cells. (b) optimal transcription of the chenokine gene(s). Again,

pr onot empsrfoeningrsceesingisatecors, and the |i ke can be optim zed according to

t he_pret hods of the inventi%n, . N .
25 A further techmque for recombining mutations in a nucleic acid sequence

utilizes "reassembly PCR". This method can be used to assemble multiple segments that
have been separately evolved into a full length nucleic acid template such as a gene. This
technique is performed when a poo! of advantageous mutants is known from previous work
or has been identified by screening mutants that may have been created by any mutagenesis
30  technique known in the art, such as PCR mutagenesis, cassette mutagenesis, doped oligo

mutagenesis, chemical mutagenesis, or propagation of the DNA template in vivo in mutator



~Cell specific promoters are very val uable here as an additional dl‘\eﬁé? wp2
selectivity. 15 (c) optimal longevity of the nRNA. Optimal 3' and 5

non-t ransl &@eP/4186% ons of the MRNA can be obtai ned usi ng the R&E{YRIIE3BE t he

invention. (d) optimal translation of phe nmRNA. Again, the DNA shuffling

and sel ection nethods of the invention can be used to obtain pol ynucl eotide

sequences for optinmal ribosone binding and assenbly of transl ati onal

machi nery.,;»as i ef : J ff:Lcki ng

o the. ChanSi PEhdarsS dpRh g a0t £ BlIg o el 1 Reles el et

sequenceégtergbnicakgiondhtroms, st sraiegfia dene nooHidiatd bavexhutdtiens oMnegestesponse

via recruitnent of cells wl|l use nenbrane anchored chenoki ne rather than

secr et | GreferabbpoliBprucientids primers (Qhigpvrase syHbemadder RCR ampplificatian @€d on t he

surface of the nt hesi zi ng 2~ cel l.. a. hydrop ic tail

hospho RERrTE P HRERI 1R adueRE ottt BRLAY SalsrsdPen for each
chendki REgohutiddtides 636 fp the fineRbAsEH twBIsef@kfts C TRE OV EMAY RBidnSis tiAdaighi ch

al  ows extracel |l ul ar chenokine/cell menbrane anchored chenokine to’interact
wi t h t habouwtl dvani00mackeptides. in (gpgth. neachatfite sfgnatinieis senpdifiedokiting set ofisudhe

determ ned enplri ly. , One can 30 test, sets of .chenokin that are known
o, vor k Prmetontis FCR et by GrasHanbion Sxeprding io RePREDy fofgppauch o

nonocyt 166 i i t if : r hat e. -
1 ser 2005 e Bur 4 3un FRRHT IR a1 Bion 03 SR AR oo R

expr ess ppstecslitheBCR wrbéndkaedhst prtifiet plvay cloamte priters by, Her @xpipisged from a
nmonoci stronic or multicistronic forn~ of the vector. E. O her vectors

Gend® i c elestrepherssifar sike exrlesemclopmagraphye Pandied porictscserponethiogetbet and 5
i eti . | i ded. by .t.he.invention.. F l.e, . the Geneti

vacei ne SHasciERas gl 2Ll of A deanRuine aodpRERsiPL in 1S resieage of

dendri t ipglRdrhse MAHbRANRIIIS SHhdsPhaté@NYE L) BhAEFBplife bl ErefiAk M DQ

| ynph nodés. This vector is designed to provide for expression of the
t ar get ahsdngen( sjditiamal peinieral‘self-pookngi)| Subsequeno RCRewith pdneheflaikimethe

Cepenar HshEna e 6 oMo ERb I RGP BRD oA e
Dependi I i > the vector

tim zed f : . . _ ti
o that ot mitati o o REfEdmACECR Rt R ARGh of R B gl 37

exanpl e niugleic AR Efuchdradf ifRARL irctatd 1 inRadlRNvesalbICieX PHeesmt of iritéreft asel | S.
Such vectors are designed to specifically bind to and enter B cells, cells
ei t her rfeowWenMutationpat sitgs o€ triterastdn e aupleicactd sgguerre aie ddankiied by ecregfingi n
the B cell 1tthi s, vect or di rect? t he tzlsocil[aéti on, of antige& 15 pepti des
der i ved ¥ FERFEPe Y FFENRTEREMSFOK PG A IUREY $HLSOHEBEy F1¢ St Bhpar t ment  of

the cel lofi@natlebfde PERGfInddrs 8 thér fyntleazed Wwhidh &cas wild tyhescutihf ecting
the elicitation of specific imunity via CD4+ T hel per cells or CD8+

cyt 30 oxiinfornyatpdroatsites of iNtarestoibeseamnmsere aiegherf nsedtihiPCR mutagestdiutoagenerate

directiqgn of t fate of processed pepti.de that are discussed _herein.
Exanpl e lbéanmqg”@&fe@gth $rAes BRGEE r@?@@?tlpnwg\gaﬂ%q oW MWEnBeTMaPaR Ah,

TAP-1 a - : G = (WA It 9:

80- 68) - ndt s bor{IRRRT HhisGhlBlayeii HpIChl lantaliPhln HRBL Wb T
endos omakrdeiinig H0 SelectiiOiroase s dxipehive cimbeR0mk, &itiipract(dal felativienstiedost 9:
89-96). Cenetic vaccine conponents, and nethods for obtaining conponents,

t hat pr ®fiseguenpmngihe genecpfpuitantyeidaiershandyyngiesizirgmntagenicioh sepuntentidgs.
assi gned, copending US Patent Application No. , filed February 10, 1999 as

25 TIC A}g{.or NEYetERHEY NG enkedVacdtAtigy: entitled "Optim zation of

| minhonodul at DNA vacci ne coul d, for exanple,

conbi ne an AR vectDie iﬁaéﬁtl@m?ovidémﬂhﬂcomoﬁtg@ﬁeti&ﬁc@fneé,@'ﬁh ngthddsadfi on vi a
dendritic cell presentation of antigen peptide an MHC Class |), an MMV
vect or fobtaipiagggseticoaceine comparentythgt MaYs bsicapailiyy afdhe genetic vaccine for

use in nucleic acid-mediated immunomodulation. A general approach for evolution of
genetic vaccines and components by DNA shuffling is shown schematically in Figure 3.
30  Broadly speaking, a genetic vaccine vector is an exogenous polynucleotide which produces a

medically useful phenotypic effect upon the mammalian cell(s) and organisms into which it



30 macrophages, and a CK vector for recruitment of TH cells intp1tdae g2

I muni zation site. , 11 SEP 2A02 WD 99/ 41369 48 PCT/ US99/ 030" _2 DNA

vacci nat i owocR#18¢ used for diverse goals that can include tRETIWHPBIAG,
anong others: stinulation of a CIL reggponse and/ or hunoral response ready-
to react rapidly and aggressively against an invading bacterial or viral
pat hogen at 5 sone tinme in the distant future a continuous but

NON- a0k Ml SRRRESE ) P HENAT hw@prpmgﬁ}o@&@plrc%a{?@%?%xarqgﬁel ligs gens  a

conti nuous non-aggressive and tol erization of i nmuni to an autoantigen in
aut oi mMmusréuldo sedsds dh dfigiebf odpliattioninef vearragglies SovproplgatiodSTARNS @S in
rapidly as possible_against tunor cell antigens redirection of the i mune
r espons@dgnigyobtaip shEficient gHentisies of Hgpyeetp Praf to adiminisiratien poapatiens. Sthe
on-goin hronic infection in the direction desi r esp S | ear
he pat g Qe Fuis e B W hipRRosb R B Gonid to R BT R e N et
by tshe §0 pElicioinsthBUb& i¥ 8GkAYisOMY aaasleNBe obi@iil bR on AR HEIrEmoved
conpeting goals are enbodied within one DNA sequence. A nulticonponent

for mat fbrvaintiihstrgeoe roatn ongof caa hearsed Glat furcfioDiik thacelligseddot eecsgr sone  of
which will be reconstrycted on eﬁ;ﬁh occasi on .ge.g., t hose vectors

cont ai nPIRGUSHAN YRBPL IHPE Errgetcets Rgwevepdn GERain S4TANS. Rkiding meefthast
under st g; SIS : r o 1, | N | i . (e.g.,
e a1 R B TR b B PR BRI ] 01,

| V. Scrgsroprintdasaysiif.or Optim zed Genetic Vaccine Vector Mdul es

Reconbi nant nucleic acid libraries that are obtained by the nmethods

desléri bed herein ¥egtostusgdne genadicivaesingtign eandxeevimliar serjviraht iralhvectonnens a

propert ich is desirable 25 for genetic vaccinati on. The particul ar

R s ben fiyl i et Bub & Paffert 20 PDrOSR A VAR I bl ViR SR s 1 he

particu : hC1a;d ' . | Ly

Phut 1 ox b RERER tcob ol Buchoic JRIUANR S Indiet SO DNXRNGRiY madis of, |
| f the {DRAnedmtibflinaigdd, domaxtmping hdgrmairus-basediveciory (Cdnoweth(]9%6h&/dddbr ary of
reconbin DNA seqgment s ner at ed ists.in acell. If _the

sequenc® r%%ﬁﬁ% ashy nggﬁe@’f%-ﬂﬂ@dﬁ!‘i{cg‘?%f %'6,946 HE 73R R InHAINRHT | i brary

|S B eirabl el OLEBAHRRELdh 0907 Dl di e Sk 26408 B8] Phfenovirud: SEP 2002

associated virus vectors, Sindbis virus vectors (Strong (1997) Gene Ther. 4: 624-627),
herpes simplex virus vectors (Kennedy (1997) Brain 120: 1245-1259) and retroviral vectors
(Schubert (1997) Curr. Eve Res. 16:656-662).
Nonviral vectors, typically dsDNA, can be transferred as naked DNA or

20  associated with a transfer-enhancing vehicle, such as a receptor-recognition protein,
liposome, lipoamine, or cationic lipid. This DNA can be transferred into a cell using a
variety of techniques well known in the art. For example, naked DNA can be delivered by
the use of liposomes which fuse with the cellular membrane or are endocytosed, i.e., by
employing ligands attached to the liposome, or attached directly to the DNA, that bind to

25 surface membrane protein receptors of the cell resulting in endocytosis. Alternatively, the
cells may be permeabilized to enhance transport of the DNA into the cell, without injuring
the host cells. One can use a DNA binding protein, e.g., HBGF-1, known to transport DNA
into a cell. Furthermore, DNA can be delivered by bombardment of the skin by gold or other
particles coated with DNA which are delivered by mechanical means, e.g., pressure. These

30  procedures for delivering naked DNA to cells are useful in vivo. For example, by using

liposomes, particularly where the liposome surface carries ligands specific for target cells, or
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100 kb are inserted into the Ad-phagemid of the invention; with generation of full length
30  ssDNA corresponding to those large inserts. Generation of such large ssDNA fragments

provides a means to evolve, 1.e. modify by the recursive recombination methods of the
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be 25  Cancer, Academic Press) Vol. 1, p 520-531). For example, viruses HPV-1, HPV.-2, HPV-3,
HPV-4, and HPV-27 are associated with benign cutaneous lesions. Viruses HPV-6 and
HPV-11 are associated with vulval, penile, and laryngeal warts and are considered low-risk
viruses as they are rarely associated with invasive carcinomas. Viruses HPV-16, HPV-18,
HPV-31, and HPV-45 are considered high risk virus as they are associated with a high

30  frequency with adeno- and squamous carcinoma of the cervix. Viruses HPV-5 and HPV-8 ‘

are associated with benign cutaneous lesion in a multifactorial disease Epidermodysplasia
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anal yze three colors). The expression |evels of several génes can be

anal yzedlesramtd apecitys foy chmmtbsompbimteamstion, ifckamed yptaketappeasmd otledrl sorti ng

("FACS sorting") allows selectjon of cells with desired phenotypes. Mst of
t he 1Jec tasppsrbatsclipquspedt heagn the P@&fw@%@alarf%rn%wzﬁl,ngé%&w@%ly VERIOFSR, 25

epi somnal o L. ' < - - '

bacteri atllgghgigc%ﬁmabneg%%gg% gérisgﬂmrerg?%ﬁ :&&%g%t %@Xlgé g g?f%ﬁ%{}%l}@@v&l&%@%ﬁﬁrr y to
sel ect isagi¢hdwalvaliahteof fuchPeRerateldtbyrey. catrdrsprbh@PCROsH kRt tk hguti@eesbi ned
nucl ei ¢ aci d sequences that have the greatest inprovenent in the desired

pr oper t yTheTipypnargpapyllathevisees or polaast shef ok and BA codingiregiapy bsesob aregirefzrably f ace
anti gen hor surror%ate ma@ker .ﬁ%ot ein) as diagranmmed in Figure 4. The pool of
the best™U3%0 HHPPHBIPISYYEEHEEYS i s recovered fromthe cells selected by

fl ow cytonetry-based sorting. 1 1 SEt' ZU02 WO 99141369 PCT/ US99/ 030?72 56
An ddvant age of thi% BeloVHUISs is that very |arge numbers (>10' ) can be
evaluated in a sin v i . [eeh i =g hads
CGenetic vacci ne ve%f%?gwgﬁédcc\%ﬁé@?gra n’@glﬁl%g of:g?]‘}étl)é egcv;%gléne a%coJrng?dr}r/gfrn&%ed
vacci natsuandad RN 49 ths viral grgonrt iDutigi the vortniad virablifengycreetvirslddNAha vk -
known to those of skill in the art. For exanple, the optimzed genetic
vacci nedranaeripas to¢igld dontje-strardad IANALhat intggrarsunta tha hest gspemefad ag i on of

the particul ar, |l ynphocyte type qf .intere Oi.aBicells. . T cells,..T cell

[ neor aarerSian e BRERI oabRE. & suthit Blbkafodly e ST ForbS Ty Suihet

act gi t Yappaknt RANRSthE Kbt 3LRS Yh@ﬁ/ﬁ?le%ehbﬁx% i€ @falP LappesdiRtatill 2 dlo ¥B), Add ik or
exanpl e, human or nouse cells. 10 ATibrary of genetic vaccine vectors

(obt ai nemrotityprieal of gammaasinnfif ¢xtregnedy simphel sombhigingthest gerestamcsdingigbgrtheg genes
encodi ng c?{toki nes, costi mul atoré/. ol ?(iul es etc. 2 can be screened Ior

cyt oki neS BB SRR LANUBENOT COF¢ PRteing; PRL, thq rexersy fragscripfasgpand, qnyy e iral 13

I L-15, | i = a ; L : t I
uman PEREC e PLAT Tt 20 e e (BF o Bgoins ATRcaidd n g B A AN BT s or
and cyt opidaaciude prontdtemnandssnhanden getivaticsradisbquencyd imvelvey i fitexyhdore €The

anal ysis). Based on the cytokine production profile, one can screen for

al t @ at | gwomerplsoHackidpni saaycrsie reamuredder Backaging diitab RNArand sphae acceptor and

differentiation (as eviden for exanpl e, chagnges. in_ratios. of

1L a7 | ErASOr P fof oo e gt SRR A o AR rp B (4 ifResate

I nduct i agh19fintdPéplRa LAY 8dlisOMtHABh REmER i RRTUAEddTRS& Ry RS hﬁmﬁ%ﬂeﬂrsﬁbﬂb@%ﬁe 20
expression |l evel's of activation antigens, such as B7-1 (CD30), B7-2 (CD86),
MHC cl assxckpagrd |1, CD 14, CD23, and Fc receptors, and the like. In sone

enbodi nents, genetjc vacci ne vectors.are anal yzed.f.or their ity to
Tnduce T col | acti BEEPURS VGEIOE U5 HRRYRLAFIPIC COREARNG 814 X P4 dnb T APt ed

m cepnca L: TSN AYE t X1 I : | yse
nf a0t ocp REapiap e & NanGipRGh uhi Somplled T thé gehe KRR AR

react i vawRidhw typidallg afieRerietdion eavbét@eITd growi suth a vieotoadetrh@wd prolvideethper cel |
differentiation is anal yzed by measuring proliferation or production of THL
(IL-2 and I1FN-y) and TH2 (I1L-4 and IL-5) cytokines by ELISA and directly in
CD4+ T cells by cytoplasm c cytokine staining and flow cytonetry. Genetic
vacci nes and vacci ne conponents can al so be tested for ability to 30 induce
hunoral i nmmune responses, as evidenced, for exanple, by induction of B cell
production of antibodies specific for an antigen of interest. These assays
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57 PCT/US99/ 03022 using, for exanple, peripheral B |ynphocytes fnbrhSEP 2002
i muni zed i ndi vidual s. Such assay nethods are known to those of skill in
the art. OWerY4883ys invol ve detection of antigen expressi onPGY/USHEPHEr get
cells. For example, FACS selection provigles the nost efficient method of
identifying cells which produce a desired antigen on the cell surface.

Anot her advant age of FACS selection is that one can sort for different

level s %s@eﬁgrﬁ%ﬁmenomaﬁmn@%dgwc@péarp%asam sayRe siﬁwar&% ig/Anot her

net hod i nvol Ves panni ng usi ng nonocl onal anti bodies on a plate. This method
al | ows |emggeeredrtbenstaof incegrdted tapiteofgugdpek and ear bitao flacki aeackbeihg siz@algt hod
only selects for highest expression |eve e by magnetic beads

coat ed PRNORFIRRE VERA SCRITNFESREC %@GGPSQHSHJé%EdaH%@ﬁE;n%?%WGSéfld‘?dd‘érﬁrl fying 10
cells Weﬁq%v%&‘?r%&stﬁe gc&aif %ﬂ&bﬁcﬁﬁolﬂg%ﬂ‘ﬁ'ﬂe rﬁ&?%{t&n@@?&he%r B Y (Es(f:r'g?)reet hei r

conponent’s 't are direc arnst “cancer ce Screeneé

abi I 5ty etfﬁcmlsusmrtrecnrcelthé@cssaibnm oFfcohtdfiiiatioal By hdlp@sifug. vrtro. Such assays
are known in the art. An indication of the efflcacy of a genetic vaccine
agai nst, for exanpFe, soaamwcnqsa@nneatrppézeatmrrmm@vctabmcdm havestht advateageee of

skin |nf mat i, on. whaen the vector is i dr Ef? into tEe ski n o{ a patient or
test ani NG iRESTRIED T YROTENT B ¥F RO Ha }(F%‘??é’lea% hops T“?‘Bh of

anti gen- é(ﬁﬁ&blfohCT_ﬁef‘éér{ Be gloWY UEAICL ML ARl biTFe SRREAL] © chsGRlS MY
| ead to enhanced kiiling 6f the tunor Fn case of autoantigens, one can
add i muieemdwfaetpes virat skew t he responses towards T,-,2. Skin biopsies
can be taken, 20 enabling detailed studies of the type of i nmune response

that occurs at the sites of each. injection (in mce |arge nunbers of

i nj 88t i ons/ vect & sNeUrV it Getrig Zaasrine iféforsui t abl e screeni ng net hods can
i nvol ve detection NBnﬁ'Pﬁ'?ﬂ‘é‘l%xc‘ ar&l@wt&%%'s@@mo&enw& ogecﬂ?a%onqngn@& bASRids,
accessory nol ecul es, and the ke, by cells TUpon chal | enge rary of
genet i c RNAG) ptﬂyamrdtemusle@é‘mda aﬁﬂ:yafsnamf'lglaﬂ ohroBpsonieb (‘i’Adls);talndmh@ﬁke
Protective Intrrtunin~ To select genetic vaccine vectors that provide

ef fi ci enugBreeoEy iyvecai yiifidaan expacssion cassele rfo*t HPTFEPEGPAYRAPHAE 8g2ingt a
test mammal , usi.n et hal infec Pseudonort as .aer ugi nosa,
Sai ronel VOCP JBHBRS SpoRe R eREa TBEPishoret Biufl e BRSO RRaf e e
Toxqs! asamsgmdeloeu&wesggwiﬂérwg@h deifid;RhaRs nﬁid’ﬁla@i‘tﬂé((e%/ by HeRE nﬂer us
(e.g.. 30 Influenza A virus), and Vesi cular Stomatitis Virus. ol s of
genetl c ingestionptewracycbins-responsivé praguetkr)y dearscspaercanriier indigesad bynmsemhg an

animal s i ntradernal | ranusc ~ ~ SEP 7002 WO 99/ 9 S8
BT Lo SRaneET shamencd it el poiar e Eninckis e Fisyaciah SUPC ra i b P ses 1)
or intr {; i chosen
Por fur {Eooo ANt M A IR ek Alar S P brohl it BB 1)

vect or s effgutibelyncregseerhnseriptionavtienf edtheesl o3t to theitahsuription uaity dthepareaalsd es.

When injected into foot gads of BALB/c. nmice) these parasites cause a
pr ogPes stf{astivaiideeateshwithinean inEemof Pitgin Hi\e&oeirgs%ﬁil%@ deelfii Sepisallynivim! f at al

out cone, an r.econbi 04 nt IL-12
(Chat o sfraner 2 sof GG YIRR S houmAilers ot BB Al o0 RARES] BBJPma ot as
can be i&inactRd ahd iRy shhanckR! IERRGRdet 8RRt Bdm minenbRat Badenofre t hese
mce, and pools that can prevent the disease are chosen for flrther

anal ysi salsmdorsmosbnedd fsoch vethconsuseimmusaglobutia hexvysthaigerihaheart i ons. The 10
size of the foot paﬁ swel | i n can e f ol %owed |lsual I%/ provi di E)g ﬁl ed yet
preci se nonitoring BF‘V‘F‘Hé’e& 5%%{?8 PP eE: ulyp genethrrapy cpp PE dtERfuce

intmatra r hal pneunoni a,
whi (;2 cglrgll ix{%ﬁirg‘\éﬂe?‘){nﬁa%yﬁxﬁggg ?f]égﬁtén rﬂi&'i%ﬁ?équéh S?g rg%r'%lggal (1996) J.

| munol . indbunolH86med) palycatidienwudsiaatidgenpigatel) maket MNA iigettinat, aftifeidinf ect i on
occurs through the |ung, which is a common route of human pat hogen

i nvasi onviriens agep- qr@ewdsxp&eésﬁ BONAvenvive trapsluction Lipefestsy isesqribepdn

h f d
SRS S SRR LR s R IR
exanpl e, cdhR RIS (e S. VBEHORSM ™ EndLIFM&SnVAL CCﬁtﬁirﬂch:Ehdrm%'al fiptds that are

30  suitable for efficient receptor-recognition lipofection of polynucieotides include those of



I nfluenza A virus. Influenza was one of the first nodels in whictém 2
efficacy of genetic vaccines was denonstrated (U ner et al. (1993) Sci eg%e
2S9: 174S- wWodp/i41%everal |Influenza 20 strains are |ethal in nPERUPIIPADAE ng
an easy neans to screen for efficacy ofygenetic vaccines. For exanple,

I nfluenza virus strain Al PR/ 8/ 34, which is available through the Anerican
Type Culture Collection (ATCC VR-9S), causes lethal infection, but 100%
survi val [ ' i ' ' 0yl a
nemaggl LR (i ALAEE WO HdoRs ThNGRCFONA BRG] el ih B 25
Thi s nodsdaniplQWUSIPstent M&YS5,589,485¢ een for 2S vectors that provide protection
at very low quantities of DNA and/or high virus concentrations, and it al so
all ows one to anal yze the |evels of antigen specific Abs and CTLs i nduced
in vivo.I¥he iGeaetie M €¢an al so be analyzed for their

capaci ty {0 provi denpkfies 6HBvRCEHER cdridhihd ARRHEYaIMEARRARIEL 1ilined to
tuberculosis. This I's an exanple of a 30 situation ere genetic vacci nes
haveSpr cabtaiadinpdtitriadimpuat espomss upanddmiresteation]tor mapmal dieidss vadcines,
required. ;~ ~ SEP 200z WO 99/413& PCT/ US99/0302' _ 59 Once a nunber of
candi dat@&oQICRYNCSCPRSICIESBPIIG RSAINE CPBPPNETHS IS Upee fUrBIMpHZH©ns DIsfesellEdn t o

nor e dett il ed ?nrfr'[ﬁfsti S 'tn addi ti onal edoelt.s.. quiotri % [ g 3¢ her i fec;]i ous

di sease MEIAPE IQULAHons Epdl FOTongAY can pt aRtimiged for paRiGulr Jangtions gnal Will ;o)
will allQwt fephid d$dhh@RoGh oiRes, Wi frbdidi LmeRhd fRk1iéiRng AetferbMifLd | OUS

di sease. 5 In each case, the optimal plasmds fromthe fifst round of

scr eeni ngspaneid diferdnacell thpess Warenimgtualdy sxcbmipafible cohsequendes nouidati vet
shuffling, assegbl y and. sel ection. Vectors that 3r gﬁﬁsuccessful i n. ani mal
moddPs aFemdise Qb AReRlasm. fH0se BYPHbSSFSR STATEAF A A e verloreibghwd! havico
genetic y j Nolg i |+ Loriro for
Phoi 1 o Eydhlifos J0FA8, SERME oG, b AR RE Kl AR L skrardl ©
TH cel | shiolgicati9xntGvelentick tp boe picparaton. TheoexbRIrepaieabiagtiof th s@idier
desired trait. Eventually, the nost potent vectors, based on in vrvo data
in mce dhemied hyrersetthens 1§ ne ingpmpabibityueli this naturg and eepdllniemaryfactatisddeon f or
human trihal S agd Ihgir C%{)‘ﬂcué t o counteract .various human infg%ﬁ.i ous

di seasesttf g yhapicgLandlor Bioogige RIPESESo RS EFHPRPHEATONITER Qi 8r pool
pr ovisdesq iRl Scd1hMatid Bf tHEBePirhié veCdf c&%ﬁomﬂﬂﬁﬁcdnmﬁnﬁﬁaﬁﬂ%@ﬂﬁaﬁd“at _
correlate to protective i nity, such as induction of specific antibodies
(parti cutepedtydlygG and i nduction of specific CIL responses. Spleen cells
can be isol ated frgm vacci nated m ce and neasugsgtg?for t he Eresence of

anti gen- speci fi c TORWIFLCARY Y56 VEHIAT BRMAINENICPRIANRE USeH REINROYSPEA]] es.
ELI SA an 1.C : 0K kOl i | : t can
provi de gg@%ﬁéﬁn o?gn%tt%eg%&g Cgﬁle?eg{i%ggﬁge-dc}g{r?% EG%P\MI‘EQS ggggelﬁyénrgfnggfr é(@é‘r}l/eti C
Vacci ne ig@lify thetdevélbpiefiti ofgtich véctdrasompdntmigerecaiseché imechatisinlbyaditlea
Responses To screen for vectors with optinmal inmunostinul at or%/_gpr operties

I

f or 20he PaIHeHal fepureisopsireliqd andrthe prapartics odaanateside thet.exliencapdified.PBICS)  or

purified 25 professjonal antigen-presenti cells PCs),.can be isol at ed
from pr e?ﬂhgﬂgfi @aﬁééﬁfﬁgf%@“%r"%ﬁwg’& Eﬁeq W(r}ﬁ% fl&fg%ggﬁ‘uc rl‘dl&wﬁ%({bgiee?k s wth
acut e i néRafinOMMhé fecbRBiMabR aEerédnindhRiRAs of BRAAVGRIonNESEAnWhath dual s
have increased frequencies of pathogen-specific T cells in circul ation)
ant i gensvesxgroesypedents tHaBMEs mprovedrfof ¢astl oABE@spropertikelistedndi vi dual s wi | |

i nduce proliferation and cytoki ne production by antigen-specific CDAT and
CD8+ T cells. Thus tic. vaccine vectors encodi n%gt he antigen for

30 gene .
whi ch the indi vifHuXFgfoﬁg ges‘ﬁ%ftﬁ"r—’r’éo#"%? q Qi QUUEED Xefct ed into PBMVC of
t he Jsndi vi dual s, atjegériMUceRe vBEIBEEdMPorRht TAREH] dddidiet ft6 padvi@optindal 1 SEi
2002 WD 99/413@ 60 PCT/ US99/ 03032 and cytoki ne synthesis can be neasured.
Al t er nat relesky of amigen ama $ometbat Vi bepoogrnebhysagenypresentihe ce bsr(@tPic) avdicci ne
vector into APCs, thus oviding.a nmeans by which to screen sipyltan sly
or | npr BYSr9 Prinase e Eh? Ereian Enyei Ao G BB 0P St Teleh g
'nprOvedcélﬂdlﬂ%ﬁlk%P%ctgﬂ:wit‘}‘lﬂ?fhs%d @Q\qﬁi édn@id-gréaeislciﬁ'an}{g?ﬁ Blcforyisbapie nost
potent i munostinulatory properties can be screened bas on their capacity
t o i nducaRBlaghilds prpitallyeiagé badoemdrd dfithe dlooking bropeptits heshf whieh dufifey coat
derived froma bl ood donor contains PBMC | ynphocytes fromO0.5 liters of
bl 03®, aeplimized usingthe PE¥MGhashing meashadsiofdle ingetKiN ng very | arge screening
experinments using T cells from one donor. Wen heal t hy vacci nat ed
i ndividuals (lab volunteers) are studied, one can 10 nmake EBV-transforned B
cell lines fromthese individuals. These cell lines can be used as antigen
presenting cells in subsequent experinments using blood fromthe sanme donor;
this reduces interassay and donor-to-donor variation). In addition, one can
make antigen-specific T cell clones, after which genetic vaccines are

. o, —— Y —— Y o



15 clones is then studied. When working with specific T cell ch}nSeEsP, 2[]%3
proliferation and cytokine synthesis responses are significantly higher

t han when Y¥PA¥4136?al PBMCs, because the frequency of anti genE‘é‘éél@? §38221
cells anong PBMC is very |ow. CTL epitopes can be presented by nost cells
types since the class | major histoconpatibility conplex {MHC) surface

gl ycoproteins are widely expressed. Therefore, 20 transfection of cells in
culture by librari@g &finedpidshrd biNnsROUENGRKe Y APBRORNI 2Rt Serf &S f1ON
vectors can lead to class | epitope presentation.” If specifi€ CTLs directed
to a gi vashs épgt opecitay forbreamiisaylantimghinizaonor epidhaliaticells, fot maogahe

co-cul ture of the trrgnsf ect.ed presentig,g CeIJ | s and the CTLs can lead to
rel ease IBYMYHEAUER)s THIS 189 CHRFHPEOPLCHRIZE differontiqtend i} froyp ofgeasetpr ¢ he

epi tope | r g o Hi rel INEFa. Wi cqrr dto
nor e eff(liogrllﬁez)rlllt(?5 Etg%@%s@wﬁlggﬁhaﬂéﬂgﬁﬁt@ﬁ%ﬁ g? ﬁﬁ%g\%t%s%}nn%ngsﬁ?%hgggg% ?g’“ﬂpt he
shuf §1 edncleded ¥R dnpeecbacept Af s@gavil bt hednl Qubdedesitiihshgizanid im@@égfeCT L
epi topes does not require the isolation of CILs reacting with the epitope.

I n this pprivaceiativeinabilisy o kisd igand eriersothengatis.s Optisd zatpinyad dhpis oatiel ofs ar e
transfected wih.the |ibrary.of. evol,ved.sequences as, above. After 3

sui t abi APt BB 5o SiRERh RepE P SRR e E D R R o Hrerietls gen
sol ubl e exisfRed. Impk/ﬁgaxweaﬁ bOBHIRACRA @Sk IVALHLIIRD IcRdRE 1R Lical
purification of the - epi tope conpl ex 1 1 SEf 2002 WO 99/41369 61

PCT/ US99h0a0in asplesdréyed hepin.oRat exantie varieduet®rabmpsndrristdiedcésobvaasd

spectrometrxl (Henderson et al. ( 1993 ) Proc. Nat'l. .Acad. Sci. USA 90:
102791020200 N AsshydHingp goraigatoniabassemR vl estor campapgnts peserfgsel iBreamant at i on

to be in .on i et I, m i.dentjfy .this
ot oo SIS AR SARES UL, LOF R SRERLTHOH AR A R e
cal i br atdepls, dfter WicH thigpdsputtidntdficalis mjmﬁml for tHo3€ tHaeblrdl Blotir @E .. IV déaRRd
for internal calibration could be the C nol ccuie itself. Thus one can

measur e ompaarniafor Bfgebapgenticeyictinp&eplotsid pasticalascol dypdsoandahethhds 0HC

nmol ecul e@g F. SCl D-| runr a{m Skirr I\/bgeé .ILor Vgcci nat i on St udi‘gjs § ccessful
geneti c SPIURINGAMIPENE A RSP A AFREFIRE] [iorPPERAIDC ARl 2ssipped Upatenig
injgetio : ector, e i 0 i ofgRTlNg the
ant iqgen ?ﬂ%‘ﬁ%’?’gé‘? presemnt F%ﬁ(ﬁ) s, qg’rfeds@gnaggtslit%%ﬁg th]g&z}ﬁ% 1|q8'en| C peptides
in the c@ROFUSPWhidHGs emiteclui Tasgetingaddfactine Veafors.he pepti de/ MHC conpl ex by

T cell receptors, interactions of T cells ~~~ith B cells and professional
APCs and i nduct i on(tafoptipat traffickingeqfithe ¥erdorPNE to the 8peladse A gaj, the preseat
events ci . be differepti I | a i e and. n. A limtation of
mouse moagpLiofprelbE e by N B8 ALkl BRI R R ime S b b o

nm ce andomﬁﬁlaléféles@ﬂ?i@@ﬂﬁésm ly different. Therefore, proteins and peptides
that effectively induce protective i mune responses in mce do not

necédsarily functi tm optimaliramseription of the@otigen grrets)) This can inyalventause nodel s

can be used to stud man tjssues in pce rn vivo. Lj i eces qf hunan
kI . ar eSPERYE, 56 55 ol PR B RO b ARG P MM ATSALF kPt s FTSETehuch as
SCI D m Cgnb@im@if, @&-%ﬁ{c?f?‘#)ﬁ%&érsta@us\ég%a‘? only zﬁl’o@xF {r%cﬁggioﬁgf fhg?gpes when

properties I n human ce n vivo. Recursive “selection epl s vectors
pr ovi desths tveaapisseitifia thomodaus s whetat get ceiboiper B thisajase, apedificigpissienmed nytet
provi de high | evel of gene expression. These m ce provide an excell ent
nodel f oPnl¥ oM edecsiyetvealqs FRIEY ind tasgsticgllency, transfer sequences and gene

Fromthese m co caORPRER)ba ARk AR AR B B ko Hnehisl Bl oy oo
to the mRNA in the cytoplasm. To achieve this property, the methods of the invention are used
to obtain optimal 3’ and 5’ non-translated regions of the mRNA.
(e) optimal translation of the mRNA. Again, the DNA shuffling methods are
used to obtain optimized recombinant sequences which exhibit optimal ribosome binding

30  and assembly of translational machinery, plus optimal codon preference.
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prof essional APCs, and to study the capacity of these cells to pf@shft 2002
antigens and i nduce activation of antigen-specific CD4' and CD8+ T cells in
v rtro. Siwem4e3 |y, although SCID mice have severely deft BCEMSINOMARY B
cel | conponents, antigen presenting cegds (dendritic cells and nonocytes)
are relatively normal in these mce. 3U In one enbodi nent of this nodel
system i nmmunoconpetent mce are rendered i nmunodeficient in order to

enabl e transpl ant agi j - 2 WO
99/ 41369 @ PCT/ u@é’?ﬁﬁﬁbﬂﬁgﬁ%‘é%ﬁf &@réerg)rffg[%ﬁﬁ %%qh\%égg&rl)lr%%?mt es
| ong- t esntigerriyiakah uphbyAPO @@ neleastSiemopraxichsiviemeshagisfisaiRimedhanlsm i 1996)

Nature 38 | : 434). Because the i~r vivo imunosuppression is transient)
t hi s nothmpliese thaaxean! Juidahase By mdsreBinesytpsifand giemalzationodasgkialet ed i nt o

mce w enetical.lv.nor i_nmun ens. eral_,nmet hods of. bl ocki ng
Coe- B 11 EE PRt RS et Mg R I T o R B Rent FEP BT 0t hose
of ski | hntidentiRehcitid phBéd a4l i9eherd BFe ROt RETBY Mt tREBHs Bt Rk 0P ReREniRE YA LI 21 NY
anti-B7-1 and B7-2 anti bodies, soluble CTLA-4, a soluble forntof~the

ext r ace$thudtare. pcetimmimedhaGifmingolvas bindingofpntgei w rebettors ool thel APk e and
an Fc portion_of an IgG n@l eculﬁﬁ, gnd neutraligi.n agti -CD40 or anti CD40

i gand ieding SccuLs AFGr GREILC AEEHBARIB PN INHIOHOGRE Sudied; (sseTccPoEAFent 10
i mmunos i [ Acl 10 i f K : 1 ow ng
reagont INESEHAAE AR A bR @ refREerRe B ablich I pi S

r ecept ofind gllycdftotetirapasibion Bindasdifib@heoihssedofededcellmamhi ch SCl D-ni ce
transplanted with human skin are injected with HLA-mat ched PBMC can be used
t o ldhal preteinsghyserrotdieg). Prisingeof bawiing wfollogedRypresspiosmediptdds vivo. In this

nodel , the vect.ors .are inject or topically applied, into the human skin.
Ther eaf PUFTHEEHSR RSN Bt i dteafis BEPRE R ¥ Rebl hndeiSd AlesspRne
cont ai Ngleh¢HRMIaNE Ech FRfs danfof B inédtBoraB&liffa rafibial HEﬁQﬁE?&E%@H‘B@eb&W Il Dbe
recogni zed, and eventually destroyed, by these vector-specific |ynphocytes.
Ther ef oapplichtios ofipetel shpffoug dmsenyossil iprodess efsselaptisn oéearidm DNAhaesii¢shat

effici entI%/ escape destructign by the immune cells. It 20 has been shown
that hufReAt PIBESSSTH phettaeinffb Crfdieselfict FOrHaRants diat Are impreyadhihQighepidbs t he

or gan, i %ﬁng that the CTLs reach the skin in this nodel. Cbtaining
HLA-mat ching skin and bl ood is possible (e.g. blood sanple and skin graft
froma patient undge@edrehrek niechiisivaall filfte tOspeR] flcmaibely re2bghitiofdf ad
foreskin fromthe sane infant). An additional nodel that is suitable for

scr eeni pjrasslldlesantigsad The figstrmechanive ipvoliresdintneep sbthublnomadigted raengaitioni n

whi ch pigces of _human fetal .th s, liver and bone marrow are t spl ant ed
into SCP% SRECI B gU ghnnge ?%ﬁi}i%gﬁ%ﬂu“ﬂﬁ?rﬁﬁr?cﬁm?ﬁs_eoré%tcgksf'ﬁg?ﬁ'céﬁa?%ﬁ‘ﬁhar ol 0
et al. {d938dcys& Ridctophhfddhdenddtic &if)can belacddraRahyithmacBnftbranedsl S
and APCs can be observed in these mce. Wien additionally human skin'is

t r 2 pl ahdiedrse ispediBcitiek dinya primariylresposse) thie meohartiste waflfiot he yparhitigerat i ¢
vacci ne vectors followng injecti 0’}1 into 30 4&?8 skin. Cotranspl antagion of
skin i sPIeViaSl imgnynigsdoanimelrelgfoer esuEaesel A8 Cen spesiiallydiah edesetivlanal
source gl af 835l ANBLoARES e boudd FFa RN NOnRUALRELRSTHLIPOS 03022 63

erjor yin e g ficiecy 0] gee

G ll~lorrserrro stu g i'C vaccl nes i

trasj eCEérhEﬂTﬂxéMﬁ&(rfotﬂidﬁﬁécﬁaﬁ%|iﬁvcﬂ@éscbihdihglt!@i:l@nhlﬂy-ﬂér&lvd'drsfublﬂaéénfeﬁﬁamseS in
vivo A |ack of suitable in vrvo nodels has hanpered studies of the

ef fi ci efioypupeglgbulin whiohds presery onrgachBirellp (Sihin e sasexqfmeirary B ¢allsaodan

nusgl e |ls and in inpducing 5 spegific h i ne responses,. The vast
o 5 1 1 50 et U s s mpnBRED) B e TTRER  EESHE N EnciBE . st o
cells a%@é.%kt%@ﬁ@laﬁﬁﬁf‘gteﬁ'cﬁn bHALBECi IBARCBSARaEd [z MR iNR¥RBEPhRYed a
nouse nodel . Because of the conplexity of events occurring after genetic
vacci naprozassethame wembrane ¢ansarment firprelehfationlon thoBpeHdindacenfiatallgy resul ts
obtained in the nouse nodel reljably predict the outcome of simlar

vacci nat¥Esliphr paigencan pgaccogaired by aprscalicsoieble immupeglobuhp (IshE puthe sase

vacci nat | i I ar i oN. : I Y&

o asm ot SRpPAEL bR ERLERY ifinekRiGRY EnuhBhd Ak Cotloiblify |
ant}(Den»\@ﬂhQ%ﬁVﬂlldl\i@it%{diﬁ tddthe SeTARIIFAPOLvik Fe revrpiod esvognitRAtih @ascasélof he
cont ext of C nol ecul es) recognition of the peptide/ VHC conplex by T cell
r ecept okgfy) dndtioremalizatien.of T cells with B cells and professional antigen
presenting cells and finally induction of specific T cell and B cell



1 ~ responses. Al these events are likely to be somewhat diffet&dEPallly
regul ated in nouse and man. The invention provides an in vivo nodel for
human nuscl WOA4I360r ansfection. This nodel systemis especi al PGTAHRPUSIER
because there is no in vitro culture sygtem avail able for normal nuscle
cells. Miscle tissue, obtained for exanple fromcadavers, is transplanted
20 subcut aneously into i munodeficient mce. |Imunodeficient mce can be
transplanted with ] &3HRF O BiRf ke ﬁe&%nﬁnmﬁmmmﬁsm%ﬂ @ coMo?ﬁaauon
suitabl e for xenotransplantations include, but are not limted to, SClD
ni ce, nusfeheramegeansl thei sameras titereecgrdedn speserﬁcmymftthepre -gastar ambody rng:d%@ I
or RAGR genes,. SCID ?lce and RAG deficient mce lack functional T and B
cell's, dAdhesidiciensy e Q}e@r@%e\#épéwlaeﬁﬁmﬁse@ﬁw oﬁqn%adlahaara%oma%h@eafo
reject tr t [ i.n t hese nice can
ﬁ{aéﬁrféepg%ﬁgg aP s cor Ao AR échb%eS‘ﬁetEnHm%é‘%ﬁ élé ?:tl'?e é‘g}ens%@

be tran§ﬁ I'Ssues, as s , S nmus or
bones W dihetiire bEihRGrbteih ARBE. ap@eciet arlibodibORE) wi¥er8cBgnik &8R! BRtraceflula07) -
After transplantation of human fetal |ynphoid tissues rnto SCID mice,
functi on\amsmxrbaﬁennhml@oggyslném@ammt@m@m arevéni infeckien or medaite #s model

generally referred to scl.e tissue.is

transpl a\ﬁ} 63(8% H?tboné%f)ﬁp Egmag%lyéxénmﬁagneo?ﬂr{;ﬁa ERRPAIPRRE  ect i on
efficie d dy
nduct | g8 ?%%%%’%??%?@ﬁg‘%@%g@*?éé%%ﬁ%@‘s‘g‘%ﬁ’ﬁ A oY
irr vi vo;;rotetmstxh:tl&snm&%@trunuseﬂs hped by tprxurficoo e patiogen.t Hence,1tid S E P
2002 WD 99/41333 64 PCT/I,' S99/ 03022 sane donor are used. Fetal nuscle also
has 18n adnsratagdor generastoniof heamratieﬁ%ver @wmt mm@unwﬂﬁbéw dosonaideBoellsri gi n

decreasin kel i hog a [eaction n nmuscl e
rssue. 1 SHich ok neRaRy Pre-fielioh ¥R Tistel e GRS bI R e PR PR - oducea
i nto t hesiimbiaed '6;}%@:'6@1 donSeti®ithor ﬁélb‘@l'S/ce'llE‘ﬁft@txlﬂfrﬁée‘Ilu@i} RbceséiRg 3N tHeORR oot

i nterest. When studying transfection efficiency only, RAG déficient nlce
are pr efa;xdrwdsenm1©aw§ degradationrpepadesomdghe pentextredMHE Glass 11T Thed T elprwilhe
C|rculat| wher eas eaki n he ot e has been de trated
o oh e ek BB ArolfeGROT A e oy b Pl G eRF TR PBEYr S BARY | val
of Ryman, s &§h§é+'§‘elééﬁoﬂ‘f8ﬁadu%ohfe5%% ihGreB&dls PQ&E@ EXERel Bs }%nbody

i mrunoconpr o However, because expressfon stldi es can be

per f or meglagdisitiichingne or two days, this nodel provides an efficient means to
study gene expression in human nmuscle cells irr vrvo. A nodified SCI D hu
mouse nodel with hilirgAmmesier.coptimah splakapéantisendy ABs do ml@éh@@nr%mmavxo

study hunan i mune. irr.vr creenin | npr oved

Dol | ver el FERAEITOBE SRk T, dabisk R hian BRETEY i Fau Gy P et o

i dent i f yoch@oredation (@Csiefntdetbiguchiiato the emaRpe Ry Semfupbainatiradntdtisd)ainad i n
a particular manner, for exanple) orally or through the skin. The follow ng

scr @oni ngcogtitroldyy mlm/Bctellsmamlgltbe aprEapEate ataiirannaitibady ayativr proteis o
descri bed herein i.n g&ﬁjunctlon wth ﬁﬁ%tlc | ar geneti vacqﬁ ropertles
for whi cff ‘i’fé“aé‘QEé ¢PRYpEE eeHrPS?’% 1981 &YCOSYIEOP 3BA ARY OFGF P8t al

del i Veryrﬁ%&bu%ﬁaﬂﬁs&g&mégﬂe&é}g&{h trﬁgl r9£ct1v W/Mf)the'%@c &?Erpl e of an in

vitro I'S base nocarC|no cells which

are gr owimimunbg®%utin @hd powsibly M‘b@-ﬁmgfuwglobmh@am APCEaklbditibh ké Hehrebhese
cells spontaneously differentiate into cells that resenmbl e human snal |

i nt est i néiMEPRiORY| styaiuryof the gmr@s:&edraanggn @ﬁuxr%ﬁxstremanm bm@tﬁC@ﬂVh@@i ne

I|br$r|eﬂ5ﬁ5d40{ ve %Prs can | aced _on t <% th % 2 cel

| ay@ A R Sfeqé\”& 63%%9{}%“ FSur&‘h“{"h "éé?ﬂ“ef‘ai)e%?“ Fe

det ect edo@iinizBE® f}RGBALE ?été'ﬁ PdbifityDuksi¥eethe ekpREAfig 881, GAR] Hettndhesftgened
for anmenability to oral dellvery ih vivo. For exanple, a library of vectors

can be actndgriztderennonesd ¢ofls, mtndmanhPCh Therrgaumbingtsereandasceceasmnyettiofnof
presence of vectors. Intestinal thel.ium liver, and the ?Ioodstrean1are

30 exanpliedn¥nton §3n bg usadde CRamint dstse FOFLUET dSERUTICe) 105 FURSFAMRBber s
Vectors ;Blja%ssﬁ{geaftcr Elptjak§g§)wgo t\%gn%'gée‘}lutlar%@gcessmg results in derivation of the

30  required peptide fragments for presentation on Class I or Class IT on APC and desired

immune responses.



65 PCT/ US99/ 03022 successful in reaching the target tissue c1a;l| stg ?Ug%:over-ed
and, if further inprovenent is desired, used in succeedi ng rounds of
shuffling ava9selderti on. For screening a library of genetic FE£IeVIH/0§Bet or s
for ability to transfect cells upon inhgction into skin or nuscle, the

i nvention provides an apparatus which permts |arge nunbers of vectors to
be screened efficiently. This apparatus (Figure ~) is based on 96-wel |l
format and i s desi : f: I MRsn(foT T.C&éls) r

mcrotiter plate t(gpgﬁf&r\lgﬁd{’tﬁu@é eo{(s) Ina%%{rqgt or"yngﬁ?rtr% S, rseégﬁ&ae?u%rce and
rats. Maoepuementoigdmpatsehe. thiskdnbd dissesyal andigshl iand oratfiokimosighalei ent i ce
can be injected. The apparatus is designed in such a way that the tips nove
to fit &mbpdiedtin therantigempegquenceaftirapy bpdesidhlgdnt albef thetaatigen tchbessdsess

obtained framthe plate..the distance.of the ti fromeagch, ot her i

docr easdit 155 G ihoiaielh alof RARRE AR arh g8 bRBE Rl AR GAER o8 edesedong o
X 2.3 Ccihd QlPaffaBdbEthdsErabidhy J818. \RetiIPoqire@ POdi A RraihimdNRe Shdgd 1b S

el ectronically controlled. Each reagent is m xed wth a narker agent or dye
t 0 enablother eutngiiular oompirterte €dri post-gansdationat imedificasonss, irfebudirg givobsylatgal d
particles of different sizes and shapes are 15 m xed with the reagent of

i nt er estan 8 amrpdicd & BS\ANHEEN $SIMERGhI st ochemi stry can be used to identify
each injection sit . .eact | i h When
miscl o & issue s i SRTRH YRARFY ABGnEEAL AR LRRUIEE Moo SRRL BRI sy
Thi s appatigériffomaie b&lsusedariiontandyenis@) &id @sistoafesiganpeexpiofedrsofQhe agent s
in vivo. For exanple, this apparatus can be used to screen efficiency of

| ar & narbgerswihinabe aytpplesramt tNAcipsy e¢lholipsed bydysis of thahedlbotreleasmn ski n
or nuscl e |1s tr anted.,into.i odeficient mce. V. tim zation of
Genet s ¢ OBl frliceh o bR SRR PR BH E R hPP rarTbE Sime eendticoed ot
genetic [ | ' | S 3 biHeitiryin®f vect or
To ont o taeg] T IfFal B e T d R e e R o B EY of
t he vectdeathtiobalankédatieh tie neadrforehe esiporeducthmtigen. an gt asfthapotemialne

response i s al so _nedi ated by the_immnogenicity of an antigen expressed by
a genet idelaleriaus sHectefkdiing some gelly B\Afesiined RIAHS: he antigen is expressed.
The,presence or a .0f. cost | etic
vactne veotor cantSPRLERSBrhTT RrR ik RS EHL SR REARHEE ordte bR B

i mune ites RPBSELY A1l exdnk € antthed eikPressibhi ONUShotaways ddiaBie tNRGhOntigeh ®ea
manmal . An increase in the persistence of a vector in an organismcan

| engt herexpieased farthsflongesutioeradilie dighsat leweld larertinakeisalfapabirtianssié mill be
boost i ng vect ors which. do not . ~~ —~ SEP 2.~f|&B WO 99/ 41369 66 ..

PCT/ US9d7H3B%Y 1 BaH FUISHR FYRTEFUCLET 15580 SR RY PRTEeiinetort Umg-Nghkt i ng

pr ot ect iQBresdiBE, leﬁgﬁﬁl@llo{vrb\kﬁfgskigﬂ,, IBhO Ve o ek teéstor G sopiwHEZ | ¥eriBay  Of

t hese properties, thus resufting in genetic vaccine vectors that exhibit

i npRdved ability tRlashidcAR chibe desgneddo ekprest omroranommmakn@aofiasmgie syst em
Genetic vaccines can contain, a variety of functional conpopnents, whose

pr ef er r FHUEEHGAR B SCVET %&ﬂlfé%r@@trtﬁmﬁisJ%WWZéw-M?thgdf)s foREPRHNG i cal

sequenc o i Lo ! rei.Q. i nvention
i nvol ve%pﬁ}éﬂ%égjn@?'gF%e%g%e{)@%gb ?tﬁcg€%%!sdgﬁg%a 3%?%:1 grcgs %I{(gfr?'q%gg&“%#m){ he maj or
vect or GRSBAGEUS Pakint isdiohfNd.ng of mul ti dlled Rebrahgday$99d ad TTOY
sequences, or other nethods of generating a E%ﬁul ation of 10 reconbi nants,

resul ti rttorneyaDookns Nex 189X1-02 &7 181 Sc Mihiabr i enididelehrttgen Libarp ksmusigiieces
| d. f h librari i he high-th h
Gesdr: botuBRte AT ERFs G TPty et e oy dpt SR o BRRR By ¢ e

single npdi-e libraries, the pools of the best sequences of different
nodul es can be conbi ned by shuffling as long as the screens are conpati bl e.
The screens for pronoter, enhancer, intron, transfer sequences, mammalian
ori, 1 ~ bact eriBal Vemoragvinpymentss TGIL- 'k &CTLah@ "tand 1GHeMMEndesignedfet | y be
conbi ned) resul ti ngprimalpeodipitionmiagfaTIon of the context of each sequence. An

i t ant t inth iments, : ' qm | librari
U nG Fecurstve cyBFESCIECGhBRTPOTRAS 5 TeoHta 1) Cakeodsd MM FREL of cous:
but 360”%@@@@[@%53 Pftiﬁ]ﬁ‘l%ro&@c’?i%ﬂtof%to%&?c? ERRN PP RSdyRRRLITY ) by UehRads DNA

transfer 1
cells (CTL-DC), Langerhan'’s cells (CTL-LC), and monocytes and macrophages (CTL-MM).




20 Alibrary of different vectors can be generated by assenbl ifnt SE8c2082
nodul es that provide pronoters, cytokines, cvtokine antagonists)

chenoki nesWa st i nul at ory sequences, and costinul atory ndICd%883023i ng
assenbly PCR and conbi natorial nol ecul &r biol ogy. Assenbly PCRis a nethod
for assenbly of | ong DNA sequences, such as genes and fragnments of '
plasmds. In contrast to PCR, there is no distinction between priners and

25 tenp ) £ FRYARAL S ad i j The
Tbrary Breyserp el e NEPERRLRai AR AT B B FEnS b T

pr onot ewsth MHCODlasal) thidresys@isussg haxopdlicyiatedc fycdl heniNfe sdapidrisks. nQelet hods

of the invention, The resulting genes can be assenbled conbinatorially into

DNA vactariseajedvih & Thakester comtongels 6an Be eqpridasadas thedirechactivefoss efthis
t _.a. der f 1D f shuffled
b oot o2y o St B BERER e S R o L b AL o GirofRUES PERRTHIRL: 1 ¢

i dent i f yisugesors which exhibit the desired effect on the inmmune system ~
1 S E P 2002 WO 99/.t1369 PCT/US99/ 03022 67 The nmethods of the invention
are useful for obCHilnventprgemponenty acctypieslly Hetigmadetodyaye ohg ednfoos ofxthe or

nor e of ny properties fhat influence the efficacy or desjrabiljty of the
vacci nefoq%’féggpﬁﬁ’rpﬁﬁlﬁst?aéé O?W&‘I' F’%ﬁlﬁp“g}‘ée%‘%ﬁngf iPR4 s?g?h@génqtm%&& n; .

A. Epi sguBlyugehor nrainter:ante 5 One property that one can optinze using
t he sequence reconbi nati on nethods of the invention is the ability of a
genetic vaccine vegt optihsl veerdribdraligy @pbsdoBbky by héchdydiRhntigéh siebdnting

Epi somal replication of a vaccine vector is advantageous in many

si tldat i eflls (cRordendmtiprals. moneaies/ mycropigesdianggrhractasils). aFluis npd enitédahed in a
cell for_a |onger.period ti.me than.non-replicatutg vect.ors, thu

Cesul t | RSRER A ieEbiateg T shorrvesior farn s Bl ih e HougP Bbrtsh D

i ncr easggbsted IVE Yerids, \@cltopseﬁr%f%‘?éﬁl}' @8nbYbina b bt eePt&isnhateRt 806G to b%he
replication also permts the devel opment of self boosting vaccines I ch,
unl i ke txtaatietlnlanaitigeacapresson dostivid ARegpeiare ThistsepdretioracCfunetions is critical,

adm ni strations. For exanple ne vector can include an

.self hoosting vacci, ;

ant i gen2eRedairsg!iyken &taan Haffscﬁmsdé ranfigen %Ha%&réﬂwtm@qfdmw%m rol
el epent ' [ ' i.gen. ex; iLon, t ~
cor [oapaitd ket i ARUE L8 n AU SER RIS Bk B Be P Rited 1 ever
screeni @gst{rel 1d16d preaértyd OF teér delIRArfi@CinQssTRMAionesithM O Clasul tinithe ARhanced
epi somal mai ntenance using traditional approaches or attenpts to rationally
desi gn naseasntigeniy dir¢atgd veedigmbgrsrationsequancd to bedélreredimjaghes thedumpempt of
research. The inventiaon proyid t hods for nerating and scr.eening

o dor o Bie TG PHASRUASHY EAtah st GLER) A Qo VR b pdrits dases U b1 ¢y

of a gepgbiied WACRIaNEINBE tPopla8m' &lth&abe d%?x'aﬁ@d@dt& Vet oL@ BY aRd by
using DNA shuffling to reconbine at |east Two forns of a nucleic acid which
i s Mapabptaeasdbmabsysean follpweddry deligeryabitice Mewnarf thdBERbfor iasspctation epthi it
autonormusU{ in manmmal i an cells; e two_or nore for t he epj sonal

v

h f
repl i caCiless TvdBessreomplenes odpertide a:rrlfi (easot ?férthmﬂﬁtq\%?@rtorﬂ% gell surface
nucl eot 'fé’res%eciﬁa 'Lilr'gg{&,’%‘ﬁéxhgﬁtp[gﬁ%g@gitcneé’élﬁf)%&o? E%bcl?%@'ﬁf ?P% PneliHs 9r

nodul es " T'sTpr o ( i's"screened _ one or “nore
opti m zggtaifRg bptithized veast éHm?’]@QH{s?ﬁxav\ﬁﬂe(‘oBtimWop kaﬁtgaqlg o RsBEN&l §pes
e

vacci ne vector) confer upon t vector an enhanced ability to replicate
aut ononeusdescrilmdpacepentding comntany adsigriad EsnPatenisApplivationpid. i zed epi ; sonal

pEhi od-atteastonce 14 REPuBRAl DRTRT FoiatatfenheeRidte el tbral
repli cajpsgsy ,wicmcyﬂggfcgb’g gl?rﬂv,éﬁ@ﬁcﬁcWa%Eing%cf&h'.nd of DNA shuffling.

The optim zed vector no ed In the earlier round is WO 99/ 413
68 ~i._~ btr 't uO0ZbPepiirhiBIneSGRDdnrod clonditigen gand(k). & hisuwrantberactampligied tlye
vector nodul e, which can be the sane as one of the fornms used in the

ear | i er OpHUWENG proneQiArshenhancaTs. Aalrens: andihgmlike. 25 dsrusesdchereingCelh spectfifnct i ons
as an episomal replication el enent i 0 i . [ ecombi nant

epi somalPTPBBISALT ?%‘Hg@séti f‘)‘f'C%r?’Dea rseasséA\ 8?‘ 8 %&153?{% Cﬁtemg'cr eeni ng process
i's ggpeated to idgpyinmdNOsRvAPcE HEBhRNAR OpikPEr dHAK rR%-trdiskedsrsBioRk t
enhanced ability to confer episonmal maintenance upon a vector contarlning

t he noduoff the MBNAccan mrcotdsinedusihg dreemetbedudf the invebtion.at es for the use of DNA
shuffling to optim ze episomal replication ability include any nucleic acid
that is involved in conferring upon a vector the ability to replicate
autononously in eukaryotic cells. For exanple, 1 U papillonmavirus sequences
E 1 and E?, siman virus 40 (SVvV40) origin of replication, and the |ike.
Exenpl ary episomal replication vector nodul es that can be optim zed using

t he met hods of the invention are genes from human papill omaviruses (HPV)




- - r

Dermatol . 130: 210. Despite these in vivo properties, it has nofl b8EH 2002
possible to maintain HPV episomally in tissue culture due to

under - epl | 8@ PYAL36The i nvention provi des nmet hods by whi ch HP\PQI@#n99/03022

i nvol ved in episomal mai ntenance can bgjoptim zed for use in genetic
vacci ne vectors. HPV genes involved in episomal replication include, for
exanple, the E1 ?0 and E? genes. Thus, according to one enbodi nent of the

nventi on. ef ther @5 iani Binse BPHEhaaDd EZAeAEDRGraNRhested Lo DNA

shuffling to obtain’a reco epi somal replitation no ch, when
pl aced istleatidtiGletiods € ih@ iNaagioneay Be LsYd, tolobSith bStyhiicletidergeehJeRdH enance
of the vector in manmalian cells. In a preferred enbodiment, the HPV E 1
and E2 @enwsel fibosana bindingrand apsembdy eSeanslativnak maghineri grvelPysoptirealuedan i n a
"fam |y sr}uffl i ng" ?5 procedure, as shown in Figure 6. For exanple, famly
shuf f 1 i R8T EPYV E1 and E2 genes fromclosely related strains of HPV (such
as, £&or exanple, V4 LD i t.brary of
reco§nbi nant El angezgﬁénéﬁlepgoémn?%(ﬁ&%?@? R'eﬁl tgﬁgﬁaé%&éé%tghg %%Bfopri ate

scr eeni rgnfoembhodn {ieldsdpptdpiinte dyosgeadnnaprezdiykis tind prodavesh efrhs @Bhkct

mai nt enance properties, To identify reconmbi nant epi somal replication vector
nmodul es PepdesdRhpissentaieon opMaie & 1ash 1 pnd §ligiupp af Hieedssprd sprgl i@l bt enance)

menber s i i A1 tor . . e jnserted into
Voot or o "R, e fioh ElodiGRR R HEEREL MIBELRS aRiSod NEEAE0 "\
99/ 41369e&£BtdrEdh URONA3O3RAPE]l | s are propagated for at |east several
generations, after which cells that have maintained the vector are

i deh@ified. |denti(]epiimalproignlybe tagensnpt theeodrect peptidesa Mheordemdlspsdifig a
vector that jincludes a selectaple marker..Cells.containing the |ibrary
member s PANECISHE SLegNtass ill dERRICALIBA datie LRI NN dRd o asuleal aRFases

mar ker f aldnpns, after which selective pressure is
added. éﬁ?@h&?gﬁgg%ﬁﬁ%?g@ﬁe}g{el on are enriched for cells that harbor

vectors whi ch cont(g) bptimakgaispomafthewadgenr pspides ecroky thb efddpasnes réthalum
ability of the vector to replicate episomally. DNA is recovered fromthe
sel ect edn@ebrage inbe deltverduntothe RER Wunane rfhig may §e megiated byracegnitign eEd6ver y

of 181 S90Bhace 19 APSALANED, KOSHAL oMl ARGLASL eTDOUI ment of {he

i nventi e’screeni s acconplisheéd by i ntroduci ng nmenbers of the
l'ibrary of reconbiﬁmaﬁtimi £96@Ati gt the péptdes WekltBE CTRE e SnicRdotulinect or
that includes a polynucl eotide that encodes an anti gen whi ch, when

expr essedmpiex anddsaffickiog ta the csllshefaes W the scetetory Pathwaybr ary of vectors is

i ntroduced into mamal j an cells i re propagated.for at |east several
generations, after ‘X/\?ﬁtlf?ﬁ{]@éqpllas)' W%W‘é’ﬁpg‘gﬁ ‘?Wgﬁﬁ’éwlthl%s%ﬁt?gé@e&?‘?ﬁ gen on
the surfpge.nts Fo'f'?ec%ghitio Iy épéaﬂl‘:idﬁﬁ?d- Such cells nost |ikely harbor a
geneti c vaccl ne vector i chenhances the ability of the vector to

repkdcat e aut ononovedtyr CUh@an bddndighied to@xprekd snerri mbrecanbadsdf anirgps somal | y
mai nt ai ned vector, the optim zed reconbi nant episonal repljcation vector
nodul e i28tgeR &Neet savﬁiaugéferepbtae%ﬁﬁ%fqr damugzaden Mykipls opimized aptigensein
surface i i . SUI . € ni ng nmet hods are 20
descri o BATE i WpRigtiSidl A BukiehubEg sl B Bedh R "L
Preferably, an antigen is used for which a convenient neans of detection is

avai | abl e. Cel | € Wik@brsaiMg”,Sdksignbll forf optiniif ReledsetdfgmuiuiRanbddatsps hods
i ncl ude both cultured mammalian cells and cells which are present in an

animal . To screen Yeftorsedbniiesigrensbiordrechertimaldclepserofdmaynsirapdigdiorsor use
| n humang,, Sshg){tlg i?ralfcsg%r}r,d:ognfé"r%lcﬁ/tﬁ Plotofe £ Sﬁaggét g P zﬁ-ggtﬁsépg{cagrj Q%nﬁ’h Lo 1S

Genéral Iy, I'ni . mg - I's accorpli incell . ere
processipigiodhinh@r @8 tipdinahé Bmahized titduk od inRuae célls dush deadih] @lisM-BC),
preferred enbodi nent, cells which display a vector-encoded cell surface

ant i gen langethansaiells VrlkGr enamosyties &mpdroplpgsy (VIHMMCy (dwes vactdraduectcel |

sorting nmethods, such as fluore cfen‘ce acti vated cel il “Sordtingr' ,,@@_.Qaﬁoproach
2l | ows VURYIANEDYS YIRS Of PHER vafsiel Spversl e gll o adhlatots; (eirakigal 30
experi Mebwth fa'c"%[rs,]anﬁsﬁ% m&@gu hSthe IRRRAnE teEpbRR% BBAR A edifed@psidruct S whi ch
replicate autononously in cell culture and give rise to stro mar ker gene
expBessicombimnionefftydshard dfabe desifedievaur Gelld transfacredwvitio M neaorsaan bal nodel .
For exanpl e, nouse nodels for studies of human tissues in mce in vivo are

descr i beansidered 98 thi dipctoss phthematusp pf the yarane Memungressensg 28 TLvsi bH Yeas
filed on Cctober 28, 1997.



5 Live pieces of human skin are xenotransplanted onto the backi df SEPChpg2
m ce) allow ng screening of the vector |libraries for optinmal properties in
human cel | w0 99/4¥3690. Recursive sel ection of episomal vectorsPET{USIPINE de
strong sel ection pressure for vectors jhat remain episomal, yet provide
hi gh | evel of gene expression. In another enbodinent, the screening step
i nvol ves introducing a genetic 10 vaccine vector which includes the

r econbi t [ replicati e l.ynhucl eot.i de
that enponcs B ClnRe i it S RIa ETR e eoPPR M SErBRe Miara BT ML R
that hageaell WGhicAnAé véliomArd de¥iiRdIY Sh&ale. TR eRithPR| theS ckidedark @8§igfed OF
the exi stence of an i mmune response against the antigen. In a preferred
enmbodi nterttind tdandremterahe desired celd typsuend/esermymvarcellspes hurgulatedpmimotes at

have a functional human. i ne system r 15 exanple, a functional human
A 8 T O L B T R R Ry TR A
or r : : L I : Lisd i of

i var, PRonE YRGSl gt B8N SRR AT A SRR e Tl s
207). HAabhkérap. somal vectors which are obtained using the nmethods of the

invention are useful not only as genetic vaccines, but also are useful
tools in other |ibMArgenotlr wsEwSvicRQrappltYRieallodesigned te bamerenstortraore ab e vy

R A e o R S

si gni fi ganhlehtibAProve the possibility to recover the plasmds froma small
nunber of selected cells. B. Evolution of Optimzed Pronoters for

Exg0essi on of an )t ogemal A8ctonbadotghterand viptedierbarthe chidsen nmdeitetooaxpprsemigdes
met hods timzing vector, ul es such as pro ers _and ot her gene
expres 5?68{1 @Bﬁbwcﬂ"pg‘?%&ﬁ&lcgl?s 'Bgnﬁ’gFi ‘f‘r’,r CXaeRy§i W{:}E@%gﬁ nERithebRl cellsQROMGEN t hat
is deli ti.6 VaAGCG] j bl.v: i - i &1 onal
sequoncia iy TuBFRYAc Y35 I tafeck BELE wicch PERSI ATEE A0rBFR:
regul at gd1), MREYGAEHRacaphdgls, TUusgedans ellsNDTRIsA a thtcd] kdpgevdynghicen enhancer,
a pronoter, a 30 signal peptide sequence, an intron and/or a

pol yadediffezantiotes M qeregscsctors fewithagsl desigaad ta Binddo and ertasetheheelisevel of
exgression of funcgt.i onal ,ex resgion raduct rel ative to Shg{gachieved 11
SE v

52002 WO 99/ 41 WPPANbEHIGEGHPHLH TS N IBAILALT 8TRES)y 483bs. The

ef fi cacyrofforérs AoMmahders, YRrds N dBE TiRE cof bEBpHRPRAGScRBinkNE theMBlhol of the
expression of an antigen by the vaccine vector. An optim zed pronoter

and/ or mivhetiorc 0b¢lt sfecHequemoters arelviekelaludhde hesudstaniadditiopaldeeel off f i cacy of
geneti c vacci nations) reduce the anount of DNA required for protective
i muni t $F186 " Wher eby the cost of vaccination. 5 Moreover, it is sometines

desirabl e to have(@%@ﬁiﬁﬁ'}nlo%gﬁﬁ gﬁtth%%\lﬁf é&kxjnalii’_aﬁ'&iicﬁoﬁ-nﬁgggteg?e%i%s

expressed, and/ or I'gen expressi on he net
i n\vaant | enNthemeRINAecah We obipdindd widd B8 mdthédrasiehahdentidier factors which are
i nfluenced by pronoters and other control sequences. |nproved expression of

sel ecti on mar ker s (®aptinl &onslatiadofe pdkf Hr i gagn. 1ie DNA shuffling ang, for
exanpl e, ressjon ¢ ef fectivel,y be.inproved . b ari ety of ans,
ol ba ST RE Bt e T aR e AoneRaL 19 BhotyolvsTeel B sftnbesditier .
decr eas hBgmbifodsein® bMdiRe MAPAIEMBIY SHirdnSBriSHAMERRIHRy, RE WHICs GlipraTB6AH N9
the capacity of the expression product to performits intended function.
The met predarengevol ve subj ecting to DNA shuffling pol ynucl eoti des which are

invol ved in control of gene expression. At least first and s d 15 forns
of & nucl ei ¢ aci d EhaptiBatmaifickas Q?%ﬁ{‘?‘%ﬂlatgéﬂﬁ%ﬂ?ﬁé}m\ﬁﬂiogﬂ’ef}gﬁﬁ'g"’éiaf fer

from eagh ot ! r : ] Aelgsel i hed
above. %Eggrggg{ﬂl{"lp F}%&ﬁfg}]‘%ﬁ 'a@ aotfepr?dgllc‘:/ g %%uggi tf or?-lragﬁg?ter m)t Eﬁ fheﬂgl%g? ge%g{):llr)éege ned

t o i dentidsim@hbrag@shchonal MbdilflorSdttee enniearatibn 005311Blk nfRINAOE eAfidhated

exhi bits enhanced strength, inducibility, or specificity. The substrates

f or recowdiutesaerican beaetaingd ohéhe sirfack eftersyndgsizing celbys faagiemple. 20 t her eof ,
whi ch ipclude .a codi sequence d/ or .requl atory sequences to which the
codi ng S¥d9R @ch%l%ﬁﬁéhgﬁP "WFHRE’YcﬁhEmfgﬁstrates can include variants of
any of the regulatory and/or codi ng sequences) present in the vector. If
reconbination is effected at the | evel of fragnents, the reconbi nant
segnents should be reinserted into vectors before screening. If

reconbi nati on proceeds in vitro, vectors containing the reconbi nant
segnents are usually 25 introduced into cells before screening. An exanple
of a vector suitable for use in screening of shuffled pronoters and other
regul atory regions is shown in Figure 7. Cells containing the reconbi nant
segnents can be screened by detecting expression of the gene encoded by the
sel ection marker. For purposes of selection and/or screening, a gene

S e o - . o . a




30 rather than a product having an actual therapeutic purpose, P 2802
green fluorescent protein (see, Craneri ( 1996) Nature Bi ol ech1 14: 31
~-319) or aWOAN4139rface protein. For exanpl e, ~ ~ sEP ZOOZPWQWQBJ)%Q
72 PCT/US99/03022 if this marker is gregn fluorescent protein, cells with

t he hi ghest expression levels can be identified by flow cytonetry-based
cell sorting. If the marker is a cell surface protein, the cells are
stained with a rea S Y,
and agai n anal yzedggsf’??%@%%@é&ﬁfwag?@gg’ &EF‘ nqs(glrliﬁbp In%ﬂoga& th%'hém?r?a‘i’
genes haptoredn eorifbmnajpaus it plighadowsexgacel lilargné@ist anber gen@smbidiensel ves
provide a sel ectable marker, and no additional or substitute marker is
requi recP“Ch\Pl’Fér“Fﬁﬂlil‘%}@I‘?lntehaét Yithaheraderaat fe@@iﬁobe a fusion protein

conprising any co er

ref erence narker g@g@ E:‘q'glﬁ oggém%% égﬁ% %’%ﬁ’%&%’&“'&&?&@?“&% ke
conpansay Rl fed sekSfirAdduaSrs| tﬁat@@epundwmﬁwc)mnlcaﬁ&rr{ toocnre%r i imHuRaeikpant
segnents fromthe cells show ng hi ghest expression of the nmarker gene can

be used iashsdmection Il rdfresriwssiebgstpmﬁe@rqnmdefzJandﬁerrIFMﬂ)roquE response
recombi nat | een if additional inprovenent is desired. 1.
Constit 'gﬁp?gﬂ'ofgﬁ h‘ggf”rﬂ%ﬂ?l on provi des methods of evol ving
nucl eot i de sequenc 5 t

%ctroF cdtl e éél&@@?cﬁé)ﬁasré?sfs Sgrk agfﬁdrﬁ glqu%gaws @hf hize

expression of a gene o |nt erest “Whi c & coﬂtrol

sequenceimmyminséduiators; e membaoforssecmmgepnmmucihumraraﬁl srdQiepdriyERtgr s,
enhancers, and the |ike, are evolved so that a gene of interest is

exprifssetppsnd lacmoglﬁeenlve@egnqdﬂé% PagnpAgekcatiopdNably | i nkedfited Fsbneny &ol ved

control ue sSCr qu es whi c re of .i ncyeased
strengt hfqﬂgg Qg‘g% ooy [F? ° g@aéocﬁtopﬁs E&?}éﬁg'&tle&g P?)‘Bmfﬁn?rh?{ oduced
into a pmahﬁ&medm%rmohe%ueed ﬁhfaee J)ﬁrrrﬁize@rmﬁ&ﬁsﬁsamafbr@fseq%e%&% abl e

mar ker operably linkéd to the control sequences determnhed. Preferably, the

opt i m zephrpcwlanby suitabde foapshisecontfponrmts ©f ﬁlerrgulanompememIgynétrcmeeclmgeafethat a

| evel that is a I t ab ut 30% greater than that of a contraql, praonoter
const r ucY e t?‘ﬁéa%%? expreesgd froghd manopistrapic|os Ryl tigisEeRIC 5094
strqnrger e than i & roI and nost preferably at | east about 75% or nore
st ronger than a control pronot er. Exanpl es of pronoters which can be

used as substrates in the nmethods include any constitutive pronoter that
functions in theD.i KeeropeCKY)Slesignbd to dirert relpdye df ehestokiiesearly (1 E) region

Sequences (he pr NSRBI BRHARCETOalsPRfed oFReyFe 3%8%%@3%?@5?%%5{ :
del I
W del y %1&1@@6# dH¥Yndid St ﬁ%tn} &dic[clé‘l\rlkzcﬂrgét Rl &sgx Heeglhfé"r ﬁ?rfnﬁ{an%é?ﬁype

t herapy because It bro range o

Opti m zeih t%}ﬁihﬁhﬁ@hs@kl @rrah be ¢@ume @els alcan®desdidd edls (CK mcs E P 2002 WO
99/ 41369 73 PCT/US99/ 03072 direct increased |evels of antigen expression is
genePat ebangpriane qedls (CKrl) vemonpeyiat anshmagpplasss 6FKeMa). nlkese veiors

resul ti ”@Plcau QUG Reb §8S sfsrog%r%%p{lm?[ ﬁgé(lts se\;[erx]a}el ?Mogg%sn%c%rthgtnd

enhancer I've 1I'n numan a anl nal

pr onot er fhe pEEREN I ARG callLtoURE Sitd Of it SAidnds SFﬁﬂragQﬂ:% tRRéBcted wadhi mal
nodels and in 5 clinical applications. Oher constitutive pronoters that

are anmen@llvectors caebd considered|aaithretdafiie tphbcks réguddtigethe fromuax aajbd mtrqai oot er s

from SV4Q and .SRa, and ot her pronoter.s known to those of skill in the art.
In a prefE AN IHBHNGESSRONSS: ﬁredrrapwsr ogtﬁrrre‘rqcer% redlestthe patuse af threéﬁﬁl"fat ory

25  which the vectors are designed to operate. For example, the vectors are designed to bind to
and enter the desired cell type, and/or can have cell-specific regulated promoters that drive
transcription in the desired cell type. The vectors are also engineered to direct maximal
synthesis and release of the chemokines from the target cells in the desired ratio. Genetic
vaccine components, and methods for obtaining components, that provide optimal release of

30  chemokines are described in commonly assigned, copending US Patent Application No.



el enments is created by DNA shuffling of wild-type sequences fr.pmstE\poz@ﬁ
nore of the five 10 related strains of CW. The pronoter, enhancer an

first introwoegaences of the IE region are obtained by PCR fR(IMINE3IECRNV
strains: human VR-53 8 strain AD 169 (kRgwe ( 1956) Proc. Soc. Exp. Biol.
Med. 92:418; human V-977 strain Towne (Plotkin ( 1975) In, f'ect. Immnol. -
12:521-527); rhesus VR 677 strain 68-1 (Asher ( 1969) Bacteriol. Proc.

269:91 ); vervet VI i (O ) iol. Med.
112: 601y and; wﬂ?ﬁ%@%bﬁgﬁgk%\éﬁg‘gg\tst r%%@ﬁ%%‘ ?gg%zj%‘%(q§80) Lab.
Ani mal  &gtiitled3®hRizatichef pirpuRdRsdul @bhaNescukequences of the human CW

strains are 95% honol ogous, and share 70% honol ogy with the sequences of
t he nonkey i sol at €3¢ vedtpmsvaratypidadly disaigned fodiavieyong lonrfdre nfjthedojewimzat e a

l'ibrary great diversity. Follow.ng shuffling..the [.ibrary is cloned into a
bl s 4PHRGRIsS: e85 0% "R F peci B0 Ve MR Porhciing rethads Tge i n
manm@al | gRepgbd:S. An internal 20 marker under the control of a native
pronoter is typically included in the plasm d vector, which will allow

anal ysi s and sort i(mgoptimealeVdcsortbanding icnandeapiakte tyitheehssaf cheamkaesexpressing
Expressi on narkers, such as green fluorescent protein (G-P) and CD86 (al so
known a§elB7Suitabieeelisindds forieramply mysele Ceﬁ@cﬁP“ﬁ?h@@fﬂS,OTGﬁBrﬁYHeiglM?feJ.

| nunol ; 152 4929 I - ptio t tjon of SV40 T
ant i gen-d ?ﬁlgrﬁaglt @%ﬁ%udﬁ l%%] stﬁg gﬁggﬁxﬁggge?} ofqlglg}eg{r'rp'{\l}sf) fbggla%gfeoi{rn?\%ﬁ?ch cont ai ns
an SVA0pgdsehtiny @fls (£p) deadiitio Bells] ioriot s AL irRfropBhd s, Bﬁngﬁsmn@%@g. ThisHACS
sorting to identify those which express high | evels of the marker gene)

nor Hal i 2etitiagjreparivt Which diféerantiatesa Keseriepversers drom fhose dedigradgndest torandect or
copy nunbers.per cell. If desired, vectors carrying optimal, recursively
recombi fBY’ BIEHER!Sr sequences are recovered and subjected to further cycles
of shuffling and j =~ = 369 .74 | -specific
pronot ers PCT/ Usggﬁ%%ﬁgﬁg]ags%r}ﬂt{oﬁe&ﬁ% %%;P ‘}é@%%%ér"ﬁgsl’ags’égﬁ’ gt?o e%&\%llsf h genetic
vacci negnl@geRemrohflang dsshikd ¢dnthe @ftintivédadoondiag b sermiehsds «f thevegtion.
introduction of foreign antigens into host cells. This risk can be reduced
if the F&lltogafic aramejers are verya@ivyableaharg asapadditerplilevebobsadectivifiyonal APCs

t haj. express the proper st iyl at.qr ecHl es. it is. somewhat
denti able i cn cart i Totes i 3 tarpRR Al € A dout tap- RS e
ant i gen of elle ARNROcHEBESHL Sin¥ @ G6ih 8 @l BBhodd &f the ihveaaby, t hat prof essional APCs
are involved. It has been shown that bl ood nonocytes express antigen

fol | owi ng i nt r anugdudptimilijasskatiom obthegaRRIA. cAgainctha®Nashoffing amdl dendritic
cells derjved fr%m I h.nodes of vacci,nated.ani mal 51 10, efficiently induced
ant i genSEgeqmEthedsay the ipYentign oy kseddg QRtainRalyRhcieotideiegusncedrer ence on
Genetic { I rdu t h
previ oug}{gﬁ%ﬁgisolr%ﬁﬁ {(@p % Ead %%gp%l&%{ﬁénﬁb%@??ﬂ%}? &glg%g‘r %ﬁ%%ﬁ %geﬁ%grhgelicggéé\%si ng
ant @en pedfeentd.geni ¢ peptides is sufficient to induce activation of
antigen-specific T cells (Thomas and Lipsky, StemCells i 4: 196, 1996},
support the concl u&entimphtrafdickiagof thaehamakinainieiheiluamen ¢f the RER(Waged in
prof essi onal APC, such as dendriti.c cells d r oph s,..are |likely to
Dt ovi de "t ePietn SHtaR Dot et AR A0 R e B ce o
adver se vf fe8fifitnent BEcAIsSHBNIse inBAEthh O dRbR dhefolRietather #anQBér8licH SO _
pronoters and enhancers that induce high expression |evels specifically in
pr of essisohhle dhedokirer erichasidychemiokinenyllARGe sypead dni the verfacsraf thié symilwsizmgvi de
suffjcien Ssi, op. f ol I]o,wi nggggﬁneti c. 20 vaccinations. The net hods

exRpr | eyel [
i nv vecﬁﬁrbf”ér FRPD t%‘mﬁ? phesphaositl &lyas8dinkR8Re using as substrates

different forms Of(i)aogmk&rﬁez]%{:gnff)%tiocﬂ%pEiﬁﬁggfgkﬁré.cmsﬂ?&afs{eﬁh@ romot er

or other control si‘gn e pronoters inc or exanple, the MHC
C ass | loptisfafipioiéin €bhfbimiorGe tHak whictaaltb W éirqeeluiat eletnokiNed/colBinembragesi ty
of the pronoters can be exploited as a highly appropriate source of

subst r atagshdgred chemeokingntosnteradt ivith thEselewanamseptor.genoni ¢ DNA 25 from nonkeys,

pi gs, dogs, cows, cats, rabpits, rats and mce an .be obtai ned, ~and t he
proper sequences o(ﬁ? h\eﬁ%tbo Bedlﬁgfsﬁéﬁ?m?gpﬁﬁ %an&%e%?wg?dse@%’élc??ﬁ‘cofl%?an[ he
MDS ) CONSEME B EIRGhSKITesIAREMe RAOWA YR oRERUDNEST t iR BichAiiment ¥ (318, g6t I'on
of the optinmal pronoters can be done in nonocytic or B cell lines, such as
U937, HiceDs.d celisj mpaocytes/macrbpifies arosinoghild, and/dd neutoophil S¥el @pprophidtel i nes,
such as COS-1 and COS-7, can be used to inprove the recovery 30 of the

pl asm ds. Further analysis can be undertaken in human dendritic cells

obt ai ned by cul turing peripheral blood nonocytes in the presence of |L-4
and G\t CSF as described (Chapuis et al. (1997) Eur. J. Inmunol. 27: 431).




~ 1 S E P 2002 WD 99141369 75 3. |nducibie pronoters PCT/US99/ 03dob SRP 202,
particularly desirable property of a genetic vaccines would be an ability
to i nduce MRY#BAdter controliing transgene expression si nplRFIYSPARIZg an
i nnocuous oral drug, resulting in a bod3t of the i mune response. Essenti al
requi renents for inducible pronoters are | ow base-1ine expression and
strong inducibility. Several pronoters with exquisite in vitro regulation
exi st, but the expy&ssiOQ chﬁﬁ@ﬁe@@x‘ﬂed‘t@@ﬂ?ie@é bihd r Bbreedeokhel ORMIGWet O be
useable in vivo. The invention overcone these problens by DNA shuffling

usi ng ashsublshestanse enprassedfrom ammphemsteonod oamnliich stiopicafor of et véctorct i ons
as an inducible control sequence. Suitable substrates include, for exanple,
tetracycline an 2&; none i nduci bl e 10 expression systens, and the |ike.

Hor rones t hat hvEPBEEKEYHEd to regul ate gene expression include, for
exanpl e, estrogen,Gérei®Xhédes WIIER BRI cdebressty S8disoh Radkipaentareiofdl er (
1995) Endocrinol ogi.~ 136: 536-542). Libraries of reconbi nant inducible

pr ondbt emoicites ase alee pevides kiebe invsotionbboreyamplh shpgenstinyecamicanoselnde aof

{Eg 15 DetpabgdRa e Fomerrtaly St feriab e R Bu1 Loepmes Fels brd Bl Lo blot .
ncad. - s RR e UBR B EIREGRS, R R I b Bt Pl ol -

r epr essolie @egee antdgdn()pdsadeldas 4 beckpdibsfdytbland dndrtismbrina radpehatodlicitatibhe

pronoter. Tetracycline or doxycycline nodulates the binding ability of the
r epr ess&f the desisp@ ENMyaE (espersgrin i nesleadlepcrding ge shaed e woplnand epresalor

! 9020 AHE e L0020 00:1 B LHG L) ERRMRINSLESRENS NG5t e

ot her candi or'rn ronbt er évo on 1nc ec one

r esponsiavgg®l RBAL stiNatedn & the ifthAte s)N¥m lis prdfiged 2€ihe nUSA ﬁ%bth@ﬁﬁ)@mﬂ@ 97) .
e

| nduci bl e pronoters such as those obtained using the nethods of t
i nvent i oha sectontbef specificaliymodulatts MHEcixpesssioRan B elis abhgh véntors@ombi ned wit h
a stably, 2 vect

"nuct oesgreienerd ool dinene B i El SitoE i b g cnaii o
admi ni Staﬁfa%gedsiﬂgstﬁg ROt whifhid iR B B4t 'tl?ik tvﬁéeie} Birshd gﬂrt‘f'ag%cﬂti%ﬂl & abodngest i on

of a reagent that causes I nduction’o I nduci bl'e pronoter. gure 8

dempfist papdesaietivedviropt spieeificyupheks od astigenaniotie pnddoytiolcoinpattmient eflthé edil e f or
optim zation of inducible pronoters. 30 The functionality of autoboosting
vacci nedo gikerigesacaivavifihClasirboselagpHehensg diegting tha eligigaion dspeabove.

Conot i el ot = : e ot
naman SRR S BEHG Ak SEeBY bt uib o o8 R Ml e ™ -
1 SEP 2GOZhWin89%¢AhBR Airé6risHdr tHSPH¢ 0BPdRebd paric(thiBergdistissed hgtinsur f ace

antigen is incorporated into these vectors enabling direct neasurenents of
t he | evdlxemplesarfmalecules thadizag! Clrss hpeeent@anginckide kapasianTAL- hasTABEL i n

cel | _cul ture supernat nd in.the cireul ation of the mce. e grug

" a8R; ndkoRema BrelsDiogh B Bt BB EERaRa el +ecie Gl 6 veeks,
and t he i v i | s of

it - 1B o A R gl e s R Sbeh prI R Rhers LR B

vect or a@pih.almmiung/.®: 3996006 enetictviageine corapancatse andmetiolds famubtsipmgi fi c | mMmune

responses are followed. Conbining the SClD-human skin nodel with
traditi GREIPOBEIS-thyf Nipvide onwaaed d@reentaden gre desegihadin commandy . 8: 207,

vacel ned TRstar e Hene rayaf BRI “are et so anohe iy B, SEREL O
humag AT TE ARRAKSDbdkel NB0180BTLEB 0TS bnt@ifd ‘@idnibRidiSEUnirfurhs@itatory
Molecules.”
An optimal DNA vaccine could, for example, combine an AR vector (antigen
release), a CTL-DC vector (CTL activation via dendritic cell presentation of antigen peptide
on MHC Class I), an M-MM vector for release of IL-12 and IFNg from resident tissue

30  macrophages, and a CK vector for recruitment of Ty cells into the immunization site.



. . . : P 2002
production of HBsAg after oral boosting of novel genetic vacc~|1n1e8§/ecztgors

har bori ng the gene encodi ng HBsAg. C. Evolution of Genetic Vacci ne Vectors
for Ir:credRa8%¥¢Rination Efficacy 15 and Ease of Vacci nati diCTTHPY/BSLCt i on
di scusses the application of the invent4dson to sone specific goals in
genetic vaccination. Many of these goals relate to inprovenents in vectors
used in vaccine delivery. Unless otherw se indicated the nethods are

appl i cabl e to bot hDNA @dccafaélon@fbé BtedBEHREe d@Rlsthat LARiKMdAMBhIELingn Of
genetic vaccine vectors The invention provides nethods of inproving thé

abi | i t y apfongentberisc vacci ne vectors to induce a desired response after

topi cal application of the vectao Adenoviral yectors topically applied to
bare skin have beeh sSHBWﬂat‘P& og'@ é’gpéﬁpgnsgfang/&r;&qgmégl TGRS hEEd kg traat
delivery vehicles (T t Al 9 Lur e 388iind 39z ) ] vi f,al
vector 25 that encodgggggrag?n%é{r%rgy%%a?% %ﬁt#’g’éngql&%gﬂéggs%cﬁn‘l] ?%Elg%e&]u%e
anti bodi es specific fsome@inmaintthe dappilt fatei on to the skin. However, the
efficiency of topical application is generally quite |ow, and protective

i Mune responses h&ve GOBHNBRSHUYBARAELTESH AP ASE (Q BISIVERS| inapsppaaiei on. The

invention provides nefhads of obtalning vectors that exhibit inproved 30
ef ficiency when topi ({%ﬁﬂogsezgg?naﬁ?%?'éﬁ' ed. Several factors can influence

topi cal applicatiod &fdonfih@i&honeshessive Wid fdles2MoRd ARG 88l aiSi Ng the

met hods of the invention. For ~°T SEP 2002 WO 99/ 41369 PCT/ US99/ 03022 77
exanpl e, the inventi antqanogémdasaunenous difeaserpr ovi ng vector affinity for
skin cells, inproved skin cell transfectjon efficiency, inproved

nmp :

per&¥stence of the* vé@:‘?ﬁ?“anPfsal@iaﬂgf?éFll"%C@MFW‘N%F%W@WFBQ%?(HblFéE‘P@ati on
or through avoi dancet,]g%mpga %H&%son by i mune cells), and inproved antigen
expression in skin cells, and 1"nmproved induction of an inmune response.
These met hods invosveedigsction ot @ iRNuRTedponsd gw s ot asrdighsit ivdppfopplags i d,
naked DNA vectors, or viral vector nucleic acids, including, for exanple,
adenoviral vectors. LMBRHKiTesPOpse ORI II-gQing getogiccingretign imthe dirgetemed t o
identify those nucleig .acjds that confer upon a vector an enhanced ability

e tioft O Bt s Ao et RN e ng. can

to induce an i nmune rggif) . . .
be ggnducted by, fohe63RRIcEnndt ARIHAIHIMAMY HE Ménfat b RERBK Rt IiAl ed
vectors to skin, either nouse skin,” nonkey skin, or human skin that has
been tr anspheadcdlarly whareodedmpstimgtgoaisaes erabodied mathimbnt DN sejuence. MA Vi vo.
Vectors that persist and/or provide efficient and | ong-lasting expression

of mar kePuiyep@papent fermp) aleys thegenerabon Rf ﬁP@%EFP&Oééf.DN?f-Va@Cﬁpéf“é?tP@dSome
nbodi . . i fi g I I - j
et | gt Sl 62 LBt PoPbly deb Mo @ LT RS ELond M BOLKIY. o

expr essiwhilodtharswillkeruse® BeweR cBaractehidd addirdietstsdd reggeidd fos nli@towar e
transfected using fluorescence m croscogy or flow cytonetry. Cells that

expPBss differenbeliceeal gppkications (reg.i thelsame ghempligefekpieseing saater sandmesisdd el |
sorting. ,.Screeni nag ca)n al so involve selection of vectors that induce the

hi ghest Cgﬁgli?flﬁléu fP$body or CTL responses upon administration to a 20 test
manmal , or the identification of vectors that provide an enhanced

protectime i nsmenirnasmmow)%hatiear@a]e\ﬁicwh@immapmm& pat hogen.
Shuf f1 ed pol ynucleotides are then recovered, e.g., by polynerase chain
reaction, or the eResamebipamyelsiccachd Hbrapgy ther awg obtaingd hlethe metheds degerilead s,

| f desired,. further tim zation t opi ca | i cation efficjiengy.can be
bbt o mediagyin i SEne S It BLmSRONA Siets B8N Ansiibsti WhEh kiR ormcrs

of 9Buf ffo} Béhetic vaccination. The particular screening assay employed will vary, as described

below, depending on the particular property for which improvement is sought. Typically,
the shuffled nucleic acid library is introduced into cells prior to screcning. If the DNA
shuffling format employed is an in vivo format, the library of recombinant DNA segments
generated already exists in a cell. If the sequence recombination is performed in vitro, the ‘

30  recombinant library is preferably introduced into the desired cell type before



25 and sel ection. CGenetic vaccine vectors that are optim zed fbf SE€ppogal

" application can be applied topically to the skin, or by intranuscular,

i ntravenouswoi%dt¥ber mal , oral, anal, or vaginal delivery. ThRCT/EE99B0¥an
be delivered in any of the suitable foggs that are known to those of skill
in the art, such as a patch, a cream as naked DNA, or as a m xture of DNA
and 30 one or nore transfection-enhancing agents such as |iposones and/or
l'i pids. (=} effogli hEeli i V] i | : i

o er i R R Do B S0 53785 %0
PCT/ US99/ii3®afore imroelusticscaptantbicentraducpd dicectbf. t he vector by, for exanpl e,
nmechani cal abrasion. renoval of hair (e.g., hy treatnent with a

commerci al |y avai | Apyide sadvief cdliyResnsamBs yspdias aNgaiprent of gyedvedigenes.ke) . I n
one enbqdj LN I j | es mpke it
mor e suscuel prate i Bbslie R baRP bad gt AURLA AR Ry Bed b BERER JaBeiRY

t he protRasesn@hntldeBasCSurt AirtAMANEDSYENR. UeanScer// B 120Nab), v8ltyerasm-dr opl et
contai ning the vector and ot her vaccine conponents, if any, can sinply be

admi ni stregetive andtgremspasiive2suckah azlowde b Afttigea @ adddAPD howtre Ifmihe-63yst em
| mmunogeni ci.ty is a partj concern, w vi r.al ..vector ince a host

i mrune ey 51%8’ @Qh ebf’é@@rq#g g{eg?’ ?8%’ : é r bﬁ'&g%‘ﬁ?%” ”Fssh'%ffﬁ@r{géﬁ"ioé? et

parti cul g K t 1,1} i . j koal
vectors (&g?scl)hscgbr’ %pﬁzg'é@? ojr%ﬂg)jﬁre%o iﬂ,cﬁté gécdioggfsi @E@gﬁ%ﬁﬁgﬁﬂ%@?{?fﬁ inmted

by host 85a9@)nas weld ponmasnaianeelie dndgdng dumzheels. imkoie embodintents etaepl e,

nost i ndividuals have pre-existing.antibodi es against adenovi rus.

AdehBvi riBYeniioa: Bedibgany isynpifisiea 3 ratest.Anddh Hen paaversddsqss fad doshandn can
dest .cel i i . Cl . ad iLral f
the. hostEokelf §86/oPd BTG hRpte3h icPlof sERLUAR B el 5L ponses

can al sothé desidaniePardfrtenS The eivhérdh WIREH BHeS iRk iDirfouest infb thaked tfgr m or
shielded with a coat such as liposonmes. The invention provides nethods to

creat e giependsonvthe EIMb-uptake sharactaasticsad tesedbepe raginkavies piorlgeseptdrat  woul d
ot herwi se.be detrinental to obtainin e desired fect. These nethods are
Usof Ul TN GRBIEGH CaakEIEs 8 B ERH B aBHFr 1GhE FOLERESOOBHETHR or
phap Smc%tﬂaﬁﬁ‘!alla%d%?@gél-giyﬁ%ﬁ &&aetaﬁ@%dtguy&gebl@% x&eaﬁsoﬁmiéﬁ%ﬁewould

strategies are prov ch ‘one can i nprove a genetic vaccine vector's
abi i ty usaaky emngloyheedroporadbn.( Eahe egibitypelid uisascepChle)to iehmtroporatist enwell,These
strategies can be used in conbination to obtain optinal avoi dance such as

may be r@§uienempior diphgisy Thabiplishe RPS- 1% @ Que (Biggada Hsralsss (&) wes |
Ay i . . e e o
et e BB DAL e TR R SR IR B SEAT

used i n TREHABES iiPahpNctile FRA b@@tsraﬁ%é opmsaggjlimucgﬁ@?tahcs, B@&@xﬁd}@'urf@,célgﬁe@ t hat
can escape the hunoral response; the conbination of approaches is often
desi2Pabl istacthaniviial figsues tissuercalturerelds.\aadanphaleambrzoe QT capemplpg slacirosignmon,
suggest i t virys variant

susgest 0 148X LS. YaTlanta Wi ol Gl neluresean set by b anitpedies,
e P R LD AES (ORI e
for making cells competent are described in International Patent Application
PCT/US97/04494 (Publ. No. W097/35957). After introduction of the library of recombinant
25  DNA genes, the cells are optionally propagated to allow expression of genes to occur.
In many assays, a means for identifying cells that contain a particular vector
is necessary. Genetic vaccine vectors of all kinds can include a selectable marker gene.
Under selective conditions. only those cells that express the selectable marker will survive.
Examples of suitable markers include, the dihydrofolate reductase gene (DHFR), the
30  thymidine kinase gene (TK), or prokaryotic genes conferring drug resistance, gpr (xanthine-*

guanine phosphoribosyltransferase, which can be selected for with mycophenolic acid; neo



transport and/or MHC class | expression. An essential elenent iﬂ-ﬁsep 2002
activation of c/yt otoxic T lynphocyte (CTL) responses is an inté‘r action. .
between T PP E®&ptors on CTLs and anti geni c peptide- MHC cl SSYUP*H0%cul e
conpl exes on antigen presenting cells. 3xpression of MHC class | nol ecul es
on thynocytes and antigen presenting cells is a requirenent for 5 '
mat uration and activation of antigen-specific CD8+ T |ynphocytes. Thus,
genes t f'(ﬁéorﬁ{m'ﬁ@ﬁoipﬂ@h’ﬁhif@rrase)p'ivhw(ﬁaﬁ lbassletteddol witk G448, hggomycisent ati on
can be shuffled as described herein and placed into viral vectors to obtain
vect or s rusemyciphad PHER(dihyidrofolateyraduetasd)swhigh canbeisplgaied feewithuct i on of

the target.cells Ry the cells hg i ne system, Ihis result n

pr ol onggaetgﬁtrr?fi%adﬂb’g&’é%‘r e'i&a‘?%%hé(@“%’efﬂéﬁaf?éi%@ bgc?@r]zs ,SOF%E ing
those thadr @89S0 1 pathpganianyi gen, as well as vectors that express a
pharmaceutically useful "protein. In the case of genetic vaccines, reduced
expr &ssi on of MHC Ak asslt¢manVeoubemn additionabl oselsealemakeroh geheicpattiagen

antigen, which then will be presented by professiopal antigen presenting
cel I s el'§&iR&rR Inclyferiereenable srarkecvyel Wt odiPRSirh &PRECRERGLAFElbr ot €i ns,

reduced . i | A I PEEV 1L t

educed CHRARE A Ao M Bl R PSR PES UL SHAON AL 3 LOE
AnoNng t herfeOhfides thaohsafbrnallMpkesehtamhé hoRlcen id suiewR. EBif @ftecdiod radins gen
presentation are those encoded by TAP genes (transporters associated with

ant i gen qandeefsicngnplenai aititady odether lipal whishepedificahebisdbsdihaeall saffadehe
invgﬁti on,. gerlfép;tpgat ncgtge %l?hi itors of TAP acti‘\;'bt are shuffled to

obt aln FEHEEDt FRoYFUIBYE Crl Swirce ABLSENS IRHIAS fRY & W MWstrates for

t hese ; ; [ , : f ' t hat
e knoinEsreaa RELHECD | & CBYRTPhfn SBRoiRt piREE fraf s o8 1 A cHERARHL 3
TAP2 gene nexgregtaraiby Bosb-spédifiohmtibdiks 1 @héraixdmpédiinedde prspdibresednyy, 1 n
cells transforned by adenovirus 1 ich results in reduced class

wh
cxpr ossiBREHE i cadani ﬁb@ui@mswagceszrpééaqz-%ossﬁramaieg afmsgaé'@hofcyt o
At srgacespise (193
Lo S0s R Hlotdtiinsr, 1 4EH L CRANER T W083) Hioubhel PAIGBI A (o Be 182600 o)

Thugs adgnreyief 45 (AY8) TRV il 13501658650 AGId0e]aRId0MIZenE XBVERAIGST vaHficts bt abl e
substrates for carrying out the nethods of the invention. Additional

exanpl escomimencialytavell&N® shuffling substrates for this enbodi nent of the

i nvention include the human cytonegal ovirus (CW) encoded genes US2, US3
and US1 |, which can downr ate IHC 30 class | expression (Wertz et al.
(1506 Nat ur e 58h: SHESTURIoLLPiof LeBE B A RO Disrhed 11548 pr oc
Nat'|l. Acad. Sci. BH&AceRin %ﬁﬁ@@onsﬂ%@ia&lrabl@ﬁ@m% gree vedials vacedes an
1 1 SEP 2002 WO 99/ 41369 80 PCT/US99/03022 inhibitor of TAP-dependent

pept i de greatastilongavityras DNAISSE t¢ idamhidy veatorsiwhi¢h arabuy irprissves diatant fromAbed.
Sci .. USA 94: 6904-9). Ce|ls transfected wth US6 had reduced expression of
VHC 201 Ao BISC R PR T s CBmOt RO LRC AR TR o el § GRS St o

cyt ot oxi g?thg)eﬁgé : j i : : o i i ves
DNA shuftfcef(?-nr%g%o I é‘?g Cﬁwej‘?e Ctod{ 982%5& a%ﬂxlrog% nt;aatde g‘skf% , le)c{r?q% {r/%dr?r{gnt S
t her eof , times tettafie exdigtans taryet tissuesaduecwes védiat framnmaheavissue byt seaidard
inhibiting the expression of MHC class | nol ecul es. Such optim zed TAP

i nhi bi t omojsshianbielegn preecdyesuEhe eesouerad yeepumolssitles §pEy be gmplisied jm for

const ructy vect ar.s at escape j r onse r
OO e Sl Anl R P 57 A (TP R R G AR P rcler
el i msnat gfifiling| ARIALIOH thedlRHIEd Selébied pepuldiRinfusbdmartesd@ingdtfayion & enikfils
desired expression levels and functional properties of TAP inhibitors may
vary depanifuntenimprbetrhern ofjratectory ddter sevevalcownds of éhis provsdursy theseleotedor

ani mal nodel is evol vgc} Al ternative errbod}hrrents of b\ge i nventtiﬁon i nvol ve
DNA shuf Y9G8 S Do esier fethels CopRetty 4P EXRIHitG 88118 Hdin F G SPTRETENG essi on
of MHC CLiafs il JRICAULEREAdARY Rt LAEBIBLEIANLAL] 0N Bxamples of of her
possi bl e target genes I nclude genes encoding 15 adenoviral E3 protein,

her pes sinpl ex | CPBécqisobftigen expeestiopasndt partegionsedésionSelstgeningpradess
(1997) Imunol. Today |8:292-299; Galoncha et al. (1997) J. Exp. K Med,
156501 5 7describedeabayke, nqtlaforytory ehsaingggrel capablg af exgprpssinghegiesirgizggisgr.1 30

v ol s Svertorns HS b bak. SO0 P Bl iniagdeg [ettod SRS AUERi S REHRSS SRISR O O
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20 act as a stimulus for NK cells, it may be useful to includd 18E@eggticC
vacci ne vectors a gene that encodes an MHC |i ke nol ecul e that inhibits NK
cell functi¥@ME136Ps unable to present antigens to T |ynphocyPE€EUSPN3I022
exanpl e of such nolecule is MHC cl ass Ishonol ogue encoded by

cytonegal ovirus (Farrell et al. (1997) Nature 386: S10-514). The invention
al so provi des nethods of obtaining viral vectors that exhibit an 25
enhancedyGRRaRLEdIAYpQIul MR tHANGhit @t onBYthERddirell distIPRRENERion 8 RodREH QT S
are particularly useful 1n situations wiere the target cells are capabl e of
expr essi ofgDNAGnedgaisg id vivertug carere®n fucdxims! amigehexp@sdomw{oreaprassiat bdoheand
gene therapy targeted.to the cells q e i mmune system Substrates for DNA

s hm;1 f1i ngFIehENhRs yEoTdacs; %&m@%eéd%elf W:‘i 36F PERESSYY nml@%waﬁlﬁﬂ 3ﬂ¢fihélé:i&¢)es
, a1 L-10 . i I . .30
PENy o b sfRT R b RO BAGT S8 uBlopdicks HRUERSBE S rtle it

t hat shavee|lshfrigiee &ops thearP@bb dHolcePlindes eamdiflond that QS rdc _fs¥aigmal W | |
typically include DNA sequences that result in inhibition of MAC class |

expr essi oumbgrd ot sindsmantitabxpsadensionwf thnsd vatddifferamalevelspdentegs t hat
encode honol ogs of, MAC cl ass | nol ecul es. The properties of all these can
be furt h%‘?pr?sr?&“cﬂ?éi(‘fS‘B&'DNA shuffling according to the nethods of the

nvent fon. Once a IRy odthenBut ey MO TR 618 3B FhREGse Ayl
several nethods are available for screening the library to 1dentify those
pol ynucl efddndes vadeirie vastoes apthesenting poiat. VIeagoal ef tauh rhethod is aridamnifietlose
nodel ) exhibit the desired effect on the host immune response. For exanple,
to dit ai veckersthat eshibs|thndesired bicdegicalipseparies HiwvavHhegeegrsbinangitsgyr essi on

d/ ' at i | . huf f | b
cor por APEgeA AGoBMuP eP Jecafs el gRiRk ko FRE W B €0 P PSR drePlct e
i nt o hunBBrapebt dikfeRRs fundtichal #fodul ), P hasRInGomine béherdddd diversitd def¥Bicdieithér

single tube transfection. Prinary %unan nonocytes, or dendritic cells
gener at ebly ingedightaf ranignhuwdentisiestictshesodr bad besnshutiisdde yirestoiintroteepoesence

of IL-4 and GM CSF, are also suitable. Initial screening can be done using
FACS- sor iv%g’."mfgo'&?qrgsséazlﬁé?gﬁ%hﬁ}‘ﬁft‘?rowest | evel s of MHC cl ass |

nol ecul es are sel ected, the polynucl| eotides that encode the MHC i nhibitors,
or vol e pl asmi ds Ebndelegtiondor expressionafesld surface-logelizgd apgen f desired, the
sel ect ed sequences i 3 ] :
selection. Cells eQg?ggg?Hggphggﬁbagggeﬁgégﬁ%uggqﬂg@yggg%%hkﬁ%%ﬁ%@ﬁSggnare
expect edof elhstyRcé-Ntaligatesiti geAPEHE dn¥ighD gértdy efgibddred @S MRNAESIne RELIAKHIAST
screening nethod involves incorporating libraries of shuffled

pol ynucl gshithast hasa regivnsd@minhadids wh@gﬁ taRgatedtoatbs cell meprbeans. drerar e

i ncor porated.into human papillo irus.(HPV), vegtors. Thiss library is

i ot eq YR hEr CareHRbae. L PP RIS ol PRE- Beinal e bl Moty ar e
destapoy egighils tﬂ&%ﬁ_@%emm%owmmt@w@wmeg@érhﬁmw (B8 Sk PiSsRA pRStkin

i nhi bitors of peptide transportation andlor MHC class 25 expression wll be
abl e t o astdipestd the protamrie be espessd onfthe swédce of theatransfgotasisella With ke antjgane
present gn the vector, such as GEP, for, extended periods of tinme are

Sel ect edthat frauiselaealublsoroiee gi)mgmdd@)ﬁalﬁ@?x e@ﬁ%meg? thrge dimensianal her
optim zafi@n,i I . : : r ubi eGgt:ed ] unds
o shut 19 8egh 4RGPl n B Re BT WARIRS, ELEmtih SRR o B )

al | ow dr ishabirten tragsmagrbraac prodein $é. g daesrfasdrhembiane gadteintmvigatiictenizeen 30
possi bl e due to high i munogenicity of HPV in m ce. ~~ 1 SEP 2W2 WO

99/ ££369VIPGESLbasEgia0pONZog Pr fymertetlpehers @ el Ingsh o ppesibilibesarkiess, the

huf fl ed I | i.d di L nhi bi . f. i
neor por ST S T B SB0RPHed Bobe o @Lida e P ieRSthol s BRETRE o™ ©
i nt o hunggnAald PIG-N8BageS $eborRS tHérBtefifldnshe APekss&l hiSo@4er émetsﬁlahmgest

| evel s of "MHC cl ass | "nol ecul es are sel ected as descri bed above. e
sequencesf thedbstefintodirdet it efficientig $¢ tHeeoelIssriade. NH@ rolnasisy 6f aegn; desintigerar e

further tested hy analyzing the capagity of antigen-presenting cells

t r ansf ecfEEXRiceHOR NN boYe ﬂsefr@swﬁﬁbéémlwglrhﬁg? bﬁ-gowgn%?mraqes e* ass |
expr£ssi ' specific T cell lines or clones. These inhibitors
w il blo %hé§¥$§§%%%%g¥esentation of i munogeni ¢ peptides, and hence, w ||

strongly downregul ate activation of antigen-specific CTLs all ow ng
| ong-l asting transgene expression in vivo.
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10 Methods to screen for inproved inhibitors of MHC class |1 ékﬁﬁ%gsﬁgﬁ
i ncl ude detection of MHC class Il nolecules on the surface of the target
cells by fWeoPedd®dnt | abel ed specific nmonocl onal antibodi es, PET35P¥83LAce

m croscopy, and flow cytonetry. |In addisfion, the inhibitors can be anal yzed
in functional assays by studying the capacity of the inhibitors to bl ock
activation of WHC class Il restricted antigen-specific CD4+ T 15

| ynphocytes. For epanpbey 1i9RRy fdtlidetedlAivie dnleafdRagiitlleQhteba® o eI t O
to inhibit induction of CD4+ cell proliferation induced by autol ogous

ant i gentipsuesiadtor ngllcfbingdiverse farges snesiodlye asmalierechollected ¢ €lells carBbecpir fiedor
EBV-transforned B cell Ii{gﬁ, }aﬁs har bor genes en odiRg the MHC cl. ass |

i nhi bi t fPTbibeissus yirghstepdasd el Qiotagical pErcrar g neYANE th HeF 2frellisresiBrt or .

20 3. E i, Vi YA e ' | - OMI, h of
ot ai ni p ey cafiEintércRloraitoliés BN HRLAR, i3 Bl O SR F bR
induce adlaed epithetihl dfeelsmﬁxsﬁmi:@saasimlwher%tmmiﬁ hapGal & bekiEitlodi0ated eeluce a
library of reconbinant viral vectors. The library is transfected into a
popul at imyebbEstsrfeermanusgle. daispme embodiments minunalinbysical usificabon istperfoomedduce
an antivi.ral 25 response. One sui.table .test. inyolves staiping the cells for
he”pr cthEle AR AF BrRame s EHT DL BRI Ry Serserte SEill Ot BORMAO L i ng
an antil . 1# ! i i
Resear chion G5 RA5S WERaRsulferivel Bont froR 1Anoh fpdcs 34 oA, B8 015
Reconbi nelit caniteafracriensted seadép by AGH tasepdradte Broetie| CR4 Wi €SS Takhs,posi ti ve
for Mk protein. These reconbinant viral vectors from positive staining

cel 1§ adendrii cehlsdlangerhans sells menoadcs oA Bha liksn HaiRg davesss flyargscert | nduce an

antivir r nse. lLeyiectors for which this nethod is useful include,
for exaﬁlpqné)?l%ﬁ%lf%ﬁlgﬁéz{g;%lc’?ﬁtg. ,~ 1 SEP 2002 WD 99/ 41369 83 PCT/ US99/ 03022

4. BEvolution of veniqe sellPekph@sind eliccafipdn caP¥e MentiBed withd Asdteidepn ce is
The invention provides nethods for obtaining vector conponents that, when
pr esent nmanoglogehattibody apesiiefor gt Grterynalisegeenge o Gi-linkedfernabof they to
replicate to a_hi copy nunber in a cell used to produce the vector.

PI b SUHERE THEEE FAGS SngHPS SUavhaf TG S A G Qe kol NBTESYaR Of he
Si ze< or . j j nly id. y
Fentor (harTiE i (ot B A, SRHAIARRr, T AR KR ARRLIRY | |
whi ch i tantigerparepaged il sthidardmbheeniat bictoglemethalis asddaoreaaenthepldzadd DNA
increase the plasmd copy nunber after all elenents have been cloned into

t he vectvagcinerygesor thatccopégeTed this reaptiyity afh alip@At YhRIOS PN At RHOWS PRafication

f | i || : . i nes.
The et 1680 S el PleiEsslicne pfifastrand BB b pERSE! oS BIRAIe Sg e or
nor e polsyAecdifRtdntiges egpteRasScelld ataytientvddy einl i ginvhtychopiation ), aé erovktee be

toxic to the bacterium One suitable toxic noiety and binding site
con®® nator pan-purifyhthe ceBmexpressingenrihecansigeGARAsdttesedn be Jomessddptvednoamtigene. |t

has been shown that expression_ of .a DNA: bi ndin S.fragnent of GATA-1 is
o o BrBenag b and oty e e apaianty <puded aBt g B Rb el veton of

bact eri : i JAOD vy 1ok : o) i . 684-693)
nave. deond PREd HERERARD puRHASY ui i e e PSR B Bl GATA L
as a GSpopulatiomopsraiet dishddlscaeing imapbiizedfmdrivelonabamibody apevific for thdi s
plasm d is under the control of the IPTGinducible |ac pronoter. The

GST- GATAelevnt agtigen caal ale b wied e tamnyg upwagted «lguence from the 20 nouse

~i - gl obi n gene pr er._as._wel.l ; - Q] | i

~3- g# obi n gene 3 O@ﬂLfaeﬁgéersf'm%iﬂ?eh%;au%ér)d %J;I}?%%a?f% ggggéh%guﬁggggﬁtga{%?{eqx#ﬁ%gnuse as
bi ndi ng cgh b@%dnﬂﬁ%@ﬁsiﬂgtsE&ﬁﬁc ednfbAgationdRRidepehdediRoRbASHAl datiBdBéhabdry al so
i nclude a sel ectabl e marker such as, for exanple, kananycin resistance

(am noglkpowsitdecadt speictfplip withntbe earas str{d@es Expres®y)onathd targettpathogeike. The

pl asm d backbone pol ynuc| eot i de sequence i s subjected to DNA shuffling as
Cleacr i baFeRAS oLl SHbody cFEIL dgtins A sSeris g carPE o RBES e Fepdnt
backbon o IYATe Y > Q| e : to
mt roductt gk BRE £y BfinfoS B okt bl B ANt R S oot A B gt bR 10,
i's poef efisinostid atidedl Gunidamot yielNAe2brtét donfprmbtivs ac defife yobariplvtdtied in
the context of the present invention by including in the shuffling reaction
30 onl y the aitiggnds fasnchonfthe pusfage oé dhedBrest pathRean orjag seereted\fEgm the tasget i cant
diversity can be achieved in the shuffled library to recover a plasmd
which is inproved inits growh properties while fully retaining the
appropriate selection function of the plasm d.



,~ 1 SEP 2002 WD 99/ 4l 369 PCT/ US99/ 03022 84 The sel ection for \11i1g§1EPcc%%03g

nunber plasmds is performed by introducing the library of shuffled
reconbi nanwg¥vaasdods i nto the desired host cell. The host cePC3/UsHYO3022
express the toxic nmoiety, preferably unrder the control of a pronmoter which
i s inducible. For exanple, the pGATA plasmd is suitable for use in E. coli
host cells. The shuffled plasmds S are introduced into the cells under
non- i ndycj oAdLt ] T cel l. ] der gconditions
wni oh 1 ReSRe g ORe Hap 3% muftn a2 P AR Ry iF i UeE bR R RO B e BT
that conrhéH knd¥afre@Rviliedipfepsi® doformBeinl esfipat i he coReE®ARIIM protein. in
concentrations of I PTG Those target plasmds which grow to high copy
nunber ithe selestibapregess Tk caekpadeeved dyrsgspuiati RHCP dortghefor ewarbples of t he
bi ndi ng sequences .for JA: 1. The target plasmds. 10 will RQing the
GST- GATA- 1 fusion "}ﬂe i eda%lasmgopﬂ PPéﬁ?tfléccteﬁ%f“ﬂ’}Sﬁ‘%mé?fBéEP@C‘% of te
bacteri : S 1 h i ich
confor REpaT e Sohict Boby Biclog R esk P i S L o SRt B R Tl
Such pl aaathdsronad off eelecivay arcothoratihgt gean shufflirediol expendeetdivarsityMin effis | ack t he
gene that encodes the toxic. miety; 15 these plasmds should retain their
hi gh copgamiarioae reqexrradkedssied biologisliagiyity enfedsd By mlpumid from tissuesie used
to isol %ﬁA%Q&&?&kﬁﬂ%%ﬁ%?sm ds by the above sel ection procedure.

y, nmanua

Al t er nati vel nu screening can be done in the bacterial host of

choi ce, |acking thEni§ metifoddah Al 12868 tHDb M ASMHseldcedvidts aRY egfbact s due
to the presence of this extraneous plasmd. 20 VI. Cenetic Vaccine

Phai ®rac empiunalac@sppysndeleanss thadorivbhimowsshab indmparatstinmt DN Wdreineeonoructs.
conponent s and rmul ti.cggso ent Ig;enesli c vacci nes of e invention are useful

h
for tredtf FEAERG/ i1 Ip GYPrEsY NG dECegUR RELEINFh G | OF Ber2 BAMiEERons. For
exanpl e, j 1 i C i o]
The. et Reg e B e R T RE el O
i nfecti QUBC thokeed frem diffeterdiigsged (a0sedifisme o thy iRdcuddiionie) edingl , fungal ,
viral, or other pat h_o%ens of manmal s. The reagents_ obtai ned using the
i nvent i ¢AMergiciallk gvaiablpsmgngcienal patabadies theyrrecaenizefiteitond] B pseisindnc| udi ng,
for exanple, rheumatoid arthritis, SLE, diabetes nellitus, nyasthenia
gravfs, reactive a2 Reletii glg POTENg 0] 1

egsiomaf

fien forekn riiviritigen/cvmkehaiallemoline scl er osi s.

These and ot her infl| anmatory codii osinl. di ng 1.BD,..psori asis, .
pancreatitis, and VA PORRCTARGREGEKER MEMoORLs dentiBnlaynidk Ly efe Kyagdne ¢
, 30 va%;t%?ﬁomeﬂod fhad M@%&te{ﬁﬁffﬂrs%cx%ﬂgng}”ﬂﬂﬁblegmei?@%a?c bffbdiegk usi ng the
nmet hods of the I nvention. netic vaccli ne vectors and other reagents

obt ai nedjuakiatige tinkqueitiais nafuré bfan elicittd ShMud6 0&p¥ized Bbi&amp183he methods
PCT/ US991 03023 | nventjon can be used.to treat allergies _and asthma.

Mor eoverdre pgedul fepsebectigg veetors thalcare RRUMALIPE SerrelAn iR GHarRoRIRGS, 81084k nent
f _. f > _nave™ . >t 1 e
Satder TherBhnB RUABLIAN e (Rl AAESC1Berils |GG SAHBIIAIEEPOOSD e

or el i mopatbenatians of cytbkingy, eRendkiyiear§ gowerifacwbQdn oBmbimatioheithatiffefeaed
geneti c vacci ne ) o o
promoters, enhancers, polyA tracts, introns, and the like, elicits the required immune

response in vivo.
Combinations of the genes for the soluble proteins of interest can be present
25  in the vectors; transcription can be either from a single promoter, or the genes can be placed
in multicistronic arrangements. Typically, the genes encoding the polypeptides are present in
the vaccine vector library in combination with optimal signal secretion sequences, such that
the expressed proteins are secreted from the cells.
The first step in these methods is to generate vectors that are capable of
30  secreting high (or in some case low) levels of different combinations of soluble factors

vitro and that will express those factors for a short or long time as desired. This method



conponents are used in conjunction with other optimzed geneg1¢fﬁgc@w%e ]

reagents. For exanple, an antigen that is useful for a particular condition

can be opt w@ ®Wad3dy net hods anal ogous to the reconbi nati on aR€Ta98H2Ag

met hods descri bed herein (sec, copendigg. conmonly assigned US Patent

Application Ser. No. , entitled "Antigen Library 10 I munization", which

was filed on February 10, 1999 as TTC Attorney Docket No. 18097 028710US).

The pol X 95 lod%lécpfﬁr a‘ﬁﬁ(f&g Sart i Gent6 I ats %ﬂéhhgc%ﬂ'b% CFPBHEEE?EE& g? can

be place the control a pronoter, e.g., act1vi or

ti ssue- ﬁﬁ@@hfplaﬂerﬂﬁ ofsdleble pTd‘lémFH’xprBkleh num@bv:h Qsmé@lﬂﬁ%kﬁ,dw Al gtﬁeiec

pol ypeptide can itself be optim zed using reconbination and sel ection

net hods Ve#Harssgs tien ke teped @ﬁ@éwbb@a uhélrveﬁﬁﬁcallrrieaftﬁé@f:mg pdaned 18 cemhinatinn

|nnunost| ato suc bed in copending, comonly
(i)

assi gned” E’§F%%[C Vﬁgﬂf‘? 33‘[‘5%‘6“@813?810%8% e’*péfﬁls OPICQBS timzation of

| rmenonodul atory Mye8eog fibrary 54 @éilwasedH G 14 A% EPOHE Y MBsen interval of
18097- 030300US on February 10, is sonetines advant ageous to enpl oy

a genet timey asstiernadionatlld &om@gmeedtefs@n thc mantal axel aillettad g€klis atel purified (e. g.

an anti esenting cell or an anti gen pr.ocess cell); 20 suitable
targeti %@“ﬁgﬁﬁtﬁé’é‘? esiag gfaadard pelhbjolog @H&ﬁeﬁﬁresc‘ﬁh’ﬁg Qftgn icdudsribe ueso krallent

I
1 ed onPRET Blrrfe iftiyg pERbLyan BARRELS Mty (HRREL' S5 (E0EaRBBEL =
Genet i C siiAgcd digigend dssbtisidbol Bhiichl meithanentbl gpasié clvgssiliamsdaes e i bed
herein, can be delivered to a mannal (including humans) to induce a

t hel®pepeifermed @Eorge @qlﬁmyllﬁaatmrbof qehte Ménehesposss dhe desed meotdel Fmetrhyswsellrdlcd es

Sy ool £ 't'ﬂggeei?%% by Erargneion Sahiagy Y g0s BhiRubeaBt s i e ks tibneal
intr amj?ﬁHL‘: Iﬁﬂﬁgl@r gﬁﬂ or doithERA" RNl su H@hses‘f@gi@?(t mQE))g estaPHﬁféﬁl route

or they ca t ey can be a m ni st ered i cal application.

Al ter natmetl@d,ds wi\Ylelietp?rE&n@dmo bepaciné meehﬁ"ekehocanedybss The diff@entsdetinyps cel | s

explanted from an 30 individual patient (e. nphocyt es, bone marrow

as pi r at described @b@vqamamg;y bg seraTatod vﬁawelatwely muséacmozum gﬁﬂrumn%

S99/ 03022 donor h 0 te el I nt ation

of The. Surute ontaagiey BIR, BTN Fyidt BB or e toubf roF G e Bo T R Phave

I ncor portauaqiné {he sMﬁEé&hemﬁrah@bﬂ@ld?meﬁﬁndjﬂﬂlm\lﬁé Uenget hods are well known

to those of skill in the art. Such nethods include, for exanple

| i posone- based gerRurifeidioels gre(phesbd ontochgahpilates 3983r @D ong ki Bakdntaivkoeti no

and Goul d- F erl e ( 88) . Bi oTechni ques 6 ;. Rose U.S. Pat No.
5, 279, 8310k 4R mprawz) the {guy§d ForseFBAL %ﬂﬁstﬁawﬁé\? theitarget apligedrs pr oc.

Ndenovt rg%n(ﬁ?g'gsmg%nﬁf@gﬁﬁiﬁr Ao potStipnaanifBReR: LER Sl Bt £, 9
Al i 2@t abemﬁdzﬂ%'xtﬁiﬂfbasaﬁe@trucdlre éiﬁe&-p&&éed aﬂdmeHm(gdaphih@enaReleééeQ&’&)le Curr.

Top. Mcrohiol. |pmmunol. 199 ( : 297-306 for review,
papi | | orfelgvaniisoluble pretein &Pm(th@éellsasgetectséébis@%&aue@ With m q@@@)al gntibgdyol .

66(5) 27 Joh t_al 1 640 992
oL f o g’(asg“("% )em?ﬁ(%’unoih(*‘iL 2 ?ag?SE?%FS%gal(@’ml ‘?ep?i'é‘ﬁ@)w SIS
63: 2374 &3318% %t' N8breSéendd, luménesdbnce). Ceﬁ§e)|€_;%395u?g2% ntaxiAflieyel ofGRdgst aal et
al . , PCT/L1S94/ 05 700, and Rosenburg and Fauci ( 1993 ) in Fundanent al

| mmunol egy berﬁnltufieEﬂyt\nsual iBspdctipedhe Rl encdbr adeny pickied aﬂdemaﬁdmkmmutahe 15
referenges therein, and Yu et ., Ge her a 1994) ra. , and
adefo- iwegaw&lqﬁﬁwaff weeqyﬁgﬁkes%ma@{%%w% (ve%rs%“iﬂ %fb{blsleo 38- 47;
Carter ol | 4641
(1093); TStV GiHe R AR sF Rl otk b RSB EigFAly £l SlocPleliitgiey

| nvst . %shaaitlandxdmlgﬁ Kéve(sSafigeny ekpressioh. OVl stiriived pladiid pemilaion thaee

al so, Lebkowski, U S. Pat. No. 5,173,414; Tratschin et al. ( 1985) Nbl.
Cel | . 20ugiessiullg expresseyt spifgiens phihe sphublestagion in the correctbodygsitp fppthe desirad

Usa, 81 IR G5 tredigs (1 ARPRE PBP g Y5 Bbr it REBGan’ Bleopdiieasds )
Virah., RdflidsSiredRAR8ihe dD& ity 81 further 1mﬁ6k@ﬁent[ﬁ:\|&e§i’%@/ o tHbahRat og@npri ses

a genetic vactine can be introduced directly into a tlssue such as nuscle.
See, e.g., USPN 5,580,859. ther nethods 25 such as "biolistic" or
particle-nedi ated transformati on (see, e.g., Sanford et al., USPN

4,945, 050; USPN 5, 036, 006) are also suitable for introduction of genetic
vaccines into cells of a mammal according to the invention. These nethods
are useful not only for in vivo introduction of DNA into a mammal, but al so
for ex vivo nodification of cells for reintroduction into a mammal. As for
ot her nethods of delivering genetic vaccines, if



30 necessary, vaccine admnistration is repeated in order to npRrgeh iR he
desired | evel of i mmunonodul ati on. WO 99141369 87 ~~ 7 SAP 2pii ~

PCT/ US99/ 030229/886%®t i ¢ vacci ne vectors (e.g., adenoviruses) [FGIosHA83022
papi | | omaviruses, retroviruses, etc. )s¢an be adm nistered directly to the
manmal for transduction of cells in vivo. The genetic vacci nes obtained
using the nethods of the invention can be fornul ated as pharnaceuti cal
conposi t | f 1y ALk At 1N it N i :

par ent er st Ers e AT BAbE Rt eRaT Ul A T s A DHEA Dcine.

I nt raven@ufmhized @ingds., oral. rectal, intrathecal, buccal (e.g.,
sublingual), or local adm nistration, such as by aerosol or transdermally,
for prophyl actic ayewt moneslapd@ntibodies gachelowrpogepeayigediffesdntski n, for
exanpl e, by use of hair-rtepovin nt s, be useful in tr der nmal

ol 1 ver JoREaASHeL RS L PG oA o R et SheB kiR g AU B EF 6 488 be. ar e
avai § ablyge AREMEH thA WinktPal FELARE frbfh Rbrechitdd With Bnt RfondElonalPitibod) I'J&gHﬂh
nore than one route can be used to adm nister a particular conpositiron, a
par ti culsall hohiwkercsavenal tarfopnaiondeemtopes areipnotedi dh somedasmnke pfilact probe
reaction than another route. Pharnmaceutically acceptable carriers are

det er i Aediupgtiont eyigling releassd diomy thercels A 68iony om 284 oy dlemd salybledemairas
wel | as t rti ar nethod used to adm nister the 15 conposition.
Accor di r?g?{@e,&?ﬂ%?ergdlegwé' wi de variety of suitable fornul ations of
pharmaceutical conpositions of the present invention. A variety of aqueous
carriers can beBusE@w Gomerrpuf fered saline and the |ike. These solutions

are sterile and generally free of undesi rat;qll{ﬁ matter. These conpositions
mayl®e sterilized HyWcaHRsiD RyaKIdes aleankiRFtHCREY Analyzg the furdioRal ques. The

COMPOST S0 G RIGH RDAGTASSIS Figl s ARSRBLARL AR AR R BRIRANCeS

20 as requirte 0 approximat e physiol ogica I ons ch™as p tusting
and buf fuierdiGhe RA8HiS by b Qasefbdarn;and sstterg lipdeadlandsdenee IsidaglyzE@by exanpl e,
sodi um acet ate, sodi um chl oride, potassiumchloride, calciumchloride,

sodi um |cavipates-liaked detectbrsk & lowWieatomeatiyemoyides saversl adieansages overcgherenetbedsor i n

t hese for.ul,at.i ons,.can var ,dely,, apd wl| be selected prinmarily.based on
fluid valaazng Cell papytidrs. dhaysaidh gheeiian bREnTVRe et Satardr BARCER L t ne
25 part 'o_%gie@rofaeaﬁa@farm%aﬁﬁw. @dtﬂ@_o?@él??éﬁﬁat?d?ﬁ A& ARt AR R GREIFsis
Formul at1 ons suitabl’e for oral” adm ni stration can consist of (a) liquid

sol ut i ond eactusainpds, Goll sitd, etabilite, aanorphology ban paekagzed witlodueitles @eet dor
suspended ;in diluents) such as water, saline or PEG 400;_(b) capsul es,

) at er .
sachet s sningpMaen dygaand abpled antibralies a5e Bersh eRfFHENakyRSUMY Agrontarp cslt i ve
i ngredie .1, aul i . gr . cOr tLn: . ( ' in
an appr()SE)llFfla% edﬂh%%?f)g?plgs%%c(p g%“é%’l zﬁ'gg %ﬁlefgﬁ?lgl %S#&f{gg?géfgé%b?érirzp)g%%t? ¢l ude
one or RdeleRtt AFPLERse Upb 6 @sdlorf i, fohr, separafi dnblenscahiabdiwithhiygeiaat es,
corn starch, potato 99/ 41369 88 ,1 1 SEP 2uul PCT/I?S99/0302" starch,

t r agBcaniuoreseens daheals) and lightssader dhgragtesistiescepibg, angbized Fimultapeousiyddbursi | i con
di oxi de, croscarne|l ose sodium .talc, nagnesium stearat steari.c..acid, and
ot hor  exOTe BRELS Bt Begrinariminy Shectas ATt 6 GANE DGR Ragent o
noi st eni | LG i b %4 ting
et o, B B B i o s
t he act ioyeomergy-bakicé otll sortiag { TRA/OS sortiag?d) dllpwsseleosen afictlBoati dested
tragacanth, as well as pastilles conprising the active ingredient in an

i nert baRlenowypesn Maest@dith vastomepdils hraries, grcluding HEPTapm@ i cHERACE NI ons,
gel and. - o AR . . Lent

ar £ er higsBR g, AR Bxple i k] BehAraREACORMEMMBEERAT . pen
adm ni stigicetiabinatiey, caibs asdagedbplleatathrhdtgmotieBesindpridual humah sistysuttatd y 10

acconplished either by conpl exing the vaccine vector with a conposition to
render igells that contain the recombined nucleic acid sequences that have the greatest improvement

in the desired property. Typically the selection is for high level expression of a surface

antigen or surrogate marker protein, as diagrammed in Figure 4. The pool of the best

30 individual sequences is recovered from the cells selected by flow cytometry-based sorting.



resistant to acidic and enzymatic hydrolysis or by packaging the vt uin
an appropriately resistant carrier such as a |liposone. Means of protecting
vectors froWOAPgE%®i on are well known in the art. The phar nacBGt/Ug23/03022
conpositions can be encapsul ated, e.g.,s5dn |liposones, or in a fornulation
that provides for slow release of the active ingredient. 1 S The packaged
nucl ei ¢ acids, alone or in conbination with other suitable conponents, can
be nmade |} ; ' . |

i i st g BRI AR A5 ey frge hENerS O T cal BPLIRET ¢ Snk

pr essur i vgickxpedrighabl e propel l ants, such as dichl orodifl uoronet hane,
propane, nitrogen, and the like. Suitable formulations for rectal

adm ni stration include, for exanple, 20 suppositories) which consist of the
packaged nucl ei €-abt ¥itkpSigreenéig,Msthadsry base. Suitabl e suppository bases

| nol ude nat ural - or GaYBId\GLk e Leb B ARG R BRI RUALPRATAONR wg | N
addition, it is also possi 'le to use gelatin rectal capsules whi consi st
of ascomucoiatiienppetties upiagkageds mugireitastiaginttthodshiha dakeowh reihash BOskilf or
example, liquid triglycerides, polyethylene glycols, and paraffin

hydr ocariBdisart 2Eoramnlatthe prtinized gBnatici\aecipgy et ke igbted dor theiseffaetiasn, such
as, for .exanple,. by.intraarticular (in the joints),. |jntravengus,

intr anuslgéﬁxcg&),n 4t R %{lé%éq&‘r?ﬁlo,f tﬂfen}farrﬁ%géri 19’8}?2‘8?%‘6 S gsde{ceﬂcfS&rfe%lr}g Fhudesells,

i ncl ude PEMEARSs, NG TNRN-CRAREONSs 1ypeQIrQfietnifl E61 infhrb M Esdjh @it 2 Wiyl HRS

whi ch can contain antioxidants, buffers, bacteriostats, "and sol utes that
render tinenfrmstomukitogyrpropotienéan wi panforimed bkingdfoofxamplel htremdedmoesd gellent |
and .aqueous and non-aqueous sterile, 30 suspensi.ons .that can ipcl ude
susdgndi ng agents, Ad tam; o esBres V%ﬁineWéﬁﬁorﬁg(%ﬁba@Pﬁdséltf@résm jhuEfligg of pendom

pr eser vahiie 1 f i S, | Nt i : it o

Dt i ot Qb B qffelonEndbfiind B8 bnt e bR Buo BRARIRAIB AT e
by i ntr ascedeaud fortyesidimproaueidny(e. gt ARFL AL ILINTL aperitopneab | .-13, 1L-15,
intravesically or intrathecally. Parenteral adm nistration and intravenous
adni ni stliFat-y, 100 byri cpllse fTegetlacmeradytrgénastopigenitetal humeamPBHE, or (diluted)

f | ati f d | ei i d i i.t.- dose.
ot £ 1+ doBoE eosh CORRREs S o SR bR G oR R SRR
sol yki ong, ey SPRRIAS! (SMAIeCAN a{?ﬁly@fs?.pﬁﬁﬁﬂbd;rgtﬂg’c(_gfoiﬁme' ﬁo@@%ﬂrﬁoﬁﬁr&{ﬁ%aﬁs,

and tablets of the ki'nd previously descri s transduced by the
packagedscreenlfor gltaratichsdatheadapacibeofttinivactetsap @irectiT § AV ehdiffdrgntiakion (as
par ent er al.| The dose adm ni ster.ed i i he cont ext of the

y. to atient, int
present §Hdensed.dAr erenle Byechangss giralins C?fégeﬁ/ﬁg&% H-Adhehilbi AN -hdlapdht i ¢
response, in _{ atie ver time. The 10 dose will be determ ned by the
ef fi cacy”oq1 PRQ”EZT{H %F%?’ivector enpl oyed and the condition of the
patient, as well amdubgoefXPEeicehitic canidetidtdtiedShtst@6a chiRs af surfiee pat i ent
to be treated. The size of the dose also will be determ ned by the

exi $0encexpresatonrlevelnabiacsivaiaon ansigenn pueliseBdd (GRFD) BT (DN MK eloplany
the adm ni strati a ticular v of., or transduced cell type in a
parti culaé'}ds%a@mgc}s%}& atnﬁq:ééf%er?ﬁ?rﬁ’iar?g%%ék%ff_ecti ve anount of the vector to
be admi ni stered inpf fifind ERBEATRIBhisOEerRtie RAYdiIRX V& téts a?é‘aﬁa@)fz%ﬁtfbxot!ﬁeﬁrcaﬁ%chzr
condition, the physician evaluates vector toxicities, progression of the

di sease, toandudeliecgll adivatiomnMufre specifioabigf spieeartellb imemjedidd miog.cahbegener al
t he dose, equival ent of a naked nucleic acid fri)m a vector is fromabout 1

p, g to lispigtedsnddhe gamagidy ofreytRioxig} Armphoacytesto lvsp infgesdsaugglogeustiangst ¢rllsd to
del ier t n i i r i el d. . iV " nt of
t herz\épeu Sirggldﬁ%ag Ilr,g’F gp%%il ge.l%Kg%?e%cg?ﬂrtgéj@hqg%#%ﬁ%ﬁCa%:ngl(%?}g |”?g’z'é’dq\l}?‘§&‘é‘?ﬁgre or
di vi ded glas@sellldiffélepli ARAUL hBalpdd Bycatisufisg peslifeRsiohiod Podat8oeNT I diLer ed
to a patient suffering froma disease (e.g., an infectious disease or

aut oi nmruarel ENsvx ahel Tu2 (L dhanmsinibohk cysekingsdhehb 1S4 and diseasly iatCPLabeelpdit i al |y
arrest the disease and its i cations. An anount 25 adequate to

d . conpl
acconpl i SACRAYRIC IQYRRS Hagines? ‘!‘%SﬁSB‘éWi cally effective dose." Anpunts
effective for thi SGéﬁ@tié"@alc'cin@@Bﬁ&‘dad&ﬂfé‘%o&rﬂﬁm@ﬁt‘é%ﬁhtabéoﬁbfe ks fk aBARPLANd the
general state of the patient's health. Single or nmultiple adm nistrations
of t30e cimdpeshirhons$immyndrespotses)iaseeidencsade freretamglx by tiducdos afB ctid
frequency as required and tol erated by the patient. In any event, the
conposi t PreduetirmR icengibediesiepesificufor pe paigenifdptierasy bhesepesays saephHeongcied| s
invention 30 to effectively treat the patient.



~ 1 SEP 200Z WO 991a1369 PCTI US99/ 03022 90 | n prophyl actic applq ¢a86P0R82
conpositions are adm nistered to a human or other mammal to induce an

i mmune respWEs¥/4i¥}At can hel p protect against the establi shmeRETHE%§$022

i nfectious disease or other condition. Fhe toxicity and therapeutic '
efficacy of the genetic vaccine vectors provided 5 by the invention are
det erm ned usi ng standard pharmaceutical procedures in cell cultures or

experi mept; L : 1 : : : I I 50% of
The’ populft BRLLRSe, AREAEANRIFHBRICIE (O bRl RRls S0R kel oq o
t he popuhrthodshreigionh tortheedifisky] iprths ent ©thehessayninaohetdeasgonbhgitidese known

to those of skill in the art._ A typical_ pharnmaceutical conposition for
i nt r aven8Xesig b detyepslsolirdeemme Fa‘g‘a%tselegtlort proyUesthegeest sfidienit per

day. Dosages from 0..1. up &0 about 100 e atlent, per, day may be used,
parti cul BT A graiidndRel YRS Pho e achal®) sR B0 SR BEH SR haomst i n o
the B oogddwhnt-RRMf FAURseA&tioR i Pthat HRAY NGV foY dRTeréd & e M’éi?(‘ks?ifon?n organ.
Substantially "hi gher dosages are possible in topical admnistration. Actual

met hods fanctpneplamicn gxprassent mapbt deardi Msthabhahabmyobiet pamangubihg be known
or apparent to those skilled in the art 15 and are described in nore detail
in such PPAPFIeRRLiAIHEOGES PR AP ohiis Nisthed RV Jaraeunterepicee]ls 1o babangled Vvack
Publ i shi : ' o : etd i nes

obt ai ned U T ARG b Ao RANRIAKEINCE et bl 19BN Ve RH o

di spensemagasticiads aselekwith nidiocRaR] itibodids Pgoviédtednothey B Jlest illéntidymanmal .
For exanpl e, packs or dispenser devices that contain one or nore unit
dosalfe 2eelisorhish grereps dpartiedar anfigesal |y, instructions for adninistration of

t he conmpounds wi Il /be provided with the packagj al gn jth.a suitable
| ndi cat ) on on the (GDENE THSE ABY ohRRITR el R SFGed PR ERfeetr an
I ndi cat edeeQndivel seRendPfor SN Mi By th %ibﬁ?%li@ﬁﬁoﬁb?hﬁn&r%ﬁ 1€ AGkbYe
conmpound wthin the packaging is useful for treating a parti cuf ar

i nf ecti oBscldasepsae kaownimtheraet. di sorder, tunor, or for preventing or

treating other diseases.or, conditions that 25 are nedi ated by, or
potential |y susceptibindication af tha eifagacy 9f o #este Yassing ganst/for exprapls, eancer

Genefq C L ne: i of oy [ i L t QL. F | es
ol e VPRI EREL SNA BRSNS LR Ot AR QLB o
di seases i thedkesf £paknt boORSt dnfvaih]. Btongl ihfehmAeoh & QerditewiBFIBAE an
i mmune systemor are susceptible to treatnment by an 30 appropriate imune
r espons e actRepion O Antiganvspeeifiaiptadls. dmprayed aciiyationsd sumemrspecyicet cells sy,

e 90T SR BTy S5 SR ELL Bl GBS TN 205 7
No. , filkaghuheRbddatrd Bat ék%afgth%@sﬁl—ﬁ%eﬁ%v%rﬂ?h@o%ﬁ]tbiB{S’sies]v%Q%%'t%7ﬁgus- A.

| nfections Diseases (enetic vaccine vectors obtained according to t

nmet htftls ehaliling detwiled sivdies af theuypé af immubotdipgrse pimf loamirs atthe sitéesfogayh of

i nfectious dj seases, including those caused by any bacterial, fungal,
viral, o#“JEﬁtH’é‘r("b@ﬂ%d@'@ﬁé’umbef?eﬂﬁiﬂllegﬁloqshv%%ﬁcma%@ﬁg)s, protection is
conferred by use of i L tar : I A resS,.afl. antigen
(either or both of %ﬂﬁ%ﬁ}g}gfegg\égﬁ? lgé%?%l\r{&% C%Bé%%%eaﬁtéééleoﬁ@(gﬁ g‘?‘ﬁg%pat hogen
of i nt er egpresdidh &f BheHinGd cleshisidhdie adcessor odétulegeand the tike) bieetlldsbog t he
met hods of the invention in order to obtain 10 optim zed antigens as
descri bedh#lenge hy atibeary of gemeticnidadine vegioisnmune response agai nst the
antigen. One or several antigens or antigen fragnents can be included in

one netic vaccipne, deli.ve ehi cl.e. a s of. pat hogens and
corrggpondi ng po*)y?é:ﬁ‘fel" égsﬁ’%rd " iI%ﬁ“%’%?@éﬁf"gg2’"6’(5‘9'6& ai ned i ncl ude,
but are not |imteddgslectkdhetigFadsifle vaivord Ot prdveatfificlent ProtdetivPimmuhiir f ace

antigen), rabies (glycoprotein), Schistosoma mansoni (cal pain; Janl:ovic (
1996) 1 -ongcan spieanche vedor lilgagesiip)a teghrprnmshutiag lethal pifeetianongdelh sucthase

treatabl e, usin enetic vacgcine vectors include, for exanpl.e er pes
roster, RaPatRs gruot e BB el R R e e
drug-res 'ﬁﬁém&)me,!mpﬂm@géﬁdm B0k el di s DUEIOHER ek Isdmp! &Y PhYelnSa viPaY (6QVI T US,
rabi es, human papillomavirus, and the like. B. I'nflamatory and Autoi mune
Di se3Bes I2fluchus & vimsheandi\ssants Shomeatitisay aus. ePodiedf ganetiomurenea esponse t hat

attacks . . . _ . . ) )
individual vectors are introduced into the animals intradermally, intramuscularly,



tissues or cells of ones own body, or pathogen-specific immune 1re§}58n338%
that also are harnful for ones own tissues or cells, or non- s ecific i mmne-
activati orW@EmRs harnful for ones own tissues or cells. ERamYyIS&Y¥0HR:
aut oi mune di seases include, but are n§8 limted to, rheumatoid arthritis,
SLE, diabetes nellitus, myasthenia gravis, reactive arthritis, 2~

ankyl osi ng spondylitis, and multiple sclerosis. These and ot her

infl a””%irﬁ@ého@x@l@dirﬁia%éheallﬁ'Cdnldﬂy Nehgtay, &%Q&'&Shffra d?ﬁ&?éaﬁ?tahﬁ'\éctomﬂat
various i munodéfici enci es, can be treated Using genetlc vacci nes

i ncl udecanquéeoms tlendisas b ere odaosqmcfneﬁirmeobmmdaeﬂshmfﬂng drldeseisetibnds of the

i nvention. These conditions are often characterl zed by an accunul ati on of
i nfl ammatory 30 cé‘lslff’é1 examplss %‘”Fﬁlr’r‘fﬂ%%il?aé’s € $PERGNGH AR FBGS 'né‘?FdeqﬁéUhro hils,

at the dE%: I;/frﬁ:f(rﬂ% elcg %E O%When i 1 jected §'r:t5) ffg@tggd W@ﬂé;c?’r%?%egaiese gg| 03022

Altere ction Ieve S are o serve eas

| evel s wus@ybﬁigrmlwmfbaﬁbm Diter ré@Me@in aditehiiiutee ditesRasies fathINfikdtfhd1g
di abetes and rheumatoid arthritis, are linked to certain MHC hapl otypes

O her awhishean heprwétedubymndeluls4 nsAhstpraeconekinantlb- 2 ((hatalain er A EB3en
shown tp be tr r such as ~ersinia and Shigella, and

evi d_encé @Wéet&s}%gﬁ l?g@\/ f?JaPA 7 gﬁ‘f%ﬂ?ﬁw’ﬂh%t ‘Qgé\%eé?uls uch as di abet es,
mul tiplige 69@41 or daa% QﬂsdoﬁﬁégérﬂxitckSandrﬂ%%llsgtjhlﬁﬁccﬁﬂsaré@r{t'tk?et%geagé’ar\é' ral or

ra %E‘t&:
bacteri al ? ections 1 n gehetically susceptib rren

st r at egetesewfortfurbémmatysigane sedebyed foe bemlersaidtican Riiteasxigingriyfedtiogs . Tisgich as
NSAI D or. cycl osporin, and antjproliferative drugl such as net hotrexate.
Thdfe 1928 ﬁfe&haé?@gacaﬁ‘éelha&c%rp@%forlkowedyeﬁua“h@gan WE SIBPIE /et PIgEApI es havi ng

great er %Bﬁgﬁrfl f ¥’dls%g%[{r8§re e au &éjahrb%thetctéﬁ 15“5%%e£1?f&?tﬂ§\%§bsze%var ds

the dire |on Ol nmune proces eSent T fvert i on
provi deﬁnémw re§amag a0lcBfal Pieuthdrid) wmas@rfmﬂ@v@xaed rédd»H&hdrﬁ@L-]E' rst,
the invention provi des nethods of obtai ning vaccines ich exhibit 15

i mpr ove(Grdentievganer af. ( t?ﬂ@do@enwwla}rw geefs 30 bhit i Therad vantagsho hthisempdgd o thad
anti genj_ci.t genetic vac e: nedi d tol erance, nmodul t| on.of fhe
mmune. (b dpishEen BEFUHIFRRS hohe ngawﬁw&wa?@weg?& UFRANRAIQEEN Ifasipn.

pr qf5er ”Pﬂe 95@91‘3 5 gl\;egqo MQGH%%eMeF% Qﬂe an%éeH Mhéygc&r@ a%ld]'i(ﬁ érg

exhi'bit rove ction of t ance iver erance i s

char act ﬂ&&r&?ﬂxph)mt» ﬂx@lwideﬁﬂlndrdammbﬁ)@lr%btoﬁ‘@ih@f edcairatdteblishedhinfections.
adm ni stration 20 of Iarge quantities of antigen (Chen et al. (1995

Sci ence 265: 12371ngugh er}mm@ie the geNIYOBACCEES BFFcRMPYER vaeeinatios ynodehiaini mal

nodel a roac ve 0] h to treat
ot of minelrERRA8E° Tfep Y Bl Sne B e AL APROintable L e
ef f i cacyainek Wag dRRIONORAED [Ninidh@r &1 (e@t9 Sézeﬁkfe mMﬁwvm)mweraqilrﬁfﬁ@s%
such as rheumatoid arthritis and multiple sclerosis (Chen et al. (1994)

SciZéncestpBns @2 3th4l0n miSe piividing en easyaheang 1996 perClor effidagynoh gkneticrmageiopsat hol .

29305325% wggﬁgt @éuwatv %%ﬁ%ﬂﬁ?{ﬁ@% M}ICA& bl %ﬁﬁ%gzégaéhﬁw%mé%s hﬁ:ed

in ge“earg'ﬁftﬁﬁ&ef&&wcu{;ﬁgmlct\hﬁ dnglEAr ok h&l'lm’ fbn %@?0?@ VG S

However anounts o en re or In UCtIOﬂ (0] erance

are ver ybtaingt wiied themievard impiuhized “ﬁmrandrxaﬂudﬁh|hvmmgglof1nmr(ﬂ{@)egsnet1@r oteins
woul d significantly i %ove the 30 efficacy of induction of oral tolerance.
~ ~ SEPvawoRE (Weckes ah 1897 Basainy Lsé’gftﬁsoﬁ"’mmgééswdﬁesw.aart«yswmqurzat| on

Sorbeni PSSP AAT P gBAL o ot AR Rt S 1
concentrations, and it also aliows one to analyze the levels of antigen specific Abs and CTLs
induced in vivo.

The genetic vaccine vectors can also be analyzed for their capacity to provide
protection against infections by Mycobacterium tuberculosis. This is an example of a

30  situation where genetic vaccines have provided partial protection, and where major

improvements are required.



exanple, to identify autoantigens present in Yersinia, Shigel K 1 SERd200he

| i ke, one can screen for induction of T cell responses in HLA-B27 positive
i ndi vi dual YO @¥idbexes that include S epitopes of bacterial HDETVEGRMNYIRAd
MHC nol ecul es associ ated with autoi murng di seases, e.g., HLA-B27 in
association wth Yersinia antigens can be used in the prevention of
reactive arthritis and ankylosing spondylitis in HLA-B27 positive

i ndividuals. Treat &-EaREmBéE&‘cmﬁﬁe%9t0¥§ﬁds%£€ﬁﬁd¥nﬁﬁE&’Iﬂé{e‘ \%?l%rf% be
i nvolve not only admnistration of tol erogenic antigens, but also e use
of a corgabjeatddan nidre dyfalikd aedysisld addiidnalimatiels y Testhrcdlodiser imfeetidRaliddake.
Such cocktails are formulated for induction of a favorable i mune response,
t ypi cal Imodelsl(rich anHEV, Mivconlesmgonlmserisi RS ¥ andloeretaweus) @ablatlaivl s can al so

i ncl ude,. ., for. exa e, .CD.1, which i.s crucially involved in recognition of
ol t - ant RGUHSHIN BT Sengacy poriEhtdn FiedtiBietibes T8y “aqv. Lmmnol | 59° 1
). Genetic vacci neiV&ehQhg, ARG pEARKpRSIIS AGHh (RKEW! FSTIRANG sEQRSRNBIES bk Ovar ds
the T~,2 are often used In treating 15 autoi mune and i nfl amrat ory

condi ti arssd abtitetstasiih g merdriad) éor-tbpeoit toundarfcshafitingeassamobiy spe celecttony e¢écsrs .

Scr eeni\r;&g of geneti C vacci nes apd accessory npo| ecul es can be done in aninal
model s WAFCHE AMECRGA 2pigna! mepdelsaire ssquencedrandiie geresppRding hdg1agfeasi arabl e
nodel s f 1O ; it i i : Wit

FS) 51 o el ReAEP eI g T (ERplARe e IMRERORA Db Tar B e 11
aut Oantlc&?@cif}eﬁaﬁaddé di fferehiidti onth (a3, 1 AT} 20dedls O tiohti bHIBET,, EIs96WBIRIAT protein
a-fodrin (Haneji et al. (1997) Science 276: 604), the New Zeal and

Bl adR/ Wiliymphpcyteharisk nanoayiasénaaselgiages. onaendsied tNOD Ercowally, toosst nodel  of
human di abetes mellitus, fas/fas |igand mutant mce, which.spontaneopusly
devel op BRUTHMERERe D517 oy ARERR PrEEAAnd EoaPLah He pe (ARt RiGHE ek Bifhga. et
al . (1992) RerF By b iaRIh AR KRS VRO Al FNE Rurman ntee
encephal onny’e I %IllisC EAErS I nn\z}\ﬁi ch rrg/lel ?‘ﬁd’cbg?c pnr ot el I’?LI ndulcl:rgasm énf?ﬁusoélgse

t hat r esdisdasesislimveatigared.t i pl e scl erosis. Autoantigens that are useful in

genetic vaccines for freati (r;i% mul ti ple sclerosis include, but are not
limted to, myelinnadditontosetarmining whedsra vegtonpool praydes)protechitr osci .

Res., :45:. 500-. 0 ' L0 i ' t ei n
or oSl AR Be bor et Py ShRb RS e eIt B BlofccRLP g B gt
G in. | negaduct®8 oflspe2fid StiodicB (Praotiany qjg(ﬁ’)rﬁda'hﬂuc(ti%ln%f spediffogamer et al .
(1997) .I1. Neurvimmunvl. 75: .28-;42}2, 2',3"-cyclic nucleotide 3 ~ ~ SEP
20D2 WO sponses SreenRetls ooy 58l o yphanited maesaral menRessielpr (IRqwessace et
al . (1997) J. Neuroi nol . 75: 28-3 t he Epstei.n Barr_vir cl ear

Bt i gen-a FEBRISSRESIS h SR indpinae SRnal durt SVt rapfie” K5} o

Neur oi Q: 3 T ] it I t

(1006) 3 R a epeRle nine ol B (o BnBe Shbrogly B bt
5 C20Al | @r gyingieecelldevin CGeneti c vacci ne vectors and ot her reagents obtai ned
using the nmethods of the invention can be used to treat allergies and

asthma. Allergic,inmune, responses _are results of caonpl i nteractions
bet ween B cel I's E-TS¢/epyiyg elin ?’%‘&P‘-’i%ﬁ”é%%%f“é@%f ?ﬁ@"%ﬂwggwpq,
eosi nophi | s and mmecd’mi)gnphm@@é?@ewgt ake part in allergic i mune
responses both as 4§ sE‘ngx’:‘%o@tv%&grsC\Litﬁ Pgtihmuﬁo%ﬁﬂﬁﬂé% $1BFerREE R P

i nvol ved in producing factors direct
human immune system, peripheral blood mononuclear cells (PBMCs) or purified

25  professional antigen-presenting cells (APCs) can be isolated from previously vaccinated or
infected individuals or from patients with acute infection with the pathogen of interest.
Because these individuals have increased frequencies of pathogen-specific T cells in
circulation, antigens expressed in PBMCs or purified APCs of these individuals will induce
proliferation and cytokine production by antigen-specific CD4™ and CD8" T cells. Thus,

30  genetic vaccine vectors encoding the antigen for which the individuals have specific T cells

can be transfected into PBMC of the individuals, after which induction of T cell proliferation



involved in initiation and nmai ntenance of allergic responses. Syrififelid of
pol yclonal and all ergen-specific IgE requires nultiple interactions between
B cells, TWRI¥H3¢hd professional antigen-presenting cells (A&&US99/03022
Activation of naive, unprinmed B cells igh initiated when specific B cells
recogni ze the 15 allergen by cell surface i mmunoglobulin {slg). However,
costinul atory nol ecul es expressed by activated T cells in both sol uble and
menbr angnRQURALfeld,Mbhedfs @ afl 86 BRI d  Dterflhti §ey SMeicah isBfteR ForB pEtah Soushy

| gE-secreting plasma cells. Activation of T helper cells regw res -

r ecogni tafoine gdnedin vatdingectiar ipepAPdg thus proeidions exeanoby M hcbasseh|

nol ecul es on the plasna nenbrane of APC, such as npnocytes, dendritic

cel |'s, ISHABK3NSaRSY dey 'I“B”BYedﬁF‘}“ﬁ’E“G“B" sy sIMPPYFEATBIFAN HPotgamand

efficieng] : b o . tv de- MHC  c | npl exes are
Formed 1Pt REhcTiohb? BN BERrBIRiATE BREN R MR e b
subsgquafinhyhosRiRRIA6E propdriies ihasFeredRetbae onwhef EapadRy t@mAuE€BENi zed by
T cell receptor (TCR) (Mownaco ( 1995) J. Leuk. Biol. 57: 543-547). In

addi t i orprolfetdtipatand iBnumiogkbekpsyybestDgMe(IBIfyIcoat derlveadiBem (aBto®] dBID)

whi ch are the u r receptors r. CD2 nd 25, whi ch.iprqvi.de .

cost i mu(“QPBYR? é&ﬁﬂlaﬁ' "?F&OCW%% BPF‘ cggthi“if%f)ﬁ Bﬁoaeglﬁil 4R ‘r‘?g{h %B%”télal‘%e obtained,
proliferation, i i 4 nmunity 2:

S55- 559)@%%@2’0?}&1%?%ggﬁ&grﬁ%g?@%}gﬁ#ﬁ%gﬁ%??%ggn?rg%no%?eg@lnr?lcrﬁ vidual s generally

bel ong to the TH2 W&leh heulbipetaccimatedadivainaif(ldbhasenteatk) sreatigited, ea¢sart o
production of IL-4 and |IL-13, which, together w th nenbrane-bound

costf rmul ks EB Worasiresd Benl birss drasy these individualy. RBesseqelldisies san b nesdtasp

Il diff iatl i E i | | | de_\Vrj d
punnoner R EyrEeH R Bl fut Boraid Pie s RREbBodRiors bt oS 6854 H8e o
PCT/ USOS 0303 /By it doBBIood 918 vk i b 0801564 ol OHe SHABREpeciRNT

Wley & Sons Ltd, st Sussex, UK, p. 195-2I5, 1996). Mst cells and
eosi nophT tell clorek @ftecehich deneticndgcinagaraltiapsfgcedsyiodiBWeransformed) Bt cetis gans.

B e T e
recqptorg,) %%éjlhlfég &%i&f%ﬂ&%@%iﬂ%ﬁh HbaRED Leh AQLkS AR gol{i@:l- ‘?l%fleaan

medi at or” Aol ecu es, such as histam ne,  prostaglandi n and 1 euko rnienes,
causi ng @hélendsntiesigiesithsed Arovipaifivanapitightr tahavignisiligsoas BMOS, beedusy

i ncl udes hyposensi bilization treatnents USilgfgI,'i ncreasi ng doses of allergen
i nj ect edhe sregpencyafiaangen-speedic T eellstamaneP BMEistvenoloskewi ng of i rmune
responses towards 1 phenotype and increase the rati.o of |gG ILgE.

ont bodies speci 11 ¢ HGParfc) bR e nlel R EREH b ot bReSine s LR at i ng
1gE antifodt&apssiGiy domple (MBE) 3htfReIBNcopréteRis frd Waf yBkresskd CF i ore,
significant risk of "anaphylacti ¢ reactions. In these reactions, free

ci r @0l attragfegtibepfeeils ia cubaredryi lbearidsyo fishaThed| RIS Al sequérmen th appréprogaf fi nity

| gE receptors, on nmast cells and eosj nophils. Recqﬁni t'i)tgn ff t he all ergen
resul ts §XRresSiOBVESIOrs ¢A8 Iafl 9rclasad epdeRepIrInatioRdilhEpact!s el badisegsd to 2

medi at or : i A j.ns ] i j cause
the. ai | gt HElbeRhall BEATAOGcd HGPE AT MBS it (LRI 0P lESranficf

pr obl ensprasediag atkdandd the CTIR@AE Naidab réleakibgrthe OTLsdd clymliekf duehay [ai2d
difficulties in producing allergen extracts reproduci bly. Genetic vaccines

provi de B NvieaarsI N oucif e apitepe isrgesentedptigiics amopntgof reloesed TNHoniildd t he

usef,ul ness of evi ousl.y .known hy.posensibili zati treatnents.. For, exanpl e,
by R pr cSareRberi e thsienl pioke RE B Brestusp i oCte ST Rk raing the
ri sk of g@@m&yg@ﬂyggsé ardd ons is significantly reduced. This can be

achi eved by using genetic vaccine vectors that encode transmenbrane forns
of allergens. The & deeogbmsthodfomikdsatifiymgnpdiniizediCilh eputobesadasayot tegtiire ey
are efficiently egg;essed in transmenbrane forns %5rther reducinghﬁh risk
of 25 anapliipaef £dLsaeactingmath the epitRne. HAPiAPRGRACK CRlls F3ATSSSING R3Sy,

enetic ' ro: LRk zatd ' ' ' can

’ S OREk PEob el PY BETARSMel iiuhP oty ER ol o B 5o YR, AT

i nclude ¢y accessor urt Irec I mune
I S 3ONSs esuitabWahélfoatiBa td Hlow fdiRodsHRE and Pregentadortianiztdroent 36mb exefaci GE
anti bodi es produced and increasing the efficacy of the treatnents. Vectors
can al sopiepared Gilowedachaellcdliore apdiaftar & pyrtinh@iaieatiog vf thesMEHs-epitops comgex
little or no I gE response. Furthernore, DNA shuffling can be used to
generate allergens that are not recognized by the specific |IgE anti bodies
preexisting in vivo, yet are capabl e of



WO 99L11369 96 1 1 SEP 2002 PCTI|!S991 03022 i nduci ng ef ficiert18EC ¥ on
of allergen-specific T cells. For exanple, using phage display sel ection,
one can exp¥@J94s¥lffl ed al | ergens on phage, and only those tHal/Va9%3pGt
recogni zed by specific IgE anti bodi es ape sel ected. These are further
screened for their capacity to induce activation of specific T cells. An
efficient T cell response is an indication 5 that the T cell epitopes are
function j | I i 1
i cat ol By TRERSR) B PRONAT e 3uBnRRlto Ak} BREROHRLY (AEhSeEh o i 4
pol ynucl @ebd. des ' etmadbaigUKA®MN 18175t @193, Since thoseduegse sriknomagefizht spitdper eof
(e.g., imrunogenic peptides) are inserted into DNA vacci ne vectors and used
to i nmunMhesaplIessiationdn e Aadrapad aneian colibrats the MasRSRISIPEIahlY idgrtifiydhissed
to obtain 10, antigens th ' T I n I naphyl actic
react i onbP Aot B8R b AFHuREbioth R o oo he RS brek B 4E BOBOTR LY Pt

limted feantabdRIG6HAS Rl NG phabistised $dr iflchtu caittatoP&dul@Be R MeiT pol | en,
ragweed pol | en, hazel pollen, cockroach, rice, olive tree pollen, fungi,

must ar d, mMedesuleisell. Thneonearaarmeasnredhe emprnoiv feptide spilapeibonnd es apotfeetion
shortcom’g\ﬁﬁ] 3\1‘4 nefi c, 15 vaccination as a treatnent for allergy and

ast hma. € &gﬁ’é’? €€UgSiccination primarily induces CD8+ T cel | responses,
i nduction of allergen-specific IgE responses is dependent on CD4+ T cells

and their help te B&@.}zmal $hit YRRLR WacthBRSchgpd arly efficient in
i nduci ng | gE synthesi's because they secrete high levels of IL-4, IL-5 and

| L- 13, which di r ectSuceessfabggmmeic saicinatiang requitegrnsfostibe of the tangetcadlssfier

i nduces eaqsinophi]ia. The nethods. of .the 20 .invention can be used to
develGp HURRIANE AL FCHRISCHMERSIOD ¢l LBF RTIE IR eresessing NeaPREPR LLBHEES, and

di rect dhﬁe‘as ,gto s Qseﬁfatibﬁ%?gqegagltq?%ﬁ?ig%‘é?{i]&e’éliB*ﬁ?c Jddtekt BRRNGENRSIec Ul bE ]

i nventio rovides nethod evel of antigen release by a

geneti c vawghit@nwEciaseptide/MIgQlcatrpliex tRefukhréceptons, itthmcaond ¢fch ceisseith B
crucial at the onset of s&Posensi bilization_ for safety reasons. Low antigen
| evel s afellsrnsk prpgassignal At ssandrindugtion\gfispecriic 1 irslland iFyestl resranses. neH &hgse ng

once evidence h b oht al ned t ¢ i . not | C rse
effocts Frotheo s oRfugl LAt in hifrd Bl AEE AdET SRR L HGE T 1 o
genefat i QRcQhe S88RE isGhd B IHEHOT Solddales bNAiCCarRAE &SI sABst@htidlyf f er ent
(high and Iow) levels of antigen. For exanple, two or nore different

evol ved gifferenteEheceorepprotesedarfdareptides thetnefécprelygndure pidteenveanimetey, t he
antigen gene itself can be evol veggf or di E‘Lerent | evel s 30 of expression

by, for ESSRAPIE N lieedq PRy NECTRSHINJURRIOMBOEBIESt hat i nduce different |evels

of WD 99/41369 97ql,/krffe @802RMHRINRIN A LadndRsEX BS §38) RimaRN be

screened by use of specific nonoclonal antibodies, and cell sorting (e.gqg,
FACS). Dus&sséemice in vivo. Live pieces of human skin are xenotransplanted onto the back of

20 immunodeficient mice, such as SCID mice, allowing screening of the vector libraries for
optimal properties in human cells in vivo. Recursive selection of episomal vectors provides
strong selection pressure for vectors that remain episomal, yet provide high level of gene
expression. These mice provide an excellent model for studies on transfection efficiency,
transfer sequences and gene expression levels. In addition, antigen presenting cells (APCs)

25 derived from these mice can also be used to assess the level of antigens delivered to
professional APCs, and to study the capacity of these cells to present antigens and induce
activation of antigen-specific CD4" and CD8" T cells in vitro. Significantly, although SCID
mice have severely deficient T and B cell components, antigen presenting cells (dendritic
cells and monocytes) are relatively normal in these mice.

30 In one embodiment of this model system, immunocompetent mice are

rendered immunodeficient in order to enable transplantation of human tissue. For example,



| munot herapy has great promise for the treatnent of cancer and16ﬁg@é@p?on
of netastasjs. By inducing an i nmune response agai nst cancerous cells, the
body' s i nmum® ¥ é?%n1can be enlisted to reduce or eliminate cBAEEPYGBHetic
vacci nes prepared using the nethods of ¢he invention, as well as accessory
nol ecul es descri bed herein, provide cancer innunotherapies of increased
effectiveness conpared to those that are presently available. One approach
t o canceslotkifk 60CERHM CB4Y pRBWAR profhotsi 10gg-g8fedurdiviPETa] b8ndid slhhégtraﬁs
encode antigens that are specific for tunor cells. The nethods of the

i nvent i om A (barses e/t dP%enNameed®hitd3di Beaausetheds porsesnayaiptsskomoian

t unor - speC|f|c nti q?a so to search for novel protective antigenic
sequencedansissdhis mial als SEak LY acging B Jp i ap Sl marofeRSRIap P P arice

pr ocessi t: The

et hods. B R B L e AR CPRER T

cyt oki nemteraqivnt and QDN0yCD30 rtrn‘gbﬁtuﬂtﬁsmloalsdrd)kritﬂm RCHOSSON 3kl @félahes t hat
are effective in induction of an antitunor imune response, as well as for
obt ai ni n@cleie: ¢ mmﬂméémanarw@kqf aepisalizing anthBiludend Bégeaniibadiss fretuble

conponen resen t] ro h us

pa?}t)i CUIQ?L%"ﬁ Otl%balﬁ f?fg} gt?gbggghgﬁﬂ%&(}ﬁ% ﬂ%ﬁ‘?f‘sﬁl 3‘&%cers (for
exanpl e, iRl RBSETEANEQhd @R ‘Fcl%ﬂﬁ{naéﬁlnqgmﬂé l)eeule%{aqcbm@nahgeanhmm bOfhtan
be used to obtain optim zed hor nrone ant agoni sts. For highly 1 nmunogenic

tunors, ChdDugand anntdicmimrra%ddnmmad: aretisxs bg wHichk ogecret ingroecoamdgenrect or s t hat
opt i IIy boost the .inmune, response.agaj nst the t r. . Breast cancer, in
contlPast IMMENGSUPPLEFSiPR V@Mﬂew&af P‘ﬁ%‘iﬁn‘ﬁfﬁg‘z‘" ne.%w%{ﬁ@?g%ﬁoﬂpwsnsweaw11ts

pr ogress N itdua r esi far ;gach, patient.

Pr eventi%ﬁn%sip 8&%{%@%‘ ésllﬂs %escg‘gtﬁﬁ%r%gg?‘?aﬁ%&geeg“ rg&s)goréﬁétllﬁcﬂ\;iacm nes. 25
EXAMPLES driieinfhiddsaneregf. exanpl es are offered to |IIustrate but not to limt

the present invention. ~ ~ S E P 2002 WD 99/ 4] 369 98 Exanple 1 Ani nal
Model for Screeni nd @eddtin evhiglcSCHanVee transplaneT) WED HuoB0 ZRirTare énj otetrplite

d f d test.
P oot 1ot AT IR A BERC hR bF T B apn ot e D 00E e Wi o bfiRbons 5
xenqtsr angpl an ek ABLA, {hﬁeve%%reﬁ égélep o'?‘t&;ﬁcalﬁ’ Fisd %dﬂﬁ\@%ﬁh'sn]nwn be

obtai ned from i nfants undergoing ¢ircunctision, om skin renoval operations
due to, ThereafkanHiLa, - muﬂm&ﬂ’BM@a&smm;edontofthm rpa:tl éhths ABM EY @atang

anput ati on due to, for ex acci dent s. <1e i eces are_ then

transpl aleRhosYiES SRasEIHRE me Yﬁﬂ% the frangfecigd §%l seogiiged. 28d g¥grvalbed by

ot ol 10ROy gty ERFRATE LB EE ‘?‘Eé’”e%‘% i taadr RGN 1507

Human Gepessibigtieany s@ic8® for9Retors thiherfivratlpesdap®dadthesionbs theim@ufglcelfsont
exanpl e, after topical application to the skin. However, in an anal ogous

manridr , baghesdishepvothat hemep PBksliniceted ent@mlcwwhulwmancﬂkm trimesplantd reiedt thect or s

del S'e?§’ i SRR EL I G LT st i skinan S Rl QBRRHng A dichipe sin
pat ch, 'Ehcﬁblfoeﬁﬂeﬁssl%lé:(e modgsuc {eoarid Rin mh%@%a%mmaaug&n&;mw and

transf ecti on-enhanci ng agent as proteases, |ipases or

|'i pi ds/ | reqposabess to xamlwgnahcyz;a:m bhmdamrilfbmdklafftoem thmhmnﬁmlt) abr asion, after
renoval of the hair, or  si addi ng.a dropl et, of

DNA- | i pi d/ | i posone A additi r;gmoéel%/thé‘ 1§ ﬁ‘i“gab]%f%sFr&FmBélaF QWbﬁéPﬁ@Hblsé%I y to

STl s ani a4 o lleGio i 1h ket A688 MM Toia? By BHEDAS, A ondlo0.

cow, "hor se "or as we e proteasés an I pases

t hat enhﬁﬁﬁ%\\hﬁ@tr‘dﬁép&lhfrﬂédﬁdt@SC‘I‘D%xcE’BPovﬂﬁ gr]ﬂﬁictlbhﬂ}ﬁﬁ@antlmm&ﬁﬂjﬂy‘é!eﬁﬂ@ s or
m xtures of the followi ng: a protease (such as Al cal ase or Savinase) with

or wt homncea(rRoa;Icphm etm/! (2986) Sentii. daemlr(Oi;LSG B04s Funstibnaldun{a®al land étcels,. (
1997) J. xfé %C% carﬂ) bservaJm tLese mice. &R\en additionally human skin is transplanted, it
is likely to allow studies on the efficacy of genetic vaccine vectors following injection into

30  the skin. Cotransplantation of skin is likely to improve the model because it will provide an’

additional source of professional APCs.



25 The recovery of the optimal vectors can be done fromthe trans6ert2ee
cells by, for exanple, PCR, or by recovering entire vectors. One can either
sel ect vectwo9IBaxed purely on their capacity to enter the cetdBUSIY/IBY22
selecting only cells that express the apiigen encoded by the vector in
normal m ce, nonkeys or SCID m ce transpf anted with human skin. One can
use, for exanple) GFP as a marker gene, and after delivery detect cells
that 30 are tran6f d¢omesd roydd faroredyien de dfficienscofpenetic vheoth&ymormisfartingdhe

positive cells can ignan musclSeElIs2LindRciAP I HPinIRuREF PR G89ve | sol at ed
for exanple by flow cytonetry based cell sorting. This format all ows

sel ection of vect orslachaf syvigy WY BReesbas hampegechstudiss ahthetafbgishacel human

cells in_vivag.. i tia | e in mce by . selecting vectors
Chat ar ool Bk IR At SR BT P SRS Y Sl RS e o ¢ e
ski n.s Ongpeeatt BBhACTIMMERE RESodsBAt TR VARG Bhaslics BRGAS Edpadity bPadker CTL
responses, or one can sel ect based on induction of protective 1 nmune

r esponsevéainesw trgnsfhetirhenctpecebly avdid indneesppoifidiimgn petrhgmeses [Evamtase 2

Epi sonal I%- Ere)pl icatin '}E‘fl ic Acid Vaccipe Vector This Exanpl e describes a
procedur EMP e@)Bt"é‘?‘ﬁ‘ieg@O - aBFRAUSER 186 FRMPIFXIEY Of &Y FESPHAENRAE SNttt i ne
vectors i : l.j; 0| I s. HPV
can be oot oK ek £ bl HATOHTRIEREL 1 OB}l S HPUET
(1994) Anwhse Dedemtelibbly b3dlictZHOIutcdIas pt sienilahese indliovs Wohphapertheasentst has
not been possible to maintain HPV episomally in tissue culture due to
undekd epraquired shsucrpss i igengtioyvageaptiert Inchide prapsfeetigreo b eellpafter idalivary of

Exanpl e i,s to i.nprove the stabili and co nunber of 15 vector :

const r ucl® PHEmTERRRERsio A Reured B prat MBS ottt GHorespigaches
or attenpiifs, bRsémhliANS thy afSnU pdPriaNnSh¥ebilte 4 IIMIMEImBI LR, trk&en Vi ot
requi re many person years of research. To obtain inproved nutants I n an

ef fi ci enthermepnde/MHGrompletyf T lcelhgeceptops nitenapohsudiTheeltshvatiHBVe B amhd  E2
genes from di ffeLent, but cl osely r&l ated, benign HPVs. 20 Famly shuffling
al | ows oREfessiqgahaigen PEGRENURS ¢ 2pf dapkly Bduptigiek spgeiticor eclbandd seily t han

tradydi SFE?E?:‘IQ{& .gﬂtﬁﬁgg%esev@ﬂ%?eaﬁ&?? d Mﬁ/l’%?a{f?e%nt}a;llgﬁsgﬁéiig%gltogg@arﬁir ©

require t1onal approaches. aries o an genes
are genepghed by using famly shuffling of three closely related cutaneous
HPV strains (HPV 2, 27, and 57). Alternatively, large |libraries of vector
sequences are generGedavenyion protirsraatih givoshoded ferdmnpanes s eadlisansésstionor

exanpl e rived from human .or nous enoni ¢ DNA) into genetic vaccin

Voot or . TEisalRt st nL Eee By TRMRe BB B inod i AERELF S S BT ect
the nost fStRPME MEEIOESIMMUBCRYRAId, BbtafitRTESSIafpld BYRI SadaVdS iDBSAspIHEET | C
constructs froma library of mllions of vectors are selected by flow

cyt oMkt r yutizasmdogsty ints anmiungdefigping orred. Imsuinodsfiacre mice nam be yuespéahtqsr with di ng
an additi.onal _sel egti on pr ezéure { owar d]gl.noni. nge%f ating vectors. .
~~sEP2004SSHES FOM1atigosnseits Wadapiorstssvot-oli¢eTutialle Tep kenoMaRsp adatinsint il i n

cell cul BH@E D eﬁ&ﬁe@?é’%@iﬁ%ﬂ&e,@ﬁud‘e%i%Fx'x& Hﬁﬁx‘éﬁ@erﬁ& déﬂ?&@ﬁt'i{?@q%ﬁé&%& al is

f easi bl e. epl soral "vectors are also 0 prove very
usef ul t emdoding R Ald1esr RAGR @kiess SCIENMG 2alRA G defitieat mide 16 funaddnal T and

random y

B cells, and therefore are severely immunocompromised and are unable to reject

25  transplanted organs. Previous studies indicate that these mice can be transplanted with
human tissues, such as skin, spleen, liver, thymus or bone, without rejection (Roncarolo et
al. (1996) Semin. Immunol. 8: 207). After transplantation of human fetal lymphoid tissues
into SCID mice, functional human immune system can be demonstrated in these mice, a
model generally referred to as SCID-hu mice. When human muscle tissue is transplanted

30 into SCID-hu mice, one can not only study transfection efficiency and expression of the

desired antigen, but one can also study induction of specific human immune responses

induced by genetic vaccines in vivo. In this case, muscle and lymphoid organs from the



integrating and transient vectors, episomally naintained vectonst SER002 i n
hi gh signal -to-noise 5 ratios upon FACS sel ection, and they al so

si gni fi cantWg 99/ai36dve t he possibility to recover the plasm dsPEFEHP3I&IAI |
nunber of selected cells. Alternativelygpr additionally, the vectors are
screened and anal yzed for durability in vivo in SCID mce transplanted with
live human skin (see, Exanple 1 ). To directly screen for optinal

properti j I ! i t I L br.ar i ned in
an ani rra?a%rréo e ?g?egus\(/é\ﬁi gatag%ué&gng)csg hraarggwt3 ?%ér?llé%lojegﬂt“lé% lem('réfnﬁﬁﬂ%%gvn%(sé{% eﬁ In
thi s nodgimpHotytes bpa@br okigh deroseingtii@BedPor @dfioRtsusthbs reattonof SCI D mice
W t hout any signs of rejection, providing a possibility to optimze and
evol ve genetic vac€nee thedutnan miksdetibspe inesiahished insthaaadusevgenolic Recinesi ve
selection of episomal vectors,will provide stron el ection ssure fo
Vector s T3RR™s AEHBIRAWsAdBpdhe hian BRSCHE HaSus WisHn] B erpigpeighRGihs agtigen of
expr essi ' SRl 106 & o &1 , m ce
have%norfr?riare%v'[e)ve se%ﬁéd)ﬁrgﬁg%@sﬁeeé%grﬁﬁﬂa%op g’g%ébed'lgﬁecgég? gﬁ I.é%/&grﬂriégggd'
present i braasd these(rARC)nedertiave chdturerB dhE sellsrincthe catulbeon sdtbréas “dakarss tdfe

| evel of antigens delivered to professional antigen presenting cells, and
to studyS¢He pgmq Rasdreer Hapangetqdswhish maysiayse %Hiatgans thagansatgiagon

acti vatigﬁ, oef antigen-specific CD4+ and CD8+ T cells in vitro. 20 Exanple 3
Evol uti ofi & e Maj or | mredi ate Earlv Pronoter/Enhaacer Region O

Cvtonmegal ovi rus ThehggjiRfvdl GFRGhat Bnsae ¥sd iBmice & LI PIPBDLifl kg RhaNqer of
cytonegal ovirus (CW) is widely used for regulating transcription of genes,
becalse irmmuso@mprdgpided maice.i Hewiemerabénapsalexpaeryonoftudied ¢ant bgoees forvad epthimi zed

CW pronot er (generahed by DNA . shuffljing) which directs increased |evels of
gene expPRSY B, dayarf Isﬁﬁ?%‘?}ér@ﬂ‘i‘fsé‘l“quﬁ%gé‘ IBransdASHdY 8FaE EXRISSSIONTIRAMER,
that t he W RERTALGT | & oS EUES D TR AR W el fulRa R Riled t Can
be used to express foreign genes both in aninmal nodels and i h el tni cal

appl i cat ird® shesSthids danlearsyd & stady hirhac imman®tapésehanagde maguences was
created by DNA shuffling of wild-type sequences fromfour related strains
of CW. The pronoter, enhancer ~ ~ sEP 200z wQ 99/.11369 101

PCT/ US99/ 03022 ad Sereestng for dwnrened Relivey offV 4468 E r egi on are obtai ned by
PCR s om the AD 16 : : J rvet
ronkey O ( Fi gur 8 oo e e A R SO N
strains afecaatile bfbeihp @dininiseeddn arpartinpir oxdnmet, dbyexaaiplé, desity dythydugh thde
sequences of the nonkey isolates, allowing the use of 5 famly shuffling to
gener at eskin {The folowing iscigering aretlndsdrevidg suitpble ssstysy agditiandjassaye atesdlng t he

conventignal. shuffli.ng procedur Al i nts. and the sequence simlarities
of the pﬁ%W%$ﬁ%rﬁH’dH%QBJulngté?rb?{gthgfnfcﬁgaggeé%thcﬁ%aﬁglgg%5?%69@?150@%1Wl hcrﬂl'—tl %ur e 10.
Al i anmentgaddiste SeoHeeIBAuftbble] arities of the intron A sequences in the PCR

products fromthe human CW strains, Towne and AD 169 are shown in Fi gure
11, 2nd schemati c Sdrezgingrier ofal d¢levePORnIlge peréatmet sitbpt i wived oupovivo. An

or | mor s BXTRE oheRdl trAnEnPY fﬁq?ss%re R himan bR anfinsameIRt ik oy
CWs: Pr| [ 0 9:

s pr i oy hasers Qo B ATRRE Sl TTRR SR SRR TR RIEE et o1 e
5' - AAG Géfortiako @A diffEreriate Avdd\cdls thatEnitide Nimar spnalrinesiee dpithelinashish

Monkey CW pronoter: _ . o
structurally and functionally. Genetic vaccine libraries and/or vectors can be placed on one

1o
.

side of the Caco-2 cell layer, and vectors that are able to move through the cell layer are
detected on the opposite side of the layer.

Libraries can also be screened for amenability to oral delivery in vivo. For
example, a library of vectors can be administered orally, after which target tissues are
assayed for presence of vectors. Intestinal epithelium, liver, and the bloodstream are

30  examples of tissues that can be tested for presence of library members. Vectors that are



S5'-primer: ~"-AAT GBC GAC TTG GCA TTG AGC CAA TT-3" (SEQ I D NO:y BBEB' 2002
primer: 5'-TAT CCG CGT TCC AAT GCA CCC TT-3' (SEQ ID NO: 9) Prin:ers for
Vervet MonRe§ ITIM6Dronoter: 20 S -priner: 5' -ACT TGG CAC GGT REJUUFRGIMET- 3'
(SEQ I D NO: 10) 3' primer: 5 -TAT CCG (AT TCC AAT GCA CCG T-3' (SEQ I D NO:
11 ) Following shuffling. the library "vas cloned into a plasnm d backbone
and used to direct transcription of a marker gene in mammalian cells. An

i nternal b - e - ' included in the
ol aar d YRReEE i fiEHinL B (AL e Shn Bo PRbUKEA BRETTR el TRt QSRUAEE, |
equal NUIRRES REd UPaiceéding¥BuRdadMhaffihg and sélt@ldne vector for use in
screeni ng shuffl ed pronoter sequences is sho~-n in Figure 7. The transfected
cel | s were screenelobserdenug araneefrgencderaccegricctays far abdepto frahsfediosks

whi ch expr ess, hi.ghest l.evel s of the marker gene, nor mal i zed agai nst the

i nt er nal YRARIRISFLIOH IR S OF MUSFIe ofhF 1RYSBHER BTSSRt apP sy hiahrBermaityJarsecel | .

Vect qrs ' i r H r

subj ot e ok BBy QRO Tobe e TR G B CHED o JU° GRER00° BAE BB b9 22
102 sel eftinanandRe dusifredsbomansfensiralgusRniks (26NN forad titlotier pReOmkiasdi on
foll owed by fluorescence-activated cell sorting resulted in the pronoter

|'i brary BEfGigoelsbprakey anigraly shebtseniceradirag Merepveraltuman mysclepgskie 14
shows th i i i f L gen. i as neasured by flow

cyt onet n‘f?“%_éweﬁﬁwv“. 1%%099@%8 y’g‘ecg)égég?ﬁjgége%l ones. Again) the FACSsorted
library enriched tirge Repdtad isQesioREd (i Gldh aGhdMinhdthRRPIRiRESo fifaWe6ioRkert hat
contains a shuffled pronmoter (S 17) operably linked to a

| uciller agletn dftkirnie repent whsntemjtdws bden oltrimnd ool thelplaterthe dstammasétheaipd t he
amount of |uciferase expressi qn.was detferm ned at. various tine points after
i nj ect i olfOMAASH PHhT L clefasibio s %Lﬁné&i@ trgnsiehAf @0 cagrnsttpiapgregrof 1.6 cm

A igo-Difegt t [ i etic
vacaine vena i Pd SNl Tl RN ALh LRk Benoehel S bddhanir o
short - | asdnitfofleduEattored gomt iegidedtvicina afarkyr ageiter dge td vhdbye rechgnitiemspn f or
downr egu] ati on of pronoter activities is nethylation (Robertson and

Anbi nder injectign gite i the 4ias1es Xpr exgmplecplé pawisieof dfigrentsides ang shansaret o

met hyl ati on .and this ex | e describes the use of DNA shuff.lin thod to
gendbat e iRl B TR R R sl A PR S e e B8 e
del et ed. toliagntAp RO ectidn sitd ML foBhRE the réacBbh thdlied bl ehch reRsly Stard t hat

t he exanpl es ahd enbodi nents described herein are for illustrative purposes
onl y andmubele tivaeiioirgectaicthé injedtionrsste os fisheavgaled by shiggny. t her eof will be
suggested to persons.skilled in the art and are to he included within the
spirit and purvi owiBis aPRATELuS 5B PE HEGd0A SHKY tB%S%@‘BPP {Aee PRRSTE e HAGANE it .
Al'l publjcati i L | i re hereby
incorporg?nggﬁé?% efZﬁ%2p$%ag% %{%ﬂé%%§§§§%é§gﬂgﬁgﬁg%?%gggﬁﬁhgggogLAlNB 1
A nmegthoddidfereno DN Aivagcige veetwsto nanifeatitingh ekiadir dnwebd eils anspighiedinemhanced
ability to induce a desired i mune response in a manmal, the nethod

conpri si WymusodeficientBditbi ni ng at | east first and second forms of a nucleic
aci d

V. Optimization of Genetic Vaccine Components

Many factors can influence the efficacy of a genetic vaccine in modulating an
immune response. The ability of the vector to enter a cell, for example, has a significant
25  effect on the ability of the vector to modulate an immune response. The strength of an
immune response is also mediated by the immunogenicity of an antigen expressed by a
genetic vaccine vector and the level at which the antigen is expressed. The presence or
absence of costimulatory molecules produced by the genetic vaccine vector can affect not
only the strength, but also the type of immune response that arises due to introduction of the
30  vector into a mammal. An increase in the persistence of a vector in an organism can lengthen

the time of immunomodulation, and also makes feasible self-boosting vectors which do not



which conprise a nucleic acid vector, wherein the at |east firgt $E¥d W2cond
forms differ fromeach other in two or nore nucl eotides, to produce a
library of Y888Mhi%Rant nucleic acid vectors; (2) transfectingPERESPYBI0aF y

of reconbi nant nucleic acid vectors intes10 a popul ati on of manmalian cells
selected fromthe group consisting of peripheral blood T cells, T cell '
cl ones, nonocytes/ macrophages, T cell lines, T cells, B cells, total human

peri pher bbb aRghi L AARHEsEAIons 8 he%iemdngmﬂhgtpme&f‘dnl Fhe %Qscﬁtt iﬁkféeqt{bg the

cells for the presence of one or nore cytokines and identifying c

cont ai ni prgvides arehatarfor optohizing menyloftbeseqrreperhies hhyrresideg in gyrcdikivaecidd

staining pattern indjicative of.an enhanced ability to induce the desired
i mune r¥SHIRERLE éﬁ@arqvcidtafaéltém F'i’%‘S/t?’Sf“‘-‘%‘FF@ Stk 8B amImmsliamiTamyBeond
forns ofS fg, hucleic acid to induce the desired i mune response; and (4)
obt ai ni ng reconbi nant nucleic acid vector sequences fromthe cells which

exhi Bit the desiredepyti®iotthescah bomginRatadrRtyof ffcttonal BEmPBhdHRE vafos€! @i m 1,
wherein the desired i mmune response is a TH 1 response and the cells

exhi bi t prefhrddeeguances arsibebiedeterminest by BNA shudflmgdtherpiribaitsetygenck evelutionf
one or re.of IL-4, IL-5 d IL-13. 1 1 SEP.~p~ 104 3. The nethod of

ol ai m 1, SSeREPR 19 dopil BREFiRs Thf el thy inpesionBYely &Up SEatal SoPRgcEns &
nonocyt e : I $d I i 5 | esponse
e R R g A LRSI S ot
of cl ai nhdnoloheusstartinh8eqysnodd, neothepmedmds oAgerrerdiinga papiddtionsofone or nore

selected fromthe group consisting of IL-6, IL-10, IL-12 and TNF a. 5. The
met HOd ofccemAingnts, rasnliingiin 2 CRBPHICNELe &€ ChiaistssAuenses ThabesDsegnenoss are

vector. 6. t f_clajim rel h cl e Ci ectaqr. i s an RNA
vector. ﬁe%he% [H%gr%goéarg%s%cs fnﬁ%r%e\f{,&% \R%%Ie(;rheglhﬁ_g&%gay udcegcé?abpedg)&Yode toPi ¥ a
geneti C WaeCtyiees\TGEREt oBfrom@cHBE ieditle floal® libraNdie iRl ghol\6r e skdied

i mmune response is induction of T cell activation. 20 9. The met hod of

cl ai m 1, sagences of tiféeregsnoddes cambheeomdspadtyeshugfling @b dorgeasi the acregnsake ne
production ratio selected fromthe groug of IL-4/1ENy, IL-4/1L-2, .

| L-5/ | F,\pqxppthJ /'FIEG_ %reqné_fg@prpmtg}'; %tﬁa gry IN§repy t[grg_fer sequences, mammalian ori,

15  bacterial ori and bacterial marker, and the like, can eventually be combined, resulting in co-
optimization of the context of each sequence. An important aspect in these experiments is
the selection from large libraries using recursive cycles of shuffling to maximally access all
the fortuitous but complex mechanisms that cannot be approached rationally, such as DNA
transfer into the cell.

20 A library of different vectors can be generated by assembling vector modules
that provide promoters, cytokines, cytokine antagonists, chemokines, immunostimulatory
sequences, and costimulatory molecules using assembly PCR and combinatorial molecular
biology. Assembly PCR is a method for assembly of long DNA sequences, such as genes
and fragments of plasmids. In contrast to PCR, there is no distinction between primers and

25  template, because the fragments to be assembled prime each other. The library of vector
modules obtained as described herein can be fused with promoters, which can themselves be
optimized by the DNA shuffling methods of the invention. The resulting genes can be
assembled combinatorially into DNA vaccine vectors, where each gene is expressed under a
different promoter (e.g., a promoter derived from a library of shuffled CMV promoters), and

30  the vector library is screened as described herein to identify vectors which exhibit the desired

effect on the immune system.
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15  corresponding immune response, in response to a specific stimulus. However, screening for
naturally occurring vector modules which result in enhanced episomal maintenance using
traditional approaches or attempts to rationally design mutants with improved properties
would require many person-years of research. The invention provides methods for
generating and screening orders of magnitude more diversity in a short time period.

20 The ability of a genetic vaccine vector to replicate episomally can be
optimized by using DNA shuffling to recombine at least two forms of a nucleic acid which is
capable of conferring upon a genetic vector the ability to replicate autonomously in

mammalian cells. The two or more forms of the episomal replication vector module differ

from each other in two or more nucleotides. A library of recombinant episomal replication

o
W

vector modules is produced, and the library is screened to identify one or more optimized
replication vector modules which, when placed in a genetic vaccine vector, confer upon the
vector an enhanced ability to replicate autonomously compared to a vector which contains a
non-optimized episomal replication vector module.

In one embodiment, the DNA shuffling process is repeated at least once using
30 asasubstrate an optimized episomal replication vector module obtained from a previous

round of DNA shuffling. The optimized vector module obtained in the earlier round is
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t he tesH.aninaI. 13. The method of claim 12, wherein the test aninmal is a
nouse or“ﬁ'nnnkey. 15 14. The nethod of claim 12, wherein T |lynphocytes are

sel ected Exemplary episomal replication vector modules that can be optimized using
the methods of the invention are genes from human papillomaviruses (HPV) which are
involved in episomal replication. HPV are non-tumorigenic viruses which replicate
15  episomally in skin and are stably expressed in vivo for years. Bernard and Apt (1994) Arch.
Dermatol. 130: 210. Despite these in vivo properties, it has not been possible to maintain
HPV episomally in tissue culture due to underreplication. The invention provides methods
by which HPV genes involved in episomal maintenance can be optimized for use in genetic
vaccine vectors. HPV genes involved in episomal replication include, for example, the E1
20  and E2 genes. Thus, according to one embodiment of the invention, either or both of the
HPV El and E2 genes are subjected to DNA shuffling to obtain a recombinant episomal
replication module which, when placed in a nucleic acid vaccine vector, results in increased
maintenance of the vector in mammalian cells. In a preferred embodiment, the HPV E1 and
E2 genes from different, but closely related, benign HPVs are used in a “*family shuffling”
25  procedure, as shown in Figure 6. For example, family shuffling of HPV E1 and E2 genes
from closely related strains of HPV (such as, for example, HPV 2, 27, and 57) can be used to
obtain a library of recombinant E1 and E2 genes which are then subjected to an appropriate
screening method to identify those that exhibit improved episomal maintenance properties.
To identify recombinant episomal replication vector modules that exhibit
30  improved ability to mediate episomal maintenance, members of the library of recombinant

vector modules are inserted into vectors which are introduced into mammalian cells. The
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1s present on the surface of a cell. The library of vectors 1s introduced into mammalian cells
which are propagated for at least several generations, after which cells which display the cell
15  surface antigen on the surface of the cell are identified. Such cells most likely harbor a
genetic vaccine vector which enhances the ability of the vector to replicate autonomously.
Upon identifying cells which contain an episomally maintained vector, the optimized
recombinant episomal replication vector module is obtained and used to construct genetic
vaccine vectors. Cell surface antigens which are suitable for use in the screening methods are
20  described above, and others are known to those of skill in the art. Preferably, an antigen is
used for which a convenient means of detection 1s available.

Cells which are suitable for use in the screening methods inciude both
cultured mammalian cells and cells which are present in an animal. To screen for
recombinant vector modules that are intended for use in humans, the preferred cells for

25  screening purposes are human cells. Generally, initial screening is accomplished in cell
culture, where processing of large libraries of shuffled material is feasible. In a preferred
embodiment, cells which display a vector-encoded cell surface antigen on the cell surface are
identified by flow cytometry based cell sorting methods, such as fluorescence activated cell

sorting. This approach allows very large numbers (>107) cells to be evaluated in a single vial

30  experiment.
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the control sequence. Typically, the control sequences, which can include promoters,
enhancers, and the like, are evolved so that a gene of interest is expressed at a higher level
than is a gene operably linked to a non-evolved control sequence. To screen for control
sequences which are of increased strength, a recombinant library of control sequences can be
20  introduced into a population of cells and the level of expression of a detectable marker
operably linked to the control sequences determined. Preferably, the optimized promoter is
capable of expressing an operably linked gene at a level that is at least about 30% greater
than that of a control promoter construct, more preferably the optimized promoter is at least
about 50% stronger than a control, and most preferably at least about 75% or more stronger
25  than a control promoter.

Examples of promoters which can be used as substrates in the methods
include any constitutive promoter that functions in the intended host cell. The major
immediate-early (IE) region transcriptional regulatory elements, including promoter and
enhancer sequences (the promoter/enhancer region), of cytomegalovirus (CMV) is widely

30  used for regulating transcription in vectors used for gene therapy because it is highly active

in a broad range of cell types. Optimized CMV transcriptional regulatory elements which
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10 related strains of CMV. The promoter, enhancer and first intron sequences of the IE region

are obtained by PCR from the CMYV strains: human VR-538 strain AD169 (Rowe (1956)
Proc. Soc. Exp. Biol. Med. 92:418; human V-977 strain Towne (Plotkin (1975) Infect.
Immunol. 12:521-527); rhesus VR-677 strain 68-1 (Asher (1969) Bacteriol. Proc. 269:91);
vervet VR-706 strain CSG (Black (1963) Proc. Soc. Exp. Biol. Med. 112:601); and, squirrel
15 monkey VR-1398 strain SqSHV (Rangan (1980) Lab. Animal Sci. 30:532). The promoter/
enhancer sequences of the human CMYV strains are 95% homologous, and share 70%
homology with the sequences of the monkey isolates, allowing the use of family shuffling to
generate a library great diversity. Following shuffling, the library is cloned into a plasmid
backbone and used to direct transcription of a marker gene in mammalian cells. An internal
20  marker under the control of a native promoter is typically included in the plasmid vector,
which will allow analysis and sorting of cells harboring equal numbers of vectors.
Expression markers, such as green fluorescent protein (GFP) and CD86 (also known as
B7.2, see Freeman (1993) J. Exp. Med. 178:2185, Chen (1994) J. Immunol. 152:4929) can
also be used. In addition, transfection of SV40 T antigen-transformed cells can be used to
25  amplify a vector which contains an SV40 origin of replication. The transfected cells are
screened by FACS sorting to identify those which express high levels of the marker gene,
normalized against the internal marker to account for differences in vector copy numbers per
cell. If desired, vectors carrying optimal, recursively recombined promoter sequences are

recovered and subjected to further cycles of shuffling and selection.
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somewhat debatable which cells are the most important cells expressing the pathogen

antigen following genetic vaccinations, it is likely that professional APCs are involved. It
has been shown that blood monocytes express antigen following intramuscular injection of
genetic vaccine vectors. and dendritic cells derived from lymph nodes of vaccinated animals
10 efficiently induced antigen-specific T cell activation (C. Bona, The First Gordon Conference
on Genetic Vaccines, Plymouth, NH, July 21, 1997). These data, together with previous
studies indicating that small number of dendritic cells expressing antigen or antigenic
peptides is sufficient to induce activation of antigen-specific T cells (Thomas and Lipsky.
Stem Cells 14: 196, 1996), support the conclusion that genetic vaccines specifically
15  expressed in professional APC, such as dendritic cells and macrophages, are likely to
provide efficient induction of protective immunity with minimized chance of adverse effects.
The present invention provides methods of obtaining promoters and
enhancers that induce high expression levels specifically in professional APCs. Previously
existing APC-specific vectors did not provide sufficient expression levels following genetic
20  vaccinations. The methods involve performing DNA shuffling as described above using as
substrates different forms of a nucleic acid that comprises an APC-specific promoter or other
control signal. Suitable promoters include, for example, the MHC Class 1I, and the CD11b,
CD11c, and CD40 promoters. Natural diversity of the promoters can be exploited as a
highly appropriate source of substrates for the DNA shuffling. For example, genomic DNA
25  from monkeys, pigs, dogs, cows, cats, rabbits, rats and mice, can be obtained, and the proper
sequences obtained by using multiple PCR primers specific for the most conserved regions
based on known sequence information. The selection of the optimal promoters can be done
in monocytic or B cell lines, such as U937, HL60 or Jijoye, using FACS-sorting. In
addition, SV40" cell lines, such as COS-1 and COS-7, can be used to improve the recovery
30  of the plasmids. Further analysis can be undertaken in human dendritic cells obtained by
culturing peripheral blood monocytes in the presence of IL-4 and GM-CSF as described
(Chapuis et al. (1997) Eur. J. Immunol. 27: 431).
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10g/ induce the promoter controlling transgene expression simply by taking an innocuous oral
O e nen & boost oF the jmhune response. ESsental requirements for widucivle 0%
5  promoters are low base-line expression and strong inducibility. Several promoters with
exquisite in vitro regulation exist, but the expression level and inducibility of each is too low
to be useable in vivo. The invention overcome these problems by DNA shuffling using as
substrates two or more variants of a nucleic acid that functions as an inducible control
sequence. Suitable substrates include, for example, tetracycline and hormone inducible
10 expression systems, and the like. Hormones that have been used to regulate gene expression
include, for example, estrogen, tomoxifen, toremifen and ecdysone (Ramkumar and Adler
(1995) Endocrinology 136: 536-542). Libraries of recombinant inducible promoters are
screened as described above in the presence and absence of the inducer.
The most commonly used inducible gene expression protocol is the
15 tetracycline responsive system, which provides possibilities to both induce and turn off gene
expression (Gossen and Bujard (1992) Proc. Nat'l. Acad. Sci. USA 89: 5547, Gossen et al.
(1995) Science 268: 1766). A repressor gene is located on the plasmid and binds to an
operator in the promoter. Tetracycline or doxycycline modulates the binding ability of the
repressor. Interestingly, four amino acid changes convert the repressor into an activator. In
20  addition to the tetracycline responsive system, other candidates for inducible promoter
evolution include the ecdysone responsive element (No er al., Proc. Nat'l. Acad. Sci. USA
03: 3346, 1997).
Inducible promoters such as those obtained using the methods of the
invention are useful in autoboost vaccines. Particularly when combined with a stably
25  maintained episomal vector obtained as described above, the inducible promoters provide a
means by which a vaccine dose can be administered subsequent to the initial administration
simply by ingestion of a reagent that causes induction of the inducible promoter. Figure 8
demonstrates a flow cytometry-based screening protocol that is suitable for optimization of
inducible promoters.
30 The functionality of autoboosting vaccines can be tested in a mouse model
such as that described above. Genetic vaccine vectors are injected into the skin of normal

mice and into human skin in SCID-human skin mice. A gene encoding hepatitis B surface
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5  studied. Moreover, the levels of anti-HBsAg antibodies are measured. The mice are also

injected with a vector containing a pathogen antigen discovered by ELI, and specific
immune responses are followed.
Combining the SCID-human skin model with traditional SCID-hu mouse
model (Roncarolo et al.. Semin. Immunol. 8: 207, 1996) allows the assessment of
10  functionality of autoboosting genetic vaccines in human immune system in vivo, and also
allows measurements of human Ab responses in vivo. This model can also be used to assess
production of HBsAg after oral boosting of novel genetic vaccine vectors harboring the gene

encoding HBsAg.

C. FEvolution of Genetic Vaccine Vectors for Increased Vaccination Efficacy
15 and Ease of Vaccination

This section discusses the application of the invention to some specific goals
in genetic vaccination. Many of these goals relate to improvements in vectors used in

vaccine delivery. Unless otherwise indicated the methods are applicable to both viral and

nonviral vectors.

20 1. Topical application of genetic vaccine vectors

The invention provides methods of improving the ability of genetic vaccine
vectors to induce a desired response after topical application of the vector. Adenoviral
vectors topically applied to bare skin have been shown to be capable of acting as vaccine
antigen delivery vehicles (Tang et al. (1997) Nature 388: 729-730). An adenoviral vector

25  that encoded carcinoembryonic antigen (CA) was shown to induce antibodies specific for
CA after application to the skin. However, the efficiency of topical application is generally
quite low, and protective immune responses have not been demonstrated after topical
application.

The invention provides methods of obtaining vectors that exhibit improved

30 efficiency when topically administered. Several factors can influence topical application \

efficiency, each of which can be optimized using the methods of the invention. For



10 9 g#10%@ ()- & 11 SEP 2002
YLOYGE () - 9! 10%GK () - &Y3" 10UG () - &#10%GK () - 10%@k () - %dE: / 10

"109%@ () WIANDIER' ()-9LS$! 10%@' ()-" @O%E' ()-9 : 10%@& () - 3FETHELYPIR2 dE: /
10 L6#10%@& () - L@g#10%@&' () - L3" 10%@& (7
110%@& () - &010%@&' () - 9f ) z#10%@&' ()-\]"_m-\:
10!\ @10%&' () -! X@&109BB& ()-! 1@10%E ()-$@0%& ()- 10@ 10@

109 () Bt (Y Re DR () B IgaP ) R T g 10 10

10! . %4 0%&nfrbvéd SKif W8l (oandfe A Siengy, ,lrﬁﬂxﬂﬁdg&pér)srste?%ENEﬁEl/ector in skin cells

| %910%&@¥10% %4.0% -1 #10% $910%@a& 10% 910% <>dEN
|:o;|_tg (both t oug(h) 1mprov%e§:?ncatmn or%ough avoidance og" destruc%n g' 1mmun(é@%el(lg)

nggg/thﬁlq/%égfg%ow regglor?m%fglr}ge{@ar(c? m?prgv OW‘%‘uét on of an g&mlgr?e YlO(y@L (

10@\5 m' gé;_;,gy o() - 88&10%@& () - L1" 10%@& () - &80%A0%E () - 9y) SH10%E () - (dEYNC
| 9g10% " 10%g& ()-1 10%g& () - &$&10%&" () - Y10%g&' () - &10%g& () - #Y@0%g& () -
(p?dEYNC | %g10% L! T0Rsmmedhods invog&efprmaing INGShOfTlisg 08ing aé kubsih0g &’ () -

%OZ?%MWMF )ﬂgﬂﬁsi)é 0;/3%% 1Qoge! pscionnusigizagids. ipolyding.gfor pxample,
igog/elg&l (1 é&%@??%{%&#@&%{%ﬁ% ?%%%ngd% cfgaée &8t identify those nucleic
| %910%-#38%6 &al orlfel@for(d v&clat%@&nhinced ability to induce an immune response upon
10  topical administration. Screening can be conducted by, for example, topically applying a
library of shuffled vectors to skin, either mouse skin, monkey skin, or human skin that has
been transplanted to immunodeficient mice, or to normal human skin in vivo. Vectors that
persist and/or provide efficient and long-lasting expression of marker gene are recovered
from the skin samples. In a preferred embodiment, the desired cells are first selected by cell
15  sorting, magnetic beads, or panning. For example, recovery can be effected through
expression of a marker gene (e.g., GFP) and detecting cells that are transfected using
fluorescence microscopy or flow cytometry. Cells that express the marker gene can be
isolated using flow cytometry based cell sorting. Screening can also involve selection of
vectors that induce the highest specific antibody or CTL responses upon administration to a
20  test mammal, or the identification of vectors that provide an enhanced protective immune
response to challenge with a corresponding pathogen. Shuffled polynucleotides are then
recovered, e.g., by polymerase chain reaction, or the entire vectors can be purified from
these selected cells. If desired, further optimization of topical application efficiency can be
obtained by subjecting the recovered shuffled polynucleotides to new rounds of shuffling
25  and selection.

Genetic vaccine vectors that are optimized for topical application can be
applied topically to the skin, or by intramuscular, intravenous, intradermal, oral, anal, or
vaginal delivery. The vector can be delivered in any of the suitable forms that are known to
those of skill in the art, such as a patch, a cream, as naked DNA, or as a mixture of DNA and

30  one or more transfection-enhancing agents such as liposomes and/or lipids. In preferred

embodiments, the genetic vaccine vector is applied after the skin or other target is rendered
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immune response can prevent a virus from reaching its intended target particularly in

10 repeated administrations. The efficacy of some viral vectors which are used for genetic
vaccination and gene delivery is limited by host immune responses directed against the viral
vector. For example, most individuals have pre-existing antibodies against adenovirus.
Adenoviral vectors can sometimes induce strong immune responses which can destroy cells
harboring adenoviral vectors or clear adenoviral vectors from the host even before target

15  cells are entered. Cellular immune responses can also be induced against nonviral vectors
administered in naked form or shielded with a coat such as liposomes.

The invention provides methods to create genetic vaccine vectors that can
escape immune responses that would otherwise be detrimental to obtaining the desired
effect. These methods are useful for prolonging expression and secretion of pathogen

20  antigen or pharmaceutically useful protein by genetic vaccine vectors. Several strategies are
provided by which one can improve a genetic vaccine vector’s ability to avoid the humoral
(Ab) and cellular (CTL) immune systems. These strategies can be used in combination to
obtain optimal avoidance such as may be required for highly immunogenic vectors such as
adenovirus.

25 In one embodiment, the invention provides methods of obtaining viral vectors
that are capable of escaping a host CTL immune response. This method can be used in
conjunction with methods for obtaining genetic vaccine vectors that can escape the humoral
response; the combination of approaches is often desirable, as different viral serotypes often
have CTL epitopes in common, suggesting that virus variants which are not recognized by

30  antibodies still are likely to be recognized by CTLs. This embodiment of the invention

involves incorporating into genetic vaccines one or more components that inhibit peptide
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) induce destruction of the target cells by the cells of the immune system. This can result in

prolonged survival of cells harboring genetic vaccine vectors, including those that express a
10  pathogen antigen. as well as vectors that express a pharmaceutically useful protein. In the
case of genetic vaccines, reduced expression of MHC class [ molecules will allow secretion
of the pathogen antigen, which then will be presented by professional antigen presenting
cells elsewhere. In the case of vectors encoding pharmaceutical proteins, reduced expression
of MHC class I molecules prevents recognition by the immune system prolonging the
15  survival of the cells expressing the gene.

Among the proteins involved in MHC class 1 molecule expression and
antigen presentation are those encoded by TAP genes (transporters associated with antigen
processing), which are described above. In one embodiment of the invention, genes that
encode inhibitors of TAP activity are shuffled to obtain genes that encode optimized TAP

20  inhibitors. The substrates for these methods can include, for example, one or more of the
viral genes that are known to regulate levels of MHC class I molecule expression. TAP1 and
TAP2 gene expression is 5-10-fold and 100-fold reduced, respectively, in cells transformed
by adenovirus 12, which results in reduced class 1 expression and thus leads to reduced
virus-specific cytotoxic T lymphocyte responses. Similarly, TAP gene expression is

25  downregulated in 49% of HPV-16" cervical carcinomas (Seliger et al. (1997) Immunol.
Today 18: 292). Thus, adenovirus and HPV viral nucleic acids provide examples of suitable
substrates for carrying out the methods of the invention. Additional examples of suitable
DNA shuffling substrates for this embodiment of the invention include the human
cytomegalovirus (CMV) encoded genes US2, US3 and US11, which can downregulate MHC

30 class I expression (Wiertz ef al. (1996) Nature 384: 432 and Cell (1996) 84: 769; Ahn et al.
(1996) Proc. Nat'l. Acad. Sci. US4 93: 10990). Another human CMV gene that encodes an
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whether genetic vaccine vector, gene therapy vector or animal model is evolved.

Alternative embodiments of the invention involve DNA shuffling of other
genes that are involved in downregulating expression of MHC class I molecules and/or
antigen presentation. Examples of other possible target genes include genes encoding

15  adenoviral E3 protein, herpes simplex ICP47 protein, and tapasin antagonists (Seliger et al.
(1997) Immunol. Today 18:292-299; Galoncha et al. (1997) J. Exp. Med. 185: 1565-1572; Li
et al. (1997) Proc. Nat'l. Acad. Sci. USA 94: 8708-8713; Ortmann et al. (1997) Science 277:
1306-1309.
Because reduced expression of MHC class I molecules on cell surfaces may
20  act as a stimulus for NK cells, it may be useful to include in genetic vaccine vectors a gene
that encodes an MHC like molecule that inhibits NK cell function but is unable to present
antigens to T lymphocytes. An example of such molecule is MHC class I homologue
encoded by cytomegalovirus (Farrell et al. (1997) Nature 386: 510-514).
The invention also provides methods of obtaining viral vectors that exhibit an
25  enhanced capability of avoiding attack by CD4" T lymphocytes. Such vectors are
particularly useful in situations where the target cells are capable of expressing MHC class 11
molecules, such as in the case of vaccinations and gene therapy targeted to the cells of the
immune system. Substrates for DNA shuffling include genes that encode inhibitors of MHC
class II molecules such as, for example, IL-10 and antagonists of IFN-y (such as soluble

30  IFN-yreceptor).
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immune response. For example, to obtain shuffled polynucleotides that inhibit MHC class I

10  expression and/or antigen presentation, a library of shuffled genes can be incorporated into
genetic vaccine or gene therapy vectors and transfected into human cell lines, such as, for
example, HeLa, U937 or Jijoye, in a single tube transfection. Primary human monocytes, or
dendritic cells generated by culturing human cord blood cells or monocytes in the presence
of IL-4 and GM-CSF, are also suitable. Initial screening can be done using FACS-sorting.

15  Cells expressing the lowest levels of MHC class I molecules are selected, the
polynucleotides that encode the MHC inhibitors, or whole plasmids containing the
sequences, are recovered. If desired, the selected sequences can be subjected to new rounds
of shuffling and selection. Cells expressing the lowest levels of MHC class I molecules are
expected to have the lowest capacity to induce CTL responses.

20 Another screening method involves incorporating libraries of shuffled
polynucleotides that encode inhibitors of MHC class I expression are incorporated into
human papillomavirus (HPV) vectors. This library is injected into the skin of mice.
Normally, murine cells expressing HPV are destroyed by the host immune system.
However, cells expressing potent inhibitors of peptide transportation and/or MHC class

25  expression will be able to escape the immune response. The cells that express a marker gene
present on the vector. such as GFP, for extended periods of time are selected, the sequences
or whole plasmids are recovered, and, if further optimization is desired, the selected
sequences are subjected to new rounds of shuffling and selection. Long-lasting maintenance
of HPV in mice will allow drug screening and vaccine studies, which to date have not been

30  possible due to high immunogenicity of HPV in mice.
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block efficient presentation of immunogenic peptides, and hence, will strongly downregulate
activation of antigen-specific CTLs allowing long-lasting transgene expression in vivo.

10 Methods to screen for improved inhibitors of MHC class II expression
include detection of MHC class II molecules on the surface of the target cells by fluorescent
labeled specific monoclonal antibodies, fluorescence microscopy, and flow cytometry. In
addition, the inhibitors can be analyzed in functional assays by studying the capacity of the
inhibitors to block activation of MHC class II restricted antigen-specific CD4™ T

15  lymphocytes. For example, one can determine the capacity of the inhibitor to inhibit
induction of CD4" T cell proliferation induced by autologous antigen presenting cells, such
as monocytes, dendritic cells, B cells or EBV-transformed B cell lines, that harbor genes
encoding the MHC class II inhibitor or have been treated with supernatant containing the
inhibitor.

20 3. Enhanced Antiviral Activity

The invention also provides methods of obtaining a recombinant viral vector
which has an enhanced ability to induce an antiviral response in a cell. DNA shuffling is
used to produce a library of recombinant viral vectors. The library is transfected into a
population of mammalian cells, which are then tested for ability to induce an antiviral

25  response. One suitable test involves staining the cells for the presence of Mx protein, which
is produced by cells that are exhibiting an antiviral response (see, e.g., Hallimen er al. (1997)
Pediatric Research 41: 647-650; Melen et al. (1994) J. Biol. Chem. 269: 2009-2015).
Recombinant viral vectors can be isolated from cells which stain positive for Mx protein.
These recombinant viral vectors from positive staining cells are enriched for those that

30  exhibit enhanced ability to induce an antiviral response. Viral vectors for which this method

is useful include, for example, influenza virus.
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bacterium. One suitable toxic moiety and binding site combination is the transcription factor

GATA-1 and its recognition site. It has been shown that expression of a DNA-binding

15 fragment of GATA-! is toxic to bacteria; this toxicity apparently results from inhibition of
bacterial DNA replication. Trudel ez al. ((1996) Biotechniques 20: 684-693) have described a
plasmid (pGATA) that expresses the Z2B2 region of GATA-1 as a GST fusion protein. The
expression of the fusion protein in this plasmid is under the contro! of the IPTG-inducible
lac promoter. The GST-GATA-1 fragment also binds strongly to a sequence from the

20  mouse B-globin gene promoter as well as to the C-oligonucleotide from the pB-globin gene 3’
enhancer; either or both of these are suitable for use as binding sites in the methods of the
invention.

The plasmids preferably also include a selectable marker such as, for

example, kanamycin resistance (aminoglycoside 3'-phosphotransferase (EC 2.7.1.95)) and

(%]
W

the like. The plasmid backbone polynucleotide sequence is subjected to DNA shuffling as
described herein to generate a library of plasmids which have different backbone sequences
and possibly different supercoil densities. In order to introduce sufficient sequence diversity
to search for improved function, it is preferable to perform family DNA shuffling. This can
be accomplished in the context of the present invention by including in the shuffling reaction
30  only a single form of the selectable marker. In this way, significant diversity can be achieved
in the shuffled library to recover a plasmid which is improved in its growth properties while

fully retaining the appropriate selection function of the plasmid.
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10 wx(l? bind the GST-GATA-1 fusion protein and thus neutralize the toxic effects on the
bacteria.

Plasmids with the highest copy number are detected as those which confer the
best growth to bacteria on the inducer-containing growth media. Such plasmids can be
recovered and transformed into bacteria which lack the gene that encodes the toxic moiety;

15  these plasmids should retain their high copy number characteristics. Further rounds of
shuffling can be used to isolate high copy number plasmids by the above selection
procedure. Alternatively, manual screening can be done in the bacterial host of choice,

lacking the toxic moiety-encoding plasmid, to avoid any effects due to the presence of this

extraneous plasmid.

20 VL Genetic Vaccine Pharmaceutical Compositions and Methods of Administration

The vector components and multicomponent genetic vaccines of the invention
are useful for treating and/or preventing various diseases and other conditions. For example,
genetic vaccines that employ the reagents obtained according to the methods of the invention
are useful in both prophylaxis and therapy of infectious diseases, including those caused by

25  any bacterial, fungal, viral, or other pathogens of mammals. The reagents obtained using the
invention can also be used for treatment of autoimmune diseases including, for example,
rheumatoid arthritis, SLE, diabetes mellitus, myasthenia gravis, reactive arthritis, ankylosing
spondylitis, and multiple sclerosis. These and other inflammatory conditions, including IBD,
psoriasis, pancreatitis, and various immunodeficiencies, can be treated using genetic

30  vaccines that include vectors and other components obtained using the methods of the

invention. Genetic vaccine vectors and other reagents obtained using the methods of the
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commonly assigned US Patent Application Ser. No. . entitled “Antigen Library

10  Immunization”, which was filed on February 10, 1999 as TTC Attorney Docket No. 18097-
028710US). The polynucleotide that encodes the recombinant antigenic polypeptide can be
placed under the control of a promoter, e.g., a high activity or tissue-specific promoter. The
promoter used to express the antigenic polypeptide can itself be optimized using
recombination and selection methods analogous to those described herein. The vector can

15  contain immunostimulatory sequences such as are described in copending, commonly
assigned US Patent Application Serial No. | entitled “Optimization of
Immunomodulatory Molecules,” filed as TTC Attorney Docket No. 18097-030300US on
February 10, 1999. It is sometimes advantageous to employ a genetic vaccine that is targeted
for a particular target cell type (e.g., an antigen presenting cell or an antigen processing cell);

20  suitable targeting methods are described in copending, commonly assigned US patent
application Serial No. , entitled “Targeting of Genetic Vaccine Vectors,” filed on
February 10, 1999 as TTC Attorney Docket No. 18097-030200US.

Genetic vaccines, including the multicomponent genetic vaccines described

herein, can be delivered to a mammal (including humans) to induce a therapeutic or

25  prophylactic immune response. Vaccine delivery vehicles can be delivered in vivo by
administration to an individual patient, typically by systemic administration (e.g.,
intravenous, intraperitoneal, intramuscular, subdermal, intracranial, anal, vaginal, oral,
buccal route or they can be inhaled) or they can be administered by topical application.
Alternatively, vectors can be delivered to cells ex vivo, such as cells explanted from an

30  individual patient (e.g., lymphocytes, bone marrow aspirates, tissue biopsy) or universal
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176:58-59; Wilson er al. (1989) J. Virol. 63:2374-2378, Miller et al., J. Virol. 65:2220-2224
(1991); Wong-Staal et al., PCT/US94/05700, and Rosenburg and Fauci (1993) in
Fundamental Immunology, Third Edition Paul (ed) Raven Press, Ltd., New York and the

15  references therein, and Yu et al., Gene Therapy (1994) supra.), and adeno-associated viral
vectors (see, West et al. (1987) Virology 160:38-47; Carter et al. (1989) U.S. Patent No.
4,797,368; Carter et al. WO 93/24641 (1993); Kotin (1994) Human Gene Therapy 5:793-
801; Muzyczka (1994) J. Clin. Invst. 94:1351 and Samulski (supra) for an overview of AAV
vectors; see also, Lebkowski, U.S. Pat. No. 5,173,414; Tratschin et al. (1985) Mol. Cell.

20  Biol. 5(11):3251-3260; Tratschin, et al. (1984) Mol. Cell. Biol., 4:2072-2081; Hermonat and
Muzyczka (1984) Proc. Natl. Acad. Sci. USA, 81:6466-6470, McLaughlin et al. (1988) and
Samulski et al. (1989) J. Virol., 63:03822-3828), and the like.

“Naked” DNA and/or RNA that comprises a genetic vaccine can be
introduced directly into a tissue, such as muscle. See, e.g., USPN 5,580,859. Other methods

25  such as “biolistic” or particle-mediated transformation (see, e.g., Sanford et al., USPN
4,945,050; USPN 5.036,006) are also suitable for introduction of genetic vaccines into cells
of a mammal according to the invention. These methods are useful not only for in vivo
introduction of DNA into a mammal. but also for ex vivo modification of cells for
reintroduction into a mammal. As for other methods of delivering genetic vaccines, if

30  necessary, vaccine administration is repeated in order to maintain the desired level of

immunomodulation.
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composition, a particular route can often provide a more immediate and more effective
reaction than another route.
Pharmaceutically acceptable carriers are determined in part by the particular
composition being administered, as well as by the particular method used to administer the
15  composition. Accordingly, there is a wide variety of suitable formulations of pharmaceutical
compositions of the present invention. A variety of aqueous carriers can be used, e.g.,
buffered saline and the like. These solutions are sterile and generally free of undesirable
matter. These compositions may be sterilized by conventional, well known sterilization
techniques. The compositions may contain pharmaceutically acceptable auxiliary substances
20  asrequired to approximate physiological conditions such as pH adjusting and buffering
agents, toxicity adjusting agents and the like, for example, sodium acetate, sodium chloride,
potassium chloride, calcium chloride, sodium lactate and the like. The concentration of
genetic vaccine vector in these formulations can vary widely, and will be selected primarily
based on fluid volumes, viscosities, body weight and the like in accordance with the
25  particular mode of administration selected and the patient's needs.
Formulations suitable for oral administration can consist of (a) liquid
solutions, such as an effective amount of the packaged nucleic acid suspended in diluents,
such as water. saline or PEG 400; (b) capsules, sachets or tablets, each containing a
predetermined amount of the active ingredient, as liquids, solids, granules or gelatin; (c)

30  suspensions in an appropriate liquid; and (d) suitable emulsions. Tablet forms can include *

one or more of lactose, sucrose, mannitol, sorbitol, calcium phosphates, corn starch, potato
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10 accomplished either by complexing the vaccine vector with a composition to render it
resistant to acidic and enzymatic hydrolysis or by packaging the vector in an appropriately
resistant carrier such as a liposome. Means of protecting vectors from digestion are well
known in the art. The pharmaceutical compositions can be encapsulated, e.g., in liposomes,
or in a formulation that provides for slow release of the active ingredient.

15 The packaged nucleic acids, alone or in combination with other suitable
components, can be made into aerosol formulations (e.g., they can be “nebulized”) to be
administered via inhalation. Aerosol formuiations can be placed into pressurized acceptable
propellants, such as dichlorodifluoromethane, propane, nitrogen, and the like.

Suitable formulations for rectal administration include, for example,

20  suppositories. which consist of the packaged nucleic acid with a suppository base. Suitable
suppository bases include natural or synthetic triglycerides or paraffin hydrocarbons. In
addition, it is also possible to use gelatin rectal capsules which consist of a combination of
the packaged nucleic acid with a base, including, for example, liquid triglycerides,
polyethylene glycols, and paraffin hydrocarbons.

25 Formulations suitable for parenteral administration, such as, for example, by
intraarticular (in the joints), intravenous, intramuscular, intradermal, intraperitoneal, and
subcutaneous routes, include aqueous and non-aqueous, isotonic sterile injection solutions,
which can contain antioxidants, buffers, bacteriostats. and solutes that render the formulation
isotonic with the blood of the intended recipient, and aqueous and non-aqueous sterile

30  suspensions that can include suspending agents, solubilizers, thickening agents, stabilizers, -

and preservatives. In the practice of this invention, compositions can be administered, for
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The dose administered to a patient, in the context of the present invention
should be sufficient to effect a beneficial therapeutic response in the patient over time. The

10 dose will be determined by the efficacy of the particular vector employed and the condition
of the patient, as well as the body weight or vascular surface area of the patient to be treated.
The size of the dose also will be determined by the existence, nature, and extent of any
adverse side-effects that accompany the administration of a particular vector, or transduced
cell type in a particular patient.

15 In determining the effective amount of the vector to be administered in the
treatment or prophylaxis of an infection or other condition, the physician evaluates vector
toxicities, progression of the disease, and the production of anti-vector antibodies, if any. In
general, the dose equivalent of a naked nucleic acid from a vector is from about 1 pg to 1 mg
for a typical 70 kilogram patient, and doses of vectors used to deliver the nucleic acid are

20  calculated to yield an equivalent amount of therapeutic nucleic acid. Administration can be
accomplished via single or divided doses.

In therapeutic applications, compositions are administered to a patient
suffering from a disease (e.g., an infectious disease or autoimmune disorder) in an amount
sufficient to cure or at least partially arrest the disease and its complications. An amount

25  adequate to accomplish this is defined as a "therapeutically effective dose." Amounts
effective for this use will depend upon the severity of the disease and the general state of the
patient's health. Single or multiple administrations of the compositions may be administered
depending on the dosage and frequency as required and tolerated by the patient. In any
event, the composition should provide a sufficient quantity of the proteins of this invention

30  to effectively treat the patient.
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per day may be used, particularly when the drug is administered to a secluded site and not
into the blood stream, such as into a body cavity or into a lumen of an organ. Substantially
higher dosages are possible in topical administration. Actual methods for preparing
parenterally administrable compositions will be known or apparent to those skilled in the art

15  and are described in more detail in such publications as Remington's Pharmaceutical
Science, 15th ed., Mack Publishing Company, Easton, Pennsylvania (1980).

The genetic vaccines obtained using the methods of the invention can be

packaged in packs, dispenser devices, and kits for administering genetic vaccines to a
mammal. For example, packs or dispenser devices that contain one or more unit dosage

20  forms are provided. Typically, instructions for administration of the compounds will be
provided with the packaging, along with a suitable indication on the label that the compound
is suitable for treatment of an indicated condition. For example, the label may state that the
active compound within the packaging is useful for treating a particular infectious disease,
autoimmune disorder, tumor, or for preventing or treating other diseases or conditions that

25  are mediated by, or potentially susceptible to, a mammalian immune response.

VII. Uses of Genetic Vaccines

Genetic vaccines which include optimized vector modules and other reagents
provided by the invention are useful for treating many diseases and other conditions that are
either mediated by a mammalian immune system or are susceptible to treatment by an

30  appropriate immune response. Representative examples of these diseases are listed below;

antigens appropriate for each are described in copending, commonly assigned US patent
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5  are useful in both prophylaxis and therapy of infectious diseases, including those caused by
any bacterial, fungal, viral, or other pathogens of mammals. In some embodiments,
protection is conferred by use of a genetic vaccine vector that will express an antigen (either
or both of a humoral antigen or a T cell antigen) of the pathogen of interest. In preferred
embodiments, the antigen is evolved using the methods of the invention in order to obtain

10 optimized antigens as described herein. The vector induces an immune response against the
antigen. One or several antigens or antigen fragments can be included in one genetic vaccine
delivery vehicle. Examples of pathogens and corresponding polypeptides from which an
antigen can be obtained include, but are not limited to, HIV (gp120, gp160), hepatitis B, C,
D, E (surface antigen), rabies (glycoprotein), Schistosoma mansoni (calpain; Jankovic (1996)

15 J. Immunol. 157: 806-14). Other pathogen infections that are treatable using genetic vaccine
vectors include, for example, herpes zoster, herpes simplex -1 and -2, tuberculosis (including
chronic, drug-resistant), lyme disease (Borrelia burgorferii), syphilis, parvovirus, rabies,

human papillomavirus, and the like.

B. Inflammatory and Autoimmune Diseases

20 Autoimmune diseases are characterized by immune response that attacks
tissues or cells of ones own body, or pathogen-specific immune responses that also are
harmful for ones own tissues or cells, or non-specific immune activation which is harmful
for ones own tissues or cells. Examples of autoimmune diseases include, but are not limited
to, rheumatoid arthritis, SLE, diabetes mellitus, myasthenia gravis, reactive arthritis,

25  ankylosing spondylitis, and multiple sclerosis. These and other inflammatory conditions,
including IBD, psoriasis, pancreatitis, and various immunodeficiencies, can be treated using
genetic vaccines that include vectors and other components obtained using the methods of
the invention.

These conditions are often characterized by an accumulation of inflammatory

30 cells, such as lymphocytes. macrophages, and neutrophils, at the sites of inflammation.
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10b15dBpfoduction. Several autoimmune diseases, including diabetes and rheumatoid arthritis, are
10b! 9F%40% u- u& ()-910% u& ()-9#10% u& ()-9L#10% u&' ()-%$10% u& () - &mM0% u&
() - WNdElinked to certain MHC haplotypes. Other autoimmune-type disorders, such as reactive
arthritis, have been shown to be triggered by bacteria such as Yersinia and Shigella, and
5  evidence suggests that several other autoimmune diseases, such as diabetes, multiple
sclerosis, rheumatoid arthritis, may also be initiated by viral or bacterial infections in
genetically susceptible individuals.
Current strategies of treatment generally include anti-inflammatory drugs.
such as NSAID or cyclosporin. and antiproliferative drugs, such as methotrexate. These
10  therapies are non-specific, so a need exists for therapies having greater specificity, and for

means to direct the immune responses towards the direction that inhibits the autoimmune
process.

The present invention provides several strategies by which these needs can be
fulfilled. First, the invention provides methods of obtaining vaccines which exhibit

15  improved delivery of tolerogenic antigens, antigens which have improved antigenicity,
genetic vaccine-mediated tolerance, and modulation of the immune response by inclusion of
appropriate accessory molecules. In a preferred embodiment, the vaccines prepared
according to the invention exhibit improved induction of tolerance by oral delivery. Oral
tolerance is characterized by induction of immunological tolerance after oral administration

20  of large quantities of antigen (Chen et al. (1995) Science 265: 1237-1240; Haq ez al. (1995)
Science 268: 714-716). In animal models, this approach has proven to be a very promising
approach to treat autoimmune diseases, and clinical trials are in progress to address the
efficacy of this approach in the treatment of human autoimmune diseases, such as
rheumatoid arthritis and multiple sclerosis (Chen et al. (1994) Science 265:1237-40;

25  Whitacre et al. (1996) Clin. Immunol. Inmunopathol. 80: S31-9; Hohol er al. (1996) Ann. N.
Y. Acad. Sci. 778:243-50). It has also been suggested that induction of oral tolerance against
viruses used in gene therapy might reduce the immunogenicity of gene therapy vectors.
However, the amounts of antigen required for induction of oral tolerance are very high and
improved methods for oral delivery of antigenic proteins would significantly improve the

30 efficacy of induction of oral tolerance.
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administration of tolerogenic antigens, but also the use of a combination of cytokines,

10  costimulatory molecules, and the like. Such cocktails are formulated for induction of a
favorable immune response, typically induction of autoantigen-specific tolerance. Cocktails
can also include, for example, CD1, which is crucially involved in recognition of self
antigens by a subset of T cells (Porcelli (1995) Adv. Immunol. 59: 1). Genetic vaccine
vectors and cocktails that skew immune responses towards the T};2 are often used in treating

15  autoimmune and inflammatory conditions, both with antigen-specific and antigen non-
specific vectors.

Screening of genetic vaccines and accessory molecules can be done in animal
models which are known to those of skill in the art. Examples of suitable models for various
conditions include collagen induced arthritis, the NFS/sld mouse model of human Sjogren’s

20  syndrome; a 120 kD organ-specific autoantigen recently identified as an analog of human
cytoskeletal protein a-fodrin (Haneji et al. (1997) Science 276: 604), the New Zealand
Black/White F1 hybrid mouse model of human SLE, NOD mice, a mouse model of human
diabetes mellitus, fas/fas ligand mutant mice, which spontaneously develop autoimmune and
lymphoproliferative disorders (Watanabe-Fukunaga et al. (1992) Nature 356: 314), and

25  experimental autoimmune encephalomyelitis (EAE), in which myelin basic protein induces a
disease that resembles human multiple sclerosis.

Autoantigens that are useful in genetic vaccines for treating multiple sclerosis
include, but are not limited to, myelin basic protein (Stinissen ef al. (1996) J. Neurosci. Res.
45: 500-511) or a fusion protein of myelin basic protein and proteolipid protein in multiple

30  sclerosis (Elliott et al. (1996) J. Clin. Invest. 98: 1602-1612), proteolipid protein (PLP)
(Rosener ef al. (1997) J. Neuroimmunol. 75: 28-34), 2',3'-cyclic nucleotide 3'-
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10#7Y! 10%@?@(13){ BIQAERnE bebAUH £IsOT cells, professional antigen-presenting cells (APC),
eosinophils and mast cells. These cells take part in allergic immune responses both as
10 modulators of the immune responses and are also involved in producing factors directly
involved in initiation and maintenance of allergic responses.
Synthesis of polyclonal and allergen-specific IgE requires multiple
interactions between B cells, T cells and professional antigen-presenting cells (APC).
Activation of naive, unprimed B cells is initiated when specific B cells recognize the
15  allergen by cell surface immunoglobulin (slg). However, costimulatory molecules expressed
by activated T cells in both soluble and membrane-bound forms are necessary for
differentiation of B cells into IgE-secreting plasma cells. Activation of T helper cells
requires recognition of an antigenic peptide in the context of MHC class II molecules on the
plasma membrane of APC, such as monocytes, dendritic cells, Langerhans cells or primed B
20  cells. Professional APC can efficiently capture the antigen and the peptide-MHC class 1I
complexes are formed in a post-Golgi, proteolytic intracellular compartment and
subsequently exported to the plasma membrane, where they are recognized by T cell
receptor (TCR) (Monaco (1995) J. Leuk. Biol. 57: 543-547). In addition, activated B cells
express CD80 (B7-1) and CD86 (B7-2, B70), which are the counter receptors for CD28 and
25  which provide a costimulatory signal for T cell activation resulting in T cell proliferation and
cytokine synthesis (Bluestone (1995) Immunity 2: 555-559). Since allergen-specific T cells
from atopic individuals generally belong to the T2 cell subset, activation of these cells also
leads to production of IL-4 and IL-13, which, together with membrane-bound costimulatory
molecules expressed by activated T helper cells, direct B cell differentiation into IgE-

30  secreting plasma cells (de Vries and Punnonen, In Cyrokine Regulation of Humoral
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Immunotherapy of allergic diseases currently includes hyposensibilization

treatments using increasing doses of allergen injected to the patient. These treatments result
10 skewing of immune responses towards Tyl phenotype and increase the ratio of IgG/IgE
antibodies specific for allergens. Because these patients have circulating IgE antibodies
specific for the allergens, these treatments include significant risk of anaphylactic reactions.
In these reactions, free circulating allergen is recognized by IgE molecules bound to high-
affinity IgE receptors on mast cells and eosinophils. Recognition of the allergen results in
15  crosslinking of the receptors leading to release of mediators, such as histamine,
prostaglandins, and leukotrienes, which cause the allergic symptoms, and occasionally
anaphylactic reactions. Other problems associated with hyposensibilization include low
efficacy and difficulties in producing allergen extracts reproducibly.
Genetic vaccines provide a means of circumventing the problems that have
20  limited the usefulness of previously known hyposensibilization treatments. For example, by
expressing antigens on the surface of cells, such as muscle cells, the risk of anaphylactic
reactions is signiﬁcant‘ly reduced. This can be achieved by using genetic vaccine vectors
that encode transmembrane forms of allergens. The allergens can also be modified in such a
way that they are efficiently expressed in transmembrane forms, further reducing the risk of
25  anaphylactic reactions. Another advantage provided by the use of genetic vaccines for
hyposensibilization is that the genetic vaccines can include cytokines and accessory
molecules which further direct the immune responses towards the Ty1 phenotype, thus
reducing the amount of IgE antibodies produced and increasing the efficacy of the
treatments. Vectors can also be evolved to induce primarily IgG and IgM responses, with
30 little or no IgE response. Furthermore, DNA shuffling can be used to generate allergens that

are not recognized by the specific IgE antibodies preexisting in vivo, yet are capable of
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In these methods, polynucleotides encoding known allergens, or homologs or
fragments thereof (e.g., immunogenic peptides) are inserted into DNA vaccine vectors and
used to immunize allergic and asthmatic individuals. DNA shuffling can be used to obtain

10 antigens that activate T cells but cannot induce anaphylactic reactions. Examples of allergies
that can be treated include, but are not limited to, allergies against house dust mite, grass
pollen, birch pollen. ragweed pollen, hazel pollen. cockroach, rice, olive tree pollen, fungi,
mustard, bee venom.

The invention also provides a solution to another shortcoming of genetic

15  vaccination as a treatment for allergy and asthma. While genetic vaccination primarily
induces CD8" T cell responses. induction of allergen-specific IgE responses is dependent on
CD4" T cells and their help to B cells. Ty2-type cells are particularly efficient in inducing
IgE synthesis because they secrete high levels of IL-4, IL-5 and IL-13, which direct Ig
isotype switching to IgE synthesis. IL-5 also induces eosinophilia. The methods of the

20  invention can be used to develop genetic vaccines that efficiently induce CD4™ T cell
responses, and direct differentiation of these cells towards the Tyl phenotype.

The invention also provides methods by which the level of antigen release by
a genetic vaccine vector is regulated. Regulation of the antigen dose is crucial at the onset of
hyposensibilization for safety reasons. Low antigen levels are preferably used at first, with

25  the antigen level increasing once evidence has been obtained that the antigen does not induce
adverse effects in the individual. The DNA shuffling methods of the invention allow
generation of genetic vaccine vectors that induce expression of different (high and low)
levels of antigen. For example, two or more different evolved promoters can be used for
antigen expression. Alternatively, the antigen gene itself can be evolved for different levels

30  of expression by, for example, altering codon usage. Vectors that induce different levels of -
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methods of the invention, as well as accessory molecules described herein, provide cancer
immunotherapies of increased effectiveness compared to those that are presently available.
One approach to cancer immunotherapy is vaccination using genetic vaccines

10  that encode antigens that are specific for tumor cells. The methods of the invention can be
used for enhancement of immune responses against known tumor-specific antigens, and also
to search for novel protective antigenic sequences. Genetic vaccines that exhibit optimized
antigen expression, processing, and presentation can be obtained as described herein. The
methods of the invention are also suitable for obtaining optimized cytokines, costimulatory

15  molecules, and other accessory molecules that are effective in induction of an antitumor
immune response, as well as for obtaining genetic vaccines and cocktails that include these
and other components present in optimal combinations. The approach used for each
particular cancer can vary. For treatment of hormone-sensitive cancers (for example, breast
cancer and prostate cancer), methods of the invention can be used to obtain optimized

20  hormone antagonists. For highly immunogenic tumors, including melanoma, one can screen
for genetic vaccine vectors that optimally boost the immune response against the tumor.
Breast cancer, in contrast, is of relatively low immunogenicity and exhibits slow
progression, so individual treatments can be designed for each patient. Prevention of

metastasis is also a goal in design of genetic vaccines.

25 EXAMPLES
The following examples are offered to illustrate, but not to limit the present

invention.
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These pieces are then transplanted onto the backs of C.B-17 scid/scid (SCID) mice as
described by others (Deng er al. (1997) Nature Biotechnology 15: 1388-1391; Khavari et al.

10 (1997) Adv. Clin. Res. 15:27-35; Choate and Khavari (1997) Human Gene Therapy 8:895-
901).

The vector libraries are selected, for example, after topical application to the
skin. However, in an analogous manner, depending on the optimal route of immunization,
the evolved vectors can also be selected after i.m., i.v., i.d., oral, anal or vaginal delivery.

15  The DNA delivered onto the skin can be in the form of a patch, in a form of a cream, in a
form of naked DNA or mixture of DNA and transfection-enhancing agent (such as proteases,
lipases or lipids/liposomes), and it can be applied after mechanical abrasion, after removal of
the hair, or simply by adding a droplet of DNA or DNA-lipid/liposome mixture onto the
skin. Similar delivery methods apply to small animals, such as mice or rat, large animals,

20  such as cat, dog, cow, horse or monkey, as well as humans.

Suitable proteases and lipases that enhance the delivery include, but are not
limited to, individuals or mixtures of the following: a protease (such as Alcalase or Savinase)
with or without an alpha-amylase, a lipase (such as Lipolase) (Sarlo et al. (1997) J. Allergy
Clin. Immunol. 100:480-7).

25 The recovery of the optimal vectors can be done from the transfected cells by,
for example, PCR, or by recovering entire vectors. One can either select vectors based
purely on their capacity to enter the cells or by selecting only cells that express the antigen
encoded by the vector in normal mice, monkeys or SCID mice transplanted with human

skin. One can use, for example, GFP as a marker gene, and after delivery detect cells that

30  are transfected by fluorescence microscopy or flow cytometry. The positive cells can be
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Example 2

Episomally-Replicating Nucleic Acid Vaccine Vector

This Example describes a procedure for obtaining stable, episomally

10 maintained genetic vaccine vectors by applying DNA shuffling to human papillomavirus
(HPV) genes. HPV can be maintained in human skin for extended periods (Bernard and Apt
(1994) Arch. Dermatol. 130: 210). Despite these in vivo properties, it has not been possible
to maintain HPV episomally in tissue culture due to underreplication. The primary goal of
the procedure described in this Example is to improve the stability and copy number of

15 vector constructs. Screening for natural HPV variants using traditional approaches or
attempts to rationally design mutants with improved properties would require many person-
years of research.

To obtain improved mutants in an efficient manner, family shuffling is

performed using the HPV El and E2 genes from different, but closely related, benign HPVs.

20  Family shuffling allows one to generate and screen orders of magnitude more diversity than
traditional mutagenesis approaches in much shorter time periods than are required for the
traditional approaches. Libraries of HPV E1 and E2 genes are generated by using family
shuffling of three closely related cutaneous HPV strains (HPV 2, 27, and 57). Altematively,
large libraries of vector sequences are generated by incorporation of random DNA

25  sequences, for example derived from human or mouse genomic DNA, into genetic vaccine
vectors. Green fluorescent protein (GFP) is used as a marker gene to detect the most stable
vectors with superior expression levels. The best chimeric constructs from a library of
millions of vectors are selected by flow cytometry-based cell sorting. Episomal vectors are

then recovered providing an additional selection pressure towards nonintegrating vectors.
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integrating and transient vectors, episomally maintained vectors result in high signal-to-noise
5  ratios upon FACS selection, and they also significantly improve the possibility to recover the
plasmids from a small number of selected cells. Alternatively or additionally, the vectors are
screened and analyzed for durability in vivo in SCID mice transplanted with live human skin
(see, Example 1).
To directly screen for optimal properties in human cells in vivo, the vector

10  libraries are screened in an animal model, in which SCID mice are transplanted with human
skin. In this model, live human skin is xenotransplanted onto the back of SCID mice
without any signs of rejection, providing a possibility to optimize and evolve genetic vaccine
vector directly in human tissue in vivo. Recursive selection of episomal vectors will provide
strong selection pressure for vectors that remain episomal, yet provide a high level of gene

15  expression. Moreover, despite their immunodeficient phenotype, SCID mice have normal
levels of monocytes and macrophages. Therefore, antigen presenting cells (APC) derived
from these mice can be used to assess the level of antigens delivered to professional antigen
presenting cells, and to study the capacity of these cells to present antigens and induce

activation of antigen-specific CD4" and CD8" T cells in vitro.

20 Example 3

Evolution Of The Major Immediate Early Promoter/Enhancer
Region Of Cytomegalovirus

The major immediate-early (IE) region promoter/enhancer of

cytomegalovirus (CMV) is widely used for regulating transcription of genes, because it is
25  highly active in a broad range of cell types. An optimized CMV promoter (generated by
DNA shuffling) which directs increased levels of gene expression, can improve the efficacy
of genetic vaccines. The fact that the CMV promoter is active in human and animal cells
means that it can be used to express foreign genes both in animal models and in clinical
applications.
30 A library of chimeric promoter/enhancer sequences was created by DNA

shuffling of wild-type sequences from four related strains of CMV. The promoter, enhancer
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human CMYV strains, and from rhesus and vervet monkey CMVs (Figure 12). The
promoter/enhancer sequences of the human CMV strains are 95% identical, and share
approximately 70% identity with the sequences of the monkey isolates, allowing the use of
5 family shuffling to generate a library with greater diversity than would be achieved using the
conventional shuffling procedure. Alignments and the sequence similarities of the
promoter/enhancer regions of these sequences are shown in Figure 10. Alignments and
sequence similarities of the intron A sequences in the PCR products from the human CMV
strains, Towne and AD169 are shown in Figure 11, and schematic diagrams of the PCR
10 products obtained upon amplification of these promoters are shown in Figure 12.
The following primers can be used to amplify promoter sequences from

human and monkey CMVs:

Primers for promoters in human CMV strains Towne and AD169:
5'-primer: 5’-ATA TGA GGC TAT ATC GCC GAT A-3’ (SEQ ID NO: 6) -
15 3’ primer: 5’-AAG GAC GGT GAC TGC AGA AAA-3 (SEQ ID NO: 7)

Primers for Rhesus Monkey CMV promoter:
5’-primer: 57-AAT GGC GAC TTG GCA TTG AGC CAA TT-3” (SEQ ID NO: 8)
3" primer: 5°-TAT CCG CGT TCC AAT GCA CCC TT-3" (SEQ ID NO: 9)

Primers for Vervet Monkey CMYV promoter:
20 5’-primer: 5’-ACT TGG CAC GGT GCC AAG TTT-3" (SEQ ID NO: 10)
3’ primer: 5°-TAT CCG CAT TCC AAT GCA CCG T-3'(SEQ ID NO: 11)
Following shuffling. the library was cloned into a plasmid backbone and used
to direct transcription of a marker gene in mammalian cells. An internal marker under the
control of a native promoter was included in the plasmid vector, enabling analysis and
25  selection of cells expressing equal numbers of vectors. An example of a suitable vector for
use in screening shuffled promoter sequences is shown in Figure 7.
The transfected cells were screened by flow cytometric cell sorting to identify
those which express highest levels of the marker gene. normalized against the internal _
marker to account for differences in vector copy numbers per cell. Vectors carrying optimal .

30  promoter sequences are then recovered and subjected to further cycles of shuffling and
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10(! 3. #%suted by flow cytometry, of individually analyzed shuffled clones. Again, the FACS-
sorted library enriched the population for high-activity promoters.
A vector that contains a shuffled CMV promoter (S17) operably linked to a luciferase-

encoding gene was injected intramuscularly into a mouse, and the amount of luciferase

expression was determined at various time points after injection. Results are shown in

Figure 15.

Example 4

Shuffling Of Oligo-Directed Cpg Knock-Outs

A common problem associated with genetic vaccine vectors is that the
expression induced by the vectors is often short-lasting due to downregulation of promoter
activity. One reason for downregulation of promoter activities is methylation (Robertson
and Ambinder (1997) 71:6445-54). CpG sequences are particularly prone to methylation
and this example describes the use of DNA shuffling method to generate promoter sequences
where all unnecessary CpG sequences have been deleted. The approach is illustrated in

Figure 16.

It is understood that the examples and embodiments described herein are for
illustrative purposes only and that various modifications or changes in light thereof will be
suggested to persons skilled in the art and are to be included within the spirit and purview of
this application and scope of the appended claims. All publications, patents, and patent

applications cited herein are hereby incorporated by reference for all purposes.
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comprising:

5 (1) recombining at least first and second forms of a nucleic acid
which comprise a nucleic acid vector, wherein the at least first and second forms differ
from each other in two or more nucleotides, to produce a library of recombinant nucleic
acid vectors;

(2) transfecting the library of recombinant nucleic acid vectors into
10 apopulation of mammalian cells selected from the group consisting of peripheral blood
T cells, T cell clones, monocytes/macrophages, T cell lines, T cells, B cells, total human
peripheral blood mononuclear cells, and dendritic cells;
(3) staining the cells for the presence of one or more cytokines and
identifying cells containing recombinant nucleic acid vectors which produce a cytokine
15 staining pattern indicative of an enhanced ability to induce the desired immune response
compared to the ability of the at least first and second forms of the nucleic acid to
induce the desired immune response; and
(4) obtaining recombinant nucleic acid vector sequences from the
cells which exhibit the desired cytokine staining pattern.
20 2. The method of claim 1, wherein the desired immune response is a

Tl response and the cells exhibit high levels of either or both of IL-2 and IFN-y but

low levels of one or more of IL-4, IL-5 and IL-13.
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immune response is a high or low level of cytokine production by the cells.

5 4. The method of claim 3, wherein the cytokine expressed at a high
level is one or more selected from the group consisting of IL-6, IL-10, IL-12 and TNF-

o.

5. The method of claim 1, wherein the nucleic acid vector is a DNA

10 plasmid vector.

6. The method of claim 1, wherein the nucleic acid vector is an

RNA vector.

15 7. The method of claim 1, wherein the nucleic acid vector is a

genetic vaccine vector.

8. The method of claim 1, wherein the desired immune response is
induction of T cell activation.
20

9. The method of claim 1, wherein the desired immune response is a
change in a cytokine production ratio selected from the group of IL-4/IFN-y, IL-4/IL-2,

IL-5/1FN-y, IL-5/1L-2, IL-13/IFN-y, and IL-13/IL-2.
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DNA plasmid vector;
(2) culturing the library of recombinant nucleic acids with a
10 population of mammalian cells selected from the group consisting of T cells, T cell
clones, T cell lines, monocytes, macrophages, B cells, total human peripheral blood
mononuclear cells, and dendritic cells; and
(3) analyzing the cell cultures of (2) for the presence of one or
more cytokines and identifying at least one recombinant nucleic acid comprising a
15  recombinant DNA plasmid vector that produces a cytokine staining pattern indicative of
an altered ability to direct Tyl or Ty2 differentiation compared to the ability of the at
least first and second nucleic acids to direct Ty1 or T2 differentiation.
11. A method of producing and screening a recombinant DNA
plasmid vector having an enhanced ability to induce T cell differentiation, the method
20 comprising:
(1) recombining at least first and second nucleic acids which differ
from each other in two or more nucleotides, each nucleic acid comprising a DNA
plasmid vector, to produce a library of recombinant nucleic acids, each recombinant

nucleic acid comprising a recombinant DNA plasmid vector;
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clones, T cell lines, monocytes, macrophages, B cells, total human peripheral blood
mononuclear cells, and dendritic cells;

5 (3) measuring cytokine production of cell cultures of (2) by flow
cytometry and selecting individual cells containing recombinant nucleic acids that
produce a cytokine production profile indicative of T cell differentiation;

(4) recovering recombinant nucleic acids from the selected
individual cells of (3); and
10 (5) identifying by ELISA at least one recovered recombinant
nucleic acid comprising a recombinant DNA plasmid vector which produces a cytokine
production profile indicative of an enhanced ability to induce T cell differentiation
compared to the cytokine production profile produced by the first and second nucleic
acids.
15 12. A method of improving the ability of a nucleic acid vector to
modulate an immune response, the method comprising:
(1) recombining at least first and second forms of a nucleic acid which
comprise a nucleic acid vector, wherein the nucleic acid vector comprises a
polynucleotide that encodes an immunogenic antigen and the first and second forms of
20  the nucleic acid differ from each other in two or more nucleotides, to produce a library
of recombinant nucleic acid vectors;
(2) transfecting individual library members into separate cultures of

antigen presenting cells;
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(3) co-culturing transfected APCs with T lymphocytes obtained from the
same individual as the APCs; and

(4) identifying transfected APC cultures which are capable of inducing a
T lymphocyte response; and

(5) isolating from the cells optimized recombinant nucleic acid vectors
which exhibit improved capacity to induce an immune response in a test animal,
wherein the immune response is selected from the group consisting of:

improved protection of the test animal against challenge

infection;
improved production of specific antibodies in the test animal; and
improved activation of T lymphocytes in the test animal.
13. The method of claim 12, wherein the test animal is a mouse or a
monkey.

14.  The method of claim 12, wherein T lymphocytes are selected
from the group consisting of CD4" T lymphocytes, CD8" T lymphocytes, and a mixture

thereof,

15. A method of improving the ability of a nucleic acid vector to
modulate an immune response, the method comprising:

recombining at least first and second forms of a nucleic acid which
comprises a nucleic acid vector that comprises a nucleotide sequence that encodes an

antigen, wherein the first and second forms differ from each other in two or more
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nucleotides, to produce a library of recombinant nucleic acid vectors; and identifying
optimized recombinant nucleic acid vectors by:

injecting the library of recombinant genetic vaccine vectors into a test
animal;

obtaining lymphatic cells from the test animal; and

recovering recombinant nucleic acid vectors from the lymphatic cells,
wherein the recovered recombinant nucleic acid vectors exhibit improved ability to

enter lymphatic cells.

16.  The method of claim 15, wherein the lymphatic cells are dendritic

cells.

17. The method of claim 15, wherein the antigen is a cell surface
antigen and prior to isolating the optimized recombinant nucleic acid vectors cells that
contain an optimized recombinant vector are purified by binding to an affinity reagent

which selectively binds to the cell surface antigen.



