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Pol ynucl ewDiod@sosesicodi ng anti genic H V pol ypeptides (e.g. pcrhssz2shnwn in
Tabl e C) are described, as are uses of these pol ynucl eoti des and

pol ypepti de products incl udilrlgg3 fornul ati ons of inmmunogeni c _conpositions

and uses t her eof POBANGROBQTIDESTEN COPRNG AN HGENEG HINCEYPEBine defi ci ency

syndrome (AIDS) i i hesl threats facing
moder n nedi ci ne. %ﬁiﬁﬁﬁ@ﬁ@@sﬁﬁ?ﬁgﬁgﬁ)ﬁ%ﬂﬁfﬁ@ﬁg slgalye%r I n 1983-1984,
three groups independently identified the suspected etiol ogical agent of

AIDS. See, e.g., Barre-Sinoussi et al. (1983) Science 220:868-871; 15
Mont agni er TECHNICAL FEELBuman T-Cel | Leukenia Viruses (Gallo, Essex & G oss,

eds., _.1984); Vilper et.al. 984) . .The C 1:..753: Popovic et .al. (1984)
Sei encd 224 asroBBuEIS iy enspng Bhalf RGP ndu8ie SISl

i sol at es Wehgle \(HlatOuEEMbeds & dr@dsés)ﬂfﬂib@@?ﬂ?ﬁ@ﬂé@ﬂid@ésﬁﬂ%o@p@ﬂidé rdgudté-AV) ,
human T-cell |ynphotropic virus type ITI (HTLV-111), or Al DS-associ ated

r et r ovi r usinchirg. forhilatggnstofi swmunagshigicempasitodmndiuses thereof. t he same virus,
and were |l ater collectively named Human | mmunodeficiency Virus (HV). Wth
the isolation of a related Al DS-causing virus, the strains originally

cal | ed H Vpal&crOUnNDGHIEge Iivindig@d the related virus is called H V-2 See,
e.g., Guyader et al. (1987) Nature 326:662-669; Brun-Vezinet et al. (1986)
Sci end® 233: 342cquiged iGinaneldefitiengly syqdrode ANRSLis cecuiz@bas-ge®f thes A gr eat
deal of informatjo as been gathered.about, the H 'V virus, Ahowever, to
date an ef Eﬁe@{qsﬁllléeaj;tgglﬁeﬁté%}?&?qﬂ%{énb%ﬂmpaem“f’rﬁl%&.s YEehRrYP f?rat\lﬁ%et s for
vacci ne dg}ég%fgprrent have been exam ned including the env and Gag gene

products encoded by H'V. Gag gene products include, but are not limted
to, Gag- pol yner &is#98h198%a threpgrotpsindepeRdantlyddentifedthesusperied etidlogichut ar e

ol ypept | 8B RRENIS00 Pt § pRGTT SBST Ul 085 S iePe PUTFORED 1392 raas, e
al ., (lg';r r Wnt%rﬁﬁr%g)ﬂ. 66 Bundd TG RRR VaHageshrsl Hebats erbCEdve codon

usage H V- 1 appeared to account for, a substantial fraction of the
i nef fi ci end984)oViluier el alp(l884)i ThedyamtdidsTS; Popeniest at(1984) Sciedice Vi r ol .

Z)ﬁ(:z/ a(% g?g;&ggﬁ?éb@? %ylygeg 3];2@(%?%@?1%8'23% r 8%8—58%3 THest 1Solates grrésv%riglllsllygl ted by
called lymphadenopathy-associated virus (LAV), human T-cell lymphotropic virus
type Il (HTLV-IIL), or AIDS-associated retrovirus (ARV). All of these isolates are

20  strains of the same virus, and were later collectively named Human Immunodeficiency
Virus (HIV). With the isolation of a related AIDS-causing virus, the strains originally
called HIV are now termed HIV-1 and the related virus is called HIV-2 See, e.g.,
Guyader et al. (1987) Nature 326:662-669; Brun-Vezinet et al. (1986) Science
233:343-346; Clavel et al. (1986) Nature 324:691-695.

25 A great deal of information has been gathered about the HIV virus, however,
to date an effective vaccine has not been identified. Several targets for vaccine
development have been examined including the env and Gag gene products encoded
by HIV. Gag gene products include, but are not limited to, Gag-polymerase and Gag-
protease. Env gene products include, but are not limited to, monomeric gp120

30 polypeptides, oligomeric gp140 polypeptides and gp160 polypeptides.



5 gp 120 sequence with nodified codon usage. Schneider, et al., (J Virol.
71(7):4892- 4903, 1997) discuss inactivation of inhibitory (or instability)
el ement s WONSp2dsocat ed within the codi ng sequences of theCEAFIARIG42

Gag- prot ease codi ng sequences. The Gag proteins of H V-1 are necessary for
the assenbly of virus-like particles. HV- 1 Gag proteins are involved in
many stages of tHhes,ldtak, Epetest Biolaghd(iTas3241 099 shigatisied thaaselestbiey, virion

t t t I d
ol cat | ofboerrisaPEPRETNT! Ao o pinTRr nb BPE ARl &l Rkl
(Freed, E. Qfyirdf ﬁ’r@tleﬁﬁélm%égis Iad@e, 20807 vHOL f72(2§t149’ye1503( RGdg) dis&titRat | onal
Appl i cation, WD'96/30523, published 3 Cctober Eur opean Pat ent

Appl i cat i oan iftudsiséd mtare Mesponte elnﬁedl_llﬁDNA vq;mimhimhedplowﬁg 2 syithaifer 1991)
have descri bed the use of altered pr55 of, Hl V- act on

[ nf ect iSous ZPEAQ SFHRE. Wlﬂk@og‘i’w@ QR A Rees ARPEier ?trﬁjfpéon TED BT he
present at i t

(Vi ol oy 30075977 AR, BRLEANY of SRAILA or SRILART RO G loBed o 1y
Gag- ( 3- gal adthirsihd @séing ssquencesrod thei G andt@ag-priotdasaisodingheyuetescri be t he

construction of sequences encoding HV Gag-(3 20 g ct gsj dase fusion
proteins, the exdpedzs Hatedrs o HN- @&d’é?ﬁ?é%y&ﬁthﬁéssﬁ?‘g@%%%]ﬁk%lv Gag

proteins, ?Qﬂw?e% Sﬁf"?' ?&t }oli?éix%eaxé’ﬁl%ﬁkv%ﬁb% ’ é%%;% B?t fhffe?s fﬁ C?E‘c%hec‘%ﬂ’ser et

al., (PCT ernati ona pl'ication August
1998) mesciindhetinglassenibhyg vidoy- rﬂatxﬁx@ﬁcbﬂéfte@@grtﬁﬁiiel@gs@ emmlqustt-mt@r sehsce
syntheti c DNA nol ecul es encodi ng _H V and nodifications of HV Gag. The
25 codons & vicwsaeplGatingt The Fﬂ%?sé%ﬁlé@\%ﬂé’f%fé%ﬁ? W@F‘é"rsraé‘é CAPPEXpr oj ect ed

host cel |l Vs, I pol ypeptides in inmmunogenic
conpositi orgFIRE ?e Vlr&ggysgél ééll Fg?s)ee U S. Patent No. 5,846,546 to

Hurwitz et al. WSEL&QU mrnﬁmnall%ﬁcatdﬁﬁwm 6139523 blkxged B C
conposi tions corrprl sing a m xture of at |least four different reconbinant

vi rus that Qeler dRPe:dasopeaniPetcat Anplicpfion, Fyblicasion Nex 0 440 d 10Ad, pablished ent No.
5, 840, 313 tzooéé%‘ r%ﬁ%h@e desérﬁf.a‘fi% J\ﬁéf/&f%%d p@g é‘dl?g glﬁf%?cf L& ggntBSPt ' des

whi ch Corréspon €S 0 Ion,

Pat ent 2 Wihf@idhie 0&7&viRCTkd SS0A4 kS daridbly mﬁaraaﬁaﬂﬁok th®prBhehiton A, lssued
March 2, 1999 describes candi date vacci nes against HV cogl)rl sing an am no

aci d sequen@@uﬁﬁloglcﬂﬁc@mm@pﬁ epifppeso fW ey of #lnk¥iokgey 80Q:p34-b 1§ﬁ4hm no acid
seqvence ol iR L8R8 b Y CRPHRRRHR B Hoteh b = <
virions. They describe the construction of sequences encoding HIV Gag-f3-
20  galactosidase fusion proteins, the expression of such sequences in the presence of HIV
Gag proteins, and assembly of these proteins into virus particles.
Shiver, et al., (PCT International Application, WO 98/34640, published 13
August 1998) described altering HIV-1 (CAM1) Gag coding sequences to produce
synthetic DNA molecules encoding HIV Gag and modifications of HIV Gag. The
25  codons of the synthetic molecules were codons preferred by a projected host cell.
Recently, use of HIV Env polypeptides in immunogenic compositions has been
described. (see, U.S. Patent No. 5,846,546 to Hurwitz et al., issued December 8,
1998, describing immunogenic compositions comprising a mixture of at least four
different recombinant virus that each express a different HIV env variant; and U.S.
30 Patent No. 5,840,313 to Vahlne et al., issued November 24, 1998, describing peptides
which correspond to epitopes of the HIV-1 gp120 protein). In addition, U.S. Patent



Descri bed herein are novel HV sequences, pol ypeptides encoded by these
novel sequences, and synthetic expression cassettes generated fromthese
and ot herwoHBNM2eguences. | n one aspect, the present i nvemRCirarsor/zidates to
i nproved HI'V 10 expression cassettes. In a second aspect, the present
invention relates to generating an_ inmune response in a subject using the

expr essi on Nashete B t9rSiz ﬁealplﬁ%@é Marelhy.el 9P dascribescandidgter vieginessigeidst, the
present invgRy E&ﬂ gg% a&ﬁ@?&%&é‘gf & -ch, $ r?? g%ﬁed ‘?\%ﬁ% Iy X ?ou bj ect

usi ng the express e presen

pol ypept i degm arﬁﬂ@@@i@@eqmysnéehef EBRERSBitoPE of &RSES 1009 pedteinl aﬂ'}HSiEDisolatB/ent i on.

I n anot her aspect, the 15 present invention relates to enhanced vacci ne
technologlé@n%ﬂm&ﬂﬁspﬁﬂﬂ@%ﬁgﬁmbf potent neutralizing antibodies and/or

cel I ul i mmune responses against H'V in a subject. In certain enbodi nents,
the present invention relates to synthetic polynucl eotides and/or

expr essi on S@sFtkyOF BACRYERGION V polypeptides including, but not limted
to, Env, Gag, Pol, RT, Int, Prot, Vpu, Nef, Tat, Rev and/or 20
fragments or corBésaebeddiesein Bea ekl HFVI smqes,mlyneh@dqgre@mw byrthesat i on al so

relates to _i roved ex on of H.V t|d n roductj,on of

U oseTi ke nPREREE S8 SRR Rbrbhon Bl BE BP0 PSR EHE olreE Ty v

pol ypept i dedIV Soqlence$28r onePdbect, the ﬁa@ets&ﬁsleveﬁmﬁelms thaWBfoved HIgNSCr i pt ase,

i ntegrase, RNAse Tat, Rev, Nef, Vpr, Vpu, Vif and/or Env- containing

pol ypep@i de@cprcamen ersseftash &l Seaond aspegt dhe msenhmvgxpnersl@teomo gaBratmgsot t es.

Mut ati ons i.n_sone gescr at% ?1? or eI i rp nate the
et vi ty of PERBeseRentsiE aduRet L REUS SRAFOR Fiat et et BTy of the

gene produch a fuRhGSRFER tBe PrestiiTMRAt6CRRARIE gefef & ﬂhﬁ%@ﬁ&%
pol ynucl eoti des include, but are not |lim te§ gConpl Pol mut . SF2 (SEQ

ID NO 9), @J@@mmgdhmm@mmsse(tm th@pﬁ@nt hooentlcfmgwwﬂ laRglolypebtides SF2

ool ot o cedes B ApdR PR IRk E IS it Inb D, | Rioinetikest, the,

GagPr ot} na%@%&m ﬁE&lthﬁEQaﬂePté\thaﬁ'é_@d; va@cﬂ@e@l%{(@(?éigﬂf@r Blefinddetien 311 8nt
GagPr ot | naRTnut Tat RevNef . opt B (SEQ I D NO GagRTrut . SF2

17), GagTat mvwmtlbadﬁsa@/@@emar m)mnegp‘lmﬁismgsmt&ﬂmaﬂmbﬁct( SEQ I D

NG 19), gp140. mdSF162 nat _(SEQ | D NO | 60, SFI 62. del V2. mut 7
(SEQ | D NO 21) ”“18 ﬁ%@éﬁf%eé‘tsdge%e%‘t%@%é@%% ¢ i nt.opt.nut.SF2
EQ I D m@nucleﬂﬁdé@&hd@l;gxﬁrgﬁgd c@sﬁg@e%odmgﬁIV@%ﬁ@pn&@érmeﬂﬁm M2 (SEQ
nef. D 07G -nyrl 8. opt. SF162 (SEQ ID" NO'2 nef . opt. DI25G. SF162

( SEQ D NO ®7 Jimiteé fo, @ntv Srg.0201 BEQnL, BroiOVes ) Vpu, Mib Nefiskdt Ret anSf ( SEQ | D
NG. 29) 20 P2 Pfcr)agn?e%%s o\g\c/:kc/)\'rvlnblsnlzgloﬁs t%(%eoP f\lodﬁ%)oh the present invention also relates to

improved expression of HIV polypeptides and production of virus-like particles.

Synthetic expression cassettes encoding the HIV polypeptides (e.g., Gag-, pol-,
protease (prot)-, reverse transcriptase, integrase, RNAseH, Tat, Rev, Nef, Vpr, Vpu,
Vif and/or Env- containing polypeptides) are described, as are uses of the expression

25 cassettes. Mutations in'some of the genes are described that reduce or eliminate the
activity of the gene product without adversely affecting the ability of the gene product
to generate an immune response. Exemplary synthetic polynucleotides include, but are
not limited to, GagComplPolmut.SF2 (SEQ ID NO:9), GagComplPolmutAtt.SF2
(SEQ ID NO:10), GagComplPolmutIna.SF2 (SEQ ID NO:11),

30 gagCpollnaTatRevNef.opt_B (SEQ ID NO:12), GagPolmutAtt.SF2 (SEQ ID NO:13),
GagPolmutIna.SF2 (SEQ ID NO:14), GagProtInaRTmut.SF2 (SEQ ID NO:15),



p2Pol | naopt. YM SF2 (SEQ I D NO 31), p2Pol opt.SF2 (SEQ I D NG 32), 10

p2Pol Tat RevNef . opt. native B (SEQ I D NO 33), p2Pol Tat RevNef.opt B (SEQ I D
NO 34), pwb.oap2e8&-2 (SEQ | D NO 35), prot.opt.SF2 (SEQ | D ROTAG)2/21342
protl na.opt.SF2 (SEQ I D NG 37), protlnaRT. YM opt.SF2 (SEQ I D NG 38),

prot | naRT. YMAM opt . SF2 SEQ | D NO 39 Pr ot | naRTnut . SF2 E | D NO 40)

pr ot RT. opt . @eProdpaR i mytiesReyNef. eptoB YEQIDRNONLY., GaaR Tanyt

o 44) . 1 o N0 %@t@@{é@ ?&@?H@h@?gﬁfﬁ@%@%%@m Q%E@ES E

NO 46) , RTl@DNOSF% gpnamlmc&lﬁF(lGEdetDldﬂ@E@ID ROmpo, SF2 (SEQ | D NO 48),
tat. exonl opt .

t at | C37. SF SEQ I D
NO: 50) , Tatgkéémodé 1162«16%1}’@@1%%1%@ é@?ﬁﬂ)) m%lééxm%gﬁ@g&w 62Q( SEQ

NG 50) S Tadks @&%@Fﬁ RSP E P e ] %2%@3?* 'ZB& Sopt B,
(SEQ I D NO&SDI’E&GR NeptBRIGERTOBQ 1B NOED)) df NP0FB)-myvigf o2 BF18E 2SEQER | D

NO 58), vpr.opt. SF2 SEhQZI D NOS%%:Q and v u. opt. SF162 é EQ I D NG 60). Thus,
one aspect NO:AMenehepsRhtdGSFER ( Fé) Pﬁ@kﬁé@% S BANQLEss and 25

o YT eot s L BB B SO SPEAT NoBbpr eLsi on

vect or backiaPo@nadpi. YM(SFZQSEQGDTNOBl)apEWSFQI(SEQ(IESN@tﬂ@ conprises a
pol ynucl eoti de sequence encodlnngone or nore |y tid wherein the
115)@' pmle&

pol ynutd eotn2Felkashedd opbeatiye i @@é&@é%@ZPﬁH (SESDIR 85%t o

100% and t |east about

85% pr ef or 813 SRBIP SO TS o PP Y SEA N SED Gor  4 VD

03/ 020876 {1 AEQIENe: 30| yrofRaRT. A%t SHY Ibdeot3gyy to the
Fbed wm QINey:ap)| 6t SHY ESEQ by

sequences taught 1n the present Egm fication. The pol ynucl eoti des *
encodi ng t HeotnaR BN Pdsoruss2 GEQ Ha N§p:88k HrotinsRdmut 52 (FEQ IR §O:4Mcl ude

polynuch corhHact BRead (b DeEaDY BEBRIEG RN iR SHCIINT4): coai ng

sequenc®s fRLIRTEAREVNToPt_P(SE@ID NG E3Y rev.HQRRL 1551 BoRISEE62K(S éaEQfIﬁ H VvV
proteins, such as, polynucl eotide sequences encodlg{g an HV

pol ypept i dé\TOrﬂ(ﬂDyfﬁM@K@dtﬁ@@t SEERUSREED Bt b R@f aphS VTIE?Wt);ﬁSEQpTQ)tl de

net) eyt olnnaoos dBhsF Rl IgsRRIT o TR Erlbuibt el N e SChuence

encodi ng t hat.élov1 PRbpiel XPERF? 4K G XDAD: 408 tatBxSh{ lzet&btmm@zqsva@ﬁ) of coding
regi ons corresponding to reverse transcriptase and
NO:50), TatRevNef.opt.native.SF162 (SEQ ID NO:51), TatRevNef.opt.SF162 (SEQ
20  ID NO:52), TatRevNefGag B (SEQ ID NO:53), TatRevNefgagCpollna B (SEQ ID
NO:54), TatRevNefGagProtInaRTmut B (SEQ ID NO:55), TatRevNefp2Pol.opt_B,
(SEQ ID NO:56) TatRevNefprotRTopt B (SEQ ID NO:57), vif.opt.SF2 (SEQ ID
NO:58), vpr.opt.SF2 (SEQ ID NO:59), and vpu.opt.SF162 (SEQ ID NO:60).
Thus, one aspect of the present invention relates to expression cassettes and
25  polynucleotides contained therein. The expression cassettes typically include an HIV-
polypeptide encoding sequence inserted into an expression vector backbone. In one
embodiment, an expression cassette comprises a polynucleotide sequence encoding
one or more polypeptides, wherein the polynucleotide sequence comprises a sequence

having between about 85% to 100% and any integer values therebetween, for example,

30 at least about 85%, preferably about 90%, more preferably about 95%, and more



i ntegrase. Such deletions in the polynerase pol ypepti de can al so be nade
such that the polynucl eotide sequence preserves T-hel per cell and CTL

epi t opes.wOthmeosahmt i gens of interest may be inserted int@Crhsopaiyner ase
as well. 15 In anot her enbodi ment, an expression cassette conprises a

pol ynucl eotide sequence encoding a pol ypeptide, for exanple,

GagConpl! Polpreferably2bosESS % Bequeaeedilentiatpibmse ehensttatght BFtbe pREDLI D NO. 10)
GagConpl Pol mutlna. SF2 (SEQ |ID NO 11), gagCpoll naTat RevNef.opt B (SEQ ID
NO 12), GABBOIGIPRtt. SF2 (SEQ 1D NO 13),. GagPol mut | na. SF2 (SEQ 1D NO

14 GaProtInalﬁigl.ij0 b ; Nef . opt B
(S)EQ I DgNO 16), m%lte6§%eh& thpﬂl@dyf@?%gﬁrg evﬁg% lﬁg%{ﬁ%lé (SEQpI D

NO 18) %md%@u%&%d@g@@mma@omypu@pl Sochhaldsienal?. Oat Lnat

Sieo. %)d SPoRat e s R iep e B e, T xR %@32“?( SSEEsIcEs 5 23)

25 int. opt .82 vireFSPo eli}ls 52% athR’B w@%ﬁoﬂfé}/ﬁwg}méﬁ%@% 2£Q | D NQ 25),
nef . D107G ~nyr | 8. opt. SF162 ( SEQ I'D NO. 26), nef.dpt. DI25G SF162 (SEQ I D

NG 27), nefpobmudSﬁiﬁkeqwﬁes Enchiding 8 HIWI @anaﬂmmpt BBau¢lstidel D NO. 29),

2Pol t. YMM\M SF2 I D | pt YM NGO 31
D Pol ot s eases e E: SBFLY JamsiobRE PR b o P il paEns aBe R 53) . 30
p2Pol Tat ReyhNet g@%_\%r(ég‘?e‘!/ Rpbhehdddn c@RJknﬁ:%r §El%r {raeedd? NO 35),

prot. opt. SF2 protl na’opt.SF2 (SEQ I'D NO 37),
prot | nHRT. YM optInSEQ eﬁ]ﬁ&@rrﬁnu\ﬂlmqmﬁﬁé’lﬁ:oBIﬂE/thJSHIVmpalyp@tﬂﬂsB&)n be

protl naRT. Y opt I D NO 39 Protl aRTnut . SF2 (SEQ | D NG 40),
prot RT. opt . ?‘%E’Qﬁ (ﬁéogiﬁgnﬁeg’coﬁzl'cefé‘?s t‘brﬁf’erBe Er%*_sﬁfl?ﬁf NG 42)

Pr ot RTTat R SEQ I D
NE)?44) , ar e\?{t Eg%n E%uc?;pc{eﬁ%%l%g t( 4 I %a§ _%%%?ﬂher@ad\@soél%zﬂ?wt ant %ﬂe( SEQ | D

NO 46), RT. ];IODIDHSEQUC(GT’EEQHME)E pteSEi@ed DhdiperAasll, anR‘[I’iEIL efdfepes. SBQet intighias ¢i8) ,
tat.exonl 2. C22-37.SF2 (SEQ | D NO 49), t.exonl _2.opt.C37.SF2 (SEQ ID
NQ: 50) , Tatﬂﬁ@m@% b Inseritgd, ibtodis golymesass ﬁﬁb’v 1 51), Tat RevNef. opt. SF162

5 Na ). Ta Revﬁeﬁ&l“%{* i SEGUR APl Rt pbsaRiatina & (520

Tat Rev Nef p%@iw@én@dﬁ@@dl@eﬁiﬁﬂé@r exImpEe\G@tlbﬁ!pﬂRﬁthSE (S".BH;I]]) D NG 57),
(LT TP A B LT A i L 1%
Pﬁlt Be/ggft ' dQDCIQ{Bpf 1) SEBCHRRAFRREN Y BISERS W5 IO 390 kg PRt At éﬁ@o(/SEQd any
ID NO:13), GagPolmutIna.SF2 (SEQ ID NO:14), GagProtInaRTmut.SF2 (SEQ ID
20 NO:15), GagProtInaRTmutTatRevNef.opt_B (SEQ ID NO:16), GagRTmut.SF2,
(SEQ ID NO:17) GagTatRevNef.opt_B (SEQ ID NO:18),
gp140.modSF162.CwtLmod (SEQ ID NO:19), gp140.modSF162.CwtLnat (SEQ ID
NO:20), gp160.modSF162.delV2.mut7 (SEQ ID NO:21),
gp160.modSF162.delV2.mut8 (SEQ ID NO:22), int.opt.mut.SF2 (SEQ ID NO:23),
25  int.opt.SF2 (SEQ ID NO:24), nef.D125G.-myr.opt.SF162 (SEQ ID NO:25),
nef.D107G.-myr18.0pt.SF162 (SEQ ID NO:26), nef.opt.D125G.SF162 (SEQ ID
NO:27), nef.opt.SF162 (SEQ ID NO:28), p15RnaseH.opt.SF2 (SEQ ID NO:29),
p2Pol.opt. YMWM.SF2 (SEQ ID NO:30), p2Pollnaopt. YM.SF2, (SEQ ID NO:31)
p2Polopt.SE2 (SEQ ID NO:32), p2PolTatRevNef.opt.native_B (SEQ ID NO:33),
30  p2PolTatRevNef.opt_B (SEQ ID NO:34), pol.opt.SF2 (SEQ ID NO:35), prot.opt.SF2
- (SEQID NC:36), protIna.opt.SF2 (SEQ ID NO:37), protlnaRT.YM.opt.SF2 (SEQ




val ues t herebetween, for exanple, at |east about 85% preferably about 90%
nore 15 preferably about 95% and nost preferably about 98% sequence

i dentity WO oBh20876equences taught in the present specifi c&Cirarso2/It3¢2 nati ve
and synthetic pol ynucl eoti de sequences encoding the H'V polypeptides of

t he present invention tq&iécall have between about 85%to 100% and any
i nt eger vallRNOt38armapidn 0piSIH (SEQ Hp NQs3Q), PErbuR TesuSFR(EEQr abl y

Sequence | DDA BORTERSES BRREl ReYint PR RaRARITREE P (SHE 2
embodi ment NOUBS FRGIRTTUERANCEAB: BSEEENY RO 43)CRA N1 eVl 1. Alsypept | des of

the invention wll exhibit 100/0 seguence i dent | ty to the sequences taught

herei n. ThéSE@IW@r%tHWGSORﬁJth@ pleseiQ Imb@tﬂﬁbRTm%(pmm@ced by

r econbi nant i.C u ns t her eof .
The. pr cbentCERIEHBSM AT BRLSES et RN A R e R ELB B) s s or
use in seheolgsl thasbn el bt.c2ober SFN(SHE I SEPAY), t@@koﬁxarﬁ@s?rsmsterm
enpl oy one or nbre of The polynucl eoti des and ‘expression cassettes of the

pr esent |n\(SEQI@tNOtSﬂ)s”ﬂatReVNvfstmmt,lvetSiﬁ@éSdell‘é@tildl,e sequences are

ol ot et nodt RoRlobREiRysB B N o RB R e B RS T hnoun 1o
those in theREINef, g%@geﬁhyﬁ (SER IDRD: $4) MT4REVIGGaE PR ThAR TR BISES YYD
03/ 020876 PCT/ uS0?2 42 transcription pronoters, transcription enhancer

el ementGs, ;N@ﬁﬁ;ﬂi‘ aRévdvefpZiohbpaB (GEQ BD Hiths®, Tg&eyﬁd@_l‘qtRabpbﬂa (SEQLIDlnces
erntnat  oiiQenbencut S SRR Yot R erb e s i) ude, but are

not lim tectﬁd%#ébpm @%{% Ir%@hn 6OV WHin MGy Hﬁcflémldé»seq%\éﬂ&’e erdoing t}§: H V-Ltr,

MWLV-1tr, tall ' “anot her aspect the i nvention |nc udes
cel | s conpricdipeptiden®nprisens sequéndethaving bpmess itmmt 8a%set 108 mfd dnlyentpgarsent

i nvention mh re th ol cl eoti.de sequence re _operaply linked to
control el €l E‘%ﬁ‘ﬁ‘é@?[‘bﬁjé W‘?ﬂ’te’e%%ig"ggél?%‘ﬁ%?% pw@ergtgygﬁqté@ M1 one
enmbodi pent bt 5%, Jfﬁqﬁ@ét‘rp?éi‘erﬁﬁ lLBout DX ﬁ‘édée’fi?c’é‘igg) todfe Ce' ! 5

i nclude, 1 re not limted VERO, 1080 COos- and
CHO cel | s. seq'jndmea:s ta@ﬂtmthc@kdsemywesﬁcatlossue types, etc. that may be usef ul

in the practice Qf the i ncl ude, { limted to,
t hose  obt ai ned fﬁl‘?rﬂatlﬁeealf 1?150 ynqcﬁl@gg?geq(ugncgs en‘ﬁaﬁtrbgﬁ%‘ Fﬂgl a ni (Tnb)
and Sf9), %?f%ﬁ A A

nmacr ophage, gﬂéﬁsgg%?erﬁsgrﬁe tﬁpﬁrﬁ?gq lkﬂlgrhgglfé@%%d}gu §§47 sttéelpnGZenlds and

15 progeni tany integer yalhbetherwbytwepn, fonesangdd, bsleast mboutt8als, peefermblyl abput

t unor - der [ ved cells
90%, more preferably about 95%, and more preferably about 98% sequence identity to

the sequences taught herein. Further, in certain embodiments, the polynucleotide
sequences encoding the HIV polypeptides of the invention will exhibit 100% sequence
identity to the sequences taught herein.

The polynucleotides of the present invention can be produced by recombinant

25 techniques, synthetic techniques, or combinations thereof.

The present invention further includes recombinant expression systems for use
in selected host cells, wherein the recombinant expression systems employ one or more
of the polynucleotides and expression cassettes of the present invention. In such
systems, the polynucleotide sequences are operably linked to control elements

30  compatible with expression in the selected host cell. Numerous expression control

elements are known to those in the art, including, but not limited to, the following:



In a further aspect, the present invention includes conpositions for
generating an i munol ogi cal response, where the conposition typically
conpri seswatodlozmss one of the expression cassettes of theCprissmni342
invention and may, for exanple, contain conbinations of expression
cassettes such as one or nore expression cassettes carrying 20 a

Pol - der i vedrapmrmb@pw@eotemcbmsmgptm apharsiee oleingess, uﬁmecrmtlonmrem@)‘apnesm on

cassettes car erived- i de-encodi n nucl eoti de, one
or nore exﬁ'rgé' (ﬂga‘ﬁggqg%%gue@gﬁg?%é&ﬁp& 6818}1)9?)@%{ %8 ncodi ng

pol ynucl eOttfaﬂﬁlﬁtl&? afld traf@dtion@erdlinatRYREQRNES. \HQdémp}éP;F traf€fiptioti frombféls rev) ,
and/ or one or nore expression cassettes carrying an

Env-deri vednq.};‘me,'betp‘irﬁ get lgnmﬁﬂipﬁ@moleymibﬂr@nﬁl‘d‘éf CBINtHnicompPoS VED.0RSVimay
further r..adj uvants The conpositions may al so
cont ai P éﬁg}]}“ﬁowﬂ\’a@ B ‘3 QIR The H v pol ypept i des may cor respond
to the pOI ypept 'Iﬁ%ﬁoth@f‘&?@@%ﬁ)ﬂv@ﬂ?ﬁn%&§ EélBQ:oﬁ%ﬁﬁﬁ%Bﬁé 8 mb#e Jffike

conposition, or naybe different from those enco y the expression
cassettes. eb(pressmpo&ssd;ttas 0§ thegmesanninvention wtheresthp pebfsmcﬂﬂotldas&mbnm afor

Expy o551 on awaebbiinked fy Benft Brmedi Eomhuiin ok cBa e hitecuiesa ol Mt ched
Wi th vari ouse dindoBRienP SRhicERSrd G alhdpes cAR! @x@mgﬁr%rﬁl%’a%%ﬂ@mclude

PCT/ US02/ 21342 I n anot her aspect the present invertion iIncludes nethods of
i mmuni Kat i dmt arfe et hsutbjiecn;tBHK,nVER@ HE1108Q 293yRDBf COSe7,abd¢B@edisr i bed

conpositio are_intqg the su ect r Cco dltlos that are corrpatlble
wi th expreg@ih’?_)rn celp, Cteﬂ é tlnyf‘? Etéisg@ct lllﬁ%elgrag]lt‘@@é“ 9n one

embodi ment LR ﬁrartﬁﬁ%&mecaﬁ%ﬁé A&inkifA 8 Orlhb!é%u&dtﬁﬁ’éd A6 (1R foﬂéwm present
i nvention) can be introduced using a gene delivery vector.
del i very \imstwre.gadrichoplusgs anfing) ahréS@) rhmtemarﬁastyplamts,ramgerapmsmhgvect or.

Exenpl ary vi vect ors incl ude, t are no ed to eucaryotic |ayered
vect or i ni t‘iegst 460%1 WHIPRAge, MeRqQHiss e\?fi’rl'i!f'sceglé’rB G ‘%?piaﬁ‘é?\?? ?@é)anﬁlerl ved
vect or m%, t: . enpl ary

vect origS i n?%%éfﬁtbghﬁmgg%%fgtp rI I %%13 Hﬁdr%mzed/&‘ﬁg %fﬁor %H CgﬁrisCM\/ i nk, and
pCWPLEdhfr. Co rmcasﬁltth@rvspmaehmpreﬁm ng'emmramdn@esa:nmpmmm fog gamtatingsponse

can al so be delivere |n a particul ate carrier or CTAB-PLG
ni cr opar t | ARdeynung fcﬁ PI‘H’(? §P‘E‘1P8§%§°II:%(HICB]§’ W&r’éﬁﬁ ‘3 east e ol anpl e,

gol d or tunﬁé&)@ﬁ}?gﬁrntdagéeaés ek féﬂagerﬁ SREATPHAE, &5 ABHLAML] 0 L he

subj ect using, for exanple, ene gun posi t1 ons’ can al so be
fornul at ed C@mbirﬁlubnspofsampmsmﬂ cnssmres endhodi are pt noire lpirsssion ichssektestdaeryigbj ect

is a mamal d can, for e be a human.
% a I?oq derived-polypeptide- n}%codmg polynucleotlde one Or more expression cassettes

carrying a Gag-derived-polypeptide-encoding polynucleotide, one or more expression
cassettes carrying accessory polypeptide-encoding polynucleotides (e.g., native or
synthetic vpu, vpr, nef, vif, tat, rev), and/or one or more expression cassettes carrying
an Env-derived-polypeptide-encoding polynucleotide. Such compositions may further
25 contain an adjuvant or adjuvants. The compositions may also contain one or more
HIV polypeptides. The HIV polypeptides may correspond to the polypeptides
encoded by the expression cassette(s) in the composition, or may be different from
those encoded by the expression cassettes. In compositions containing both
expression cassettes (or polynucleotides of the present invention) and polypeptides,
30 various expression cassettes of the present invention can be mixed and/or matched

with various HIV polypeptides described herein.



In a further aspect, the invention includes nethods of generating an inmmne
response in a subject. Any of the expression cassettes described herein can
be expresoadores7@ suitable cell to provide for the expregsirarsontisshe H V
pol ypepti des 20 encoded by the 'pol ynucl eotides of the present invention.
The pol ypeptide(s) are then isolated (e.g., substantially purifiged) and
admi ni st er ed togll prothartseact therpreggn pn inglydes BEiRds p qngapméﬂfg mune
response. In.certajn od] : IhS Ere iR OEBiat | on of
one or nor 8‘5]%?0%”[ ﬁlré{héz’xr%’rq%%ég%‘ n&glz%asgeotk}gg%%%?&g%q nuc{ogotgrlec@g of the present

i nvention, yy&éRendiyndthat 416 coppaittewity expredstalviitipegpreasivnchsetb($)enei n. 1 n
ot her 25 enbodi nents, the nethods conprise co-admnistration of one or nore

of the exphesbjech nxosembedingnt, ks sxpession casgeitesdpr PRRYsIeotdssofithf ent i on

and one. or nore. pol.ypeptide erein th . ' essed
from t%ese Pﬁ?ﬁ?‘g}ﬁmﬁ%‘%& ‘%B%’ed'?tto C5h BE 6t eglf: Q@#&’ZE%&%@;@%@%@% her
enbodi Ment SecthbPEanTRSRESPROBPE heR vied ve@BTbi Gitl abiton Bienpiiryivighle expressi on
cassettes or pol ynucl eotides of the present 30 invention. In still further

enbodi ment sectbtsenciads busare seplinied ©cusatnetil Byered VestoloRItigLQYsISBMS20876

PCT/ US02/ 21342. mul ti pl e, pol.ypept i.dgs or a Pt expressed
fromthe pé‘?ﬁ?ﬂf(ﬂ’%t( B‘été]g%?lgﬁ%vﬁgs)p egg%c{n\fecfoﬁéerér?%@na?g%%&g’r Mgg eerﬁﬂ Y,

pol ypept i dg3etofN€OthBVERMpRRY hevtéR eichidachit dasndtainiied o GFCEERARt i ng an

i mmune response in a subject, where cells of a subject are transfected

with aly ofp(Mi¥63 SNV diskke pidpMF PEEdhiEsCompositioss aselakiop genstipg 8| eot i des
of the present invention, under condi.tions.that _.permt X ssion of a
sel ected pdMypgeiog 18@"%%@%%%?&&‘1%3 o 4]‘1%{“%)%%;6@%?{@&3 roe?%e'g'h?fe‘ge%t (e.qg.,
encoded by @PNRSIRE GEGbHMiCRS FbtBerDbuch REMPHAEGIcah B @Bite@B),-foBY t hi s

met hod an i nmunol ogi cal” response to the polypeptide is elicited in the

subj ect. Txampkegoli ontwigstehpadicles snchily chatepprttislepdelivered/p ke BRISCE he

transfected cel|ls are 10 reintroduced into the subjeget ternately, or in
addi ti on, t“r'?glgcéﬂ‘l%a‘ﬂﬁlﬁ’ ao%e“tergéfﬂs&g%f‘gaposftf?r\sif%alsé;b? ﬁoémgﬁ S8 The i mmune
responge My, RemdW MRk cABEdifenCsH this MREHoA! 8¢ subjeslib Win@immal ki Sanf frt her

enbodi nent, "'this nethod may al so i nclude adm nistration of an HV
pol ypept i desxatmplepbea hewaeurrently with, and/or after introduction of the

expression cassette.into th ubject. .15 The pol ynucl eot.i des .ol e present
i nvention may b n@_r%ﬁ@?@@%ﬁﬁé? ylvgqthnﬁnci%q;meﬁgqq)ég .geﬁeﬁ%tm}goa?‘)}% %18 %oti des of
the pr es?”trekﬂb;ﬁ%'ﬁﬂ DRibieeNCRY SEthEbMrelfioh CagetRlKaRUIIERS caily be expressed
in a variety of ways, 1ncluding, but not limted to the following: a

pol ynucl eotéxpeesenicindisnigatde siliiglpeogéntor frecaprsssion of the HINVoprlyivetidast )

gﬁ 2 ' Szagd fern%cr)rzk% lg)yr t?lg%ggf%ﬁckgoyc{dtels 8% ffie Bgalsé/nrt] lilr(l:\}erelt%t)ﬂ. dﬁﬁe 50’13%)%%%18&s)aar§8{e% than

isolated (e.g., substantially purified) and administered to the subject in an amount
sufficient to elicit an immune response. In certain embodiments, the methods comprise
administration of one or more of the expression cassettes or polynucleotides of the
present invention, using any of the gene delivery techniques described herein. In other
25  embodiments, the methods comprise co-administration of one or more of the
expression cassettes or polynucleotides of the present invention and one or more
polypeptides, wherein the polypeptides can be expressed from these polynucleotides or
can be other HIV polypeptides. In other embodiments, the methods comprise co-
administration of multiple expression cassettes or polynucleotides of the present

30  invention. In still further embodiments, the methods comprise co-administration of



20 product (or portion thereof) (e.g., polycistronic coding sequences);

mul tiple polynucleotides in-frame to produce a single polyprotein; and,

mul ti pl e wolognemsreoti des in-frame to produce a single polpgprusoE24mher ei n

the pol yprotein has protein cleavage sites between one or nore of the

pol ypepti des conprising the polyprotein. These and other enbodi nents of the
present i nvantiple polipentidess A gxpmplediplyneptidessxpigssed fiom Ge drlyargleatides Pf i n t he

art in viewo . di.sel g | EF, DESCRI PTI ON OF THE Fl GURES

Fi gures 1A*‘Eeo{’ff§?‘§leng’.g‘§f°“?‘§§"’ﬁ8@%@@?&@@8@5@3& of HV Type C 8_5_TV 1_C.ZA
(SEQ ID NO 1; rekeivestord further @tlddesmdiNods) of g¥adrhidigSarl if@indBFespoise id@ Shown
in Table A. 9 WO 03/020876 PCT/ US02/ 21342 Fi gures 2A-C d;gscts an al i gnnent

of Env pol yppeipeti weereicelsrfnaubiseisareitrgnsieates] with any Githe abovereseribeN 2; TV

1.8 2, EQID NO 3: TV 1.8 1,D 4: TV2.12-5/1 E ) :
Gonsandus “esgsiuicasieties pEp ettt S prosch FiyditioR, hnqereondibtalitht . o o
regi ons (Ofpeft thedxfreddich 6f LR tedIBIFhubledtide/A@ froductisR bk plypéptideldng bet a

and/ or bridging sheet region(s) that can be deleted and/or "truncated. The
"*" denot edntRres (gheedengdded by AN exRpyAssin agsefte fof thypresgat ventionpndg jhis one  or

nore of which can be nodified (e. del et ed. and/.or tated).. Figure 3
presents anéeé]ilu%cﬁgl e go&}cg egé%\ﬁﬂg ﬁ%tl}eﬁg?ypgﬁé(feil%ﬂﬁcﬁfegé %gtg&%:‘fé% t he

foll ow ng frRafkEecBibn bige bl Y bORIHRERY b 6ivo ARIAR traabddld RO, and gp4l.
10 Figure 4 presents exenplary data concerning transactivation activity of

Tat  nié antreinopducErRiAthesuljent. cAltsrpatelysoron additiog 3heedlls snay e gransfe@epr esent s

exenpl ary data copcerni ng-export activity of Rev tants _noni.tored by CAT
expr essi on.” vﬁ?d‘ﬂﬁ’@ %ﬁeghﬁ? émlilug%gzsg?nsg%@gé)ﬁ gmpgaia Cgaﬁ‘éerln]f:@e%?ted

GagConpl Pol(8aifuiapf; An(aFekeher EboBinNa:, tBik mhdiihsy dlso BPIA8E SdrkinRBdtien oPsESENt S

t he sequence of GagConpl Pol mut Att.SF2 (SEQ I'D NGO 10). Figure 8, sheets 1

and 2, pred8im polypeptidesteéorecconturGagigovip, Pod/enuafien intSERCtiqrieEdhe¢ D NO; 11) . 20
Figure 9, sheets 1 ane;jS 2 es%nt§ t he sequence of :
gagCpol | naFTAPRETINEFASE tte_“go?‘%“Eﬁ I5“NO 12). Figure 10, sheets 1 and 2,
preseniss the sequfeBnatlelerEel thdiptésentShiventiSRay bPeMRloy3d singly or in

combination. The polynucleotides of the present invention, encoding HIV-derived

polypeptides, may be expressed in a variety of ways, including, but not limited to the

following: a polynucleotide encoding a single gene product (or portion thereof)

expressed from a promoter; multiple polynucleotides encoding a more than one gene
20 product (or portion thereof) (e.g., polycistronic coding sequences); multiple

polynucleotides in-frame to produce a single polyprotein; and, multiple polynucleotides

in-frame to produce a single polyprotein wherein the polyprotein has protein cleavage

sites between one or more of the polypeptides comprising the polyprotein.

These and other embodiments of the present invention will readily occur to

25 those of ordinary skill in the art in view of the disclosure herein.

BRIEF DESCRIPTION OF THE FIGURES
Figures 1A to 1D depict the nucleotide sequence of HIV Type C
8_5_TV1_C.ZA ( SEQ ID NO:1; referred to herein as TV1). Various regions are
30 shown in Table A.



Figure 11, sheets 1 and 2, presents the sequence of GagPol mutl na. SF2 ( SEQ
25 ID NO 14). Figure 12, sheets 1 and 2, presents the sequence of

GagPr ot | raBaw208&-2 (SEQ I D NGO 15). Figure 13, sheets 1 aau/udp2/pr3ésent s

t he sequence of GagProtl| naRTnut Tat RevNef.opt B (SEQ ID NO 16). 30 Figure
14, sheets 1 and 2, presents the sequence of GagRTnut.SF2 (SE ID NO 17).
10 WD 03/ 020876 Figure iyS] depiots arraliggement|of Enyrpodynepddasteons eayissn

bl 40, rodSEEMEUREL R Qa2 R 518 SERTEND: ??%%séﬁﬁiDslﬁ@”ﬁQSﬁeﬁie
of gpl 40. moo8F153/1C B NGBEQ@drkenshs u%ﬂée SE}(%IK!)J ROS). THeqs&bhs the
sequence of gpl 60. nodSF162. de1V2. nut 7 Figure 19, presents

t he sequendetveden diad amowmmsmmzegi@ns«zf t181n(i§|3@ ¢1D165 tR BV BypefG gure 20,

resents the Fi gure 21,

Br esent§s tﬁsé’la:t%g ﬂ?@ gafa“i bB’ggm%%“f ? (r‘fggﬂﬁcﬂ’\lg aé tﬁﬂragé/grz pr esent s
t he sequenggimeitedeTh&*25denotd N-Riked Dby lz(t%(?nbﬁ(l of N9 122l TV éllelﬁ@hgjo
presents the sequence of nef.D107G - rryrl 8.o0pt.SF162 (SEQ ID 15 26) .

Fi gure 24, Opm@genf WhtCh@asbqu@dlfledéa‘gnéﬂetofbtan@mmml%z (SEQ I D NO. 27).

Fi 25, h f . SF1 Fi
6 br csont o £ nd TEBGAIREETOA Hearns ST sh Mcsihd fetihidds bopech ticpu e 57,
presents tff@u&ﬁiﬁg‘%}ﬁ% A hhPBRPENP PRSI MSE%MOSE%M%R{%&QM gp#0 Figure 28,

presents the sequence of p2Pol | naopt. YM S |gure 29,
present® the sedigned poésep3rytropary SER (OBEDNIND tNOsB Ry atioRiagtivity F0Tatpr esent s

Shoet o 1 antuas B LOGE & T HEm oL BRHBR K 232BURTal Rovhel . opl B 95 (SEG 1D
NG 34) . Figure 5 presents exemplary data concerning export activity of Rev mutants
monitored by CAT expression. '
Figure 6, sheets 1 and 2, presents the sequence of GagComplPolmut.SF2 (SEQ
15 ID NO:9).
Figure 7, sheets 1 and 2, presents the sequence of GagComplPolmutAtt.SF2
(SEQ ID NO:10).
Figure 8, sheets 1 and 2, presents the sequence of GagComplPolmutIna.SF2
(SEQ ID NO:11).
20 Figure 9, sheets 1 and 2, presents the sequence of
gagCpollnaTatRevNef.opt_B (SEQ ID NO:12).
Figure 10, sheets 1 and 2, presents the sequence of GagPolmutAtt.SF2 (SEQ
ID NO:13).
Figure 11, sheets 1 and 2, presents the sequence of GagPolmutIna.SF2 (SEQ
25 IDNO:14).
Figure 12, sheets 1 and 2, presents the sequence of GagProtInaRTmut.SF2
(SEQ ID NO:15).
Figure 13, sheets 1 and 2, presents the sequence of
GagProtlnaRTmutTatRevNef.opt_B (SEQ ID NO:16).
30 Figure 14, sheets 1 and 2, presents the sequence of GagRTmut.SF2 (SEQ ID
NO:17).

10



Figure 32, presents the sequence of pol.opt.SF2 (SEQ ID NO 35). Figure 33,
presents the sequence of prot.opt.SF2 (SEQ ID NGO 36). Figure 34, presents
t he sequewoa3otosps ot | na. opt . SF2 (SEQ I D NO 37). Fi gure 35PCpruseran3s2 t he
sequence of protlnaRT. YMopt.SF2 (SEQ ID NO 38). 30 Figure 36, presents
the sequence of protlnaRT. YMAM opt. SF2 (SEQ ID NQSQ%E. 11 WO 03/020876
PCT/ US02/ 21342 Hiigiue d53mesopiscibe seanentreofSingiletReaNof. oty Bt(SEQHPNNO: 852 (SEQ | D
NO 40). Figure 38 esent he sequence I . . SF | D NG 41).
Figure 39, pr eséﬁ%‘geﬁﬁeprgee %etﬁ%ﬁée%‘%egfﬁrogtcgﬂ%‘%rg‘@&%@e%@%?@D NG 42) .
S Figure 40yopogsents the sequence of Prot RTTat RevNef.opt_B (SEQ I D

NG 43). Figure 41, presents the sequence of rev.exonl 2. Mb-10.opt. SF162
(SEQ | D NO 44) Figurgdr eprasentyihe sequence ¢f@pd€@Qmed8El 6% CwHwnab &) I . opt . SF162
(SEQ | %mlﬁé)%) 10 Figure 43, presents the sequence of RT.opt.SF2 (nutant)
(SEQ I D NO'48)~""" Figure 44, presents the sequence of RT.opt.SF2 (native)
(SEQ I D NG 47). F@reqe,eplé&ntdwhss_s,@qveﬁcet&egpwﬂﬂﬁasm@tdewmutﬁ@d §5Q ID

NO 48). Figure 46, presents the sequence of tat.exonl 2.opt.C22-37. SF2 ( SEQ
I D NO 49) .N@21Fi gure 47, presents the sequence of tat.exonl 2.opt.C37.SF2

(SEQ ID NG 50)._.Fi e 48, esents the ue f

Tat RevNef . opt . naﬁlwgﬂémfé%enf%@@“f@enﬁd §?§g&ﬁoagfb&4‘&wﬁf®§%§ﬁ@ Re
sequence ofndabRevNef ..opt. SF162 (SEQ I D NO 52). 20 Figure 50, presents the
sequence of Tat RevNefGag B (SEQ ID NO 53). Figure 51, sheets 1 and 2,
present® the sediigne@0ppreFatRbe NefugageQiantiophnBt. SESESEQEDNIORS).. Fi gure 52,

heets 1 and 2, ts th f., T Prot | naRTnut B ( SEQ
"D NG 55) 25 FIlJEItE 28areit D CETEe ot ERSLE S TR DO p2Pol opt B (SEQ
ID NO 56). Figufigue4o, Reeneiths st n%%m@zﬁ.-ﬁﬁ.&ﬁwﬁ%@gﬁk i pt B (SEQ

ID NO 57). Figuré 55, presents the sequence of vif.opt.SF Q I D NO 58).
NO:25).
Figure 23, presents the sequence of nef. D107G.-myr18.opt.SF162 (SEQ ID
15  NO:26).

Figure 24, presents the sequence of nef.opt.D125G.SF162 (SEQ ID NO:27).
Figure 25, presents the sequence of nef.opt.SF162 (SEQ ID NO:28).
Figure 26, presents the sequence of pl5RnaseH.opt.SF2 (SEQ ID NO:29).
Figure 27, presents the sequence of p2Pol.opt. YMWM.SF2 (SEQ ID NO:30).
20 Figure 28, presents the sequence of p2Pollnaopt. YM.SF2 (SEQ ID NO:31).
Figure 29, presents the sequence of p2Polopt.SF2 (SEQ ID NO:32).
Figure 30, presents the sequence of p2PolTatRevNef.opt.native_B (SEQ ID
NO:33).
Figure 31, sheets 1 and 2, presents the sequence of p2PolTatRevNef.opt_B
25 (SEQ ID NO:34).
Figure 32, presents the sequence of pol.opt.SF2 (SEQ ID NO:35).
Figure 33, presents the sequence of prot.opt.SF2 (SEQ ID NO:36).
Figure 34, presents the sequence of protIna.opt.SF2 (SEQ ID NO:37).
Figure 35, presents the sequence of protInaRT.YM.opt.SF2 (SEQ ID NO:38).
30 Figure 36, presents the sequence of protInaRT.YMWM.opt.SF2 (SEQ ID
NO:39).

11



Figure 56, presents the sequence of vpr.opt.SF2 (SEQ ID NO 59). Figure 57,
presents the sequence of vpu.opt.SF162 (SEQ ID NO 60). 30 Figure 58,
present s wbhasszgaence of gpl 40nbdSF162. GML35- 154- 186- 195 PCSHER0L/ZI3MO. 61) .
12 WO 03/020876 PCT/ US02/ 21342 Fi gure 59, presents the sequence of
gpl40nodSF162. GVL54 %SEQ ID NO 62). %ure 60, presents the sequence of
gp140modSF162. Gligye 33aresststhraquemendPred)aR ThutiSFa (SEQID No«iint s t he
sequence of gpl E r£.62 depicts
LABIHE 35 RAbGR DhastelPRRKT. @E@F@@Eg O@ R

al i gnnment of am sequences I ous Iatl n nutants
(&M, includingR@ 18g9a1ﬁtﬁntsrta@§éqgémrbf@frommmml 2 B (S¥ebD NO 65) ;
transl ation of gpl40. nodSF162 4 (SEQ I D NO 66) transl ation of
gp140. nodSNG@ZA2GML54- 186- 195 (SEQ I D NO 67); and

gpl 40. dSF162. 35 54-18 5 (SE i gure_ 6 resents an
overvi ew of gen ﬂéa‘ﬁ??& S'té%se © Q\?f?f%m&?v eg"%%ﬁgéﬁ@rﬁ: fragments.
Figure 64 m@&;@yts anti body titer data fromimmuni zed rabbits followng 15
i mruni zation with H V Envel ope DNA constructs and protein. Figure 65
presents a conpdfigerod lofregntsIhe séquenas adgen.eroml shidSyKboB. SE42 GE@k| ope
proteins | (éq‘?[?lt sera collected after three DNA i mmuni zati ons and a

singl e ‘boost. Figure 66 presents data of neutralizing anti body

res ponses agai ngj \;ﬂ‘lﬁ by ReseRts tRO seomde FEMPMDnSLT. @f)tﬂSFl@Z (SROITbSNOMHYNi zed
with subtype C TV 1 Env in a DNA prine protein boost regimen. Figlre 67
present® dat a ofFigeatdapresentsghe sequbasdyol RS ppiddEd mutraitnSEGIDINGDE6)C  pri mary

strains, TV1 and..TV2 in 5.2 orter y after | e _protein
boost. Figure g@ éé%?ngﬁﬁgwe%ﬁﬁﬁ ?Igtrss}% (5%’3 EB%@Q%%‘QES agai nst
subtype C 25 TV @@dfs%i ehts 1RO e Hﬁgevmzﬁnut%g%% oM@l ngl e protein
boost (as rreasure ke PBMC assay). DETAIL SCRI PTION OF THE

| NVENTI ON The prﬁgmneéé wesentsehp samende afristenonhi2.opit 223 EA/(SE@ 2 s s

ot herw se | 4§ ted, 30 conventional nethods of chemistry, biochemstry,
nol ecul ar I gy |nnunology and
15 Figure 47, presents the sequence of tat.exonl_2.opt.C37.SF2 (SEQ ID
NO:50).
Figure 48, presents the sequence of TatRevNef.opt.native.SF162 (SEQ ID
NO:51). '
Figure 49, presents the sequence of TatRevNef.opt.SF162 (SEQ ID NO:52).
20 Figure 50, presents the sequence of TatRevNefGag B (SEQ ID NO:53).

Figure 51, sheets 1 and 2, presents the sequence of TatRevNefgagCpollna B
(SEQ ID NO:54).
Figure 52, sheets 1 and 2, presents the sequence of
TatRevNefGagProtInaRTmut B (SEQ ID NO:55).
25 Figure 53, presents the sequence of TatRevNefp2Pol.opt_B (SEQ ID NO:56).
Figure 54, presents the sequence of TatRevNefprotRTopt B (SEQ ID NO:57).
Figure 55, presents the sequence of vif.opt.SF2 (SEQ ID NO:58).
Figure 56, presents the sequence of vpr.opt.SF2 (SEQ ID NO:59).
Figure 57, presents the sequence of vpu.opt.SF162 (SEQ ID NO:60).
30 Figure 58, presents the sequence of gp140modSF162.GM135-154-186-195
(SEQ ID NO:61).

12



pharmacol ogy, within the skill of the art. Such techniques are expl ai ned
fully in the 13 WO 03/020876 PCT/US02/21342 literature. See, e.g.,

Rem ngt orwe oBl2ansmaceut i cal Sci ences, 18th Edition (EastonPCTRSansMhxani a:
Mack Publishing Conpany, 1990); Methods I.n Enzynology (S. Colow ck and N
Kapl an, eds., Academi c Press, Inc.); and Handbook of Experi nental

| nmunol ogy, Vol Figure f% gresents thesaquensg of2pl40modSkive? GMBdSEQIEB6, Bl ackwel |
5 Scienti fmﬁ Ilcatl ons); Sanbrook, et al., Mlecular Coning: A

Laborat ory (2nd Edition, 1989) Short Protocols in Ml ecular

Bi ol ogy, 4th ed Flgu%lﬁﬂli{ﬁbseﬁts t8é sequ@ﬁ)‘é of gp PABRoddThe2. BIM BY- 186 EQWbl ecul ar
Bi ol ogy Techni ques: An Intensive Laboratory Course, (Reamet a eds.
1998, Acadéﬁll‘éorﬁr?’éss) PCR (I ntroductl on to Biotechniques Seri es) ond ed.
(Newto & G aha 1997 rin er .~ 10 i j

speci f| cation, ?ﬁ%r%%g?ﬂesﬂlts tgg?ﬁsqu Ceo inéﬁﬂéﬁ dﬁgléfﬁg’fl&gééﬁgﬁa al
referencesN(mlm;ss t he content cl early di ctates otherwi se. Thus, for
exanple, reference to "an antigen” includes a m xture of two or nore such
agents. 1. DEFI Migorond depicisraligegant pbamJQOtahJé spauesieestofivavieyt Eron, t he
following t

o oot od sBiBRy o migSTEMY BinaRR drit &id BLEMER of S POPEENTE Iy

pol ypept i d‘%SEQQWNO%S)P@&%Mh%P%Mi@&nd&M&SZ@I\I@Iﬁﬁ@mﬂﬁm .6en nodified as
descri bed herein, for exa X/géo on substitution, altered activiti es,

and/ or 10 nadtanslagiaroef gjﬂ@ﬂﬂhﬂdﬁfﬂﬁﬁ“,} GriHckS.(SEQ Iﬂmﬂjﬁby@mi‘ or "native"

sequences, t de..encodi ng sequences that
are essentlﬁﬂ(tjJ gsﬁﬁ@bg/\[lgsfe]é?}n®6 ]%SRS#WQ ), Gag, Pol, Vif, Vpr, Tat,
Rev, Vpu, Env anghné chietesems aflohdvie@Uieas®te asahRititth dfHIW- Vaﬁ&@ieﬁles €e.g.,
SF162, SF2, AF1 10965, AF1 10967, AF1 10968, AF1 10975, 8 _5 TVl _C. ZA,

8 2 TVl C Zwbgmomi_l‘—fSagmm C.ZA The varl ous regions of the H V genone are
25' shown in Tahle A_ with numerin ive to .8 Fi gures
1A-1D). Thus, 2t B4 frosgpp a Ht?@fi Merd gioénHPmH%‘F ‘E’Ff%‘?‘%‘P owi ng

pol ypeps i d%muﬁi%hﬂ&?ﬁrﬁﬁ?llv(ﬂﬁpwpk DPPA@élﬁﬁﬁéts(aH&BFc)temr everse transcriptase
(P66RT or RT); RNAse (p15RNAseH); and/or integrase (p3lint or Int).

| denti fication dﬁgtgeﬁé presgite asompnrisanpf EEE$ A titaasl agdingt sehtymibanh€ be

per f or med one of ardin ski | | ed on. the 30 teachings
br esent ed %@PH@ B i Ao i ek 1OV SRz SR ASRE by
perform ng et s relative to 8 5 TVl_C ZA (Figures | A-1D) or ali gnrrent
to 14 WO O /020876 PCT/ US02/ 21342

Figure 66 presents data of neutralizing antibody responses against subtype B

20  SF162 EnvdV2 strain in rabbits immunized with subtype C TV1 Env in a DNA prime

protein boost regimen.
Figure 67 presents data of neutralizing antibody responses against subtype C
primary strains, TV1 and TV2 in 5.25 reporter cell assay after a single protein boost.
Figure 68 presents data of neutralizing antibody responses against subtype C,
25  TVI1 and Dul74, and subtype B, SF162 after a single protein boost (as measured by
Duke PBMC assay).

DETAILED DESCRIPTION OF THE INVENTION
The practice of the present invention will employ, unless otherwise indicated,
30  conventional methods of chemistry, biochemistry, molecular biology, immunology and

pharmacology, within the skill of the art. Such techniques are explained fully in the
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ot her known H V isol ates, for exanple, Subtype B isolates with gene regions
(e.g., SF2, GenBank Accession nunber K02007; SF162, GenBank Accession
Nunber N8B8420)08ad Subtype C isolates with gene regi ons PeTgiSo2/BsmBank
Accessi on Number AF1 10965 and GenBank Accession Nunber AF1 10975). 5 As

used herein, the term"virus-like zartl cle" or "VLP" refers to a
nonr epl i catlitéigiurs i $es) e-ghfemingden's Pharmaceticahycigrcesddth Belition (lgaséan. di scussed

further belgge Wb RNALE PABRGRR ComEATPRBGH 1011, 0R%, FrcRBeY( .2l Protel ns,

such as, but ose pr erred t'o as psi d, coat,

shel |, surf@siewRRAhON. mplahpeme woaﬂ@ma?res@rIn@arahdH@dbwmmppﬂmetl des
deri ved fromthese proteins. can form spont aneousl y upo

r econbi nant/"ERFesy; Yols- IV ﬂ%M)rW?’élaﬁd (878 dﬂac%ﬁ@}lo?ﬂsvéf) @ﬁ%@m on system
Met hods, 1 or% n?ﬁ%' ﬂpﬂ%aﬂ%{sg | GRS kaE% s "?\{Iglfe#ﬁc? V@lohzr;'z c%otra Walsgpssed

nmore fully presence ot OW ng r |nan expre55| on of

viral prot e(Qﬂ@Eaman,bmsggt.%otza%twmgn mm%lmﬂaky,mméml(ﬂuaﬂ)ekw in the
art, such as bg el ectron m crosco@]y X—raézg stal | ography, and the Ilike.
See, e g., Haké 99et701311WﬂeffL§ BnspHgelecigar Biv WIQWASAQWGHSZW%gensee et

al . ' \/ rl? b cgtg‘;%gnz%ursgse Qéet a?oé 1F9@§d§ n?n ePd‘ess %Zm‘m uc'tso%l t?éed by

denS|ty gra rlfug i on an rac

density bafﬂb%lmzé‘&eﬁs@’eﬁ@.ﬁ)l el a4, (Né\)&ﬂﬁi'&‘@rﬁl&ﬁhéHsCﬂ99’¢(82)Ymgé{ﬂVéiﬁg)perfOr med
on vitrified aqueous sanples of the VLP preparation in question, and

113 A NS

i magesl® ecor ded Asitred Hh@ms@mlﬁ%ﬁt@nebbp@@ﬁ\ﬂéf englia,} oA and(they) include

weant & §ulRLER sy SAgs e iy SRR P e th 5 o 7 " S

fragment t hefee@ice tdd*andnti¥én dhclidedtaghiRtiné bhtwobanerelsudieh@ihisons, whi ch has
the ability to form VLPs under conditions that favor VLP formation.

Accordingly, the polypeptide nay conprise the full-Ilength sequence,

fragnents, trunc]gtﬁ%@ﬁ 1ggrti al sequences, as well as anal ogs 25 and
precursor forns of @F%rence nolecule. The termtherefore intends

del eti ppis, addlmld@mlbm@dhéy&%ﬂtmhm theXoll\Ring REHHBNGR be SiployBd a8 t he
pol ypeptide retains the ability to forma VLP. Thus, the term i ncl udes

nat ur al vararamtezmlsdmquﬁ“mséetmﬂice@dbpbwpept| de since variations in coat
proteins often agc etween vira 0 i ncl udes

el et ons. . aadi tootbed e iers Phhseaietdth ferer O Ry e Pideo i s n 30
the refer ef’tﬁﬂyﬁ&lébﬁ‘dda wh®Se Eﬂﬁ'&sﬂﬁl Hab Beddl b Bfidll ds@leddribed h@&uﬁ%r'dth o forma
VLP. Preferred substitutions are those which are conservative in nature

i.e., thoséyl®dnDsWs!imrios,78RET a9gokiee hd/2r inactivation of inhibitory sequences.

20 “Wild-type” or “native” sequences, as used herein, refers to polypeptide encoding
sequences that are essentially as they are found in nature, e.g., Gag, Pol, Vif, Vpr, Tat,
Rev, Vpu, Env and/or Nef encoding sequences as found in HIV isolates, e.g., SF162,
SF2, AF110965, AF110967, AF110968, AF110975, 8_5_TV1_C.ZA,
8 2 TVI1_C.ZA or 12-5_1_TV2_C.ZA. The various regions of the HIV genome are

25" shown in Table A, with numbering relative to 8_5_TV1_C.ZA (Figures 1A-1D).
Thus, the term “Pol” refers to one or more of the following polypeptides: polymerase
(p6Pol); protease (prot); reverse transcriptase (p66RT or RT); RNAseH
(p15RNAseH); and/or integrase (p31Int or Int). Identification of gene regions for any
selected HIV isolate can be performed by one of ordinary skill in the art based on the

30  teachings presented herein and the information known in the art, for example, by

performing alignments relative to 8_5_TV1_C.ZA (Figures 1A-1D) or alignment to |
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substitutions that take place within a famly of am no acids that are
related in their side chains. Specifically, amno acids are generally

di vi ded iwDw®3fozgre fam |lies: (1) acidic -- aspartate and glrararsar/zt341 2)
basic -- lysine, arginine, histidine; (3) non-polar -- alanine, valine,

| euci ne, isoleucine, proline, phenylalanine, nethionine, tryptophan; and
(4) 5 unch&thsednpwsndH V.isolgps; derpxamplep SubiypnB isodgten withaie regigRs (e, seri ne

t hr eoni ne, r asiHe. nyl al ani g n ' .0Si are sonetines
classifiedsgg’gggg% r%ggﬁgﬁg%ngg#g§2m¥L§B?ggzgmﬁP@Pgﬁ%%%gékﬁ'éﬁrrefers to
any ami no agighospantesetypd@isoRudiviatt %neFf@%yr@r(@.%.,@éﬁﬂaﬂg)&c&&siﬂﬂl\iuﬁﬁ)eﬁ' \Y
pol ypeptides (e.g., Gag, Env, Prot, Pol, , Int, vif, 10 vpr, 'vpu, tat,
rev, nef aﬁﬁﬂdp9g%Wﬁiﬁg$BQM%A@ﬁ@W@bNymhﬁﬁ$E¥Kﬁﬁﬁkh is functional. Non-
limti exanpl es. of .functj.aons _that be. exhi hi.t ed H V pol ypepti des
includg? use a %%ﬁ%h@ﬁghgw?%?bf?“ﬁ%ﬁég%gfgtQTSVFE E%%Fuéﬁd/or cel lul ar

i mmune r espER®Plicatig vital shefli AaMRBLIAS afPobevéralvithsEydisoubded Thehar Bblokodi es
for use in ELISAs or other I nmmunoassays) and/or pol ypeptides which exhibit

one or nor &ldscire gensatllypotipesadiadone 05mese vitdl praseinpisueh ashbutsiot dmitpgéo or
synthetic H V polypeptide, For ex | e s used erein the term"Gag

ol ypept | deRoRaoRF BHEEE o Sront bt Ehat TR anli @ By pb REUG Sror o

anti - Gag afﬂ)_faftfé%dfcﬁﬁﬁng%dlﬁie%tﬁe@ dbvEarfedm eRdé Brot&ifd. | VILBY canfBHRe response;
and/or exhibits the ability to formparticles. An "antigen" refers to'a
nmol eculle cepertarbonsly tpen meombinenteppresiien of i phaiein iPen dfipmepmiate conf or mat i onal

both) that wi.l|l i host: s. | t K |
and/or bel FOPErorsiseh. MBS of DR E ik ST HE Vigs e ol b Ehangeabl y
with the t Qiﬁs@hé'sEHrEﬂHB@gﬁl?-b'éloNQr’l"fﬁ'ﬂré’sen@: &eepd foﬁ@@h@@@co‘fﬁl:{i%ag& &%r_r pnat | east
u .

about 5 am no aC|d$ can be as snall as 3-4 amno aci -cel |
epi t ope, suwfNirglprate@Fican bpieteqied using ¢onvantiandbteghniques knowib outhe Zet9sughi no

i ds, d h T-cel | it t | t 2 bout 12-20 ) i ds.
ocids, and 2 Delper, Ticelloenl tane, Stibsasl, &9 BB J2.20 e spids
as, 9,1510, BlZymk. ﬁ?l@”ﬂ)@:l@%-@ﬁ%;%eﬁs@é@ié{lﬁ}'ﬁ vasN(1998n68-250R9%d, subunit

antigens, (i.e.”, antigéns which are separate and discrete froma whol e
or gani sm \kior hxathple \VERecaarbeiispiated by densivy gratliedt ¢emtrifagatios )apd/as idestifiedas

killed, attenuated .or _inactivated.bact.eria, viruses, fungi, rasites or
ot her i or GBBAREr i tATaD) OERE A ISty - U D8 TsToMSBFRL0e or
fragments tp@%ﬁﬁéd o@%iﬁ%&ﬂ%ﬁ@éub SarlFIBd bﬂ;ﬁe mL@ﬁ@ﬁﬁaioangﬁ&tioﬁ%dm mc an

antigen or "antigenic deterrinant, are al so captured under the definition 16
WO 03/ 0208 B2 @RETEIB0] @ided 2prodpraate exposuresondidnsherein. Sinmilarly, an

b Lo o0t 00 Bl ot b S 0E 5 5 S Tl o 9971 ©
meant a full-length or near full-length viral protein, as well as a fragment thereof, or a
viral protein with internal deletions, which has the ability to form VLPs under
conditions that favor VLP formation. Accordingly, the polypeptide may comprise the
full-length sequence, fragments, truncated and partial sequences, as well as analogs

25 and precursor forms of the reference molecule. The term therefore intends deletions,
additions and substitutions to the sequence, so long as the polypeptide retains the
ability to form a VLP. Thus, the term includes natural variations of the specified
polypeptide since variations in coat proteins often occur between viral isolates. The
term also includes deletions, additions and substitutions that do not naturally occur in

30 the reference protein, so long as the protein retains the ability to form a VLP.

Preferred substitutions are those which are conservative in nature, i.e., those
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DNA i nmuni zation applications, is also included in the definition of
antigen herein. For purposes of the present invention, antigens can be
derived fwomsamg’ef 5 several known viruses, bacteria, pacadisvesi3and
fungi, as described nmore fully below. The térhi al"s¢” i*ht'énds™ary~ot “t he
various tunor antigens. Furthernore, for purposes of the present

i nventi on, sabstitetioms deat takegfacesvithin & fagplytod pringacids thaareerdaiedipdhgir gide i ons,
such as del et.ion Bt titutd . | .y _conservative in
ot ur o), ¢ 6Teg Shechitgl o RA SLRSHE bR RRIRE Bmitest PIREHIE e

abi lity to Jghdrfatd artlglhfaiarQ (DHasiBl-- Béind, @EHMAE Ristidfede) nBEDoRLL Lilshinel hese
modi fications may be deliberate, as through site- directed nutagenesis, or
may be accivabmg ducing ispliedaing, praingrphenylalenion snepionpettsypigithen; pddduce t he
antigens. An "iquqﬂlogifal resgonse"l%o an anQL%en.ou conposition is the
devel ophrent ichaies ROl & SIYCH: SPRIGREP AUAREELFYSHNG SPHNG FCORMR IYEOSPEs ponse t o
an ant'9?”]Hkﬁﬁﬁﬂﬁn&ﬁq%ﬂﬁha&ﬁmﬁ@ﬁﬁgﬁé&h@@n@ﬁn&ﬁ&@kﬁﬁﬂasERﬁmﬂE%ﬁﬁﬁﬁs of the
present invention, a "huroral inmune response” refers to an i nmmune response
medi at ed byac@lst i body nol ecules, while a "cellular imune response" is one

di ated by T-1 f. /or.oth ite bl |ls. i npor t ant
Topect of vl | ul iR IRy PO RS Em i apufe 838 sfente palioiE hy "
cytol ytic Te§RhbtShdmbIbky 8 natvEEVSHIEepRREI(E LG iday, ERY, e RTAM g@ns 20

that are presented in association with proteins enched by the maj or
hi st ocbrpatvipbi vput at, reamef exd/¢ns@)bisatidnethpreedsad/op whidhels funcfiemdsNoh- cel | s.

CTLs hel p i,nduce and., pr.qnote the destructi.on,of_intracel.lul.ar m crobes, or
Che Tysi & FHEs pEMhissRERERant the: CREPE SRR g I o AEPHS B RS et T ut ar
i muni ty i nXGhM 80 gdhs @) BLPerRPRE b hiufioral ARIRGTRBuIRY intRhiiRGEspbn&sS! dsg in Hel per
T-cells act to help stinulate the function, and focus 25 the activity of,

nonspeci f i disghbstets de. gclrind bygaitatdt antibbdliss ir spd mEII§ Asepotlbe anti gens in
association with MC no|ecul es t heir rface. A "cellul ar inmune
eaponcer  AMEnORIHE) SV G PGB G R Syt R SL IO HaAERISS  and

ot her s4ich ARl 8edH fh MOFIESle oPXyrﬁlfettib‘}ﬁVeI%ﬂa}ffeﬁﬁélé. SF(ﬁfréQﬁl‘i’i%)_lePz{shﬁEdvm' te

bl ood cells, including thosé derived from + and CD8+ T-cells. 30 A
conposi t i orheosin, wae tirme‘Gag golypeptadel’ snay refet foud polypeptide that sdpundby nee/oser ve t o

sensitize a vertehrate subject by the presentation of antigen i
SS0ci at oM RIS SO 3 SR PR A0S EE AT BOBTBE e cel |
surface. Thgnfpgh {He%ﬂitfﬁcﬁﬁrfn@mﬂf}’esf esponse is directed at, or near, cells

presenting antigen at their surface. In addition, antigen-specific T-
| ynphocyt es can Awe“geiger atéds tooa mbleowle tantaining ohebumerpepitapes (eitherof an

e e eelRe g vt B h biiEe sl IRt Shkto Hake &

humoral and/or cellular antigen-specific response. The term is used interchangeably
with the term “immunogen.” Normally, a B-cell epitope will include at least about 5
amino acids but can be as small as 3-4 amino acids. A T-cell epitope, such as a CTL
epitope, will include at least about 7-9 amino acids, and a helper T-cell epitope at least

25  about 12-20 amino acids. Normally, an epitope will include between about 7 and 15
amino acids, such as, 9, 10, 12 or 15 amino acids. The term “antigen” denotes both
subunit antigens, (i.e., antigens which are separate and discrete from a whole organism
with which the antigen is associated in nature), as well as, killed, attenuated or
inactivated bacteria, viruses, fungi, parasites or other microbes. Antibodies such as

30  anti-idiotype antibodies, or fragments thereof, and synthetic peptide mimotopes, which

can mimic an antigen or antigenic determinant, are also captured under the definition
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5 response may be determ ned by a nunber of assays, such as by

| ymphoproliferation (lynphocyte activation) assays, CITL cytotoxic cell
assays, owoOlw/oassayi ng for T- |ynphocytes specific for thecaniSoyzr4in a
sensitized subject. Such assays are well known in the art. See, e.g.,
Erickson et al., J. Immunol. (1993) 151:4189-4199; Doe et al., Eur. J.

| nrunol . (mgm)igmsmez@ﬂGSirﬂbdemn oligohudeotiole onpa]e/umdlmid@evhiCMO medi at ed
i mmune response incl L%de neasur ene } of. aﬁgtracell ar. c OtFI nes_or cytokine
secretion BYPHESIES PR AEET OLAPWFREC Qsferpinanuichive an‘F g%‘f:? THRY Eecific
T-cells (ergva Munhﬁﬁoﬁ zﬁiphé‘éfﬁn‘hs i€ GRO MR HeYe @Hﬁﬂu&i’o%@fg&hﬁé‘fém. A.J., and
O Cal | aghan, C A. 187(9) 1367- 1371, 199 eyzer-WI1iamns;
M G et al, | nﬁmmurpom\nf th@ﬁ"esf—nt Bventi9Q 6rtigend cearbie, defived fromany of . Exp.

859- 865, 1997 5 Thus, an 0 ical .re used herein
L e T
or activat iaf 10fm B8 REndd any 6t the varldif bt &ﬂ%@ns‘)fFu'rﬂBEﬁﬁ@rétfo Mrp%késcbfe' icit
an anti body-nedi ated i rmune response. Hence, "an immunol ogi cal "response may

i ncl ude oneh®presat énvehtidnh en faltigeni refere fof @ptosein whghpnodmﬂfvsmoddicaﬁomnt [ bod| es

by B-cells nd/ or, t he tivation,of su es T-cells and/ or
T cel I o 1UE BxosioB R aioh i R ey SARTEGuEe Bt ESUR 1 A o

conposi ti o0 ?ecﬁﬁ&fden& 18hg h@fh@:eg&t&m iSRS El‘@sag gﬁn%qzﬁﬁn%ﬁl‘éﬁoﬁ)gmal

neutralize In vity, and/or diate anti ment nti body
dependént aedponssy i tiefined hergin( ADES) mbdifipatinns gevy bp delitecite cas thiwugh sikevmuni zed
host. Such esponses can be determ.ned umﬂﬁstta ard |mmnoassays and

neut r al i zatdiGAted JAHIECNCSSRa OF RN SRACTIF 3l eSug ARG gerts evhich

conposi ti ony, oéi@ce%h&ﬁﬁ‘@@&.t' on that conprises an antigenic nolecule where
adm ni stration of t conposition to a subject results in the devel opnent
in the subject o&némimmmologica}mstﬁme atocanl dntif@r or compoeitive he develapniene
antigenic nol ecul e The i myunogeni ¢ conpositjon can he

I nteres
i nt roduced malswéleetm? a.hﬁfneraé ap@ef ?)F@h@arélaﬁiug%fesp@ﬁew A npigen preseqtim the

|t ra ingt Ry sht BRIGE o SRR (B s stan e B FSARY * cubuni

vacci ne" | gesppant” rafevsaoahimnmoapspotse amedidteClhy dntibddydmsleoules, vhile mor e
sel ected antigens but not all| anti ens derived fromor honol ogous to, an
antigen fré laarﬁ@ma@éﬁﬁpwseu F?t@ﬁé%‘t diaerby ‘Edyrphosytes ond/eisothefawhits | um

parasite 0 dﬂq&'ﬁ O ﬁgpcﬂtanPgsgg&sdftcEﬁ)Lﬁaﬂ @@ﬁg?gﬁp%?hﬁ Xntigeﬁ%gﬁg ifyd ntact

pat hogen ce s or pat eni c particles sate 0 cells or
particles. réposse by é}&(blmm’l“{cellsa(é‘ﬂlméé) C(éideiﬂvamaﬁ'rcﬁyl férrpepridd antigemst
partially pgrl fied (preferabl subtijtantl ally purified) inmmunogenic

pol ype%ﬁ i ddBat e Brasentd BAEWS iAn Wi Péﬂt&}nég‘gchﬁ% 213 mq?ﬁ’éhlﬁ@ﬁ?iﬁﬁatﬁ’ﬁhty

obt ai ni ng %nﬁmf WC} B ékg?é;sédrbn the surfaces of cells. CTLs help induce and

promote the destruction of intracellular microbes, or the lysis of cells infected with
such microbes. Another aspect of cellular immunity involves an antigen-specific
response by helper T-cells. Helper T-cells act to help stimulate the function, and focus

25 the activity of, nonspecific effector cells against cells displaying peptide antigens in
association with MHC molecules on their surface. A “cellular immune response” also
refers to the production of cytokines, chemokines and other such molecules produced
by activated T-cells and/or other white blood cells, including those derived from CD4+
and CD8+ T-cells.

30 A composition or vaccine that elicits a cellular immune response may serve to

sensitize a vertebrate subject by the presentation of antigen in association with MHC
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t he subunit vaccine can thus include standard purification techniques,
reconbi nant production, or synthetic production. 10 "Substantially

puri fi ed"woeneembic refers to isolation of a substance (compoln$p2/21342

pol ynucl eoti de, protein, polypeptide, polypeptide conposition) such that
the substance conprises the majority percent of the sanple in which it
resi des. Tymelealldsyatithe eellsurfptee The cellinediatad ininiupe pesponsedsidisestasiorteit

conprises 50% ef er apl 0% 85%. nor.e refer.ably.90- 95% t he sanpl e.
Techn ques ok Bl BURGhdoreberase. ThIEE gl EBRET. "F ot or oot
are wel | - kngwphdcites Ren B& berdffed RClddefor fRfu@¥SPidk@tioh 8Nan BisliAREost.
chromat ography, affinity chromatography and sedi nentati on according to

density. A "codiThy abdifyehe partioilaransigepuionsisnuidie elecll-aedistpdgmmuneglopiselt ed
| i de, | l.ei c .acj.d mol ecul e which i i bed (i.n th
0F DRaS andtitRirsiay B O PmPHLY SERRST SPotsmish 1o PS8R aithie | n v vo
when pl aceCtl}h&%@EytEBSt_%_ﬁa@iﬁgyﬁka f CPDRY ORI 45884 At a¥sa§RgBaNELes (or
e

"control eleéenents™). oundaries of the codi'ng séquencé are determ ned
by a start lyoploeytss spémficfor (herantign in @rsensiired snbject. SuckasshystaroweBt op codon

t the 3 b t er g nus. odi ng, s ence { ncl , i'S not
i ted t o KTBERAL Fik Ay Sonf B ESE o S 5P SSHRR4198hbAE S D5 Da
sequences fdam i & 19 QE 994§ Q4B 60476 aREcHY BRIRME bigbistritNeIs €quences.

A transcription term nation sequence such as a stop codon may be | ocated 3'
to thel0 codnedjatedipuenaeresionsé malude peaturahent o€ merrdlujaricptokndeor dyteking e not

limted to, transcription onoters, transcription enh r .elenments,
transcr i pt GHFELEE Y RerlaRPubons & Dy3bedsuiyRabal AmOPs ool Ueriase £ B¥at cd 3
to the trangd alidARr &cARiqEOARHEweSBANRMIERe], QLY. AREOTTARHANC A, J M1 ati on
of translation (located 5 to the coding sequence), and 19 WO 03/020876
PCT/ US02/ 211342 187EM $3GEH-1BH, 1 898yMchityzen- Vedquenhes., eFaly Irexanygdl Rev. 15@5-

sequences and/or vectors described herein al so i nclude one or nore
addi ti onal dedtdh Vapha%"ﬁéi] 7 ﬂfez’él§§3§§§:‘gg§t]i98w-and/ or termnation

i ncl udisg, but I%!;{q]']#]ﬁ'% : %@Q C ed in
front {g) of tﬂg{u& of t Ottla&%cggrg -opfgﬁﬁ‘l&%ggl@%%?éﬁlg%gnﬁ ea erg&‘g‘lr%%gany

ot her sui t aht¢ erddeetiar oSETLE Rad of the gproductiah or aqaationbilirter Tnedlisv&hai | d-t ype
| eader)) or a term nation sequence n&g ., TAA ar, preferabl TAAA pl aced
after (3') APHigen elgafertst 518y iR cucit . & P«?Bﬁﬁ@ﬂ@@@il@@%&ﬁsa@nsge 8ffcé® or a

Ceruelee W AR 56V SRR L BROL i gy et o'«
production of antibodies by B-cells; and/or the activation of suppressor T-cells and/or

20 . yd T-cells directed specifically to an antigen or antigens present in the composition or
vaccine of interest. These responses may serve to neutralize infectivity, and/or mediate
antibody-complement, or antibody dependent cell cytotoxicity (ADCC) to provide
protection to an immunized host. Such responses can be determined using standard
immunoassays and neutralization assays, well known in the art.

25 An “immunogenic composition” is a composition that comprises an antigenic
molecule where administration of the composition to a subject results in the
development in the subject of a humoral and/or a cellular immune response to the
antigenic molecule of interest. The immunogenic composition can be introduced

directly into a recipient subject, such as by injection, inhalation, oral, intranasal and

30 mucosal (e.g., intra-rectally or intra-vaginally) administration.
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10 translated (in the case of MRNA) into a polypeptide in vivo when pl aced
under the control of appropriate regul atory sequences (or "control

el ement s"WO o3lozoshoundari es of the codi ng sequence are detPemmisnzeii3hy a
start codon, for exanple, at or near the 5 termnus and a translation
stop codon, for exanple, at or near the 3' term nus. Exenplary coding
sequences are tH&Y rAEVHI EaSCIRET BIMesst § peosite ¢empesitieonywhish ieoltdss ong orl5 t he
present inv i he.. codj reqi.ons of . t.he pol ynucl eoti de, sequences of
the pres enli%&itenS \glfé%tfe g%ﬁ“%?@%"?%%"rﬁ ?“1 |ﬂfa ﬁtg%e]ng dgﬂf}v%dntgo%fog g&{r\o?o RS fonan 3‘%fg65nd may,
for exanpl efroli@ path@dsed ¥f intedit kidhed fiyn @%ﬁs@biﬂtémrﬁ,?ﬁft%it@bf ansuRfsighla t hree
frames of the pol ynucleotide and identifying the frane corresponding to

t he encodedcogaroyibienis wbstantilly dieg @p intact pathegentdgls picpatledeepis| paricddseott thele of

t he pregent. jnvention .en a npef-derived 20.pol tide, transcription
term na ioﬁwggﬁ%@%ggaﬁgfgggﬁggﬁtg§u§@ ggmpﬁgw%: |ﬁé€gggﬁﬁgﬁ8§pn*§bica
“control eligasepinsially puieied dprefdabily aitRtan@Allyl ﬁuﬁhé@qﬁhmnogérﬁaﬁ&m%@ﬁhw

regul ators, such as pronoters, transcription enhancer el enents,

transcri pt i ibem theepathiagsni arenglogs tiegsof.aifbe pothpd 9 nblamingam antigeremcluded innd
translation, requlators, su as equences for .optim.zation af. initiation
of transl atd ﬁl?ouéu.%d ?‘,’C’@n‘faﬁgﬂlﬁalp‘&ga%sgaﬂgf(ﬁ%ggﬁgmfgtem%eﬁgr ey e quences,
Kozak sequepie@sctioh, 6 synfhefid!piyaastidor the optim zation of translation,

| ocated, for exanple, 5" to the coding sequence), |eader sequences,

transl i on i ni t'iSabstantiadly gorifigd’ ggneralyeleys todsalatianaafsl sabstemcet(eompavatdi on
sequences. | certai n _enmbodi.nent. one or. nore tr.anslation requlation or
Tt at on BUqUERRUE PR SRRk, ralpe i ampes ianinan Dl b e

W | d-type tdomiplsed the ﬁla;jd}it%p&bbﬁfbfﬂ%ﬁ@%ﬁ whichGt residls. IGPHEIFRS dahple

regul ate translation of the coding region in their nati've state. | d-type
| eader sequesibstentidilytputifiekcdrsponenpadiniprisel 5076, prgfetdhly 3% 18666 nbescr i bed

herein, alsgo 20 0 20876 PCT/ US02/.21342 find use. in.the present

vent | on. P ETGET S Pl kIR | RACAB o p TR PO PHHEHEE By assi on of
a pol ynsicl ey e &R O ERERstORE hRIMotvh R aftQnl RRIREOIRERimpIE, ibaduced by an
anal yte, cofactor, regulatory protein, etc.), repressible pronoters (where
expr essi on exghange phioyratedramty, diéniy dirememgmpby atd sedimeritatbnt ascorddmggoonot er i s
i nduced by¢§p. nal yte, 5 cofactor, regulatory protein, etc.), and
constituti V&¥onoters. A "nucleic acid" nolecule can include, but is not

limted to, procRKYQfhEseqi&He®BE §SequehtealMal +ncoiRiAs QDY F)('Sl?g@pﬁklg% yotic
MRNA, genom ¢ DNA sequences from eucaryotic (e.g., nmamal I a DNA,  and
even synt het ieldBNKid sotpgelecdsch i§ansogibed Gih the caspofiDNA) and)tremtead (ilntte

e udgy s f  AESHIOHS D256 10 FUAL OB o DS gt O, Cperably 1 ke
appropriate regulatory sequences (or “control elements™). The boundaries of the
coding sequence are determined by a start codon at the 5' (amino) terminus and a
translation stop codon at the 3' (carboxy) terminus. A coding sequence can include,
but is not limited to, cDNA from viral, procaryotic or eucaryotic mRNA, genomic

25 DNA sequences from viral or procaryotic DNA, and even synthetic DNA sequences.
A transcription termination sequence such as a stop codon may be located 3' to the
coding sequence.

Typical “control elements”, include, but are not limited to, transcription
promoters, transcription enhancer elements, transcription termination signals,

30  polyadenylation sequences (located 3' to the translation stop codon), sequences for

optimization of initiation of translation (located 5’ to the coding sequence), and
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conponents so described are configured so as to performtheir usual
function. Thus, a given pronoter operably linked to a codi ng sequence is
capabl e ovoeBhzsré ng the expression of the codi ng sequen®eTiisen213e proper
enzynes are present. The 15 pronoter need not be contiguous with the coding
sequence, so long as it functions to direct the expression thereof. Thus,
for exanpl éranplatien teaminpidon seavenses. diasexgaple, the semieniep end/eetistarées can be

present betwee e_pr r. ce. and the. cqdin ) ce and the

b omoter shtaied Bl BIPIE pERGL SR ARG USSP Rre R TSGR coui ng
sequence. ZRnsReGPRR GrabiminARnUSREHINE bat AotlRniRe %6, d Rezak segehed . aCi d

mol ecul e means a pol ynucl eotide of genom c, cDNA, sem synthetic, or

synt heti ¢ 8¥CGARGpIResH in Font(Sp ofithe AFGiof shemdgnwlqpbmlznﬁmléctm k@qaﬂr of 1) hi s
not associ ated . wth |, or a portion of the cl.eoti Wit ich it
o asour adbtope hiplededtr SalR U9, Bt FRR PR HDELE i EmEat s of er
than that 1o WhiniRatidn sequenbd (68, TAANR! preforably) & A LA MacsCL@FRINERL " 25 as
used with regpect to aS%urot edlr%ﬁgdor pol yff)%pt?i1 e neanglag poﬁgegti de produced
bK texprleiss‘ybdiﬂg(s&qllmlnﬂfecorrbi ln?nlt_ pol ynucl elolti del. t " Reconbi ngnt t Eost celhl f "
"host cells,"” "gells " " .ines," "cell cultures, ".and qfher su erns
denot i ng procar) Fp@yﬂuﬁ}egﬁie&o&% EffRensp 85%5%8‘1‘%38’%5@ RERTYE ?}?‘Et?ffed as
uni cel | ul apoBpkplide & a RcRIERPMbREGE wHdhaD B8klived @Nthe ciLlr mQAg ghd S Which
can be, or have been, used as recipients for 30 reconbi nant vectors or

ot her O andfagslaNidin theease o€ MENAX inte ppadyrapiidefn tiewben placedlunderthe whi chI has
been transfected.. It is understood that fhe progeny of, a,single, parental 21
VD 03/ 0203 FEIERT UBBSPDTRIEIAPD FAYHG (oh CBUoLr PYFiBe- JoRBBss

i denti cal iof tRDESANY QENenRE aleleBLRRITH by AstdrOdton, AN MMID! L OB ar kiR §'he
original parent, due to accidental or deliberate nutation. Progeny of the
parent al ced¢tmiwks apld adransletidif stap eoddny faviemhinple, 4t@rmba thaB'eatmitus. be
characterized by the .rel evant property,. such as the presence of a

el oot | de Mo ESEh ey T etptioad SE o bosPtie i ot RO he
progenys i ntygngRded? Ynvehtich. defel Bty PBio ANt th@h Sy mRYBEsdetddG opiRVE terms.
Techni ques for determ ning am no acid sequence "simlarity"” are well known
in the ar tpresent ipeendioalare ieitifiablabytone ofrgldlh & the ert erd oy afior mxangdée,det o ani no
acid conmparispn, of or. nore pol ypeptides at. the propriate. place,

Sher e an nGes dertiied Y adifpis nEpptBRe polGhet et R aRbh Sepid o
Physi cal prahklibEtheTHER BFGRANGE 0 hduidb RRNAINIERK, fd Samber fred. " per cent
simlari ty"1 t hen %ar? be det gértﬂr?line bet ween the ““conpared pof ypeptide
sequences. sYsibbi upieslyhurleddt ef thempresgnnmeéntioo eacidds anef-darivad

20  polypeptide. A transcription termination sequence may be located 3' to the coding
sequence. Typical “control elements”, include, but are not limited to, transcription
regulators, such as promoters, transcription enhancer elements, transcription
termination signals, and polyadenylation sequences; and translation regulators, such as
sequences for optimization of initiation of translation, e.g., Shine-Dalgarno (ribosome

25  binding site) sequences, Kozak sequences (i.e., sequences for the optimization of
translation, located, for example, 5’ to the coding sequence), leader sequences,
translation initiation codon (e.g., ATG), and translation termination sequences. In
certain embodiments, one or more translation regulation or initiation sequences (e.g.,
the leader sequence) are derived from wild-type translation initiation sequences, i.e.,

30  sequences that regulate translation of the coding region in their native state. Wild-type

leader sequences that have been modified, using the methods described herein, also

20



acid sequence identity also are well known in the art and include

determ ning the nucl eoti de sequence of the nmRNA for that gene (usually via
a cDNA i nweramziisaé e) and 15 determi ning the am no acid sequarsor2Bsroded

t hereby, and conparing this to a second am no acid sequence. |In general,
"identity" refers to an exact nucleotide to nucleotide or amno acid to
am no aci dfiod usempbe dresend infentions Frompiaie tanonéludssinduciple pyqeqiets dwhersequences,
respectively. Two o re pol.ynucl eoti de uences. can _be co red by

det er ni ni nﬁ}é?rﬁﬁgi“?n Otribpn(ﬁwgagh © ?eﬂg?ﬂcietoy?"agﬁ\(}&?ﬁ%‘f%ﬁg? Broéﬂqei?fds %S Bquences
l'i kewi se cap JRAyEOIIRNHEH rddhlatSi§tREEINERY, fePRistible PRSRGEEs éh/ﬂ%te'xbﬂé_sé'ioﬂ- he

per cent |dent|t¥ of two sequences, whether nucléic acid or peptide
sequences, off 8 pgbnecledtide sdgwance bpstatdy linked tn thegponmofer éxinducedhy ehagalptet ween

two aligned sequences, divided by the |length of the shorter sequence and
mul ti pld ed BiRC Or.eg%ﬁtoébmoﬁ?&?ﬁé‘%{éa ‘?Fﬁ‘:‘ﬂ‘r@ﬁi"%’&‘?m?{ﬁ‘ér ei c acid sequences is

25 provided by tAey]|ReadcidORBOY cA oL, BR RhoSHniéd AN Erodiysfiean, Advances
in Applied Mathenatics 2:482-489 (1981). This algorithm can be extended to

use with peptends, seguetic@sRNA| cigNAHwm coraryngicmBRNAx gelwwst BPd by Dayhof f,
Atl as of Protein _Sequences.and Structur O.,Dayhoff e 5 s | .

3: 353- 358, _Sﬂﬂﬁnﬁ%ﬁm_%g%‘f?é%ﬂt{{‘g?gwr&@?ﬁ’%ﬁﬁ%@e@c}’%&%‘?F ,S-‘/ﬁ‘/@%ﬁ'ﬁd}%@ﬁon, "Bc. usa
and nor mal igzad by GHRskNIso Mb@lﬁres &%ué%?ﬁzaﬁﬁﬁludégﬁﬁ%% 0d ﬂé@v_@xg Bae(1986). An

i npl enentati on of this algorithmfor nucleic acidand peptide sequences is
provi deid bynslhes GIDNA ol KNAput er Group (Madi son, 22 WO 03/ 020876

PCT/US02/ 21342 W) in their BestFit utility applicatiqgn. The default
parameters for t Pgra%\lé’tlﬁgﬂda’ie rs@e@‘@?f%ﬁf“%/%ogﬁgn\?@@ Sintheequence

Anal ysi s Pagkadfe ! QOEARDENHELonAYRIA BMs fo pértSiPthei B¥RlH haBlich. fTIRM Leneti cs
Computer Goup, Madison, W). Oher equally  suitable prograns for

cal cul at i ngitenerpmoee nperoleg dinkadytoarcodingiskareinty islvepabdect ffeqirgrthes 5 are
generally known in the art. For ex | e, percent identity of_a particular
Bucl ot | He c3BHunel 5 cAlink pePEHES DL BRE SRR BSIEHH MU e no ¢ ho
honol o al ' f ] B i j bl e and
a gap g%nalptg(g&%#epg%e% I}?SEEIE gg?‘?%‘g“%\ggﬁg I onsd m‘@gﬁg\%ﬁﬁg‘%{)ﬁ%&% %Sgp%Pbtgu]gtsggl i shi ng
per cent i defifett thie expretsoncthateok t Thals, foh exqups éntervening mhiranslatesl fev use 10 t he

MPSRCH package of prograns copyrighted by the University of Edi npurgh,
devel oped BirIsGHsd @q\@a?qsmag%aﬁ%mﬁgﬁwe@ hsRIpPRgler SRR %lfirﬂiwofeﬂcg%z by

PRl o a0 OB M G o P o gEt0Ee,
used for thedbgoedquenct.abl e (for
20 “Recombinant” as used herein to describe a nucleic acid molecule means a
polynucleotide of genomic, cDNA, semisynthetic, or synthetic origin which, by virtue
of its origin or manipulation: (1) is not associated with all or a portion of the
polynucleotide with which it is associated in nature; and/or (2) is linked to a
polynucleotide other than that to which it is linked in nature. The term “recombinant”
25  asused with respect to a protein or polypeptide means a polypeptide produced by
expression of a recombinant polynucleotide. “Recombinant host cells,” “host cells,”
“cells,” “cell lines;” “cell cultures,” and other such terms denoting procaryotic
microorganisms or eucaryotic cell lines cultured as unicellular entities, are nsed inter-
changeably, and refer to cells which can be, or have been, used as recipients for
30  recombinant vectors or other transfer DNA, and include the progeny of the original

cell which has been transfected. It is understood that the progeny of a single parental
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exanpl e, gap open penalty of 12, gap extension penalty of one, and a gap of
six). 15 Fromthe data generated, the "Match" val ue reflects "sequence

i dentity.wo@3/h20876 sui tabl e prograns for cal cul ati ng the pectarsp22dentity or
simlarity between sequences are generally known in the art, such as the
al i gnment program BLAST, which can also _be us ﬂ wi t h _def aul t Q(glrg?rret ers.
For exarrplcell gy pSiTNCessaripbASTPletsly Igntirebil MQEPROEH 1P FCPARRICH] aul t

par At of 33N AR5l e pALARIALSH, it SLidenRBe deerADAumER, Dot b

cutoff = 2; Descriptions = 50 sequences;

sort by —%%ﬂ ardﬂ@dl@élﬁﬁzﬁ&h-ard’lﬂjﬁﬁdi@ﬁkymdmmxo (BerpBeank torbeEMBL + DDBJ +
PDB + GenBa %DStransIatlons + Swiss protein + PIR Details of

these pr charastsrizedrbybe th}’lﬁﬂt RIOPERL SHE 4SdWr PIGSSIee 8??1 B‘t‘(ﬁ%\(g&eégguence
http://ww. ne gng'd{‘; g&) ﬁél%ﬁ%theﬁo%ﬂz ifRbndRl Ibgllthlk Refifiorlahd Can

readi I3 déPE? per Sea par a to use  for a given
sequence, a@gm}@rmtﬁégﬁﬁer@dﬁﬁmth Wat er man based par aneters are
presented above. For exanple, the search par anmet er var based on the
size of the sékpobrigessifar dRieaninigs KRS FHENCRES ﬁ‘rﬂ}ﬁu?ﬂ ¥ ddBuences

of the pre ent Hllg%len a?ﬂ?{fgg ”lrﬁ&\%px%Ba%qgma)%&@gf%ﬁ%'agﬁc% gﬁg@ﬁe

di scl osed * %F‘%l agai ns el ecte abase and conpared to

sequences Gfw8%3 e pblyyeiiles SAfE a %;ﬁagﬁdﬁe place, d\eieﬁannne apids eeriderntidant i ty.
For exanple, a representative enbodi nent of . the p ent 23 WD 03/ 020876

PCT/ UBD2/ Zirpbscshsimilan cheminalipml/ orrd1ysiga PEoperties Is‘é&fé%? 18 icl eot i de

e cot | ddyapabD | aer iR B tEL Pyl oq PR AR |

relative t&n{)ai:éﬁrﬁdlﬁiéﬁti&e 4aret.i Tesnilieioe derermining nuéleicm—:ld amdqmemu: es
described herein (€.g., in Table C or fragnent .thereof, and &_@ for

search 5 pamcbsrzqesncx idsmtityl alsovarewrellrkapwnin the g ang|ipelidefletermining,

pol ynucl eot i f define | e f

nucl eot i de%“cg“ﬁ g%setqﬂgncr‘?tfﬁﬁléer mggﬁgf?% ﬂga(%tglg%a@maﬂygza eiﬂ?ﬂlﬁ%ﬁg&irg%cg%?)eﬁ

full -hgngt H%téﬁﬂﬂﬁg'ﬂ{%)amﬂ-@ﬁcﬁ@&}t@ﬂ@&&m@cﬂed[th@ew . @Bé bdmparingthisom aceconidnc| ude
fragrrents of the Sequences for exarrpl e, from about 15 nucleotides up to

t he nunber amo ramdlse@telnd%slnrﬂe@@@h ‘identityh esfers b prueract BRI Eé‘qﬁ alratide

described herein he Fi es iq¥al ues

fal ling wi Ph¥RDP ﬁé‘ﬁé‘ga@‘&“’oﬁ&@?‘i%"’éﬁ% °g‘°’)edf t“—‘oﬁ’ gﬂhag?tﬁie'sfo TS of the
pol ynucl eOEe%qanc%EC}Hs%@&%%l}Df the present invention may be 30 60 nucI eot i des,
60- 120 nucleotides, 120-240 nucl eotides, 240-480 nuc|eotides, 48Q-1000

nucl eot i des, and@iwaldr mirapelyencleatidgssquenessepebyeatpared by determining their

20  “percent identity.” Two or more amino acid sequences likewise can be compared by

determining their “percent identity.” The percent identity of two sequences, whether
nucleic acid or peptide sequences, is generally described as the number of exact
matches between two aligned sequences divided by the length of the shorter sequence
and multiplied by 100. An approximate alignment for nucleic acid sequences is

25  provided by the local homology algorithm of Smith and Waterman, Advances in
Applied Mathematics 2:482-489 (1981). This algorithm can be extended to use with
peptide sequences using the scoring matrix developed by Dayhoff, Atlas of Protein
Sequences and Structure, M.O. Dayhoff ed., 5 suppl. 3:353-358, National Biomedical
Research Foundation, Washington, D.C., USA, and normalized by Gribskov, Nucl.

30 Acids Res. 14(6):6745-6763 (1986). An implementation of this algorithm for nucleic

acid and peptide sequences is provided by the Genetics Computer Group (Madison,

22



15 The synthetic expression cassettes (and purified polynucl eotides) of the
present invention include related pol ynucl eoti de sequences havi ng about
80% to 10Wex03memsat er than 80-85% preferably greater thamCIso2U3410r €
preferably greater than 95% and nost preferably greater than 98% up to

100% (i ncl udi |1 int I falli ithint d i_bed
sequence et ey BesHENG mPHETioe: dRpOEBLl Greas Bt B S00gdror
pol ynuc! eql de. PaaNeqeesadh SEhRSEIANBNS! Podll pREATRNAnubtoVERrEquEnCes of

t he prese e sequences of the present Invention are used

as the CI('I&J%? BRAIIE RoRdRnBEEs, Cdmaputex@rqupeMadisdatWhas¥hafeqgelijuences. Two
nucleic acid fragments are considered to "selecti. eL‘%/ hébri dize" as

descr i bed stitabls progmms faeel@dting taeppiesnt ienbiy At SIylapsy DREWAY SEUASET ei ¢ aci d
nol ecyl es_ 25 affect he.eff.iciency and strength of hybridization events
bet we§n sﬁf:ehger?ﬁ]ia&%flévgﬁ%ﬁfhgﬁ%a{'rti ally identical nucleic acid sequence wil |

at | east parti gok yxdoale,Petcent identhy of @ pyrticalenticteatids smuentedo fareferdngbr i di zi ng

to a target nolecule. Inhibition of hybridizatjon qof . th onpl etely

i denti cal sepgoencra headetasmingd yaing dip Wﬂ@gmilﬁ?rﬂtiimﬂ%%w "’é’gs\g?gg{‘%t are
wel | known .j.n rt . : Fel g i on
hybri di zatwlg"rﬁ é%‘gmfﬁcém%gt%iq(%lﬁ%%ag%gge#&%% &%Eéoglgé ?O%t:lfg{rsé P%I‘ramﬁasubel et
al ., suprglethcbi6tesabishite satenbRlentg il tetcedtensofbe prsyit tgyedtgr Bds ust

selectivity; for exanple, using conditions varying 24 03/ 020876
PCT/ USD2/ 20MPSR@hprefiace of proghRmstcopyiigied/by ‘?‘Fﬁ%‘%&‘i“@’i%& P&%w st ri ngency

are enpl oyed,, th S - cief. [aTs | *Fa¥s? iBRASRd, using a
secondary dgyg%emaﬁ)%?gﬂg@uﬁegﬂgﬁ%ﬁg% ?fdé’[c"lﬁg‘g?%@%g@gé’ggrétﬁ%e identity (for
exanpl e, gnPrERfnkRY Vitgy, /@SS Fromnhigbitd of fhokagesghefmehiWatatmany with the
target nolecule), such that, in the absence of non % SkFECI f.ic a@xkg&' ng
events, t higmsittmdaby employed whete dafsnlt pprmmegiry arerused 108 tesicqens t T

utilizing a hybridization-ba t ' hofashd probe is
chosen th&xapégcg%?%wpggy&ﬁg’ g%%éi%desg?’rp}é?ﬁi@oélgi %’ld(s:&le%1 encgd,) and then by
sel eci{4 on g8, AP RLARCh@hRdC@P diviat DN Salub gefecnbsequontetiintityl gathesequence
"selectively hybridize," or bind, to each other to forma h%/bri d nol ecul e.

A nucl ei ¢ saithble podgrems or chigelating e paisert identisy orgimHuEy PPIVCR SFBIEPSSel y to a

target sequence er " noder at el tri . ' WalhYhg §Rounder
condi t i onsar?ﬁﬁ?ergl&dlmﬁwdlé{‘ eﬁ%rﬁu%}%atﬁ% ar%e%entnt%&ea?%ﬁa%fggﬁ sequence of at

| east aboufe {4 It agd B ar dSers N Fbe 1d) BIARTNitnd BRASTRpn be sk el y 70%
sequence 1dentity with the sequence of the selected nucleic acid probe..

Stringent WighthedoBawingriefagl paianictng gepeficcende = sandaig; ﬁjé?rer_c_fl‘?r%?h St_éqm ar get
navi ngba Sebenees Fabhe et o A0 gRakb ey SRS A R RS R TR Soquence
of the sel ggt Be=NHEIFEECORE; Haribakis = tivbreisidant, GenBadnd EMBIhs- DEBY 4
PDB -+ GenBank CDS translations + Swiss protein + Spupdate + PIR. Details of these
programs can be found at the following internet address: http://www.ncbinlm.gov/cgi-
bin/BLAST.
25 One of skill in the art can readily determine the proper search parameters to use
for a given sequence, exemplary preferred Smith Waterman based parameters are
presented above. For example, the search parameters may vary based on the size of
the sequence in question. Thus, for the polynucleotide sequences of the present
invention the length of the polynucleotide sequence disclosed herein is searched against
30  aselected database and compared to sequences of essentially the same length to

determine percent identity. For example, a representative embodiment of the present
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for probe/target hybridization where the probe and target have a specific
degree of . sequence identity, can be determned as is known in the art
(see, forwexatwpise¢ Nucleic Acid Hybridization: A Practi c®CTASpr/o@eh,
editors B.D. Hanmes and S.J. Higgins, 20 (1985) Oxford; Washington, DC;, |IRL
Press). Wth respect to stringency con?itjons far. h rigi zation, it is well
known i n tibventien wonldrclpdma isolated galvpualeatide cOmBTYNS ACPHE'BE enpl oyed to

establ i sh tnﬁgl@?tri&eis Cﬁh%[ﬁ]é‘ (ﬁ)ttﬁé ﬁ%ﬂﬁ},’uéﬁ)ﬁ n@EM IR haveOtt 12¥dHREa sdldeged O | owi ng

factors: engt ature o probe and target sequences, base
CoNMposi t i QeyeDbf ped€eny ddehtitysehegent esptignoncerdstitieoroRdraforsaf the and ot her
hybri di zati on sol uti on conponents, €. presence of bl ocking

t r apsenc.
agent s i n seqenpepirleseribed heesin %eog-ulpiT&Hg Q>é>.fgr.a,ng’&trtﬁaﬁ?P€éP3§§{ TRACul f at e,
and pgl yet hyl eng gl i.di ' i SOR&IAlfUEEneand tinme
par anet er ﬁuréoﬁe Iq%uélgsé’v)wahre%gl\g/ivgéﬁédé%g?%?%%g%&%{ﬁe sel ection of a
parti cul areseh (fof exutiié,di lB@ith offromdisdiutieotidesiup te ¢heemtngtbr bbhcasitides st andar d
methods in the art (see, for exanple, 30 Sanbrook, et al., supra or
Ausubel etpredent ingusstested foklopeihoeaeero®76 PCT/ US02/ 21342 A first

pol ynucl eot I de Set sﬁgl‘?édc%gfntgé g{:glserﬁ SRR PAMRAG S PSS (ffftil@t sheaﬁ‘élctaﬂe sane

or substantiall sane sepalr sequence as a region of the second

pol ynucl eobi Beamylé, Froabh¥but dSntleamizt ap thdreaminbenof nucleotideli mesenlyis tkequence
identity as described above, 5 A first poLé/E,e tide is."dﬁgnved from 'a
second0 pol fupdegnertteequences dessriped heseip faigesasythe igpresh dnclifine JHPe8es de deri ved
froma second .ynucl.eotide 0 ] LS PkaYy. u L ity to the
second pol‘ﬁf@é@r%?? Wi@ngféésgb?qvgegscg%%%reagg%eﬁgrr%a@%’gﬂa |Er:%1tF g%I(i)i{%ype’pti de is
"derived fsapucRonas dqashas optleypepititkentibn may be BOH0(nrickeatide bl p2pt i de) i f
it is (i) encoded by an open reading frame of a 10 pol ynucl.eotide of that
virus (vi rmicleotidgssd20-840 naelpotidss, 240r480amuslsptades. @%a@odwcfeag i § %ﬂg

pol ypeptides of that. vi fus . as descri bed above. "Encoded by" refers to a
nucl ei ¢ acllFeEeYRr BTGP ¥R odes for a pol ypepti de sequence, wherein the

pol ypgpt i de sequpngmtiRkic 2xpreididrDtisiches @all parifkddapoignateotidéshof thapiaiestequence
of at least 3 to 5 amno acids, nore preferably at

c 9 . |eﬁ28é 8@@(710am'n015
aci ds, andinsensionrioeledepielatast priynpcletidesseanenees haymgmnbap $iyo 4 1YLP+ 7635
pol ypepti d d e Aucl i coe bIAS Gpassed are
pol ypept i d@ag gg%&%&gfgﬁﬁhﬂﬁ{e%{%t ?nrr?r(ﬁ ?\%?’b%?ge;ﬁ?f;e?? et |9tfe ?gﬁ{?e wth a
pol ypept i dgognseRembipyehteetngQsengsto 106% (ivdidingdll et eiles falbug be
constructed by fusing in-frane two or nore i .
within these described ranges) sequence identity to the synthetic expression cassette
20  and/or polynucleotide sequences disclosed herein (for example, to the sequences of
the present invention) when the sequences of the present invention are used as the
query sequence against, for example, a database of sequences.
Two nucleic acid fragments are considered to “selectively hybridize” as
described herein. The degree of sequence identity between two nucleic acid molecules
25 affects the efficiency and strength of hybridization events between such molecules. A
partially identical nucleic acid sequence will at least partially inhibit a completely
identical sequence from hybridizing to a target molecule. Inhibition of hybridization of
the completely identical sequence can be assessed using hybridization assays that are
well known in the art (e.g., Southern blot, Northern blot, solution hybridization, or the

30 like, see Sambrook, et al., supra or Ausubel et al., supra). Such assays can be

conducted using varying degrees of selectivity, for example, using conditions varying
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pol ynucl eoti de sequences encodi ng pol ypepti de or peptide products. Further,
20 polycistronic coding sequences nay be produced by placing two or nore
pol ynucl esDicde2@eguences encodi ng pol ypepti de products adjpatarsv2/zideh ot her,
typically wunder the control of one pronoter, wherein each pol ypeptide
codi ng sequence may be nodified to include sequences for internal ribosone
bi ndi ng siltemlow Iﬁmgigh SERgeReyy Acandiions af lopettEpgeneyharg eﬁwf%)/ﬁ%h%ot i de of
interest o ther. [ ' ial . , contains
ose ¢t han 5ol B0k p Be AR o e S el SER S DY rbEPmalitle POTLE D

| ess t han akgutpaR@Yeete sivRqIEN0E Richtityi (fdt enhinplb, a rioBe POliygIesd than hlstanti S
natural |y associ ated. Techniques for purifying polynuc|eotides of interest
are wel | - Ksequeneenidensity withdh igegel awlecpls), sudbiipl, é thgiabanpe Po#Pof t he cel |
contaifing th l.vnucl i d j h [ Oni.& .agent eparation of the
30 pol é;nuc peifie ﬁ%l(ﬁéﬁ eg%nggtﬁiﬁ%feé%@%?mﬁ’?)S@%&@@Jﬁ%@% r%@f@%&%ﬁ aphy, affinity
chromat ogr aphy wheh sellingenhytiridatias-based ide@ctich syes, hyucldio Vi PSBlig 0876

PCT/ US02/ 21342 By "nucleic acid inmunization" is neant_ the introduction of

a nucl ei ¢ choisen thabis cemplemenebidiorfgtatase netleiprarié segaprce: el Ak Pyéslectiont o a host
cell, for %@p@gl‘é{e"c%ngigl’ég{ B pratie b R 1 §0hcc BRI ARER nyBIGED: bPPe.  Of

epi t opes. : elc I ecul e "can roduce 'y’into a
reci pi ent 5H0)t68ehch GtH&o ISrmPY hiBiiEEblebile. A RficéiahtidMoleudd thatSs tafabrRnasal and
mucosal adm nistration, or the like, or can be introduced ex vivo, into

cel | s1@ni cof yhuidizingseleetivetnied thrgghsaquenca agder “medengtely sfringent clypisally he

transforned.cells re reintroduced into the subject .where an i ne

Feaponse cibrges et Sardidliny A deltiort 86 BHRR) BEGeR R MR neA TR aci o
nol ecul e. JebRRBoht 1BOES Ricleotifles ifl &R tHIRIVinGa: Yeast BbRIEmAtely MOV @dGee SYSt enms
for reliably 10 inserting DNA of interest into a host cell. "Such nethods

can resul tidemtity mathghespquencg o desielpatedfnuplgis-acidtnsgbeat Hengank huliristizagign DNA,

ext rachr onps | repljcation and ression of transfer replicons

Cor gt amtps LRy Bloy? e B fort PadilicBR S SGERRETH AR N o ¢ ne
genomi s DNfp-0f nhaé&tidégmléngt@a@ngels@@ﬁoe BRI ESBireReV@ah Absut 901Spide, but
are not limted to, vectors derived from al phaviruses, pox viruses and 15

vacci ni a vwithshessequimen ofihe delpged nneleinicid prehe, Hybodizefeamecanditionsepsefdxpr essi on
vectors be referred.to.as yaccines, or vaccipe vectars. "T |ynmphocytes”
or "7 el | B DS/ sRt RO SIS S WP ol bie A e fesigs o it e & part
of the cel{syiBtcad @ty tan B ddidrenindiBdnekionat @he Akt (86, for Stanie, NuRWic | Mmat ure

| ynphocytes that mgrate fromthe bone marrow to the thynmus, where they
Acid Hybridization: A Practical Approach, editors B.D. Hames and S.J. Higgins,

20 (1985) Oxford; Washington, DC; IRL Press).

With respect to stringency conditions for hybridization, it is well known in the
art that numerous equivalent conditions can be employed to establish a particular
stringency by varying, for example, the following factors: the length and nature of
probe and target sequences, base composition of the various sequences, concentrations

25 of salts and other hybridization solution components, the presence or absence of
blocking agents in the hybridization solutions (e.g., formamide, dextran sulfate, and
polyethylene glycol), hybridization reaction temperature and time parametefs, as well
as, varying wash conditions. The selection of a particular set of hybridization
conditions is selected following standard methods in the art (see, for example,

30 Sambrook, et al., supra or Ausubel et al., supra).
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20, undergo a maturation process under the direction of thym c hornones.
Here, the mature |ynphocytes rapidly divide increasing to very |arge
nunbers. Wbaesneisaéi ng T cells becone i mmunoconpet ent bas@dTarsor/ sy
ability to recognize and bind a specific antigen. Activation of

i mmunoconpetent T cells is trjggered when an antige Lnds .to. the

| ynphocyte' s sy firsepolyicisstigs g@@’ Ff’é’ni‘esreﬁ?m‘fl?‘g}‘fg‘tcg(?ﬁﬁheo‘ﬁilﬁa%ﬂl?sed to refer
to the uptake of {orelgn, D, gk Celdoidhast the@Bond r ansf ect ed” when
exogenousswoﬁélsbsﬁégén@%trocﬁ%@%aﬁnséuc?gcthe c&ll menbrane. A nunber of
transfect S@gnﬁ@@”ﬁdemﬂSBSDHAec@ﬁplemaﬁk thekeodivor if it dishleysseruerBeddentiey ag. | Gr aham
et al. (1973) Virology, 52:456, Sanbrook et al. (1989) Mol ecular C oning,
a | abor at describehadve. Col d Spring Harbor Laboratories, New York, Davis et 30

al . (1986) Basic 0. I Bl b isaenédidd ey al .
(1981)]596ene 134_%%Q}%ﬁ%ﬁhﬁgﬁhﬁ?&fg&%%%@%gg%bfggiﬂib?{ﬁrlgggcg one%gr nor e
exogenous i pTyndEle08dH2NREH Bk dI50RY il iR levtidetor €5 digplays seduendsl e host
cells. The termrefers to both stable an ransi ent uptake of the genetic
materi al , identity tecthe srcond pehReptiges W?@é—g ag?"eanti body- | i nked DNAs. A
vector: 18 CaRABLEIg!s LEARSHBOIDS SRARCRANCRGRRICHR pATARHASBELS (e 0.,

I

viral vectors, AGH-Vi T & articulate carriers, and |i posones).

Typi cal | y,yiru¥ @ata@ pogpeside} if itds (i) ericoddt igsai qpenvesting frimaoih " gene transfer

vector,"” nmean any nucleic acid _construct caga}}gl e g& directing..t
disp

. ) t he
expr el orponuelegiadreotahati virua (utt PeIcliRHds: € STgreE AR Cences to
target cells. Thus, .th i | oni ng and expression vehicles, as
wel | as viRgifpegtécgqsé’tf&ha%ﬁrg%g‘deerg&g#ggﬁq)'@iji ci de gene" (e.g., a
drug- suscept i bipncyddRe)refe ta atnaclgietacidakluent® whishdedss foha palypéptislensi ti ve
to conpounds or conpositions that are relatively nontoxic to normal cells.
Mool t en, Fehuencd.onlireigahaRralyrepide spRE¢NCE o1 9 portingitherpQlGoRialns 4gamig); ¢ de

genes are thym di ne kipas .pes.. s ' mudcochr ome
Ba50. ( Vet weogtes of 1688 2dh ATRE R, MakEe il o RN EHE N0 Al T e

ki nasgs ( MRy Edvedhmorb dRIEGIbINAL Wit 1 5/8sl 26 nmino{chds: (a6 a p@l3perdidd t he
bacterial enzynme 15 cytosine deam nase (Dong et al. (1996) Human Gene

Ther apy 7: @t8d&e) the@atleis acidsp@isnes phlse §DGoRERAEsed FROMRRUHGSFIEFEES sensi ti ve

to the effects of. the rel ativel - i el Qv HSV-t k),
cycl ophos p‘ﬂg’r‘f’ ge WHSE%IC&&% ldg’ﬁ%%‘ b%%%lfﬁ( i’&é’g‘%pgg‘% lr%_gébéirg ggg Irtltgessi%1 ﬁeén(c %u man
deoxycyti dFﬁ}ﬁ]elﬂﬂlﬁ%ﬁ))teﬁfs chn bé eakEGNEDBY firinghindieakitab oraytresi ne deani nase) .
Cul ver et al. (1992) Science 256:1550-1552, Huber et al. (3}1994) 20 Proc.

Nat | . Acadpolgmicleoti§As@mes®s en@dog polypeptide or peptide products. Further,

20 polycistronic coding sequences may be produced by placing two or more

polynucleotide sequences encoding polypeptide products adjacent each other, typically
under the control of one promoter, wherein each polypeptide coding sequence may be
modified to include sequences for internal ribosome binding sites.
“Purified polynucleotide” refers to a polynucleotide of interest or fragment

25 thereof which is essentially free, e.g., contains less than about 50%, preferably less
than about 70%, and more preferably less than about 90%, of the protein with which
the polynucleotidé is naturally associated. Techniques for purifying polynucleotides of
interest are well-known in the art and include, for example, disruption of the cell
containing the polynucleotide with a chaotropic agent and separation of the

30 polynucleotide(s) and proteins by ion-exchange chromatography, affinity

chromatography and sedimentation according to density.
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A "sel ectable marker"” or "reporter marker" refers to a nucl eoti de sequence

included in a gene transfer vector that has no therapeutic activity, but

rat her iswonslensed to allow for sinpler preparation, nan®CIASOZ213¢2

characterization or testing of the gene transfer vector. 25 A "specific

bi ndi ng agent" refers to. a nmenber. of. a specific Dbi ndiggdl aie{ ofd nol ecul es
s

wherei n one of EW‘@“H%?C@@@IW‘E‘H@@P‘FPEQT@F&t § HOdpEIg R SR

concf1 nol ecul e

through C*}S&E&%@% %rfgggﬂlgwBymg?@id&%%ﬁg&%aﬁm%%ﬁd &loforahéMagid i ¢ bi ndi ng

agent is an a irected against a selected antigen. By "sub{ ect" is

meant any dxpreesion of ad dntigen lyptigdns pancdpitope toa epitosk.u dhagucleio agid mpadepule

limtation, humans and,ot Eer, gri mat.es, Jj.ncl ud'hnanon- human azri may es such as
" suly

rhesus macegbe ntednegshdisesEy nin @ reipient subjed: SHoh BRSPS R on: 91ak, Sni mal s
such 28 mmt(%gl{ ; 4084 ?nu%&% g&ﬁgﬁ{sgréé . o?ﬁlqu{te,t doan PR @R duBED Sy viBNaEts and

hor ses’; domesti ¢ nmanma ogs and cats; |aboratory aninmals
i ncl udi ng defiglanich havicbeeasemb e, fromtis: tesd Ipuhalattentags,; thofrpgsgormeidgellsudi ng

donmestic, wild and ganme birds such as chi ckens, turkq}/s a%geégt hert
gal | i naceows reintrasiced ity the sybiselavhese an PFRTS TRIPONSE G0, 0% THY BB denote a
particular,s gw% A4l Leigpicegborn indi viduals are intended to
be coveredt.hef‘ﬁ%%nseys e%bggfé‘glrll bed %@g{\z}e I's intended for use in any of the
above vert ebr at‘esspeciss:”’ @i‘gee ddiney? rafers e sytbdser systeais|foofeliztipse

vertebrates operate simlarly. By "pharmceutically acceptable" or

" phar Aficol Birdes D?IAa‘é@_BﬁﬁfeébF'g(” a PESWEQn@‘@ mﬁé‘?‘gsr‘iaﬁl};eﬁk’iﬁi“& AP, ot

bi ol ogi cal | r%'éioR%PﬁéM%&@ﬁ%hgf@%@DN' g ExtrachiindB Al fe%!iceﬁ'i@ﬁ ah¢ 10

adm ni ster ©3°8n 1ndividual 1n a fornulation or conpoSi tion w thout

causi ng anyxprateide of fratkferdd repligine &.g.céfismtes), or integretiaieef napsferred del et eri ous

manner wth any of the conponents of %he composition in which it is
cont ai ned. g@gtic prtesiabingyihe gengipie QNA of '?JSILICF]%' t(?@eﬂﬁ]g‘éq%lg’ﬂﬁ?%w VEEREe is
meant a pH.i th ' : ; [T EEY nor e
Cypi cal 1y IR Al R Bt P REOEH TR o Ul R iRt A e s

herei ns "t {RahiPRtused. eWaESuded fanynminifatipn,isheh gere\delivérp expessionfvectoron or
reinfection, as in a traditional vaccine, (ii) the reduction or elimnation
of synpt onmay baraferfed §0)astvREcIRISIS VAFRICACCOFS- conpl et e el i mi nation of the

e s e L
" co- adm ni g§KsEtut®R part Sf tRRaR-radidted s @ftthommdnenystemt Nacells rasecioomposi ti on
immature lymphocytes that migrate from the bone marrow to the thymus, where they
20  undergo a maturation process under the direction of thymic hormones. Here, the
mature lymphocytes rapidly divide increasing to very large numbers. The maturing T
cells become immunocompetent based on their ability to recognize and bind a specific
antigen. Activation of immunocompetent T cells is triggered when an antigen binds to
the lymphocyte's surface receptors.
25 The term “transfection” is used to refer to the uptake of foreign DNA by a cell.
A cell has been “transfected” when exogenous DNA has been introduced inside the cell
membrane. A number of transfection techniques are generally known in the art. See,
e.g., Graham et al. (1973) Virology, 52:456, Sambrook et al. (1989) Molecular
Cloning, a laboratory manual, Cold Spring Harbor Laboratories, New York, Davis et
30 al. (1986) Basic Methods in Molecular Biology, Elsevier, and Chu et al. (1981) Gene

13:197. Such techniques can be used to introduce ONe O MOTE €XO genous DNA
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or nol ecule. Thus, co-adm nistration includes concurrent adm nistration or

sequentially adm nistration (in any order), via the sanme or different

rout es ofwoadmesretrati on. Non-limting exanpl es of co-ad®CRIESN2/2834DN

regi mes include, co 25 adm nistration of nucleic acid and pol ypepti de;
fession

-adm ni i f diff | ei i .d. jff
caseet t os Tasicliss PRI btS o B eRTcicantt gaite st aF PouBEBEr ey and
co-admi ni glléer getrfﬁg? g%teélﬂif %ﬁ@ﬁl@ﬂﬁe&%ﬂtﬂ& eﬂf‘r‘@e— 0f afkibodslihk&r BNAsH V

pol ypept i des®a erent adjuvants). The term al so enconpasses
nul tiple adm njSideas? Brapadie ofiteansfertitpegane segiencds$¢ target ool @il wipl or

conpositions (e.g., nultiple 30 adm ni strati.ons of e.or. nore of the
expr essi orveet@ss 8pRwEalHeSIOFs, B@@C%Wéaﬁquﬁlapéb%%ﬁonﬁfl)' gltr]}'é’l Vg Pe©!

admi nistratians, of. | deq £ant 2k Ahag %efPO Hhdah aR) nudiéic 6aiges 29 WO
03/ 020876 Cﬁaéll‘f‘iﬁéoz?%’f%%x&g@?}é d %}r%?g%u es or compositions are delivered
sequent i aldoystridh€apdbfid@tovgheaghessmdnif nigste af inorestand which eamli | y

determ ned by one of skill in the_art in view of the1 t.eachj ngs herein.
"Lenti vi r dtanyise geie'sequanges tp dB8RteHEn L s Hisi o5 Frludesigne ¢ T$5'°8 nucl ei ¢
acid 5 caonstruct ich.carries, and within certain enbodi ments, is capable
of directi'y lcieﬁ’eas V\é\égjpz}%ggg%ﬁtogg a nucleic acid nolecule of interest. The

| entiviral vectpmnifacdfudeuiaide lge@st(e.goralrtg-amseptibiity gerl) tpea targeterellenhancer

or locus defining element(s), or other elemepts whic corlltrolt&%g\rtle

expr ed&i orrepgersthiseell gansitive §1eoMpaInds PEFQTERASIIONF thef Ay relatvglnen ®export,

post-transl| ati pnal di.fi i f A t iptional 10
o 1§ cat i BT Caro bRt T R R el 8T L e a
packagi ng &ii@akenes henBymienskiake sftpepdssinfllHRGJusqHSFotkd)j gmochheneof , and
positive and negative strand Gzri mer bi ndi n% Si ﬁies aagr opr | atela.%a? t he

ret rovi r usP4fe@griometch ek 619961 Gart Tharpndyy | 3. Aman feqxyeytdine GHase o)
vector). i onal |y I j LY i<k include a
i anal  uhi TRl (o) NAERDPLRGhe JREYST B i Rry AR | E L T
15 hy g5 ony&jByind a8 RHE (Monghtit L. I I8 Hunin @hfeRheamy Hel 13-220) ofellor nor e

restriction sites and a translation term nation seg&; nceI .B% way of
exanpl e, swhichesptesy theseygsnasare yendpred jsenpiivg te the effects fi}ﬁl‘ﬁﬁ\aHY ding site, a

kagi [ | i qi. f j 3'LTR
R porti on S ufisedliaft (RN Sbpiign B RAGER SR b, T FTR o

present i napLihORrabiRbSdeS(hi@af dedd§citetid Mhasspomfrladrocptosine thaaterinkeast one
gene of int'erest. The retrovirus %Z?ISS_O contain a__sel ectabl e marker. The
e

reconbi nancytbsnt deamiuase). Cudegsabile (18P2) SvarceeOrlanddPPpitiger el deret i ¢
material (BNA) i nto DN& apd,igiciBQiagki N9 this genetic material into a host

A “selectable marker” or “reporter marker” refers to a nucleotide sequence
included in a gene transfer vector that has no therapeutic activity, but rather is included
to allow for simpler prepara/tion, manufacturing, characterization or testing of the gene
transfer vector.

25 A “specific binding agent” refers to a member of a specific binding pair of
| molecules wherein one of the molecules specifically binds to the second molecule
through chemical and/or physical means. One example of a specific binding agent is an
antibody directed against a selected antigen.
By “subject” is meant any member of the subphylum chordata, including,
- 30 without limitation, humans and other primates, including non-human primates such as

rhesus macaque, chimpanzees and other apes and monkey species; farm animals such

28



cell's DNA upon infection. Lentiviral vector particles may have a

| entiviral envel ope, a non-lentiviral envelope (e.g., an anpho or VSV-G
envel ope)woams/o208chi meri ¢ envel ope. 25 "Nucl ei ¢ aci d expr e®sirarsoyzssnr” or
"Expression cassette"” refers to an assenbly which is capable of directing
t he expression of a sequence o ene of i.ntere nucl acid

st. The i C
expr essi oS gaitle othesh Pigd geatya efomgsHiE Hlafrgn%?)%‘rcgﬁf gogs aﬁlg &t o the
sequences gr W 85 nR QO hnELBABRNYISs; BR%, be present as
wel | . Exé%@ggc?gﬁé@églggﬁc%@?%&gg%ﬁt? %}ecg herei n mar;/ %e c?ﬁ ained within a
plasmd cm&tﬁﬁdiﬂ%aomémicsﬁ)ﬂaddd pamebitds stitteascanigkens iurkeyst andlogheex pr essi on
cassette, the plasmd construct miih | so. . incl uge a Fﬁct?ri al .oWi n of
repl i cat i @allingereup pirds JBCKSe EeESE-H1 kePe et does gl dGRTLHPEEYB 03/ 020876
PCT/ USP2/ 2134 I I L L @n & 18 the @Svabd1 o1& St randed DNA
(e.qg. ,Sboa NES §P| %ibﬁﬁﬁ?&uﬂ?aggln?@ﬁ%rﬂolg@ﬁﬁgﬂﬁuﬁ{eti ole cloning si te, and a '
" mamal i ansystefl dgbdribell abew is Graénded fdraise in amy of Bvddbove vertemae spages ol N of
replication). "Packaging cell" refers to a cell, ich contains those
el enent s ribe smunssyssms of af) o e YSKDEECS WEBEs SIBUELY econbi nant et rovi rus
whi ch are | ackigng.l [ & F N a0l SEAR e 3 h¥antSUCh
packagi ng cell s§g0¢1}{gglﬁﬁ(’re§ﬁg ral:}?%ﬁagleeggr@gdghono %as]@gﬁeg whi ch aénre capabl e
of expr esshigriprviei Bhonbiotigicaly oteth&éagse ybsieablt, eaythe pradéred mgy be Pr oducer
cell" or "vector producing cell™ refers to a cell which contains all 10

el emed®s raseunisigred tpan Rdidualin & forawlatian SHEPTHRMUGRSYERRAT FAISIG &Y o
particles. 2. I\/?}?E‘ . LT E‘!’gﬁll I kld ng the
present i nWélﬁ?lFa Y ﬁ%lgglec%;%?ﬁ?gsilgtg; I'S %to be a@%&&%@%ﬁ%ﬁé@ﬁ?? invention is
not | i m t eghphonBs b eiél @imposition irawhioinit ioconpainakss par aneters as such may,
15 of course, vary. It is also to be understood that the term nol ogy used

herein is for tRp puisisdesicabpHdesarpBithiephyiiologicara/gf dHFmhe P the

i nvention onl and is | |, At : L bk 46 0 Alet @t a nunber of
met hods an e%qg&qr%gpgro%&%tt?lg? '@@%g(gﬂf@%vg’ﬁ?&tegy@%ﬁem ﬁlgerg%ré i bed herein can
be usgg inaﬁp*ﬂgxiﬁ{a@;@w_g%qmﬁqaasiw,esent invention, the preferred 20
materials and methods are described herein. 2.1. THE HV gfﬁaDVE The H'V
genone and var i AayssohepgippitiegEneahcisfrnty AW i 6 SheapraveaHenat IPcHIBPe A The
nucl eoti de_ iitions. are giV relative t . hifin (fri :an HV
25 Type C 1"5%?%{(’3) as t%/dg Cfn%ﬁacg\nﬂig’l(h%%eﬁg%lg?%ggppar éﬁétn (?cs) 0 tgn%f ordi nary
skill in the @iﬁ)tthe substantial or complete elimination of the pathogen in question. Treatment

may be effected prophylactically (prior to infection) or therapeutically (following

20  infection).

By “co-administration” is meant administration of more than one composition
or molecule. Thus, co-administration includes concurrent administration or
sequentially administration (in any orderj, via the same or different routes of
administration. Non-limiting examples of co-administration regimes include, co-

25  administration of nucleic acid and polypeptide; co-administration of different nucleic
acids (e.g., different expression cassettes as described herein and/or different gene
delivery vectors); and co-administration of different polypeptides (e.g., different HIV
polypeptides and/or different adjuvants). The term also encompasses multiple
administrations of one of the co-administered molecules or compositions (e.g., multiple

30  administrations of one or more of the expression cassettes described herein followed

by one or more administrations of a polypeptide-containing composition). In cases
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in view of the teachings of the present disclosure howto deternne

corresponding regions in other HV strains or variants (e.g., isolates

H VM ,, HBVO$BA208H V- 1SF162, HI V-1SF170° HI VLAV, H VLAI, HCVNINp2/HI3¥2 1CVR235"

{—Ilhv- 1u?]4'G ot hgr H V-1 strains from diverse subtypes(e.g., subtypes, A
roug and 0), H V-2 strains and Lvers e 30 subt Hl,V- 2uCl

and H V- 20dm5e the fplecnies QR C?‘Hﬂ%%’éfaf%‘? d Soqpgud %}??ﬁne(t%t‘geen iy 2

Vi r ol ogy, N I
VO 03/ ozoé%q%%‘{’fé%é%%ﬂ%%m&d’g ol%ll%i%%keﬂllglsjm gﬁg&%&ﬁw ?frf?ﬁe"géasz”d >

iggé) I_\/ ﬁgﬁcﬁ@gs heaReld Edition (Fields, BN, DM Knipe, PM How ey, Editors,

| ppi ncott-Raven, Phjl ade | f d '
other related viewtas Vec{&r} %Tb' é‘%&ﬁﬁ'ﬁ@mw&r@h‘?ﬁﬁ%g%&%%l O%%eognac:l)&r]g;(raaﬁtr;d
(69 .5 BLAST AN Wl H%‘éﬁ 9ea?ﬁfwlﬁﬁﬁ’cé}ﬁafn?érﬂﬂod%eﬂtéiqp&apfabl%tfueébta@dhé al i gnnent

of str res a program such as thé "ALB" program descri bed
herei n t hakpfesdon dﬁrmcﬂeyc aMMcuhliﬁ integsto A3y lenTiabilereptor Rshideasleast t he H V

Ge | at 8
O e sl an e b e B e SO o1 2
nucl eot i dg St G gerf'e e@(ﬁﬁ:sgmﬁl ﬁ; othtP Rear3IucPatilRfite sphem3 iclear RNA

export, post-translational modification of messenger, or post-transcriptional

10  modification of protein. Such vector constructs must also include a packaging signal,
long terminal repeats (LTRS) or portion thereof, and positive and negative strand
primer binding sites appropriate to the retrovirus used (if these are not already present
in the retroviral vector). Optionally, the recombinant lentiviral vector may also include
a signal which directs polyadenylation, selectable markers such as Neo, TK,

15 hygromycin, phleomycin, histidinol, or DHFR, as well as one or more restriction sites
and a translation termination sequence. By way of example, such vectors typically
include a 5' LTR, a tRNA binding site, a packaging signal, an origin of second strand
DNA synthesis, and a 3’LTR or a portion thereof

“ entiviral vector particle” as utilized within the present invention refers to a

20  lentivirus which carries at least one gene of interest. The retrovirus may also contain a
selectable marker. The recombinant lentivirus is capable of reverse transcribing its
genetic material (RNA) into DNA and incorporating this genetic material into a host
cell's DNA upon infection. Lentiviral vector particles may have a lentiviral envelope, a
non-lentiviral envelope (e.g., an ampho or VSV-G envelope), or a chimeric envelope.

25 “Nucleic acid expression vector” or “Expression cassette” refers to an assembly
which is capable of directing the expression of a sequence or gene of interest. The
nucleic acid expression vector includes a promoter which is operably linked to the
sequences or gene(s) of interest. Other control elements may be present as well.
Expression cassettes described herein may be contained within a plasmid construct. In

30  addition to the components of the expression cassette, the plasmid construct may also

include a bacterial origin of replication, one or more selectable markers, a signal which
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354-362 379-388 390-398 400-410 429-433 474-499 529-534 PBS 25 p7
bi ndi ng region, packaging signal Gag: pl7 p24 30 Cyclophilin A bdg. MR
p2 p7 Freowshedste slip 35 pl p6Gag Zn-notif | 638- 655 6@6TASL2/7822 2285
792-1178 1179-1871 1395-1505 1632-1694 1872-1907 1908-2072 2072-2078
2073-2120 2121-2285 1950-1991 32 WD 03/ 02 8(?8 ..
allows the plasmid construct to exist as smgle-strande NA (e.g., a M13 origin of
replication), a multiple cloning site, and a “mammalian” origin of replication (e.g., a
SV40 or adenovirus origin of replication).
“Packaging cell” refers to a cell which contains those elements necessary for
5  production of infectious recombinant retrovirus which are lacking in a recombinant
retroviral vector. Typically, such packaging cells contain one or more expression
cassettes which are capable of expressing proteins which encode Gag, pol and env
proteins.
“Producer cell” or “vector producing cell” refers to a cell which contains all

10  elements necessary for production of recombinant retroviral vector particles.

2. MODES OF CARRYING OUT THE INVENTION

Before describing the present invention in detail, it is to be understood that this
invention is not limited to particular formulations or process parameters as such may,

15 of course, vary. It is also to be understood that the terminology used herein is for the

purpose of describing particular embodiments of the invention only, and is not intended
to be limiting.

Although a number of methods and materials similar or equivalent to those
described herein can be used in the practice of the present invention, the preferred

20 materials and methods are described herein.

2.1. THE HIV GENOME
The HIV genome and various polypeptide-encoding regions are shown in Table
A. The nucleotide positions are given relative to 8 5_TV1_C.ZA (Figure 1; an HIV
25 Type C isolate). However, it will be readily apparent to one of ordinary skill in the art
in view of the teachings of the present disclosure how to determine corresponding
regions in other HIV strains or variants (e.g., isolates HIVyy,, HIVgp,, HIV-1gp620
HIV-1gp1700 HIVy 4y HIV 41, HIVyne HIV-10p035,, HIV-1yg,, other HIV-1 strains from
diverse subtypes(e.g., subtypes, A through G, and O), HIV-2 strains and diverse
30 subtypes (e.g., HIV-2¢; and HIV-2y,), and simian immunodeficiency virus (SIV).
(See, e.g., Virology, 3rd Edition (W.K. Joklik ed. 1988); Fundamental Virology, 2nd
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Zn-nmotif 112013-2054 PO :2072-5086 p6Pol 2072-2245 5 Prot 2246- 2542
p66RT2543- 4210 p 15RNaseH3857-4210 p31Int4211-5086 10 Vif:5034-5612
Hydr ophi IWO 08021i80015292- 5315 Vpr: 5552- 5839 A i goneri zat i onPEIAFSBHTB4245
Anphi pat hi ¢ a- hel i x5597- 5653 Tat: 5823- 6038 and 8417-8509 Tat - |

Trans- act | PAPRB R AGFEEEEGS S 2t dTIF WhOlnso SR SEHREN: 5962- 6037
and_8416- BORBKADe BN RoRNONGARAS G99, e SrONAL IBERAC BN LT ity b

Si te8439-8486 Léu-rich effector 'donmain
Tr ansnenbr deseriptamed b6 Oné detr Glatepyiases)cudanfor sidfile 63g6nRCT/ US02/ 21342 33

WO 03/ 020876 25, Env | 60): 6244- 385 i gnal peptide6244-6324
gp1206325- FHBRAIHT 35&9%@2& g\/%%é?? éa Qt%ergs daescrl%eg herein) or identification and
5  alignment of structural features (e.g., a program such as the “ALB” program described

herein that can identify the various regions).

Table A: Regions of the HIV Genome relative to $_5_TV1_C.ZA

Region Position in nucleotide sequence
10 5'LTR 1-636
U3 1-457
R 458-553
U5 554-636
NFkB IT 340-348
15 NFkB I 354-362
Spl IIT 379-388
Spl I 390-398
Spl1 400-410
TATA Box 429-433
20 TAR 474-499
Poly A signal 529-534
PBS 638-655

25 p7 binding region, packaging signal | 685-791

Gag: 792-2285
pl17 792-1178
p24 1179-1871
30 Cyclophilin A bdg. 1395-1505
MHR 1632-1694
p2 1872-1907
p7 1908-2072
Frameshift slip 2072-2078
35 pl 2073-2120
p6Gag 2121-2285
Zn-motif 1 1950-1991
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V37150- 7254 V47411- 7506 V57663-7674 Cl 6325-6627 C26853- 7149 C37255-7410
C47507-7662 C57675-7794 CD4 bi ndi ng7540- 7566 gp4l 7795-8853 Fusi on

pepti de7A80-0382@7¢]) | goneri zati on doma
repeat 7921- 8028 C-term nal heptad rep
regi on8023- 8076 Nef: 8855-9478 Myri st
Pol ypur i ne 41+-HIOtH L

28- 9154 SH3 bi ndi ng
readi |y apparent that one of skill in

sequence tq?s(; hat shown in Table Ato
particul ar (; H V gene. For exanpl e,
described HR&8in (e.g., BLAST), oth
with 855 T\RroC. ZA (Table A) and | oc
sequences gt simlarly aligned.
al i gnnment of | ypepti de sequenc
SF-162. As H}égﬁlﬁsg[gd in detail in co-
(e.g., gpl 2a8llgpl 40 and gpl60) inclu
anti-parallel b-strands (b-2, b-3, b-
Extrugbng f‘r,]%m one pair of the b-stra
and V2. The 34 WD 03/020876 PCT/ US02/
appr oxi mat ilydrephilipregiond r esi due 113
whil e b-3 occurs at approximately am
Vpr:
Oligomerization
15 Amphipathic a-helix
Tat:
Tat-1 exon
Tat-2 exon
20 N-terminal domain
Trans-activation domain
Transduction domain
Rev:
25 Rev-1 exon
Rev-2 exon
.High-affinity bdg. site
Leu-rich effector domain
30 Vpu:
Transmembrane domain
Cytoplasmic domain

i N7924- 7959 N-t er m n&RCThESpL/ 20842

eat 8173- 8280 | nmunodom nant

| at i on8858- 8875 SH3 bi ndi ng9062- 9091

8-20367 PCT/ US02/ 21342 It will be
the art can readily align any

usi'n

_rslﬁ'g@e relative | ocations of any

ne of the alignment prograns
r2042x224eénoni ¢ sequences can be al i gned
12469509 genes det erm ned. Pol ypepti de
Fansexagpl e, Figures 2A-2C shows the

s from various strains, relative to
39303, 35 Env pol ypepti des

el2d41°3086 dgi ng sheet” conprised of 4
20 and b-21) that form a b-sheet.

-2 and b-3) are two | oops, V1
%‘C@ﬂ%%%%z sheet occurs at
(32983531d amino acid residue 117 (Thr)

no acid residue 192 (Ser) to am no

5552-5839
5552-5677
5597-5653

5823-6038 and 8417-8509
5823-6038
8417-8509
5823-5885
5886-5933
5961-5993

5962-6037 and 8416-8663
5962-6037
8416-8663
8439-8486
8562-8588

6060-6326

6060-6161
6162-6326
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acid residue 194 (lle), relative to SF-162. The "V I1V2 region" occurs at
approxi mately am no acid positions 120 (Cys) to residue 189 (Cys), relative
to SF-162wod3Mmusraidi ng from the second pair of b-strands @EoTAGzEG4D-21) isS

a "small-1oop" structure, also referred to herein as "the bridgi ng sheet
smal | loop.” The_ | gcations of both the small |oop and bridgi ng sheet snall
| oop can beE’a\%fgﬂlﬁﬁ)ied relative to 4-885B| owi ng t he teachings herein

and in WO 33ga8 peptideco shown by arr ows| 6244Fi3gdre 2A-C are approximate sites
for deleti %p_ﬁzgequence fromthe beta gt7708gi on. The 10 denotes
oY

N- gl ycosyl on sites that can be nut é%lglsf)v&ngcqtsg%rgrggcgqngs of Ehef
e aspect o

present sp fication. 2.2.0 SYNTHETI

the présentVZnvention is the generati#236832V-1 codi ng 15 sequences, and
rel ated sequgnces, for exanple havingl 713pra%ed expression relative to the
correspondi\?ﬂI wi | d-type sequences. 2. 274]1 _h% FI CATION OF HI V-1 NUCLEI C ACI D
CODI NG SEQUENCES First, the HV-1 co néls pattern was nodified so that
t he resul ti\l@ nucl eic 20 acid codi ng ¥83uiéride was conparabl e to codon
usage foundCin highly expressed humgnegsmsssy The HI 'V codon usage reflects
a highgcontent of the nucleotides A or.sks 9f,sthe codon-triplet. The effect
of the H V-gcodon usage is a high A conten? in the DNA sequence that
results in @ decreased translation abif3®y43fd instability of the nRNA. In
conmpari son,Chi ghly expressed human codd03-766ef er the nucl eotides G or C. 25
The HI'V codigng sequences were nodifi gd;g79 Bg4conparabl e to codon usage
found in gﬂ‘)lghk’ expressed human gen 3_45 %ﬁcogd, there are inhibitory (or
instabilit & ts (INS) |ocated wi AP PRe codi ng sequences of, for
exanpllé, tlgpd4Gag codi ng sequences. THE7RRIBSS3 a secondary RNA structure
that interagispnWeptidd he H V encoded Remgprighein to overcome the 30

expressi on gown-regul ating effects of . To overcone the

post-transc '%ﬁ%ﬁ lon(i\ocf{] ating mechai?’ g‘r%l?ygf RRE and Rev, the instability
el enent s caWrtyainahheptad sapsek by 35 WO |0792080886 PCT/ US02/ 21342 i ntroduci ng
nul tipl e pa-adrminsd Béjtadgepeltat do not |ajyergogbe reading frame of the encoded

pr ot ehRSs. .genes the dagi,ne quence has been altered such
t hat ?ﬂe &%@nﬁg{’@g&aﬁggglé’%di ng seque%@?%ﬁ?gdes a gene product that is
i nactive or non 5 functional (e.g., ilnactivated pol ynerase, protease, tat,
rev, nef, Wéf; vpr, and/or vpu gene |p8885we47s) . Exanple 1 describes sone

exenpl ary my}akbAR%on Exanpl e 8 preserjiggsg gg75

SH3 binding 9062-9091
25 Polypurine tract 9128-9154
SH3 binding 9296-9307

It will be readily apparent that one of skill in the art can readily align any

sequence to that shown in Table A to determine relative locations of any particular

30 HIV gene. For example, using one of the alignment programs described herein (e. g.
BLAST), other HIV genomic sequences can be aligned with 8_5_TV1_C.ZA (Table
A) and locations of genes determined. Polypeptide sequences can be similarly aligned.
For example, Figures 2A-2C shows the alignment of Env polypeptide sequences from
various strains, relative to SF-162. As described in detail in co-owned WO0/39303,

35  Env polypeptides (e.g., gp120, gp140 and gp160) include a “bridging sheet”
comprised of 4 anti-parallel b-strands (b-2, b-3, b-20 and b-21) that form a b-sheet.
Extruding from one pair of the b-strands (b-2 and b-3) are two loops, V1 and V2. The
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i nformation concerning functional analysis of nutated Tat, Rev and Nef
antigens. The synthetic codi ng sequences are assenbled by nmethods known in
the art, woros/ozosacpl e by conpani es such as the M dl and CerCirfusezizBengent
Conmpany (Mdland, 10 Texas). Modifi cati on of t he Gag pol ypepti de coding

sequences sults in i roved ress | ative to the wl d-type coding
sequences F’%%‘ CHTEYS abeP T'q%é IaF r?ﬁl g1 @a@y%?épla% Hihesidig pes  of

cel I 1inesyy7 pedrtighitgp-303ekusd » #rmghﬁ%& Qnmméﬁ%m&g 19) se§9§f§ enpl ary
pol ynucl eoti de sequences encodi cont al ni ng S/ es are
GagConpl Poheidtresisiaz 19&Ijﬂoquti%lt«xﬁFAt612 3R “V1Gayfegionl’ Bod:ufslfad na. SF2,

PoI mut Ast . SF2, f;gPoI mut | na. SF2,

a ol I naTat Rev 0
%aggfotl na RRFA¥ IS “—%’ r@@ BFigmo WWYR)&WN@FM% B Cyskzag) F@f‘f%t’ SEEY62. and

GagTat Rev b J J udes

synt hefgi c%ngeﬁ%ﬁg?ﬁg%%&%@é% ﬁeoi E%ggbgngagr&d‘)?y ZSJ oteins, for
exanpl e, gpiréBurepdhti?redut ol as ‘@i blﬂigliﬁgcbﬁEét@ﬁlaﬂHﬁdp’faThe locations of

gpl 60. modSF1 %2 de1V2 nmut 7, and g@l 60. npdSF162. del V2. nut 8. The codon usage
pattern foPoiribe waall lageard ]érdld%%g §Tc?“ilqgé€101éh%\}f@ detsimimeg relativethdXBre
resultin l age found
25 in hi gh p%ctgggégg en&ne%ﬁgs per| rre&{w%ﬁer O¥Er¥e%%‘%§)m 3 %o?t of the
present i nQAFItI mmppfuanﬁtbaitestfoeddyﬂiﬁﬂs%qu&n&ﬂorﬁ@lﬁﬁlﬁh‘ﬁ@ StketRizRncapabl e of

hi gher,__| ev protein, production reI ative to the native Env sequences.

Modi f it8at | g?POéffS Nﬁ@cwﬁaalsgﬁﬁ%%% beauntatgd &dlpuareids teashings ef tha i mpr oved
expr essi on fe?%xﬁ%%%ﬁ'cﬁﬁoﬁ he wi | d-type codi ng sequences in a nunber of
manmal i an e {Fhes (as well as other types of cell lines, including,
but not limted to, insect cells). Simlar Env pol ypeptide COdI ng sequences
can be obtained, nodified and tested for 36 WO 03/ 020876 PCT/ US02/ 21342

i nproved expresg'lz&n P YRFHETIC X PRESSION CABEETES, i ncl udi ng t hose descri bed
above for t are not limted
to, gener atl ng E%F%Jg ?ﬂe{g?tj%gglﬁ%ﬁp tzioennlté(t)}g3 eﬁ%@“ﬁ%ﬁ@%@gﬁﬁ %glghaw ng

mut at i16ns @aqﬂézm‘es dell etlaed Sequentdiefor eRamfOhavin}Sinpierd dxpesfivpriaat kbl e
regi ons, and/ or V2, can be del eted as described herein. Additionally,

ot her nodi ?1]3(98{1?&% ing gl 1Y BPrPRaBenssst he bri dgi ng sheet region and/or to
N-gl ycosyl ation sites within Env can also be perfornmed follow ng the
teachi ngs of the present specification. (see, Figure2A-C, as well as WO

00/ 39303, 2.2.1 MODIFICATION OF HIV-1 NUCLEIC AcID CODING SEQUENCES

First, the HIV-1 codon usage pattern was modified so that the resulting nucleic
20 acid coding sequence was comparable to codon usage found in highly expressed
human genes. The HIV codon usage reflects a high content of the nucleotides A or T
of the codon-triplet. The effect of the HIV-1 codon usage is a high AT content in the
DNA sequence that results in a decreased translation ability and instability of the
mRNA. In comparison, highly expressed human codons prefer the nucleotides G or C.
25 The HIV coding sequences were modified to be comparable to codon usage found in
highly expressed human genes.
Second, there are inhibitory (or instability) elements (INS) Iocated within the
coding sequences of, for example, the Gag coding sequences. The RRE is a secondary
RNA structure that interacts with the HIV encoded Rev-protein to overcome the
30 expression down-regulating effects of the INS. To overcome the post-transcriptional

activating mechanisms of RRE and Rev, the instability elements can be inactivated by
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WO 00/ 39302, WO 00/39304, WO 02/04493). Various conbinations of these 10
nodi fi cations can be enpl oyed to generate synthetic expression cassettes as
descri bedwoOlanzisme The present invention al so includes expcedsopm3snssettes
whi ch include synthetic Pol sequences. As noted above, "Pol" includes, but
isnot limted to, t r ot ei n; encodi.ng regi ons isin ol ase,

pr ot ease, IPEQ&F‘%%% WE’IR &%ﬂfﬁﬁlﬁ’é@%t%&f’g’r"t ?]?ﬁrgger ‘gnngﬁﬁlfnﬁl ﬂf}% r‘g‘raej%iﬁiences
(Wan et et rg{ U&_1996) Bi ochem J. 316:569-573; Kohl et al. (1988) PNAS USA
85:4686-4 ; Krausslich et al. (1988) J. Virol. 62:4393-4397; Coffin,
"Retroviridae afhird, lferi sromagahéme coditig seyquencedias ggen aipded3dci 5d0the( Raven, New
York, 1990); Patel E(“1995 Bi ochem stry 34:5351-5363 Thus, the
synt het i c 1@1}5‘?"@?@?16‘?1"?55%%% ce gheadss P]gF’%ﬁdPrﬁge{‘éltWtﬂsrfB?‘iﬁﬁﬁ %% %nor mor e of

t hese £eqi r £aci d
sequen?:es.fa &I&Qﬂ %%@%?IQ’%% f}ﬁlgﬁé@&%ﬁ%ﬁ%%{}%ﬁéﬁ%k%l ng P der| ved
pol ypepti dmle@mdqatg)s Entraple il rdeﬂ'caibbescﬁhe eiElrr@larpdmtatloasagExqmpla 8mprestuis Pol was
nodi fied as _descri bed above for and _Env s t the resylting nucleic
acid codi nl@f%a%%@wgcfaﬂcﬁwalmngl% OF BB LY @ev L Mef AHEFSghI y
expressed humany 2R EBN ,gplgu r For
exanpl e, the expg% ?Igﬁgé(():on %qgglgés%na Sér%%lud %&tgg%éu%ﬁﬁl?%%arﬁ%%des t he
first 6 anxaempkchySorgfanieleuchrikseigy Mancb@émﬁecheagent Qbparfy (Midland,aci d regi on
is believed to provide a cleavage recognition site recognized by HV

prot ed8e (E&®@s)-e.g., MCornack et al. (1997) FEBS Letts 414:84-88).

Const ructs may_\nchiidforoffit ap LonBlARN R EakhSk At ol ipesidon of 30

one or nore transgenes, yp|ca € cons ruct. In
addi tion, @(}E@Sﬁﬁ)ﬁtrélatlveetbwaﬂ@-tﬁ)emﬂmlg)sEanC@nh amumpért afppaniaslianedll f r om t he
catalytlc center in RT is typically 37 W) 03/020876, PCT/ US02/ 21342 i ncl uded
3' of the Meganvel waﬁ*twwfaﬁﬂ h‘%?sa@?]él@lnéif qtﬁ?@gm&@eto mPﬁCéC‘E]%%sette

encodes Ile 178, &Qrg&m@@g@g@?}%ﬁd&% c@s%c%g gu‘%_t% A fif0 keep this

wel | conserved regro epi tope. he constructs

cont ailf anpdl faememag@bn@mhm SR, %gCumpIH@&nutAaCHH?g frame. (see, e.g.,
Park et al. (1991 . Virol. 65:5 111). 5 1n certain enbodi nents, the
catal ytic Gagtemp ﬁhﬁ‘ﬁlﬁarﬁﬁznﬁg%ﬂlﬁﬂ%ﬁpﬂﬁﬁf&ﬂ’t@f GagPelmmiAfiSERd. The

n par el - cboa SRR SPE SRp AR AR 530° Rep Bl B AR BRRS ool B) 597 T ©
Bi ol . CheGugRT24:8.8F2,hd GhgThRevNspopI B, W | d type sequence encoding the

am no acids YMDD at positions 183-185 of p66 RT, nunbered relative to AFl
10975, may be 18imilaslyatbe araspnt inveateiereeinslideviyntichEnyi¢pdingci ds " AP .

Furt h%f) t Pglyl%cl&;%desggﬂd%odlﬁed Env proteins, for example, gp140.modSF162.CwtLmod,
gp140.modSF162.CwtLnat, gp160.modSF162.delV2.mut7, and
gp160.modSF162.delV2.mut8.

The codon usage pattern for Env was modified as described above for Gag so
that the resulting nucleic acid coding sequence was comparable to codon usage found
25 in highly expressed human genes. Experiments performed in support of the present
invention show that the synthetic Env sequences were capable of higher level of
protein production relative to the native Env sequences.
Modification of the Env polypeptide coding sequences results in improved
expression relative to the wild-type coding sequences in a number of mammalian cell
30  lines (as well as other types of cell lines, including, but not limited to, insect cells).
Similar Env polypeptide coding sequences can be obtained, modified and tested for
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region (amno aci ds WMGY, residues 229-232 of p66RT, nunbered relative to
AF1 10975) nmay be replaced with sequence encoding the amno acids "PlI." For
t he Pol swouwenzm76the changes in codon usage are typical |l yCraspz2sied to
the regions up to the -1 franeshift and starting again at the end of the
Gag reading frane; however, I‘elOSW_IthInth fra ift translation
regi on caﬁmﬂ@"ﬁ‘é&?‘?q"*gﬁ) O Yatietioh 50 afes, PRl thesy desgrt F QoxBieT ¢ y)

el enent s EF‘ | ocated within the codi ng sequences of the protease

pol ypepti codi ng sequence can be altered as well. Experinments can be
perforned in supptiet molifichton o€ Eeninclude ot iaemat dinsted vo,tgeadratitghe synt het i ¢

Pol sequences were capabl e of_higher |evel of protei M fp‘g??cu on relative
20 to the ReAmPGleos (R coetiediny nobweptides Drype B’Iutatt’r‘?és q188BHt i de codi ng

sequenges (asill o idlidnlBIRY fhePHRLAS Rlefhs! §18hANE Vo0l ditddhdype coding

sequences 1h a nu I'an c lines (as ell as other types of
cel I Ii nesdesérivet idieing, Abditiomdly, dtherirh@tifications, forseampleab ltisd bridging sheat Pol
pol ypeptide coding sequences can be obtained, nodified and tested for
i mproved ex@ior 88¢/ghtr Noglycosviaiqnesitgs withindinvge also bﬁ@P{famf‘gi tolpyeiae sscri bed

2 oot o BheniFg R0 drlent TREABIBRC Rlec AKEBAOAGS R\AM 4 ITLUBADIBEP! €05 O

cassettes et c sequefices | V genés ot her than
Gag, Env awdnﬁt%%oan(u@omgsm;twom/omm t‘ea:home,conb@am ofitiebé N Gag, Env,
Pol, as well as, GagCorpl Pol nut. SF2, npl Pol nut Att. SF2,

GagCohd! PanedifiFatiensean begf‘agt@@m tA &‘P%thﬁ@waghet&ﬂXPESSlQ@C@é‘ﬁﬁé EheesaEbedsEo
GagPol mut I.,na 11§F2 GagProt | naRTmut . SF2, GagPr ot | naRTnut Tat RevNef . opt B,
GagRTnut . gEﬁ ‘GagTat RevNef . opt _B, 38 WD 03/ 020876 gpl140. mpdSF162. Oat Lnod,

gp140. nodSFl 62. Tvd prbgeint mv@ﬁlicﬁ(hlsf@ﬁﬂ&lﬁie@%xpieés\(ﬁl cmsﬁeth:s Wthh include
gpl 60. nodSFl 62. del1V2. nut 8, int. opt. int.op

nef . D125G synipetio Bol sspu@mes. nds ngse ?@VﬁﬁiPrOi”smélﬁfleSsP&feg not 1ﬁé¢eddﬁtth9125e SF162,

o Sl o g1

pol . ops. S%&@fﬂbgﬁﬁﬁrc&ﬁimm@rs@qdeﬂ@s QWian SF2; al (199®) Bf‘k&JRImYMmB{%@BZ 3;
prot I naRT. YMAM opt . SF2, Prot| naRTnut . SF2 pr ot RT. opt
Pr ot RT. Tat KRelxea!. 6HB8BPNASJI I § 36680 4e90; KMISBICh et al (1988)J Virol.

L e e e
tat . exonl _@&Ra9ed, Ne3wv YOHZ,199ay; RateNaf a10(£119951)aleoWaanﬁEtlj324 5351-ResaNe Thaq theSF162,
Tat RevNef Gag B, Tat RevNef gagCpol | na Tat RevNef GagPr ot | naRTnut B,
synthet1c expression cassettes exemphﬁecf herein include one or more of these regions
20  and one or more changes to the resulting amino acid sequences. Some exemplary
polynucleotide sequences encoding Pol-derived polypeptides are presented in Table C.
The codon usage pattern for Pol was modified as described above for Gag and
Env so that the resulting nucleic acid coding sequence was comparable to codon usage
found in highly expressed human genes.
25 Constructs may be modified in various ways. For example, the expression
constructs may include a sequence that encodes the first 6 amino acids of the integrase
polypeptide. This 6 amino acid region is believed to provide a cleavage recognition
site recognized by HIV protease (see, e.g., McCornack et al. (1997) FEBS Letts
414:84-88). Constructs may include a multiple cloning site (MCS) for insertion of

30  one or more transgenes, typically at the 3' end of the construct. In addition, a cassette

encoding a catalytic center epitope derived from the catalytic center in RT is typically
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Tat RevNef p2Pol . opt _B, Tat RevNef prot RTopt B, vif.opt.SF2, vpr.opt.SF2, and
vpu. opt. SF162. Sequences obtai ned fromother strains can be manipulated in
sim | ar MOfoaskison foll owi ng the teachings of the present pepamsoi/ezEati on. As
not ed above, the codon usage pattern is nodified as descri bed above for

Gag, Env and Pol_sq that the resulting nucleic acid ¢oding sequence is
conpar abl emfdwdﬁ%é&%tmg%ﬁmﬁﬁ?ﬁ?w é?@WP)?CIdM%‘P%E"é%} g‘ﬁ&ﬁssﬁ%@%@dq%/pi cally

t hese synt i : r i I i.n.
Product | on e A A I aRE iy B el koo B TP BB ¢ he 20
wi | d-type ol psibiel CEL epithpeg Fasthere tieaonstastd dontdiman figertive chuexjphessi on
relative to the w Ia%i]-g{gyife codi ng seguences in a nurr?e of mammal i an cel |
lines (as WEFirveteds sise -l Ak pf Hed 9Dk Virg -r%,ﬁlﬂ&i- not limted
to, ingect cell NTrg (T | &l i ! 0 be
nodified to i nt?%?b%g mut g?}ﬁ%lgsé tt?ér}ctedgﬁ%{%e&g& ?rr%ar/(ge]Ir Bregé}ﬁ%%g%lgﬁﬁgﬁ&gene, for

i nstance tareahddifiedt [Tthe fcatabttic centof andheringeneippegionsodf RBag. desérivadefor t he gene
25 product non-functi ona{ ) %%glor to elimnate site nodifications ée. g.,
€Y lerived

the nmyri st SRS ghPatelief al. Pyochepnd4iedlcand Bgleaisppyet s 38D s Bi
f HYV T, i ifi o0 de, .hut t
o ted o 2rBREN 191 RIS R ole, GHE Bl s Bfled BB MGl 27 © 1

pol ynucl eo¥MieB:at fagieoniBPdISGWE p66R T, A0mEaeCaigmiveed B £09755may be
GagConﬁLPohnth | na, SF2, gagCpol | naTat RevNef . opt B, GagPol xnut Att. SF2,
GagPol frut | TeRlaepsh witkeseapprfe R peing thegmaino agds i RY3 /Rypiers Shemerineygminy 21342

0P, mod e E B N e R o e R T s el v e 7,
gp160. mod SKEBROIS) My briteplacedtvith gbquetite Scading tidtangid aGi2 PL”

nef . D125G - nyr. gpt . SF162, nef.D107G -nyrl 8. opt. SF162, 5 )
nef . opt . D125G. SFarghe Polseqegnce. sha ghanges s radersisagp ere sppicallyTpsitictop to MM SF2,

2Pol | - 2 .SF . . ive B .
2P0l Tat RECRLE: Bpe ARl afy RE: IARGEL ARGl iGp g ame
pr ot | h&RT. howespt, (&Fans witth keaRincsMAMr ORlatiSi 2.gidirdah b aldHmiEd. a8l

prot RT. opt. SF2, Prot RT, Tat ReyNef. opt_B, Prot RTTat RevNef.opt B, 10

rev. exonl BN ihikiery (Qrmstabilicy\elemesy (INSplocatat within thy coding SR@eqasst ant ) |
RT. opt . SF2 j - SE2 .. nl| , 2-37. SF2,

tat. exonl _%I{tg%#%%? g@%ﬂéﬁfj g? ﬁé%’ﬂé? %%%?&nca i%sgf?%ﬂ%wc at RevNef . opt . SF162,
Tat RevNef Gag B, EdmiiReuiNetybg ppdddnied ilBsuphattREviNei e PmobhtvaRd ¥Héw Baat

the synthetic Pol sequences were capable of higher level of protein production relative

20 to the native Pol sequences. Modification of the Pol polypeptide coding sequences
results in improved expression relative to the wild-type coding sequences in a number
of mammalian cell lines (as well as other types of cell lines, including, but not limited
to, insect cells). Similar Pol polypeptide coding sequences can be obtained, modified
and tested for improved expression from a variety of isolates, including those described

25  above for Gag and Env.

The present invention also includes expression cassettes which include
synthetic sequences derived HIV genes other than Gag, Env and Pol, including but not
limited to, regions within Gag, Env, Pol, as well as, GagComplPolmut.SF2,
GagComplPolmutAtt.SF2, GagComplPolmutIna.SF2, gagCpollnaTatRevNef.opt_B,

30  GagPolmutAtt.SF2, GagPolmutIna.SF2, GagProtInaRTmut.SF2,
GagProtInaRTmutTatRevNef.opt_B, GagRTmut.SF2, GagTatRevNef.opt_B,
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Tat RevNef p2Pol . opt _B, Tat RevNef prot RTopt B, vif.opt.SF2, vpr.opt.SF2, and
15 vpu. opt. SF162. Gag-conplete refers to in-frame pol yproteins conprising,
e.g., Gagwendopslre wherein the p6 portion of Gag i s _presect/ushelelizsl onal

sequences that may be enployed in sone aspects of the present .invention

have been ' ' 0/.39 , 303,, WO 00/ 39304, and 20 WO
02/ 04493. g§§ﬁ§5@%g¥h2é¥§ﬁgﬁ r%ﬁ@%%%%%?ﬁgééﬁﬁzéés I NCLUDI NG HI'V NUCLEI C

ACI D CODI Nep HECHEMIES2 ety TnWt 70 8p MeRb dSierce e pdl dise iR besshosrLasset t es

described herein may also 25 contain one or nore further sequences

encodi ng, MSPPeXBHIICED 13¥e.-Byr-oniSE 162,186 PAASE . -myASraphSF163quences (e. g.

transgenes (| r.act i of e ese i nti i ude, but
bro ot R T RSB R B e rech S SRS o oy SRR SR £

epi t opss/ aptPgABpL YNESEINBoBH S hobbTiRANLoptiatt | gens (e g, B,
E2; Houghton, M., et al., US. Patent No. 5, 714,596,” issued February 3,

1998; I—bugﬁ@EﬁiTatm;JNbf-theB, ral.opt. 3F% prevape SF2NorotlBa. 325288, i ssued January

27, 1998; h et Al at e . .5,683, 864, issued
Noverber 4?9’%?W?Pé§ﬁw?rﬁ’h?é§-W@P@%ﬁ%@%ﬁﬂ%ﬁsl 020876

PCT/ US02/ 233ART Npt.SB2, A8 FEL P atReSNHE tﬁ@,r%tﬂ-iTatﬁgwéf,O#imer’ AJ., et al.,
U S Patent No. 5,766, 845, issued June 16, 1998; Winéer, A J., et al.,

U.S. Pat entevNgonk 2610, Wsapt.SH €2 wede:Swept 2npeSF152, RTIHT.PF2 Homtaant i gens (e. g.,
deriv fr on r [ V. S50] ate); and s encodi ng tunor
antiggﬁs/e%?%gﬁggg(ﬁgBFﬁgﬁ%@Eﬁgén%ﬁg“%ﬂyzgpgégggggﬁﬁerived frgn1non-viral
sources, f @k ekdiat ARPECITSHYENERSV IR Qhﬁ%@fﬁ@%}l @ggmﬁﬁpgﬂﬂf%&' eukin- 2

(1L-2), stemcell factor (SCF), interleukin 3 eukin 6 (I1L-6),
i nt er | euki HatRevNpiGapy, TalRSHefzagCpnlihoBy TaReaNeithbRyehaRTonyBst i mul at i ng

B S Rl S R b e s Paoed. (117
avai | abl o 1o Sever ol vanes At O otflr it CupR B GORREE VALY, gham
MA), EBnenfasion {Gowiing Saneachiagrofsbo pro@i) spdviiiration.( Khooisdntov@akie, CA), R&D
1oL e A d IO 7 5 el Uk ST 1 S BS0ELL 00
ceences, il AL A s gLt oS ESL SRR Bt Yo oont 0
expressed human genes. Typically these synthetic sequences are capable of higher
level of protein production relative to the native sequences and that modification of the
20  wild-type polypeptide coding sequences results in improved expression relative to the
wild-type coding sequences in a number of mammalian cell lines (as well as other types
of cell lines, including, but not limited to, insect cells). Furthermore, the nucleic acid
sequence can also be modified to introduce mutations into one or more regions of the
gene, for instance to alter the function of the gene product (e.g., render the gene
25 product non-functional) and/or to eliminate site modifications (e.g., the myristoylation
site in Nef).
Synthetic expression cassettes, derived from HIV Type B coding sequences,
exemplified herein include, but are not limited to, those comprising one or more of the
following synthetic polynucleotides: GagComplIPolmut.SF2,
30 GagComplPolmutAtt.SF2, GagComplPolmutIna.SF2, gagCpollnaTatRevNef.opt_B,
GagPolmutAtt.SF2, GagPolmutIna.SF2, GagProtInaRTmut.SF2,
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see, e.g., Myers et al. Los Al anps Database, Los Al anps Nati onal
Laboratory, Los Al anbs, New Mexico (1992); Myers et al., Human

Retrovi r uwwedsam7é\i ds, 1997, Los Al anps, New Mexico: Los PArdrsoz21842 i onal
Laboratory. Synthetic expression cassettes can be generated using such
codi ng sequences as_startin mat erial 20 follow ng the teachings of the

pr esent spgﬁ‘g?ﬁoééﬁRSWutW? f.opf b Csaﬁﬁﬁmé‘f PE2 g laiRedVetont bt t es of the
present i néﬁﬂ%d.rﬁg%%ﬂ%b% gﬁg)grg&gﬁi%@@vgﬁ sequences having greater

t han 85% erably grea nor e pref erably greater than 95%

and nost pg@f@rmbdisﬁmem\eznﬁ%@pﬁ@?@s@mem@ewzmam irft wpt.ewt.$E2, pol ypept i des
encoded by the synthetic expression cassette sequences 25 disclosed

herei n. Ex&kpPpPbpke. dghPddiG omyeerisdtlodsebRA0AG T ISAntShd6%re set forth in

oL VPERT! DS RB R ATRRY Pt VBEST e S0P RED % 1o 0 o M FBuences

(expr essi op2psilinept. €8).SBL, p2relopt.SBE pPolTassvNeAoptaativees,cl oned into a
nunber of different expression vectors to evaluate |levels 41 WO 03/ 020876
PCT/ US02/ 2 P2RaITaReuNpt- @i <P oppleit SEZ.roretwt 853 epretingapt $&ht ai ni ng construct s,

product | on alu kRS Hg 57 VR AGLES AINNIAOBI ool ol 9] yPepL i des car

be cl oned o eucar xpreSS|on vec ors,” inc a’transi ent

expressi on MﬂRTQﬂpt SEM\/Prl@ﬂUMhERevNaﬁQd BME[HTT@@ReVN@ﬂQﬁSB and a shuttle
vector for use in bacul ovirus expression systens. 5 Oorrespondl ng wld-type

sequerfes &wrrxankd-Me-Kl-ented 10116V exanlsannl YRZo Ry .opt-fddmutaatt or s can t hen
be transfe rent including a variety of
manmal i an celc?ptIS%g @géﬁlﬁﬁ éj[«*é%??xo g%&{-ﬁ)&%cel I’l nes avail able, for

exanpl e, fm@x&ﬂlemp{c@ SEp, TARevNef dpt hitR@S ke, TARBYIEH dpﬂtsedsynder
appropriate conditions and the | evels of any ap&? ri at e \ﬂgeptl de
pr oduct caH‘aﬂ%ﬁ‘/}_’ﬂefféﬂgalﬁU'EﬁtBGVNfPfg%EMn&BaWﬁ@GVN§ g ,m)ut or exanpl e,

lecd 1o cvltnarnRAPN B b TR i St oé’vg%’a N

expr esiSi onypRbHLSTIHD. be used to evaluate protease; pl5 for RNAseH, p31 for
I nt egrase; and ot her appropriate polypeptides for Vif, Vpr, Tat, Rev, Vpu
and Nef. Furt heGagmm stetefps ty pefhapdypateinsicomphisingseg, Gepandpanpl e, 15

ot her Env es i ncl but ar e not limted to, for exanple, native
gp 160, o%?’ﬁ%%b g OGP © gﬁtg%‘ﬁ@ﬁ%n gp120 as wel | as nodified and/or
synthetic sequemaﬁloﬁal seliteices e MBeR! énqﬁ@yedm Sorh€ BdpletS oPhelfiERAr assays
denonstrate that expression of
invention have been described in WO 00/39302, WO 00/39303, WO 00/39304, and

20 WO 02/04493.

2.2.2 FURTHER MODIFICATION OF SEQUENCES INCLUDING HIV NUCLEIC
AcIp CODING SEQUENCES |
The HIV polypeptide-encoding expression cassettes described herein may also
25 contain one or more further sequences encoding, for example, one or more transgenes.
Further sequences (e.g., transgenes) useful in the practice of the present invention
include, but are not limited to, further sequences are those encoding further viral
epitopes/antigens {including but not limited to, HCV antigens (e.g., E1, E2;
Houghton, M.., et al., U.S. Patent No. 5,714,596, issued February 3, 1998; Houghton,
30 M.., et al., U.S. Patent No. 5,712,088, issued January 27, 1998; Houghton, M.., et al.,
U.S. Patent No. 5,683,864, issued November 4, 1997; Weiner, A.J., et al., U.S. Patent
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synthetic H V pol ypepti de-encodi ng sequences are significantly higher than
correspondi ng wi | d-type sequences. 20 Further, Wstern Bl ot anal ysis can be
used to swowswhmte cel | s containing the synthetic expressiPoR/tSazsBiL e
produce the expected protein at higher per-cell concentrations than cells

containing the native expression ssette. The Hi r.ot ei can be seen in
both cell Wéa%%ézénﬁs@é%?rﬁlétla’n]tgg’%; %ﬁ’@eﬁé’%’lr &t 3l I\ﬁp#)&p&%eélf &%ﬁ are
si oni {1 cantley Dis0NGledlin€ £, 1958 et ARUS of A, 166! baferNNS{ETOLIE, Wi L the

p éftes of t

synt heti c “25 "éxpi essi on cass e present invention. Fractionation
of the supguaRSesESbE0M IEMEIV antigeat (esg.t daived &omeehevdrtthore /Y synt heti ¢

expressi on cassette can be used to show that, the cassettes provide superior
. : . t 1 e%_:&'*c I’ﬁlﬂ_ ue Cp 3 0

p_r?)gugztl orsaddte)And payeREHSNRAIE (ROT ARISCAERPIGP g o Eél’azgf QEV\? °to the

w | d-type ., sequences. 3Q. Rntad ni ng

pol ypepti &’«?sd%ﬁ © %oﬁgrﬁ%ﬁhfdeﬁ,%%g?éﬁ%?%é%@gg&t ﬁ% fol dC?\IS\/i ng benefits: the

pol ypept i dggrlanien-HrEe2nfichaedl fastor (BCH)2inWEle0idh 60835 iReTrul80a (216} 2

ncr eased inpietiiy 12 GieEDef GRE| BRI S ALY S BUE i S uen:

i ncr eased ingetieukiy ; ep- | &I} { uences) ;

and a novel, Fetiac ol AL QUGG 1EL iRl IC@RNE), NN 1R ehBRRIckRS | N CHO

cells whi C(E' S t LS DI e he Absence of the increased expr essi on

obt ai ned YgéBe(THE), tRARShUEbIt@f fide (RIB)S ekt Hgand) dentmbopoietix EFRD)eand
Mammal i an cel | lines include, but are not limted to, BHK, VERO HT1080,
293, PO3T,fltRNgacosommegidy ayeiabktromysaveraypndoresirB @S, TORRRFRIG| ones, M- 2,

MI-4, H9, PML and CE 7 i I l e, for
exanpl e, fgwm%%nﬁ%? _,mAégéﬁﬂﬁé&@gMa%ahgﬁ%}cgg% Colﬁx?glslg}?t te of the
present i nvgRhiAn Okk, CAY, R&BSitbink and Enfingdx (Seattt, SVA). eAdstikmmi on and VLP

production when transfected into insect cells. Syntheti Epﬂeeéggr(essi on
cassett es sgerceban desribpthbelpwo Adeayadations 0 HegiicEalign of HYessi on in

insect cells. Further, in additi 0 i rotein yield, the
final pr od‘ﬂ‘i‘f’r‘f A G%an%%f\%eéggg%hy%gg??%ngcéfggé?éslf)glht ly contains |ower

anoungg of C0nHWpB%EﬁﬁleQ@@hiE@MiﬂeﬂSes%ﬂbeiobt&inbdil&bnt dtherf EA¥lisqategjuct from

the-native sequences. 15 Further, synthetic expressi cassettes of the
b ational L

present i nseen¢.goMysaretal dosiydamps Pa@ wedlonplgmps Jtio Beatafmilds, in turn,
con oo LB L el L b BRI Rl Sl e ¢
Tekanp- O s@lymd3, Ne MexitR I ®81A1NRes RE&nalBéboratesuSghthddirexipreksion

cassettes can be generated using such coding sequences as starting material by

20  following the teachings of the present specification.
Further, the synthetic expression cassettes of the present invention include

related polypeptide sequences having greater than 85%, preferably greater than 90%,

more preferably greater than 95%, and most preferably greater than 98% sequence

identity to the polypeptides encoded by the synthetic expression cassette sequences

25 disclosed herein.

Exemplary expression cassettes and modifications are set forth in Example 1.

2.2.3 EXPRESSION OF SYNTHETIC SEQUENCES ENCODING HIV-1
POLYPEPTIDES AND RELATED POLYPEPTIDES
30 Synthetic HIV-encoding sequences (expression cassettes) of the present

invention can be cloned into a number of different expression vectors to evaluate levels
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1998). 20 In addition to the manmalian and i nsect vectors, the synthetic
expression cassettes of the present invention can be incorporated into a
vari ety oWoag/2836i on vectors using sel ected expressi on ®CmtUSo2BUENMENt S.
Appropriate vectors and control elements for any given cell an be sel ected

by one having ordinary skill in the art in view of the te Ln of the
present spéexiression a3, drihe P‘F?P(S’if%ETCBWWHFW‘F%@I%#PU%W%% ressi on

vect or s. Kt XA Ch A NP B o HOBRRSLANLCABRE o Gikyb: | nser Ted i nto

a vector rol nts operably linked'to the desired
codi ng Sefékd%@%on véois®, inalldliagy o tansichieexpxgasios seaor, EMVHrogetsebaseda sel ect ed
cell -type. For exanple, typical pronpt ersthor manmal i an. cel |

expr essi on
i ncl ude t Wean@valBnagetoys, R AskuHe vegtaripr as VS SERIRSSID SYHEDEMY

[ di at | . i i A, RSV,
v Lt Gt R I e A ATRE e A 1) M BAOR. W 057 020876

PCT/ US02/ 21342 FHekd vedtbre casl€ien e krasfemgcintd atevep difforeat cgliAgipdsl P), and t he
herpes sinplex virus pronoter, anong others. Qxher nopyiral pronoters,
such as a ipdleding ewaﬁ@tyioﬁwma@mCqﬂﬁwew@%n@w@ﬁ&ﬂai(ﬁ%@%h&gﬁ%, will also
find use for. | ian expressi pi ; L BtukhngeF M nat i on
and pol ya&gﬁ%%iﬁq?anexgglgﬁé%8§lstﬁ\gmgln¥'ca(:fr'zo*rg§&yénseg%%,r{ﬁ%{(?lgttélat eél 3' to the

transl ati oppsiRRtcaiaionPasf gkl of anpagueniee palypappitie piadattcan bef
initiation of translation, located 5 to the codi Hg sgqueg{ce, ils al so
preseh® . Evalpteddn swfernatainis cisehlabla Ae AT TSRS B AR BRYICLP §¥A 44 G nal s

i nclude thqse derived from SVAO ri i AR al ., supra,
as wel | as((J)%lg W?ﬁ%’@ng%]ﬁ%hgﬁﬁ %%g?@e%%s%ﬁsgf%séﬁbgnce.\pl {ersghrsl’, cont ai ni ng

splice donggonpsh REEEREOEvABideEBol cRpiessidis pratean b ustelsiognealdate ptaredshe
constructs for use with the present invention (Chapman _etwgl i yuc. Aci ds
Res. (1991)151for BO7scHiogs) fordnleaiass and Pk ARSOPRAe BPYRERSECY OB Y Th¥PEi n t o

i ncrease exprgssion | evel f.th Lan: 14 ncl ude
the Svao o Jeyen: eiSHediriry odFRTEB AN GL B JUFtouc FIBFB RIS
(1985)54: 76her BRE &9%@@1@% hPKEsTBLEAre AT Tividell for eonekinepltSnatioagp 168, mi nal
repeat (LTR) of t%e ous Sarcoma Virus, as described in Grmn et al.,

Proc. Nat | olighoaic 59d#0, rusmnieriogph30 Fowelasmedfie bR ahgd: 1°guert 8m human
IC'r\l/:\:/i udaelz |d gfcqrqéa}?%gk}ﬁ?sﬁt h%%t%ﬂtgtgaﬁlle'se as%’&kiel(n%gﬁg)t fhja} é,&ﬂ'ﬁls}?ﬂ%? as el enents

uence apman et a Aci ds Res.

(1991) 19: 39ABIAR) polptidesidoBihgsyqichedsi e gighifipendly ihibheethandi ng sequences
can be cloned into any
corresponding wild-type sequences.

20 Further, Western Blot analysis can be used to show that cells containing the
synthetic expression cassette produce the expected protein at higher per-cell
concentrations than cells containing the native expression cassette. The HIV proteins
can be seen in both cell lysates and supernatants. The levels of production are
significantly higher in cell supernatants for cells transfected with the synthetic

25  expression cassettes of the present invention.

Fractionation of the supernatants from mammalian cells transfected with the
synthetic expression cassette can be used to show that the cassettes provide superior
production of HIV proteins and, in the case of Gag, VLPs, relative to the wild-type
sequences.

30 Efficient expression of these HIV-containing polypeptides in mammalian cell

lines provides the following benefits: the polypeptides are free of baculovirus
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20 nunber of commercially available vectors to generate expression of the
pol ypeptide in an appropriate host system These systens include, but are
not |im two oBo208tdre foll ow ng: bacul ovirus expressi on { ReCTIus2/R3R , et
al ., BACULOVI RUS EXPRESSI ON VECTORS: A LABORATORY MANUAL (1992); Beanes,

SR R Y T T
L0 TR e SR A AR B v Do SRRy %Q(éQ{o%elméthMbﬁcul ar

Bi ol ogy ( Aist et al e Pu 1'ishing Associates & WIley

| ntersci er}gﬁ@ducﬁ‘ﬂ%\"ﬁhé( gtk HiVhjainippslypdptidessih CHO cells. vﬂnclPatmnfeaNblnmEr
5, 135, 855, issued 4 August 19921, expression in bacteria ﬁusubel et
al ., CURRENIbSPROROUBLBCIERFRISKESHAROMiapE NS Y ANSHICE P TARHPERHE . | nc

i U A VERCg B

Teka I ssued, March’ 17, '1998:

Shuster, JyBRO, HT$084;3098M 93 RTH, @297201-10 A lMOHIET, (SABT, ACSH6B/ US02/ 21342
i ssued I\/ay 13,7 1997; 'Gellissen, Antonl Van Leeywenhoek,
62(1-2): 7mT4(d@@@)MTR&rMﬁo% HSMPMl C‘eEMaffnd Cipl 4g3ush.cabinssgEe (1992

Goeddel , D.V. thods [ 185 (1990); Guthrie, C, and GR
Fink, Met h%&géql‘?’l nei(f?WB 0%}9@@%@%1 expression in nmanmalian cells
{Contech; G bCRsﬁBheUc@QgJé)@)résSﬂoamdsseﬁtYof th& peesent invehiiorewdl Agneshidit ovary

(CHO cell Iines (Haynes, J., et al., Nuc. Acid. Re(; 11: 687- 06 (1983);
1983, 1Q.au, hiyh levels ef exgiressiontsnd V&R produstion when fregsfeaiad Bt} Pﬁ%fe S-Kauf man, R

cel 15, | roNEEHGGEP e chiies gy Upd] neih s YOaRtRERER 0 8s B ITE o,
I nc. San o Pr&98n Ginbk? 9dls} Fuahek, ex@ldasniton Imgheptcaﬂtprmeiﬂ weld,phafibalcl oni ng

vect ors Cl ontech 10 Laboratories, Inc., Palo Alto, CA and Pharnaci a LKB
Bi ot echnol ppdnctifroon the spnt@@t@cap@ymptldcp&]oonmly cE)ntanéstloypr amqunt teriol .

168:1291-1301 (1986 L : 325
(1990) ; Anco%?é"él?tmg) &ﬁ\%g’f@s R?gtei’%%an 8 final PO B fhcive! fohends{ <

Bi ol ogy Manual Agitkr 19n{hb88&ipredvidai cassBités o the pﬁeseﬂit mvemm%hﬁ-aﬁﬁ%ﬁ and
others in Plant DNA 1nfectious Agents (Hohn, ,. et al

ed
Spri nger - Vatdodyged ifto\peast vegtars whigh, it iy 0pn bPFf&meWdéEEﬂ aé‘fd %icéq”géiy
Essential Techni and J. in Wley,
1997; M gl S’H?f?sseg %é@ﬁta(f?ﬁb(%i ’g%{gwcec?f“ Y Se‘flﬁts%g :Blgs‘é\és;ﬁr%d& PEF I ar
Bi ol ogy, NRWs¥Pkl, SFRROTRERHLOkSN, 7. 89S, PASREN0. HEEB74%Rissuall, MaRelakt,i cal

Applications of Plant Mol ecul ar Bi ol ogy, New York, Chaprman & Hall, 19971.
20 Al'so indPeRjed in the invention is an expression vector, containing
codi ngZO In addition to the mammalian and insect vectors, the synthetic expression

cassettes of the present invention can be incorporated into a variety of expression
vectors using selected expression control elements. Appropriate vectors and control
elements for any given cell an be selected by one having ordinary skill in the art in view
of the teachings of the present specification and information known in the art about

25 expression vectors.

For example, a synthetic expression cassette can be inserted into a vector
which includes control elements operably linked to the desired coding sequence, which
allow for the expression of the gene in a selected cell-type. For example, typical
promoters for mammalian cell expression include the SV40 early promoter, a CMV

30  promoter such as the CMV immediate early promoter (a CMV promoter can include

intron A), RSV, HIV-Lir, the mouse mammary tumor virus LTR promoter (MMLV-
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sequences and expression control elenents which allow expression of the
coding regions in a suitable host. The control elenents generally include
a pronot ewp o3e@ne| ati on initiation codon, and transl ati oRCaN$02/21342
transcription term nation sequences, and an insertion site for introducing
the insert into the vector. Translational control 25 eI.enFnts have been
revi ened By). he adspavirysanaor laig proiroteffAd andd Ao hrPesABPICEERUS 74 © 1996:
Kozak, M, Biochime 7 : - . . ldbrivedi
108(2) : 228T A EL FHEEE oeg%ik(,ga‘% g@%@%ﬁé‘?ﬁ%ﬁ@% %SM, prophofd eriyed z%dﬁrr{)ll
60: 360- 37%he h37iH) mefXphes8inaRnd, will @Bs tfind yis¢ forsnanasalivh exprdssiont age of
commerci al production. 30 Reconbi napnt protein productio 6@%’ vacc a and
syt

i ni
CHO cel | [Typicalmvieanseiivtian jeaminagen apd PYadsgy ARGHSe AT s‘?eome%%?bt ens.
Further, vaccini, ir i h I
PCT/ USD2/ gﬂ@ief{]%gc&glhettg%égéﬁéﬁﬁg?‘%ﬁ‘ ' ?ﬁgéf%)ﬁlr’ gvs\f g: éégogg?t?%ﬁ%?%edhost range;
(ii) faithfikhtidrPst trarslabios tsdapidi P nakheroodirfei sequenoe) is gscopressit.nGxarhplesli ng,
transport, secretion, and assenbly of reconbinant proteins: gé):?) hi gh
| evel exprofssinesripibn tespinaiariojyadesyiasion S%@é]émurﬁiéﬁlﬂoseﬂia%‘(eélif?@? AF (iv) a
| ar ge capacit 0.,acgo te farej GRR |y expressed
pol 3pept P@ééie%/?r%’ﬁgé@ﬁ?rﬁ?lg% eﬁfﬂv ‘%g%aggsew Se?bgﬂg%%ﬁ%ng eg%?dgﬁgs%/on (F:)assettes

are typi cabh¥inhdPkefuscel Mawdrlsys@hitias kplicerdonol dndraecapeati sites, niyralfoi teat i on can
be carried out by nethods known in the art including salt fractionation,

i on ek@haripsigotd sihathsgoasmpts fgepserwith theipresant Byspgon Lchapgjag gt al., Nuc.

chr omat ogr si.ze-fractio jon, and affinity chronmatography.

| munoaf f |‘§$P§Ri%(@rlgﬁ§%%fg%$@ can be enpl oyed using anti bodi es generated
based on, for exsmAL& elentdnl At dlgehsusedtviehi edasemt crprpssemsevets oftbe pr ot ei ns

of the present invention using mammalian _cells include, but are, not
linited topammelifoédneiwieis: Exaamlesdnelads the S840 cgrly genesmbacst: ag é%%célb?fg

production, the abiljt r M Ps: I, ] - SU to 15 neet
ood manur BdvikerRg o oD £ e S skl IR B AR |
”Hmh'%an oﬁgkérﬁm?di &S RQWTR) Bf tHRER s [SarcByil Vieds, 6s ddsMitedrin Gpnuat endli, des ar e
descri bed ]he ein, see, for exanple, the figures. Various forms of the
ifferen (2 . oft. : , onbi ned.
diff t Brdsodurieptal. §¢i. USA (1A32nt79:4777 qad glemsaly dﬁ@Yf‘éiiﬁ‘thHﬁ‘?nEgWé nbi ned

condl 11 oneie JeSFRaSt SO S andl oBS) 4132 e LA Fpchuaca BT T

CMV intron A sequence (Chapman et al., Nuc. Acids Res. (1991) 19:3979-3986).

The desired synthetic polypeptide encoding sequences can be cloned into any
20  number of commercially available vectors to generate expression of the polypeptide in
an appropriate host system. These systems include, but are not limited to, the

following: baculovirus expression {Reilly, P.R., ef al., BACULOVIRUS EXPRESSION

VECTORS: A LABORATORY MANUAL (1992); Beames, et al., Biotechniques 11:378

(1991); Pharmingen; Clontech, Palo Alto, CA)}, vaccinia expression {Earl, P. L., et
25  al., “Bxpression of proteins in mammalian cells using vaccinia” In Current Protocols
in Molecular Biology (F. M. Ausubel, et al. Eds.), Greene Publishing Associates &
Wiley Interscience, New York (1991); Moss, B., et al., U.S. Patent Number
5,135,855, issued 4 August 1992}, expression in bacteria { Ausubel, F.M., et al.,

CURRENT PROTOCOLS IN MOLECULAR BIOLOGY, John Wiley and Sons, Inc., Media
30  PA; Clontech}, expression in yeast {Rosenberg, S. and Tekamp-Olson, P., U.S. Patent
No. RE35,749, issued, March 17, 1998; Shuster, J.R., U.S. Patent No. 5,629,203,
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2. 3.0 PRODUCTI ON OF VI RUS- LI KE PARTI CLES AND USE OF THE CONSTRUCTS OF THE
PRESENT | NVENTI ON TO CREATE PACKAG NG 25 CELL LINES. The group-specific
ant i gens wGagp20s8f6 human i nmunodefi ci ency virus type-1 (HPUTA)S02/21342

sel f-assenbl e into noninfectious virus-like particles (VLP) that are

rel eased fromvarious eucaryotic cells by budding (revi Eﬁ(ﬁd@% eed,
E. O, VirdisoeyM2g1311905; Gelligs) G.. phel. divioriie Memilaeya9sh Beldie: Xﬁg{ essi on

cassettes res in ty . 20N r r i f HV-G
o ver | Ted Mo RaRRER Tl ax Y FE1A0 510 L0KT0b B ChPRIBTIN A MPIL] 1 V- G20
i ncl udi ng,;;, @rlérnﬂﬂégﬂ 189 (1990): GutlFRTR hh@G. R &fihis, Mafhodk0n B3k Q268716194

PCT/ US02/ 21342 Viral particles can be used as a matrix for th oper
pr esent at (69910}, expreasion femammaliangsPe (Clontesk(obrerBRd- Caewmdslerd. DYt he i mune

systemof the host. 2. 3.1 VLP | ING T XPRESSI| ON
CASSETTES ¢& @i’énﬁﬁqé‘a%E,EKﬁWKH@%@%@SE’%’%@%‘P&?@ ?\éte etic
expr essi on 1CagSRid @68 9F 1985 1RUES Fler WNVHEPL G211 BRY. 4: PA6IV14TS ($98307 i or

production of both Gag proteins and VLPs, relatjve to native Gag coding
sequences. Kafimamdr. J., B elettiorandicoroplifispiion efhstaralogeys gmes/mpapByiid: i on can

be used to_sho at, free and buddi ' tare Vi [ of the
expect ed ehe %Vyglet?lﬁdf)fno@@’élaga@’u‘ﬁo : H%g f?:%rgr?éégéi ‘ﬁ“é&{e#éc gf/e%%’glgét"le%anexpressi on
cassettes -Diyg(s B, {10613y Bid\Spr&sidN B Sisficens fAas elong webtorf) Clanasent

invention, rather than native Gag coding sequences, for the production of
Vi rus10i ke gharatomdsebncphald Ao seAueand|Pharapriniiel dotepinodagy. Ipcps can be

produced in enhanced guantity i i sol atd. a g ion_of the
VLPs easi el?l?’tc‘ﬁéﬁ%}‘lg\,%’ %ﬁg Jé‘aﬁt %lglf’lpg %Ccfff ‘ge&dilégﬁ@lvgﬁle(‘?gé@f Ng%tl ( IQ’lglot ypes
using the gynidg idvﬁc;%nﬂ.eﬁe%i. @7:308 8890, &, ef ., PBikarg Veetors” n@xdroahdrai cel |
|l i nes can be used for VLP production, for exan‘gl CHO cel |l s. Production

e,
usi ng CHO PlehtMolepulanBidérey(¥inual £3flokn@ o8B Miki B)L.-dore? 6kt PRRAI 2y at i on
and budding; (iii) abs .non: Macmi | | i cell 1.na e.g.,
i nsect vi r@h%ﬁﬁﬂ@ﬁzﬁgm%@?@f € %Ureﬁg?ég{ﬁ}%ﬁ%ﬁﬁé synt hetic
expr e§§i ONugas 3eLERS(1987Y; P’l?arﬁrl\?cﬁgﬂllmj BYYRRYI BReRid TobRfqusePIG. J3fes or

enhanced expréssion i'n cell-types other than mamulian cell |ines. For
exanpl e, amifJet SottomNéw Yok, JcBliky MPTMighani| Gubpehen $ietiaresy e ng t he

synthetic expression cassettes resu i igher  l.evel f Gag
protein vyi @P’é?t§ﬁ6”‘gf‘ﬁ’r4%‘i”7 ’eéf@ﬁ?y’ﬁe"(/b{t &5%8533? {USH I%regsl’ z%ﬁvgfeﬁléﬁ\;kwl d- codi ng
sequences)y byl b&ra ﬁtlz*&&titﬁﬂs'b?'PlMtW&Tulc{rrmmogﬁ,ﬁe&if YoﬁleJ(l‘fﬁlFinﬁﬁ &cHell with the
bacul ovi r usz'Gag syntp et c expression cassettes consistently

1997}.

20 Also included in the invention is an expression vector, containing coding
sequences and expression control elements which allow expression of the coding
regions in a suitable host. The control elements generally include a promoter,
translation initiation codon, and translation and transcription termination sequences,
and an insertion site for introducing the insert into the vector. Translational control

25 elements have been reviewed by M. Kozak (e.g., Kozak, M., Mamm. Genome
7(8):563-574, 1996; Kozak, M., Biochimie 76(9):815-821, 1994; Kozak, M., J Cell
Biol 108(2):229-241, 1989; Kozak, M., and Shatkin, A.J., Methods Enzymol
60:360-375, 1979).

Expression in yeast systems has the advantage of commercial production.
30  Recombinant protein production by vaccinia and CHO cell line have the advantage of

being mammalian expression systems. Further, vaccinia virus expression has several
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25 contains | ower amounts of contam nating insect proteins than the final
product when w | d-codi ng sequences are used. VLPs can spontaneously form
when t he warosiozdses f or m ng pol ypepti de of interest is recechiusantiy2
expressed in an appropriate host cell. Thus, the VLPs 30 produced using the

synthetic expression cassettes of the present inventi ar conveniently
prepar ed edvantpgesivolting she follewing; (U dis widghosf %ﬁ%é@b%aggﬁé)ws‘%’t he Gag 47 WO
03/ 020876, PCT/.USO02f 21 I t.de ' LRBEIIC afiX RIs&SBI AR

cassettestra?scflﬁgo‘}?ﬁglgéﬁfg atlijo(r?ll\’/é%? P%S%%égﬁ&ﬁgg{cal%%c@gt her pol ypespt iﬂgile codi ng

sequences ;Qhnibiai Boteids! @) exaRPtlexpidhsioipotithtsdy solkhly podybipanise, Env;
synthetic Env). EXpression of such synthetic exphﬁ%i on cassettes yields
VLPs conppiateing ané éviGalirgsotappiiyt to pecorggodase forgigh pol ypeptide of 5

interest. Once.codin e desd [ - It
:ool yp ;S)ti des hg&g rgffgg}t?lsnaﬁtig%? %Sé&gimg&ﬁ)tuﬁ%ﬁdggWﬁ%&/}@gﬁ&g@ﬁgpgned into
any sui t aRh& ¥R Plesflbn EaRdties are fypicalleipleed Sioanlysdioslls ousulokomedig. vect or s

are known to those of skill in the art, and the 'S%Ig ction of an

appr opr i atPerifitasionregn beetrged P by metheds knowndp et in gl,ngéé]ger ally, 10
Sanbrook et al, supra. The v ' h L :QFm an appropriate
host cel | IrackQpaiig,1an F’é%%‘ﬁﬁ cﬁg%ﬁﬁtgg%ﬁé}gﬁ%ﬁﬁgts%% glrzr% e?ﬂ?:%ﬁ%e, but are not
limited t QuRRGtEhbIR, size-FaOTORRIE anbatfinitg ehiountdgramyt Imvancaffinay Sem i ki
Forest virus (SF%), Al phaviruses (such as, Sindbis, Venezuel an Equine
Enceplfal i tcheoniat@Epdhy canberemiployed yeiag entthedies genesied basg P@Sélr §5PeR/St ens, wel |
known in t art. Particularly preferred expression 15 systens are

manmal i an ftigees, vaccinia, Sindbis, eucaryotic |ayered vector

initiation sysAmﬁt’%é&.(g.ex Ilégshgaﬂ@qiotéms ofthe breseiGnvenBofrasispt No. 5,
814,482, US Patent No. 6,015 604, US Patent No. 5,789, 245  EP 1029068A2,
VO 991822 6AatiARliankrlls 061965 basae nowbngesen drdolowings sell-establiPedst syst ens.

The synthetic fragnents.far the r i e ent 20
Mvent 1 on pratagon teentugdrogifont4f S5 S BRle SRPIREHTReObe Mifu o CT 00
clonegs inf,Q ?BSd EahhAMRSL BL6eaIsY CIMP) seahris Soultare/@atitions fqy@idndliant or

transi ent expression assays and DNA i nmuni zati on studies, the pCWKnR2
vect or i s atils bnedabofvnamtbep@W6a ( Chaprman et al., Nuc. Acids Res. (1991)

19: 3979-3986) and comprises .a kangnycin sele e E1l origin
of replication, S@twfﬁﬁ?l@uc@ﬁ@%a@? a%%{é%cgﬁﬁ?%l’rsg 1 X?gifg%?rﬁeo’v\qg% by an
i nsertion ghhe Kot 1By 8t e bifersR eHPOREnURS id inamhtibel ducribed herein,

may be combined.

20 Exemplary expression assays are set forth in Example 2. Exemplary conditions

for Western Blot analysis are presented in Example 3.

2.3.0 PRODUCTION OF VIRUS-LIKE PARTICLES AND USE OF THE
CONSTRUCTS OF THE PRESENT INVENTION TO CREATE PACKAGING
25 CELL LINES.
The group-specific antigens (Gag) of human immunodeficiency virus type-1
(HIV-1) self-assemble into noninfectious virus-like particles (VLP) that are released
from various eucaryotic cells by budding (reviewed by Freed, E.O., Virology 251:1-15,
1998). The Gag-containing synthetic expression cassettes of the present invention
30  provide for the production of HIV-Gag virus-like particles (VLPs) using a variety of

different cell types, including, but not limited to, mammalian cells.
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foll owed by a pol yadenyl ati on signal derived from bovi ne growth hornone --
the pCWKnR2 vector differs fromthe pCW-1ink vector only in that a

pol yl i nkewOo9Bo20876 i nserted into pCWKnR2 to generate pCWCTIusk/2B3ESN2dhf r
and pCWPLEdhfr, for expression in Chinese Hanmster Ovary (CHO cells; and,

pAcCl3, a shuttle vector for 30 use in the Bacul ovirus expression system
(pAcCl3, is deMispbparticlgpranecpod dind BRirpdor H@%P?%@Gﬁsﬁ’ya%ﬁ%tﬁ% & ﬁgg}, et
al., Ml Cell Biol, hi e : 020876 PCT/ US02/ 21342
Briefly, ERRERP %% ?%ﬁ%%%@%ﬁ%@hgﬁg m\/\%gggéys%eg[?(lﬁg% 933(120 construct a DHFR
cassette, the EMCV I RES (internal ribosone entry site) |eader was
PCR-anplified frompGC te-4a+ (Novagen, Inc., M| waukee Wc)r;s'sar‘]'j“ i nserted
into pET-23d (M&/hgéﬁ#’PB@DPCHQN@%EFEW)VT%TWWSWH SyMEnt

ghent to 5

gi ve RET-EMCV. The - lified from pESN2dhfr to give a
product with a Gly-gyylE y- gﬁ@?\ég@laﬁﬁ pl ace of the translation stop.

codon and i nsereasheasondinihe SynBbitlexpressprecusseites gf the ppfEdntEaDHEG) Mlgxt , t he
attenuated neo gene was PCR anplified from aeglfsg\g{N?o. d ont e(é'd Pal o Alto,
CA) deri vardvide supgriof prodpetion of Roh Gagerigksinfand elalive £0 BIVGEASE. DBFR t 0

gi ve pET- E- DHFR/ Neo( n? | . ' ARARNl@h B nat or
from pCDN&gcri)l](_'lF AV ‘a‘en,ur%%ré E@ﬂ?@#%%g@%g?ﬁ%@%@%d downst r eam of
the neo ggREJ IPsHBWBaPiEde &rd HotERS hematiey) Bkt partidies ENERGxphéted sizvarse| ect abl e
mar ker cassette fragnent was prepared by cl eavag[e of

pET- ELDHFRrddbised Ry Belis confainigg ke gEiPeSic CXpiFstIPR ESSEURS: W enhancer / pr onot er
plus Intron A was 15 transferr . ( G- Acids
Res. (1991) o g s shie °s°XP§eqﬁ{"%§%EF¥%?@ef%%ﬂng%? eifion ’gilafnhﬁrcg% ( New

Engl and Bip}iab&ag kB8ing s&fishees Yior ¥8)prodifteion vé eiray likeqekiindeseprofidpisvesl was
deleted fromthe Ndel to the Sapl sites. The above descrjbed DHFR cassette

.

was added adoatthgesc diirst, MIds con bhprodaced inenmanced gyangty mafing Reltipnan

pronoter. The vector. a cont aign : origin of
replicati &?ﬂrgﬁatr“ﬂﬁr%{etpe &ﬁ‘%ﬁﬁ?ﬁ’fgl ngcﬁ&gg&P@g}B%%gggﬁgﬁﬁoﬁ Vlé?ﬂ{é? ﬁggglrt and

i ncl uge i nEgpEdRbie th SphtRdiclexpicnash @uaitles th pafiicoln, tovennidtien celbineSype Cul t ure
Collection (A T. (% C.), such as, but not Iimted to, Chi_neé hagster ovary
(CHO) cel |1z useid fer ¥EP Ipsodugtitsy forexample. CRiQuedly. Pradestionssng CHEALES ki dney

cells (COS), as others.. Sim.lar a5 : h as E.
coli, Baciﬁ’rpﬁ‘ge%aﬁtk’#@fm%ﬁ?a’ @?F%%?%é%’é%tﬁyg la?} g%taﬁ‘i %ﬂdﬁ@}é?&j@&&? th the
present explessbRNlSCRNdHEmantéqas!, iest drudaedndloricalld hemdfivi sasetofi nvent i on

include inter ) . .
purification. The synthetic expression casseties of the present invention are also useful

20  for enhanced expression in cell-types other than mammalian cell lines. For example,
infection of insect cells with baculovirus vectors encoding the synthetic expression
cassettes results in higher levels of total Gag protein yield and higher levels of VLP
production (relative to wild-coding sequences). Further, the final product from insect
cells infected with the baculovirus-Gag synthetic expression cassettes consistently

25 contains lower amounts
of contaminating insect proteins than the final product when wild-coding sequences are
used.

VLPs can spontaneously form when the particle-forming polypeptide of
interest is recombinantly expressed in an appropriate host cell. Thus, the VLPs

30  produced using the synthetic expression cassettes of the present invention are

conveniently prepared using recombinant techniques. As discussed below, the Gag
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al i a, Saccharoinyces cerevisiae, Candida al bicans, Candi da naltosa,

Hansenul a pol ynorpha, Kl uyveroinycesfragilis, Kl uyveronyces lactis, Pichia
gui | I eri modBi02087¢°i chi a pastoris, Schi zosaccharonyces ponipeTAarsd2/xan2 ow a

| i polytica. Insect cells for 30 use with bacul ovirus expression vectors

include, inter alia, Aedes aegypti, ,Autograph califarnica, Bonmbyx nori,
Dr osophi | @olypeRiifesasedEng SW&(@@&S&QQ@%&F@%&%WS% %@%‘7 o876

PCT/ US02/ 2134 ' ' ' e y@q&r V't Jexas

Agricul t urllgi:%u‘%xo-p[%érri%m% fs@egr[o:&%nﬁ é@%nf%tgrlln tﬁl%. 55%{&?1?%8%@ pE./(iytre al vectors
can be useggf d@ﬂy&&@sd}@ﬁd;@hﬂ@ﬂc Bhv ) dixpiaskion of suchusyathgtit éxpresgbhs, such as
those derived fromthe pox fam lE/ of viruses, | ncllllljdi n]%{v ccinia t}/i rus and
avian 5 pesseitesdeldaNaPs comarisiye th GraRolmweRtidsa agyell A% &3 PUMPRIREE ect i on
systerg as described in Tonei et al., J. Virol. (1993) 67:4017-4026 and
Sel by &t dM®™SYy  Gen. Virol. (1993) 74:1103-1113, will also find use with
the present inusikicebingsbquidits foy the @ssired ghattRleafoemirfy rodypeptides btvedbden vitro
wi th a vaccinia virus reconbi nant that encodes the bacteri ﬁ({phe%ge T7 RNA
pol yner asdsolatad er gymthesisedidheraragieslaned it py fdalp ¥eter o1 1P Phat it only
10 transcribes .t enpl at L] L ' | ik, cells
are t ransfeégfeéﬁon'\r;ﬁflﬁlefqrsﬁ%%&%ﬂlgg% Ctl-ggst %E’est ,I?Ei(? ?h\(/)g%&}bganam%é %frt’gaqrrlgttg]. The

pol yner as e, RyfisEsERthpproprts clenih®pécaits & haret bischoiec iSeeazevemllls r econbi nant
transcri bes the transfected DNA into RNA which is then tr,anﬁl ate]g into

prot el® bySanthsodtosttaltsunres| Bhe wretar indempsedit rapsfoEn AR ARATOPTIaFY hest Gee added
as a purifjed protei.n or enzyne . " I bOL " em (St udi er
and Mbf f at $‘flta5£ rmmbug}ngf:{(prf %5@6? gti@g:m%{fl@?’l Bg%e%téﬁﬁnt\gg ktl%’g)a&%?%lili des for

hi gh | evel mathfaRsi BiduloveibMkas MaceinRl; SehilitiiForesotirsa(SFY) galphavitusess of RNA
and its translation product(s). Depending on the expression sys(ﬁnim and host
sel ect ed, (sheh agl PadbiseVpneauelaBauing Engephilitiy (NEEY). Bwmmaalign.g5a¥ dited by an

expression,vect or under condit ] e < 20,4 kL le8 ok e G gD

pol ypept i eq@u@ﬁ@:g@éog&ygﬁgmvk%gﬁ%oy% 1&21%]}'%. @%&"@%‘?@%ﬁg‘l@t i’on of the

appr Ogsi at &R WOmaRRRiikii &ISines, vatditih,Bidits, sidarjotidflayeha] wctor idifiatidne VLPs
are ornmed intracellularly, the cells are then disr}g@tbed usi chem cal ,

physi cal osystemsdhgnilaPatamiaNe, 6,036, Dpatanh Noe §) $ 14452 UseRaient ¥o- v ps
Susetant o b 54 roBHER. SHDEAS AR Sobhsmpluin v e o
Practical $@RroacAn, WB 97308 HRZ), inSecdBAld astygtens. Eds.,  1990). The
particles are t'?‘ﬁt? s;n?l?;tigtlfl\?A(fl?ar;gm%gtESférqcﬂé Ie)?plrclas%io%%gss];’lttgsd 2)f tlljlg Iprrclagenrtmt hods that
20 invention, e.g., Pol, Gag, Env, Tat, Rev, Nef, Vif, Vpr, and/or Vpu, may be cloned
into the following eucaryotic expression vectors: pPCMVKm?2, for transient expression
assays and DNA immunization studies, the p>CMVKm2 vector is derived from
pCMV6a (Chapman et al., Nuc. Acids Res. (1991) 19:3979-3986) and comprises a
kanamycin selectable marker, a ColE1 origin of replication, a CMV promoter enhancer
25 and Intron A, followed by an insertion site for the synthetic sequences described below
followed by a polyadenylation signal derived from bovine growth hormone -- the
pCMVKm?2 vector differs from the pCMV-link vector only in that a polylinker site is
inserted into pPCMVKm2 to generate pCMV-link; pESN2dhfr and pCMVPLEdhfr, for
expression in Chinese Hamster Ovary (CHO) cells; and, pAcC13, a shuttle vector for

30  use in the Baculovirus expression system (pAcC13, is derived from pAcC12 which is

described by Munemitsu S., et al., Mol Cell Biol. 10(11):5977-5982, 1990).
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preserve the integrity thereof, such as, by gradient centrifugation, e.qg.,
cesiumchloride (CsCl) sucrose gradients, pelleting and the |Iike (see,
e.g., Kirwbageeosed al. J. Virol. 30 (1993) 67:6929-6936), Pag/uset/b13axs
standard purification techniques including, e.g., ion exchange and gel
filtration chromatography. 50 WD 03/020876 P 5/@]#]802/21342 VLPs produced by
cell s contai ni ngleﬁMeC@%ﬁ%Qﬁ‘@ﬂPéP@%Y@s@@hwésa%s s of the present

invention can a\%’a(flﬁ’gg C&(& - 11R |tmvmm \Mlﬁgbsagﬁleﬁt@'rsﬁé)ed to a

subject. One a € presént Tnventionis that VLPs can

produced lpade REITBER 2 gﬁﬁédﬁoﬁﬁ}fmwmg mamrmemmmwéwm cassettes at
| evel s previously not ossi bl e di scussed abo g 11\% ngLPs can conprise
Sk

a vari ety insertachintgeRE-23d (%IQM?‘&‘*POWC Ml apkesyl) 5o pY aegegt to

Gag- pr t ease y t bt to R E,|af|ed VLPs,

pr odu ed @é‘f@%ﬁ@n?ﬁ%?ﬁﬁ %%@%gﬁgn@gggfﬁtgesﬁsﬁthe Brgleksent

i nventi on,6@ikt RAhadOyGISIGIH-Sr Efacer M@ﬂatcebfﬂieeraaslmmOP cmlsualdnyl in the form
of vacci ne conposi tions. Conbi nati on vacci_nes_may. be use wher e such

vacci nes dmsettad ns aIlNth-vBﬂMéMafﬁﬂgﬂI@nt %gIH@IPEV%PHJ%WXF ¢ aenuateddieg. . Env) .

Adm ni stration c ce

f or nul at e&eﬂffvﬁ pj]ﬁ%li §8H§a@1rtﬁé{@ %%EF P%ﬂﬂéﬁﬁgdgﬁg n?%%nl stered
prior to, jzQReH ﬁﬂt@@ﬁe M»hqde BAFH B BRSepEME-DHFRde kive 9ET-BDHIR/Nepypt het i ¢
expression cassettes for DNA i mmuni zati on (see bel ow) .and/ or delivery of

ot her 1&/ac dfimadly.the\bgine grhé'ﬂsh‘?féﬂo@ﬁ taypmagRirf ¢ §9P§{43oﬂnﬁﬁ9g‘ﬁ’e %ve same or

di fferent 5 er vaccin gL adm ni st er ed.
Gene del i \fg? %ﬁ%%%gf‘@ was AL ﬂ%%%&féﬁ%ﬁ%%%%é?émpﬁg s including, but
are not |ipHERINES,, BGF]‘.’LU”IMM@W-CIWMBO BN tabid e cagsettedficizatent wpOX Vi I us
vectors, and vacci ni a virus vectors. VLP imune-stinulating (or vaccine)

conposi ti gmsparediby nlcaugeOf/aETrﬁJEHF&(Nmeﬁﬁﬁt adj uvant s, car riers,

auxi liary subst nces ts, a i nmune
stinulating co ECWS%PCﬁqﬁ%ﬁme Q rB St#b{ﬁg %E‘ /anti gen
suffigi e”ttrar%fé?féu%r@ﬁcmrt@heﬂhﬁaét . eﬁn@ r)@eds R, (PP IO: 303986 et i ve
anount can e determ ned by one of skill in the art. Such an amount will

fall in a atHIzraﬂIIvL%:ilyfrbgmarﬂ intp @REE Ot (Aew E@hlﬁ@lﬁlébsemﬁ ReyeinMadgh The ut i ne
trials and wll general! ‘. t
a[)loﬁt 3 lggove\gtor nognfre g{ gﬁ? Waggalﬁn%% rOé%H} % tg {tﬁ%éﬁ sggsb Opile %o%e gg to

VLP/ ant i gefescAn&AbHFR cadsett@Riab QdtRkilcy tw@sleﬂaﬁct\sﬁumhautse EMtD‘VéRESe t hat does
not itself induce the production of antibodies harnful to the individual

recei ving fdilewediEoGMM promotegu Thavkeor alse petaineta anypigers ad Myt sl owl y

net abol i zed .nacr omi)ll ecul es such as
20 origin of replication.

A number of mammalian cell lines are known in the art and include immortal-
ized cell lines available from the American Type Culture Collection (A.T.C.C.), such
as, but not limited to, Chinese hamster ovary (CHO) cells, Hel.a cells, baby hamster
kidney (BHK) cells, monkey kidney cells (COS), as well as others. Similarly, bacterial

25 hosts such as E. coli, Bacillus subtilis, and Streptococcus spp., will find use with the
present expression constructs. Yeast hosts useful in the present invention include inter
alia, Saccharomyces cerevisiae, Candida albicans, Candida maltosa, Hansenula
polymorpha, Kluyveromyces fragilis, Kluyveromyces lactis, Pichia guillerimondii,
Pichia pastoris, Schizosaccharomyces pombe and Yarrowia lipolytica. Insect cells for

30 use with baculovirus expression vectors include, infer alia, Aedes aegypti, Autographa

californica, Bombyx mori, Drosophila melanogaster, Spodoptera frugiperda, and
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proteins, polysaccharides, polylactic acids, polyglycollic acids, polyneric
am no acids, 30 amno acid copolyners, lipid aggregates (such as oil

dr opl et s wp oBiops3©nNes), and inactive virus particles. Exaopluss2/ofi42
particulate carriers include those derived from51 WO 03/ 020876

PCT/ US02/ 21342 pol ynet hyl net hacryl ate polyners, . a ] a articles
deri ved ferf’fﬁw@lgFly(’ﬂl X @gsﬁumﬁ&rwﬁ gb P lcfj%%\%ﬁ]?‘% em%ﬁ’g as PLG
See, Pharm Res. (1993) 10:362-368; MGee JP, et
al ., JM c Z%cggfsoﬁ{% Q?gz) 197- 210, 1997 O Hagan DT, et al., Vaccine

11(2):149-54, 393 veiufstad de kel for ﬂlb@rmhictlolknﬁmtﬁesmduh&rs@lcafeﬂar di nary
skill in the art. Additiognally, these carrl ers ngunctl on as

i mrunost i suekaey hgseadreived fonuiE aonfmly)ol VER§SHBE vagaiia WS WEViRy be
I Ry R R

ox1 ns coli. 'Adj uvants may also
be used t ordiniiansie Jt Werof(1293) icVe0&54026 aﬁdﬂbllo:;oe‘tpﬂ)s]t@am%rol (PS)ch
adj uvants include, but are not limted to: m salts éal ur’r) such
as alumi rﬁﬂrﬂlﬁ)}dﬂdﬁ; wal al%ﬂﬁliiﬁ‘#ﬁGrWI@HB%BWé?fé mV&PH?ﬁ GYSF%{{I EEURPE 7 (2)

oi | -in- Watfﬁ-lgt d{._ﬁen%édzilé gzn {os&{tﬁﬂd Iv%cﬁn?apﬁnﬁs%éq}n‘tﬁﬁa e tf'@l"xl:tod% 18 'Ba&pl@&ﬁﬂag

i nmunost i such (see bacteri al

cel | wall T’PRP@D% {Sirass UTHis pélyierase @xpimy:sl @q(uaite MéBﬁc(ty mttbatmadmly)nal
Publ i cati on No 9

0/ 14837), contai ni ng_ 5% ual ene 0. 5% vvegg 80, and
0. 5% Hpan teBis¢ides itesaplpiey bewsie d] 7mrﬂ1§0%9r hﬂ!ﬂé’ é‘?ﬁo‘&%ﬁ‘%‘m SElsarplBsiRledh bel ow)
al t hough not, re ). I i a
m cr of | ui d‘iv f’ g[ENﬁ“(%m eé{rlldh%glng% ?%?d%%&%%%%f ﬁgtes' gsupgllslewt on,
MA), (b) %%E@ lﬁs‘ﬁﬂfr@hﬂh@gacbﬁﬁ/a Hesabandinddt ¢3hsTriberth8tansitql DNAn©- bl oc ked
L1

pol ymer 1,” and thr-MDP (see below) either mcrofluidized into a
submi cron RNAeWhuH@ ischeniransiptedsintoproinganide Apg teaoplavionsl MASRGTY| o si ze

enmul si on, bi T 21|
i Tton. M5 17 grRge SBRaR B Bl Jh B ol TPRRORRET
bact erial SRl R die CORMMIBERL,S. MoRBibhel1IB6PUSY: 1 tHN30)s tThegnatod
nmonophosphorylipid A (MPL), trehal ose dinycol ate wal |

skel et on (@WBides fméﬁ@ﬂmlytrw@nucmamrp&mwn (’é}f‘rg@éﬁ‘éﬁtﬂtﬁs Qg nts, such
25 as Stinmul onTM nbri dge osci ence, Wrcester, MA) nay be used or
particle @@%@?tﬁ?‘%ﬁ%ﬂé’@e@%a such as 1 SCOMs (i munostimul ating conpl exes):
(4) Conplete Fpeydifisng’sh thaRpredsionAysiamdint hostnpleeted, the SWPSsrdgioduent (| FA) ;

(5) cytokines, such as interleukins (IL-1, IL-2, etc.), nacrophage col ony
stinul ati ngy geotiog hQsMc@lSFt)?ansfoufm%by ﬁb@@@@ﬁl@nﬁfa@pbvn@mﬂm@fw 16bg)

ol go%cl e’&ltel p(glret?cleo%ori%mgy po ype:ptlgrD €18 %}%pressgd and VLPs can be formed. The selection
of the appropriate growth conditions is within the skill of the art. If the VLPs are
formed intracellularly, the cells are then disrupted, using chemical, physical or
mechanical means, which lyse the cells yet keep the VLPs substantially intact. Such
methods are known to those of skill in the art and are described in, e.g., Protein

25  Purification Applications: A Practical Approach, (E.L.V. Harris and S. Angal, Eds.,
1990).

The particles are then isolated (or substantially purified) using methods that
preserve the integrity thereof, such as, by gradient centrifugation, e.g., cesium chloride
(CsCl) sucrose gradients, pelleting and the like (see, e.g., Kirnbauer et al. J. Virol.

30 (1993) 67:6929-6936), as well as standard purification techniques including, e.g., ion
exchange and gel filtration chromatography. ‘
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30 encodi ng i munostinul atory CpG notifs (Davis, H L., et al., J.

| mmunol ogy 160: 870- 876, 1998; Sato, Y. et al., Sci ence 273: 352 354, 1996)
or conpl ewex3020832 WO 03/ 020876 PCT/ US02/ 21342 anti gens/ olPcgarsortisat i des
{Pol ymeric nol ecul es include double and single stranded RNA and DNA, and
backbone nodi fications thereo for, .exanple, meth hos honat Ilnkages
or (7) det omfﬁ@dpsrﬂf’ﬁ?ﬁeg Jyce ‘E%’&”@%% t}qeﬂcggvﬁgfll Sﬁeflte(? %uch as a

cholera t bk re@one wien £hihi tlaféattol abile toxin
(LT), 5 par %&%ﬁéxﬁﬂoﬁ BéH \}Eeeilgz(lym ne |r2®sﬂbst| tnut ed 1fSor thél wi | d-type

ani no aci dsudject. gmmdeagn?)of th&'pRE&t(mh&Mcm iatlgit MLAs cas be prsiuredited for the
wild-type am no acid at _ posit

subst i t ut eaampEelianrellspargying b s igmﬁ% ea‘BlieaSl%ﬁ Cas%@é % %ié’%d"ﬂglﬁ 4°%T- K9/ G129
(whereq | ysi nebfﬁ:t %‘ﬁ?édg&éﬂtaﬁ'}gvé Yhe w?i% &){1 S@H@@ a%ﬁh&? of aftin@in dﬁ@ﬁioh' on 9

and gl yC| N osSition ., International 10

Publ i cat i of thoGiag w@gépliﬂaQagan}hg\viﬁ%hs’bsa%gpplyamh$ @n\asﬁéhetslﬂam ances that
act as imunostinmul ating agents .to _enhance the effectiven

conposi t i ogiec.)- FﬁlﬂltlﬁﬁéerLP%@ used Yy the SHE O FFRESTIR FargRites) ﬁfferﬁi?%f% pol yner

backbone sir I lofRa&ktroNnes
(Pitha, Bi sl ea%‘ ereag%ﬂ glgébriitgmtg&q 4P ?%yga t%‘;y’édé%l o ors: 9: 965,

1970b), angb sﬁi@ﬁé i GOmbmaﬂ(chomméﬁmayrﬂsd bewsed, whet sath yacd;ﬁes cogta®, Pat ent
No. 5,142,04 i ssued 08/25/92; Sumrerto Pat ent No.

5, 1851044 fos skaseplo AnGdiuyayt SURIRIEPIOER (. n%‘i‘iier‘\défﬂ%lgtéaéﬁ’ t%‘t’?@ﬁ?ﬁ?ged

pol ynucl eot i.de (61 4270} difications
are known F%n%wgwg‘ﬁsqgﬁ?lﬁn%}éggflgﬁg?r og’t%frr‘i%etﬂ %1}%'?2{@%5 ge&ﬁnchar&gé}({j@l i nkages

(e.g., netiyksphospiedaisesed mhﬂs@,hmhmrmt with, orpubsghes o ddeliesry ofitie
car ba| nat es) and charged |inka es]}(lrg , 20 phosphor ot hi oat eﬁ and
phosphor odsstnﬁie@atemSS}OH capwtiey jor ING AMBYEEL(EE b or glelivery of

| munost | M3l A0 A0ERES he sfm;f«{%ﬁﬁ a&%sg%%ﬁpﬁgy%%aage dfr BT} as

i mune- st i RiFara° vacel ne 0S| i gonucl eot i des,
and Mi59 ap@ePiRtRE "c@ﬂlpo%tﬁr&ffkit alﬁeebémgiﬁﬁmlnstemalde(ienbldehmrgcmbe limted to,

N-acetyl - muranyl -L- threonyl -D-i sogl utanm ne thr-l\/%ﬂ
N- act eyl - nmwmhﬁvﬂbly%uaﬂbﬁ ofmpideds nelidies. 2y pd to, immunization

N-acet yl nmur | an i Gorsdi pal m t oyl -

sn- gl ycer o- %%%% 3&319%%\% %At?{gmﬁlr?% @ﬁlﬁ%ﬁg“’e?@ Dosage
treatment with wm@ﬁq’ﬁqﬁmexsmwtmgm \rﬁacdné;&ompsmﬁgmse:admmraaduﬂ e or

mul ti pl e dose schedule. A nultiple dose schedule is one in M a prl mary

course of ex&ap:l@mtnaﬂjlb’ﬂnwfm syauiiiiary_substanepn madelaiipg agents, Gp ®hy ot her
d O.S es IC v e at 30 S &%‘%n OfﬁpogﬁOhmﬁrﬂﬂqﬁ& ancdrﬁ%ﬁpOE ﬁ)le mlj)alﬂiggn an d/ or

rei nf
sufﬁc1ent to mount an 1mmunolo gical response. An appropriate effective amount can

be determined by one of skill in the art. Such an amount will fall in a relatively broad

range that can be determined through routine trials and will generally be an amount on

the order of about 0.1 pg to about 1000 pg, more preferably about 1 pg to about 300
25 ug, of VLP/antigen.

A carrier is optionally present which is a molecule that does not itself induce
the production of antibodies harmful to the individual receiving the composition.
Suitable carriers are typically large, slowly metabolized macromolecules such as
proteins, polysaccharides, polylactic acids, polyglycollic acids, polymeric amino acids,

30 amino acid copolymers, lipid aggregates (such as oil droplets or liposomes), and

inactive virus particles. Examples of particulate carriers include those derived from
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for exanple at 1-4 nonths for a second dose, and if needed, a subsequent
dose(s) after 53 WD 03/020876 PCT/ US02/ 21342 several nonths. The dosage
regi nen Wblo3mbsoe at |east in part, be determ ned by thePChasd2/of34t he

subj ect and be dependent on the judgrrent of the practi ti oner. |If prevention
of disease is desired, the antigen c yi ng VLP gge erally

adni ni st epelymsiliys methsciiatepelympiss &Y ?? W Qragiicees of interest. If
treat nent _j 4 OfeffeRCataI ences,
the VP cBRNRaRidESE by (infle.cd BedIRRLE K & PEOTBEE Bre CeMbfcetal 707

i nfection.ppgys. ﬁesugig\;@s ThiB6 53 68; G €S Memsamwaa&mms(m 9T+HHOPRESENT

| NVENTI ON TO CREATE PACKAG NG CELL LINES 10 A n er of viral_ pased systens
have been IBQV/E(DJJbg@h P etwéeVa@cug@HéZ} that ér993v§8‘%}b?a§“?rélarerfﬁ 9%h host

cel s Fortegﬁfﬂ); gmﬁagi[/ rsﬁ)ﬂ}f %; (Ad&tf%)?lrfg} ?ﬁgs@'éarrlleﬁ%d Viah@on éeCt ors)

provi ée a ene A codi ng sequence

of i nt er esfn{uhBStiRNANRY fentd (‘Saaﬂiﬁ@ﬂitﬁ’e lmﬁhbﬂmd‘re) rthcgfamgeh Inmya)pycompghted ati ons)
can be inserted into a gene delivery vector and packaged in retroviral

particl es tasibagtetigl tpwﬂmuthé%tokiﬁ@vﬁfpmﬁlﬁhﬂ@ﬂa’rtﬁtaﬂ%éman%tﬁt’ Y MeudS can t hen
be isol ated and del.ivered tto cells of the subject either in vivo or ex
vivo. A ndRbB 9gFEYS F@E%Eﬁgﬂ systenms have been described, including, for
exanpl e, the fohj ﬁ%rﬁ'sgma MsoSbe Rades tniice the2HBctidBess Mtﬁe&ron@bsumhs (1989)

Bi oTechni ques 7: 9] er, A D (1990) Human Cene Therapy 1:5; Scarpa et
al . (mgl)summmgms mdsAlslt aguraidimited 40:. (1) pbmERUIPEYES, (ahaam Squ\@éd Sci. USA

20 90: 8033:; Bori aw, t.al. 1 3:102;: B
2200651 ?ghﬁ’? OX“EP 1?] SV%%@% E‘ﬂ‘é@%@% %?o@fggﬂ'%qﬁgl 0927 1;
WO 90/ 02808,y m%}hﬁﬁ?@ﬁs (i@ &%i@i&@6the%&ﬂc%ﬁﬁﬂostiﬁ@le&ﬂfg%§6&8 sudhD

93/ 25234; WD 93/ 11230; V\D 93/10218; WD 91/02805; in U.S. 5, 219 740; U.S.

4, 405, 712; asiinGanmg] MIJ,d?Sl@Ce thglasyy) ar, @8@“29@11621’?@1 qanB"“@“???‘JCEZ? oin U S

S | No. 25 d Vi |

(1093) Carfeammieie Wsogpsednpmaiayie fubnyo N Ea PRar anidie b S0 e
(1992§.5J '\$ 9561 0 BaSTwaR 9315037 ﬁ%ass(ﬁbgﬁ&au J DentEaBIgNarides AAGTS5;  Mann
(1983 ©1537 "Cane (1984) Proc Acad Sci USA 81;6349; and M| er

(1990) Hu nmerG@n]éE Tdee belpy) ,1a1thbnglomd’i e«pqlewdbfwméhte@l intg sHBm{CE arRArEeles ect or s

can be construct ed o enco Q q@g atory
mol ecul e. FRE %?’éﬁ?ﬁ diz d]éﬁgwéoldﬁg)go C{Eeék&ﬁ%?ﬂga}égft [ ve%L 2 and
gamme- i nt egfQf a5y S cQﬁaﬁaﬁigaﬂd%Qq@aiaxﬁeé avi ”pweeﬂ 80, 9% Fatand-blbdked

polymer L.121, and thr-MDP (see below) either microfluidized into a submicron

20 emulsion or vortexed to generate a larger particle size emulsion, and (c) Ribi™
adjuvant system (RAS), (Ribi Immunochem, Hamilton, MT) containing 2% Squalene,
0.2% Tween 80, and one or more bacterial cell wall components from the group
consisting of monophosphorylipid A (MPL), trehalose dimycolate (TDM), and cell
wall skeleton (CWS), preferably MPL + CWS (Detox™); (3) saponin adjuvants, such

25 as Stimulon™ (Cambridge Bioscience, Worcester, MA) may be used or particle
generated therefrom such as ISCOMs (immunostimulating complexes); (4) Complete
Freunds Adjuvant (CFA) and Incomplete Freunds Adjuvant (IFA); (5) cytokines, such
as interleukins (IL-1, IL-2, etc.), macrophage colony stimulating factor (M-CSF),
tumor necrosis factor (TNF), etc.; (6) oligonucleotides or polymeric molecules

30 encoding immunostimulatory CpG motifs (Davis, H.L., et al., J. Immunology 160:870-
876, 1998; Sato, Y. et al., Science 273:352-354, 1996) or complexes of
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WO 03/020876 PCT/ US02/ 21342 Nos. 4,738,927 and 5, 326, 859, respectively,
whi |l e useful nmuteins of these proteins can be obtained as described in
U. S. Pat ewD oBl02084¢ 853, 332. Nucl ei ¢ aci d sequences encodi mgTiuse2/st3ezt and
| ong forms of nCSF can be obtained as described in US Patent Nos.

Cnvent | on anGengibhenie ptiscioeesh grticulen R fhE nf SRR Rafdll 't or y
genes can RE@/?; ?ﬁ(? Fhee qan? %ta%ﬁ%ﬁg toBgdatdes Shededs! eﬁﬁggﬂ'i@,' Beth@pi)spiormge t he

packagi ngce I'nes o e present 1nvention) a n I nternational

ggl: :a (r:a} [ (mﬁkdg[@?] drCT) &@ogxﬁéd)ﬁﬂfanﬂs, ofartiattetisldADP-Chopdating toxis sadhdasiet hods f or
oo’ her i wholat tata (L0 & RGBS 1 B0 gt g B ao g h et ol (1090)
Cansbat ner ety 7S (Pertitite i Ehs@ued 3o il e B ot O N
£ 73592 Boskion SRR 12 (hcTempaiest euCISBhe I WSO, | Col bk
and |L-6 gaﬁglﬁngﬂﬂbfc%{s_lg? (Wherggepye is su ﬁﬁﬂ'ﬁ&fﬂ’f t?[lgg":ﬂﬂﬂ%‘? PHBq ARG 15

4, 965, 195)P;°S‘1“EP§,Bbi ffid ﬁ%%f&%ﬁ%%%ﬁg ?E%thgﬂeg(fﬁ@f??&? Ety? Lo il et n,
EC;J rmer 4;9%)& a 5Siﬂiﬁn gmﬂg ag%}hi;%&&%sﬁtmdstgatipm'ﬂéighéﬁﬁh(sédz,ierg.dmteemmiahal (1991)
Publ 86 divbliationdlaps RSAEERREHLIGSEHO2FS) arcr BBk SIS 50

Fam | letti. et al,. t i . »
Proc.  Nat 1Rt g8 et o #bonboieh Bl (S0 e
5: 867- 872)suchgbBmisit aicienRs ifchek hltahatile. polyi8a Backhonystrodture§ S10864, BR1) ;

gamma-interferons (Radford et al. (1991) The Anerican et f Hepat ol
20082015, N tiziteldéo.exolainy] packBones pigha, W?’ﬂBA%?AS&’Eﬁ%éﬁ 1%’6‘8@4565) 9480,0gy

Gansbacher_.et gl . (1990), {an ; - j I 1989
Can. 25| hltoR PR TR Bdithailp FAetihE Sumiiain). Dot 1 *ant
(ot et | Sy e D 55/ 04188 - | mrunonodUL t ofy { B6Lor
ubl i cation . W . n dul at f

ol 50 be aghks 8 SaEASDs A b gy chiieed gLV TRFd Bab BRI T

, [ t ists f
t hese type%nagﬁgs%&%%?g,re%og{egaﬁputrn%{ (g%sg%&fl%frn%rs%oﬁ tﬁg&f ag%%{ %&@@ﬁgﬁ?&% \S/eg. gr5
WO 03/ 0208if61uRfag! bietdt Bhddto, uncharged linkages (e.g., methyl phosphonates,

phosphotriesters, phosphoamidates, and carbamates) and charged linkages (e.g.,

20  phosphorothioates and phosphorodithioates). }; and (7) other substances that act as
immunostimulating agents to enhance the effectiveness of the VLP immune-stimulating
(or vaccine) composition. Alum, CpG oligonucleotides, and MF59 are preferred.
Muramyl peptides include, but are not limited to, N-acetyl-muramyl-L-
threonyl-D-isoglutamine (thr-MDP), N-acteyl-normuramyl-1-alanyl-D-iso gluatme
25  (nor-MDP), N-acetylmuramyl-L-alanyl-D-iso gluatminyl-L-alanine-2-(I'-2"-dipalmitoyl-
sn-glycero-3-huydroxyphosphoryloxy)-ethylamine (MTP-PE), etc.
Dosage treatment with the VLP composition may be a single dose schedule or
a multiple dose schedule. A multiple dose schedule is one in which a primary course of
vaccination may be with 1-10 separate doses, followed by other doses given at
30  subsequent time intervals, chosen to maintain and/or reinforce the immune response,

for example at 1-4 months for a second dose, and if needed, a subsequent dose(s) after
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Nucl ei ¢ acid nol ecul es that encode the above-descri bed substances, as well
as other nucleic acid nolecules that are advantageous for use wthin the
present Wwowafeisah, may be readily obtained froma vari et pCofUuSSD2I3aES,

i ncluding, for exanple, depositories such as the Anerican Type Culture

Col l ection, or fromco rcial ch as Br ti,sh Bi o--Technol o
Limted (G@Wfék/mo@kf’r o?le?%fag%wa}men ‘ﬁi‘p”%@s@ past Rty %H%Fggm?%l@f e BB%ylz
(cont ai ni g%? Vﬁ}%@ T A8DE defdiang Jrdhe § gme%f%@p@em&ieﬂ of 127 ami no

acids), B cont al ns” sequences” encoding ganmm, interferon),
A.T.C. C. Deposif phaentdftFalidfeudei ic Hesirad] the amlﬁeqmmgMﬁMgﬂmgraﬂYNF)

A T.CC De tNO 20663 (which t ha 10
interferord ng;llSthe@ Reior BEB%@F‘%( qu\fgg 15@@@%%%8@%8uenﬁ8?%glﬁq e\ﬂﬁT‘ |?cgnt ain
Sequenges de§ (P%' ngchg?tdﬁc &{&fsgg'@?&%s 0 er?r@u&s RpSP Eo osﬂﬁ%@%ﬂe (which

contains a enc eukin-1b), A T.C. C Deposit Nos.

39405, 394@151&95&Ms8&&2§1bs&1ﬁén8&@%3m(r%f@0nont ain sequences encodi ng
Interleukin-2), A T.C C Deposit Nos. 59399, 59398, and 67326 (which
contai n sequences encoding Interleukin-3), A T.C C. 15 Deposit No. 57592

(vt ch contal ns, SEAUGICES ATt BLANSIN drebiryth Jr Fupraifios! U Nos

59394 and 59395 contal n sequences enco nter In-5), and

A T.C.C. Deposit No.NvENgEoN ICREATRPAEGKACINEQUEINTIES encodi ng
Interl eukin-6). Plasm ds cont ai ning cyt oki ne  genes g’h&l nmunonmodul at ory

genes1Q1 nt er nat Adwatber gigral based systapshavprgudayolonad Lonyses SEF 4H%E) can be
di gested w th %%P o4 ....21 a% hoteellE SEo! Gl s(ﬁ Q‘N@rﬁéﬁﬁiﬁ%ﬂts
cont ai ni ng"th¥

gene of I'nter gSf can eln into a gene

transfer veghen) pi%k/i’cll a%bﬁﬂﬂ@hdp]ﬁtfbﬁﬁ fdregendodcﬂiveg%yktemlsmAq:Mmg seqBames e.g.,
Sanbrook et al., supra., or Ausubel et al. (eds) ent Prot cols in

Vbl ecul ar 8f itesesy (forpearme, puBqucsrs Hipfulder WF Q}Prffmtaé’P HgAY é)an
Pol | eot i d | b
25, Sbtai nolSG SRR Mbbid PRI HEHBSR] pRTOIIRLAE L 2o Can b

genonyg | tééhﬁiﬁh@ﬂmf)ﬁvﬁfﬁ fRldrs Fecdndanhngrdsken gende 1smﬁatdityamﬂecteihv¢m(j;td he gene
froma vector Kknown to include the sane, For exanp pl asm ds g/m ch

cont ai n seqgellsred e whiget eﬁh@bmevwcaw S E- c%ln}l’[lilp%fr(’fﬂ?té%@! §YSFFé‘§§ tilai ned
Lyoma depasitpld ; Sll{{%ﬁgai% pre e sowiBl (8 SOPAERTEICH BL14PONTifie 1

Plasm ds c e sequen erest 30 can be digested

with approg{:#pgg@) Bi’o?fel’:hrﬁ&wém 980);)(/11&& Admdl%Hun&gmmesTmmya] fij ng 56 WO
03/ 020876 PCT/ US02/ 21342 the nucl eoti de sequences can _be inserted jnto a
gene transBearpeetalofl 99 VigolegnhBid4D; Brensest @l 41993) SresyPVatle 4Rt Gl /54

20 90:8033; Boris-Lawrie et al. (1993) Cur. Opin. Genet. Develop. 3:102; GB 2200651;
EP 0415731; EP 0345242; WO 89/02468; WO 89/05349; WO 89/09271; WO
90/02806; WO 90/07936; WO 90/07936; WO 94/03622; WO 93/25698; WO
93/25234; WO 93/11230; WO 93/10218; WO 91/02805; in U.S. 5,219,740; U.S.
4,405,712; U.S. 4,861,719; U.S. 4,980,289 and U.S. 4,777,127; in U.S. Serial No.

25 07/800,921; and in Vile (1993) Cancer Res 53:3860-3864; Vile (1993) Cancer Res
53:962-967; Ram (1993) Cancer Res 53:83-88; Takamiya (1992) J Neurosci Res
33:493-503; Baba (1993) J Neurosurg 79:729-735; Mann (1983) Cell 33:153; Cane
(1984) Proc Natl Acad Sci USA 81;6349; and Miller (1990) Human Gene Therapy 1.

In other embodiments, gene transfer vectors can be constructed to encode a
30  cytokine or other immunomodulatory molecule. For example, nucleic acid sequences

encoding native IL-2 and gamma-interferon can be obtained as described in US Patent
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Al ternatively, cDNA sequences for use with the present invention may be
obtai ned fromcells which express or contain the sequences, using standard
t echni quewp 03B20€h as phenol extraction and PCR of cDNA @cCTgsSnpmide2 DNA.

See, e.g., Sanbrook et aI ) supra for a descripti on of techni ques used to
obtain and isol ate MRNA from ae'féel I frcg expresses the gene
of i nter eNoschr38827 é%? §%6 5?9&%’39@?‘?%’@13’ Wil usefil paipteins ¢t ? 13§58 usi ng

by Por (s cHREATL PELFRR S Ui RALAGNY AESEERe TR “I?Séqf"%%% 150 See

al so PCR g 08 ¥hoPahdRin e sns i eh¥Ipt andetaberisedf 2o e ibed S Phieoit i on,
Erlich (ed.), Stockton Press, 1989)) using oligonucl eotide r| ners
conpl emantl\h?Sy48673@&]@@16@39,8%7@?%@#"6&’ dB Patticy e ptnsets Qi ngn’The

nucl eqt i de se nc i [re r at her
t han 2:1[ ond&gfro ‘8@?3 %%ISBF\W%?“ Cﬁ%s izer Mng&oaﬁlg%p?%g&egxﬁ 0s rts)tggéﬁgkﬁ/bdel 392
DNA 15 Sysatdided hefein @alaé)daﬂ;pleseerﬁplcymg@{a pacRstigy ce(mlfnys ofGht pfesemti a) . The

nucl eoti de sequence can be designed with the a E gsla éagons for the
expr essi omlwmtldmbcﬂnddleslitﬁ@dtwﬁﬁhéppltcéﬁﬂl @Pepgjé&lé a2 led from

I I d t hod d bl ed
"nio o conpiogre RN et et RE AR Impo BRI © 1051 Rl e 292 756

Narmbai r et al. ¥:984ds oBGhebicmiribodd@iatotpynokicule for(ﬂ@B@t):mdncludb(lhBi ol .

Chem 259:6311. The synthetic expression cassette of t ? g,- {) i nvention
can b0 enpbBywidgi R—lﬁhéﬂe@KKﬂWﬂ@Bl%ﬁl 698 bék@j’?”fﬁqﬁ LAt Qgg fBFO%se with

ret roviral \ | e VI rus, or
M haet SRS d Py M RS L € 52 Sl Sehets HIJQ9@?‘> SIPME, | e

gener ally My 1611284, addGels| PR3nthes. 4, 1B9B)7); ILZ§a1@HB4Q(Df§1)pbhétlal qans8YPr oc,

Nat'|. Acdd. Sci. USA 81: 6349, 19844 and M| er unman_ Gene

Ther apy 1:Gell&: 5929612,L(é¢it1mb¢1¢%tlal &2 ]()rssleﬂ%ﬁ%ﬂ%ﬂﬁzéﬁ)ﬂ %é’agngNof entiviral

LTR, a tR | i nked
o one or TBFLODRAEsSohT IR PRRIRS S, AT pyih D T A CRE B | e s
and a;3" | gfdhatidngl de]i&udfh%.e)vo goIt%sveﬁuAmaws Riffer %t 4;965,(195)9;&1‘393 a

nucl ear transport elenent. The nucl ear transPeort el enent ma | ocat ed

ei t her upsir2di-16'1.-1d5 Hdd@n@ﬂrlbalr% (@3tofinss BudlegiB P HENFTEH ]6fanfint er est
o T L T T RO LR R BN S
the nucl eaj gbs f?@§ RRY & 986 8% ThieiratifRdl PRREativi Nol W® 8570286 dtigamet ak he
packagi ng signal is an extended packagi ng signal. Wthin other
(1980) Nature 284:316-320, Famulletti et al. (1981) ethods in Enz. 18:387- 394 Twu
20 et al. (1989) Proc. Natl. Acad. Sci. USA 86:2046-2050, and Faktor et al. (1990)
Oncogene 5:867-872); beta-interferon (Seif et al. (1991) J. Virol. 65:664-671);
gamma-interferons (Radford et al. (1991) The American Society of Hepatology
20082015, Watanabe et al. (1989) Proc. Nail. Acad. Sci. USA 86:9456-9460,
Gansbacher et al. (1990) Cancer Research 50:7820-7825, Maio et al. (1989) Can.
25 Immunol. Immunother. 30:34-42, and U.S. Patent Nos. 4,762,791 and 4,727,138); G-
CSF (U.S. Patent Nos. 4,999,291 and 4,810,643); GM-CSF (International Publication
No. WO 85/04188).
Immunomodulatory factofs may also be agonists, antagonists, or ligands for

these molecules. For example, soluble forms of receptors can often behave as

30 antagonists for these types of factors, as can mutated forms of the factors themselves.
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enbodi nents the pronoter is a tissue specific pronoter, or, alternatively,
a pronoter 5 such as CW. Wthin other enbodi nents, the lentiviral vector
further cwopsiosms3s an internal ribosome entry site. A w deCTASIELMB4DS

| entiviruses may be utilized within the context of the present invention,
including for exanmple, lentiviruses selected fromthe. grou ongi sting of
HV, HV-1, H Wugleigqod Hﬁ%?%ﬂ%?haie‘ma? e E’%“t‘fl%fﬁﬁ??‘?ﬁle?b%%’b"eegtas &eﬁtaﬁe_

I nvention, . ??Jl lgiglakiﬁ rhSledliles tRACHELVAGaES&Is fbi B Sithir¥he paéseti ded whi ch
contain any 0 tHe expression cassettes described herein. For exanple,

wi t hi n onenwspes mfyaekagliypbeahdd frime vaniay pf sonrctsdinclodipgi ©F expnapie,expr essi on

cassette that conprises a sequen e di nt het i.c_Gag- pol. rase, and a
nucl ear tdenpsiipBiet Suébéﬁrﬁ“rﬁémgﬂ 'yﬁel(nf‘i urﬁ;tg‘?%gté?n’ P§%I8H’ecr 'J?C]ﬁrﬁked to the
sequenge encodin ; i i further

o O?rpr Infg o EFOBrrCSSrrSD‘%h 19 BHR%E BRI Y EBLBREY Lﬁﬁlgéélia(?é)%ﬁ SxfordiEIREnaRy fu

er and a sequence " enc tat, rev, or an.envel ope,
wher ei n t heppdsoivaties exampl diiciinleyBBG iR ¢cbrtaining ehe G¥USHeeneerdodi faytheat , rev,

Env or sequences encodi ng nodifi ed v&rﬁié&gj,sof t hese fﬁ‘gmt ei({ls. The
pac'kag:c ngtrﬁﬁmel_lillfp‘i‘?@ W7fwgé?ld%o% i %‘gﬁg’éq‘?cs&q'é 8%‘?;5& “i%?y leE{)ne or
more of other NERS ; Fefdodidone
expr essi orfgaé%aslgﬁétr%%(}lihg'%lehg%P%rﬁgg?(arrpl (63,( tlﬁeeog(eﬁl?ﬁe ic eGag-opolggmer ase)
i s stably TNFeQ BRI, DIpwitNe kagen ovided dontdimesequpoes eticndingdlpbei on of a
lentiviral vector, typically produces particles. e onoter requl ating
_(Ia_xp_r eé|@: orﬂn?:]fetql?é %—ﬁr@-ﬁeﬂ%?%ﬁ??%@é?% 3&%@%@%@5&@‘%& gﬂﬁfﬁlfisﬁ‘ggpges I

ypical ly, é : : ¥ira
vect or, pr%’&ﬂ‘?@gg%é?ﬁﬁg%ggﬁt%gféﬁgge rgq\é%s%ggt@?gkﬁlﬁlsp??rgem%? ér%lgpllicl cation
conpet ent whichisncodaskdgieninc )] AlT.O€S DepesipNou 38400, 3oAHZ,i 396 iy 3802@xpr essi on

T, S bk SeGesarees i PR B BTG o0
Sy het Splses IREEAIRCRn e Abity A AR

Bi ol 0gy 6(BlpcdkNB34597898th Eertaias sbgsaicepéricoding intetlévdin-Apdi.TiEG. Env 58 WO
03/ 020876 PCT/ US02/ 21342 sequences). A lentiviral vect o%ghs i.n%&odﬁged into
t he packagDPappsgé¥ds. FP3R4 and 5%58@&‘(‘5 clyconjaip pesuepes geqdiys ntarleukippd, atlls ot ed

above, | entiyjral.vec: S . desi r - sel ect ed
gene(s) ork§%2dg&%%gs%$&7ﬁ?gﬁ%@@ygf%%gﬁgS?@%mégé%%?gﬁ%gégﬁﬁﬁéégdiIy 5
constructed fropaanit dentimirgalyyokafe deaes drdinhisesodsle®rRided (Imernationalses,
Second

Publication Nos. WO 94/02951 and WO 96/21015) can be digested with appropriate
20  restriction enzymes, and DNA fragments containing the particular gene of interest can
be inserted into a gene transfer vector using standard molecular biology techniques.
(See, e.g., Sambrook et al., supra., or Ausubel et al. (eds) Current Protocols in
Molecular Biology, Greene Publishing and Wiley-Interscience).
Polynucleotide sequences coding for the above-described molecules can be
25  obtained using recombinant methods, such as by screening cDNA and genomic
libraries from cells expressing the gene, or by deriving the gene from a vector known
to include the same. For example, plasmids which contain sequences that encode
altered cellular products may be obtained from a depository such as the A.T.C.C., or
from commercial sources. Plasmids containing the nucleotide sequences of interest

30  can be digested with appropriate restriction enzymes, and DNA fragments containing

56



Edition, Cold Spring Harbor Laboratory, 1985). Representative exanples of

| entiviruses included HV, HV-1, H V-2, FIV and SIV. Such lentiviruses nmay
ei ther bwowebwaismed from patient isolates, or, nore preferablusp2/iem
depositories or collections such as the American Type Culture Collection,

or isolat e%ﬁfro known sourc%\sbgusi ng, .10 avail abl e techni ques. Portions of
the lentiv £u°g8H FAPGIGRS SPI RS ARSSFEd ke a\peng sanster vertgr B0 amdasl  from

di fferent M—joqééﬁﬁﬁbioﬁj%?tmgﬁése, in a given reconbinant lentiviral vector,
LTRs may be derived froman HV, a packaging signal fromSIV, and an

origin of secondltesiativaly cONA bezmbsceb famskiwithahe presdnt itivemtionvagyt & constructs
may conprise a 5. len ivH‘iﬁl’ﬁw LTR, a . tRNA binding site, .a packagi ng

signal , on@b@fedfiom ¢l & BIGE Lonia e sequences, sipg-styrackieghtdussy and DNA

synt hesi s : | PR Y ﬂl‘ﬁﬂp Lyl ral t nt.aj nucl ear
transport %P:gr?g tﬁ ?r%o%gﬁra}c‘éq@ﬁgﬁd] Y .%f%rl e %é{é Oglrllcg]5 er'(r)néer?a\g'gl?tggrélgf%&( "LTRs")
are subdi vetcdd siyntiofot hdeeriptieneftbehniqube abginatobchidlnd RdlaeONE. Biase

el enent s CSMA&(& vari ety of signals which are 20 responsible for the

bi ol ogi cal {2 el whicheexngessesulie gpnecefuniprest 9ap be asverss| teansgrtbedotiy  and

enhancer e i d a A . [ Y

identifi ed}e?gﬁgglﬁg pF%\E}? ‘?S{Jugg %’%ﬁf‘éﬁ?&ggg%ﬁ%ﬁ ﬁlg(sfb!@ S(% et%ﬁ%cf%ggﬁeci se

dupl i cat i omapthegibehaplifeichyoPCR ligee 1@ SnPirent Mss. 41683 202 b&¥, B5unda 5' LTR
shoulg be %,rgg&rg ood to include a 5 pronoter elenent and sufficient LTR
sequenfe t HLow SFedee BER fesfade s thrawiperriddtnpdeatians foroPNAS t he DNA for m

of the vec ¥ 3 d .1 ncl.ude, a .
pol yadenyl %?L é‘]ﬁg‘g’?"é’ ng{ﬂ‘:ﬂ-g%pdﬁ gtl#cglto?l?%ﬂé% ’ E%‘%) gg%“u‘%ﬁlc%’ nﬁ‘ge%fqecme&er se
t ranscri pt ¢camplementaryrd egpahdes vneithéhadd IAehiedveqientdre vect or. The t RNA

binding site and origin of second strand DNA synthesis are also inportant
for a retrovirushe BuoRotids sraygneentiigterest Gapalsodedroduged synthesigallyy ratbernt i f i ed

by one 30 Lhlodn .t agple,...rat.rovjral, t i to a

{ RNA bi ndi %18‘5 S??%&’ﬁlﬁh’%gtﬂs}gﬁ-% thegfAk (£¥S %ﬁ??%eﬁlgﬁa*% bR TR O

ret r o¥br usSyehmiver, ianiable fron ABISRosWD Of/, 0208l PETE 302 3ddudrE Lig! €. The
tRNA is then utilized as a prinmer for DNA synthesis by reverse

transcri pt Bseesienae Withile pEeRTREe Qrdoas fraghheXpressian pyodugedasired.cBhdased upon

econd. ot r P HRR LSRR EATE R bInpid Bieqh Feo@esbrs @l ' Por e

second st ramiabiNAethyis fielsissertlecinted OMplEtTodhg Ejuenés Beele.gWMHigh is al so
referred to as the poIZy-spuri ne tract, is located just upstream of the
3' LTR. (1981) Nature 292:756; Nambair et al. (1984) Science 223:1299; Jay et al. (1984) J.

20  Biol. Chem. 259:6311.

The synthetic expression cassettes of the present invention can be employed in
the construction of packaging cell lines for use with retroviral vectors.

One type of retrovirus, the murine leukemia virus, or “MLV”, has been widely
utilized for gene therapy applications (see generally Mann et al. (Cell 33:153, 1993),

25 Cane and Mulligan (Proc, Nat'l. Acad. Sci. USA 81:6349, 1984), and Miller et al.,
Human Gene Therapy 1:5-14,1990.

Lentiviral vectors typically, comprise a 5' lentiviral LTR, a tRNA binding site, a
packaging signal, a promoter operably linked to one or more genes of interest, an
origin of second strand DNA synthesis and a 3' lentiviral LTR, wherein the lentiviral

30 vector contains a nuclear transport element. The nuclear transport element may be

located either upstream (5') or downstream (3") of a coding sequence of interest (for
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In addition to a 5 and 3 LTR, tRNA binding site, and origin of second
strand DNA synthesis, reconbinant retroviral vector constructs nay al so
conpri se WO opazisagi ng signal, as well as one or nore genePCIUSODRI3MY
sequences of interest. In 10 addition, the lentiviral vectors have a

nucl ear trapsport el Nt whi in preferred _enbodinents js not RRE

Repr esent aFWﬁFC’l&Pa%ﬁg‘?C ag?ﬁﬁg’gﬁﬂge IR0 @sgetie of Hsgypsent yeatignt sWithir ude t he
el ement i ncB@as emBOERBRLsY tHeUcle A BintporElieAbnt is dotRREL Willin a@34- 3843,
1996), the el ement in Rous sarconm vliwrruse(LI;'lulS<?L0I\/|9rt'z,w71 “h‘é‘ge & Dev., 9,
1766- 1789 embodisknitig pabiegilgeignal is hm exthedegquackazing sigiali Wikhinasth@vi rus type |
(Zol ot ukhin, .et. 15 .. J Virol. 68, 7944-7952, 1994). O her potential

el enents i ﬁ@ﬁé@epﬁih%P@ﬁ@Q\{?s’S P fisSup SRecficRg RO te e pe alieadiBely. ARFAMOtRE Y |

Bi ocheisn. 4&h ST Oyitth® §0kr edbRiRedtO B L6f: %ﬁ% | ., Nature
287, 401-408, 1980), the (S-gglrenergl}c’ regeﬁ\?%lrlvgcgﬁlgfugt ol él,gése al .,

Nat ur e 329ntgtalathosa@8epiry sited t he c-Jun gene (Hattorie, et al., Proc.

Natl. Acad. Sci. USCG 85, 91(%36{ 9152, 19885 20 Recaonbinant lentiviral vector
constructs typi CaVVIAG VHEW ) dtoHVieusss By Pratibized withirtheconiesiniiihe Brsserinces.
Recombi nantyb i, cldin®6 blmply M | . pref erably
15, nore preferably 1(5r,1gvand rlrnoﬁst’ p?re e%ég ‘?‘;;/Etgd@g}r@g% {%%ggo?]%sgpég i des

found i n GEgVpbllyihdiys2 HNknE8IVgenes. One advant age of the present

i nvent ioon is t%& .t he a?% t hetic - pol ){,rrer ase expression cassettes, which
can bélused to GBI T BRER L4 tirgngiipny hasbeelk 6¢-2+ Reckesias wpil Heasm
retroviral I . I : 0 W | d-type

Gag- pol yne?ﬁggﬁe}ggfeia%g%}elg Bgttr?glat S’Zﬁlgoel%g{eggel%%ga {reggéséc%lgedtl)\frlerg [ #lgﬁat e the

possi bi | i t yxanfiplfonitiio goeisspeeqaniigingtdet linb ateveevidéheompRidyehiekpRRgon

w | d-type se%]uentg\es. Leptiviral vectors may al so include tissue-specific

pronot ers FSEFG WAL COIPIISEH? SXIUPRER eBFOdRESYShekp Cagqohererye, ydquaisles of

i nterest. 4 I i ve r_.constructs may
@%sl@ﬁh@érﬁ%@,&z@erag]ﬁeﬁgﬂo?& gse%g}%)w ﬁl?’ﬂep % the s(éal?ence g

be generated ch that nore t one nterest s ex%l}cé’ U&d. This

may bdSaccOapipoynedaschPaikghing bel lige o futther 06motiéedOpro&iosdral b Ge GRSt t €S
(e.g., where the codi n% regions are separated by 80 nuc| eotides or |ess,
see gener aP1SPINg it 18t ORpn Envelope, Wipsem g promotergoanerably linkedduighe t he use of
5 Internal (J3i,bas it " e i Ll. lines suitable for
use with t?\é?uabo%gg %(gfs}%ﬁ{’bgg’ }%@c(%ﬁ%{sggﬁ%s en?@%g}og g’leg\%%ré{‘)g? Oﬁ%ﬁg‘[ ructs may
be readi | yprteparut gickeging bl o swly dsuiliee cprpwiblesbqub@ie@nfodit¥ aBfdng, t he

parent cell |ine tj rgm }fpj ch the packaging cell line is derived can be
or more of other gene encoding sequences.

20 In one embodiment, the expression cassette (carrying, for example, the
synthetic Gag-polymerase) is stably integrated. The packaging cell line, upon
introduction of a lentiviral vector, typically produces particles. The promoter
regulatipg expression of the synthetic expression cassette may be inducible. Typically,
the packaging cell line, upon introduction of a lentiviral vector, produces particles that

25 are essentially free of replication competent virus.

Packaging cell lines are provided comprising an expression cassette which
directs the expression of a synthetic Gag-polymerase gene or comprising an expression
cassette which directs the expression of a synthetic Env genes described herein. (See,
also, Andre, S., et al., Journal of Virology 72(2):1497-1503, 1998; Haas, J ., etal.,

30 Current Biology 6(3):315-324, 1996) for a description of other modified Env
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selected froma variety of mammalian cell lines, including for exanple,

293, RD, COs 10 7, CHO BHK, VERO, HT1080, and nyelonma cells. After

sel ect i orwofo3@msué t abl e host cell for the generation of aPpaaksay2iige cel l
line, one or nore expression cassettes are introduced into the cell line
in order to co ;enint.or su p&%min trans conponents of the vector which
have been GEIWPER)- fAdgtEahEqarisingeduasd o ge nagkasing eelldingtin pradecen v

pol ynucl eotyiger 5RAHGREES 1ink> have been described herein for use in ,
expressi on cassettes of the present invention. As described above, the
native and/ or sywstiogtd abovedemiyirabvpeans e teriesighebtoariytorlekgesk 4 . these
expressi on cassette Utilizing_the above-described expression cassettes, a
wi de vari ef§egF %%{Ei%gr Acfluercss of mterest. dgptivial yrohers Mayde reastilyexanpl e, wit hin
one aspect ' cad 4 . 1.d i {-NQ_an_expressi on
casser Co 1 fop e Hong £ b L o e AR My SRl Vs Be e ace., and
a nucl ear HBditiapCokd Sprmgeirbonibmdository] NESSpr RemESItdtive cRRApIBPSYy | i nked to

t he sequencge encodjn Gafg_g{)/ol )fmerase. Wthin other aspects, packaging cell
lines are E?%WF%@H“@EH%@ Vni¥-To Yot &1 Vand SV s Sycleleotivierseotiengitheat ,  rev,
Env, or ot | ito [ erefr. wherein the
pronot er Zggﬁgﬂaqél\g%?ﬂgﬁ eﬁ{élﬁtnﬁgélaétg ’o&rt ﬂl?e g%%aa\ré clzﬁlgnpnc(%e ."ng"f Ar C?]ge\?am?:‘snv, or

the HIV ansiges tir AmeficaroPype Ghilituné Qoflestivhes iidedioRkSwnlbercBasiagi ng cel |
l'ine co rLse sequence encoding any one or nore of tat, rev, nef,
vif, 3@% oﬁagblPt Iqestanpl e, the packaging cell line may contain only

and vpu, not . ankousr Oute KRG e B8 ebPlecl Y AYEHEEN mOfbe BBeaVi 1 ana

and vpu, nef and vpr, Vv ) vif and

vpu, nef 3@rowidiffarent wifuses. @t e\)(@m;)laﬂﬁl aVdiVen r¥dombiidat RAtvYdlvecdt, lLfrgur of nef,
vif, vpu, and vpr, etc. 61 WO 03/020876 PCT/US02/21342 I n one enbodi nent,

the expr es&RYke dgdedifrempg HVap pockaging gieaeldepm $IY hind anamigithefiseeoridodi nent

t he packagi -4 n i ti.on of .a lentiviral vectaor,

pr oduces. pareiiaPibesit f6m HRYD. AEORMSELB etiubon 8% bl ¥ 3o hiabi bl e

W t hi 15 ceLUR o tRNAftaiidieglsieyh pdilmiesighl, biCor MYRIHet@BlogbiEsea&GHagi ng cel |
line, upon 5 introduction of a lentiviral vector, produces particles that

are free of0PEYNOEERPBA strashiBNAsynthesis ard a FHI R ywherein said densigiealtvestor
Tne. Tranghaach EoerR b B R AL R 2T T ypical 1y
integrated, staBliefly;0pingTeahinhiRepdhid (COTRIY a2 RABERRES int@Bfed LibheRE €
expressing 10 acceptable | evels of these pol ypeptides (expression can be
eval uat ed ge;slgpgteﬁggﬁj R and U3. These elements contain a variety of signals which are
20 responsible for the biological activity of a retrovirus, including for example, promoter
and enhancer elements which are located within U3. LTRs may be readily identified in
the provirus (integrated DNA form) due to their precise duplication at either end of the
genome. As utilized herein, a 5' LTR should be understood to include a 5' promoter
element and sufficient LTR sequence to allow reverse transcription and integration of
25  the DNA form of the vector. The 3' LTR should be understood to include a
polyadenylation signal, and sufficient LTR sequence to allow reverse transcription and
integration of the DNA form of the vector.
The tRNA binding site and origin of second strand DNA synthesis are also
important for a retrovirus to be biologically active, and may be readily identified by one

30 ofskill in the art. For example, retroviral tRNA binds to a tRNA binding site by

Watson-Crick base pairing, and is carried with the retrovirus genome into a viral
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known in the prior art in view of the teachings of the present disclosure).
The ability of the cell line to produce VLPs may al so be verified. A
sequence WD oBemrest i s constructed into a suitable viral Peeaisor213s2

di scussed above. This defective virus is then transfected into the
packaging cell line. The 15 packaging cel| line prongFs t he viral

funct i ons patisds SBhe/ RN isgherutlizad sz priwer fog DN syRhesis &Y TP whi ch t he

defective viral gen - A N i ; .spackaged.
R R o R
delivery Gst@RRstédi 8O théSLTRerSimBardy) theesrighgofngeael strand MNA sarthasisso be

used to produce VLPs alone, 20 which can, for exanple, be used as adjuvants
for adni niistasasineme winpliesgrmpertanter thesecand sirand DRATRIMess ohR RS, Al so,
co-expsressi.on of a selected o LEE bAShsPub@lcyRepPt i de
(for gian;]il his reﬁ?@aﬂ’?’ Chj‘ésrélg‘% rr?%?%tedqgggﬁ%&d%%b@nﬁﬁ}ﬁcf’ﬁgﬁg%‘ﬁ gllss%ﬁ)&li esult in

t he entrapyrers 3RT®R, or associ ation of the selected pol ypeptide in/with the
VLPs. 25 Various fornms of the different enbodinments of tfhsgc(%esent

i nvention (e. g.lnaddifientiesiScandch b Ru ERNN bindingrutec it rigayo CHSLESQE
| MMUNI ZATI AND. GENE DELI. VERY. ' I ti ,
parti cul ar Al—ﬁy{}thﬁﬁfl r&%%’ib,maélgﬁet gﬁ%&dgﬁf&ﬁﬁﬁt@@éﬁﬂp@%ﬁoﬁrﬁ eg% nt Ihgegfesent

i nventi on. , i ¥iRNELARNE welllhis BBe b Glovsigshel Br Edding dequendesal inrestolist r uct s
containing, for exanple, a synthetic Env expression ca,sse_tte%, %g VO
03/ 020876 daditiusoR/lontaal wctoynhavets mucleagiranspeis slemspt whigh.dR PEICrEedsynt het i ¢

pol - deri ved po. tid ressi .ca , . t I ssion
Casset t e cOMBAERG I Ba: A inenal eSS or Ry ek BEBERS 0 | ot ory
genes (€. Gelembt inchi¥ theW@dmerV iirf RowdNarcon virus #0géoret al. slyVirdle?0, 38349

expression cassette fused in-frame to a codi ng sequence for the pol ypeptide
antigen 5 3&43ndH)i thestenwit B-Ropssrcomp afras @%}é%@@ﬁ%rﬁ%ﬁes rideeohdt/Pict

results in VLP esent i he.antigen of int hagas «pf
particul ar Wéﬁt’ i?%ta“gghebeggrﬂ?%gl ‘ihﬁ %ﬁ%n%?g%@agég%(ﬁ%ﬁﬁgﬁéggfﬁ% I ﬁ\?gnti on
i ncl U?? PoYy, ol 6&VI048ED52 Mi0D4). VDHer pREatiaRBBmEitS @iclude VhelelérabEoiknown as
HTLV-IT1, LAV, ARV, etc.) antigens or epitopes derived therefraom

i ncl udi ng, theutistorst gepe (Kedestrtna devahivichenstSs 83TrS4% 1§ the Giperergp160 (bot h
o ve o ot g o, g SN0 B Bl OSARH A 100
H VMW, H V@ GB38" al HiWrdbS0, 781792 9¢4) Vandlths trIah Benef (Hattorie, et al., Proc.
Natl. Acad. Sci. USA 85, 9148-9152, 1988).
20 Recombinant lentiviral vector constructs typically lack both Gag-polymerase
and Env coding sequences. Recombinant lentiviral vector typically contain less than
20, preferably 15, more preferably 10, and most preferably 8 consecutive nucleotides
found in Gag-polymerase and Env genes. One advantage of the present invention is
that the synthetic Gag-polymerase expression cassettes, which can be used to
25  construct packaging cell lines for the recombinant retroviral vector constructs, have
little homology to wild-type Gag-polymerase sequences and thus considerably reduce
or eliminate the possibility of homologous recombination between the synthetic and
wild-type sequences.
Lentiviral vectors may also include tiésue-speciﬁc promoters to drive

30 expression of one or more genes or sequences of interest.
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di verse subtypes(e.g., subtypes, A through G and 0), H V-2 strains and

di verse subtypes (e.g., H V-2UCL and HI V-2uc2). See, e.g., MWers, et al.,
Los Al anowob3/oDmr@base, Los Al anbs National Laboratory, L®STAISanws42 New
Mexi co; Myers, et al., Human Retroviruses and Aids, 1990, Los Al anps, New
Mexi co: Los Al agés.l\laaﬁi onal Laboratoyry. The%f ant | ggens may be synthetic
(as described hefBii SrCloh GOFsyssemay e grparater sich that mpsy thappe Bernefi zat i on
usi ng synt bk i€XRIrE38d. OPhis AR %E%@&mp‘ﬁghetdhﬁroggEMSe!o?ﬁﬁ%} bﬁ#_can be
perfornmed, for exanple, as follows. Mce are i mmuni zed w a

t at / r ev/ netisgynit kasseitesdrig cpwirothecadisg tégions@Grdr@paritaicbye8Enuciotddszgd with a
tat/rev/inet wld t 97 gr.essio cassette. Muse inmunizations with

pl asm d- § ?ﬁf’%g? {f’é MibG: AlnGiene 'é@ﬁl%tlp%l)e?bﬂ’é%hdhe egPdet t es

provi dg a ¢ledh ijgwn%/gﬁ@@git&f(uimgogeni city relative to the native
expression cassettes. Also, a second boost imrunization will induce a
secondary i mmun®ackagipgrsh lindsawitablafoplues wah tlaf 4beve dpgeribed fBbEbidartWo Weeks.
Further, the results of CIL assays typically show increased potency of

synt het i ¢ EHpVEakyesPT coudpictsnay b readilysenassil gvencie disslopere rovidedphocyt e
(CTL) resp S I;)I\{ﬁei LR 1 mate.. studi es. directed at
t he eval ua? f}gﬁl (?f} y“3rf11e’ut rglgfggfl%g anftﬁ?j %@ggmﬁl%k%+%@w§ilsﬁ%§%d Faenstﬁ)eonses
agai nst Hl Wleoted flemervabiety dfehanmalBa chiiR3/ 0A08HS FRCKaMPR2IML ’ER ddsd S

readi |l .y, appargent ject invention_can be used to nount an i mune
response t éﬁ&gg}g;ﬁ:}g&yﬁgﬁb epdewelogigelence to treat or prevent

infection, pargeHkaddy TR R-Tei Mol - Ry OF. THE. SYNTHETI C
EXPRESS ON Chasriishiictibn o ¥ syl feiidsf %m%é%ﬁeﬁ%n% Raslaing SUREn e on
codi ng f or obdher mbeveaprission tixecttaynteainubdred afto be caliiaingdettsi Ng r ecombi nant

met hods, such as by screening cDNA and genomc |ibraries fromcells

expr essi ngCVHECHERLT SBPPIRN Hdhs SPmpgueTieoida deqtpphish havs nen Reloted. 10 to

i nclude the sanBeyk i be.isolated directly
fromcells and t Ps%&%ﬁ%gg{ug?lﬁ% %uﬁﬁg‘% é&ﬁg@i@%@ i‘/cnfg"q%llusﬁai%ofeﬂ‘éf‘éﬁﬁ% ques,
such ds phenelbeextiesatbédirereiatiol FBER efprasid cakete I MEpBN nFRione A
Sanbrook et al., supra, for a description of techniques used to obtain and
i sol at e sCrprsl Ahore the nativepd/or sufistic spding praushesd ey hlssyhatubiizadcial | v,
rather thap.gl aned. HQQSSE&'@S' eoti de sequence can be 15 designed with the
appropri ate codons 1190r the particular am no acid sequence desired. In

general , one w Utilisieg detabpretiescribed «xptosion taketiddfa Witleandied of padkabmgWhi ch

t he sequence, . oyt
cell lines can be generated. For example, within one aspect packaging cell line are

20  provided comprising an expression cassette that comprises a sequence encoding
synthetic Gag-polymerase, and a nuclear transport element, wherein the promoter is
operably linked to the sequence encoding Gag-polymerase. Within other aspects,
packaging cell lines are provided comprising a promoter and a sequence encoding tat,
rev, Env, or other HIV antigens or epitopes derived therefrom, wherein the promoter

25  is operably linked to the sequence encoding tat, rev, Env, or the HIV antigen or
epitope. Within further embodiments, the packaging cell line may comprise a sequence
encoding any one or more of tat, rev, nef, vif, vpu or vpr. For example, the packaging
cell line may contain only tat, rev, nef, vif, vpu, or vpr alone, tat rev and nef, nef and
vif, nef and vpu, nef and vpr, vif and vpu, vif and vpr, vpu and vpr, nef vif and vpu, nef

30 vif and vpr, nef vpu and vpr, vif vpu and vpr, all four of nef, vif, vpu, and vpr, etc.
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wi |l be expressed. The conpl ete sequence is assenbl ed from overl appi ng

ol i gonucl eoti des prepared by standard net hods and assenbled into a conplete
codi ng swQuatns’6 See, e.g., Edge, Nature (1981) 292: 756; pNanisar/z13¢1 al .,
Sci ence (1984) 20 223:1299; Jay et al., J. Biol. Chem (1984) 259:6311;
Stemrer, WP.C._, (1995) Gene,6 164:49-53. Next he gene,s ence encodi ng
the desired antln ge;eRbediment; ﬂ@@ﬁ?@ﬁ?‘?’h‘faéseéte 1%%%‘%%?‘“&5%?%1 Wl Ma synthetic
expr essi O%S%ﬁts&}xﬁoed' Lol {RE Fél&gﬁlgtceﬂ DNERbLR MtrobiflctMe T a8sRREhINRRtor,

pol ynucl eot'r des encodi ng sg ected antigens are separately cloned into 25
expr essi opry@rkopatiéles. gWithinfurthardinigdinngsrthe pemtdtetsis indueibfei rWithipect or
Gag-coding polynucleotide in a_second, vector, Pol-derived

pol ypept i derteibaireferebrybasinens ph@eiipyvention, fhepickagieeel g upon, o+ pof
vif-, ypu-, vplscod . L ridIesrchithe HEEbOMPlicatiBAC- ) - N
certaiéln eﬁ%%%‘?%%’?gfQ%H@%ﬁh?%élﬁ%}%&?% ertle I nt oe or adj gcent a synthetic
Gag codi n@ngREmenies. such that when the conmbi ned sequence is expressed it

results in the 30 production of VLPs co ising the (a 0 i de and t he
antigen of i nt eFlesyynthetiqcassetie GORIARIRE A0 edrﬁ%g‘gi%%enf‘)% %‘? hé‘?s(%‘gch?cfgen( s)
(native or. nodj fied) | V : BQ86, tPeiLAINS02/ 21342

I nserti on@%g%s%eg%%ﬁﬁgﬁéé'tﬁgﬁ%ﬁga E%) i%é;éé%\ggg%gg%r% gt@g}tﬁrﬁr end of the
codi ng  segeRtal, 6@ble capiesof the Hivelingfsetleacey mdeGi et Gpgespog ypept i de;  or

3", carboxy "term nus of the expressed Gag pol ypepti de)( Wagper,, R, et al.,
Ar ch 10 r ol accapigblg keyels Qét}ﬂ,esmﬂeemﬁ%{é%l?feﬁg@ cap %g F%‘“\dﬁ‘i ﬁ’ﬁ( 88@‘0%0: 162- 175,

1994; Wi, X t al. . J. . ; : - e VA abfiey - . et
al., Virol %W‘gﬁéﬁ%@?fﬂd}{' Vg?&}Q%ff; tﬁ%ﬁ%&@%‘?éﬁﬁ% ﬁé%&ﬁ%%\éf}r%l ogyab@ngr ©
68(1): 111-JiBe ciPRe:to Pradube MiPs ndayGlso tetvesified. J. Virol. 67(6):3191-3198,

1993 Reicin AS, et al I Vitol 69(2) 642,650, 1995) g Lo 50% of
the coding sequAmsequsnes oliBEBEstis CARsSteddNoticyitalle NBHVeClRf PRASTUSEEY he

assenbly tg virus:li .part i i finel ( setti, A,
ot 10 a1 abpen iR deli SRR 3n B RARLBRTIRRaaknE NG (B el T
72(6) 1466 7p4&4ding 48P pfbAAE: thy viraldfinosions nebeddhurydfbr Fid(89ing vB@s-1ikk89, 1998;
Wang, C., et al., J Virol 72(10); 7950-7959, 1998). In one.enbodi nent of
the presenpartinleeinte which therdafiessiye Hirali geyorps, cOR@INHIZFAC PRARSPCYINEES) A

synt hetic Gag expr.essi cas t I insertion of

di fferent B?(%ﬁ%et Ir eseo?ﬂﬁﬁ) %r_egtﬁ%nﬁ?lafr%g{ﬁngﬁg %ér}ﬁ%g’gﬁg%%lé’i}ﬁ?%ﬂ%epi t ope
cassettes,dgfvegyglcgéh@glemuences into del eted regions of Gag sequence. Such
del etions may Be generated follow ng the teachings of th que ent invention
and i nf or mat i offuzkexi ugh packagingsell Ressapplsa by Lssditp Prodpce nd-tgoneone

possi l%loe agv\ﬁ%:%tc%g,efog gxatmrf)ilesj be used as adjuvants for administration with other antigens or

in vaccine compositions. Also, co-expression of a selected sequence of interest
encoding a polypeptide (for example, an antigen) in the packaging cell line can also
result in the entrapment and/or association of the selected polypeptide in/with the
VLPs.

25 Various forms of the different embodiments of the present invention (e.g.,

synthetic constructs) may be combined.

2.4.0 DNA IMMUNIZATION AND GENE DELIVERY
A variety of HIV polypeptide antigens, particularly HIV antigens, can be used
30 in the practice of the present invention. HIV antigens can be included in DNA

immunization constructs containing, for example, a synthetic Env expression cassettes,
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approach, relative to using full-length sequences fused to heterol ogous

pol ypepti des, can be higher expression/secretion efficiency of the
expressi owopsoeznscs . 20 When sequences are added to the anPoo/usermsmal end
of Gag, the polynucleotide can contain coding sequences at the 5 end that

d | f ddi t f t t
Dol ypept i dSesds Geg eUESBSE AL » TG PNEI e O R B ST hor
Gag- cont alcplpge ROLKARAL bfeSRARMMES Sorhidil WyMRrcss GROAiAE onebr BGRY T cal Iy

determ ne ow'ng the “teachi ngs of e present specifrcation. The

synt het i ¢ ae¥RsRS D Bputasyelhade gatatateyondfnef, uge, yohtandbr esmtksiicSagper abl y
| inked to the codi ng segquence, whi ch | ow f or res n of the gene
in vivo i expisesionseaspestefuseddpiiame t?&rco RE ipIenct {?bﬁhe BE’FB WHEeY o

manmal4 an LRRS QEorINE Lot RIRHPVERs pReséigPr onot er
such aﬁs tfgé%%ﬁl)wﬁfﬁ:@lgpé bevg%e;léqgrgs%r o?rfl%t er01 t he rremuse mamsrgry turmr Vi rus
LTR pr onottRs antiges ofidieeresii rus mej or late pronoter (Ad MLP), and the herpes

sinpl ex virus pronoter, anong others WO 03/.020876 PCT/ US02/ 21342
nonviral pr omt@\éantﬁﬁéﬁo%&aftécuﬂﬂfé‘%ﬁeétrt%éﬁs?@@ the BI3F “f‘?’e"(il preent

met al | ot i, nelif, dffe polibel red! 28 if, Rlu U3#, @orHEATVEI.1 pllsoRdinasal on.

Typical ly, transcription térnnation an pol yadenyl ati on sequences wi ||
al so be prgEEVLII, mt[elﬂVSeth antigeas br e;n&bas dayived tlwpefumniomludi!ngfbat adf y, a
sequence for optim zation of |n|t|at|on trans) ati to

l.oca
the cHi ndﬂméﬂﬁltli@n@élgepsssuﬁh 392 s gl 8 pinasie fl’f“glﬁ‘g@ﬁf’ b b&ﬁ hd
term nator/ a i pel ne i fr V40 as
descri bed Rdﬁ%oé] %g!%éi&f @&aﬁ%k gﬁfﬁldﬁlfga&gte?lé5 gvve &)gg I_gqr ng, Ir:Ig‘}/’vtSlh or none
t er m nat OFHP\ﬁCIg{Q%CHIVLﬁWHM% HPVWHNslé@S\g,, HIYelulgg othseHI‘ﬁelrseIamstfmm ncrease

expression |evels of mammal 1 an constructs, cl ude the Sv40
early genedlwsﬁaﬁwpes@g ,CF@BWWSbédhrOPG ith aﬁiﬂ%eﬁﬁvg’[ r’%ns ancgﬁ)g@sg (1985)
4:761, the er/ npt ef f n e Ralndsepeat (LTR) of
t he Rous EV(Q ﬁw as! aélgg@&: %@g §68 r?J gs't gta%l £ Pr oc({S Nat | . Acad.

Sci . YSA (HIBRA, L&s maﬁzsmdoﬁlm&rgmswadmw NavhMicrioo Myers, @sil.descr i bed
in Boshart et al., Cell 198% 41: 521, such as el enents mclq\ﬁgd in the

CW i nt ronHmngedfuémzéusewnqté hi9pk-es AlsmesnNewy Meicos Lo Akangs Natigmalyni ¢ h
o L vGs 0., mul tipl
:'iztci ;eﬁs?e];"iﬂl g%éi;‘yco neSé %rgg Cr%g#g(?s}g@%ﬁﬁﬁgso%gé}?%ggegﬂg%gmgé han om; v: rloale

i solate. Typicafb )évﬂti@ce affichgs DNA dingniseipnanibesypheianeresiof cassettest he
synthetic (():‘[9 t?lle rI]>rge>sent invention can be performed, for example, as follows. Mice are
20  immunized with a tat/rev/nef synthetic expression cassette. Other mice are immunized
with a tat/rev/nef wild type expression cassette. Mouse immunizations with plasmid-
DNASs typically show that the synthetic expression cassettes provide a clear
improvement of immunogenicity relative to the native expression cassettes. Also, a
second boost immunization will induce a secondary immune response, for example,
25 after approximately two weeks. Further, the results of CTL assays typically show
increased potency of synthetic expression cassettes for induction of cytotoxic T-
lymphocyte (CTL) responses by DNA immunization.

Exemplary primate studies directed at the evaluation of neutralizing antibodies

and cellular immune responses against HIV are described below.
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sequence and the chineric transcription unit will have a single open
reading frame 20 encoding both the antigen of interest and the synthetic
codi ng sewoenozs76 Al ternatively, nulti-cistronic cassett @ST(US0221342

bi -cistronic cassettes) can be constructed allow ng expression of nultiple
antigens froma single nRNA using the EMCV | RES,  or the |ike (Exanple 7).

I n one enmbodi ndhis f@#dﬂﬁﬁépﬁf?@é@ﬁttg‘? $HPiSSE IMYFALIOR Cap bp B?ecdttgéfl‘ﬂmit Aruni zing 25
conposi ti on Nay recsggf%reg%’wihg (Iar?e)ffgpétﬁgeﬁsm%dfheﬁée(%‘tf&qi oPpreldnd Inf@XBHhESSI ON
vector conprisSing a Gag expressi on cassette, a second vector conprising an
Env expr esgiridlaryaB$¢tiifectioand a third expression vector conprising a Pol
expression cassette, or one or nore coding region of Pol (e.g., Prot, RT,
RNase, Int), wherein further antigen coding sequences nay be associ ated
wth the Pol e .%.‘issbﬁ(?ﬂwﬁ'i%ﬁﬂié\%@&ﬁ@Xﬂﬁasﬁ NMERRETTROOF R eXanpl e,
from atcessory nes (e.qg., vpr, vpu, Vv , regulatory genes (e.g., nef,
tat, rev), or portimgSERT IVENTHON sequences (e.g., Prot, RT, RNase, Int)).
I n another 66 WO 03/ 020876 PCT/ US02/ 21342 nbo%i ment, a nucleic acid

i nmuni zi ng conpsgyruclsatidmsequersss FAEng foéltheeai’gﬁf‘f) és.;cr‘g?fim@ tlllé%‘éa} cassette

conprising .any of .th ' I ' g§11~,%ecq3ﬁg%gg Sipe present

i nventi on.oq%?fx%fﬁ @cé%@%%ﬁ%eﬁ?%aﬁﬁﬁg% gf%:dram I nmuni zigﬁlfglgo conposition may

conpri se, fiRhrifRIRLEs ekpresvilly 88 $em) of by daivieg the gpné Somg wow kgowrquences

for a 5 nunber of H 'V genes (or sequences derived fro uc eneaﬂJSI wherein
e

the cé8i ngto inddedsethe same Burthermprenhcesirad-eas chke solA CEHY 1RO18°

pronmoter, for.exanple. . - 1 2 f ,

b2poL-  af - PRVITEE BofLuEIRe s SRRSILUEL ecnhithe SRATE PHERTSHINERR of Lhe
present i nyRMEERBF BBXNADS ©aohic BN AL rSeay/g.nSambiookfet alconpia)&trizons dependi ng

on the codi ng sequence products (i.e., H'V polypeptides) to 10 which, for
" AR

exanpl e, adescriptinnoifdeghoisiues essgén btajnsand dsplate e gehefdoteresf §3Bt  anot her
enbodi nent ,, synt hetic, codi sSe j = VA i
oo Tt SRR SR PSR T b e

contr gk of 4éiged 9l tRE g@?b@ﬁate vb®Ineifér th&fHtianler phiac adidadjurwaendesirte codi ng
sequence for each encoded pol ypeptide. Once conplete, the constructs are

used for nicgemienl e dvill seleiivzefeireshcadonnfor thesintenderiagsy inywhish Hhe) sprsnge

protocols. Methods for .gene delive r. [ e See, e.g., US.
Pat ent Nos Wﬁ,%@@f@ﬁ%{' '%‘65%)6[@%158 ec{:l.%%%é??l%%%%%ﬁjég{ @%ﬁﬁ%m%lel ivered either
directly tgitdiRceetiddPichatediybia@ardmethods diinadenbiddyintodetdmsete doding vi vo, to
cells derived fromthe subject and the cells reinplanted i n'(me subject. A

nunber of wvéquahcehsede.gyEderdVansed] Hee AOUdYe Nasahpired al gigiance er into
20 223:1299; Jay et al., J. Biol. Chem. (1984) 259:6311; Stemmer, W.P.C., (1995) Gene

164:49-53.

Next, the gene sequence encoding the desired antigen can be inserted into a

y—

vector containing a synthetic expression cassette of the present invention. In one
embodiment, polynucleotides encoding selected antigens are separately cloned into

25 expression vectors (e.g., Env-coding polynucleotide in a first vector, Gag-coding
polynucleotide in a second vector, Pol-derived polypeptide-coding polynucleotide in a
third vector, tat-, rev-, nef-, vif-, vpu-, vpr-coding polynucleotides in further vectors,
etc.). In certain embodiments, the antigen is inserted into or adjacent a synthetic Gag
coding sequence such that when the combined sequence is expressed it results in the

30  production of VLPs comprising the Gag polypeptide and the antigen of interest, e.g.,

Env (native or modified) or other antigen(s) (native or modified) derived from HIV.
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20 manmal i an cells. For exanple, retroviruses provide a convenient platform
for gene delivery systens. Selected sequences can be inserted into a
vect or arwopaokmged in retroviral particles using techni qoegsknzsm i n t he
art. The reconbinant virus can then be isolated and delivered to cells of

t he subject either in vivo or ex vjvo. A nunber . Vi r systens have
been descAnsseipnsgasbe pagewithinghe eodngmsepuence or pi & ¢ ?ﬂiie %‘réﬁ Cﬁ%

D5 14 SOl il %ﬁ&g?%gffh%”f%@% g DBy, Geasaissapy (1990

Natl.  ACa&miRe of thiSékples8BEa®po ﬂBEWégnanH Boali, ArtiaWirok 12%d 1Teni n, Cur.
Opin. Genet. Devel op. 1993% 102- A nunber of _.adenqvi rv vectors
have al so 153et0%e¥acntied., ctal.i Veolpgy 3%1@70&% 19945 Wi £ 1 ot t’e(g 4ok into the

host (VAR [Si a zi ng the
ri sks ss@@t%%g h ﬁﬁgeﬁp étr ’rfﬁt ;g lﬁ%gggimﬂ %?14 H§§ n(gﬂ%é am g67 WO
03/020876 %” M%% é 4%191- 126_ rnob4. GASRE) 7.67 26172 Vol BA(6):3a01.8198, J.

Virol. (19 67: 5 921; Mttereder et al., Human Gene Therapy (1994)

5: 717- 729;19961 Reiein, AlS ,etdl., vaml 69((2)9@442)6568 18%8-940; Barr et al., Gene
Therapy (1994).1:51- hni_ques 616- 629; and
Rch et al., HYR éé%é’f B&%SET&@&?S Q{%}%ﬁia%?%% @(le’k%g?%‘ng%tal ly, various

adeno- ass%ﬁ%{@/{'@gjth\é'aﬁééﬁlbfﬁﬁ%uyﬁﬁé Pirtis}és htl@xphatvien bEFRBncy Buabaned., kor gene
del i very ectors can be readily constructed usi n% t echni ues wel |

knownl® n tdie Javirol. $2@1):2318-9310, §9984taeritr, Nost als JIVim)l A260) 4675 1@9, 941;

o et ol PO LD, M a3 AR SRR A Y o137 oo
(ohs) A Rass s, Yok AR nelylaingAns hO5Bs ik AR (Col d Spring

Har bor Lab ress) rent Opinion in Biotechnol ogy
(1992) 3: aﬁﬁnﬁﬁ%emmzmnmgh 16Vel Epeessing sﬂinhntrcs(}agrexptasslomp@lsetteawdn bemunol .

(1992) 158:97-129; Kotin, Human Gene (1994). 5 793- 801

Shel | i ng aineressedity, th@@ﬁrétl%@f félﬁfﬁfem@%“fﬂloff@s-sﬁ_fgéu aﬁﬁ ArGgens, mgji-" 5

Exp. Med 994) 1 Rgiesbl sfar
deliveri ngé]@E1 eca Sz/tgeﬁbglﬁ%m&%egse %&CA%&EQQ‘%%%?%’%?{?\?%F{&% (lihs% the enterically
admi ni st er@aetﬁ(ﬁ@mlba@eﬁerma\ﬂmmng/maemhmgsieﬁmpteewtbyvenmamq Jr., P.A,

et al. (U S. Patent . 5,676, 950, issyed Cctober Addji lonal
viral vectisfermatipe hVa‘}JﬁlPlp tq pRgiof ydinpry skibinithgat. nén? H%Ssmjrf'c dé{% a&%? th

pox 1 am 1 ybisgey PG E R PR R L ERES Bl MG RE pRShentaR  0e. By
way of exapgg ® hipiag ekpresion/secretion efficiency of the expression product
20 When sequences are added to the amiﬁo terminal end of Gag, the
polynucleotide can contain coding sequences at the 5' end that encode a signal for
addition of a myristic moiety to the Gag-containing polypeptide (e.g., sequences that
encode Met-Gly).
The ability of Gag-containing polypeptide constructs to form VLPs can be
25  empirically determined following the teachings of the present specification.

The synthetic expression cassettes can also include control elements operably
linked to the coding sequence, which allow for the expression of the gene in vivo in the
subject species. For example, typical promoters for mammalian cell expression include
the SV40 early promoter, a CMV promoter such as the CMV immediate early

30  promoter, the mouse mammary tumor virus LTR promoter, the adenovirus major late

promoter (Ad MLP), and the herpes simplex virus promoter, among others. Other
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virus reconbi nants expressing the genes can be constructed as follows. The
DNA encoding the particular synthetic H V pol ypepti de codi ng sequence is
first inswotoed2ismé o an appropriate vector so that it is &djrasent2isn a
vacci nia pronoter and flanki ng vaccinia DNA sequences, such as the
sequence encodi ng thym di ne kinase (TK). This vector is 5 then used to
transf ect neavirg Wm@%fsals‘échsarsrﬁHr?laﬂ'@Bﬁ%lF‘S?diW’égFéﬁnmetlﬂet@& P& ool ogous
reconbi nat_j.qn i t im’ (o101 N ik

encodi ng t'h aé:%‘;l[n\régﬁg tgéc}udel%g@éﬁagf&ﬁrﬁlg%@gst I nat g the@ﬁ\})idragllé&genolr?g.%%he

resul ting pbifyade@gasii egidnceawillegsostel peeseaid Idayted ' touthe hgndlétencedd s in the
presence of 5- bronodeoxyuridi ne and picking .viral plaques resi %ant
thereto. 3@dant Braferablye? jequersefonQntimigation of ffption Otfﬁ‘@“ﬁ%npgﬁatﬁa canar ypox

Vi ruses, dRde Bt R B Bl BT SR A ogens Fr o,
manmal i an pakhevePslyadnglakion wiandloincloaé eospdaived iioneS VAdnasidescribadien

adm ni stered to non-avi an speci es. The use of an avi pox vector is

parti cul ar$ambrdels et albiserriananvieth#t bRy SRV IRATROR? ERMEBIY SEICE¢Sce menber s
of the avi pox us C | . i i } avi an
species and t hgﬁ%*ag?%r ege;}%&ngo aggllg)og?%%gte?gl (%%F{]t%gn%&n’rer%}isg ﬁ%%ﬁlg@gl\/%?hgds for

produci ng eeaEbilesistrass PEXMbplesiascluds the SKaGvearly geneenhander,an desmiptdy
genetic reconbi nation, as described above with respect to . the production

of vad8@i niin Dijkeowes al. FBYBO]. 4198791/ the gphancerypragiotes dogved frpym 92/ 03545.

Mol ecul ar conj ugat e _vect or C Vi 2l i rs

desor i bed 1988 T Exva (R0 Ui RAR P FRA ok MacBIB PR 00 o
Wagner et pl,c NRNO&cad\BE) USAACIBE2b)3S:67T0SAd kaRd)s BHvaDRSmGlMAn (MW, al so be
used for gene delivery. Menbers of the Al phavirus genus, such as, but not
limted togs desctitedsn deshareet alf £el{1988) Sltﬁgbi%?h TS Pelgetin the,q

Venezuel an Eﬁgi. ne Epncephalitis viruses, will also find use as viral
vectors f oML HRE pol ynucl eoti des of the present invention (for 15
exanplig, a synt pgihdindead phehikerh béeomnaadd phidxntledsi dimedsariger) . For a
description of Sindbis-virus derived vectors useful for the practice of
the i nst antodieg bogsseqemees, eMisidars k., aultinle antgens/ppitopes ehivigEst. 7of 508- 519:
and | nternati onal Pulal\ﬁ#ocati on hNos. W%l'% teo7995 and WO 96/ 17072; as wel |

as, DubensR¥RMR)e derivedijjom fore ihalt opy WAL ERIAGT No. 5, 843, 723, i ssued
Decenber 1, 199&‘5/ RA fRY ARSI dihE sequindd prddede oPRllewtthd\omtt2c SodiBl®, 245,

i ssued August 4, "1998. Preferred expression systens include, but are not
limted toseqeueerandtthe chimprie transeeptian unitwillihave asinglpopentcagisg drameys pat ent

No. 6 ’2%15’ ggc%ding both the antigen of interest and the synthetic coding sequences.

Alternatively, multi-cistronic cassettes (e.g., bi-cistronic cassettes) can be constructed
allowing expression of multiple antigens from a single mRNA using the EMCYV IRES,
or the like (Example 7).
In one embodiment of the present invention, a nucleic acid immunizing
25  composition may comprise, for example, the following: a first expression vector

comprising a Gag expression cassette, a second vector comprising an Env expression
cassette, and a third expression vector comprising a Pol expression cassette, or one or
more coding region of Pol (e.g., Prot, RT, RNase, Int), wherein further antigen coding
sequences may be associated with the Pol expression, such antigens may be obtained,

30 for example, from accessory genes (e.g., vpr, vpu, vif), regulatory genes (e.g., nef, tat,

rev), or portions of the Pol sequences (e.g., Prot, RT, RNase, Int)). In another
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US Patent No. 5, 814,482, US Patent No. 6,015,694, US Patent No. 5,789, 245,
EP 1029068A2, WD 9918226A2/ A3, EP 00907746A2, WD 9738087A2). A vaccinia
based i nfwotmomsré ansf ecti on system can be conveni ently u®ed/usSo2/2684pr ovi de
for inducible, transient expression of the coding sequences of interest in
a host cell. In this ste&‘ﬂ cells are first infected rfgn vitho With a

vacci ni a \APRpSIReIEHBICIENCId IHLYNiZiRg SAMEROSHOR Ay GBI BEHY APl

pol yner ase, SR6GAd deghénted Bf thbat it only
transcri bes p{é&éﬁ? g%g%{%éﬁﬁﬁﬁg g‘lsélgklgrygﬂr?os fgggﬁo% Fﬁlu | owi ng e|@lnf egtl on, cells are
transf ect ggtesint mv&ﬂmnpdh ymthéremtiodemait, a mickicssid imbaunZNg anltmnmay

pronoter. The pol ynerase expressed in the CIV) ﬁfl asm fromthe.vaccinia virus
r econbi narfOEREAJEF PHAEWIG, 9B CEPIEFRIIEAS L SRIRPY! YRHPRIFSS Pl dhen

transl ate t /hBr lgyhgtg@dlﬁ st
L1 ansi at + oneRaR AR G En e RS AL AR AR B BreR b OO i ent.
cyt opl asm gqpémedat iframe ahd ngderqhaetinitiol efSsa migIRpVbnmﬁ@t, fqrsxamalnsﬁagw on

products. See, e.g., Elroy-Stein and ci . USA
(1990) 87EBVAmSELS: T atRevNefgonsiucts, g?%%‘"ta‘i\@ﬁnef SO Cféc‘%c (1986)

23:8122-81¢ %the?lc @gc}ﬁ %Hgﬁegg% tneSréRRY 1§@é?1ﬂoﬁ fhaly 'BE @6fbRBd W 4nfy nvidbel 6¥ @ or
avi pox vir reco , the I1very  of genes using other viral
vectors, ad?brﬁlfmitiohs @&jeinding onythd mﬁmequoupzmﬂu‘cﬂsa(te WHIV pbb'acpttd@S)HDgh | evel

foll h 1 f T7 R
expression follow ng introducti.on into host cells rS#sF(c:i' {lc}:, a NA

pol yméPas eWszCb’anf erample B ANFYNPREicElyaTRegse 18 greisd te B cﬁ et ase can
be engi neer % rr?tn ﬂ%e't@@o%% g%‘ﬁ\eg@ers Y&t 431?@11&/“&1&1\;%@ bEPRitRESmAY | |
generate T7 Mer ase A turn W transcribe hore tenpl at e.
Concomi t anpé &'onstrh&é@um hipolyeisaoniDiissssae sades Xigr @msiobof 4 snglagemdtee cont r ol

of the T7 pronoter. Thus, sonme of the T7 RNA pol ynerise nerated from
transl ati owheﬂeﬂtllli'@saaffﬁlplar:?‘l:%ﬁ]?@ﬁt thespiing @WW??”L@%"‘%@ pp{ygﬁgt}ﬁe, ption of

the desired geRge. BSGANSCUR N TENARE MIRSC P nhRkIRA gl N1 L1 ale

the anplificati yrrerase can be intro ed into ceIIs al ong

with tige t empdAd gér&)deﬂlﬁe@rptcstacélhleMetﬁoall s@rdent deliveryeme khown irfthe apiol yrer ase
can be introduce

as a protein or ona(g)asmd ecg%@n %@A
pol yrr?r aseSeﬁ@rgl A0 \SuP@ﬂ@éer@ﬁ Se1P9:346n 5880879, 430 ?F?é‘i ‘éereﬁjor
94/ 26911;
Stader anthetgie D e visrag et PGk ENRL A AR RE il WAOT EPD

Gene (1994 4eRkd¥bi aféfzsuBﬁ& andaRe edlls ad:nnplaﬁleddahﬂfemubﬁmto phys. Res. Conmun.
(1994) 200:1201-1206; Gao and Huang, Nuc. Acids ggq{ (1993) .21:2867-2872;
Chen et al., Nud nysehedof Red basqdlsgémlps hovebeemdevelnped Jorgepe Hansieliiigr No.

5,135 ’2%55' mammalian cells. For example, retroviruses provide a convenient platform for gene

delivery systems. Selected sequences can be inserted into a vector and packaged in
retroviral particles using techniques known in the art. The recombinant virus can then
be isolated and delivered to cells of the subject either in vivo or ex vivo. A number of
retroviral systems have been described (U.S. Patent No. 5,219,740; Miller and
25 Rosman, BioTechniques (1989) 7:980-990; Miller, A.D., Human Gene Therapy
(1990) 1:5-14; Scarpa et al., Virology (1991) 180:849-852; Burns et al., Proc. Natl.
Acad. Sci. USA (1993) 90:8033-8037; and Boris-Lawrie and Temin, Cur. Opin.
Genet. Develop. (1993) 3:102-109.
A number of adenovirus vectors have also been described. Unlike retroviruses
30  which integrate into the host genome, adenoviruses persist extrachromosomally thus

minimizing the risks associated with insertional mutagenesis (Haj-Ahmad and Graham,
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Delivery of the expression cassettes of the present invention can also be
acconpl i shed using eucaryotic expression vectors conprising CW-derived

el enent s,wo023/0308ch vectors include, but are not |limted t®@CTtuse2/£6kt ow ng:
PCWKn2, pCW-1ink pCWPLEdhfr, and pCW6a (all described above). Synthetic

expression cassettes of interest can_al so ere a viral
vector. Fdr Vieghi8s) STRET-3yhitlbrit gtal e‘]cp‘(’é%lsagﬁ%céjségétlfsggzﬁnawgeée‘z)eéc%aged in
| i posones i or ] I g.ysxlosdier ef rom
Li pi d encglp’s mf"iltodr%n?% Qr?er aé P§7 Zggos‘f‘e@l} ego‘gg(lﬂn 159I9qj|’gﬂ(;)somss which are
able to stgabl ¢t dbi Gdn@rheempy(aw@nﬁﬂ saimrnnmumlelawmmquasﬂé9$%)tﬁ oltof

condensed DNA to |ipid preparatign can var éﬁ}% \l}ll# . 70 WD 03/020876
PCT/ US02/ EZQA@dg%lﬁ]éPhﬂl, Hugenresadderory (g 1#476%onol es 1ipid), or rore

of 1i %I d. For %Jéﬁtlo an%ﬁ %%eh'(? %38&131 h%?g}@ﬁV?%&@J ks hh¥ pdgl 1 very of

nucl ei“c aci ds, I ochi ophys.” Acta. (1991)

1097: 1-17 de&l&ﬁé@mg@de ®Rlivety.. AA\nveMﬂs@dﬁb@feadﬁmm@qyus(m@@@mqm| 101,
pp. 512-527. 5 Liposomal preparations for use i the£{§ 43 i nvention

i ncl ude cawalldmoavn i lassart. |S\¢élﬁyg cHax- Jatent N8ﬁ|5o]fﬁ'3@41(17?é‘6 char ged) and
neutral PRy @ﬁg{}cat% No§ ZW(?&/?IMO&@@&EE& @sﬁ‘faﬁlh&g' 1302 Vard WeeT T ed.

Catlonlcl een rate 1ntracellular delivery of
plasm d ﬁ%ﬁ%ﬁ&ﬂlsﬁd éﬁMarchH@QB) [Nk dwskAetgal., Madéc. CelllSBiof. 19%))
84: 7413-7416)

Mal one et Proc. Sci §1989) 10
86: 60107 - 6@3_988 -3996; mcpnﬁeéal atVCPfﬁ%f PR(1BD) f%%lfié%ln%%éﬂ%’ lflb%{ﬁ toryy. Biol.
d t 90 1
ar Ieepea di IJR[:} a?qrge&%q éurren @%)ufm 'upﬁ'{ z&%&gﬁgﬂ 1959{?53%@9 (M{lgy&k;posor’res

or ex

di ol eyl oxy\y pERRYAT: dgzdy,zmzémaiohwnammmnum((mrm :97-1p@sKotizs RaMe  avai | abl e
under the trademar ofectin, fromQ BRL, G and |sl and ( See,

al so, Fei gfdmaleGeZESTéctmpy €994). 5:¥@3-801 A'if’éﬂmg apq Stk GemegBeyanyA19243- 7416) .
O h E d DOTAP/ DOPE
(Bog: hfﬁggﬁ%-%ﬁ%naﬁ? ﬁ?l J. #.153‘2% Zni%gg%gﬁgéio@?;d) f ?gm readily

avai | gpl e mat er \ghihethdcty s§BGh DbFgsr mﬂivbrmg(m@ lyhiclédileaot the pessente. g.
Szoka et al., Proc. Natl. ‘Acad. Sci. USA(1978) 75:4194 4198;_ PCT

Publ i cat i cinvéwion\WIheGhtetiosly afminisiergd §@qwrrbﬂnaahpw1rtlﬁ&a%g?ﬁ§ fiesetibedsy poTAP 20
(12 1o i) L, PR RO ghpesersn a1y
Pol ar Li pi ds ( BipakiBaiath vktbors Whick &l Had e&sibot Yeliverpathe duclsicngidr eadi | y
avai l able materials. Such materials incl|ude &286 er;gga (fjr%lm t%gol);crf]aemﬂ
chol est er omplecules encoding the antigens of interest include p y
20 of viruses, including vaccinia virus and avian poxvirus. By way of example, vaccinia
virus recombinants expressing the genes can be constructed as follows. The DNA
encoding the particular synthetic HIV polypeptide coding sequence is first inserted into
an appropriate vector so that it is adjacent to a vaccinia promoter and flanking vaccinia
DNA sequences, such as the sequence encoding thymidine kinase (TK). This vector is
25  then used to transfect cells which are simultaneously infected with vaccinia.
Homologous recombination serves to insert the vaccinia promoter plus the gene
encoding the coding sequences of interest into the viral genome. The resulting TK”
recombinant can be selected by culturing the cells in the presence of 5-
bromodeoxyuridine and picking viral plaques resistant thereto.

30 Alternatively, avipoxviruses, such as the fowlpox and canarypox viruses, can

also be used to deliver the genes. Recombinant avipox viruses, expressing
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phosphati dyl ethanol am ne, di ol eoyl phosphati dyl choline (DOPC), 25

di ol eoyl phosphatidyl glycerol (DOPGQ, dioleoyl phoshatidyl ethanolam ne
(DOPE), vaomammthers. These materials can al so be m xed Wwcrhusvhzi3OTVA and
DOTAP starting materials in appropriate ratios. Methods for making

| i posones using these materials are wel [ rt. The Ilposorres
can corrpr |11§€1‘1ﬁ®$5t$ ﬁ&w&m@%%ﬁ%&ni l@{a\}g)ownstﬁéiof"%ﬂm E%F 150 vesi cl es

(SUVs), orl gt gﬁm’ﬂﬂéﬂeﬁq@%ﬁ‘ Vl\«/iﬁﬁée% e?s ﬁé—ﬁé\é%f anﬁbﬁ)o)(%ét@ib'ﬁ phitiR@RAYE- nucl ei c

acid corrpl exes are prepared usi o s known in the art. See, e.g.,

St r aubi ngefkesiedble/ih Nflal 3hd 3{1B7 &aﬁﬁiﬁhﬁﬁ@ééﬁ&ﬁﬂ@ ratmbers af ﬂﬁmg@ml MMUNOL OGY
(1983), Vol. 101, 95’\ 512-527; .Szoka ﬁe % adt Sci . USA
(1978) 75:can 9nlyprodictively aenligpis ioinsept aé{fanSP%il‘%?&‘i‘fl CIEgfHBRYS. Acta (1975)

394: 48 ( BRI VERRIRARYE afl OChi m
Bi ophysz A@%Ct?vfllg%g@ﬁ%%% h@tﬁg%)sfé{p%&m I ochem Bi ophys 5 Res.
Comun. ( 1@6wh if GiedBbanderapley gatetiakecomBination, Natibscribedahovseiith res@act 10979)
76:3348); Enoch and Strittmatter, Pr oc. t d i A )

76: 145) : Fhepeguciqn ¢ff vacciyia VEugss. Sehérs- %%}%Wﬁ%@?@%ﬁ%%ﬁd
Papahadj o% 5 Proc. Natl. Acad. Sci. USA (1978) 75:145; and

Schaef er - er et al., Science (1982) 215:166. The DNA and/or protein

antigen(s) can Mb&eulbecalghgavevaetbrs,Rucnastitheaderobirpi chihéricoeposdescobsl si ni | ar
em Bj

to th d bed by Papahadi I t Bi . ta.

(297550 30-4n hgahardat ldeBiogl s (15 Bt 804850 and g shilapipes e ass.

The synt el g SEPLRITI O GRARRN A0 cah BESTERARY selomiggyencapsul at ed
asSSOoCI a

adsorbed t articulate carriers. Such carriers
present mul ti pl Memb@:@loﬁh@mpaa\aﬁisgemdsmhtas ,Gmh noolirhitel topmestes dgrgtedm and

t t d t t 15 of t S | . Th
Pt ch cs. o oS pHaisctey s Boress, sk AHUCT s BreaR iSRS A
presentati @gd ﬁsgreo%ggl %%o?gfd?gileﬁ\?elrlﬁ%ﬁ% p”g%ﬁacr SQ)fft Eéeﬁyﬁl%ﬁoﬁi‘f(fr' ers

include th ived Trom ymsrs as well as

M cropgrti @ﬂaﬁ@léjﬁrsyl\[tﬁéhcf G@gr%)plybc}ﬁtidaeﬁdod&@)expmdsmmbgs@étﬂac)l Fdea deegptjyanl i des)
known as PLG See, fery et al., Pharm _Res 199312 10: 362- 368;

M Gee JP, ch&e@blawlrus rived w%ﬁ@&';s@ful for fil@(Pzﬁctlfg‘?f hpanstang gnethods1$98an DT, et
al ., Vacci @ﬁb%}%f(}’ %;'t a][g? 23 QJQ%%)QWO ﬁéﬁr 5 d RS ARG A Pﬁﬁ]ﬁ:’ﬁumoé'\ﬁ@ be

manuf act ur enc et ergents, such as anionic or

cationi c des/eramE il WOos/i FITL; ﬁ@WéID@aDhb@isEys JW, THW., &t sluild.ScRatbrmNag a net
negatl ve or a net pOSI ti ve char . For_ exa m.cro I'tl cl
manuf act ur 88472, isyvicd Meeerdeards 3%9& gnd Bybgps Jﬁe%é’&eéﬁ 3ROy 1 ammoni um

br om %8 5,789,245, issued August 4, 1998. Preferred expression systems include, but are not
limited to, eucaryotic layered vector initiation systems (e.g., US Patent No. 6,015,686,
US Patent No. 5, 814,482, US Patent No. 6,015,694, US Patent No. 5,789,245, EP
1029068A2, WO 9918226A2/A3, EP 00907746A2, WO 9738087A2).
A vaccinia based infection/transfection system can be conveniently used to

25  provide for inducible, transient expression of the coding sequences of interest in a host
cell. In this system, cells are first infected in vitro with a vaccinia virus recombinant
that encodes the bacteriophage T7 RNA polymerase. This polymerase displays
exquisite specificity in that it only transcribes templates bearing T7 promoters.
Following infection, cells are transfected with the polynucleotide of interest, driven by

30  aT7 promoter. The polymerase expressed in the cytoplasm from the vaccinia virus -

recombinant transcribes the transfected DNA into RNA which is then translated into
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25 (CTAB), i.e. CTAB-PLG m croparticles, adsorb negatively charged

macr onol ecul es, such as DNA. (see, e.g., Int'l Application Nunber

PCT/ U899/w0%6)087d:urthernore, ot her particul ate systens amdTashymess can be
used for the ' in Vi vo or ex vi vo delivery of the gene of interest. For

exanpl e, poI ch as si ne, pol yarginine, polyornlthlne
sperm ne, ?‘Pn altﬁegmos‘hga és‘%:%?@ﬁieﬁ’gé{rbéén%g odgprovides forhighdevales, ar e

useful for tlﬁﬁﬁé}ﬁf@f@lﬁﬂn@?ﬁﬁﬁ&%n fgzlﬁ‘g %tl'tl@%]&{ XA an§'1@t{a%§ll1t¥dn DEAE

dext ran- medi at ed transfection osphat'e preci ron or
preci pi t at ponluosi Sge, 2. VENOBLRADGIMBET PH&OBI&Q l@éb%i S&zh@lSAl (asadyubl e

i norganic as strontium phosphate, alum numsilicates including
bent oni t e g—ﬁéﬁ%éﬁﬁ%ﬁw Btrﬁl Pes el denghn 86 Uﬁéﬂ%@éﬁe&z@eﬁl% and t he

like, swill fin r Felgner P. L.
Advanced Drug %Siduﬁ\%lé%a eV| r& ?E@%ﬁ)ﬂgﬁ %g%ﬁﬁ%f)r EVI ox View of del i very
syst ens ussedcoinbinantsgerte the dieiﬁalgffdfrgenﬁepm@lo@&r @Zamdeefommn a&phhcati%h al., US

Patent No. 5,831,005, issued = Novenber 3, 1998) may al so be used for
del i very ofysieraeanstersed thef Wﬂlh@aﬁb Fcé@éhﬂevelu qxp@ﬁ&l%fp OWingi introdidtion intbi ol i stic

delivery s I .d _and tungsten,
areI \espgm gﬁ‘y use +lﬁ¥%&g%1§?|§\%‘§ %ﬁﬂ% ?hfed[n?déére‘ir%%ggf‘ ]&ﬁgg & 589 é’suo? 10
t he pr esenforiTWRNAI polymeFhe caabt eagitcrad,. eTandRA dﬂlRENA UBBveRsh tié C

expressi on cassette(s) to be delivered and accelerated to high velocity,
generiﬁ [ﬁﬁ‘a’iare&’ gty T M@BW@%M@WH@ﬁlfgﬂ‘ﬁuﬁmelbem&har ge froma

{ ber e 3‘#2, tenigie SCOREfBHY, B wif K61 DRGL B SR 6h RRRBE A B85 etl 505
5,179, 022; ofth8 7T, Iﬁdlﬁoteanmh@, 4Be Bithe A BNA bondragd figm ection systens

can be used (DaV| et al, Vaccine 151@1503 1509, 1994; Bioject,
Inc., Port rapept lomfthemlﬁﬁ@tW?me&]&Né veill Jaaglite granscsiption ef ihe desamde53| on

cassette o h OHTU| ted i.n for
delivery t Ifteheﬁd\igedrig g %Ite su g&e%s%hes%u%e l?te%lﬁesarﬁé@%g Pher

pr ophybact RNA palyméraseasin beﬁﬁtﬁ@duc@dlint@éells Eﬁihgmtthmeﬁﬁpla@@ EJ}[%% @Hesease
after infection). The conpositions will conprise a "therapeu ally

effective HABGHPUONJEAGLQR. &@ﬁ @oquefr fﬁ?? 6pieke infaduretilng v paotemmyonta @isntithe

antigen c VG response. i.s.generated in
t he i ndi vi %ﬁgﬁ 86 e\?\ﬁN H 1ifrﬂer?‘{ése a m 1l Qﬁérdésauss?ﬁeor@a%f Taihihe Hg’é‘éssary
will vary fiependomgngtellsheese b, BabmbeomUPulcaaiENo. WaLoH969@ndnagner al
condition of the subject to be treated; the capacity of the 25 subject's

i mune sys%féier’gaf&y’anésﬁlﬂé (4980)1801143-130Haergapd otk Geno( B9) on desi r ed;
the 20 143:245-249; Gao et al., Biochem. Biophys. Res. Commun. (1994) 200:1201-1206;

Gao and Huang, Nuc. Acids Res. (1993) 21:2867-2872; Chen et al., Nuc. Acids Res.
(1994) 22:2114-2120; and U.S. Patent No. 5,135,855.

Delivery of the expression cassettes of the present invention can also be

accomplished using eucaryotic expression vectors comprising CMV-derived elements,
25 such vectors include, but are not limited to, the following: pCMVKm2, pCMV-link
PCMVPLEdhfr, and pCMV6a (all described above).

Synthetic expression cassettes of interest can also be delivered without a vira]
vector. For example, the synthetic expression cassette can be packaged in liposomes
prior to delivery to the subject or to cells derived therefrom. Lipid encapsulation is

30  generally accomplished using liposomes which are able to stably bind or entrap and

retain nucleic acid. The ratio of condensed DNA to lipid preparation can vary but will
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severity of the condition being treated; the particular antigen sel ected
and its node of admnistration, anong other factors. An appropriate
ef fecti vewermmusm:an be readily determ ned by one of ski IPCTiUs02/bus42rt .

Thus, a "therapeutically effective anount™ will fall in a relatively broad
range that can be determ ned through routine trials. gpe conposi.tions
wi | | genergahdrglly brargued brlémgrDl}%rI@C% ufy @aﬂ%ﬁhp@c EHEIBYEY X ci pi ent s

or vehicl su I Y, hERRRYeR . 73 WO
03/ 020876?%&*@??%?@ Ko %rﬂéﬁu&%h"ac"y g Hh&%’ﬁ fan S%%P% Rl Y,
auxi li ary mybstaBiRsys. sxuﬁm@mmm ng7oStraubingeséttali ng/adedsts, pH buffering
subst ances, and the ?)I ke, Hyl resent in such vehicles. Certain

b PP

facil it at drsywplogn€l W3y Vi I2-¥d/ or expression can al so be included
in the conpositi.ons coad [ e : I dto, 5
m ;rla?%)[rrb%ﬁ( prepdia {%n’l 34 1l ’tl&#@&{lﬁﬁl’%}fﬂ& del dafIb i€

bupi vacai ne, Sucr ose. t he conpositions of

the i nventihe8t p@jﬂcmg@? Ninind @egddiveltichegedyarndmetita m&ﬁaxamms (vitly. , as
descri bed above) or ternatively, delivered ex vivo, ceIIs derived

fromthe mabpmcﬂlpomqa@afmﬂhdﬂﬁrei@&ﬁi ﬁatxon&é@omeérhaﬁ%‘a%&ﬁe%n For

exanpl e, ods for X Vi i Y, f¢ transformed
cells int cim‘i Aty I@Eﬁ?f]é‘%?r dgﬁ%er}é ﬁ%@ngﬁd ]?l]ﬁé (g«?igger T hlg?r@ ? r{@% 1 %@a&’ S

dextran- Ws&t@m? B@WMWHM?HmRthhMﬁb phalS Phéd. efaﬂmmdowawmww ybr ene
nmedi at ed transfection ectamne and LT-1 nedi ated transf]r?f?tl on,

pr ot opd ast86: 6176608 18] @dtpﬂbﬁ@dfmﬂséﬂptl@rfé‘étﬁéﬁﬂpﬁm eirtlof- Bink Chedt (A998 eot i de( s)
(with or orres antigen) in |liposones, and direct
m croinj e\é\_ﬁ(gt_oﬁﬂglg ]trbﬁg%ﬁﬁ {Ogdfrﬁ(}g[fl 15 Direct delivery of synthetic

expression Casséﬁtﬁcﬁn&ﬁw@@&bidr@@éadﬂ?anMBle\Mbe exa@®e Nl 42y3-be acconpl i shed
with or without viral vectors, as described above, by injection using

either a cdinkeglokypnenyllsyN,Nesetbylammpaisn GaATMAKIposemes e A‘t%]éPIP(“P?ergene

delivery syste ct .Tec , r e
const r uct ste @H]’%‘%&,ﬂ}’%%&gldﬁgﬂ(ﬁﬁg%t%r%@g%ﬁng(ﬁ? q§%é§%§{) a@%ﬂer@

I ntrager majl >Pro& NdBMAED TR, |USASMOB7) 8’&074313 m%al Oyher E@ﬁﬁﬂfdlaﬂyanaila‘bbgl nal Iy,
i ntraperi toneal 'y, intravenously, oral l/ﬁ i ntramuscul arly. Delivery of

DNA i nto chpidsinolide HeD&B/AOPE) end EOEM OREeBogrhineste (PtBer C3HNIEN| s npde of
adm ni strafion provides access to n-.ass0ci. at. s and

provi des f&#0sg ﬁaﬂy?eewfpag?cﬁﬁgmga@y alﬁ\'l%%f r{n%tﬁréaqglésél%/g;@ Q%P&Le h(i:lr nodes of
adni ni st ragj Qi ihe BHE 588, 2 g. BYSKREt AIRbY, NAITUBAS IScATUSAN193R)IIT4iHMor i es,
needl e-1 ess 25 injection, transcutaneous and transdermal applications.

Dosage tre4tits IPCTthbhbalcm NgiWg ¥/ He9 fglcmé@gn@tmlroféhemymhegp ef PEEIAP
schedybe. AT, 0 SLERLT- RlimH5Hh Shbn5hdBattiposomes.
Similarly, anionic and neutral liposomes are readily available, such as, from
Avanti Polar Lipids (Birmingham, AL), or can be easily prepared using readily
available materials. Such materials include phosphatidyl choline, cholesterol,
phosphatidyl ethanolamine, dioleoylphosphatidyl choline (DOPC),

25  dioleoylphosphatidyl glycerol (DOPG), dioleoylphoshatidyl ethanolamine (DOPE),
among others. These materials can also be mixed with the DOTMA and DOTAP
starting materials in appropriate ratios. Methods for making liposomes using these
materials are well known in the art.

The liposomes can comprise multilammelar vesicles (MLVs), small unilamellar

30 vesicles (SUVs), or large unilamellar vesicles (LUVs). The various liposome-nucleic

acid complexes are prepared using methods known in the art. See, €.g., Straubinger et
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al so be conbined with adm nistrati on of peptides or other substances.

Exenpl ary i mmunogenicity studies are presented in Exanples 4, 5, 6, 9, 10,
11, and 1RO 03020846 WO 03/ 020876 PCT/ US02/ 21342 2.4.2 Ex VI YOTDEL2MBRY OF THE
SYNTHETI C EXPRESSI ON CASSETTES OF THE PRESENT | NVENTI ON | n one enbodi nent,

pr ccent | ngl.deisTHoRs ORMNERRRAT I neb el B shmeld bt vl onr i o

5 o0l S Busehian aLifSld G ptOTPpd oaang: prasRYbAocall spbbinect) can

be used f ex Vivo The syntheti'c expression cassettes of the
present | @l@ﬂigh%m Ti97s)h B94:488) Wiksonies all , afedid 197 DM I5ED | Pearaland| ood

| ynphocytes (PBLs) by a variety of ocedures kno to.those skilled in
the art. BengkamdppdimTBigghys. é@&ﬂlgﬂ)ﬁg'@gna%o et\é\ﬁr Blgrlgn- ?lPBﬁXSa

popul ati on, of \PBLs t . AHESRRHYSANdsB(@eb) s. In
particul a ,es‘p%'fl?n’l(%zﬁgfﬁ&tg#ﬁtgﬁ{a%xg"elﬂ;gg?grrpl I shed by tl(‘le ejl i m nation of
non-T cel |7:3338NEnabh bndBGittnedtes Prbé. Nwhdchd dal. &4 (1968 & 145%i Fralexr | vy,

th t i bodi b d to depl et i fic popul atj f non-T
cel I's. " Foret skahplie. Chetei (IPE0)cad: D69y Srolett EpabilibBBIOGLLE Yolepl ot e B
cell s and c@%&%ﬁ&% g‘wésselﬁmg"elnﬁ%h&zer?ﬁfad&%tléﬁ,esicié&e@ﬁgﬁzftzﬁs:lmcr ophages.

15 T cell ractionated into a nunber of different
subpopul at i ons Jne DNaCHI/dtpestenaiigen(s) chialse bs Kelivees ingo¢titelinid Two naj or

subpopul ations can be_isolated based on their differential ression of
the céd| senfpesisionpsirpidastothaseissrribedbhy PFEﬂ&‘agS?B pet 35'03106&1?"?1?254‘@ .

enri chnment, of 1403 &3 ARS LD s. £663 $61 &4 A 4% i ched using
ant i bodi eé%%él?fﬁcéﬁzo@%ﬁ %g’eﬁ%bﬁ?%\gﬁteen%ﬁ Csupra). The .20 antibodies
may be coupl ed i@ gnaelit exFeBRArdsste bf arreshgngtaiso boeackpsul@odver sel y,  CD8+
cells can be enriched through the use of antigodi es,sEecifi c for CD4 (to

renove CDdisomed ke )or agsociasad Wih, ipewicRiREFAers haUGhe@rIiars psgen APy es
coupled to a.sol.i d , SURPOLL . . odid pat i ent
o be ex i aelgeRadsn ST iR B and bR YadphiRGLRABRL BNt S

W sopset -oﬁntigérﬂsqg@caﬂlymﬁﬂfn@@és-. TBe partRfes L#2bSBhagboytbendi hygnanphhgesat i on of
T cells, a varrety of nethods of genetic nodificatio wn_to those

skilled i nartdmn@nhamaﬁmliﬁ,en@%ﬁ@ﬁaﬁ%th&q&hgfme}mkéﬁe- (rifrxagg 8Pfbased gene
;Lgp zggL Vgagt[i&lrlastte ConRLd G 8dudse d8RE hjaﬁdp&ﬁﬁ&hﬁ'mé%ﬂa{crﬁﬁt@ BBlyGerL8€ such
well as microparticles derived from poly(lactides) and poly(lactide-co-glycolides),
known as PLG. See, e.g., Jeffery et al., Pharm. Res. (1993) 10:362-368; McGee JP,
20 et al., J Microencapsul. 14(2):197-210, 1997; O'Hagan DT, et al., Vaccine 11(2):149-
54, 1993. Suitable microparticles may also be manufactured in the presence of
charged detergents, such as anionic or cationic detergents, to yield microparticles with
a surface having a net negative or a net positive charge. For example, microparticles
manufactured with anionic detergents, such as hexadecyltrimethylammonium bromide
25 (CTAB), i.e. CTAB-PLG microparticles, adsorb negatively charged macromolecules,
such as DNA. (see, e.g., Int’l Application Number PCT/US99/17308).
Furthermore, other particulate systems and polymers can be used for the in
vivo or ex vivo delivery of the gene of interest. For example, polymers such as
polylysine, polyarginine, polyornithine, spermine, spermidine, as well as conjugates of
30  these molecules, are useful for transferring a nucleic acid of interest. Similarly, DEAE

dextran-mediated transfection, calcium phosphate precipitation or precipitation using
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i nvol ves transduction of the purified T cell population with
vector-containing 30 supernatant of cultures derived fromvector producing
cells. Awewmomnebsappr oach involves co-cultivation of an iPcadisar/zii42

nonol ayer of vector-producing cells with the 75 WD 03/020876 PCT/ US02/ 21342

purified T cells. A third approach involves a sim]ar. co-]gigl tivation
appr oach; otkswénseluble mqyearnie palis; sghps sgontyumphosphate. AUMMMSEGAGE  h vari ous
cyt okines.and.cul t ur r -1 o iR st I oRE ARnnMikd) t he

i rradiat ed“‘ii‘éddl?%‘?e“g%@‘g&ﬁ‘?ﬁg&g‘é??%’% %d%??agﬁ%gjﬁgj% prior to such

t ransduct iyan fhAa5ERER thedfréRat ineogensed &.anFelgner Rdl.tAdemcad Drigl992) Exp. 5
Hemat ol . 20: 1065). Stinmulation of these cultures to proliferate also

provi des Daliverdwiews 1990 8631870 asreyiey of Aelvesi YRtemIrsePHET 8815 ent .
Subsequent_to.cos cultjyation el r t il)gq vect or

pr oducl ng t]@é]]sfpr.ﬁ%qu@%@u,c 53 aghgé\gl,’ e ag'hg'$rpgfz&§{nﬁi%hg’lg?%8??1rﬁtrogen. Gene
transfer \eskgiber 3,CO08RINAY Ao B asedl fonidlRey\oitalvehstencerpihegsesont cassette of
10 the present invention (associated with appropriate control elenments for
del i very tiovanhen. i sol ated T cells) can be assenbl ed usi ng known net hods and

foll owi ng the i danc f .. 1.h { Lk L mar ker s
can al sogbe usg‘g‘icﬁtﬁo ﬁ%%é%hﬁé% gﬁlg{eﬁgﬁg{g@ gglﬁié)fy%n%?r%t%g ;m@é%@t&rg r%{s?%healzsor
exanpl e, ggdr&lﬁmng@éh, e agaﬂalyﬂssm foraalivesing SyrthavRenpiekssion casbdtted b1

transduced with the gene transfer vector resistance to a c%/t ot oxi ¢ agent.
The cif ot cthe presergdmventéein Bee, pastieles are goated with theypiietiv SRFSIOR,

am nogl ycosi de, tracycline chl aor.a aenl . ] Lpomyci n,
net r opsi n,caﬁ?egfagﬁrg)cl?ehg%,v ergﬁtapig 3%VL ai‘t%&e%qg& S%Jf/crltaé g%lggﬁlﬂﬁgnq%o% I%g&%ér%pl e,
neomyci n pgﬁﬁ%g{)a}g, g%}ﬁgrﬁrgaﬁ@obvheﬂ dBkbicS fFfolSh Sgeb@ant’oOFdrhedesndmivpaifn anal ogue

geneticin (4 he T cells can al so be maintained in_a medium
cont ai ni ngsuah tdchpigtesoamsl apppeateses ugpfighihereloes 8¢5 o8P PYSHANy sel ected. A

variety of qr f act ors ] { A el t ay rowt h of
a part%/cul‘érg"'g@%} St@geo. 6&3@(@72%9@&93’?@9} ?1 %Ygggigrgzjﬁé?ielgbéglg oklgne
m t ogens spehnasdd dysms hn BOusedlDhdis, Nd et bt Vaccivhi2:h5¢8-050%, ¢9gomt h  and

activation of 1ynphocytes. Certain types of cells are stinulated by other

growt h 25 Bagdcarsc.sPablaad QR)¥ nones, i ncl udi ng human chori oni ¢ gonadot ropin

(hCG and human_ grqowt h hornone. .The s ction of i growt h
e ST <pisgte aoTon o platy SRaRRYR! bR

factor for a pa?‘? acconp by one of
skill in tﬂl@elg{otn'aré: f?)‘i‘m]ﬁ?&?erﬂlht%’ co%ﬂo%iﬁf)ﬁé Redelgel ® theltditedsatbij@tent i at ed
an ells

progeni tor stemc are stinmulated by a variety of growh factors.
Mor e part i Thésarcbynpoditions, mayleither bd p®phylactic¥@ wevant indectian erapputisto and

G o5 ’ZOpr Ogrlélgted?segge a%t%} in g:tti%n .Tﬂieacnocrinp%%lltilor\{sa \Evﬁdcomprise a “therapeutically

effective amount” of the gene of interest such that an amount of the antigen can be

produced in vivo so that an immune response is generated in the individual to which it
is administered. The exact amount necessary will vary depending on the subject being
treated; the age and general condition of the subject to be treated; the capacity of the

25 subject's immune system to synthesize antibodies; the degree of protection desired; the
severity of the condition being treated; the particular antigen selected and its mode of
administration, among other factors. An appropriate effective amount can be readily
determined by one of skill in the art. Thus, a “therapeutically effective amount” will
fall in a relatively broad range that can be determined through routine trials.

30 ’ The compositions will generally include one or more “pharmaceutically

acceptable excipients or vehicles” such as water, saline, glycerol, polyethyleneglycol,
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macr ophages, stinmulate nyeloid stemcells, which then differentiate into
pluripotent 76 WO 03/ 020876 PCT/ US02/21342 stemcells, granul ocyte-nonocyte
progeni t owe,03a7hophi | progenitors, basophil progenitor ®CTESgAKBAYOCYt €S,
and erythroid progenitors. Differentiation is nodulated by growmh factors
such as GWCSF, IL-3, IL-6, IL-11, and ERPQ. Pl uri otent ste cell's then

di f f er ent hzaleronistasid, pHhsneli eic.s AEHUOBMIYs awBlARE SHRstaPeR, SUSnEE YSHIE Fel 1s, T
cell progeni s, B cel [ t : in shéh cel l's, and

B cel [, Sl pdy f L RIB R SRl Reos AR e i Ch s 1 L3

| L- 4, | L- Qehicled.- CertsfofiratotdEnbicleiGatiBRiptdkie-aid/onexhréssioh.can also be

Granul ocyt e-nonocyte progenitors differentiate Eo no oc%(i‘es, macr ophages,
and neut r dphided in ecemposiiarsertcoatnipmisred. spendsa ‘étdlobg'mft rowth factors
Gwt CSE, 10 CSF, and.lL-8. ipophil progenitors differentiate into

eosi néph:vILbEPW?‘Fﬁu%e’ B?rgﬁoé%)%n |§nsd SlT:l(rar%dgg'l ated by GWCSF and IL-5. The

di fferenti ati orpgk fhaaeabd, lthdssgsnsitions sf ihatimventst candeladmimdersdsophi | s i s
nodul ated by GWCSF, 1L-4, and IL-9. Megakaryocytes praduce platelets in
response tdireGig ©SHe SEHE! (Gadas (iﬁsef.lbeér%?t)#‘r)(ﬂfoplﬁﬁFlB‘@‘éﬁY’t‘{?ﬁV@E‘ff”éV’éi?’ftPer entiate
intored 1 | ood .cel ls i.n r AL thyati on by the
CD3- bi ndi ﬁaﬁ%%m? b f piledtRARIAG RO %gﬁ?%@?ﬁdefm%&}g ot olgdéﬁ, for

exanpl e a Gyiheki RBtHOHS for @ik ddvivb ddliRer§aint iréithpntayion pf efesforedtd enfiroidiarent s,
the IL-2 i's added to the population of T cells at a cen%ration of about

_Co
50 t olQLOO agybjekt aradnpwan e aiapf cehBcks. &g nde g RFdite L EsIes e carri ed

out for 2 tp.4 days, Once.suj. I i I etically
modi fi ed B¢ C%ﬁ?ﬁ%stppﬁta PG lta{slé{? O&'ib%%%g{ e?ﬁja?‘%ha %Agﬁég%rg(ﬁ% lr)%ﬁ% erege\%lgct or under
condi ti ong fhahe@dtb@WahsBictibh,aR6fopRisi fasionaflectioporation, ensapsniatort bith cel | s.

CGenetic nodification is carried out when the cell depsity of (ghe T cel |
popul at i orpalgubleptide(s) (bW vGthoukthe gerraspending aniggen) BPEEHEs: JdeTesht ween

about 0.5 x, 1Q06. and ... A nunber of suitable viral and nonviral -based
gene trans‘?”éf‘”%%‘foé‘r tﬁ%égﬁt)]@@nn gésf'cri bed for use herein. After
trans?%('c“o“, tbﬁé&%ﬁ@éﬁéyhﬁleﬁé@c@@ésﬁﬁt@@keammn@dsamns@nwwamduced cells
usi ng known techni ques. For "exanple, if the gene transfer vector used in

the transgimetallybe aceomplistedavidepewithut Sirpler©Fs, whiesaibed#bere Wesi st ance to

a cytotoxic, 30 agent,..the cells can be n t i e Late
cyt ot oxi ¢ 'BlgEH W%‘IL’IQ’SWﬁ%‘enﬁ?%ﬁgélt?g%é?%%%%sﬁgan Cgreas %\%g%%?ggl lh%el ect ed
away from &éli%efyr s@ﬁ%ﬁ%@@@d&@é&t TecHrboldgh®, Inc., Oxford, England). The constructs

can be injected either subcutaneously, epidermally, intradermally, intramucosally such

20 as nasally, rectally and vaginally, intraperitoneally, intravenously, orally or
intramuscularly. Delivery of DNA into cells of the epiQernﬂs is particularly preferred
as this mode of administration provides access to skin-associated lymphoid cells and
provides for a transient presence of DNA in the recipient. Other modes of
administration include oral and pulmonary administration, suppositories, needle-less

25 injection, transcutaneous and transdermal applications. Dosage treatment may be a
single dose schedule or a multiple dose schedule. Administration of nucleic acids may
also be combined with administration of peptides or other substances.

Exemplary immunogenicity studies are presented in Examples 4, 5, 6, 9, 10,
11, and 12.
30
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77 WD 03/020876 PCT/ US02/21342 sel ectable marker is a cell surface marker,
the cells can be contacted with a binding agent specific for the

parti cul awomaloboszur f ace mar ker, whereby the transduced celPC3/usan213e
positively selected away fromthe popul ati on. The selection step can al so

entail fluorescence-activated cell sortin FACS j h as

where FACS is #s®d tBX X“é‘bﬁEEWEBé'IqFémEr% I%E’ﬁ%ﬁ‘%s?f@&gﬁﬁigpipﬁg a

particul ar surface %ﬁ(ESE@&‘ §6Nection step can entail the use of
icles

magneti cal |y responsive par as retrievabl e supports for target cell
capture and/ or Tpagkgnbudithent Mooeis, and/belatedaelt fyped Gudlydingdok inpt limitedtoect i on of

t he transduced cells can be perforne using a FACS cell .sorter..(e.g. a
FACSVant agetig¢rceiesenspg cells, suss 3.y gﬁm%fﬁef’m%d@?%ﬁ«eiﬁﬂg‘ést ens, San
Jose, ) t I d I r ESSE 8d oS vesd abl e
cell s rfaf&@s’x;?iﬂgﬁ g%?ls{oe\;%? %egg’ta?‘gﬁg‘%@??ﬁﬁm t&lﬁé&?gl s are stained with

f I uor escentetil: @b el et Fithetioeypresioncudsesestifiterpresena aentim. theellpar beul ar cel |

surface marker. The amount of bound antd'%?_g% on ea(%h f:ell fan be rﬁeasured
by pfljssi n@ldfg@O?IBif&@ﬁtaébhpﬁ@’mﬂh@Cﬂ%ﬁ F W)ﬁé’ﬁmt het eree §?§rinﬁw {By_ ;
i nparting .a [ R A st ai ne
carts, 1 ndothaeRiiEds MR ot i a0 A S TP

positivel ¥po@%ha%h@@ Peeks tsroasiethc hemo o gstsdry and Bedlsi lepatiulas i et
vessel s. Thése cell sorting procedures are detscri e&ai n, det aé}# for

exanpll®, emrichmertAas\hsreeqyentivher by the plminatATeL nogy &g M et er ence to
sections 3-11 to 3-28 and.10. . 1 Positi i f the

t ransduceod?:sélli WopgHO} sa%tl%ogl%'e?&%ﬁgtgg@élgﬁg%%%%ﬁog qﬁéﬁgﬁ%ﬁtgn of cells
based on exRE#ie popMla@bnsofP@LLT &dlik . aForceXamplkey afitaEeantibo kg molecwles carhbe
separation techniques, cells to be_positively selected are first contacted
wi th specitsed to depldtedd cellyang aptMacl al&ﬂi’oéﬁf’f}o@ﬁ?&f?s g li’ee‘ér“ﬁaﬁ? d3RI®i nt eract s
specifically with the cell surface nmarker). - The cells are then contacted
with retri®998P&Sarticles (e.g., 25 magnetically responsive particles)

whi ch (gre coupl eGewt t4h e foRBGEHctibiudd atodisurhibee of diffecant Bubpbpuldiiony tygent
(that has bound to the positive cells). The cell-binding agent- particle
conpl ex carechhigresdaopmyteiteese syilledindhe tbd THOJRYADHY P%l%l"lltg’d‘s g@f S, for

exanpl e usi magnet.i ¢ fi.el d, [ | egRonsl ve
particles, 159%%@?%&@&C{L%ererg%g’%)g&rséﬁ g?g%e;@ ?Eggé%g{ﬁ%rg?rﬁer using a
magnetic fpRd fhick@mblRefole@alzitieerRhinentasfd s e dwseribed dboes R4 cbeds i | ar

separation procedures are known to those of ordinary slii | | inTthe art. 78
WO 03/ 020876 BGHirldBed nsingaitibodies specific for CD4 (see Coligan et al, supra). The

20  antibodies may be coupled to a solid support such as magnetic beads. Conversely,

CD8+ cells can be enriched through the use of antibodies specific for CD4 (to remove
CDA4* cells), or can be isolated by the use of CD8 antibodies coupled to a solid
support. CD4 lymphocytes from HIV-1 infected patients can be expanded ex vivo,
before or after transduction as described by Wilson et. al. (1995) J. Infect. Dis.

25  172:88.

Following purification of T cells, a variety of methods of genetic modification
known to those skilled in the art can be performed using non-viral or viral-based gene
transfer vectors constructed as described herein. For example, one such approach
involves transduction of the purified T cell population with vector-containing

30  supernatant of cultures derived from vector producing cells. A second approach

involves co-cultivation of an irradiated monolayer of vector-producing cells with the
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Expression of the vector in the selected transduced cells can be assessed
by a nunber of assays known to those skilled in the art. For exanple,

West ern bwoto3o2o87éNor t her n anal ysi s can be enpl oyed dependipag/usn2/213¢2 nat ur e
of the inserted nucleotide sequence of interest. Once expression has been

of the soi b & Rilnet M droset i S Son Lo PRERabBPad i hobBier 1Sl G

Y% nf usi on
into a pat igHurife@ TideEs RRIPrekenAhtcR ARt/ Sl eaybkiféeandtvRiel @B hoogl udes a
kit for genetic nodification of an ex vivo popul ation of primary mammalian
cel | s. ThepHot totthpcoahltiyationyih the inadjgae vestanpodncingeslisr Peodtinmgatianr  at

| t | t | K d at t nt het J i tt
cont ai ned EGOT R FHE BT DOTREH RETTE 818 1A (CRkEe R 8 B Punar o, and
i nstructi ons,f,08 #58065). Stifildtoh of het IfnHRTHIBR 1Rk \EROrBA@MES Any of the

pol ynucl eoti des (e.g., expression cassettes) or polypeptides 15 descri bed
herei n ( delrcwasaticdbypopniations foh es-mBistondstodbe patienb dSelisoquent waa9-al so be used
in conbination wth qther | i ver st ens. and/ or otein deljvery
syt e, NSRHvRiH I Geg BenBred Fom ety Paceitaeh HarBlSt fhnbled

mol ecul es, ,f Pk SAARMGSid diffod¥n! M- boost nethods where one or nore nol ecul es

are delivered in a "primng"” step and, subsequently, one or nore nol ecul es
are delivered i GGeae tlaosfat vaotprs, soaipiningronear tare sPdhaiczadiesson gissatteeofdel i very

of one, or nore nuc| ei c. aci d-contai.ni ng conpositions and.is, ..fol| owed by
del i velly oithedﬂéseé‘F IR @Pﬁ’im(‘?dé(é‘fhc?_-p Eﬂ?f’%% OHE;‘O%\F&B%‘QF f‘?rdlﬁléveé% @‘g one or
nore pol yp@%&%ﬂ%&@) %hﬁg&gss%%@rﬁrﬁl% Riswi Behods %%B@Qidg(i_ﬁ‘églﬁ@éﬂ(%g 'fo¥|t Rg HI vV

anti gens). er énbodi nents, iple nucleic acid "prines" e
sanme or ditlief meent speeificeiien.aci d nol ecul es) can be followed by nultiple

pol ypeptide "bogsts" (of 25 the s or, . di.fferent pol ypeptides). O her
exanpl es i ncl ud(§°£?ﬁ‘iapl(eﬁp@z<?ﬁ§(9f“é?‘1§° gisgd %%WP?W%‘PPS%EC ﬁ@nﬁ%ﬁ) tiple

bol ypept A58 MHos bikahbieNlematllr Sbbe/Ttd flich Ml (36 ffnAdieAl T ALl on, { he
various conpositions can be ol fvered in any order. Thus, 1 n enbodinments

i ncl udisng dehsdoeed with thaigdneptansfer Yefcer eedistarceo tp a Siytotanis agent. n"hicecytidtesic t he
nucl ei ¢ aci ds need not _be all gel i vered bef.or th,(g1 30 olﬁ%epti des. For
exanpl e, tﬁéerﬁrc?‘ﬁp?rdméﬂse‘}?t%ﬁ?e H DERFBY | ARG PGB/ e pol ypept i des
and the bo ' [ ' : ; | i ' [or 79
0 031 0208 L E B ST s e B e L e ot e
admi ni st r atpyemandde. Forfeabhplapeomycin phbsphptrensierededl onperisdesasdanicaitg theat i ons
or pol ypeptide and nucleic aqi? f]%gl nistrations can be performed in any
order. I n &89my¢neprogimEsactiegnt@t dscribed herein, the

20 The T cells can also be maintained in a medium containing at least one type of

growth factor prior to being selected. A variety of growth factors are known in the art
which sustain the growth of a particular cell type. Examples of such growth factors
are cytokine mitogens such as rfl.-2, IL-10, IL-12, and IL-15, which promote growth
and activation of lymphocytes. Certain types of cells are stimulated by other growth
25  factors such as hormones, including human chorionic gonadotropin (hCG) and human
growth hormone. The selection of an appropriate growth factor for a particular cell
population is readily accomplished by one of skill in the art.
For example, white blood cells such as differentiated progenitor and stem cells
are stimulated by a variety of growth factors. More particularly, IL-3, IL-4, IL-5, IL-
30 6, IL-9, GM-CSF, M-CSF, and G-CSF, produced by activated Ty and activated

macrophages, stimulate myeloid stem cells, which then differentiate into pluripotent
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nucl eic acid nol ecul es can encode all, some or none of the pol ypepti des.
Thus, one or 5 nore or the nucleic acid nolecules (e.g., expression
casset t eswodaseisiked herein and/ or one or nore of the polrgpasni/eiss?
descri bed herein can be co-adm nistered in any order and via any

adm nistration _routes. Therefore, any, conbi.naki - nal .eot i des
and/ or poPippEsslls,EEY FRRF YOOk eg%nowglg%??%frxg@%é?%? elicit an

e | T eagkholls hlbaRaQobHEREMER i lor GG AND Do K RRESOh OBLIGAGSETTES

Wi | e not Iring bound by "any particul ar nodel, theory, or
hypot hesi $y grévi fiablsouiings GM-66Halli-31Li & Ibrldsand BBOt o provi de a nore

o ohn zat i on ( VBpoue sieim el el rrpbiatedio i Em (Wbt fhalte®, | 0
i nf ectsed Vé'}_r‘%)%afﬂe\ﬁé,.lf L& @ggﬁ%m}}@ geurﬁ'rg,éejngapsi fﬁ?ﬁioéﬁ;b’s?} r[gm@,tTcodell@, andaf e and
e ere

effectiv vaccine | ore essential at this tinme. Recent studies
have demmsdlsatmas diffeentiapon isanodulaed 6y grawih éasnrs swahi a3dLtth AL+ VL6,

replication in infected atients. . Fur nore, CTL reactivity with
nul tiple %W,&Mi%%Mﬁqﬁ?%égﬁe@égs@fiﬁf or 20 the effective control of
virus replicat i@ﬁn%lﬁéﬁg-%dﬁ%é RJchRd S RdtckdhtiatéRD Adnotfted, itacraphegant

i nventi on suggest e 1'ncfuston of H'V-1 Gag and Pol, beside Env for
the i nducideRu@éphiieusue differegtiativniibouidelgtedbiithe growth BetarneM-ESisM-ul . To

[ th t f.oH V-1 .Ci ne, i dat . i fl . d
Pol | oipr eSSV BIA A s iponl BORES R Ao R O PO TR PG s

Pol. To 25 eyal.u )& i§ferences in expression and potency, the
expr essi O@g%ﬁ%tﬁéégﬁﬁga{rngg& ‘was anal yzed and i munogenicity studies

carried out in ThedHferSataionlof ®agmphi prageniters Swe mast esiie atl bagortdl§ and Pol were
designed, including, but not limted o, the follow ng; Pr ot ease,

GagPol Ai ntmgdulaed iy GM bk fod H(-gaa}f%a%ﬁfy?cykfﬁd’fﬁﬁﬁﬁi%ﬁ?%? &yrase in-frane
(gagpol ). Versions-of ~Ggg ' ABRR8Id Mokl chRIEfabaRtdlaed gded with
at t enuat ed™ Ay Poo?%g%fgg&gﬁ@na SPr g}{tealse&?%na) " “The nucl ei ¢ aci d

sequenses MBHE cARGRrspHEiEfio BROL O correspond to the codon usage of 80 WO

03/ 020876 PCT/ US02/ 21342 highly expressed. human nes. Mce re i mmunized
with titrated DRansddedng %smatha%ﬁhaﬁ?%wn%$ F%ﬂnéglefeﬁﬁﬁﬁ% aﬁ%gé\ﬁnses

eval uated b Ful SRRl dUh A6FLAAMAL o EMERIL ORh STBINAGafieyRAp! € 10). The

i mune resfp mce een seen to be correlated with relative 5
level s of gxiRITNMAdinTents, tedL-Vacaiektosthe gopsation offlecalls ahbnkeys wil |

further address . o
concentration of about 50 to 100 pg/ml. Activation with the CD3-binding agent can

20  be carried out for 2 to 4 days.

Once suitably activated, the T cells are genetically modified by contacting the
same with a suitable gene transfer vector under conditions that allow for transfection
of the vectors into the T cells. Genetic modification is carried out when the cell
density of the T cell population is between about 0.1 x 10° and 5 x 10°, preferably

25  between about 0.5 x 10° and 2 x 10°. A number of suitable viral and nonviral-based
gene transfer vectors have been described for use herein.

After transduction, transduced cells are selected away from non-transduced
cells using known techniques. For example, if the gene transfer vector used in the
transduction includes a selectable marker which confers resistance to a cytotoxic

30 agent, the cells can be contacted with the appropriate cytotoxic agent, whereby non-

transduced cells can be negatively selected away from the transduced cells. If the
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i mmune responses and expression levels in vivo. 4.0 ENHANCED VACCI NE
TECHNOLOG ES FOR THE | NDUCTI ON OF POTENT NEUTRALI ZI NG ANTI BODI ES AND
CELLULAR Wiuizos76.0 RESPONSES AGAI NST HI V. Wil e not desi pcagisop213¢2 bound
by any particular nodel, theory, or hypothesis, the follow ng information

t id | et d t
| nvent on. SFDLEOT R BagrROCIE GRicrae FOR G bF crRRarg B g ot ont and

broadly reaghi ¥RcifibFoithe p@Xicsihd @A sﬁﬁheeraaxlkéll Qﬂlefé‘BSr 'tﬁé%'dn@&ude& c¥iGGhnat ed
i ndi vi duaI s exposed to a virus challenge. Although cellular inmune

responses bkaposdeslysiscedayay tmnytbe populamina The sel;ehfamestmmangpao dnteilect ed,
protection ai nst infec has denonst r at vacci ne

appr oac hesﬂ‘lqcxl%ﬁce?"@l'%?n&t@‘ﬁ ﬁ@fﬁ? @%‘%#33 }ﬂ‘}ﬁ’ls W%fwel} Eécﬁé%b??ﬂé%s For
this seas@iyc; EXRGFINTRAL g% ﬁ’lﬁﬁér%d?ﬁﬁmhg z) HRRAE sﬁracte R eéﬁﬂé sdIQ¥BAt i on use
pri me-boost 20 approaches that enploy n eted envel ope anti gens
from pri mestgp édinentabthatuesof r@@ngmallRSespuhm‘pqqmrtﬁbl«(sl-dsVeti‘.l&‘i%&?s)upgmﬂs fuwbt ype C

(HIV-1Tvl), strai . These en del i vered by enhanced DNA
[ pol yact i d@&6° @Pff@é%&@ (’?E%;‘gl%u@i&%’a?‘iafc fornul ations or
el ectroporati onj1,e& ﬁh@&l% gHﬁt&@&ﬁécﬁQﬁ‘opt%tdaﬁécﬁcmg cé(ﬁg«gfwégg:mé@pr oaches,

fol | owed by booster™inmuni'zations with Env proteins in Juvant. 25
Ef ficient usingva FACSxpﬂesmrc(ngod FAC&é’rmt&geﬁ*{b@dbSb@nB&t@yD&ﬂmbmi cal

ernme |I| atlon has en descri be e, e.q.,.Zucc al 2000) J.
Orr ooy v Bags Sod. CAT658y o st Brdeesasls "10: hos- 412
Hel | er et 5 t (1999) Gene
Ther. 4: 50%413%?@&’ : %A@%’legtt%g Caﬁ&{f@fﬁg éré choii\éml? %@‘t‘ Hst@c g U@Aa% 4262- 4267:
Ni shi et adtamédl@z&ﬁ)ﬂuﬁ‘mﬂmt-laﬂeisd afititbd Gadlarntes duaabmamtst e paficai cyt del et ed

nmononeric (g and Ilgorrerl gpl 40) forns protein fromthe SF162
strain vver%‘rgé %6@?‘&@ 9\‘5 %‘E’BE’&?PWQ&S 8%qtl?ﬂ§e‘%ﬁ)é‘ie€bﬂl ghly

purified AR 2084 ]E;g%/t Q44 &f%%tﬁ d S cterized by
bi ophysi ca S%ﬁﬁ" i?t{rﬁ(?n.unocrﬁ I#J ﬁﬂ‘ og?eglﬁggr%gsla ts ?@%@abblt and
pri mai® i neferiogeagnetid ghasgeudldamletsdomammg théghinedhbedls pths tranelutedddlizi ng

anti body responses ld b ently |nd}u9ged a ai nst the parental non-

C
V2- del et edc‘a@@éﬁp"\‘fﬁtrea ron f e‘i"ﬁ’ ‘bﬂo%tf"e e W§é§ sAgatheathapssted 1 ogous H v
t 5 | f
Nor cover, RregURath VO, Bhi %%sﬁ’gfe%@%%’%%eé%%% detoRfied FARDERS
ant i gen- speainfple; ifObé FAGﬂmhnaQSHM Traiethd Mameﬂpwnls paumﬂmereﬁdrmed@rmnst rated.

Based on these findin V2-del et ed_envel ope DNA and protein vacci nes were
sections 3-11 to 28 and 10-1 to 10-17.

20 Positive selection of the transduced cells can also be performed using magnetic
separation of cells based on expression or a particular cell surface marker. In such
separation techniques, cells to be positively selected are first contacted with specific
binding agent (e.g., an antibody or reagent the interacts specifically with the cell
surface marker). . The cells are then contacted with retrievable particles (e.g.,

25  magnetically responsive particles) which are coupled with a reagent that binds the
specific binding agent (that has bound to the positive cells). The cell-binding agent-
particle complex can then be physically separated from non-labeled cells, for example
using a magnetic field. When using magnetically responsive particles, the labeled cells
can be retained in a container using a magnetic filed while the negative cells are

30  removed. These and similar separation procedures are known to those of ordinary skill

in the art.
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chosen for advancenent toward clinical evaluation. Simlar approaches for
10 i mmuni zati on may be enpl oyed using, for exanple, nucleic acid

i mruni zatwore3/oznspé oyi ng the synthetic H V pol ynucl eot i des Pofi/ushe23aesent
invention coupled with corresponding or heterol ogous HIV-derived

pol ypepti de bo odlnen of . thi f th rese invention
may be describ pra%}?&oﬁﬁbv Lorgpy i}eoq‘ﬁg te%ﬁﬂ‘ﬁﬁﬁ%‘i éc%ﬁee&s 2t he
vacci ne CopRgsk bf ggaﬁyﬁs)kno%wolﬁoda@km&ﬁﬁttw@ﬁ @aﬁeﬁamecw&syerﬁmet ef/ed ina
first antigenic conposition used to induce an immune response. Further,

Gag pol ypeloithies apnalgsit gapi teadniployedplepandibgion the satornel th@mse»rgadnmcleomlq)om tion
used to I nduce an.inmune sponse. The, seco o] n ma
el g f RIS B VB SHE P S bR KRS i e b oot
limted topaPeken tEatkd f(ﬁedﬁe M@énce\{f fhe sM@Eted @}{}ﬁﬁé?fc eYPidsSHGALRAEESthefPafdNA Prune

20 vaccination is typicall y performed wth fir t and secon anti genic
conposi t i orsdy foFunfadiar mBP\IApatmmlvxaaha mipheyial Bloodhetream.nore of the anti genic

ypy cal |y 1ol | onsamigpudn uibs s3iidor prsste Hoeatsog ”‘““‘#n%%&iv%?pieiue%&frsf“ e
i ncl ude a Sl ]H@é% t ( gL 0 those
used for t ﬁﬁ{& ] vacch?é{ﬁgtgjlidoxlgié codin dé’g%'ﬁr’éﬁcg:egg ransh eI%j)\?/?der ved

pol ypepti dﬂslea(staolga sele«:mbteemaldmﬂandgit lsasttdmesgnthae:chydpmssmineas@b‘ﬂﬁé covesdeddnat i ons)
encod 8 by, a viral vector, further DNA vacci hations, and/or = conbi nations
of t hdDt orlBgBF A MOrmCHRNEMBGI AR TEageas IR are and msHHetins fausa o th  a
first antigenpi,c conposition (e.g., a DNA construct encodi ng an Envel ope
pol ypepti de) and second anti geni c conposition (e.g., a DNA construct
encodi ng a Gag 30 pol ypeptide, a Pol polypeptide, a Tat polypeptide, a Nef
pol ypepti de, and a Rev ol tide The DNA construct for use in the
prinme may, for BRTMI%FE‘@W SIMES 03/ 020876 PCT/ US02/ 21342 COW

promot er Operab ybfﬂﬂ BlshRcibdife mgéoév%k&gbh@%sa?%gqeggx%{mmol ypept i de

sequence. The 00st an adj uvant ed

Envel afe pdﬂsmﬁiﬁdthec@l Cﬂmdlséreabyl agy Mithaineﬂledﬁ d¢schibaiboysihw@nalst fbe uvéd @l vect or
encodes, e.g Gag _pol yp@g‘tl de, a Pol peptide, a Tat pol ypeptide, a
Nef pol ype‘fﬁmhi’éatm&ﬂﬂﬂh"th@f IS %VWéH?‘BGe‘*)n IRr%tPWefjfe@ VSIY CHHes) et t i on) ,

the boost dﬁm&gg agql@s%ma@wqd@g R gﬂﬁg%g?&gce & fo?gkdrﬂaﬁ Pt gﬁtneTat

pol ypepti pepti de, boo viTtal vector
boost (whetsmst imethvnds azhememts@lr nme:ﬁﬂESuleaearg deh\mnecﬁn\aeip@nmg”mcdpmapt ide). The
boost may include_all polyp eptlde antigens which were encoded in the DNA
prime; howd\pegsquenthy, gn¢ gr W@fe melseilpsee d %W%‘é? a “Bpestiag'asfep-pBY app@it i de

anti ggps 10y ihm, %&3 ﬁggeﬂvt@ﬂé SHonB AP ford iRl Xc‘?d-%QntB%g‘c’Bh{p ionsAgGfat i on

and visa versa.
followed by delivery of one or more nucleic acid-containing compositions and/or one

or more polypeptide-containing compositions (e.g., polypeptides comprising HIV
antigens). In other embodiments, multiple nucleic acid “primes” (of the same or
different nucleic acid molecules) can be followed by multiple polypeptide “boosts” (of

25  the same or different polypeptides). Other examples include multiple nucleic acid
administrations and multiple polypeptide administrations.

In any method involving co-administration, the various compositions can be
delivered in any order. Thus, in embodiments including delivery of multiple different
compositions or molecules, the nucleic acids need not be all delivered before the

30  polypeptides. For example, the priming step may include delivery of one or more

polypeptides and the boosting comprises delivery of one or more nucleic acids and/or

79



initial vaccination may be a viral vector rather than a DNA construct. Some
factors that may be considered in H'V envel ope vaccine design are as
fol | ows. EOwalzses based vacci nes have denonstrat ed prot ectPCorusayzidmst
infection in non-hurran primate nodel s. Passive anti body studies have

denonstrated protection, 15 ainst. HV infection in the esence of
neut r al i zi R ARER F%tédeégyﬁﬂ lePHlé(P‘?Bt}dﬁéde‘I”FérlaP 5@&0 ci nes that

excl ude Enyy, geReh@leldackPiinghist & Rhs OF pbipLd I14E a ﬁ'c!]fxﬁc%}@i{md SRS lBRY S
performed in Support of the present t|on ave denonstrated that
nmonomer i ¢ cgn bE3Lriprmddain anyg erdev.eth inymﬁth&mnlﬁﬂﬂnémbdabmlm%wm\thded
neutralizati n -1 lab st s and protecti or] agai_nst_virus

chal | enges™ lfpﬁq%lplsc'ﬁ%ﬂ%&wsénc FYmo 8T BREsD s R EICRUARS | Ty, deth Thai E
field tr rf i r )
155", AL S50 5, B LA

neutral i zasdieosr mdre i tieyodypBptidds miasoribed herett)can dotatadminisieredtr ynysitiert ype B
o-gp | 40AV2 A DNA prime plus protein bgost provided potent neutralization of

di ver se suewﬁ@are adgpRiptEAOT TR Bfe St @e%wep%tceebmﬁ%e%wx@uclﬁoFld@s chal | enge
in primte, t E@i’x oOv2 |ikely
provi de si nr‘W Edtegﬁ té éoént%ﬁog%gmucé{?ﬁe gséegctrgrégdeggtf %?gt E)li% B. Vacci ne
strat egi eSreEaionL nductl on of potent, broadly reactive, neutralizing

anti bodi es may be assi sted by constructl on of Envel ope pol ypepti de
struct@res that expose conserved neutralizing epitopes, for exanple,

vari abl e-reqgi ong %,@*ﬁ FHiY )gJF!E

pr ot ei n- receptor ﬁﬁp\?exes I?ﬁo(%gegé%’)s' gn base on c%\régjgf&e structure
(e.g., n-sheet mnehomh:sirmgamﬁe bpdild Byusiypartidolninodbliagedry, orbygens, 83 WO
03/ 020876 PCT/ US02/ 21342 Stable CHO cell |ines for envel ope protein

pr oduct i onthR4elovHeRRicaREPy auesenisdig Pepidern meig complatoprdessmdingel de coding
sequences, t not limted to, the followi ng: gp 120, o-gp 140,
gp 120AV2, the%%sg‘%&@%%&y gp 120AV 1 V2, o- gpl 40AVIV2. 5 In addition,

followsng pri rreTliwwsﬂd h&Qihree gariAitioh (W@Mﬁﬁaﬁ%ﬁdﬁtﬁﬁﬁr@bpwﬂe appear to be
beneficial to help reduce viral |oad in infected subkects as well as

possi bly &pBdwide that éﬁéﬂfﬁcﬁﬁdﬁc}?@yeﬁoﬁﬁcﬂ\%ﬂmp@d b @@%@Ir(eﬂépﬁh ve to

ot udt g ar SHEMEESRv RHRTRLAE Pl ISR S SRR B A0 RGBT IRR T Y
Bel ow ar e @vrasmtreisd aie ispetbiidef@MIORM cvaRbBIng e FIAV-1 Yépligatit intiffected es ent

patients. Furthermore, CTL reactivity with multiple HIV antigens will be necessary for

20  the effective control of virus replication. Experiments performed in support of the
present invention suggest that the inclusion of HIV-1 Gag and Pol, beside Env for the
induction of neutralizing antibodies, into the vaccine is useful.

To increase the potency of HIV-1 vaccine candidates, codon modified Gag and
Pol expression cassettes were designed, either for Gag alone or Gag plus Pol. To

25  evaluate possible differences in expression and potency, the expression of these
constructs was analyzed and immunogenicity studies carried out in mice.

Several expression cassettes encoding Gag and Pol were designed, including,
but not limited to, the following: GagProtease, GagPolAintegrase with frameshift
(gagFSpol), and GagPolAintegrase in-frame (gagpol). Versions of GagPolAintegrase

30 in-frame were also designed with attenuated (Att) or non-functional Protease (Ina).

The nucleic acid sequences were codon modified to correspond to the codon usage of
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I nvention. The exanples are offered for illustrative purposes only, and are
not intended to limt the scope of the present invention in any way. 15

Ef forts haoesbzsn nade to ensure accuracy with respect toPalriser/si3used
(e.g., anounts, tenperatures, etc.), but sonme experinental error and

devi ation should, of @ course, be allowed for. 20 Exam lB e 1 Generation of
Synt het i ¢ sy expeesd bymangenss Mice wais cimmuniggdsyith fisate ¢ DPE) Jorse pedt | des The

pol ynucl eat | . ' | L.aul dto
o, i g cubiBaCARNEIRRS i hurk 0EpBhES Bl BY BEL A ML R BBY L BbREK: 1
steps may st¥aihy (EXamplens)., the H V-1 codon usage pattern was nodified so
that the resulting nucleic acid coding sequence was_ conparable to codon

usage found i n RRQEIPUISIPINEEES N MG Depairfeen totheecopfielptedonith ralaige ref | ect s

hi f the nucl eot] . T of the codon-trjnpl he ef f
o "t he" ra Vet afet el 8%, VAT s ! AERE AL flasnte " Rt °

resul ts i ninamtieGBspdbes@nd exdredstontilsiNAG@Nd i n a decreased 30 transl ation
ability and instability of the mRNA. |In conparison, highly expressed 84 5

WO 03/ 020876 PCT/ US02/ 21342 hunman codons prefer the nucleotides G or C. The
w | d-type sequepges L rabl e t don usage found in
hi ghly expr esse@ﬁhu%%QMVAgghggcﬁ?fgﬁsF?g#@ IﬁBﬁ-%ff&%?{onm
variants were creat eporkr NRETROLIZEVE ASTIHGHIESAND TRLEUBAR TMARINEONS

affecting the activity of several H 'V genes are disclosed. Table B
Gene" Hegi on" Exenpl ar RESRANSES AGAINST HIV%t Att = Reduced activity by

tt ti f t Thr2 . 0., K Al i t al., 1995, J Virol
50: “7180- 36) | NP ROF s Bt Bt B gt L PO MRS LG Of BEBISASa) (o o
Konval i nkath@‘folﬁiwin%%@%%xatidn ¥ipi&¥ent@d to Frfte8OhoRTiMpRtdehREdtaiinR ocat al ytic

center (YMDD_AP; S .
the present invention.

Protection against HIV infection will likely require potent and broadly reactive
15 pre-existing neutralizing antibodies in vaccinated individuals exposed to a virus
challenge. Although cellular immune responses are desirable to control viremia in
those who get infected, protection against infection has not been demonstrated for
vaccine approaches that rely exclusively on the induction of these responses. For this
reason, experiments performed in support of the present invention use prime-boost
20 approaches that employ novel V-deleted envelope antigens from primary HIV isolates
(e.g., RS subtype B (HIV-1g4g,) and subtype C (HIV-1yy,) strains). These antigens
were delivered by enhanced DNA [polyactide co-glycolide (PLG) microparticle
formulations or electroporation] or alphavirus replicon particle-based vaccine
approaches, followed by booster immunizations with Env proteins in MF59 adjuvant.
25 Efficient in vivo expression of plasmid encoded genes by electrical permeabilization
has been described (see, e.g., Zucchelli et al. (2000) J. Virol. 74:11598-11607; Banga
et al. (1998) Trends Biotechnol. 10:408-412; Heller et al. (1996) Febs Lett. 389:225-
228; Mathiesen et al. (1999) Gene Ther. 4:508-514; Mir et al. (1999) Proc. Nat’l Acad
Sci. USA 8:4262-4267; Nishi et al. (1996) Cancer Res. 5:1050-1055). Both native
30  and V-deleted monomeric (gp120) and oligomeric (0-gp140) forms of protein from the
SF162 strain were tested as boosters. All protein preparations were highly purified
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NO 7) (e.g., Biochem stry, 1995, 34, 5351, Patel et. al.) WM = Del etion of
primer grip region (WMGY PI; SEQID NO8)) (e.g., J Biol Chem 272, 17,
11157, Pawvansapsan, et. al., 1997) RNaseno direct mnutati oRET/URNASBHL | S
affected by "WV nutation in RT Int egrasel) Mut ati on of HHCC donmai n,

Cys40Al a (e ske chen et 1995, Virol, 69: 376 2.
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cl eavage s gegéﬁ%ﬁl%%ﬂffﬁsi & induglinAlireiRenses a%‘?l?%@ggf“‘@?g% TV strans . G\/I

I i A e s e

PCT/ US02/ 234 b&iedt eadeargd mgﬁrﬁne,rpmltmt WIWlahtigémospecifiatOdy anhd COR+Tatell n
transactivation domain (e.qg., uto et al., 1996, Gene Ther. 3:235) cys22
mut ant (W@M%Wm”?‘&@éﬁ@o@%@? ‘nut ant (Cys37Ser) = Tat C37 cys22/37 double

T T ST R st V2l SO oy RS e 1995

J Virol. 72:29 nucl ear ©l ocal i za
chosen for advancement toward clinical evaluation. Similar approaches for

10  immunization may be employed using, for example, nucleic acid immunization
employing the synthetic HIV polynucleotides of the present invention coupled with
corresponding or heterologous HIV-derived polypeptide boosts.

One embodiment of this aspect of the present invention may be described
generally as follows. Antigens are selected for the vaccine composition(s). Env

15  polypeptides are typically employed in a first antigenic composition used to induce an
immune response. Further, Gag polypeptides are typically employed in a second
antigenic composition used to induce an immune response. The second antigenic
composition may include further HIV-derived polypeptide sequences, including, but
not limited to, Pol, Tat, Rev, Nef, Vif, Vpr, and/or Vpu sequences. A DNA prime

20  vaccination is typically performed with the first and second antigenic compositions.
Further DNA vaccinations with one or more of the antigenic compositions may also be
included at selected time intervals. The prime is typically followed by at least one
boost. The boost may, for example, include adjuvanted HIV-derived polypeptides
(e.g., corresponding to those used for the DNA vaccinations), coding sequences for

25  HIV-derived polypeptides (e.g., corresponding to those used for the DNA
vaccinations) encoded by a viral vector, further DNA vaccinations, and/or
combinations of the foregoing. In one embodiment, a DNA prime is administered with
a first antigenic composition (e.g., a DNA construct encoding an Envelope
polypeptide) and second antigenic composition (e.g., a DNA construct encoding a Gag

30  polypeptide, a Pol polypeptide, a Tat polypeptide, a Nef polypeptide, and a Rev

polypeptide). The DNA construct for use in the prime may, for example, comprise a
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Ar gAr g38, 39AspLeu = Mb Mutation in activation domain Leud u78, 79AspLeu =
MLO Nef Mut ations of nyristoyilation signal and in oligonerization domain:
1. Singl ewpaeBsmzosmut ati on nyristoyilation signal: dy-to- APETAISOMI342.

Deletion of N-termnal first 18 (sub- type B, e.g., SF162) or 19 (sub-type

C e.g., Sq Africa c 0 a Myr 18, or espectively)

(e.g., Peng ngo%grqpe@%BMeg%%f Poﬁ’%‘ﬁ?ﬂﬂdeﬁgﬂdé‘?%th‘?g yf@@ C{?OO) Singl e

poi nt rut %feg@éhce.l THOTRIA £ b@effoll&@ecgbyalabé’st %r @,la 132999@1]11%%& ol 74

5310-19) Aspl 25dy (sub SF162) or Aspl 2 lg Sout h Africa cl ones)

?/IZJ; atcijgnz Eri\fem;xeiqogfpépt)dem(obmdw \Elyll (raroecp:rl boostt(lwdlm)e tbé VISMVe?JM{[ cmam:dss and/ or
own regulation, (e, gd., qu ro

76(9) : 4625 %\sf%\g?ﬂ gptidsnd P B?PC\WRePtIg atSPféfB?Pt@P 19”23% tld?r avfltaol

73: 2675- 8
To550-27 \J}Qé(%&gé%n n%#l@i'na\/ﬂfl (orqfl,gddmél‘)n% b%BStqﬂl‘aybezaggdgjuvg Vit ol o&y 251,

96- 107 Corpzﬂype@nde cRohpaslylmpmge skatrpobypeptiiesNefpalyteptides and Bedeslypéneld her ei n.
Vif, vpr and vpu synthetic copstructs are described. Reducing or

el i m nat i poshandeaHEal vestorRoost(Whsrp Bl akesiopengadss £ o 1aubnvelfpeas soci at ed
h h
gene pr Odltmfp a&e)b%@g)‘aeﬁnﬁar@gaﬁ 5@&%56 ﬁdé'ﬂﬁ LRAGRERGR S0l TN the

above tab vi‘ew o e pr sent specification. In one
enbodi mentthe DN A eritneylesvdver) thit isendt md:quu’eé n§tudthet odiffergntr pdypmptidd arntipendsag-
pol ynerase seguence is incl uded with the synthetic Gag sequences jn order

to i nt} eas®y be vicd hihgdepstgrlakys tt"cﬁt‘i% it Wa%maugn Pl?wsap‘aqrﬁ cTESeE:t essed by
the synthep6 vef?:@fnbﬁglﬁﬁ%r ﬁgvﬁm%{?@ﬂﬁﬁmﬁﬁ%ﬁg copSe@yse synthetic HV-1

Gag- pol ynerase expresse
Some factors that may be considered in HIV envelope vaccine design are as

follows. Envelope-based vaccines have demonstrated protection against infection in
non-human primate models. Passive antibody studies have demonstrated protection

15 against HIV infection in the presence of neutralizing antibodies against the virus
challenge stock. Vaccines that exclude Env generally confer less protective efficacy.
Experiments performed in support of the present invention have demonstrated that
monomeric gpl120 protein-derived from the SF2 lab strain provided neutralization of
HIV-1 lab strains and protection against virus challenges in primate models. Primary

20  gpl20 protein derived from Thai E field strains provided cross-subtype neutralization
of lab strains. Primary sub-type B oligomeric 0-gp140 protein provided partial
neutralization of subtype B primary (field) isolates. Primary sub-type B 0-gp140AV2
DNA prime plus protein boost provided potent neutralization of diverse subtype B
primary isolates and protection against virus challenge in primate models. Primary

25 sub-type C 0-gp140 and o-gp140AV?2 likely provide similar results to those just
described for sub-type B.

Vaccine strategies for induction of potent, broadly reactive, neutralizing
antibodies may be assisted by construction of Envelope polypeptide structures that
expose conserved neutralizing epitopes, for example, variable-region deletions and de-

30 glycosylations, envelope protein-receptor complexes, rational design based on crystal

structure (e.g., -sheet deletions), and gp41-fusion domain based immunogens.
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potentially deleterious functional enzynes reverse transcriptase (RT) and
integrase (INT) (in addition to the structural proteins and protease), it
is inportanto3pzsihacti vate RT and | NT functions. Several PCRASOZmMB42
deletions in the RT and INT reading frame 10 can be nade to achi eve

ey’ A Lovy TR0 cFLGwSTorehecived Pl pradicton tan hopr BedoPibn,  vor k.

| SBN 0- 306;, Q%?ﬁ%iz stellnt @& Edd; g 95),
Jour nal O‘leﬁl%q ired | m‘iﬁlﬁéé%%lﬁé&u%%ﬂng%ﬁl %‘n%gqgc%%?gﬁﬁo&e@? tg\(} ijf?’ol ogy
9(1) : 58- 68he Wikefing| gh120, oi§p148t gpl20A 2, 9921 140AV2Ngh 1 20A VWIVIZob-0gy

66(11): 6806- 28& é{15 Esnouf, R ,et al., (1995) Nature Structural Biol ogy
2(4): 303- Fpg40 il kan, S., et al., (1998) Journal O Mol ecul ar Bi ol ogy

282(2)z 359- 368; Z: : k i ew Of
Bi oc(:h)esm' stry 73I n(Iﬁ ?3%1%1%0‘]]1 Q\gg%g)gﬁghﬁ?gﬁreiﬁ}esg%ucg%%?%Sgsgﬂ%bggﬁadmgs O
t he Nati ormplpeaaadeiyndiiciabai lehe educd vitdh&adnin infebt<at subjestsCls weledsi poasibly

90(13):6320-6324; Hi ckman, A B. %ﬁﬂ al ., (1994). Journal O Biological
Cheni st ry S50V 9BB{¥EY: Progrpsriongs SV telterhdiscass (relafiye to untrepted gehieqt)oceedi ngs

O the Nati onal X Sel : t: ' : | ca

95( 16) : 9150- 915??6%@%? Egug’ﬁ%h@ta Qg?nsq“(‘ﬁ?lg‘g*?[’%%ﬁ% g’f‘ﬁl&ﬁgs“é%ﬁeggé?%da

Chemi st ry Rxas{pleg)9, 101B0-a20126; Corton, J. L., et al., (1998) Journal of
Virol ogy 72(6):5046-5055; Engelman, A, et al., (1997) Journal O Virol ogy
71(5) 1@%507-3514; Dyda, F., et al., Science 266(5193):1981-1986; 25 Davi es,
J. F., et ﬂPE %%3,}% Sci ence 252(5002):88-95; Bujacz, G, et al., (1996)
Febs Lett&rary =3):175-178; Beard, W A, et al., (1996) Journal O

Bi ol ogi cal  CheBelswraye xahipkh)of 3R #B-chibddtnentofor siragtl outlthe freseret al .,

(1992) Science 256(5065):1783-1790; Krug, M S. and Berger, S. L. (1991)
Bi ocheni stifpyentign( 2hy exaypples-are gi¥ered farliyiative purposes ogly, and’argoey Mol ecul ar

Phar macol o : - ; L appan,.. :C. al ., (1997) Journal O
Bi ol ogi cal‘g%ﬁg%@%")th%’%?‘%%??ﬁ%%ﬁﬁ5‘2‘%%%&8%%?’ D. W, et al., (1995)
Procegsli ngs O IEfiertdNaive ®sel made tW@néldé Q28Asy vAthekfidRliohvbersAaad esry., Of
Sciences O the United States O Anerica 92(4):1222-1226; Sheng, N and
Denni s, D.anonnts jerpmpeseHens; &) puisqmesxpsgaeniabersor agd dpiationghopld, okt al . |
(1995) Scjence :988-993. } Furthernore selected B- and/or T-cell
epi t opes ccé)(r%l‘r%éb%%go(é)%%tofg)'t he Gag 5 pol ynerase constructs within the
del etions of the RT- and I NT-codi ng sequence to replace and augnent any
epi topes del eted by the functional nodifications of RT and | NT.
Alternately, selected B- and T-cel | Esgmpledes (including CTL epitopes) from
RT | NT can be incl I 1 0. ol far expression of the
synt ﬁieqji ¢ Gag L@&l@ralugn 3r SLIL AR Eﬁlrggsf(oﬁ dﬁ@gtt@/

A, Generating Synthetic Polynucleotides

The polynucleotide sequences of the present invention were manipulated to
maximize expression of their gene products. The order of the following steps may
vary.

25 First, the HIV-1 codon usage pattern was modified so that the resulting nucleic
acid coding sequence was comparable to codon usage found in highly expressed
human genes. The HIV codon usage reflects a high content of the nucleotides A or T
of the codon-triplet. The effect of the HIV-1 codon usage is a high AT content in the
DNA sequence that results in a high AU content in the RNA and in a decreased

30 translation ability and instability of the mRNA. In comparison, highly expressed
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or synthetic GagProt cassette, described above. (For descriptions of known
HV B 10 and T-cell epitopes see, HV Ml ecul ar | mmunol ogy Database CTL
Search | nveritazis76 Los Al anbs Sequence Conpendi a, 1987- 199TT/usnt/zr3met
address: http://hiv- web.lani.gov/imunol ogy/index.htnil.) In another
aspect, the present ention conpri ses Env codi ng sequences that _include,
but are nofunpgngo %PEE%/ B ipslsetidestG aeCs dba splddypesradencss Veranediiedbw ng

H V- 15 e . e.g., US

pat eniNo. 00 Fa7R el RAB LA 1o Kl iEREA0 e BRIy (RS T O,

pol ypepti de) . T$BEOﬁ@|fat samesgnnpm@emma e vmé yirearidl de shelfsllaiawn
schematlcall in ()gure (in the figure: the peptldes,are i ndi cat ed
as |ines, (E?ﬁkhg HREptions B@ngé}#erﬁcﬁ?ﬂ%‘?@ei"ﬁél Y aenesarg tieclopsd-160 1 ne;

t he open Ci rcI e represents the oli JOPRY ation domai n; the open square
represents a 20 transnenbrane spanni hg domain (TM; and "c" represents the

| ocation qf a cleayage ,sitd,in [ the "X" Indicates that the
cl eavage has Ot at e%xeg&aﬁrylli‘ “EH S no Ipnger functions as|a

cl eavage sf ?) Thgopol ypeptli éa@ged él:%'vh!? lg&%é}ﬁ?ﬁgrgbﬂgr quueln(rzlg‘ for gp

1Y

120 and gp e pol ypept i
i ncl udi ng Jan ol i goneri zati on )((%7 ?Faﬂsﬁé% nni Ng
domain 25 }(TM. Ilh the nati e pe, the ollgonerlzatlon domain |s
requi red flor the jhon- coval en[nﬁtas%‘éilté@%ﬁe@ﬁ RpfEstigid engdiey pept i dps t o
forma trijneric sfructure: tjHAspidla)oa. Kovvdliaka ef dlt dPATUINGd 6% t h | he gp4l
trimer (ard itselff), the gp 1721(80!@&60ypept|des are also organl zed inla
trimeric gtructurfe: Eavage EAVAgE |
appr oxi natlel y betWR&n the pd Meﬁﬂeltéloséfﬁéﬁmcmr @[MIDOABT@E@H@
pol ypepti de 30 slequences cqrN@spdngdi Bipchemigpdl 1995h84 BbeRaxjet.slj e[ s) can
be nutated to prevent cl eaviageMat Délbnsiftpeimef Beip k§son (WMG YK OEQ
pol ypepti de correjsponds to a ij@cgygdgprml&ﬁem%/ﬁZpﬁgﬁ PCT/ USOp/ 21342
of gpl 60 ere the transne r%ﬁ Qrp'% @g fby’ﬂ?' n of gp4l has been dgl et ed.
Thi s gp ]140 p0|y f N a asaYa¥a¥aas) and. o goneri (|

trimeric) |forns byR stue 0 ndmcpmaﬁaawmﬁsmaﬁbug@ﬁwwtl on dpmain in
the gp4l nopiety. §n the mtqggﬂagghme the cl eavage site has been|nutated

to prevent Cleav aand thao IE + r~ancnrndar Aana _nart i an ~Af ~nAal hac haao

TR LA N " B A TOTTC T oKt T I~ LA~ ~

del et ed tHe resul finbgrael ypépI)lM;tnaﬁandﬂEHCCSdorﬁﬁs,l@aam&ld(eg],lt ated" ¢pl 40

(e.g., gplla0.mut)} As will Hewamnand:. 419 100mevital, smmleld the Fl eavage

\S/HS tcsge al cuzgéﬁg' gegu\e/ﬁ(rzlﬁ Mla&fwa‘ﬁ’@ﬁﬁatallé @entfﬁ’l A9p64 $H302 ,) vpr

vpu, vif,l etc.) can be sel e:%%?%&aﬁgawi %ﬁenﬁf)\?li sol atle aﬁggt hepe
it

sequences |10 manipul ated to m ze. ex I’eSSIa?BNO bmgelr gene produgts

fol | owi ng |t he teakhi ngs of activation ing domnaim
(MDBD), deletion of Trp235(e.g., Ishikawa et. al., 1999,

J Virol, 73: 4475).

Constructs int.opt.mut.SF2 and int.opt.mut_C (South
Africa TV1) both contain all these mutations (1, 2, and
3)

M—)

Env Mutations in cleavage site (e.g., mutl-4, 7)

Mutations in glycosylation site (e.g., GM mutants, for
example, change Q residue in V1 and/or V2 to N
residue; may also be designated by residue altered in
sequence)
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Mutations affecting (1) infectivity (replication) of HIV-
virions and/or (2) CD4 down regulation. (e.g.,
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Vif Mutations of Vif:

e.g., Simon et al., 1999, J Virol 73:2675-81
Vpr Mutations of Vpr:

e.g., Singh et al., 2000, J Virol 74: 10650-57
Vpu Mutations of Vpu:

e.g., Tiganos et al., 1998, Virology 251: 96-107

Constructs comprising some of these mutations are described herein. Vif, vpr

and vpu synthetic constructs are described. Reducing or eliminating the function of

86



i nvention include, but are not limted to, the sequences presented in Table
C. 15 Table C Type B Synthetic, Codon Optim zed Pol ynucl eoti des 20 25

NaneFi gurwDesozd8pé i on (encodi ng) Nunber GagConpl Pol mut . SFP6GaporoIsEt et e, RT
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GagPr ot | naFEgrrtprSERh2aEsgite. PBettaBsa;&ynﬂmtle HiMek Gegrgblymerase expresses the
potentially deleterious functional enzymes reverse transcriptase (RT) and integrase
(INT) (in addition to the structural proteins and protease), it is important to inactivate
RT and INT functions. Several in-frame deletions in the RT and INT reading frame
10 can be made to achieve catalytic nonfunctional enzymes with respect to their RT and
INT activity. {Jay. A.Levy (Editor) (1995) The Retroviridae, Plenum Press, New
York. ISBN 0-306-45033X. Pages 215-20; Grimison, B. and Laurence, J. (1995),
Journal Of Acquired Immune Deficiency Syndromes and Human Retrovirology
9(1):58-68; Wakefield, J. K..et al., (1992) Journal Of Virology 66(11):6806-6812;
15 Esnouf, R.,et al., (1995) Nature Structural Biology 2(4):303-308; Maignan, S., et al.,
(1998) Journal Of Molecular Biology 282(2):359-368; Katz, R. A. and Skalka, A. M.
(1994) Annual Review Of Biochemistry 73 (1994); Jacobo-Molina, A., et al., (1993)
Proceedings Of the National Academy Of Sciences Of the United States Of America
90(13):6320-6324; Hickman, A. B., et al., (1994) Journal Of Biological Chemistry
20 269(46):29279-29287; Goldgur, Y., et al., (1998) Proceedings Of the National
Academy Of Sciences Of the United States Of America 95(16):9150-9154; Goette,
M., et al., (1998) Journal Of Biological Chemistry 273(17):10139-10146; Gorton, J.
L., et al., (1998) Journal of Virology 72(6):5046-5055; Engelman, A., et al., (1997)
Journal Of Virology 71(5):3507-3514; Dyda, F., et al.,.Science 266(5193):1981-1986;
25 Davies, J. F., et al., (1991) Science 252(5002):88-95; Bujacz, G., et al., (1996) Febs
Letters 398(2-3):175-178; Beard, W. A., et al., (1996) Journal Of Biological
Chemistry 271(21):12213-12220; Kohlstaedt, L. A., et al., (1992) Science
256(5065):1783-1790; Krug, M. S. and Berger, S. L. (1991) Biochemistry
30(44):10614-10623; Mazumder, A., et al., (1996) Molecular Pharmacology
30  49(4):621-628; Palaniappan, C., et al., (1997) Journal Of Biological Chemistry
272(17):11157-11164; Rodgers, D. W., et al., (1995) Proceedings Of the National
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(SEQ ID NO 15)RT nutated; all in frame GagProt| naRTnut Tat RevNef. opt _B13Gag,
prot ease non-functional, (SEQ ID NO 16)RT nutated, tat nutated, rev

mut at ed, wefodfesaé ed; all in frame GagRTnut. SF214Gag, RT wotatsezi213at | in
frame (SEQ I D NG 17) GagTat RevNef . opt Bl15Gag, tat nutated, rev nutated,

((erE?v:an) fréﬁ?‘%&?gg%ugiﬁ%gﬁe Kf%lll]’ﬁf%\lé t%@f%ﬁ%%%%@iﬁ%lﬁg HID d'l E:I)Iégger
sequence g@xlxdﬁlﬁexﬂm&tﬁébs%@&mﬁﬁsl @h@fk)d%s-\@ﬂz fopemeeSR1A2 o PEQ1H9%)

NO 20)with a H'V Type ive [eader sequence
gp160. mod SEAieRePOTIF2001988t8%H 160 der i ved from SF162, (SEQ I D NO 21)del etion

rom 162, ( SEOUTISTREFSHRAEAdt | BN 3 PUGRSS S0P AFUPLaaE o te
|1t 0pS. MuboiSfiZA0l aRgnAs ikl &b aEle(RONR R ZYINTLodlR: sHfiditingt eor ase

(SEQ I D 24) nef.D125G -nyr. opt. SF16222nef nutated, nyristoyilation (SEQ
| D NO: 25) dedfplece anéau&tﬁenba_ﬂwc@ltoms dedeteghby @mml'ndﬁmdﬂﬁcamenh offB/¥ asd oyi | ati on

( Si? llg NQ[I%’?) gﬁgrn%%e y\f Gs'\eche%«]::d (P}—ce eﬁ?ilt:o%)%g %maectimg%{[ eplto% ?%o JFO 27) 91
and INT can be included in a minimal VLP formed by expression of the synthetic Gag
or synthetic GagProt cassette, described above. (For descriptions of known HIV B-
10 and T-cell epitopes see, HIV Molecular Immunology Database CTL Search Interface;
Los Alamos Sequence Compendia, 1987-1997; Internet address: http://hiv-
web.lanl. gov/immunology/index.html.)
In another aspect, the present invention comprises Env coding sequences that
| include, but are not limited to, polynucleotide sequences encoding the following HIV-
15  encoded polypeptides: gp160, gp140, and gp120 (see, e.g., U.S. Patent No. 5,792,459
for a description of the HIV-1g, ("SF2") Env polypeptide). The relationships between
these polypeptides is shown schematically in Figure 3 (in the figure: the polypeptides
are indicated as lines, the amino and carboxy termini are indicated on the gp160 line;
the open circle represents the oligomerization domain; the open square represents a
20  transmembrane spanning domain (TM); and “c” represents the location of a cleavage
site, in gp140.mut the “X” indicates that the cleavage site has been mutated such that it
no longer functions as a cleavage site). The polypeptide gp160 includes the coding
sequences for gp120 and gp41. The polypeptide gp41 is comprised of several domains
including an oligomerization domain (OD) and a transmembrane spanning domain
25 (TM). In the native envelope, the oligomerization domain is required for the non-
covalent association of three gp41 polypeptides to form a trimeric structure: through
non-covalent interactions with the gp41 trimer (and itself), the gp120 polypeptides are
also organized in a trimeric structure. A cleavage site (or cleavage sites) exists
approximately between the polypeptide sequences for gp120 and the polypeptide
30 sequences corresponding to gp41. This cleavage site(s) can be mutated to prevent

cleavage at the site. The resulting gp140 polypeptide corresponds to a truncated form
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20 25 30 WO 03/020876 PCT/ US02/ 21342 NaneFi gureDescri ption (encodi ng)
Number nef. opt. SF16225nef (SEQ | D NO 28) pl 5RnaseH. opt. SF226p15 RNase H;

i n-fame (SBQ3ODSNO 29) p2Pol . opt . YMAM SF227p2 pol nut at ed PCRIUSYMR13YM) ( SEQ
| D NO 30) p2Pol | naopt. YM SF228p2 pol, protease non- (SEQ ID

(SE0 | D NGy o pmererdy bbbt PR AR RO ot Rl L T | O
native; agF 1@5%81)1[;%;@@ a8 bkigk ih fb@ﬂﬁn@x?cﬁ@ér%%@%‘ﬁ@&he&%z%ﬁﬁ%icpfﬂrms By Ot ease

mutated, RI (S NO 34) nut ated, tat nutated, rev nutated, nef, nutated;
all in fraisupof thopressre3d i oligemeriraion@os®in iprtht grdtmepy3dptiet ease (SEQ I D

1L 35) e Pl TR Bl RSt AR P Bk B R A ) v e
) 4750 ABEALAE R M S she Blame Sol A e 20 1
rTut at ed; designated “mutated” gpl40 (e.g., gp140.mut). As will be apparent to those in the ,
field, the cleavage site can be mutated in a variety of ways. (See, also, WO 00/39302).
Wild-type HIV coding sequences (e.g., Gag, Env, Pol, tat, rev, nef, vpr, vpu,
vif, etc.) can be selected from any known HIV isolate and these sequences
10  manipulated to maximize expression of their gene products following the teachings of
the present invention. The wild-type coding region maybe modified in one or more of
the following ways. In one embodiment, sequences encoding hypervariable regions of
Env, particularly V1 and/or V2 were deleted. In other embodiments, mutations were
introduced into sequences, for example, encoding the cleavage site in Env to abrogate
15 . the enzymatic cleavage of oligomeric gp140 into gp120 monomers. (See, e.g., Earl et
al. (1990) PNAS USA 87:648-652; Earl et al. (1991) J. Virol. 65:31-41). In yet other
embodiments, hypervariable region(s) were deleted, N-glycosylation sites were
removed and/or cleavage sites mutated. As discussed above, different mutations may
be introduced into the coding sequences of different genes (see, e.g., Table B). For
20 example, Tat coding sequences were modified according to the teachings of the
present specification, for example to affect the transactivation domain of the gene
product (e.g., replacing a cystein residue at position 22 with a glycine, Caputo et al.
(1996) Gene Therapy 3:235).
To create the synthetic coding sequences of the present invention the gene
25 - cassettes are designed to comprise the entire coding sequence of interest. Synthetic
gene cassettes are constructed by oligonucleotide synthesis and PCR amplification to
generate gene fragments. Primers are chosen‘ to provide convenient restriction sites
for subcloning. The resulting fragments are then ligated to create the entire desired
sequence which is then cloned into an appropriate vector. The final synthetic
30  sequences are (i) screened by restriction endonuclease digestion and analysis, (ii)

subjected to DNA sequencing in order to confirm that the desired sequence has been
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(SEQ ID NO 40)all in frame protRT. opt. SF238protease RT; all in frame (SEQ
| D NO 41) ProtRT. Tat RevNef . opt _B39protease nutated, RT nutated, (SEQ ID

NO 42)t atwowBatmsde rev nutated, nef, nutated; all in framPCIASH2/10B445 20 25
WO 03/ 020876 PCT/ US02/ 21342 NaneFi gureDescription (encodi ng) Nunber

e
rev. exonl _gadR-ah8 W&&erﬁ%%o@@%%lr% sgmeﬁclc&aﬁcg s%qhélfcfe% ag%_sseﬁ@eda@éﬁrb

NO 44) nut at ed rev. exon . SF16242rev exon'1l an In-frame (SEQ ID

NG 45) RT.Oqp. EEdergwiie,a0A) di3iRTtheriMidland CSEGed Rediont CpmanyodiidBRE,
(native)44RT native (SEQ ID NGO 47) RTnut. SF245RT nutated (SEQ | D NO 48)
t at. exonl 'léexg@t . C22-37. SF246tat exon 1 and 2 in-frame, tat (SEQ ID

1D NG 50) mut at e 5% BvRer Ok TR, bR Sh PRt S e DA LA o™ er
(SEQ | D NQebekjivaetdi foe exainple] usifg ther®mith-Waterman search algorithm (Time Logic,
Incline Village, NV), with the following exemplary parameters: weight matrix =
nuc4x4hb; gap opening penalty = 20, gap extension penalty = 5, reporting threshold =
1; alignment threshold = 20.
10 Various forms of the different embodiments of the present invention (e. g.,
constructs) may be combined.

Exemplary embodiments of the synthetic polynucleotides of the present

invention include, but are not limited to, the sequences presented in Table C.

15 Table C
Type B Synthetic, Codon Optimized Polynucleotides

Name Figure Description (encoding)
Number
GagComplPolmut.SF2 6 Gag complete, RT mutated,
20 (SEQ ID NO:9) Protease functional; all in
frame
GagComplPolmutAtt.SF2 7 Gag complete, RT mutated,
(SEQ ID NO:10) Protease attenuated; all in
frame
GagComplPolmutina.SF2 8 Gag complete, RT mutated,
(SEQID NO:11) Protease non-functional; all in
frame
25 gagCpollnaTatRevNef.opt_B 9 Gag complete, protease non-
(SEQ ID NO:12) functional, RT mutated, tat
) mutated, rev mutated, nef
mutated; all in frame
GagPolmutAtt.SF2 10 Gag, RT mutated, Protease
(SEQ ID NO:13) attenuated; all in frame

90



Tat RevNef . opt . SF16249tat nmutated, rev nmutated, nef (SEQ ID NO 52) nut at ed;
all in frame Tat RevNef Gag B50tat nutated, rev mutated, nef (SEQ ID

NO 53) nutwoed/o2eag; all in frame Tat RevNef gagCpol | na B51t ®CTrasvzaeBe? rev
nut ated, nef (SEQID NO 54) rrut at ed gag corrpl ete pr ot ease non- functlonal
RT mut at ed; : 3 0

nmut at ed, nbNaﬁﬁEQ | D NO 55) rrut at ed
mutant; al] in frarre Tat RevNef p2PoI mut at ed, rev mit at ed
(SEQ I D NG-5€ od—RF—H-at-ed—aldl—injfrane
93 WD 03/0208@1&)1&11&@'&91@802/21342 Nam=EngureDaSG£g,RITﬁnta(t@D(P@<§ibM) m:nber
Tat RevNef pr@ﬂ@'gptN(B@g})t at nutated, rév nutat a%onnﬁﬁctﬁo%lé@ah% N 7)

prot ease np-ated—RF—Ftat-ett—atH—-A-are—vHi—opt—SF2b5epiri-zed—w| f
derived frpGesPatlaSEIMIISIO 58) vpr. ¢pe. SF2 @glmwasénbmtfuﬁiﬂfdnmed from

(SEQ 1D NG &HE@HI NQusopt . SF162570pt { m zed vPURYeitMed e RafneEQ | DI
NG 60) SF16p—to—ftn—Ttaptre—C—rt—or—rfit7+—or—m =

cel | ul &r py GegretdnaRTmatTatReviNef.eph Bt (& n gpl 2 m)@rotéasemon-fhm:timmlyeht
cl eavage; B(SEQID&Id:e¢6) for purifying] protei N)RTBautiie@ahi motatdpreassion
Cassettes [Conprising the Synthetic Pplynucle m@fedohefth®ated; all in

aiteﬁééériib@iﬂn (émuamg;nal

frame
GagRTmut.SF2 14 Gag, RT mutated; all in frame
(SEQ ID NO:17)
GagTatRevNef.opt_B 15 Gag, tat mutated, rev mutated,
10 (SEQ ID NO:18) nef mutated; all in frame
gp140.modSF162.CwtLmod 16 gp140 derived from SF162
(SEQ ID NO:19) with a HIV Type C (TV1)
optimized leader sequence
gp140.modSF162.CwtLnat 17 gp140 derived from SF162
(SEQ ID NO:20) with a HIV Type C (TV1)
native leader sequence
15 gp160.modSF162.delV2.mut7 18 gp160 derived from SF162,
(SEQ ID NO:21) deletion of V2 loop, mutated
cleavage site
gp160.modSF162.delV2.mut8 19 gp160 derived from SF162,
(SEQ ID NO:22) deletion of V2 loop, mutated
cleavage site
mt.opt.mut.SF2 20 integrase mutated
20 (SEQ ID NO:23)
int.opt.SF2 21 integrase
(SEQ ID NO:24)
nef.D125G.-myr.opt.SF162 22 nef mutated, myristoyilation
(SEQ ID NO:25) defective
25 nef.D107G.-myr18.0pt.SF162 23 nef mutated, myristoyilation
(SEQ ID NO:26) defective
nef.opt.D125G.SF162 24 nef mutated
(SEQ ID NO:27)
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| nventi on.
are cloned into the
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derived from pCw6a (Chapnan et
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deamdd a HindlI1-Sall f

t he neo
mar ker

Ht . The
hapman
agment

—NewEngtarmd i
9 waleet.8k2d fromthe Ndel

ot dUb T

T}
t

DHFR cassdtSEQUHE3N&U3®d to t he const

—Bevert
p32 he Sap
ruct such

Y, VAT TiTe—vector—ba
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prot.opt.SF2
(SEQ ID NO:36)

onoter 1o proauce thne 11 Tha|

Tonstr
3

CU. The Vector_arso co
protease

1t ai ned

20

protIna.opt.SF2
(SEQID NO:37)

34

protease non-functional

protInaRT.YM.opt.SF2
(SEQ ID NO:38)

35

protease non-functional, RT
YM mutated; all in frame

protInaRT.YMWM.opt.SF2
(SEQ ID NO:39)

36

protease non-functional, RT
YM WM mutated; all in frame

25

ProtInaRTmut.SF2
(SEQ ID NO:40)

37

Protease inactive, RT mutated;
all in frame

protRT.opt.SF2
(SEQ ID NO:41)

38

protease RT; all in frame

30

ProtRT.TatRevNef.opt_B
(SEQ ID NO:42)

39

protease mutated, RT mutated,
tat mutated, rev mutated, nef,

mutated; all in frame
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an anp' gene and an SV40 origin of
t he present

i nventi on contain one or

replication.

nor e of

the synthetic coding

20 Expression vectors of

sequenceswaoiosorassed herein, e.g., shown in the Figures. Weem/ushz21342
expression cassette contains nore than one coding sequence the coding
sequences pay—aH—he—+—f+arre—teo—geperate—ene—polyproteti—alterrad el vy,
t he nore tji¥amene pol ypeptide codi ngFigantienddBestEiption @idodingh
pol yci strgni c nessage where, for exanph@¢ean | RES 25 is placed 5 tp each
pOl ypeptl e—coth rg—Segtetce: Ballp: &2 I_7\|J'I € o.rU'l'Tﬁi\LSSJ&'f"YfGT e S’j"]t heti c
Codi ng SequBnREBTdRevNafloght tB/pe sequedles ar e |giroteest mumbhtedeRPmagsiedn| vect or s
havi ng thq (SaQeD BO:4®at ures as the pectors ijnbomwaterdvituisiediegt i F
HI V- derivgd sequences were cloned. 95 WO 03/ {3Q&%RdPSTh\YeRe/ 21342
¢+ i i BF-yH-Rg—Hhe—w--a—ype—{ any
known |soLIratze;ob)n1aM/Im0ropssEmﬁ ng syt heti c |sequencehs) 2 al-Ramy,abwal ed as
follows. ( SEQIfD’N[D 443)everal manmmal i pn cel | | |Iﬁ,g§te(1293 RD, COS-7, hnd CHO
al | obt ai neg—F+ormtire—Arert+ecan Typci\\)u‘lL{ﬁ'i'—c SotHeeci o—3+686+ Sh e rsi ty
Boul evar d,| ivamesdal.opV@FE620110- 2209) 42ar e t r st exdret and 2 in-Rarge of DA i n
t ransf ect i jqSEQeiap®Ia:43)T1 ( PanVer a rporatidn, 545 Science Dr., Mafi son
W). The T urs— T reduced—sertmmedium
(Opti - VEM| RY bpeSIERIMut@t) t her sburg, MY . The |dEHinmtatits then replackd with
nor mal nediGRQAD Na:4@ws: 293 cells,|IMDM 1d% fetal calf serum 2o
gl ut ani ne WWTWWWWWEM 10%
10 fetal ddRT.oBePldinative)gl ut anmi ne (got4 - MEM |@&bsatiBRL, Gaithersburl, MD);
and OPIO deSEQ IDNM:47)F- 12, 10% fetal calf sqrum 2% gl utani ne (Opt|-MEM
G bco-BRL,[Gatthersourg, NDJ. Tnhe CEITS are (incupated for erther—4B or 60
hours. Sufld¥FaE¥atH% are harvested apdf filt er|dl omigedgh 0. 45 pm syr| nge
filters ar[dSEQID Df#d)y, stored at -] 200C. 1§ Supernatants are eval hated
usi ng the [CouTter pZ24- ssa Loulter %ﬁ;poratlon Hal ean,. FL, US)| using
96- wel | pl{dfeop ‘3% %ui t abl E¥ronocl drial €xemtl addyin-femeatat ed| agai nst
an HV ant |(§EQ]@%N@ 453 nur i ne nonocl pnal di r ddeéétedgai n an H V core
antig The appr.opr.l V’antlgen I nds tjo the coated ||s and
bi ot i §§| at éat-exaﬁf+ g‘?)t(gif inst H\V% ﬁcognl A2t Fendand
Conj ugat ed S A 20 hor ser adi sh perOX|cd§§aﬁéacts mnth the bi pti n.
Col or devdl on of r oxi dgs th TMB substrate.| The
reaction ils 1039@?‘%5?% éy}tb"ﬁ%}gg?u on o ‘&ZN HZSCEZF‘t naﬂyg, TEROENG B8 of t he col or
i s direct | \SERD to the amoupht of HI \| B8HV$:gddn framg
TatRevNef.opt.SF162 49 tat mutated, rev mutated, nef
20 (SEQ ID NO:52) mutated; all in frame
TatRevNefGag B 50 tat mutated, rev mutated, nef
(SEQ ID NO:53) mutated, gag; all in frame
TatRevNefgagCpollna B 51 tat mutated, rev mutated, nef
(SEQ ID NO:54) mutated, gag complete,
protease non-functional, RT
mutated; all.in frame
25 TatRevNefGagProtInaRTmut B 52 tat mutated, rev mutated, nef
(SEQ ID NO:55) mutated, gag, protease non-
functional, RT mutant; all in
frame
TatRevNefp2Pol.opt_B 53 tat mutated, rev mutated, nef
(SEQ ID NO:56) mutated, p2 pol, protease
mutated, RT mutated; all in
frame
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sanpl e. Chinese hanster ovary (CHO cells are also transfected with plasmd
DNA 25 encoding the synthetic H V pol ypepti des described herein (e.g.,
pPESN2dhf rworo3fomisié | | vect or backbone) using Mrus Transl TPCT/UBopi3yan ne
transfection reagent (Pan Vera) according to the manufacturers

instructi - } hanged
to sel ectijivNanedi a (F12 special w th]PFihrgg/ Des@ﬁi;&bnémdcddﬁig)s are|split
1:5 and ingcubated for an additional Jl&ums Media is 30 changed eYery 5-7
days unti | feotontes—start—fFormrg—atwh cked

pl at ed i ntjoT&BevidtiprqdREOESB and screenéd by pliatimatabdd, SA midagid; hefe |l ones
are 96 WO O@H@ROSX®:FPOT/ US02/ 21342 ekpanded Imnaéte&ebﬂot@s@hﬁﬁat&mkiare
screened sieveral times for HV protefn produc @ftedt Mlﬁélp&rhl{e ELI SA] as
descri bed [pbeve—AFer—teachi-rg—eoni-venrey—A—24—wel—plates—posifi ve
cl ones are| @kppuRied to T25 fl asks (CpsHi ng, pummmd¢mﬁmn£hﬁ@ﬁlgﬁz
screened se(\gﬁ@n)q\]()rs@ after confl uency and sitive clones are expanded to
T75 f | asksj—5—+Poest+t+ve—Trs——ctrones—afe—+ozen—+r—the—ard—the—hi-ghes
expr es8i ng ghrepeSFare anplified with56-5 M nedhintizeiat defilddfan seyera
concentratlanﬁgamdupBQMed in 100nn1,u|ture | Stes. Plates are scregned for
col ony f orjmatTomant—att—posTtrve—ctpsed—are—agat-mexpanded—as—desqri bed
above. O ongs!. ateFgbanded an anplif|&d and [|septedredvpatdesimedfretep ¢apt ure
ELI SA. Pos| (SBEIzNne®) are frozen at|each net|sEiexate 10 | evel . Highest
produci ng CI'ones are grown i nm perfrusion proreactors (3L, T000)—for

expansi on and adaptation to | ow serum suspension culture conditions for

scal e10p t {in Tabicg@y.nivit or adat7Tosrsmudd Aeivelpe enipsed utiislapprotaksed i n support
of the present invention show that the synthetic H V _expression cassettes
provi ded dflg#Es &ilq brewesastd 20/8ppl Gefuudpipsryest cleayaga gigr. Ystiet for pupfyintuct s,
relative t g@ native (Wl d-type) sequences, when expressed in a variety
of cell i Ad that stably transfected CHO cell lines, which express the
desired HIV pol ypeptide(s), may be produced. Production of H V pol ypeptides
using CHO. cells provides (i) correct glycosylation patterns and protein
conf or mat i Bn ( aSreating Expipstion Gasseitesdianaprisine ibmSyntheticMaheucleotides of the ect

bi ndi Rg to CD4 f)l%geqﬁ&;enggn nol ecul es; (iii) absence of non-mammalian cell

contam nants (e iruses and/or cell s); and (iv) ease of

purification. Exaepnehefic WA @amBhO LS dNeProehtSin@intiEX RfeQFSHe@ntd2hdest ern bl ot
analysis of cells transfected with the H 'V expression cassettes
following expression vectors: pCMVKm2, for transient expression assays and DNA

immunization studies, the pPCMVKm?2 vector was derived from pCMV6a (Chapman et
al., Nuc. Acids Res. (1991) 19:3979-3986) and comprises a kanamycin selectable

20 marker, a ColE1 origin of replication, a CMV promoter enhancer and Intron A,
followed by an insertion site for the synthetic sequences described below followed by a
polyadenylation signal derived from bovine growth hormone -- the pCMVKm?2 vector
differs from the pPCMV-link vector only in that a polylinker site was inserted into
PCMVKm?2 to generate pCMV-link; pESN2dhfr and pPCMVPLEdhfr (also known as

25 pCMVIII), for expression in Chinese Hamster Ovary (CHO) cells; and, pAcC13, a
shuttle vector for use in the Baculovirus expression system (pAcC13, was derived
from pAcC12 which was described by Munemitsu S., et al., Mol Cell Biol.
10(11):5977-5982, 1990). See, also co-owned WO 00/39302, WO 00/39303, WO
00/39304, and WO 02/04493, for a description of these vectors.
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described herein are perforned essentially as described in co-owned WO
00/39302. Briefly, human 293 cells are transfected as described in Exanple
2 wWth pGvigBan2isaced vectors containing native or synthet PCTHISV2/208p2 essi on
cassettes. Cells are cultivated for 60 hours post-transfection.

ol Lowe. The cePatRaryeione A e R BRaCRhEh Wibef Fubea a1 ne. 1 yaed

w th deter 3/ 020876
Py USoDy oaag et HER Lokl e EVREY RIS Rtermalophdt] ey Mol el O o

fresh tubeBCRSB®lifipd lﬁpacp(yllt@ﬂaaﬂéiogfagm, (o eMidwatke8; WhYandNoseeted ifan Di ego,
CA) are lo of . _supern nt or 12.5 of cell lysate. A
protein stlglgﬁgﬁ\émq\]gv%ﬂeg %‘E’Y)ﬁ g 35 3 &badycp eéargéff?ﬁbtos%“éﬁi?}%{?“d Bi oRad
Labor atori : he
prote P e GYonhy uff g us?%gég%@ﬁﬂg@@ﬁlﬁ"#%@‘)#ﬁ‘g Al 3 4

Labor at or i €%y-GleGlyuS@spacefjn placel afitdirbmstatiBn Bmpmbdmemc( ivkdrietd poae Neor p.
Bedf ord, MA) _using the traanfer buf fer recommended by the manuf act ur er

(M11i por e?amﬂﬂéi?aémeph@ gyepst&rD HERpé}T%rth%att%ﬁua‘féme@cSP@ﬁ‘sW%E B0 ninut es.

The menbr V,

| munost a; g BPSRONS (Clohéed RAFhYG Gy U ARl BT oy
The resul tenigic BéveHil rsivei 0HpEDBB- Dh@Ran@wBT«ET—BMedng shew, thBabviael | s
cont al n| ng the n cassette pr oauce the expected HI V-

h
pol ypéBt i d&egth Egr}!gﬁ%hléﬁ%“g%& %@BIPW%QPP’W%@‘E hafflsbad, I%A‘)c‘ﬁ%ﬁt ai ning the

native ex %&Q i{?ﬁ?'ﬂl QLY of

Synt heti c F% prerfsgglé%ﬁ%gagéf%?fges I m’rum zat i oné%) evatln rgtl e the

i mmunogeni EMGN-ahfirive ss&ahblemamkdﬂlcyssem@fremmﬁvam@qejdde@ clavagdbfmouse st udy
may be perforned. The plasnm d DNA pCMWKM car %I ng an expression

cassette cBibh W@e@@n@ﬁ& |1313§3\$Y éﬁ@@%ﬂﬁ%@@rl@ {ION AT i on, s

diluted t t [ vol ume
of 100 . 1 RebfEra b HCRRvl (oGS, AL Q% K PPl RSO BLERG B8 L1 Ve
di | utilbn ef HeetlE-Sil1 tfﬂagméiltlinlbqﬂJCIDIWeV\tE@limiﬂibla@ﬁn@pBG@ﬁyrlﬂW)OfI‘hbn each
sanple is brought up taq using the 25 vector éé) al one. As a

20
control, pYeéé‘Pﬁ clér@@e@éﬁyﬁlgi%da teddFpa ghe Nde ! tod %@Rlélté%cﬂm AgVe he
i i Twel
or oupe of SSEIBELOPR BRHBGR ifed S MM ot A BRTRICHIRES, U0 r1

followed the CMV promoter to produce the final construct. The vector also contained

an amp’ gene and an SV40 origin of replication.

20 Expression vectors of the present invention contain one or more of the
synthetic coding sequences disclosed herein, e.g., shown in the Figures. When the
expression cassette contains more than one coding sequence the coding sequences may
all be in-frame to generate one polyprotein; alternately, the more than one polypeptide
coding sequences may comprise a polycistronic message where, for example, an IRES

25 is placed 5' to each polypeptide coding sequence.

Example 2

Expression Assays for the Synthetic Coding Sequences

The wild-type sequences are cloned into expression vectors having the same

30  features as the vectors into which the synthetic HIV-derived sequences were cloned.
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i mmuni zed (50 | per leg, intranuscular injection into the tibialis
anterior) using varying dosages. 30 98 WD 03/020876 PCT/ US02/21342 B.
Hunor al Iwowa®2@®@eeponse The hunoral inmune response i s chechabomeii a
suitable anti-HV anti body ELISAs (enzyme-|inked i munosorbent assays) of

the mce sera 0_and 4 wegks Cpost i muni zation (groups. 5-12) and, in
addi tion, 6 andTEPIREMRSCIHGSRCIGSRTMTION Vertors sargiap they Wildstype (anyd4@wa weeks

post secong .i i i - i t] of era are

ot er i ned B e et ARed HEE Rl Synerdodfy 3R SARAKd I B CHRROBE" 7, O

wer e scr eeps@dral ammaniiadb ol ks ¢293¢ RDe € G832 angtCHO; albgipsiagd frainahddl V protein

(e.g., HV p55 for Ga‘glzl}@rElﬁlgSA mcrotiter plates are coated wth 0.2 g of
b

Hll v E_r ot ei ATSEFALEYRS Hectigndl QR4 fedver iy Baulsveed, Maumsagient | y, 10I f
The® back RLIeEE0%) bl (Rt EEP of DN B berdoriObiehy L f1 (PR ©

tested at CoRfratidinl 545 Seiencerdk. yladison, W1).3Thetellsdid intutans fot Babeafit er .

Mcrotiter plates are washed four tunes and incubated with a secondary,
per oxi daser«geqst e med v ({3p-Mid) ghibrordRL, Qaihesbug, MYk The medipm)is ELI SA

pl ates are . ' . T r i dine (TMB;
Pi er ce) vvatsh\gg?l%zgzegg‘g th\/\]l%? Vllal ’%l%de&lgﬁ? F%Hé)?vsd%)n%%e? %/’ 0 @gh%w]fgf*gqqéseg%asur ed
after 15 nmeglesminEh®idWhigtaker, SuitredicaMD) RD 4ot @S gccils, ab-Mi, godput i on of
serum t hatfﬁ%ave a hal f - maxi num optical densi té}_‘(o. D.). The results of the
nouse 1Pmmufital galf sprgmng forslipiaine @ptndE M, Gibeps BRL: Gaiihrssburg.AP)and synt heti ¢
expressi onggpsselt royi j L unogeni.ci relgtive to
the native ex p?ezlé’sﬁ%ﬁ%cfgg%’e t%ég%%l%@g%% & h%%s%lgpg na legﬁgwwp?éé g

i nduces a Gaftiesishaey, MDyUTRe taBpemeutatddedr éimer W80k 50 (868U BSpeknaints C

Cel l'ul ar I'nmmune Response The frequency of specific cytotoxic T-Iynphocytes
(CTL) is e®¥#lhgacsgd pyd flterpd thypughi@ A8 nehweRguiiere ek sptiendlaystaked pept | de

pul sed Balc%ﬁ@: nouse CD4 cells. H'V protein-expressing vaccinia virus

i nfected ‘cells are used as a positive control (vv- protein). Briefly,

spl eenscel I's ( Ebigehaints ete evalubied akifg eHot@duled ph4-asay (CoBRkBofpotition,
(i mruni zed as descri bed above). The cells are cultured, restinul ated, and

assayed f oHialegln Fla.dg$) usipg Qgayalisnlatesecagted vatiya paifsbledaonmglosethntibedyet cel | s as

descri bed (Doe,, B. n | ker, C.M. AIDS.10(¢7);:793-794 6) .
Cyt ot oxi ¢ gai.%?c:%e\/di a%g&h«;lsf:anglégg &gﬁé%? nﬁﬁ'gaa mgflg%ﬁlg%dm@ﬁ d%%‘ft%cgg%auh@séﬁ\? C%{ﬁr get (T)
celI's are gntlgetly. eTheppfofateeBIWantideh bk tSthaicoated wells and biotinylated

antibodies against HIV recognize the bound antigen. Conjugated strepavidin-

20 horseradish peroxidase reacts with the biotin. Color develops from the reaction of
peroxidase with TMB substrate. The reaction is terminated by addition of 4N H,SO,.
The intensity of the color is directly proportional to the amount of HIV antigen in a
sample.

Chinese hamster ovary (CHO) cells are also transfected with plasmid DNA

25  encoding the synthetic HIV polypeptides described herein (e.g., pESN2dhfr or
pCMVIII vector backbone) using Mirus TransIT-LT1 polyamine transfection reagent
(Pan Vera) according to the manufacturers instructions and incubated for 96 hours.
After 96 hours, media is changed to selective media (F12 special with 250 pg/ml
G418) and cells are split 1:5 and incubated for an additional 48 hours. Media is

30 changed every 5-7 days until colonies start forming at which time the colonies are

picked, plated into 96 well plates and screened by Capture ELISA. Positive clones are
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99 WO 03/020876 PCT/ US02/21342 various E: T ratios for 4 hours and the
average cpmfromduplicate wells is used to calculate percent specific "Cr
rel ease. voptoonznsre T-cell (CTL) activity is neasured in sSpCEusoytBg2
recovered fromthe mce imunized with H V DNA constructs descri bed
herein. Effector,.cells.fromthe 5 DNA-inmuni,zed_ anipl s exhihit specific

| ysis of Fﬁ’ﬂpaﬁg@ﬂtl}lgé_“ﬁ]}ﬂ’iagﬁs @@_@ffgﬂ%ﬁevm E‘ﬂ’éﬂfor gFPEem B ECZ‘Hﬁi cative
of a CTL rgseenas BIIRAISS dGelibs 4039t AlS: reR@R é?)%ﬂﬁéﬁc?_%@z@%u flidgved from
an MHC- unmdt ched nouse strain (MC57) are not ysed. The results of the CTL
assays ar epasisd danes hewxpacied &5 €a5 flotks iCyrnafg, Spmitpe NY). THiese aepr essi on

cassettes for inductian of_ cytotoxic T-I|ynphocyte (CTL) res es b 10
DNA i muni $59966 ¢ e atcrienmiensy p _ "@sﬁ Bt @r%&fﬁp%wﬁg HEd73 fiagie!
Expr esgi on Cassp§§it%§ Tﬁ-cl&ﬁ:@%f@fr?_%e N2 3kl e agtgégﬁ?rejs%ggloﬂgﬂrgat e the

i mmunogenicity of the synthetic expression tes,” studies using
gui nea pi ganplifedbviths)-5 MM ejethdiesats (VEEHqueserahcbnbaiicatioss andeplped firor med.  The
studies are typically, structured as follows: DNA i mmuni zation al one (single
or mul ti plGEmeRie fiet lzJpgi‘tF%i’fefSB‘le_F‘%‘Wefaf BY/otigrBtiPT AthimiPLatve Alopsbost ) ;
DNA i munjzabhioRybahboNesbsBiveiaBIR. fSCIBﬂéstdrg!a&g(lw %ﬁéﬂf% apd MTUNI Zat i on

by Sindbis 20 particles alone. B. Quinea Pigs perinents nmay be perfornmed
usi ng gui nesecnid) st ash Sep capere KIS sPositivaplonss arg fivizen giudanke mefliogexsach are
i mmuni zed jntr scularly or. nucosally at 0, 4, 25 and_12 weeks with

pl as i elﬁﬂ%&%@%&%ﬁ\%@%@éﬁ%&@ tip geresinndhivientgrsddbs H0lndee t he
sequences gﬁﬁ 1 i ! I g ] X t

appr oxi mat e yﬁgi%lp%e%ﬁ tv%\}lt tOal &%&@d@%@ﬁ |C§l!tﬁ ?%enc%ggﬁﬂtog%/foqﬁgafﬁ% ggé(?mal ly or
mucosal | y)larget bidneactdrd/ pr ot ei n encoded by the sequence(s) of the plasmd

boost and/or other H'V proteins. Antjbody titers (geonetric nmean titers)
are neasured at Dpigdromeernstimsnis pgrfagmesoinspporhefithe pRgent ivsatiomsioshthahd at

two weeks f’ﬁE tsgﬂtg%tt&%fev %g‘/pﬁé[: ioh%gs%gttesg}(réz@?d &%}Haﬁé incf¥afesH %g%dﬁfgﬁ‘%ﬁ@@ nstrate

t he useful nes etic con S to generate | WO
03/ 020876 BET/PuiBOR/p2dBY R, redstpyons s, natise (vild-typs), setjtiehcay] wigh @aggregskd @ ovi di ng
a protein boost to enhance the _immune response follow ng DNA i mruni zati on.

a variety of cell lines and that stably transfected CHO cell lines, which express the

desired HIV polypeptide(s), may be produced. Production of HIV polypeptides using

CHO cells provides (i) correct glycosylation patterns and protein conformation (as

determined by binding to panel of MAbs); (ii) correct binding to CD4 receptor

20 molecules; (iii) absence of non-mammalian cell contaminants (e.g., insect viruses

and/or cells); and (iv) ease of purification.

Example 3
Western Blot Analysis of Expression

25 Western blot analysis of cells transfected with the HIV expression cassettes
described herein are performed essentially as described in co-owned WO 00/39302.
Briefly, human 293 cells are transfected as described in Example 2 with pCMV6a-
based vectors containing native or synthetic HIV expression cassettes. Cells are
cultivated for 60 hours post-transfection. Supernatants are prepared as described.

30 Cell lysates are prepared as follows. The cells are washed once with phosphate-

buffered saline, lysed with detergent [1% NP40 (Sigma Chemical Co., St. Louis, MO)
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C. Rabbits 5 Experinents may be perforned using rabbits as follows. Rabbits
are immunized intranuscularly, nucosally, or intradermally (using a

Bi 0] ect rwodBes®s76 syringe) with plasm d DNAs encodi ng thePHINSpr/ot3¢l ns
descri bed herein. The nucleic acid inmmunizations are followed by protein
boosting after the initial J ni zation. Typjcall cons cts conprising
t he synt heiiOc! M Vrigdl okt ig(]’gag’gﬁh% 53§ trfGSf%ré‘?‘VﬁE’cﬁrébtt‘iﬂ?féstSé%‘t he present

i nvention ' j [IHHC {_§can r S bhddd @Rt b@ i ndi ng
ant i body r&g%ﬂlg@défglteer 02(93%@2 ?Mﬁ?%? ia@%e%oh@rnggﬁe{lt s(?é D. HurTE?g | Mmune
Response | gupatiytaneon h.3 @d ofeellipdaterodl etoteit Beanbarduy o foated@ plgspadse i s
checked in_ 15 serum specinens fromthe inmmunized_ani rr%!ﬁsr with an_ anti-H YV
ant i body Eifegagge plapdaydddipRaketParaigriem Sleaiulisnt Axs Blegagphoresisds cotiedt i nes
post - i nj i I titer d i ned by
anti-HV aé\lftiaa%xggge E:I{;P%R aggbjglgsg%ﬁdbdesgl% @%@3&& z%rlﬁge? ﬁ?%@%@gﬁdgm i mmuni zed
ani mal s arEatsgsteeBE HdallesaGh) bolinasbitbnr e akebraneg@iliipord GerpHIBédford,

pol ypepti de/ protei n(s) encoded by the DNA and/or_pol ypeptide used 20 to
i muni ze t Meébaisingethe trangier byiiey reppmmandadhyghe mepulpgtates EMAEROTE AMSER over ni ght

subsequont 1, e bRy a8 IR R BhGg BT, TR s hlRRd g o

Af ter renoMaEV-1ohoditie HinRalpaticht s&ahiinddmmuhB8ainedhisitl b-phetylompdiamirzer um i s

added. Sera are tested at 1/25 dilutions and by serial 3-fold dilutions,
t her edPt er dihxdroellorige(ORPatignalar e washed four times and 25 incubated with a

secondary, peroxid C C (99 i | , Rockford,
D) o ECl n pr ot b IRERGA itndbho Y R4 G 25Ut HFLR, | O

benzi di ne {oHvBininPites §@iherie STV GEpRsHaT cassdtle. prddiee tips éxpatted 8NV ty of each
well is nmeasured after 15 mnutes. Titers are typically reported as the
r eci pr ocal p@ypamtide(sipi highes petosellcopeanttatians thaw eclls chripningdhe Ai¥eopt i cal
density (O.D.)..30 Cegtl ul ar- i mmune response may al so be eval uated. 101 WO
03/ 020876 VLIS ER52 Exanpl e 6 DNA-i mmuni zati on of Baboons and Rhesus
Macaquygs Usi ng Expression Cassettes Conprisin tai he Synthetic HV

Pol ynucl eoti des of the Present |Invention A Baboons 5 Four baboons are

i muni zed 3 tinmes (weeks 0, 4 and 8ExBmPki‘4rally, intramuscular into the

guadri ceps or rrucoga ']éEUSi ng th gﬁ e li%ﬁrz i tE}i.cI | scri bed herein.
The animals are bl TV (53 C% gntﬂenc EX I% OH@ESSC %@n H vV

A Immunization

To evaluate the immunogenicity of the synthetic HIV expression cassettes, a

20  mouse study may be performed. The plasmid DNA, e.g., pCMVKM?2 carrying an
expression cassette comprising a synthetic sequence of the present invention, is diluted
to the following final concentrations in a total injection volume of 100 pl: 20 pg, 2 ng,
0.2 ug, and 0.02 pg. To overcome possible negative dilution effects of the diluted
DNA, the total DNA concentration in each sample is brought up to 20 pg using the

25  vector (pCMVKM2) alone. As a control, plasmid DNA comprising an expression
cassette encoding the native, corresponding polypeptide is handled in the same manner.
Twelve groups of four Balb/c mice (Charles River, Boston, MA) are intramuscularly
immunized (50 ul per leg, intramuscular injection into the tibialis anterior) using
varying dosages.

30
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antibody ELISA is performed with isolated plasma. The ELI SA is perforned
essentially as descri bed above except the second anti body-conjugate is an
ant i - humewo18/0203@ g-chain specific, peroxidase conjugat ePCSiupnr2GhEM cal
Co., St. Louis, MD 63178) used at a dilution of 1:500. Fifty gg/m yeast
extract may be ded ]t]o the, dilutions of plasma sanples and anti body

conj ugat e r e AR e HIIE YOPRAISE A ckground  due to preexi sting yeast

anti bodi es in t hgehakREN nmisdREREOLs dhesiabiwith 4 @HEBIB 885 HIV angibedpbser ved

i n baboons two weeks post-fourth i mmuni zation (at week 14), and 15 enhanced

subst ant i aELJS ps §nzpmedinkedgmmunhsdibant pstaypend theomice aeraWesald ueekn@osts) . Such
roliferation results are_indi cat.ive,.of ind ion of T-helper cell

1I‘O uncti ons. Hﬁﬁuﬁﬁ%téq}’séméédgg a‘?‘ﬁénia P%eéaa“gﬁi WRES Pat T’ﬁ%‘“@@ﬁ‘?fﬁeti c,

codon- gpdi Eémsgécthﬂey-r,] Q%hé(Q%eké_jﬁosgged%ﬂ&ﬁﬁmﬁﬂizﬁﬂhl?/@ﬁﬁlbg@M)ﬂes of the present

i nvention, en constructed into expression plasnids nay be confirmed in
rhesus nmacaques ThEaptieatyltiters bhithersaage dstetmained blattiedabhigbddyEIdBéci fi ¢ CTL

fter t _th doses. of nodified H.V polynucl eotj de. |
These r esuFETIEEHEPTIRETTIE TH95eV ey AFEReICOT FUDPRES TEed g8y o | n
non- human B{)I:)r'g?hgt%%ﬂwlxg%fe% leZd NATMRSS Rﬁft’i@g? MRYS AhsQoflet ?pat@,care eh&xanpl e 7

Co- Transf ec istronic and MulticCistronic Constructs The present
i nventi on iwidl W2 eg IV proinestr iveadl ovetiightiahd imabhed foprtondss subserjuentlyx pr essi on
cassettes, as well as, co- tion.wWth.o or e multi-cistronic 30
expr esi on b@‘é@%‘ét‘f dane with Eg%n%}é?fv&eﬁg Q?WE&I rbelﬂ)‘? %‘?ﬂ?’é‘%"é?@ the

PCT/ US02/ 213424 SUe R SAN0N H G Riluted ndu¥@bdr@hs #degOBBNAL 1838 at TRY_be

transf ect e%ﬁll%%%ng%%g%@ﬁ ?glrl#s ?o‘# trarllls‘?ent tSrangf ect iaon set udiaes. For

exanpl e, a diidostandiycedad Asbldutilntionsy theecafmd eMiretiter plates aodwasfied éguences

for the different H 'V pol ypeptides are under the control of a single CW
pronot er 5 UK ,anﬁé‘%%@‘ﬁgt‘)l{fg ASGePTERT; R oXWatraTue ,da%’n?%%%?%ci} AR I

11 bosore enpy.SRbEORIRY, HRERplkosRkadly ufd 100,03k 3RV kiinciny1

Bi ochemi st?@fegcr?d b ecul ar B%o@o%?/ 27(4a5S *385- 402, 1992! Wt%ere?l},’ G W,
et al .15 Vi hehtdiye ZIXIBEG Plr&H 3vas 28@5F) pes eqlie The optisal dextsitpdficadl vedltier t he fir st
H V codi ng sequence and before the second H V codin

Super nat antReagyiefl alierlp mpytesc dip tisss feppEed pre the el C@bgfeﬁggﬁ'%?% nce of the
H'V  prot eiﬁ@&f{i‘{h@t Eé\%&%ﬁiﬁn&;&ﬁﬁm%%ﬁ@ehﬁﬁﬁd%% eins are expressed in the
cell's

transfecte

The results of the mouse immunizations with plasmid-DNAs are used to show
that the synthetic expression cassettes provide improvement of immunogenicity
20 relative to the native expression cassettes. Also, the second boost immunization

induces a secondary immune response after two weeks (groups 1-3).

C. Cellular Immune Response
The frequency of specific cytotoxic T-lymphocytes (CTL) is evaluated by a

25 standard chromium release assay of peptide pulsed Balb/c mouse CD4 cells. HIV
protein-expressing vaccinia virus infected CD-8 cells are used as a positive control (vv-
protein). Briefly, spleen cells (Effector cells, E) are obtained from the BALB/c mice
(immunized as described above). The cells are cultured, restimulated, and assayed for
CTL activity against, e.g., Gag peptide-pulsed target cells as described (Doe, B., and

30  Walker, C.M., AIDS 10(7):793-794, 1996). Cytotoxic activity is measured in a

standard *!Cr release assay. Target (T) cells are cultured with effector (E) cells at
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(e.g., if an Env codi ng sequence was present the corresponding Env protein
was detected; if a Gag codi ng sequence was present the correspondi ng Gag
protei n Vo 03daBect ed, etc). 15 The production of chi neri ®CVIIRe2/bp41 hese
cell Iines may be determined using electron microscopic analysis. (See,

i V1 vacol RS daint P A ket SalF AR R feB oPRTRIE fENcRERRIE RS DTS "

anti gens Thglcidhié-peréengspeatiofrasidasaccessory genes have received increased
attention as conponents of H 'V vaccines due to their role in viral

pat hogenesi s, t K&toipgis T-eall (€T actiyifys jreageskinvalgnacytes gefoveisd romehet nei r
early expression in the. vi L f e . Of | dmﬂ | rabl e
properti es "8f° HEY gzeéie%%hsmﬁlh?el\% fg%sg%gées'gdg?‘glﬁ%gﬂgrﬁgi rEf%E{OE g?ﬂe;st y a(r%l‘%!

sui t abigl i t PIRA-iMRERIZRE aGIRERRRBI Spéviislykie 6NHI A pegtille-Jute SVFBALS per f or med
in support of the present invention have analyzed candidate H V-1 subtype C
tat, rev, C matched) targets gely indicpiivg efrit CElpespanicor atget cellsdbatiatat i on of

potential deleteri.o functi.ons, r H e.a6c s may be
eval uat ed ?ch}eé?‘f@e%sﬁgdfégﬂeée-or%@ gl Iggfunﬁ%atycg%# %%036(11? © St%@/ﬁﬁég@yaﬁgs Qge nes

codi ng for 1zeds s wsulldbs the BTLRRYaya Atk MNedl tPsReInBBaRl pSastnoPfynttetio H V- 1
subtype C were constructed usin over | appi ng synthetic oligonucleotides
and PCR- basBY eipressigncasseiées fﬁnmggrémsxf sytoigdc WyophogriedC8 LbCrposes b 1342
Constr cts]ﬁ% t.he w I{:i-type genes of the isolates closely resenbling the
respect ve DWSHYERAFE YL quences were al so made by PCR. In vitro expression
of the constructs was anal yzed by western blotting. The trans-activation
activity of the Tat mutants and nucl ear RNA export activity of the Rev
mut ants were studi ed after transfectExamméS5 various cell |ines using

reporter-gene-base nctionality a L nvitro ex ssj.on of all
constructs was den@@%%@m%mm%n specific
nmouse ser urp genetaieed IivubWionadeingad i on of mice with Tat, Rev, or

Nef - expresston plrasm ds. Expression levels of the sequence-nodified genes
wer e signi fi cantToevalusiethe ihamnagesiciy béthespethefeadEV exgessiobtopgsettes.and C Tat
cDNA was mutated to get Tat C2 .Ta'r.CS?H and TatCZﬁ/SlFI Tat ac{ivi y assays
in three céMY§SYSEE 2 PigS ROy M55 3 ) Hesys rhpgaguiesind babaams qre geriormeds e yne” ©

consensus Tafsicd £ bypiddl &hicAtedbs fofldwiABNIASIMniaHENAIOhO (sifp@esd Vat e
LTR- dependent CAT expréssion. In contrast, this activity was
multiple); DNA immunization followed by protein immunization (boost); DNA

immunization followed by Sindbis particle immunization; immunization by Sindbis

20  particles alone.

B. Guinea Pigs

Experiments may be performed using guinea pigs as follows. Groups
comprising six guinea pigs each are immunized intramuscularly or mucosally at 0, 4,

25 and 12 weeks with plasmid DNAs encoding expression cassettes comprising one or
more the sequences described herein. The animals are subsequently boosted at
approximately 18 weeks with a single dose (intramuscular, intradermally or mucosally)
of the HIV protein encoded by the sequence(s) of the plasmid boost and/or other HIV
proteins. Antibody titers (geometric mean titers) are measured at two weeks following

30 the third DNA immunization and at two weeks after the protein boost. These results

are used to demonstrate the usefulness of the synthetic constructs to generate immune
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significantly inpaired in RD, 293 and HelLa cells using the single nutation,
C37, or the 15 double nutation, C22C37 (see Table B). Correspondi ng

resul ts Wwoe3ohisaé ned for Tat nutants derived from subt ypeTRISO2/2BUNS.
Exenplary results are presented in Figure 4 for transactivation activity of

Tat mutants on LTR- din 293 ceI | s. Three i ndependent assays were
per f or med TeFRANSEaBhWE ﬁ%t%ec{n vapipge o IO agup§iy Byost Qoz)ﬂﬁa% > 20 The

subtype C r !gl”éi]ﬁ ) and Prot RTTatCZZRevNef showed
reduced Ta eréﬁo}?}s iek%%%lpm uﬁﬁ at C22 al one, probably due to
structural changes caused by the fu5| on protein. For Rev constructs, to
test for the loss of function, a CAT assay with a reporter plasmd

i ncl udi ng QeRabPES or nut ated Rev was used. As shown in Fi gure 5, 25

conpared to wil Subtype C Rev
W th agdoubl e rr%t(ﬁae%l ll?%ﬁgelﬁ%yl\}ﬁ%&(r fowﬁ%ﬁ%%ﬁmf ééqgﬁés‘?g n]?%qbcg:tg% | ower. The
backgr oundumhlﬁmkismaammhlavm ticoisiily, omngkdernhaliyp(uaing aIBleJebDﬂ&&Bssr eporter

pl asmi d without Rev data. Two independent assays were performed for each

construct PFREVEtEplasaigddpRiAs (311‘)0dm(g2§19 Hl‘é@f%%@&sl%scﬂbeqf@é@m@ eNgicleigheci fi c
functions Qaé’ Eﬁﬁnma?ﬁp??feffgﬁg@éh té}gﬁgte %&%@f%ﬁee%@ggum hed oH Table B).

For exanp SIS TS Us JZJ&

PCT/ USOZ/ ZTﬁﬂé’auW@nﬁfr@c&e 661ﬁpﬁ§m§\4ﬁ€§byrﬂﬁﬁilc@ﬁ4/ polys&itide SHESBGLS - Cel s are
assayed in the E@esence and absence of Nef expression (for controls), as

wel |~ 48 uspigpucketidganiitbe presens dnvppiin %eiugah@maﬂlneaenwes@n@rat%ventu on t hat
d t e t.lon of MHC1
o "2 B s AL PP RS e RN R ER B T WA

i.e., if nef is non-functional there is no down regul ation. These dat a
denonstrate the wqfal red functionality of tat and rev DNA irmunogens t hat
may form pk Aprad 1] Regngpshent Hl V-1 subtype C vacci ne. contrast to

bl i shed_dat d
DT oo | ot b thla SRES B2 publey iy fB SidaShis hw}‘%@ften

nut at ijgn ameﬁrsg&nh&lstffbrbqlermnﬁzed afnﬁfalsl wigCir Ml HOV apfibsiyHINe/s C and
subtype B Tat proteins. rrgl e 9 Evaluation of inmuno enici t\é of various

HIV pol ypefsnxiec-brkeddmitinpsaaent assayhst vsiosd tiaﬁé)P@S,t'itIﬁémiZﬁﬁQmo icity of
o0y o1 e BRI PR S B B R RIS e '
procedur esaigveOBYieflg s8raCodd dhingfiReinitilS ateSAHHRAGER Ghido dRfs dlrected
against the HIV polypeptide/protein(s) encoded by the DNA and/or polypeptide used
20  to immunize the animals. Wells of ELISA microtiter plates are coated overnight with
the selected HIV polypeptide/protein and washed four times; subsequently, blocking is
done with PBS-0.2% Tween (Sigma) for 2 hours. After removal of the blocking
solution, 100 pl of diluted mouse serum is added. Sera are tested at 1/25 dilutions and
by serial 3-fold dilutions, thereafter. Microtiter plates are washed four times and
25  incubated with a secondary, peroxidase-coupled anti-mouse IgG antibody (Pierce,
Rockford, IL). ELISA plates are washed and 100 pl of 3, 3’, 5, 5'-tetramethyl
benzidine (TMB; Pierce) was added per well. The optical density of each well is
measured after 15 minutes. Titers are typically reported as the reciprocal of the
dilution of serum that gave a half-maximum optical density (O.D.).

30 Cellular immune response may also be evaluated.
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subtype B and C envel ope plasm ds, both individually and as a m xed-subtype
vaccine, wusing electroporation, in rabbits. It will be apparent that such
nmet hods awe oaqemiéy applicable to any other H 'V pol ypept ipd@#/UsBD21Babl e D 25
G pAni mal I mm n Adj uvant | mmunogenTotal Vol/ Sites/ Route #DoseSiteAni mal
11-41, 2-pCW 160 TV1 DNAL. OngO.5ml2l M Quad (El ectro) 3-pCW 160 TVI

DNAL. Orrgo 5nmL2l MQJad (EI ectro) I\/F5 i n TBDO. 05ng0 5ml2l M G ut 25-81,
2- pCW 160 ¢ Q . . \

TV1l. Ongo. 5
| i nTot al Vol / SCbmgﬁslﬁmArSIVﬂﬁlbﬁﬂ[\J\P@mummjeﬁmeRé“sentemmrrtmlnRout e
0. 05ngy0. 5m21 M d ut. MF59CProtein TBD 39-121, 2-pCW 160

dV1/ V21. OngO. 5nd2Baoeisid TVl DNA(El ectro) 3- pCW 160

dvi/ V251' OngO. 5”%& %1%6%9 atjé\{ﬁmm%@ﬁﬁﬁés%veeks 0, 4 and 8) bilaterally,

intramuscular into the quadriceps or mucosally using the gene delivery vehicles

described herein. The animals are bled two weeks after each immunization and an HIV
antibody ELISA is performed with isolated plasma. The ELISA is performed
essentially as described above except the second antibody-conjugate is an anti-human

10  IgG, g-chain specific, peroxidase conjugate (Sigma Chemical Co., St. Louis, MD
63178) used at a dilution of 1:500. Fifty pg/ml yeast extract may be added to the
dilutions of plasma samples and antibody conjugate to reduce non-specific background
due to preexisting yeast antibodies in the baboons. Lymphoproliferative responses to
are observed in baboons two weeks post-fourth immunization (at week 14), and

15 enhanced substantially post-boosting with HIV-polypeptide (at week 44 and 76). Such

proliferation results are indicative of induction of T-helper cell functions.

B. Rhesus Macagques

The improved potency of the synthetic, codon-modified HIV-polypeptide

20 encoding polynucleotides of the present invention, when constructed into expression
plasmids may be confirmed in rhesus macaques. Typically, the macaques have
detectable HIV-specific CTL after two or three 1 mg doses of modified HIV
polynucleotide. In sum, these results demonstrate that the synthetic HIV DNA is
immunogenic in non-human primates. Neutralizing antibodies may also detected.

25

Example 7

Co-Transfection of Monocistronic and Multicistronic Constructs

The present invention includes co-transfection with multiple, monocistronic
expression cassettes, as well as, co-transfection with one or more multi-cistronic

30 expression cassettes, or combinations thereof.
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0. 05ngy0. 5ml2I M d ut MF59CProtein TBD 413-161, 2-pCW 140 TV1

DNA1. Ong0. 5nl2l M Quad (El ectro) 3-pCW 140 TV1 DNAL. OngO. 5m 21 M Quad
(El ect r o)whm38@Brot ei n TBDO. 05ng0. 5ml2I M d ut 517- 201, PCT/US02/21342
2- pCW140dV2TV11. OngO. 5nil21 M Quad DNA( El ectr o)

3- pCwWI 40dV2TV11, OngO. 5nil 21 M Quad El ect.ro) MF59CPr qt ei p,
TBF[))O. 05ngO0. 5n&2?§9ﬁ%%8?3?%’§%z @ﬁ?ﬂlﬁtymnk%ﬂ ﬂfwg?éf .%‘ﬁﬁ‘?ﬁc’l\?@ad TV1

DNA( El ect r gii1s 3oV ich A Rarskiebiive 4u§ee 0. Smi2l M Quad TVl DNA( El ectro)
0. 05ng0. 5nLl2I M G ut MF59CProtein TBD 725-281,

2- pSI NI 40dV2 SF1Bade:Gnple, Eﬁﬂc&sTllrdhi@mdith(Srﬁbégetmadj): w?ggguggm% @éﬁi‘gﬁeﬁﬂ g
SF1621.0 .5l El ectro r ot ei . . u
106 5 10rrg T é&%ﬁ%ﬁ%}%ﬁw&?n% B%E‘if}tfé-ogelwglf@’l promoter Quad
dV21. 0ggo. L62i t a
SF162 %RIA( E e(%tétlrwc?)% %F%StgF@r otmgi gng &‘Eﬁ%‘%ﬁ %Ig%%s %ﬁ%ﬁﬁ%&g%gﬁ%% 140

QL541. OngOIRER)2 Kivkzapy Ad., Skiti6d RokiggvElireBiocbgmistry and Molecular Biology
27(45):385—402, 1992; Witherell, G.W., et al., Virology 214:660-663, 1995) sequence

is introduced after the first HIV coding sequence and before the second HIV coding
sequence.

10 Supernatants collected from cell culture are tested for the presence of the HIV
proteins and indicate that appropriate proteins are expressed in the transfected cells
(e.g., if an Env coding sequence was present the corresponding Env protein was
detected,; if a Gag coding sequence was present the corresponding Gag protein was
detected, etc).

15 The production of chimeric VLPs by these cell lines may be determined using

electron microscopic analysis. (See, e.g., co-owned WO 00/39302).

Example 8

Accessory gene components for an HIV-1 vaccine: functional analysis of mutated Tat,

20 Rev and Nef Type C antigens

The HIV-1 regulatory and accessory genes have received increased attention as
components of HIV vaccines due to their role in viral pathogenesis, the high ratio of
highly conserved CTL epitopes and their early ekpression in the viral life cycle.
Because of various undesirable properties of these genes, questions regarding their

25 safety and suitability as vaccine components have been raised. Experiments performed
in support of the present invention have analyzed candidate HIV-1 subtype C tat, rev,
and nef mutants for efficient expression and inactivation of potential deleterious
functions. Other HIV subtype accessory genes may be evaluated similarly.

Sequence-modified, mutant fat, rev, and nef genes coding for consensus Tat,

30  Revand Nef proteins of South African HIV-1 subtype C were constructed using

overlapping synthetic oligonucleotides and PCR-based site-directed mutagenesis.
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3-pCW 140 Q1541. OngO0. 5nil21 M Quad SF162 DNA( El ectro) M59CProtein

TBDO. 05ng0. 5ml2l M d ut 1037-401, 2-pCW 140 dV21.0Ong SF162

DNAL. OngOwbretardshuad pCW 140 dV2 TV1(El ectro) DNA 3- pCWCIAGOZ¥312 Ong
SF162 DNAL. OngO. 5nml21 M Quad pCW 140 dV2 TV1(El ectro) DNA MF59CProtein
TBDO. 05ng0, 5mL.2I M t 140 dV2 -SF162 DNALl. Ong. pCW 140 dV2

TV11. OngO. é’fﬁﬁsélf%fse?éﬂe Bﬂ&%eﬂ%?f the isqlates ¢losely sesgmbingmithgwespeetivg SF162

PCT/ US08) 210057 RRBGHES Head % Ml PYPGR AP 8 b B e iR oc

adj uvant i sragamlyzed bl wiestezeblottingl gihe rrassadtaiatiomgethity o tal Baenutadds &fd t ween
80, 0.5%span 85, in 10nMcitrate pH 6, stored in | O aliquots at 4C. 5
| Mmunogens MAHear RN g¥Rept %IVHES%FHGB%Y myfanth werottidiod Aerteamsisctionfl e E) for

o1 ) BB RSPy et Ll o e vary
and/ or pr ot ei nsiro@trogxpiessieh oflA)l chabinetsw2bdedtbrstraid by veStelli Bpamgt | on

using antigen specific mouse serum generated by DNA vaccination of mice with Tat,

Rev, or Nef-expression plasmids. Expression levels of the sequence-modified genes

were significantly higher than the wild-type genes.

10 Subtype B and C Tat cDNA was mutated to get TatC22, TatC37, and
TatC22/37. Tat activity assays in three cell lines (RD, HeLa and 293). In the
background of the subtype C consensus Tat, a single mutation at C22 was insufficient
to inactivate LTR-dependent CAT expression. In contrast, this activity was
significantly impaired in RD, 293 and HeL a cells using the single mutation, C37, or the

15 double mutation, C22C37 (see Table B). Corresponding results were obtained for Tat
mutants derived from subtype B strains.

Exemplary results are presented in Figure 4 for transactivation activity of Tat
mutants on LTR-CAT plasmid in 293 cells. Three independent assays were performed
for each construct (Figure 4, legend (1), (2), (3)).

20 The subtype C constructs TatC22ProtRTTatRevNef and
ProtRTTatC22RevNef showed reduced Tat activity when compared to TatC22 alone,
probably due to structural changes caused by the fusion protein.

For Rev constructs, to test for the loss of function, a CAT assay with a
reporter plasmid including native or mutated Rev was used. As shown in Figure 5,

25  compared to wild-type Rev, the mRNA export function of the subtype C Rev with a
double mutation, M5SM10 (see Table B), was significantly lower. The background
levels are shown in the “mock” data and the pDM128 reporter plasmid without Rev
data. Two independent assays were performed for each construct (Figure 5, legend
(1, 2)).

30 Assays to measure Nef-specific functions may also be performed (Nef

mutations are described in Table B). For example, FACs analysis is used to look for
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| muni zation 1-3: pCW and pSIN based plasmd DNA in Saline +

El ectroporati on Subtype B and C plasmds will be provided frozen at a
concent r awpen/oaf87el. Ong/ M in sterile 0.9% saline. Store aftCT8GQ/e3til use.
Thaw DNA at room tenperature; the material should be clear or slightly
opaque, with no particulate matter. Animals w |l be shaved prior to

i muni zat i @ praspererof MG pah Chit oncel syefages. COslfs arp pspayvedjgithmprpsesice
Ket am ne- i - i i . With O.5nmL DNA
i xur o penaplydte FpNEPeressioh T Sdeponp T RERLE S SR Ing Stithdicl "ot

i nj ecti on péljtuckotidés TRy grtsedninventivg thatfenoe®iiEive héfpdein Mdmdyatet bf 1cm

di aneter, lcmneedle |length. Electroporation pulses were gl en at 20V/ mm

50ns pul sePpisigyt Rowp-rpgnlaionof MBEG, and S04pxpeessiph gwlicares it e Prot ei ns
will bg provi m_ i cd. ffen. S - .until use.
Thaw at rdd r%d %gr%gétaﬁp%%%gélﬁéﬁ"el?f%lé éﬁ%@n H%%a?g:he]éealg %\{?m%f)ﬁ'&lﬁg&g%% Y cul ate
matter. Add equahesy @htdemehistMESE imghitvdahctionalith anved apd ahadNAand m x wel |
by inverting the tube. Inmunize each rabbit with 0.5nl g2{(2}'(uva.nt ed protein
per side, imppugogens tbat rpay formapagsof 2 ngrii-comporgnt FAV-1 wWheypedt waccime. Wit hin 1

hour of the addition.of i . ni zatio e nbi ned subtype B and
C plasmd agnt% g?‘fnﬁlg p?ﬁiéslﬂl %%tﬁggerggﬁl %gmupsetﬂ%#géi g%mé‘t&%? /[l total
DNA ( 1ng/ ndufffierfBGhachl 26 Metransactivhi@st fulctibrO00 Hel THeee3 7ShfaBoRbppedRE unt i |
use. Thaw DNA at roomtenperature; the material should be clear or slightly
opaquéd wi totberfeqipeadtiprinheitvatiomet wptypadi snsd sibiype B Tré pseteined prior to

i nmuni zati on, under sedation of 1x dose IP (by. ani mal wei ght) of

Ket am ne- Xyl azine (80nmg/m - 4nmg/m ). I muni ze each rabbit with 0.5m DNA
m xture per side (I MQuadriceps), 1pihpwer animal. Follow the DNA
injection with El ectroporation using a %S-needl e circular array with 1cm

di anet er, 1cnEvadestion dof smgtmo cemciy pf warious 1N ide gnspding plasmids
50ms pul se length, 1 pulsels.. 108 WD.03/ 020876, PCT/ USQ2/ 21342

Gr oupPr eparati o Sﬁ}BtPifﬁ?%ﬁuﬁ’Fi%ﬁUBﬂg“éW“ﬁrOgﬁa ﬂptlhﬁlprﬁ ‘ipg?qtlgiﬁsﬁ oteins will be
provi ged adxpPeskidH/cllsetdd déf&ib@& ﬁleﬂéiﬁfig %ﬁdﬂﬁé@dl&t&ﬂ In%l%cfo!llmvhxlrg tHSI8 (Takaw at

Mspding plasm

N
o
<
3

roomtenperature; material should be clear with no particullate matter.
D) are exemplified procedures involving a comparison of the immunogenicity of

subtype B and C envelope plasmids, both individually and as a mixed-subtype vaccine,
using electroporation, in rabbits. It will be apparent that such methods are equally

applicable to any other HIV polypeptide.

20
Table D
Imm'n Total Vol/ Sites/
Grp | Animal # |Adjuvant Immunogen Dose Site Animal | Route
25 1 1-4 1,2 - pCMV 160 TV1IDNAJ 1.0mg | 0.5ml 2 IM/Quad
(Electro)
3 - pCMV 160 TY1 DNAJ 1.0mg | 0.5ml 2 IM/Quad
(Electro)
MF59C [Protein TBD 0.05mg ] 0.5ml 2 IM/Glut
2 5-8 i,2 - pCMYV 160 dV2 TV1{ 1.0mg | 0.5ml 2 IM/Quad
DNA (Electro)
3 - pCMYV 160 dV2 TV1] 1.0mg | 0.5ml 2 IM/Quad
DNA (Electro)
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Add equal volume of MF59C adjuvant to thawed protein and m x well by

i nverting the tube. Inmunize each rabbit with 0.5m adjuvanted protein per
side, | MwDuws/otasre a total of 1.0mM per aninmal. Use nateri CTWISON21341 hour
of the addition of adjuvant. The inmunization (Table F) and bl eeding (Table

G schedul ges—g+e—as c!'ffm—l\]r/ig—m: 03/020816-RCHUSO2A21342 OC.rn-n N, N n
M: Nn vydn gn rnr AL n' nME, rn aa) Na)jNretal W@VN-SKEféJE;U) ‘10 4, H
0 Ol 0" o @ |Anithal # ]JAdjuvant Immunogen Dose Site | Animal | Route
0.05mg | 0.5ml 2 IM/Glut
MF59C }Protein TBD
30
3 9-12 1,2 - pCMV 160 dVI/V2} 1.0mg | 0.5ml 2 IM/Quad
TV1DNA (Electro)
3 - pCMV 160 dV1/V2] 1.0mg | 0.5mil 2 IM/Quad
TV1DNA (Electro)
0.05mg | 0.5ml 2 IM/Glut
MF59C |Protein TBD
4 | 13-16 1,2 - pCMV 140 TVIDNA] 1.0mg | 0.5ml 2 IM/Quad
(Electro)
3 - pCMV 140 TVIDNAJ 1.0mg | 0.5ml 2 IM/Quad
(Electro)
MF59C |Protein TBD 0.05mg | 0.5ml 2 IM/Glut
35
5 17-20 1,2 - pCMV1404V2TV1 1.0mg | 0.5ml 2 IM/Quad
DNA (Electro)
3 - pCMV140dV2TV1 1.0mg } 0.5ml 2 IM/Quad
DNA (Electro)
MF59C ]Protein TBD 0.05mg | 0.5ml 2 IM/Glut
6 | 21-24 1,2 - pCMV 140 dV1/V2] 1.0mg | 0.5ml 2 IM/Quad
TV1 DNA (Electro)
40 3 - pCMV 140 dv1/V2] 1.0mg { 0.5ml 2 IM/Quad
TV1DNA (Eiectro)
0.05mg } 0.5ml 2 IM/Glut
MF59C |Protein TBD
7 1 25-28 1,2 - pSIN140dV2S¥F162{ 1.0mg | 0.5ml 2 IM/Quad
DNA (Electro)
3 - pSIN 140 dV2 SF162] 1.0mg | 0.5ml 2 IM/Quad
DNA (Electro)
MF59C [Protein TBD 0.05mg } 0.5ml 2 IM/Glut
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8 29-32 1,2 - pCMV 140 dV2] 1.0mg { 0.5ml 2 IM/Quad
SF162 DNA (Electro)
3 - lpcMv 140 dv2} 1.0mg | 0.5ml 2 |IM/Quad
SF162 DNA (Electro)
MF59C |Protein TBD 0.05mg | 0.5ml 2 IM/Glut
9 33-36 1,2 - pCMV 140 QI154] 1.0mg ] 0.5ml 2 IM/Quad
SF162 DNA (Electro)
3 - JpcMvV 140 Q154| 1.0mg | 0.5ml 2 |IM/Quad
SF162 DNA (Electro)
MF59C |Protein TBD 0.05mg § 0.5ml 2 IM/Glut
10 | 37-40 1,2 - pCMV 140 dV2] 1.0mg ‘
SF162 DNA 1.0mg | 0.5ml 2 IM/Quad
pCMV 140 dV2 TV1 (Electro)
DNA
3 - IpcMV 140 dv2| 1.0mg
SF162 DNA 1.0mg | 0.5ml 2 IM/Quad
pCMYV 140 dV2 TV1 (Electro)
" IDNA
MF59C [Protein TBD 0.05mg ] 0.5ml 2 IM/Glut
pCMV 140 dV2
- SF162 DNA 1.0mg
pCMV 140 dv2 TV1 | 1.0mg | 0-5ml 2 |IM/Quad
DNA (Electro)
11 | 41-44 1,2 - pCMYV 140 dv2 1.0mg
SF162 DNA 1.0mg | 0.5ml 2 IM/Quad
pCMYV 140 dV2 TV1 (Electro)
DNA
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MF59C IM/Glut

I 3

Protein TBD |0.05mg| 0.5ml | 2

The MF59C adjuvant is a microfluidized emulsion containing 5% squalene,

0.5% tween 80, 0.5% span 85, in 10mM citrate pH 6, stored in 10mL aliquots at 4°C.

Immunogens are prepared as described in the following table (Table E) for

administration to animals in the various groups. Concentrations may vary from those

described in the table, for example depending on the sequences and/or proteins being

used.
Table E
Group Preparation
1-9 Immunization 1-3: pCMYV and pSIN based plasmid DNA in Saline +

Electroporation

Subtype B and C plasmids will be provided frozen at a concentration of 1.0mg/ml
in sterile 0.9% saline. Store at —80°C until use. Thaw DNA at room
temperature; the material should be clear or slightly opaque, with no particulate
matter. Animals will be shaved prior to immunization, under sedation of 1x dose
IP (by animal weight) of Ketamine-Xylazine (80mg/ml - 4mg/ml). Immunize
each rabbit with 0.5ml DNA mixture per side (IM/Quadriceps), 1.0ml per

animal. Follow the DNA injection with Electroporation using a 6-needle circular
array with lcm diameter, lcm needle length. Electroporation pulses were given
at 20V/mm, 50ms pulse length, 1 pulse/s.

Immunization 3: Protein Immunization

Proteins will be provided at 0.1mg/ml in citrate buffer. Store at ~80°C until use.
Thaw at room temperature; material should be clear with no particulate matter.
Add equal volume of MF59C adjuvant to thawed protein and mix well by
inverting the tube. Immunize each rabbit with 0.5ml adjuvanted protein per side,
IM/Glut for a total of 1.0ml per animal. Use material within 1 hour of the
addition of adjuvant.

Immunization 1-3: Combined subtype B and C plasmid DNA in Saline

The immunogen will be provided at 2.0mg/ml total DNA (1mg/ml of each
plasmid) in sterile 0.9% saline. Store at ~80°C until use. Thaw DNA at room
temperature; the material should be clear or slightly opaque, with no particulate
matter. Animals will be shaved prior to immunization, under sedation of 1x dose
IP (by animal weight) of Ketamine-Xylazine (80mg/ml - 4mg/ml). Immunize each
rabbit with 0.5mI DNA mixture per side (IM/Quadriceps), 1.0ml per animal.
Follow the DNA injection with Electroporation using a 6-needle circular array
with 1cm diameter, 1cm needle length. Electroporation pulses were given at
20V/mm, 50ms pulse length, 1 pulse/s.
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Group Preparation

10-11 ] Immunization 3: Protein Immunization

Proteins will be provided at 0.1lmg/ml in citrate buffer. Store at —80°C until use.
Thaw at room temperature; material should be clear with no particulate matter.
Add equal volume of MF59C adjuvant to thawed protein and mix well by
inverting the tube. Immunize each rabbit with 0.5ml adjuvanted protein per side,
IM/Glut for a total of 1.0ml per animal. Use material within 1 hour of the
addition of adjuvant.

The immunization (Table F) and bleeding (Table G) schedules are as follows:
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U NUI) U4 0 NU a) N U OW 03/020876 PCT/US02/ 21342 Exanple 10
M ce | nmuni zation Studies wwth Gag and Pol Constructs Cellular and Hunoral
i Mmune r ewponsas7eere evaluated in mce (essentially as @®€e3arsobzE4i n
Exanple 4) for the follow ng constructs: Gag, GagProtease(+FS) (GPl, 5
pr ot ease codon optim zed and inactiEtiog ﬁ{ INS; GP2, protease only

I nactivation of INS), GagPol Ai ntegr frameshift (gagFSpol), and
GagPol A ntegrase i n- fVRE mmERARA IS ithicid 84 $3) codghsisons of

GagPol Al ntegrase in-frame were also designed wih attenuated (GagPol Att)
or non- funct i on&kelBananddden¢r@abiginine mespondes weird ¢valuaxgrie ascofeseiatialysdsowed

bl Sion o 5 d.p66RT 10 usin g al on
%g%?{)? eagg%s)éig—%ﬁed,smé@}f@ 0‘5%%%(@@8’&64%8 ?\%P.StrEﬂﬁ'shaﬁc(tg’g%\;ﬁ)tteﬁse&ﬁesl)%c}ljflunct i onal
or attenua et . r f.i.cl: [
expr esgi onf) %?e ag%gg(gﬁgpr%d p66anR'tI1', igfan%gg?ﬁ){)/ﬁg\t% dt[l%’ §/(Jtt§at§§>?|&l& %aﬂlg%{c’g dgf
prot ease. D, GugBolAtretegrase with frameshift (gagFSea)), wad GapRolAinte g2 in-frapeMV
vectors wa agtei)for d in S scul a%Iy inthe tibialis anterior. Mce were

i nmuni zed (8¢ igursro3).1 Keysioms of Faghlomigesasy Wrfiama Weselso flesigned Bl eeds
wer e perf ok ¢ as follows: 20 g,
2 g, 0.2 g?vgfg%g@%?ag%d g?aggﬁl%d?%ﬁ#?uaﬁcﬁgﬁmo é%%ggéﬁgll) ar@agag vs. gagFSpol in
pCW vect ors wafn viperekpressich dand starwesiookapataple exptdidon bbp3IGag aa0pecRTr. M ce

were | nized at fhe start of the study (0 week) and challenged 4 weeks
| at er Wit hu§1‘&9ﬁ%?f?§ﬁ¢§%§6%tP?’ﬁeé+F\ﬁ)rﬁ%g%oé%gﬁ%ﬁj’)“@gcepméﬁw Pillyeds were

ger ;ﬁ(rjﬁgdo 8190&@% A MREKS prdtiRe F858%1 U5 8o PYRES wite LY difiEnti£0 90 2 9, 0.2

expression of p55Gag and p66RT, possibly due to cytotoxic effects of protease.

DNA immunization of mice using Gag vs. GP1 and GP2 in pCMV vectors was

performed intramuscularly in the tibialis anterior. Mice were immunized at the start of
15 the study (0 week) and 4 weeks later. Bleeds were performed at 0, 4, and 6 weeks.
DNA doses used were as follows: 20 pg, 2 ug, 0.2 pg, and 0.02 pg.

DNA immunization of mice using Gag vs. gagFSpol in pCMV vectors was
performed intramuscularly in the tibialis anterior. Mice were immunized at the start of
the study (0 week) and challenged 4 weeks later with recombinant vaccinia virus

20 encoding Gag (rVVgag). Bleeds were performed at 0 and 4 weeks. DNA doses used
were as follows: 20 pg, 2 pg, 0.2 pg, and 0.02 pg.

DNA immunization of mice using Gag vs. gagFSpol and gagpol in pCMV
vectors was performed intramuscularly in the tibialis anterior. Mice were immunized
at the start of the study (0 week) and challenged 4 weeks later with recombinant

25 vaccinia virus encoding Gag (rVVgag). Bleeds were performed at O and 4 weeks.
DNA doses used were as follows: 2 ug, 0.2 pg, 0.02 pg, and 0.002 pg.

Cellular immune responses against Gag were comparable for all tested variants,
for example, Gag, GagProtease, gagFSpol and GagPollIna all had comparable
potencies.

30 Humoral immune responses to Gag were also comparable with the exception of

GP2 and especially GP1. Humoral immune responses were weaker in constructs
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DNA i mruni zati on of m ce using Gag vs. gagFSpol and gagpol in pCW vectors
was performed intranmuscularly in the tibialis anterior. Mce were i mmunized
at the stwptosptosthe study (0 week) and chal | enged 4 weeks PCatusn2/mi3th

reconmbi nant 25 vaccinia virus encoding Gag (ngag) Bl eeds were perforned
at 0 and 4 wee 0.02 g, and

0. 002 pg. ?%?Rrﬁf%rﬁlﬁﬂ?ﬂdporr%g %%&ro&:@gs 8@6‘/\,\@%9‘(&6 @&ﬁ%&%&%% for all

tested var iapion Ongsgﬁ@dﬁgécpby SRGacti@pidiQkease, gagFSpol and GagPol I na al |
had conpar abl e encies. 30 'Hunoral 1 mune responses to Gag were al so

conpar abl e wit hInt\h'eo er¢ gptivoexpefime@82peafodmes rewippoilt pf Gelpresenoyeationmune
responses vere in const ucts 111 /020876 PCT/ USQ2/ 21342

£Foi ek fa
conpri si ng SuggRY thad engesélf”c’éﬂ rappaseRicibneldag et Fomraratie Wb el o | ess
efficient  SREHAQL. Ech%BoR?@Q%gGég%Pﬁ%éﬁi{e @Kﬁﬁ.ﬂﬁtfhl’{c%oﬁél%tr%ﬁ@ﬁate'dp vitro and
in vivo experinents, perforned in support of e present Invention,
suggest t hproteake "éhupmas:bsdm 1@adt ofmytmage aifedts 9f mbteey Thesimmompar abl e wit h

all 5 constructs, Exception re frane with fully functional or
21t enuat edreoIE aEs CoHF SRRy TLEItHe eres O P RPUbIR: ¢ ef fect s of
protease. The imune response in mce correlated wwth relative |evels of

expression in vitro. Exanple 11 10 Protein Expression, |Inmunogenicity, and
Generation of Neutralizing AntibodiBsngs iy Type C Derived Envel ope

Pol ypepti des Envel ope ( nv e sugt pe.C Eri mary
|solatei§ TGO LXEECEY YUNQEEIICiG orgtion,of, i ed in

rabbits as foI | ows. Gene bgﬁ%d v%lo EP 9 express the gp 120
(surface antigen), gp 140 urface antl ict odormai n of
transnmenbr ane pEotedépe, (Egp)!l‘iza)cpinasrmbrived frotnetheg bbbty T @ﬂmfmolg;pﬂl“)’l gpl 60
forms of the HIV-1 env ol ypr.otein wth and WIthOUt del etlons of the
variabl e | G6pVErediens Wf?éﬁgcav thdigta, ayere stackin reRbwe gs fpdlows. Gene

sequence- h teins
ha Rov- | Raaes Seh i AR e RRSIIR0 (et R LR e R
pCW- hasedplps etodanaie of oassnieorbridd/prBiny g4l nendefnli-lqngdt @ph2@plosigetli)on
applications as descrjbed. above, The sequences were codon optim zed as

descri bed &408ifarmspfitae H}V- la?nvekﬁepﬂlaaqor%évﬂéﬁvé%@eub%%gmmﬁ @ ¢l oned

"5, e, SR MK ATV IS DLSEETAR bk ot o1 es

ect odomai nerahge)expredsigp dP thervatoded Env glycoproteins in a Rev-independent fashion

and they were subsequently cloned into pCMV-based plasmid vectors for DNA
20  vaccine and protein production applications as described above. The sequences were
codon optimized as described herein. Briefly, all the modified envelope genes were

cloned into the Chiron pCMVlink plasmid vector, preferably into EcoRI/Xhol sites.

A. Protein Expression
25 Full-length (gp160), truncated gp140 (Env ectodomain only) and gp120 native

versions of the TV1 Env antigen were produced from the expression cassettes
described herein. The gp140 encoding sequences were transiently transfected into
293T cells. The expression levels of the gene products were evaluated by an in-house
antigen capture ELISA. Envelope genes constructed from the native sequences of

30 TV001c8.2, TV001c8.5 and TV002¢12.1 expressed the correct proteins in vitro, with
gp140TV001c8.2 exhibiting the highest level of expression. In addition, the Env
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versions of the TV 1 Env antigen were produced fromthe expression
cassettes described herein. The gpl40 encodi ng sequences were transiently
t ransf ectwo 03276 293T cells. The expression | evel s of thecyarse/periuct s
were eval uated by an in-house antigen capture ELISA. Envel ope genes

constructed fromthe tiv uences of TVQA c8. 2, T c8.5 and
TV002c12. 1PHHR B’él%r%%ecp ﬁ%méﬁ? &&gffeﬁ% glong gigﬁ’v a5 %3}161, to@“tdhtxe UNGIRION 8. 2
exhi bi ti ngpilpgn ey el j it 4O . WO
! 0908y o Edin flngs %%g%?oﬁegiﬁrn A BSALR rhfifined B fltit? YD
was found ¢tanftinmdiionh@hCteptec bipding propeatfissifondtiodalityadf thyg ekprasset Vsl f eat ur e of

the expressed protein is maintained [p a fupctional conformation. The
iy ﬁ%m;e

receptor b RGOS Yassaleq Fot Ty SISIPRES8Xpressed TV 1 gp 160
proteig result confi LS4 . ot al
expression incr ﬁ%&%@‘%&@%ﬁg@?ﬁ%@?‘gﬁy %%ﬁéﬁggtsﬂgtﬁ]é}é %5134q40 constructs
conpar ed wedrdstriéte compared with THOnagen gpts seictcasettd3oBbtit the nrwifietli gpd2@p120 and

gpl40 variants secreted high anmounts of protejn in the supernatant. In
addi ti on, St 90 Vagrissegteles ik Braanty BF Mioicin ndhe USRI I8 gedition,

appr oxi mat = i | MofGlim ) 1, the
expr essi onﬁ)lle?a&f/zze?ﬁsdo{éfvgg(ﬂ?ﬁg? (?@{S?g%ggmg%ﬁg&?%d %I’I an?t%ﬂyﬁ%%l@é@é% 10 to
26-fol d coptgiechanitheintabiegj0l 4Bregdin thewixplessiat levels stguthetiegp140l gensum each
synt hiéi c construct t(g%ed éhowed rmrg than 10-fold increased |evels of
expr es¥i onvaEpLIngrease 1 HyLetold campanse vithiths ap ld0dieRs) Wil gabivicequengss-eover
all expressed I . rowel g d were
shown to bind %D%Flﬁgﬁb%{h%é%% cqléﬂgcgglﬁv&reg% d)ggﬁ/ag(}oﬁgﬁ Q{ﬁ% ﬁ%ﬁ scal e
prot ei n pulkewéls ofi¢sipoessior tdiaiie td Bhose neing slethatioe podickiceuartas.| Mpdeovet, talles  of
each of the undeleted and V-deleted oligoneric forns (o0-gp 140) of these
protei ns f&PressetpiiemswIr 6§ thegxpegied malerulag wejght pad wers shewsito Pdo1 and

R e

expresSed whe uiesdio gddidean@illyupiitibs ©f ach dReheadrideltademt nalélértli on
sensitivities of these two viral strains using sera from18 infected South
African i nof&pmessigfermsdgnA@sofghess pratpingpraagang sudigfas. At a 1: 10 serum
dilution, the TV2 strain was neutralized by 18 of 18 sera; at 1:50, 16 of
18; at 1:250, 15/18. In conparison, the TV 1 isolate was neutralized by 15
of 18 at 1:10; B5 Nmmtrylifatiofi pdoperies bf F¥D0aAGH TV0E2 oikallifotatspeci mens at 1: 250.
In addition, the TVOOl patient serum showed neutralization activity

agai nst the Tvodbe frausieat expaessignexperipant shpyvedithajttheienvelppe ganasaistived he TV002

" esur €2 subelehe BGLag s R ip b o s o Tl BobPBiter - ana

Relative neutralization sensitivities of these two viral strains using sera from 18

infected South African individuals (subtypes B and C) were as follows. Ata 1:10
serum dilution, the TV2 strain was neutralized by 18 of 18 sera; at 1:50, 16 of 18; at
1:250, 15/18. In comparison, the TV1 isolate was neutralized by 15 of 18 at 1:10;

25 only 6 of 18 at 1:50; and none of the specimens at 1:250. In addition, the TV001
patient serum showed neutralization activity against the TV002 isolate at all dilutions
tested. In contrast, the TV002 showed neutralization of TV0O1 only at the 1:10 serum
dilution. These results suggest that TV001 isolate is capable of inducing a broader and
more potent neutralizing antibody response in its infected host than TV002.

30
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nore potent neutralizing antibody response in its infected host than TV002.
30 113 WD 03/020876 5 PCT/ US02/ 21342 C. I mmunogenicity of the nodified TV1
Env DNA awoO opioaaseé n antigens in rabbit studies TV 1 Env PRAVUSowesui si ng
the synthetic expression cassettes) and protein vaccines were

adm nistrated a ihown in.the_follow.ng Tahle H.  Table H 10,15 |

GroupsPl asni d ,un ,e f Lﬁd : r ntigens i
1pCWQp160.,h¥leuard40. TV1I 2pCWgp160dV2. TV1o- gpl 40dV2. TV1
3pCWgpl6dVIVZ. TVI1o- gpl4aCGdVl V2. TV1 4pCWgpl40. TV1o- gpl40. TV1
5pCWgp140dV2. TVVd-HyplIASA\Romuisirgh/Mgplistid Y fresQ@onatbsetigp)l ahdgvdiem?. TV1
7pCWgp140dV2, SF1620- gpl.40dV2. SF162 . Sev roups. of 4 rabbits per group
wer e | mmunYZEGCSHVEY 1&@@?‘5‘1‘?&5@5“ “bﬁ’ﬁ(s%&lkg" abladl. o) i gomeric Env protein
antigens. Three doses of DNA, Ing of DNA per animal per immunization, were
adm nistrated intranmuscul arly by needle injection followed by

el ectroporation on weeks 0, 4, and 2Uablebks. A single dose of 20 100 ug of

Env prot ei B—-n—M=59 adiuvant—alsowas—given intramiscularly in a separate
site at 20 Geaps, | THRiasNADNAN@N, andi28mkss ell s ubPyptein®oseti@@wiss) modi | i ed
genes (TV 1) 41 gp|160, gpch8Rgd.Tvap 160dV]1 V2, gp-ggfao.Tyw 140dV2 pnd gp
140dV 1 V. 3 1V2. DNA
[ m’run'zéati Fpction
by the”int
transfecti ) (¢ -'and g 1 3 - L np cells.
A single H @i N bo@eSMBigp140dVAVFED adj uyant) wasg 0 weeks by
i ntramuscylar gi nj ¢ct i orpaMvgp1@aPAVaf\e si te] Anti hoghisbhimpswer e evhl uat ed
by ELISA 7 PCMVgp140dV2.SF162 0-gp140dV2.SF162

15

Seven groups of 4 rabbits per group were immunized with the designated
plasmid DNA and oligomeric Env protein antigens. Three doses of DNA, 1mg of
DNA per animal per immunization, were administrated intramuscularly by needle
injection followed by electroporation on weeks 0, 4, and 20 weeks. A single dose of
20 100 ug of Env protein in MF59 adjuvant also was given intramuscularly in a separate
site at 20 weeks.
The DNA immunization used subtype C sequence-modified genes (TV1) --
gpl60, gp160dV2, gpl60dV1V2, gp140, gp140dV2 and gp140dV1V2 -- as well as a
subtype B SF162 sequence modified gp140dV2. DNA immunizations were
25 performed at 0, 4, and 20 weeks by needle injection by the intramuscular route using
electroporation to facilitate transfection of the muscle cells and of resident antigen
presenting cells.
A single Env protein booster (in MF59 adjuvant) was given at 20 weeks by
intramuscular injection at a separate site. Antibody titers were evaluated by ELISA
30 following each successive immunization. Serum specimens were collected at 0, 4, 6, 8,
12, 22, and 24 weeks. Serum antibody titers were measured on ELISA. 96-well plates
were coated with a protein in a concentration of 1ug/ml. Serum samples were diluted

serially 3-fold. Goat anti-rabbit peroxidase conjugate (1:20,000) was used for
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30 follow ng each successive imunization. Serum specinmens were coll ected
at 0, 4, 6, 8, 12, 22, and 24 weeks. Serum anti body titers were neasured
on ELI SAwWO63neislie pl ates were coated with a protein in aPcorusentyati on of
lug/ M. Serum sanples were diluted serially 3-fold. CGoat anti-rabbit
per oxi dase  conj ugat 1: 20,.000) s used for 114 WD 03/020876

PCT/ US02/ 2‘1@%21083? M%t }&’B%PSeﬁlréBt%?\Ql%ﬁrgaéﬁ apd therpatibohstiters were ¢d ot A6 @Rt i body
titers werg Jpgg at 0.6 OD at 450nm Neutralizing antibody responses

agai nst PBMC-grown R5 HI V-1 strains were nonitored in the sera collected
from the i muni Xewtralagiahtibedsi tegpones aghih§tBVMC-@ewaRs HBV-i1rtrain® wikd f er ent

| aboratories, the 5.25 reporter cell-line based assay at Chiron and the
PBMC- bas ed™aBikersd 8 thpysere goNestedciromthe immunized ralbity 8pi9g tyo difessit £552¥y e shown

;c cn)l | gi/vgf” eﬁ}et@@’dij?&enta}gfqnggri %Eﬁe §:‘E5 Fe@@rt&s&ﬁmﬁ%ﬁ%{%g&gf% G gl?Jlﬁfem ly as

utralizing antl y r'esponses agal ns - gr own Subtype C
TVO01 and PBMIDBassd bssansf David Me@sfisrest Dikie(gnitdtsityd-ReuBeareehowh @ cell |ine
assay that _uses the 10 5.25 cell line. This cell has CD4, CCR5, CXCR4 and

BONZO r ecepigsies 8- 67e @8h6ér Jhe Ghirpr gssarps ¢andpetad essertipdlyma fallomsl CEM cel |

| i deri.ved: - - al.d: jan f i
e s ORIy R PRI B AR VBB
721. 174, cT¥a01 negnikdEMet fleastrERusig aivashdus@rspbaet €l lindtadsaly it @6ds!the af t er

the CCR5 gene (about 1.1 kb) was cloned into the BanH1 (5 ) and Sal-1 (3")
of thd015 pBAREl ingr dhiscel bos €RH. GRS e XCRA@nE BEPEGQaerepiorioatreespired i nt o

ot ected by 1100 Ry ERR JHHERELEERY BORKE Pt Bomalvfield o assay.

50 ul of tChicatiedferaldiwitiacutd Bmithoblsticdedkiehid WHERRE MEeddWRh tHETHdRRnSEr UM
were incubated at roomtenperature for one hour. This m xture was added
i nt o wel | sBwiekl Hnel 64l hi4, exsiefing fEMdd4i hTR-GHP s (rapsfeated ingmhezolly aftenbat ed at

37C for 5 . | { i xed it h, 2% of, f dehyd
ot ter “washhs T e Lt kD R kALl WoaRiteih Aad S BBiFact e 1 or
each g3anpl SBABR parBeticrialieetorNsRNubAGRGEN intsddigeRld tHeaItMeOf4 wage. The

data presented were the nean of the triplicate wells. The percent
neut r al i zagicomilyprescensecrrptaineCIIDmS dreeaslls was detected byfowsntansiterusi ng t he

fol |l owi ng ione %virus |nhibition = iruys.control 2

experi ment Qﬂl)ﬁc\%l For {h rYt'rlugPeﬁﬁ%ﬁzf“w@oaﬁﬁyoﬁu&oﬁ%?ethWS\?P&3_9u}%i bi ti on
observed i iitéEimmfiRe-dipeednhase feah werbhbdmteAtht Fesm eanferhta 4} gaal ani mal .
Val ues >50% are considered positive and are highlighted in gray. In Figure

67, the " #hourBhisaixurerwizstaddad frip srehawith 1 G ¥ml elle plataskinvi2duseli platebindi on i n
pr €- bé@ed %gﬁb%@d(a% %986 ¥or's ' 1 g&@s.bfﬁel c%ﬂg wgr%%ﬁer{ %%C\%iag?%ho% f&an%ﬁjdehgfjcgee of the

obser ved

after washing with PBS. Fifteen thousand events (cells) were collected for each sample
on a Becton Dickinson FACScan using Cellquest software. The data presented were
the mean of the triplicate wells. The percent neutralization was calculated compared to
the virus control using the following equation: % virus Inhibition = (virus control-

25  experimental)/(virus control -cell control) x 100. Any virus inhibition observed in the
pre-bleed has been subtracted for each individual animal. Values >50% are considered
positive and are highlighted in gray.

In Figure 67, the “#” indicates that animals had high levels of virus inhibition in
pre-bleed serum (>20% virus inhibition) that impacted the magnitude of the observed

30  inhibition and in some cases, our ability to score the serum as a positive or negative for

the presence of significant neutralizing antibody activity (< 50% inhibition).
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30 inhibition and in sone cases, our ability to score the serumas a
positive or negative for the presence of significant neutralizing anti body
activity we 030%srsahi bition). 115 WO 03/ 020876 PCT/ US02/ 213¢2/USoz213e dat a
presented in Figure 68, serum sanples were coll ect ed after a single

protein boost ( rd) were.screepged in triplicate : 8 dilution

N Chvirus (155 he ol DAt BRGRERE ooy st BB S e wlirie “os
reduction éul%l@ﬁﬁ)téiﬂ B&&@ﬁbo%t i@l Alekd/RréRed BAtkiplithid /S £OWNESHPRER RFuPr e- bl eed
control sanples. Zero values indicate 5 no of negative values were

measur ed (24 adisr ad«atwrdofomasx oValesishownhiethe i%nducptmprm P24 syntleeses serum

Neutralizat d d t ed dDb | t
B0% | hes deLaNp I aQa R G R BT RT R ER AP G frE \IER MR r gr ay
shadi ng Shﬁv‘ﬁ%egﬁtl\l'ee\%ﬁfes @veﬁ;ﬂr&a{sﬁfydCtNV”ndt @aﬁ@(fues%mg’ﬁlh%ltlﬁi gyre 64 shows

t he ELI SA data when plates were coated wth the nononeric 10 °gpl120.TV1
pr ot ei n. “ﬁhumnprsatum rNé¢wratizationogps wensidered postinet wipe 24gessesducsd iy ior t he

|mmn|zat|on nizatio duced_hi gh ant.jbody titers after
e second bR T are e oapat shhtns Sde BB B 1 or s of DA
have rel atdny@hy shdW QR leaSCL5®h rbduclBAh o yR@Eys titers as conpared to the
groups using gple0 forns after both first "and second DNA i nmuni zati ons.

Bot h t he gpl140.Hiyireddcdhd®s te Bld0A\data Wheplates gereetsaamdoxzﬁﬂc‘éld Iﬂm1@h1eamt| body
ti ter at aq% 04 at, weeks ost seco g £ Igﬁ 0dV2. TV1 pl asm d
yi el d é"e]s?quﬂl HS‘F"GHHF gEglogeuyto t 6»&‘)1"5&%6 BPESUsebioptient and al |
ot hers. ‘F

1H1nhe gﬁbﬁ‘ QA IR BRAYi 85 \%Afcﬁ.{ﬁ Ph&ﬂu&%@h@ﬂ aﬂtﬁﬂdg\t/te}s aﬂ?érQBﬁ_éféfﬂ@ gones

hi gher for roup 1 nmuni ze nolFogous 140dV2
t han t hat DINBhintnhmizatioe e grows ugpiunﬁddlzmﬁlgpMO fpeme ofDNAhaskowkdvélyt er s of

20 about 03 Al the rou showed sone ne in antibody titers by 8
weeks post lglpﬁg ge%‘é‘ﬁ%lﬁa‘g St?ﬂﬁkﬁﬁ’i ters £ eRfP ﬁﬁ’upﬁéswlpﬁwié’“ﬁ? otein
booster aty fﬁ%Q &S anttlske narﬁm%mfrﬁﬁﬁ%&st 'Bto ﬁlegp@x@maamprev' ously
observed a e secon i mmuni zat1 on ' og i ncreases were

obseri®d) . gpﬁlﬂOéVlVﬁ & Vir gened p‘roﬂm@dﬂngladtﬂtlbodlyltm’tsl & abaciof hnigvat Wweeks post

o- gpl 40dVv2. TV1 rot ein rimed, by pI 40dVv2. TV1 25 or gp
| 60dV2. TV SEC m?ﬁ&?i%{ﬁé%%sn%m d@gﬁ he Tugherfithty odqngl titers were

al so meas yr i btype C
o- gpl 400V2 64)”6‘%?]5%"%{;"3@ R afl%é%‘?&‘eﬁé’“( WL For ol
the TV | Breteimwere ghdr Girehpgroup remanized ol the Hodiodogdue gp IMGEIVAEVG t he

ol i goneric protei 40dV2, TV1 were hi %fgr t han those 30 rreasured usi ng
t he monone¥ues @ﬁBFPaFIE’I‘gé eleterplogons gp 0y R-ST362 geperwhich shosyed titeis0f  hese

gr g‘;l Odvg;ﬁ)gl;é %gr ANMRSEOLYHD sibvhdl dolpe AEHRY R BGRET (R HY BSveRks post the

second DNA immunization. Following the DNA plus protein booster at 20 weeks, all

groups reached titers above that previously observed after the second DNA

immunization (0. 5 —1.0 log increases were observed). After the protein boost, all

animals receiving the 0-gp140dV2.TV1 protein whether primed by the gp140dV2.TV1
25 or gp160dV2.TV1 DNA, showed the highest Ab titers.

Binding antibody titers were also measured using ELISA plates coated with
either oligomeric subtype C 0-gp140dV2.TV1 or subtype B 0-gp140dV2.SF162
proteins (Figure 65). For all the TV1 Env immunized groups, the antibody titers
measured using the oligomeric protein, 0-gp140dV2.TV1 were higher than those

30 measured using the monomeric (non-V2-deleted) protein, gp120.TV1. In fact, for
these groups, the titers observed with the heterologous subtype B 0-gp140dV2.SF162

116



116 WD 03/ 020876 PCT/ US02/ 21342 protein were conparable to or greater than
t hose neasured with the subtype C TV I ¢gpl20. Neverthel ess, all groups

i mMuni zedwaioi2msabt ype C i nmunogens showed _higher titersPpoTndongssd the
subtype C o-gp 140dV2. TV 1 protein than to the subtype B protein

gpl 40dV2. SE162. Conver sel the gro [ ni zed wt. he p V2. SF162

i munogen BRGREY i CWI@X% ﬁ°b°5c¥§e%f?r3€qnstgaﬁuetrﬁea§ﬂ@\édd'f lpb%‘ﬁé?t?xl% éﬁgﬁy pe B
protei n relAbDY NevbBhdeHR] MPE bR Hith- subdpt @ ilnmAbkedsREGPefSSAY'S
denonstrated that high antibody cross-reactivé anti bodi es were generated by

t he subt yiggheCTiters badg toile subtypp Cor-gb MAIVARY § erogein Thes to élsdubtype @i cat e
that the sub e - i yed En and. prot.ei 0 .antigens are
i mmnogenigfoieﬁggﬂ:llﬁr(?é¥ﬁi]sdﬂ%§i @Pger y’%}l&rﬁ%?{ “?lﬁe‘ﬁ’f#ﬁmezed rabbits and

subst ant i al;, 1960 ¢EREE 62 tmMBAS e shldithi g %19 Hithsh btype B and
subt ype CaépRS virus strai ns.grelrsl partilgﬁ%gr, tcﬁelt%g I140de\/2. Ve?fdanti gens

have i nducaditype fsprotantelativets sebtyps G gonmsperts veadlanlihtired dseaysubt ype B
SF162EnvDV2 and. subht .C TV strains.. Thus, TV1-based Eny DNA and

pr ot ei n- baéé‘&onémtie é%@iﬁﬁﬁqlﬁﬁwﬁé%ﬁF@tﬁﬁanti@di‘eﬁdYFé%g"Fﬂeljaﬁeci/'?}t@F anti body
responses_srugg?gquwy\_nbgggdmlklaﬁypﬁd&ghﬁn%eﬁgbtype B HV- 1 Env antigens.
Neutral i zi ng "anti body responses agai nst the neutralization sensitive

subt ype B R5 Hi Thd=Ril62itNi2ats thagiihe swbtype CHBE - dedvddrEmddN Agmd ppstesmf t er only
t wo i mruni zations. Foll.om ng.a.si.ngl e booster. immunizatjaon wi.th Env

pr ot m , t%’é‘ge%r%m“?ﬁenpéﬁ‘mcf“g high '&P%@Eén? es i dprRigrdrebts a8fed for ns
of ‘the TV dyhEiiia} RoMEAL2R nBRWIEALIAAEI R B&hbMickY st ely

rel at ed subtypeIC TV2 Sri rrrlary st rkgi n. dl%éxgél%pl e 10% ?Wﬁ?%@%%ﬁfﬁ g’iponses in
Rhesus MacRfuizss Watitsullapadicdlah tinoga4O0d WHINE arizporises indacel @wakteat ed i n
three groups, of .25 rhesus macaques (ea r wa de up of four aninmals)
in an i U AHZ IR TCSPRRFGS a%*\‘r}shﬂ‘ﬁﬁ?]étgip%gr@ﬁégﬁg‘ﬂ?}vi‘éﬁ%“%ﬁpeﬁﬁvgout e of

adm ni str t i vl T oAl : l.ec J in each
a%fa%‘{/é. 190s 1101 A8 H R TGA 268 nge%éllh Hfagéra am?l et wagﬁg_ S gt@{uh R4

case. Antibo titers are shown in Ta second
i munilZat i induce3fighl titér NDIHDEY ORPE6s FRETIISOIRY BdtB4RbtypdbCend sibtype B HIV-

1 Env antigens. Neutralizing antibody responses against the neutralization sensitive

subtype B R5 HIV-1¢p 6y, Strain were observed in some groups after only two DNA

immunizations. Following a single booster immunization with Env protein, the

majority of rabbits in groups that received V2-deleted forms of the TV1 Env showed
20  neutralization activity against the closely related subtype C TV2 primary strain.

Example 12
Immunological Responses in Rhesus Macagques

Cellular and humoral immune responses were evaluated in three groups of

25  rhesus macaques (each group was made up of four animals) in an immunization study
structured as shown in Table I. The route of administration for the immunizing
composition was electroporation in each case. Antibody titers are shown in Table I for

two weeks post-second immunization.

30
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G oupFor mul ati on of Ani mal

ng) + pCWenv B4000 (2.0 ng)

| SCOVES,

(4.2 ng) HCV cor e | SCOVS,
3pCWgag- pol A (previously0 (5.0 ng)i

core HEl,

#Titer

| muni zi ng Conposition 1pCwWgag (3. 5A3325
C (previouslyl838 i nmuni zed with HCV core
rwo@soznses El ) D (previousl yl1850 i nmuni zed wi t h HCPCTarse2/28€OVS,
rvwC core E1) 2pCMvgag (3.5A (previously525 ng) +
r VWC core Emﬁ\"ngagL, | (VLP)) B5313 C6450 D5713
i'zed with HCV core | SCOVS,

pCWpol i muni zed with

[CWgagSFZ) B (p
P Gro%pg

revi ousl ylUos

Formulatiori of
Immunizing
Composition *

Animal #

Titer

pCMVgag (3.5
mg) + pCMVenv
(2.0 mg)

A

3325

B

4000

C (previously
immunized with
HCYV core
ISCOMS, rVVC
core E1)

1838

D (previously
immunized with
HCV core
ISCOMS, rVVC
core E1)

1850

pCMVgag (3.5
mg) + pCMVpol
(4.2 mg)

A (previously
immunized with
HCYV core
ISCOMS, rVVC
core E1,

P55gag a(VLP))

525

B

5313

C

6450

D

5713

pCMVgag-pol
(5.0 mg)

A (previously
immunized with
HCYV core
ISCOMS, rVVC
core E1,
pCMVgagSF2)

B (previously
immunized with
rVVC/EL, pPCMV
Epo-Epi,
HIV/HCV-VLP,
pCMVgagSF2,
pUCgp120 SF2)

1063

C

513
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i rmuni zed
SF2) C513

with rwd E1, pCW Epo-Epi, H V/HCV-VLP, pCWgagSF2, pUCgp 120

118 WO 03/020876 PCT/ US02/ 21342 G oupFor nmul ati on of Ani nal

| mmuni zi yOGaopB36é ti on D (previously713 inmunized with r VYCTREB)2/21342

H V/ HCV- VLP) * pCWgag = pCWKnR. GagMbd Type C Bot swana pCWenv =
K2 aa

pCWLI nk.

al d4d0acna d\/92 J"_\vl_’l L Tvnao O

Bot swana
Pr e-i nmmundg
first imm
at week

i mmuni zat i
8 and a fd
previ ousl
(subtype H

PraoChy—tvz: type—9o—7r

pGidvgag- pol = pEMMkIRiaagCpol
sera were obt Aimgdn@ihgweek
ni zation was g|yeRnatiideek O

ek 6). Athir
urth at week 16. Aninmals 10 4
(approximatel y 4 years or pl asm d DNA or
). Bul k CTL, 5LCr-rel ease as ell cytonetry

on (i.e., at

wer e used

X w
to obtain theldata in Tahle %Viégamq used for

#Titer

& Type C

bn. The
gi ven

at week
tci nat ed
gag VLP
nmet hods

det ecti ng ‘HagM¥grs pprMoffen? GagMott- Tk |GBoksweny i ) synt hetic, overl appi ng
pepti des spatMiMegv =gdCPbink.spid0aped M2IEBY Yypel® typically the peptides were

pool s of 15aMVpo=pTMVEMRaAPbymitlinatliype pOBiSwHRI € as

n=1-82, poqicMVg@g%ai 4 BEMVRAD. cdgCPo1 R TRY Typd@BotshvanR=272- 377,

accor di ngl

y pool's and 2 are "gag"-specific, and pools 3 and 4 are

foll ows, pool 1,

"pol "-specific, and (ii) reconbinant vaccinia virus (rw), for exanple,

r VVgag965,

10

15

20

25

r VVpRiReinfiifhe sera were obtained at week O before the first immunization. The
first immunization was given at week 0. The second immunization was given at week
4. The first bleed was performed at 2 weeks post-second immunization (i.e., at week
6). A third immunization will be given at week 8 and a fourth at week 16. Animals
2A, 3A, 3B and 3D had been vaccinated previously (approximately 4 years or more)
with gag plasmid DNA or gag VLP (subtype B).

Bulk CTL, *'Cr-release assays, and flow cell cytometry methods were used to
obtain the data in Tables J and K. Reagents used for detecting gag- and pol-specific
T-cells were (i) synthetic, overlapping peptides spanning “gagCpol” antigen (n=377),
typically the peptides were pools of 15-mers with overlap by 11, the pools were as
follows, pool 1, n=1-82, pool 2, n=83-164, pool 3, n=165-271, pool 4, n=272-377,
accordingly pools 1 and 2 are “gag”-specific, and pools 3 and 4 are “pol”-specific, and
(if) recombinant vaccinia virus (rVV), for example, 1VVgag9653, rVVp2Pol975
(contains p2p7gag975), and VV,, parent.

Gag-specific IFNy + CD8 + T-cells, Gag-specific IFNy + CD4 + T-cells, Pol-
specific IFNy + CD8 + T-cells, and Pol-specific IFNy + CD4 + T-cells in blood were
determined for each animal described in Table I above, post second immunization.
The results are presented in Tables J and K. It is possible that some of the pol-specific

activity shown in Table K was directed against p2p7gag.
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(contains p2p7gag975), and VWwparent. 20 Gag-specific IFNy + CD8 +
T-cells, Gag-specific IFN7 + CD4 + T-cells, Pol- specific IFNy + CD8 +
T-cel l's, wod3Puis7epecific |FN7 + CD4 + T-cells in bl ood wece/usdetsum ned
for each aninmal described in Table | above, post second i mruni zati on. The
results are presented in Tables J andTKl%Lt I s possible that sonme of the
pol -specific activity shown in Table ®leghs direct ed agai nst p2p7gag. 25
119 5 10 1520 W0 03/020876 PCT/ USppAsseyReswdlsy Specific CD4+ ResponsesGag

Speci fic Cp8+ Grjoul mmun- d@&ogb%gﬁ RITANI RZd B | Goum - | owCTYFI ow
si ti onp55Ppel, F%@_FI\@+POOI REte P REpBisel® R SpeEiie 2
1ApCWgag3 p}é 31Z]§$ M nusmnus225_ nCM/eny esponses
1BpCWgagllLi84. 41 86m nMugn eus160 pCWenyg CTL
1CpCMWgag5| PRl 1 .%:24811?)1 udnl o Te poweny 1hneivaddE s, 11 650bEIts 2406
pCWenv 2ApCWgag#i®y. 81. 5J|PU Wil 6 F%“
D BOCWoagLh. 56. 83 212600l US§ET44 ip%%/é_ ob RIShE e B0 21 PR s ni nuso
PCWipol' D0V BRp3, 15 #1334 sy nusfigh, POMDOLS | s | 225
pCMVenv
1B pCMVgag | 11.8 |44 1.5 786 minus | minus | 160
pCMVenv
1C pCMVgag | 5.7 |1.1 24 361 plus plus 715
pCMVenv
10 1D pCMVgag | 6.5 |3.1 1.6 500 plus ? 596
pCMVenv
2A pCMVgag (4.8 4.8 1.6 405 plus minus | 1136
pCMVpol
2B pCMVgag | 12.5 | 6.8 3.3 1288 | plus minus | 2644
pCMVpol
2C pCMVgag | 6 3.8 2.1 776 minus | minus |0
pCMVpol
2D pCMVgag | 18.9 | 13.5 5.4 1351 minus | minus | 145
pCMVpol
15 3A pCMV 122 17 1.5 560 plus plus 3595
gagpol
3B |pCMV |27 |56 1.3 508 |pms |2 3256
gagpol
3C pCMV 11.6 |5 1.2 289 minus | ? 617
gagpol
3D pCMV 1.5 {12 1.4 120 minus | minus | 277
gagpol

? = might be positive on rVVp2Pol.
20
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3ApCW12. 271. 5560pl uspl us3595 gagpol 3BpCW2. 75. 61. 3508pl us?3256 gagpol
3CpCW11. 651. 2289m nus?617 gagpol 3DpCWL1.51. 21.4120m nusm nus277 gagpol ?
= m ght b&oposasieve on rVVWp2Pol . Table J Gag Assay Resul t #CTAG02A308/ 020876
5 10 15 PCT/ US02/ 21342 Pol Specific CD4+ ResponsePol Specific CD8+

G oupl mun- Responses Ani mal zzng LPA( Mr{g\NCTLFI ow Conpo 1sition Pool 3Pool
41 FNg+Pool 3Pool 41 FNg+ 1ApCWgagll. sm nusO pCWenv

| BpCWgag110ni nusnmi nusQ pC\Weny 1 Poldasen E@_’LSP 13 0ni nusm nus0 pCWenyv
1DpCWgagl| 21. 30$\' nusmi nusppg 8@!54%%%4&@9 A Qp99R0RaS M NUS459
1%
pCwpol 289%{9@ 28107 nusm nus838 Responses
5 / izing
Anima | Compo- LPA(SI) Flow CTL Flow
! sition Pool3 |Pool4 |IFNg+ |Pool3 |[Pool4 |IFNg+
1A pCMVgag |1 1.2 0 minus minus |0
pCMVenv
1B pCMVgag |1 1 0 minus | minus |0
pCMVenv
10 1C pCMVgag |1 1.1 0 minus minus |0
pCMVenv
1D pCMVgag | 1.2 1.3 0 minus | minus | 262
pCMVenv
2A pCMVgag 1.1 0.9 92 minus minus | 459
pCMVpol
2B pCMVgag | 2.5 1.8 107 minus minus 838
pCMVpol
2C pCMVgag | 1.2 1.1 52 plus minus | 580
pCMVpol
15 2D pCMVgag |2.5 2.7 113 plus plus 5084
pCMVpol
3A pCMV 2.7 2.4 498 minus minus | 3631
gagpol
3B pCMV 1.1 1 299 minus minus 1346
gagpol
3C pCMV 2.1 14 369 minus | minus | 399
gagpol
3D pCMV 1.3 1.8 75 minus minus 510
gagpol
20 These results support that the constructs of the present invention are capable of

generating specific cellular and humoral responses against the selected HIV-

polypeptide antigens.
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pCWpol 2CpCWgagl. 21. 152pl usm nus580 pCwpol

2DpCWgag2. 52. 7113pl uspl us5084 pCWpol 3ApCW2. 72. 4498m nusm nus3631 gagpol
3BpCW1. MPIdrasas M nus1346 gagpol 3CpCW2. 11. 4369m nusm ROTAS02/gagpol
3DpCW1. 31. 875m nusm nus510 gagpol 20 These results support that the
constructs of th ' i : . I ific
cel lul ar and hunﬁ%@ﬁ%ﬁ%ﬁ?&%@@ﬁ%& %¥ @g%g@#@cﬂe tlﬁﬁf"‘“’?&?@g%%ﬁ?e?e

anti gens. TalbmeKefad) it AssdgrsResithitsoblidhs VWRiB3H S 2MEeomENST 1liehi2 A Sadedi;

Al t hough preferred enbodj ments of the subject invention have been descri bed
in some detBpm thg gpinitangd brescopes 6 therimtenton, asodedingdi Py theiapnended slapes. made

W t hout departing fromthe spirit and the scope of the invention as
defined by the appended clains. 122 WO 03/020876 PCT/ US02/ 21342 What is
claimed is: | - An expression cassette, conprising a polynucl eotide
sequence encoding a polypeptide including an H'V Gag pol ypepti de, wherein
t he pol ynucl eoti de sequence encoding said Gag pol ypepti de conprises a
sequence having at | east 90% sequence 5 identity to a sequence sel ected
fromthe group consisting of SEQID NGO 9; SEQ ED NO 10; SEQ ID'NO 11;
SEQ ID NO 12; and SEQ ID NGO 16. 2. An expression cassette, conprising a
pol ynucl eoti de sequence encoding a polypeptide including an HV Gag

pol ypepti de, wherein the pol ynucl eoti de sequence 10 encodi ng said Gag

pol ypepti de conprises a sequence having at |east 98% sequence identity to
a sequence selected fromthe group consisting of SEQ ID NO 13; SEQ ID
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NGO 14; SEQ ID NO 15; and SEQ ID NO 55. 3. An expression cassette,
conprising a polynucl eoti de sequence encoding a 15 pol ypeptide M cluding an
H V Gag pwbypepisrdle, wherein the pol ynucl eoti de sequence Pemasdr/mg4sai d Gag
pol ypepti de conpri ses a sequence having at |east 95% sequence identity to
SEQ ID NO__17., 4, . An_expression cassette, conprising a polynucl eotide
sequence e Btdlﬁﬁb‘méedzlé: pol ypeptide including an H V Nef pol ypeptide,
uherein the RAXIMGSPLAAR SEAMANGS o HoBRlnbE EndRignept | de
conprises a sequence having at 1eaSt 90% sequenc rdentity to a sequence
sel ect ed fpodypeptide pchdingao FHVsGugpolppepEHe) wikdréidtiTjolyBhaclebidie fquétse SEQ | D
NGO 27; SEQ | D, NO Za; SEQ ID NO 33 and SEQ ID NO 34. 25 5. An expression
cassette, TERAPINESHAFIE RSIPFRHIAS BT Stsqiente 82 Wng aideary 9% savsAsept i de

i ncl udg ng . I i i . I A uence
encodic%ng s@%%&%? E%@%e%??tggﬁ%?n%%& %nélg%l eﬁ%@%%&@@st 98%
sequence NOer SED MoNSEQ ; ISBOND 3@: 130n8 SEIRNO: &&Si on cassette,

conprising a polynucl eoti de sequence encoding a polypeptide including an
H vV Tat pol ypepti de, wherein the pol ynucl eoti de sequence 123 WD 03/ 020876

PCT/ US02/ 2,13 i Ld ..hal i €0 I uence havi ng at
| east 90%%e§§§%§r§95qélg%ﬁ%% yco}?rg&ge%@gﬁ@gggg ee%ﬁéééégré%%d ga group

consi st i NgpdfpePhte Intluliineg 42 HISEGu¢ Polypptids, witdréh ke gdbirutleotEQeqeer 52; SEQ
D NGO 53; SEQ ID NO 54; SEQ ID NGO 56; and SEQ ID NO 57. 5 7. An expression
casselQ e, WeAPNE s7if g ag nobIPyRiida mprges sEguelve dadng aldeag 98% ssarsisept i de

i ncl udi ng . | I.n - DO i.de. nce
encodi ng slg%’]“&hﬂ-‘z\éé%gg%‘i“%‘!e%? Egte%ag%ﬁnpérﬁ@ é@dpacoéglgtggn%?%wg\gdg?’ ?E;gs 90%
sequence Ndent;iSEY) IMNSED; labd BOYD NO:8EQ | D NO 45. 10 8. An expression
cassette, conprising a polynucl eotide sequence encoding a polypeptide
including an HHV Vif pol ypeptide, wherein the pol ynucl eoti de sequence
encodi ng i i.d RIS e | ng.at_ | east 90%
cequence Tanhiry Y GPRH LR Ry R BRI e D O ss. 15
9. An1®Xxprisigieptide ashdingan HINEGLE 561pgeidpObhdreis ieoidigrckeadeagaemrcodi ng a
pol ypepti c}gﬁ?pn.cl uding an_H'V Vpr go?g%pgpti de, vm%%aiﬁﬁt he poﬁ?nucl eot i de
sequence encoding said Gag polypeptide comprises a sequence having at least 95% sequence

identity to SEQ ID NO:17.

4. An expression cassette, comprising a polynucleotide sequence encoding a

20  polypeptide including an HIV Nef polypeptide, wherein the polynucleotide sequence
encoding said Nef polypeptide comprises a sequence having at least 90% sequence
identity to a sequence selected from the group consisting of SEQ ID NO:25; SEQ ID
NO:26; SEQ ID NO:27; SEQ ID NO:28; SEQ ID NO:33 and SEQ ID NO:34.

25 5. An expression cassette, comprising a polynucleotide sequence encoding a
polypeptide mcluding an HIV Prot polypeptide, wherein the polynucleotide sequence
encoding said Prot polypeptide comprises a sequence having at least 98% sequence

identity to SEQ ID NO:39.

30 6. An expression cassette, comprising a polynucleotide sequence encoding a

polypeptide including an HIV Tat polypeptide, wherein the polynucleotide sequence
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encodi ng said Vpr polypeptide conprises a sequence having at |east 90%
sequence identity to at |east 20 contiguous base pairs of SEQ ID NO 59. 20
10. An exywoas3m2mme cassette, conprising a polynucl eoti de sequarsos2Bmrodi ng a
pol ypeptide including an H'V Vpu pol ypepti de, wherein the pol ynucl eoti de

est | o0% Sgbwone PiignltPry Rt BR: A5 TEatt hire SR HER SR "0t “se0 1 0

NO 60. 25 Hbntith tb@%@@&yneagaec@éapﬁﬁﬁ%&eog}owé&ﬁmﬁgﬁfSEQ IDNG:438§E6LBH host
cell, conprising, an expression cassette of any of claims 1 to 10 or 57,

and wher ei NOs#3; B HED Iy N215épSEQ4D N@GAeSE@ IDSNO@eSr, 8BID NOkEc SEQ Hwont r ol

el enments c i bl i ession in the selected host cell. 30 12. The
r econbi nanﬁjgég%raﬁgglla\(%hg@g of claim1l, wherein said control elenents
are 124 WD 03/020876 PCT/ US02/ 21342 sel ected fromthe group consisting of a

transcription pronoter, a transcription enhancer elenent, a transcription

ter m nat i oA s\mgpxate,ssmmbgsactmaybmpmmg s pojyenieside sezpqm&mne@dlﬁg)a optim zation
nd translation termnation, sequences. 5 13.

initiatiaon of tra atIO
The r econbP Pletpt’élﬁﬂ"rc @% %6%?%11”13‘?9 Fideony }ﬂemmfeﬁ“&{%c@%@? Sleﬂ‘éf'?%ér i ption
promoter i &&am%wﬁ%vrmg%g@dﬁ%{owgﬁ%@ﬂﬁe %a%% %W%t i b A, SVAQ,

RSV, H V-Ltr orrprl sing an
expr essi onideastyed SEQID &ty4Hbr SEQIIPENO:450 10 or 57, and wherein said
polyngﬁleotide sequence is operably linked to control elements conpatible
W th pression in the selected cell. 15. The cell of claim 14, wherein the

cell is a n the cell is
sel ected fﬁ%ﬂiﬁhgﬁé?lgﬁg‘!‘%%ﬁf st? rrlls-gmkg? b &g ulg%fo\}g%c{ﬁkﬂz%ﬁgg&ﬁ% RD, COs-7,
and CHO cepélgpeptide intheligedd HBY Viflpalyperitiie, whexeai the palydudtaitide se‘quanéa-lO cell.

20 18. The cel|l of.claim 14, wherein the cell is an_ insect cell. 19. The
cel | of clSiRHg, Sa\?&h‘J@?B?IMP‘mﬁ’ée EQTIPrises 2 spqueRse havingrit fasid0% pRAueNHss) or SO

i nsect identity to at least 30 contiguous base pairs of SEQ ID NO:58.

15
9. An expression cassette, comprising a polynucleotide sequence encoding a
polypeptide including an HIV Vpr polypeptide, wherein the polynucleotide sequence
encoding said Vpr polypeptide comprises a sequence having at least 90% sequence
identity to at least 20 contiguous base pairs of SEQ ID NO:59.

20
10. An expression cassette, comprising a polynucleotide seduence encoding a
polypeptide including an HIV Vpu polypeptide, wherein the polynucleotide sequence
encoding said Vpu polypeptide comprises a sequence having at least 90% sequence
identity to at least 20 contiguous base pairs of SEQ ID NO:60.

25
11. A recombinant expression system for use in a selected host cell, comprising, an
expression cassette of any of claims 1 to 10 or 57, and wherein said polynucleotide
sequence is operably linked to control elements compatible with expression in the
selected host cell.

30

12. The recombinant expression system of claim 11, wherein said control elements are
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cells. 25 20. The cell of claim 14, wherein the cell is a bacterial cell.
21. The cell of claim 14, wherein the cell is a yeast cell. 30 22. The cell
of clai mwo,03msrein the cell is a plant cell. 125 WO 03/ @208/562/21342

PCT/ US02/ 21342 23. The cell of claim 14, wherein the cell is an antigen
presenting gell. . 24. The cell ,of claim 23, wherein the antigen presenting

cell is a PSFRSLII LN $rouR Fensisting of p FANCHRLQH OFo&Snd MaRSCHBEME nacr ophages,
nonocyt es, R I I T P , d progenitor
ol 15" hor GaPREG dlehignt & aporyo erinaliyf Sl po B fenc) P 20T
cell. 26. ypemel foraptintiztion dfinitwiien ef marsheion ind tianslation fpmimbedd zed cel | .
10 27. The cell of claim 14, wherein the cell is a tunor-derived cell. 28.
A met hod f & 4UFSeuci ng a pol ypeptide including H V Gag pol ypepti de
sequenges, said nethod conprising, 15 incubating the cells of claim 14,
under conditions for producing said polypeptide. 29. A gene delivery

vect or for 18.s&hé recambinamedxpressisn bjsent of damirl, shegirsailirambligtiogene del i very
vector for use in said subject, wherein the vector _ 20 conprises an

expr essi onProRaets eelestedsiigimshe goyp gnsisting off GVeY, GYLV-Higtepnaiey ¥4Gh RS, d

pol ynucl eoi4rdq s QGNERER, | 2y linked to control elenents conpatible
wth expriéfég?’c'}?i I'n 5@2&,3%%&%@{1@9%;&% nmet hod of DNA i nmuni zation of a

subj ect, conprising, 25 introducing a gene delivery vector of claim29 into
sai d subject under cqonditions that are conpatible with expression of said
expr ed8i onltad<el comprisiaganexpsensjon cassette of appof glafpltaot0 er 27’080, wher ei n
sai d gene i I: I . nmet hod of claim
30, wherei ﬂ“ﬂéﬂae#’g’ra@eﬁé"t%qegh%e%ﬂg%{r%y ‘%Js?fangﬁ%&%%rt? ?%‘l'j ateleey%gté VO 03/ 020876
PCT/ US02/ 2¢@fgatbRrwitteexpr&Sion Tinthenseletted celf. cl ai m 32, wherein said vector is
coated on a gold or tungsten

15. The cell of claim 14, wherein the cell is a mammalian cell.

15
16. The cell of claim 15, wherein the cell is selected from the group consisting of
BHK, VERO, HT1080, 293, RD, COS-7, and CHO cells.
17. The cell of claim 16, wherein said cell is a CHO cell.

20
18. The cell of claim 14, wherein the cell is an insect cell.
19. The cell of claim 18, wherein the cell is either Trichoplusia ni (Tn5) or Sf9 insect
cells.

25

20. The cell of claim 14, wherein the cell is a bacterial cell.

21. The cell of claim 14, wherein the cell is a yeast cell.

30  22. The cell of claim 14, wherein the cell is a plant cell.
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particle and said coated particle is delivered to said subject using a gene
gun. 5 34. The nethod of claim 30, wherein said vector is encapsulated in a
| i posone wprogpznsaé i on. 35. The net hod of cl ai m 30, wherei RCIAiSd2/vBe10r is a
viral vector. 10 36. The nethod of claim 35, wherein said viral vector is
a retroviral vector. 37. The method of claim 35, wherein said viral vector
is an al phavi Hag Cefﬁ@étc@rm 14,whesgn thecellig amaHizer PrseitiRg $8ll- wherein sai d viral
vector is a lentiviral vector. 39. The nethod of claim 30, wherein said
subject is a mammal . 40. The nethod of claim39, wherein said manmal is a
human. 20 24.. THe celitdiethim D3 geleeiathawntizen presemiag celbparigmphaid eelbseligcest |
conprising transfecting cells of said subject a gene delivery vector of

clai m 29, lpradhe sioHRICORSHBE Chaycioahages. mopocyteprdeaditisrels, egplly, T-cells,
pol ynu$l e%{érﬁ%eﬁs”‘&n%@@gﬁ%o‘r‘a&lﬁ e g d polypeptide, thereby eliciting an

i mrunol ogi cal” respon 0 said polypeptide. 25 42. The nethod of claim41,
wherein said vector is a nonviral vector. 43. The nethod of claim41,
wherein said vector is delivered using a particulate carrier. 30 44. The

met hod of 3.aths @8l of i dftwhepia theetallss a pemawiae8d on a gol d or tungsten 127
WO 03/ 020876 PCT/ US02/ 21342 particle and said coated particle is delivered
to said vertebrate cell using a gene gun. 45. The nethod of claim4l,

wher ei n sai@l YReErofickhirg N4 aphatbiattgdedlls an inipescired cqr eparati on. 5 46. The
net hod of claim4l, wherein said vector is a viral vector. 47. The net hod
of cl&m 46, wherein said viral vector is a retroviral vector. 10 48. The

et hod of ¢} afy 4% o ISH T4 WRAL LA YERRGLad RedBp Phavi ral vector. 49,

The net ho aim erein said viral vec I's'a lentiviral vector.
50. The nethod of claim4l, wherein said subject is a manmal. 15

28. A method for producing a polypeptide including HIV Gag polypeptide
sequences, said method comprising,
15 incubating the cells of claim 14, under conditions for producing said

polypeptide.

29. A gene delivery vector for use in a mammalian subject, comprising
a suitable gene delivery vector for use in said subject, wherein the vector
20 comprises an expression cassette of any of claims 1 to 10 or 57, and wherein said
polynucleotide sequence is operably linked to control elements cornpatible with

expression in the subject.

30. A method of DNA immunization of a subject, comprising,
25 introducing a gene delivery vector of claim 29 into said subject under
conditions that are compatible with expression of said expression cassette in said

subject.

31. The method of claim 30, wherein said gene delivery vector is a nonviral vector.
30

32. The method of claim 30, wherein said vector is delivered using a particulate
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51. The nethod of claim50, wherein said manmal is a human. 52. The net hod
of claim4l, wherein said transfecting is done ex vivo and said

transf ectwo 0824836 are rei ntroduced into said subject. 20 P8T/UShz21381 hod of
claim4l, wherein said transfecting is done in vivo in said subject. 54.
The net hod of, claim4l, where said i mune response is a hunoral inmune
response. 28185  The nethod of claim41, where said i nmune response is a
cel lular i mmune response. 56. The nethod of claim4l, wherein the gene
delivery vector is adm nistered 30 intranuscularly, intranucosally,

i ntranasal By, Tﬁuheutoalrtﬁmmlhm Wlﬁremdaﬂmﬂbﬂoy;s doadsaer goid bytungsten avagi nal |y,
intrarectal ly, ly or intravenously WD 03/020876 PCT/ US02/ 21342 57.
An expresspifﬁw@éé‘@éﬁlfiéoafé‘élPﬁ‘itic?llﬁ@ehé(eﬁéWﬁ%}éls%léjﬁqtd‘émgé(ﬁ%&@ encodi ng a

pol ypegtide including an HV Env pol ypeptide, wherein the polynucleotide
sequenCe encoding said Env pol ypeptide conprises a sequence havi ng at

| east 90% s£0TasaRthddddtldih)30 WhéeideaideRc®r ssesne@ﬂsamtefdri@ Alibbd>ngy oup
consisting of SEQID NO 61, SEQID 5 NO 62, SEQ ID NO 63, and SEQ | D NO 64.
129 preparation.

35. The method of claim 30, wherein said vector is a viral vector.
10
36. The method of claim 35, wherein said viral vector is a retroviral vector.
37. The method of claim 35, wherein said viral vector is an alphaviral vector.
15 38. The method of claim 35, wherein said viral vector is a lentiviral vector.

39. The method of claim 30, wherein said subject is a mammal.

40. The method of claim 39, wherein said mammal is a human.

20

41. A method of generating an immune response in a subject, comprising
transfecting cells of said subject a gene delivery vector of claim 29, under

conditions that permit the expression of said polynucleotide and production of said
polypeptide, thereby eliciting an immunological response to said polypeptide.

25
42. The method of claim 41, wherein said vector is a nonviral vector.
43. The method of claim 41, wherein said vector is delivered using a particulate
carrier.

30

44. The method of claim 43, wherein said vector is coated on a gold or tungsten
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particle and said coated particle is delivered to said vertebrate cell using a gene gun.

45. The method of claim 41, wherein said vector is encapsulated in a liposome

preparation.

46. The method of claim 41, wherein said vector is a viral vector.

47. The method of claim 46, wherein said viral vector is a retroviral vector.

48. The method of claim 46, wherein said viral vector is an alphaviral vector.

49. The method of claim 46, wherein said viral vector is a lentiviral vector.

50. The method of claim 41, wherein said subject is a mammal.

51. The method of claim 50, wherein said mammal is a human.

52. The method of claim 41, wherein said transfecting is done ex vivo and said

transfected cells are reintroduced into said subject.

53. The method of claim 41, wherein said transfecting is done i vivo in said subject.

54. The method of claim 41, where said immune response is a humoral immune

response.

55. The method of claim 41, where said immune response is a cellular immune

response.

56. The method of claim 41, wherein the gene delivery vector is administered
intramuscularly, intramucosally, intranasally, subcutaneously, intradermally,

transdermally, intravaginally, intrarectally, orally or intravenously.
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57. An expression cassette, comprising a polynucleotide sequence encoding a
polypeptide including an HIV Env polypeptide, wherein the polynucleotide sequence
encoding said Env polypeptide comprises a sequence having at least 90% sequence
identity to a sequence selected from the group consisting of SEQ ID NO:61, SEQ ID
NO:62, SEQ ID NO:63, and SEQ ID NO:64.
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