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POLYPEPTI DES AND PRODUCTI ON OF VI RUS- LI KE PARTI CLES 5 TECHNI CAL FI ELD0S DEC 2005
Synt hetic expressi on cassettes encoding the HV pol ypeptides (e.g., Gag-,
pol -, prot-, mmMEMMHMMIWMnscrlptase Env- or tat-containing pol ypeptides)
are describ es of the expression cassettes. The 10 present
i nvention rel at esuegeet he efficient expression of HV polypeptides in a
variety of cell types. Further, the invention provi des nethods of
produci ngwuionsssed i ke Particles (VLPs), as well as, usestakighssVLPs and
hi gh |evel expression of oligonmeric envel ope proteins. 15 BACKGROUND OF
THE | NVENTI ON Acqui red i mmune deficiency syndrone (AIDS) is recognized as
one of the greatest health threats facing nodern nedicine. There is, as
yet, no cure for this 20 disease. In 1983-1984, three groups independently
identified the suspected etiological agent of AIDS. See, e.g.,
Barre-Si noussi et al. (1983) Science 220:868-871; Mntagnier et al., in
Human T-Cell Leukem a Viruses 25 (Gallo, Essex & G oss, eds., 1984); Vil ner
et al. (1984) Thevbdravest EXPﬂﬁ@SIdROpGVHBVeEOIaJREP(I‘IBEQ)AI&Ei ence

224:497-500; Levy et ﬁ&dj ?Cbﬁﬂﬁ?LﬁﬁizgﬂQTﬁb These isol ates were
enopat h d

variously called | ynpha - associ a VI'Tus AV), human T-cel
| ynphot ropi ¢ virus 05 DEC 2005

5 TECHNICAL FIELD
Synthetic expression cassettes encoding the HIV
polypeptides (e.g., Gag-, pol-, prot-, reverse
transcriptase, Env- or tat-containing polypeptides) are
described, as are uses of the expression cassettes. The
10 present invention relates to the efficient expregsion of
HIV polypeptides in a variety of cell types. Further,
the invention provides methods of producing Virus-Like
Particles (VLPs), as well as, uses of the VLPs and high
level expression of oligomeric envelope proteins.
15
BACKGROUND OF THE INVENTION
Acquired immune deficiency syndrome (AIDS) is
recognized as one of the greatest health threats facing
modern medicine. There is, as yet, no cure for this
20 disease.

In 1983-1984, three groups independently identified
the suspected etiological agent of AIDS. See, e.qg.,
Barre-Sinoussi et al. (1983) Science 220:868-871;
Montagnier et al., in Human T-Cell Leukemia Viruses

25 (Gallo, Essex & Gross, eds., 1984); Vilmer et al. (1984)
The Lancet 1:753; Popovic et al. (1984) Science
224:497-500; Levy et al. (1984) Science 225:840-842.
These isolates were variously called lymphadenopathy-

associated virus (LAV), human T-cell lymphotropic virus

ORI



WO 00/ 39302 PCT/ US99/ 31245 type 111 (HTLV-111), or AIDS-associ ated
retrovirus (ARV). Al of these isolates are strains of the sane vi I’QJ%,DE[\aqu
were later collectively naned Human | nmunodeficiency Virus (HV). Wth the
isolation of a related 5 AIDS-causing virus, the strains originally called
HV are nowternmed HV-1 and the related virus is called HV-2 See, e.g.,
Guyader et al. (1987) Nature 326:662-669; Brun-Vezinet et al. (1986)

Sci ence 233: 343-346; C avel et al. (1986) Nature 324:691-695. 10 A great
deal of iWP@pA®e3 on has been gat hered about the H V vircorassgmwsver, to
date an effective vaccine has not been identified. Several targets for .

vacci ne deygbopneEnt mwexb@pn Sxafipzedskpel adingetkevenys Gags, . pol and
tat gene products encoded H V. 15 Haas, et al., (Current Biol ogy

6(3): 315- 3241 1@@65116%@@@%%%? (IR SSEPARFi Ve TEISATESKYE Dy V- 1 appear ed

to accountwéss laatsettbscbamtataivémctﬂa@\adomrt\m ﬂnﬂﬁhﬁﬂéf@@ﬁéﬁ@{f vi ral
protein synthesis, Andre, et al . Virol 9,3@51497 1503, 1998)

descri bed ak*Fier BH3Ed i Hﬁﬁlﬁethezolsroéé‘ﬁbﬁgeogla} & ®By DNA vacci nati on
enpl oyi By aarsyndéading @miaa SEHHIeREa i Wkt br DfiraTilzedal DEOHING 3ge.

Schnei der a 903 1997) cuss i nactivation
of i nhi bi to??}w('b‘?r“i‘eﬁ?gtlﬁ& I?l ?S}; }bﬁ) é’ﬁgﬁfg RESK Ilgcﬁf‘«]eg 5\/”% 71t the coding
sequences oOfeéhe= 2h. G@gyaadr Gag-41r.0t(@ase) cmathutga seqeeaezsssﬁhe Gag proteins
proteins arBr TS OB PR Fhny SEHles T 11 Ta e Are o e b rus
i ncluding, asse(udag) \Nlalthﬁé maqwgal—lseﬁ after particle 30 rel ease, and early
post-entry steps,i re\é'tr r%tolrontm%[hﬁag %lf%% 8% ﬁlé)}l/% %G\O%ﬁprot eins are
nuner ous and conpl ( ree ogy T1s E 9 §5 0 5 DEC
2005 WO 00/ Bes8QzIv v1rus, however, to date an effective vaccine has
not been identified. Several targets for vaccine
development have been examined including the env, Gag,
pol and tat gene products encoded by HIV.
15 Haas, et al., (Current Biology 6(3):315-324, 1596)
suggested that selective codon usage by HIV-1 appeared to
account for a substantial fraction of the inefficiency of
viral protein synthesis. Andre, et al., (J. Virol.
2(2):1497-1503, 1998) described an increased immune
20 response elicited by DNA vaccination employing a
synthetic gpl20 sequence with optimized codon usage.
Schneider, et al., (J Virol. 71(7) :4892-4903, 1997)
discuss inactivation of inhibitory (or instability)
elements (INS) located within the coding sequences of the
25 Gag and Gag-protease coding seguences.
The Gag proteins of HIV-1 are necessary for the
assembly of virus-like particles. HIV-1 Gag proteins are
involved in many stages of the life cycle of the virus
including, assembly, virion maturation after particle
30 release, and early post-entry steps in virus replication.
The roles of HIV-1 Gag proteins are numerous and complex
(Freed, E.O., Virology 251:1-15, 1998).



PCT/ US99/ 31245 Wl f, et al., (PCT International Application, WO 96/30523
publi shed 3 Cctober 1996; European Patent Application, PubI i cati drb Big. 2 ﬂﬁﬁ
449 116 Al, published 2 October 1991) have descri bed the use of altered

pr55 Gag 5 of HIV-1 to act as a non-infectious retroviral-like particulate
carrier, in particular, for the presentation of inmmunologically inportant
epi topes. Wang, et al. (Virology 200:524-534, 1994) describe a systemto

st udy assenblgy of HIV Gag- (3-gal act osi dase fusion proteins into 10
virions. YR&Y¥cribe the construction of sequences EREQEPRGHI v
Gag- 0- galact05|dase fusion proteins, the expression of such sequences in

the presence of leazifGa@t RI O e HSp I%Qr%@%ﬁ%hy;\%%&!?&éfmpf%e' ns into

Vi rus partl 9%35 211%?ntl% Shiver, et al ' nfernati onal

Appl i cati on, BBt i SIS oPs T ALRRst %QB?and%%‘h%erd al tering

H V-1 (CAIVIl)A@gmmﬁmg SefuerEsrt 0o, pnodwalwnnhepum%m| ecul es
encodi ng H V,Gag d cat ions.of V Ga codons of the synthetic
20 nol ecul esomereeajgg(?g% %%é e&rer ed tk))ydaurber oﬁlseectogd ﬁ%%fe%eﬁ’i% GfHe envel ope
protein 8f HP¥-HIVS goghytops ot eiom-dhfeabbmts ¥80rkDifgplGe During virus

infection ofpihei haste e8tlie9PL60 Hhs d t ases to
form gpl20 Lz)a d, the |r€13t egﬁﬁie rgﬁetgégﬁfn B E'Hé %Jﬁgént%fg%g portion is

anchored i n Cand"emaieft FrerfReAhEnbi ‘F%’;/%?Pesof V?Worﬁ‘t \f@HI lle the gpl20
segnent pr ottuﬂmsldgyt Qobhe24 s3@4 ourgdumgdwlrb@nare@yste% dekaqal,s no

coval ent at ef.wee 120.an free p120 i.s rel eased from
the surface % VITI or?gt1 gﬁg (?a lga&acg??{s) dasgy fHﬁé% RYOtQins dpher ent
Bi ol ogy16( 3)vixizree4, Thepe)desnnjdpesthd ¢t rsiek dot | o s{mﬁimncusage by H V-1

appear ed t 0 et Hf.tOrGé’g?%%tﬂ@kbéidééé%'s%n%réé%r%n | ci ency of

viral protei n slynt hesi s et al 2005
ession of such sequences 1n the presence of HIV Gag

proteins, and assembly of these proteins into virus
particles.

15 Recently, Shiver, et al., (PCT International
Application, WO 98/34640, published 13 August 1998)
described altering HIV-1 (CAM1l) Gag coding sequences to
produce synthetic DNA molecules encoding HIV Gag and
modifications of HIV Gag. The codons of the synthetic

20 molecules were codons prefe:red by a projected host cell.

The envelope protein of HIV-1 is a glycoprotein of
about 160 kD (gpl60). During virus infection of the host
cell, gplé0 is cleaved by host cell proteases to form
gpl20 and the integral membrane protein, gp4l. The gp41l

25 portion is anchored in (and spans) the membrane bilayer
of virion, while the gpl20 segment protrudes into the
surrounding environment. As there is no covalent
attachment between gpl20 and gp4l, free gpl20 is released
from the surface of virions and infected cells.

30 Haas, et al., (Current Biology 6(3):315-324, 1996)
suggested that selective codon usage by HIV-1 appeared to
account for a substantial fraction of the inefficiency of

viral protein synthesis. Andre, et al., (J. Virol.



WO 00/ 39302 PCT/ US99/ 31245 72(2):1497-1503, 1998) described an increased
i mmune response elicited by DNA vacci nati on enploying a synthetild Bf12086
sequence with optim zed codon usage. 5 SUVWWARY OF THE | NVENTI ON The present

invention relates to inproved expression of HV Env-, tat-, pol-, prot-,
reverse transcriptase, or Gag-containing polypeptides and production of
virus-like particles. 10 In one enbodi nent the present invention includes

an expression cassette, conprising a polynucl eotide encoding an H 'V Gag
pol ypept i W O¥MPri si ng a sequence having at | east 90%PSE@EwVMSIi dentity to
the sequence presented as SEQ ID NGO 20. In certain enbodi nents, the

pol ynucl eot i de7il&)saqyeng ncodi ng .sai d. Gag pol ypeptide conprises a
sequence having at | east 5850 sfe)%l%n 8STotht 3 tdcrhesed egquemee present ed
as SEQ | D NO FTP8EE FHisEred biheNAexprensitanCanseby sy Ay furt her

i nclude a pol wwheheet -d 158 LNGS i ng.an . H rot ease pol ypepti de,

for 20 exanple a nucl eoiglljde seq&enggr\ﬁ%\% ﬁ%téf“llzﬁ sgo%%US@QQuence identity
to a sequence selected fromthe group consisting of: SEQID NO 5, SEQ ID

NO 78, ancP SEGuirdry NO TA9. InThRer@xpr essi on cassettes may further include a
e encoding an H 'V reverse 25 transcri ptase

pol ynucl eot i de seqpglce .
pol ypepti de, fgr exanpl e & Yediértel HavieAgteat t ¢ coamir86% seguenca,d dentity
to a sequencecselE¢tiuy - f rera-t hgogr oyp-gansi-stLpg, of .. _SEQ.I D NO 80, SEQ ID
NO 81, SEQ | DM 82y SEQ D NP 83, ‘and SEQ 1D NO 828.}&??155915%‘?)?%551"%
cassettes may further 1 ncloud8 ¥PPiiitdc PEEt PHRASY isequéneerenaading an H V
tat pol ypepti B&rtigkesoxanpl e a sequence sel ected fromthe group consisting
of : SEQ kb NO 87,1, 5EQ. .88, _and SEQ I D NO 89. The expression

cassettes may further(%eng u %l%érbtol fuBFedttide yveqténoeinehaedi ag an H V

pol yrer ase po$§aﬁﬁﬁqy9@,cpgpee&gunﬂampaiéing a polynucledtide encoding

an HIV Gag polypeptide comprising a sequence having at
least 90% 8equence identity to the Sequence presented ag
SEQ ID NO:20. In certain embodiments, the polynucleotide

15 sequence encoding said Gag polypeptide comprises a
Sequence having at least 90% sequence identity to the
sequence presented asg SEQ ID NO:9 or SEQ ID NO:4. The
exXpression cassettes may further include a polynucleotide
Sequence encoding an HIV brotease polypeptide, for

20 example a nucleotide sequence having at least 90%
sequ?nce identity to a sequence selected from the group
consisting of: S8EQ ID NO:5, SEQ ID NO:78, and SEQ ID
NO:79. The expression cassettes may further include a
polynucleotide Sequence encoding an HIV reverse

25 transcriptase polypeptide, for example a sequence having
at least 90% sequence identity to a sequence selected
from the group consisting of: SEQ ID NO:80, SEQ 1D
NO:81, SEQ ID NO:82, SEQ ID NO:83, and SEQ ID NO:84. The
exXpression cassettes may further include a polynucleotide

30 Sequence encoding an HIV tat polypeptide, for example a
Sequence selected from the group consisting of: SEQ ID
NO:87, SEQ ID NO:88, and SEQ ID NO:85., The expression
cassettes may further include a pPolynucleotide sequence

encoding an HIV bolymerase polypeptide, for example a

4



5 DEC 2005 WO 00/ 39302 PCTI US99/ 31245 sequence having at | east 90% _
gequence identity to the sequence presented as SEQ I D NO 6. The (exprfeqgj on
cassettes may include a polynucl eotide sequence encoding an HV polynerase
pol ypeptide, wherein (i) the nucleotide 5 sequence encoding said _
pol ypepti de conprises a sequence having at |east 90% sequence identity to
the sequence presented as SEQ ID NO 4, and (ii) wherein the sequence is
nodi fied by del etions of coding regions corresponding to reverse
transcri pt'@d&*8Md integrase. The expression 10 cassett @sTAssunbed above
may preserves T-hel per cell and CITL epitopes. The expression cassettes may

further inchesleermoolaynugl gotidaseayence.oneodiag.an, HQY gare

pgl ypepti de, _for exd; aI e g sequence havi nguat | east 90% sequence identity
to the sequesn%%uepnrceesg’%tegan S %:'EQSFB 18 Nor7. The siBreetiaspect, the

i nvention i ned 3RS e@n magx pnebsicon @a$$ﬂﬁ&&oﬁ@ﬁFéb§h@%@|é§Qbﬁ?H%| em:/\ﬁ:rei ]
sequence e f | ti i_ncl udi ng an . .Env_pol ypept i de,

thg pol ynuclnée:rg?%ﬂ(}gE%elg,ﬁ’gﬁgggeéloggﬁieﬁglégl d‘g‘I‘:e lfOYﬂ)EI Vb%&‘%&@%b%r! ses a
sequence” haiSfeRce €aspPduy,saidquehrped sl idopprbsSEQ Idaghenéd (Fi gure 58)

r SEQ 1D NQvihd Bitgue8sbNos Ifaqhehta MaaMQdi PENL S, I Eny  expression
gasse'?t es incl Udg‘(% %gguengeslflar?ki ng a (\ﬁ régi on but eE‘ave a deleti ([))anon65
the V1 regi o STSEFF, “Por 25 RX&ripr e* el isdqubhEei prigwemeadense SEQ | i
(Figure, D2, 9pLa0umalig, deladipoe of cosdmi oo Tanbsopblies by |

i on ences. _ _
ol etton. 10 the VBT egl oh LaBE o GI° GRMBrEt ne" Yo qHeREas Shoun | n SEQ

| D NO 68° ( FiSRFSELA?F; A30°SEEY BORCE BRY FitpsegvES) 7- IBHQerDobllL 34hnd Fi gui1 g
20); SEQ | RTNOeRTtobegur eritdexpsbbddh NQ4Q. (El thé? f%é_)che§EQ6'4D w(? SEO I D
(5 gure 30) 4,300 N A0, (FLaute, 32)., SO LR RO T (gl o9
NO 49 (Fi gurdc3sfie fnPobrruglsos a g

polypeptide, for example a sequence having at least 20%

sequence identity to the sequence presented as SEQ ID
15 NO:7.

In another aspect, the invention includes an
expression cassette, comprising a polynucleotide sequence
encoding a polypeptide including an HIV Env polypeptide,
wherein the polynucleotide sequence encoding said Env

20 polypeptide comprises a sequence having at least 90%
sequence identity to SEQ ID NO:71 (Figure 58) or SEQ ID
NO:72 (Figure 59). 1In certain embodiments, the Env
expression cassettes includes sequences flanking a vi
region but have a deletion in the V1 region itself, for

25 example the sequence presented as SEQ ID NO:&5 (Figure
52, gpl60.modUS4.delVl). 1In certain embodiments, the Env
expression cassettes, include sequences flanking a V2
region but have a deletion in the V2 region itself, for
exémple the sequences shown in SEQ ID NO:60 (Figure 47)

30 SEQ ID NO:66 (Figure 53); SEQ ID NO:34 (Figure 20); SEQ
ID NO:37 (Figure 24); SEQ ID NO:40 (Figure 27); SEQ ID
NO:43 (Figure 30); SEQ ID NO:46 (Figure 33); SEQ ID NO:76
(Figure 64) and SEQ ID NO:49 (Figure 36). In certain

4



0 5 DEC 2005 WO 00/ 39302 PCT/ US99/ 31245 enbodi nents, the Env expression
cassettes include sequences flanking a V1/V2 region but have a ddl %Bilofili n
the V1/V2 region itself, for exanple, SEQ ID NO 59 (Figure 46); SEQ ID

NO 61 (Figure 48); SEQID NO 67 5 (Figure 54); SEQID NGO 75 (Figure 63);
SEQ ID NO 35 (Figure 21); SEQID NO 38 (Figure 25); SEQID NO 41 (Figure
28); SEQ ID NO 44 (Figure 31); SEQ ID NO 47 (Figure 34) and SEQ I D NG 50
(Figure 3%}).0 /]';392 Env- encodi ng expression cassettes nay al so include a
mutated 18 cl@avage site that prevents the cleavage of PSTASI%Y245p0l ypepti de
into a gpl20 pol ypeptide and a gp4l polypeptide, for exanple, SEQ ID NO 57
(Figure 44); eSEQithdntNQ Ghe( Ehguseo )i oSEQ 2 NQOB3ntH @re 50); SEQ ID
NG 39 (Fi gur  SEQ.I.D. NO 40 (Fjgure 27); SEQ ID NO 41 15 (Figure 28);
SEQ I D NO 425‘(*%%&‘%%5 S %) ?&W&%ﬁeg&ﬁ%gwte%wf; asEe} B NOLB4 (Fi gure
31); SEQ | D N@:48l/ Firggien32)seSEQfbD bhdl « Figgar ep3@d;sand SEQ | D NG 47
(Figure 34). V, £XP Sl assettes may include a_ gpl60 Env

pol ypepti de (()gn%‘lg%llly%ép?l%éehgg\gcﬁv d%%?g}‘ﬁ% %2/58 igpFB0TRNP Pl ypept i de, for
exanmpl e 8EQ (DN BAH4(Fi §BReID ) :;75SEQLHDrNA DS GERgIpend)s, SEQ | D NO 66
(Figure 53); F{i% 2 . (F & o544 ) Q ) 8. (Figure 55); SEQ 1D
NG 75 (Fi gur( 63) ;é %%CNQOI %E%Oﬂ%%&{%iggﬁ%%g%% j%E(NQgFg IM% 1( Figure 35); SEQ
ID NO 49 (Fi g%’r%lrs%)z;s)$E§@§M%G425Féwmur@)37ﬁjﬂoseogM®4No 76 (Figure

64); and SEQFiING 34) ehégume ﬂhogibe(ﬁﬁhr%xgwssi%cﬁgﬁ,s_ettes may
ypeptide derived froma gpl40 Env

include a gé)1c40diEnv ol Z%% tide or a pol ' _
pol ypepti de, - 1Ot éﬁ?aﬁ%PE %’rf [YANOE56S ¢ FIdjurcd sc43pel gimy g muretsd (Fi gure
44); SED| D N@B&geFisgue et i) ;pr2QefEQ tk: NQBYabE gHI £ o SEQ I D NO 60
N1 €3 (Fi Uit SOFEE3E0 YR 90100 Bt BPRhidecht b 4aY (Figure 240 SEQ
| D NO 38 ( Firplivped5)ide SEfpT [2d0p38, 6SEQ ID NO:57 (Figure 44); SEQ
ID NO:61 (Figure 48); SEQ ID NO:63 (Figure 50); SEQ ID
NO:39 (Figure 26); SEQ ID NO:40 (Figure 27); SEQ ID NO:41
15 (Figure 28); SEQ ID NO:42 (Figure 29); SEQ ID NO:43
(Figure 30); SEQ ID NO:44 (Figure 31); SEQ ID NO:45
(Figure 32); SEQ ID NO:46 (Figure 33); and SEQ ID NO:47
(Figure 34). The Env expression cassettes may include a
gpl60 Env polypeptide or a polypeptide derived from a
20 gplé0 Env polypeptide, for example SEQ ID NO:64 (Figure
51); SEQ ID NO:65 (Figure 52); SEQ ID NO:66 (Figure 53);
SEQ ID NO:67 (Figure 54); SEQ ID NO:68 (Figure 55); SEQ
ID NO:75 (Figure 63); SEQ ID NO:73 (Figure 61); SEQ ID
NO:48 (Figure 35); SEQ ID NO:49 (Figure 36); SEQ ID NO:50
25 (Figure 37); SEQ ID NO:76 (Figure 64); and SEQ ID NO:74
(Figure 62). The Env expression cassettes may include a
gpl40 Env polypeptide or a polypeptide derived from a
gpl40 Env polypeptide, for example SEQ ID NO:56 (Figure
43); SEQ ID NO:57 (Figure 44); SEQ ID NO:58 (Figure 45);
30 SEQ ID NO:59 (Figure 46); SEQ ID NO:60 (Figure 47); SEQ
ID NO:61 (Figure 48); SEQ ID NO:62 (Figure 49); SEQ ID
NO:63 (Figure 50); SEQ ID NO:36 (Figure 23); SEQ ID NO:37
(Figure 24); SEQ ID NO:38 (Figure 25); SEQ ID NO:39

6



5 DEC 2005 WD 00/ 39302 PCT/ US99/ 31245 (Figure 26); SEQ ID NG 40 (Figure
27); SEQ ID NO 41 (Figure 28); SEQ ID NG 42 (Figure 29); SEQ ID Ncgézl@gg 2005
(Figure 30); SEQID NGO 44 (Figure 31); SEQID NGO 45 (Figure 32); SEQ ID
NO 46 (Figure 33); and SEQID NO 47 5 (Figure 34). The Env expression
cassettes may also include a gpl20 Env pol ypeptide or a pol ypeptide
derived froma gpl20 Env pol ypeptide, for exanple SEQ ID NGO 54 (Figure
41); and SE'(% I D NO 55 (Figure 42); SEQID NO 33 (Figure 19); SEQ ID NG 34
(Figure 20Y0%4%82 SEQ 1D NO 35 10 (Figure 21). The Env HJYeE8%¥318# cassettes
may include an Env pol ypeptide |acking the am no acids corresponding to

residues 128 (k@gahouts)L94eor ehakd V& t@ighikal fip) Sike2 18 yoUsA, for exanpl e,
SEQ I D NO 55 (Figure 42); SEQ ID NO 62 (Figure 49); SEQ ID NO 63 (Figure
50); and SEQ'FEPRKT 688) /15ERFIHNR: 45)(FipHTand? herSEQs pBCNO: 4¢he i nventi on
includes a necemhi naNt; expr esSHOEMSYFigEof1 USeEoN 18 K6l geted host  cel |,
conprising, gne or nore of the expression cassettes described herein
operably [i nggﬂg‘t"be cHitir SEQelBiENtAE 2F188RPali bl &0 EEQeXPr¥ddon in the
sel ect ed shostreghte 3WNE €XPrESSi dUpreasseht €M) Benbpciigled on one or on
mul tiple vector nd may _use the sanme or different pronoters. Exenplary
control el enéﬂ?iu‘?%cﬁ FFE28 ERY RRIGPEPELER PF chiterPertde dguivedW+i nt ron
A, SV40, 25 R&Mn dHiggiktor EnbMbdtyddpt idag BBt adtpid1e0BBHMp Mo daf @Nscri ption
enhancer elepgnt, a transcription termnation si gnal pol yadenyl ati on
sequences, séqtded ) oP Bpt N PhtiOR°of F1#IES 427 onSBR 107 AR4ti on, and
transl ati on tEigaratlioon SEqQUEDQES:343Qrkguasnaidier aagpeesd , 1t he .dssvent i on

i ncl udes.,a reconbi nant expression systemfor u in a selected host cell,
conpri siS'Lr(%g, é%/ %rnee%gf) t h)ég%e(ﬁp?vesesﬁpo Séé%%eﬁsessest%ags@ﬂb’ébc ePR operably
| i nked to coHny aoleipemsntle lacking the amino acids corresponding to

residues 128 to about 194, relative to strains SF162 or

US4, for example, SEQ ID NO:55 (Figure 42); SEQ ID NO:62

(Figure 49); SEQ ID NO:63 (Figure 50); and SEQ ID NO:68
15 (Figure 55).

In another aspect, the invention includes a
recombinant expression system for use in a selected host
cell, comprising, one or more of the expression cassettes
described herein operably linked to control elements

20 compatible with expression in the selected host cell. The
expression cassettes may be included on one or on
multiple vectors and may use the same or different
promoters. Exemplary control elements include a
transcription promoter (e.g., CMV, CMV+intron A, SV40,

25 RSV, HIV-Ltr, MMLV-ltr, and metallothionein), a
transcription enhancer element, a transcription
termination signal, polyadenylation sequences, sequences
for optimization of initiation of translation, and
translation termination sequences.

30 In another aspect, the invention includes a
recombinant expression system for use in a selected host
cell, comprising, any one of the expression cassettes

described herein operably linked to control elements



7 0 5 DEC 2005 WD 00/39302 PCT/ US99131245 conpati ble with expression in the
sel ected host cell. Exenplary control elenents include, but are no DE 5
limted to, a transcription pronoter (e.g., CW, CW+intron A  SV. é, &ﬁw
H V-LTR, MMLV-LTR, and netallothionein), a 5 transcription enhancer

el ement, a transcription termnation signal, polyadenylation sequences,
sequences for optimzation of initiation of translation, and translation

t er mi nat i @g op@gapences. I n yet another aspect, the invendrRRedifkudes a cel
10 conprising one or nore of the expression cassettes described herein

operably linked to control elements conpatible with expression in the
cel | . The cefPRanilpe wifdr esRapgsi®n annhheresslarted hoge. ¢ell .BHK, VERO

HT1080, 293ex&Rp1455cbntebl GBS inc@ad NS/Gt agel hof €1 Thiteld
Trichoplusia_ni (Tnb5 or,SfQ%, a bacterial cell, a plant cell, a yeast
cel I, an antFgen ﬁ?ﬁé@ﬁ??ﬁﬁl BIBTQOLET (epgimdMY CHYBEEEI2éd or
t unor - der i vedvi g npsoi, d HI®-LSR, snaly -aSRNBehd plagad othbaneyt)es.a dendritic

cell's, Bycel | 5, JoeldSn SLEMMGE I8, ang PLOGENILOG GoLLs thereof). 20 In

anot her aspect, the invention includes mnet] or proﬁucing a pol ypepti de
i ncl udi ng H YexagRat ignosignapol polyegeay set o magueprase, SEWeNCes

Tat - contai ni agr GlivRAeRALLHR SEAUBNGESioRabd dRIRALcEOAPrd,& NY, incubating
the cells conPr|S|nqione or nore the expression cassettes 25 describe

herein, undef®ESHATIGnSEFBINHTRILSEAYSRSEY pol ypeptide. In yet another
aspect, the inventn geti aobubdes axEIROSthe OitBrerdiogenat aliddi] adBell

i mrunol qgi ¢ 85 € neC | Sl or nore of the expression cassettes
30 describegéﬂ{reﬁﬁg@lﬁngegggﬁ%ﬁé%%ogﬁne$ﬁ%fe%ﬁi§n 88%%%%%5%0ns al so include
an adj uvant . 9¢%FEheG hereint trerakbdyedinkedecd peafrpdnel engntdes et hods of

generating afodgH8ing el @SPRANSLotdbsAonUPhC e cell. The cell can be,
for example, a mammalian cell (e.g., BHK, VERO, HT1080,
293, RD, COS-7, or CHO cells), an insect cell (e.g.,

15 Trichoplusia ni (Tn5) or Sf9), a bacterial cell, a plant
cell, a yeast cell, an antigen presenting cell (e.g.,
primary, immortalized or tumor-derived lymphoid cells
such as macrophages, monocytes, dendritic cells, B-cells,
T-cells, stem cells, and progenitor cells thereof).

20 In another aspect, the invention includes methods
for producing a polypeptide including HIV Gag-, prot-,
pol-, reverse transcriptase, Env- or Tat-containing
polypeptide sequences, said method comprising, incubating
the cells comprising one or more the expression cassettes

25 describe herein, under conditions for producing said
polypeptide.

In yet another aspect, the invention includes
compositions for generating an immunological response,
comprising one or more of the expression cassettes

30 described herein. 1In certain embodiments, the
compositions also include an adjuvant.

In a still further aspect, the invention includes
methods of generating an immune response in a subject,

comprising introducing a composition comprising one or




conprising introducing a conposition conprising one or 8 0 5 DEC 2005 WD
00/ 39302 PCT/ US99/ 31245 nore of the expression cassettes described HhgyBi(n2005
into the subject under conditions that are conpatible with expression of
sai d expression cassette in the subject. 1In certain enbodinents, the
expression cassette is 5 introduced using a gene delivery vector. Mre than
one expression cassette nmay be introduced using one or nore gene delivery
vectors. In yet another aspect, the invention includes a purified

pol ynucl et W%¥dnpri sing a pol ynucl eoti de 10 sequenceP@nesoding a

pol ypeptide including an H'V Env pol ypeptide, wherein the pol ynucl eotide

sequence ence@iragofrsahd 2diPeph b Sle (CTRE ce,paving at
| east 90% s uen((:) S t(-iL SEQ I D NO 71%%?5%‘?%%%%&%& (E%E?Q I D NO 72

Jddenti —Q. . .
(Fi gure 59). rFHgPeEQéﬁﬁ%é?foﬁﬁﬁFf?%ﬁi?E?tpéF?nﬁ@WéﬁP#ﬂé dégluences were
present ed abexrefheopody nucildeepdessin thespteset dHav@nbies: can be

produced by rgc { t chni_ques, . _synthetic,techni ques, , or conbi nations
thereof. In ano?%gkggﬁﬁ%@%ﬁeﬁkggfhet?%ﬁﬁﬁ’F8ﬁl?ﬂéFﬁﬁ%§t§ 50 net hod for
produci nP a potypepredeusingd wdorge HiAliGxgy potypept iMeesequenses, where the
met hod conpri.$8$eck5nsybatd ny_of,.1h ve cell.s containing an

expr essi on cgggeffe of inf%%ggt%agdg%qggﬁgl F%%sui%ﬂg °5FodtdTNT t he

pol ypept i de. 925eTRel i vRmentvessokart her includes, a nethod for producing

virus-like particles (M Ra.cpaerg-dhie MetRod,, LMpIi ses,fgeybating any of
t he above-described cells contalning ‘an expression casse T Df interest

under condi PPEMELEBrPPYENGEERGL ¥R PROMEEE Siing am @dlemuad pettdd he i nventi on
i ncl udesioa nethQencé @ncﬁdl@%chnﬁo?yﬁéﬂmgﬁ' tLoty, & V%E;”ﬁﬂ/'é‘hev particles
(VLPs) where, ?gz of the above-described cells coﬁ%alnlng

po eptide, wherein the polynucleotide sequence encoding

said Env polypeptide comprises a sequence having at least

90% sequence identity to SEQ ID NO:71 (Figure 58) or SEQ

ID NO:72 (Figure 59). Further exemplary purified

15 polynucleotide sequences were presented above.
The polynucleotides of the present invention can be
produced by recombinant techniques, synthetic techniques,

or combinations thereof.
In another embodiment, the invention includes a

20 method for producing a polypeptide including HIV Gag
polypeptide sequences, where the method comprises
incubating any of the above cells containing an
expression cassette of interest under conditions for
pfoducing the polypeptide.

25 The invention further includes, a method for
prqducing virus-like particles (VLPs) where the method
comprises incubating any of the above-described cells
containing an expression cassette of interest under
conditions for producing VLPs.

30 In another aspect the invention includes a method
for producing a composition of virus-like particleé
(VLPs) where, any of the above-described cells containing

an expression cassette of interest are incubated under

S



an expression cassette of interest are incubated under 9 0 5 DEC 2005 WD
00/ 39302 PCT/ US99/ 31245 conditions for producing VLPs, and the VLP%Eqﬂﬁ 2005
substantially purified to produce a conposition of VLPs. In a further

enbodi ment of the present invention, packaging cell lines are produced
using the expression 5 cassettes of the present invention. For exanple, a
cell 1line useful for packaging lentivirus vectors conprises suitable host

cells that have an expression vector containing an expression cassette of
the preseMO0B%0&nti on wherei n sai d pol ynucl eoti de seqR§TAE9/32450 oper abl y
| inked to control elenments conpatible with expression in the host cell. In

a preferred enadh BN . roSYeBalOBlg GRS ARM DR, Lhanstegted with one or

nore expression cassettes having pol'ynucl eoti de sequénce that encodes
an H V pol yméraseapblaldepmudé fbed 15 pologpept & desmmisriitied ¢heflgfa.om for

exanpl e, where the, fucheglldenseairnee 2neadi igaald RoLypent | de conprises
0 e

a sequence having at |east sequence identity to f seguence
present ed asPSEFIDNGSD.L Rirenerre tireddrvd polyamiasexpotspiept i de may be
modi fiedsby dgbslians Hf 2Q FPALOY N8YBRSHOT rfoim&%gge,t Q, rRMSr se

transcriptase and integrase. Such a polynucleotide sequence nay preserve
T- hel per cel FiBaduesiulefioropaskagdigic eratplerwhelediosd Femprisescci ne

appl i cation. ghie et tHar, cbhes POt uehe0Lhdexy SEUEACEHBY: @l SO incl ude
ot her pol ypeptides. Further, 25 polynucleotld% sequences encodi ng

addi tional pBPYPRIAIS: GRBERS VAP E§6°6RtAr el UJKf BFepeRt packagi ng cel |

line functioivemyicH shebeidt sdigzedblyhlcansthes Rspeate ihe present
inventiqgn includes .a_ gene delivery _or _vaccine vector for use in a subject,

30 wher 6%t he®RBERRYY idTkedyF P fAnE Xodn 81 EBERYR ISP PEELBEE fY5IEh use in the
subj ect, andekiibe EIRIOENCOAPI hS&AS @NE . OF TADE pre¥eraBY -GfbddigmesXPr €ssi on

cassettes Ofs&@ﬁ ﬁgé%s%gﬁls may be transfected with one or more

expression cassettes having a polynucleotide sequence
that encodes an HIV polymerase polypeptide or

15 polypeptides derived therefrom, for example, where the
nucleotide sequence encoding said polypeptide comprises a
sequence having at least 90% sequence identity to the
sequence presented as SEQ ID NO:6. Further, the HIV
polymerase polypeptide may be modified by deletions of

20 coding regions corresponding to reverse transcriptase and
integrase. Such a polynucleotide sequence may preserve
T-helper cell and CTL epitopes, for example when used in
a vaccine application. In addition, the polynucleotide
sequence may also include other polypeptides. Further,

25 polynucleotide sequences encoding additional polypeptides
whose expression are useful for packaging cell line
function may also be utilized.

In another aspect, the present invention includes a

gene delivery or vaccine vector for use in a subject,

30 where the vector is a suitable gene delivery vector for
use in the subject, and the vector comprises one or more

of any of the expression cassettes of the present

10



10 0 5 DEC 2005 WD 00/39302 PCT/ US99/ 31245 invention where the £ 0EC 2005
pol ynucl eoti de sequences of interest are operably linked to conﬂr&

el enments conpatible with expression in the subject. Such gene delivery
vectors can be used in a method of DNA inmmunization of a subject, 5 for
exanpl e, by introducing a gene delivery vector into the subject under
conditions that are conpatible wth expression ofhthe exFreSS|?ntﬁassette
in the suly Gene delivery vectors useful in the practice o e
present i?tenpggﬁ include, but are not linmted to, 10 nSMAYH ' *ect ors,

bacterial plasmd vectors, viral vectors, particulate carriers (where the

vector is coatregntépnawpety| ot ipde yaoe i atcialel deqﬁ&(lij&ef§lcﬁs,igg@kés@r L!JngtSt en
article, for the, coated particle.can be deliver to a subjec

Eel | using a agrggr(l%ggt%ﬁf}yl ?Tor%%eodtrrgo Egn%?‘géipaerlif“fa85§,c%{?&f‘t\hb_§§! "yeRtors (e.g.,

vectors deri \etressomnalphehw raupgect poxsudh geas, délik a8 CaleBt8ryi  uses, as

wel |l as, retrqy ral tors, includi but not Ith;%pto, I_entivirfal
vectors). Al p‘%\élvga%ug}éggr%l\llead m\fé:% grgpg?%llﬂﬁ'&?lf‘fﬁl%& |ae,suahe%ﬁ phavi r us
cDNA consi rudior @x20ptecormbiinanbdakphavd rgesiepael iedw, pfeﬁrﬁg!i:aih@cﬁl ?Ed a
eukaryotic | r fnitiation s em _|n one enhodi nent, e
subj e%:/t i's aa%gr t%gg;‘{g?%%rb#eg‘ é:Pglgllgl%ng%’%;raﬁfeaﬁ%i“R%tlgjqfu?“’fﬁlér enbodi nent
the subject iepPyeshipanet 25eTkapraveinn erastatthein itied wabgeat met hod of

enerating amg P& QAse d j ect,,.where cells a subject are
tgr ansf ect ed v%eltn?rggglo%%fhe agg\%e-asglfe{?c?ﬁ & eg%ﬁaeCtdlecﬁ Vér gL‘\a/ect ors (e.g.,

al phavi rus @®8R§ERbciBveRt ishadprdsde DNAitc emst noct simigedatyot i ¢ 30 | ayered

vector 11y Ui #lohol8Y Si&ithussCacteflial Yidsnfl! SlLco MRS, P, 814, 482 Tor
description of suitable eukaryotic layered vector initiation systens);
al phavi rus pdFCFErg. jgarticulate carriers (where the vector is coated

on a polylactide co-glycolide particles, gold or tungsten
particle, for example, the coated particle can be
delivered to a subject cell using a gene gun), liposome

15 preparations, and viral vectors (e.g., vectors derived
from alphaviruses, pox viruses, and vaccinia viruses, as
well as, retroviral vectors, including, but not limited
to, lentiviral vectors). Alphavirus-derived vectors
include, for example, an alphavirus cDNA construct, a

20 recombinant alphavirus particle preparation and a
eukaryotic layered vector initiation system. In one
embodiment, the subject is a vertebrate, preferably a
mammal, and in a further embodiment the subject is a
human.

25 The invention further includes a method of
generating an immune response in a subject, where cells
of a subject are transfected with any of the above-
described gene delivery vectors (e.g., alphavirus
constructs; alphavirus cDNA constructs; eukaryotic

30 layered vector initiation systems (see, e.g., U.S. Patent
Number 5,814,482 for description of suitable eukaryotic

layered vector initiation systems); alphavirus particle

11



0 5 DEC 2005 WD 00/ 39302 PCTI US99/ 31245 preparations; etc.) under
conditions that permt the expression of a selected polynucleotid§54ﬁﬁzm5
production of a polypeptide of interest (i.e., encoded by any expression
cassette of the present invention), thereby 5 eliciting an inmunol ogi cal
response to the pol ypeptide. Transfection of the cells may be perforned ex
vivo and the transfected cells are reintroduced into the subject.
Alternately, or in addition, the cells may be transfected in vivo in the
subj ect. WRS0M/B33¥MNe response nmay be 10 hunoral and/ or @e€irjusspesdidat ed
(cellular). Further enbodi ments of the present invention include purified

polynucleotigggg 10 one en@ bneq;é th%dl qgg%} &pgk%nucdgﬁ%lde conpri ses
ha 6 e&qu

a pol ynucl eot’l Seq uerice i g at a3 ity to the 15
sequence presepr@ﬁbxun SECBIEE&EI&EH reignoohgdeinentad phedwafionl Branot her

enbodi nent otld comprises ol ynucl eot i de
sequence enc2§ #ﬁgiﬁtﬁﬁév Ea%xg% ygéptlgé: e‘%%%%%byhg polynucleotlde
sequence conpxpuessipnseggentee halyiaig areeenﬁeas@nga&mSeqU&neeyldentlty to

the Sequencee bl eAEHLdrdsmmiit (B Y 20503 m%'h@gg df1g5gor - In still

anot her enbodlnent the pur pol ynu% eot| e Cco
pol ynucl eot i 'Béa@%fcﬁf@ﬁ@@ eficbde neplds FRY @@%@%ept EdequMaedel n the

pol ynucl eot i ghee SEUIRACEEQAMRLI 5E%2 %@%ﬁ{tggl géébn%lﬁgdg%ée 90%

sequence identity to _the sequence prese
conpl enent s 2 heddsttelyn OFuF@héﬁdkﬁﬁ@ﬁdlﬁ@%t@ﬁhﬂﬁempml9@Lﬂﬁa@@ﬁedeeéequence

conpri ses 318 OAHRNGE Ieﬁw Bab I\% éea%e9%é?eq%%gésnggqmgﬁét0 one of the
follomnng seqguences: DNO5, S 30 | 6, SEQ ID NG 7,
e

and conp nEPH@P%Q%aaééﬂorTﬁ%l%KW%Q%%§P€0€¢%R%P¥%¥)the present invention can

be produced by rﬁ&@ﬂ%k“éﬁbe&ﬁﬁ&fﬂsﬂ%@&hé%&l‘%‘tc156&'&\{&(9#%%c1u8é

conbi nati ons th%{eof }
purified polynucleotides. 1In one embodiment, the

purified polynucleotide comprises a polynucleotide
sequence having at least 90% sequence identity to the

15 sequence presented as SEQ ID NO:20, and complements
thereof. 1In another embodiment, the purified
polynucleotide comprises a polynucleotide sequence
encoding an HIV Gag polypeptide, wherein the
polynucleotide sequence comprises a sequence having at

20 least 90% sequence identity to the sequence presented as
SEQ ID NO:20, and complements thereof. In still another
embodiment, the purified polynucleotide comprises a
polynucleotide sequence encoding an HIV Gag polypeptide,
wherein the polynucleotide sequence comprises a sequence

25 having at least 90% sequence identity to the sequence
presented as SEQ ID NO:9, and complements thereof. In
further embodiments the polynucleotide sequence comprises
a sequence having at least 90% sequence identity to one
of the following sequences: SEQ ID NO:4, SEQ ID NO:5, SEQ

30 ID NO:6, SEQ ID NO:7, and complements thereof.

The polynucleotides of the present invention can be

produced by recombinant techniques, synthetic techniques,

or combinations thereof.

12



0 5 DEC 2005 WO 00/ 39302 PCTI US99/ 31245 These and ot her enbodi nents of the
present invention wll readily occur to those of ordinary skill i %mggzﬁﬁt
in view of the disclosure herein. 5 BRI EF DESCRI PTI ON OF THE FI GURES Fi gure
1 shows the locations of the inactivation sites for the native H V-1SF2
Gag protein coding sequence. Figure 2 shows the |ocations of the

i nactivation 10 sites for the native H V-1SF2 Gag- protease protein coding
sequence. Figures 3A and 3B show el ectron m crographs of virus-1like
particl esvOfgime 3A shows i mature p55Gag virus-1i kePgEP$998I®S in COS-7
cells transfected with a 15 synthetic H V-11F1 gag construct while Figure

3B shows mature (ALEOWEN ML EBLULGeMP I thel bsctdansheethedoawith a
nodi fied H V-jiﬁnggg%ggrot ease construct (GP2, SEQ |ID NGO 70). Transfected

cells were 1 YhOggHg)E o888 At (Jabprstedss) !l psther ahkf ecti on and
subsequent | yi 26 iawabyzede hyi LIlesurenhet€imwscopy (magnification at

100, 000X). Cells transfected with vector al one (pCWKnR) served as
negative control (data not shown). Figure 4 presents an inage of sanples
from a seri érieoDefqractipons whiFcbureer e el ect rophoresed on an 8-16% SDS 25

pol yacryl am de gel; ;and ]#,]h&c! eSYhL! ng.bands, vl \é%‘ zed- Ay, Gamassi e bl ue
staining. The resulFts show that the native pb5 g virus-1TiKe particles

(VLPs) bandeédt&e &0rstlef ot igendilVyleF2 r@agyeretein 1gding 19 g/m with the
peak at apprdyguamicely 1.17 g/m. 30 Figure 5 presents an inmage simlar to

Figure 4 where he anal ysi s pfrfor,rred usi ng Gag VLPs produced by a
synthetic Gag exprésifo %S:}g)swss\(,a\??’@ 150 B e 58651%WF§8§62
PCT/ US9Y 312%es for the native HIV-1SF2 Gag-protease protein coding
sequence.
Figures 3A and 3B show electron microgréphs of
virus-like particles. Figure 3A shows immature p55Gag
virus-like particles in COS-7 cells transfected with a
15 synthetic HIV-1,, gag construct while Figure 3B shows
mature (arrows) and immature VLP in cells transfected
with a modified HIV-1,, gagprotease construct (GP2, SEQ
ID NO:70). Transfected cells were fixed at 24 h (gag) or
48 h (gagprotease) post-transfection and subseqguently
20 analyzed by electron microscopy (magnification at
100,000X). Cells transfected with vector alone (pCMVKm2)
served as negative control (data not shown) .
Figure 4 presents an image of samples from a series
of fractions which were electrophoresed on an 8-16% SDS
25 polyacrylamide gel and the resulting bands visualized by
commassie blue staining. The results show that the
native p55 Gag virus-like particles (VLPs) banded at a
sucrose density of range of 1.15 - 1.19 g/ml with the
peak at approximately 1.17 g/ml.
30 Figure 5 presents an image similar to Figure 4 where
the analysis was performed using Gag VLPs produced by a

synthetic Gag expression cassette,

13



Figure 6 presents a conparison of the total anmount of purified HV p55 Gag
fromseveral preparations obtained fromtwo bacul ovirus expressi gﬁ DEC 2005
cassettes encoding native and nodified Gag. 5 Figure 7 presents

al i gnment of nodified coding sequences of the present invention including
a synthetic Gag expression cassette (SEQ ID NO 4), a synthetic Gag-

pr ot ease expression cassette (SEQ ID NGO 5), and a synthetic Gag-pol ynerase
expression cassette (SEQ ID 10 NG 6). A commopn region (ePGa -conmon; SEQ I D
NO 9) ext ®RHP8393% om position 1 to position 1262. Fi gur #8UYsP¥EMIts an i mage
of wild-type Gag-HCV core expression sanples froma series of fractions

which were el ect rophes eSeFeaBnasd 8-hiasPSoRady adleykarhde,galnand 15 the
resul ting bangs Vi S alcﬁ_%e{ b cormgffsme st ai n]lsn . Fi gure 9 shows the
results of W8stBYh btT apégigag TFhéSyere tfgﬂﬁr?aﬁf‘ 48Rted in Figure 8.
Figure 10 prebeaised eSudnt swei habtarotioushegpresdowm icassktgese 9. The results
in Figure 10, ndheat 6,4 L8 A0z /misy HQY Core-specific reactivity

mgrates at an approxinate nol ecu ér werght of 72,000 kD, which is in
accordanée with thepred Predends evuladigneeghtofofmodhéiedagrd®e core

chimeric protehllendd JWeThblAHrtSedd RrRbasest AWML §08 Ak 25
content, in percent, of CDNAs corresponding tqg an unstabl e hunan mRNA
(human | FNy SXEYSGS 1R CEEEFES I—ﬁSS%QG&B ﬁ%ﬁ)ve SRREDERSB)C GRSst abl e human
MRNA (human GAPBEhserfidrebEChn cadbenytet HBEQ CITHING :Gag BNA 4 11D). Figure 12
shows the |lo i e i i i . Sit f th jve HI V-1SF2
Gag- pol yner aggﬁg}g%ﬁ%]c%g pé?gﬁ%%é/%ﬁg‘%rrsgghﬂ cga%\;sgg'g:gr (ﬁEacgaI(L)df pPESN2dhf r .

Fi gure 18B pNeseht s A GPHPIOBf TeHEoH AIABT FopretoSEQ EPgNP e9)1£X5eadent s a

vector map ofreeMbdildNicn 14c8 SodEG2005M0 00/ 39302 PCT/ US99/ 31245

Figure 8 presents an image of wild-type Gag-HCV core
expression samples from a series of fractions which were
electrophoresed on an 8-16% SDS polyacrylamide gel and

15 the resulting bands visualized by commassie staining.

Figure 9 shows the results of Western blot analysis
of the gel shown presented in Figure 8.

Figure 10 presents results similar to those shown in
Figure 9. The results in Figure 10 indicate that the

20 main HCV Core-specific reactivity migrates at an
approximate molecular weight of 72,000 kD, which is in
accordance with the predicted molecular weight of the
Gag-HCV core chimeric protein.

Figures 11A to 11D present a comparison of AT

25 content, in percent, of cDNAs corresponding to an
unstable human mRNA (human IFNy mRNA; 11A), wild-type HIV
Gag native RNA (11B), a stable human mRNA (human GAPDH
mRNA; 11C), and synthetic HIV Gag RNA (11D).

Figure 12 shows the location of the inactivation

30 sites for the native HIV-1SF2 Gag-polymerase sequence.

Figure 13A presents a vector map of pESN2dhfr.

Figure 13B presents a map of the pCMVIII vector.

Figure 14 presents a vector map of pCMV-LINK.

14




Figure 15 presents a schematic di agram showi ng the relationships between
the following forns of the H'V Env pol ypeptide: gpl60, gpl4o, gplz&nﬁ?@
gp4l . Figure 16 depicts the nucl eotide sequence of wild- 5 type gpl tUrrf
SF162 (SEQ ID NO 30). Figure 17 depicts the nucleotide sequence of the

w | d-type gpl40 from SF162 (SEQ I D NO 31). Figure 18 depicts the nucl eotide
sequence of the wld-type gpl60 from SF162 (SEQ ID NG 32). 10 Figure 19
depicts the nucl eotide sequence of the construct designated gpl 20. nndSF162
(SEQ | D N¥P88¥9302 Fj gure 20 depicts the nucl eotide sequdkE&S¥31345e const ruct
desi gnat ed gpl 20. nodSF162. del V2 (SEQ I D NGO 34). Figure 21 depicts the

nucl eot i de Sequengenale BepdBs SANSI UeheAEs OMALHGPLRDN IRISFLE. del VI /V2
(SEQ ID NG 35 gures 22A-H show the_percent A-T content” over the

| ength of thE® %'ﬁ%%’i?@é?sf BREYERY hS éﬁrlégwi@ aﬁﬂiF‘T?GPf that§¥%e By160 Env US4
and SF162 (Fpgwm:ﬁﬂeandgﬁEso ZOg;flels)pegbw@J y9rid GpREH (Fi gures 2D and 2H);

h F 2 2F,
fggptezt?l VZ?/S§ etIPC g %‘lm(f :éhe HHS%%%H%E (S§I %rgg‘(s?eogfwaltq%é const ruct

desi gnat éd gpm gm@EQFi@Qm(SE-QGZ D990 36)NO: B Fi gure 24 depicts the

nucl eot i de sequencg, 0t sheaconsid sl designater el d0.godsil2. del V2 (SEQ
| D NO 37). %Jr%re 25 depicts the nucl eotide sequence of the construct
g

desi gnat ed mﬁi’ééodaﬁiﬁ‘lwseséﬁ@ﬂljm@ 8).. 30 Figure 26 depicts
t he nucl eoti de setueiree16fdéhirt £ amet hueledeisicgratedngpl 40.0Ret . MOASF162

desi gnated oot 45 L FOUGAIES a2 B B "KE40) . 150 5 DEC 2008

Figure 19 depicts the nucleotide sequence of the
construct designated gpl20.modSF162 (SEQ ID NO:33).

Figure 20 depicts the nucleotide sequenée of the
construct designated gpl20.modSF162.delV2 (SEQ ID NO:34).

Figure 21 depicts the nucleotide sequence of the

15 construct designated gpl20.modSF162.d4elV1/V2 (SEQ ID
NO:35).

Figures 22A-H show the percent A-T content over the
length of the sequences for IFNy (Figures 2C and 2G);
native gplé0 Env US4 and SF162 (Figures 2A and 2E,

20 respectively); GAPDH (Figures 2D and 2H); and the
synthetic gpl60 Env for US4 and SF162 (Figures 2B and 2F,
respectively).

Figure 23 depicts the nucleotide sequence of the
construct designated gpl40.modSF162 (SEQ ID NO:36).

25 Figure 24 depicts the nucleotide sequence of the
construct designated gpl40.modSF162.delV2 (SEQ ID NO:37).

Figure 25 depicts the nucleotide sequence of the
construct designated gpl40.modSF162.delVi/V2 (SEQ ID
NO:38) .

30 Figure 26 depicts the nucleotide sequence of the
construct designated gpl40.mut.modSF162 (SEQ ID NO:39).

Figure 27 depicts the nucleotide sequence of the
construct designated gpl40.mut.modSF162.delV2 (SEQ ID
NO:40) .

15



WO 00/ 39302 PCT/ US99/ 31245 Fi gure 28 depicts the nucl eoti de sequence of the
construct designated gpl 40. nut. nodSF162. del VI/V2 (SEQ ID NO 41). F[jggggtez[]@[})
depicts the nucl eotide sequence of the 5 construct designated

gpl 40. mut 7. nodSF162 (SEQ ID NO 42). Figure 30 depicts the nucl eotide
sequence of the construct designated gpl 40. nut 7. nrodSF162. del V2 (SEQ I D

NG 43). Figure 31 depicts the nucl eotide sequence of the 10 construct

desi gnat e mut 7. modSF162. del VI / V2 (SEQ I D NGO 44) i e 32 depicts
t he nucl eg't éésgzequence of the construct designated gp cggﬁsﬁﬂ 1z%“sm)dSF162
(SEQ ID NG 45). Figure 33 depicts the nucl eotide sequence of the 15
construct desi gnBiSE ey U GeRIEES nPSIIEAeqEide $8EONCE ORCEWS) . Fi gure 34

depi cts t he couekeott deeSiefiaeeaegpisd htut .aBASFIEELadRE/gBaL86h 1D

gpl 40. mut 8. gg)d§§?1162 delVI/V2 (SEQ ID NGO 47). 20 Figure 35 depicts the
nucl eoti de quéncte of the construct designated gpl 60. modSF162 (SEQ I D
NO 48). Figure B&gdepi slephiet autheotucdeos tqe enmmenicet b El@élst ruct

desi gnated gohG0- 00 HiZrlel¥2ab SRR NibaSh o eﬁigl pNoden cls the

nucl eoti de sequence of struct desi gna ed 162. del VI / V2
(SEQ ID NO 50) . FFogR e3038ieé’é5F§t"sh€t meiclgeré @lm‘-@@qaeﬂﬁetlaﬁ t he

wi | d-type g@bﬁQtEﬁ@tEndé%%g(nSEle SN Febk7 . Ebgyiﬁf‘sﬁ%eﬁi@@' Qéégtﬁ? nucl eot i de
sequence of h 3%30 wi | d-type gpl40 from US4 (SEQ NO: 52 Figure 40
4

depicts t he™ otide sequence of the wld-type gp160 fromUS4 (SEQ I D
NO 53). Figure 4figleps ctls depéchsictleotnude esefjde neeuehcthef wonst ruct

designaied 9840 -0A G iGRERE NI PRt 7 80dsF162 . de1vi/v2 (sEQ 1D
NO:44) .
Figure 32 depicts the nucleotide sequence of the
construct designated gpl40.mut8.modSF162 (SEQ ID NO:45).
Figure 33 depicts the nucleotide sequence of the
15 construct designated gpl40.mut8.modSF162.delv2 (SEQ ID
NO:46) .
Figure 34 depicts the nucleotide sequence of the
construct designated gpl40.mut8.modSF162.delVl1/V2 (SEQ ID
NO:47) .
20 Figure 35 depicts the nucleotide sequence of the
construct designated gplé0.modSF162 (SEQ ID NO:48).
Figure 36 depicts the nucleotide sequence of the
construct designated gpl60.modSF162.delV2 (SEQ ID NO:49).
Figure 37 depicts the nucleotide sequence of the
25 construct designated gpl60.modSF162.delVl/V2 (SEQ ID
NO:50).
Figure 38 depicts the nucleotide sequence of the
wild-type gpl20 from US4 (SEQ ID NO:51).
Figure 39 depicts the nucleotide sequence of the
30 wild-type gpl40 from US4 (SEQ ID NO:52).
Figure 40 depicts the nucleotide sequence of the
wild-type gplé60 from US4 (SEQ iD NO:53).
Figure 41 depicts the nucleotide sequence of the

construct designated gpl20.modUS4 (SEQ ID NO:54).
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0 5 DEC 2005 WD 00/ 39302 PCT/ US99/ 31245 Figure 42 depicts the nucl eotide
sequence of the construct designated gpl 20. nodus4. del 128-194 (SEQ 5 BEC 2005
NO 55). Figure 43 depicts the nucl eoti de sequence of the 5 construct

desi gnat ed gpl 40. modUS4 (SEQ I D NO 56). Figure 44 depicts the nucleotide
sequence of the construct designated gpl 40. nut. nodUS4 (SEQ | D NG 57).

Fi gure 45 depicts the nucl eoti de sequence of the construct designated

gpl 40. TM nodUS4 (SEQ I D NO 58). 10 Figure 46 depicts the nucl eotide
sequence wbobh®o2 construct designated gpl 40. nodUS4. del \HGDNBIYBED | D

NO 59). Figure 47 depicts the nucl eotide sequence of the construct

desi gnat ed gpl 40. ppdUs4. del V2 .(SEQ.I D _NQO. 1 j.Qure 48 picts the
nucl eoti de sequengie)g%?et edg rllgs:%uqc € euézilgg)é %% %p@fg]%ﬁufén%dﬁm del VI / V2
(SEQ I D NO éthstFugurdesfigndepicaslzthenodiiShedel de2&Sd@dern68Q0iDt he

construct deﬁbePQF ed gpl 40. nrodUS4. del 128-194 (SEQ ID 20 NGO 62). Figure 50
depi cts the nuclfeofide sequence of the construct designated

gpl 40. nmut . nodUS4. Bégunegil] gepl SES) 4 nNOLES) idFi spFese @éptles t he

nucl eoti de seguepee-Ofaddi@natadcopsid Wlaudesiigngt as ManlseP, mdus4 (SEQ I D
NG 64). Figure 52 depicts the nucleoti dﬁgégggence of the_construct

desi gnat ed gpl 60. frbdUs:. Held9PIESEG 1D © FGIEEC53°8epitt s the
nucl eoti de seguencecofdddignacensypiad. mhesimgaased(SRd 60. NodwUd4. del V2 (SEQ I D

Nt o3 s AL s B SRR A0 Bl e gontr o
construct designated gpl40.TM.modUS4 (SEQ ID NO:58).

10 Figure 46 depicts the nucleotide sequence of the
construct designated gpl40.modUS4.delV1/V2 (SEQ ID
NO:59) .

Figure 47 depicts the nucleotide sequence of the
construct designated gpl40.modUS4.delV2 (SEQ ID NO:60).

15 Figure 48 depicts the nucleotide sequence of the
construct designated gpl40.mut.modUS4.delVl/V2 (SEQ ID
NO:61) .

Figure 49 depicts the nucleotide sequence of the
construct designated gpl40.modUS4.del 128-154 (SEQ ID

20 NO:62) .

Figure 50 depicts the nuclectide sequence of the
construct designated gpl40.mut.modUS4.del 128-1954 (SEQ ID
NO:63) .

Figure 51 depicts the nuclectide sequence of the

25 construct designated gpl60.modUS4 (SEQ ID NO:64).

Figure 52 depicts the nuclectide sequence of the
construct designated gpl60.modUS4.delVl (SEQ ID NO:65).

Figure 53 depicts the nucleotide sequence of the
construct designated gplé60.modUS4.delV2 (SEQ ID NO:66) .

30 Figure 54 depicts the nucleotide sequence of the
construct designated gplé60.modUS4.delVl1/V2 (SEQ ID
NO:67) .
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WO 00/ 39302 PCTI US99/ 31245 Fi gure 55 depicts the nucl eoti de sequence of the
construct designated gpl 60. modUS4. del 128-194 (SEQ ID NO 68). Fi g @Eo8)05
depicts the nucl eotide sequence of the 5 common region of Env from
wld-type US4 (SEQ ID NO 69). Figure 57 depicts the nucl eoti de sequence of
t he common region of Env fromw | d-type SF162 (SEQ ID NO 70). Figure 58
depi cts the nucl eotide sequence of synthetic sequences corresponding to

t he commonrvg ggiosya of 10 Env from US4 (SEQ ID NO 71). Fp@ri®e934d€Pi Cts the
nucl eoti de sequence of synthetic sequences corresponding to the comon
region of Env from SF162 (SEQ ID NO 72). Figure 60 presents a schematic
represent ati on of FAHUTE 50 ERFRIGETpERT i e ISOELAF c2RTHINCSt PAL B, Fi gure 61
depi cts the nruglseeticdedseipiened gb1éhenoduisel. gkl o€ waNgkEYcip desi gnat ed
gpl160. rmdUS4[‘\§a% nodSF2 (SEQ ID NO 73). Figure 62 depicts the nucleotide
sequence of 830 bi ci stronic construct desi gnat ed

gpl 60. NnDdSF162. GagigudSF2s (SpQckP N@7r4,)cle5i:gdiéeseﬁ§xéiﬁléi eEStme_he nucl eoti de
sequence of the bicistronic _construct desggnated

del V1/ V2.Gag SPOUSE2- FSESY 1D ROV757°™ 25 18- guPe 8% d QctIQ ?’ﬂes??ucl eoti de

sequence of the Bigusé rmldépdaﬂstﬂfmtnl.dﬂ&bgmaé &daquence of the
gpl 60. nodSF1

m cr ogr aphs %Fm%§é¥?c§? sn%?ﬁgﬁs%ggg laﬂ PF’ %F# F%&ﬁnSSS%figﬁszgg
encodi ng 30 sequ&ngese HH giepecb5AhgagaiedSie ddisnee66B, gpl 60. nodUS4;
Sir S LTRSS U AR ST 1

10 Env from U (SEQ ID NO:71).

Figure 59 depicts the nucleotide sequence of
synthetic sequences corregsponding to the comﬁon region of
Env from SF162 (SEQ ID NO:72).

Figure 60 presents a schematic representation of an

15 Env polypeptide purification strategy.

Figure 61 depicts the nucleotide sequence of the
bicistronic construct designated gpl60.modUS4.Gag.modSF2
(SEQ ID NO:73).

Figure 62 depicts the nucleotide sequence of the

20 bicistronic construct designated
gpl160.modSF162.Gag.modSF2 (SEQ ID NO:74) .

Figure 63 depicts the nucleotide sequence of the
bicistronic construct designated gpl60.modUS4.-
delvVl/vV2.Gag.modSF2 (SEQ ID NO:75).

25 Figure 64 depicts the nucleotide sequence of the
bicistronic construct designated
gp160.modSF162.delV2.Gag.modSF2 (SEQ ID NO:76) .

Figures 65A-65F show micrographs of 293T cells
transfected with the following polypeptide encoding

30 sequences: Figure 65A, gag.modSF2; Figure 65B,
gpl60.modUS4; Figure 65C,
gpl60.modUS4 .delVl/V2.gag.modSF2 (bicistronic Env and
Gag) ; Figures 65D and 65E, gplé60.modUs4.delvVl/V2 and
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WO 00/ 39302 PCT/ US99/ 31245 gag. nodSF2; and Figure 6SF, gpl 20. nndSF162. del V2
and gag. nodSF2. Figures 66A and 66B present alignnents of sel ected?d DEC 2005
nodi fi ed codi ng sequences of the present invention 5 including a common
regi on defined for each group of synthetic Env expression cassettes.

Fi gure 66A presents alignnents of nodified SF162 sequences. Figure 66B
presents alignnments of nodified US4 sequences. The SEQ |ID NGs for these
sequences_are presented in Tables 1A and 10 1B. Figure 67 shows the ELISA
titers (bwﬁﬂpﬁgmzantibodies) obtained in two rhesus nacHie¥45 |ines

with solid black dots; and J408, lines with open squares). The y-axis is
t he end- poi nigagpthd@sEt ] Shd irtighse 165 RNGH1ING . KodXF 56 S.Rws2WegK S
post -i mruni zat.i on, dashed lines at 0, 4, and 8 weeks represent DNA

innunization??g'Tﬁ% alternating dash/dotted line at 27 weeks indicates a
DNA pl us protein Bowstes rifikniandt 6 6B. prea spunte ab8a{r8E@ sl DN TFGtelkpi cts t he

wi | d-type Zq,oay@k@@t&%rfge%%gagﬁc@; SPAHCYLLSEd IiR3GEL Bhase from SF2.

Figure sequence of Figure sequence of “Figure sequence of 69 (SEQ ID
NO: 78) depi ctB3LHEIFAG SSITE8 TeAECR SHRftinget faesiafifasequerat 70 (SEQ ID
NO: 79) depi clegnthet tEmmotax@eeskhén cansdatuet . desiginat @8aGhResdc  SEQ | D
NC: 80) dep!cgﬁ.the ucl ti%g .the construct designated . .
FS(+).prot|nacf?ﬁ?%b£?§%fnp Ciie?ﬁﬁﬁggiéfqPﬁﬁfefhe?§9P§e 8%y ameshift in
t he GagPol codeagnseqiam®ents of modified US4 sequences. The SEQ
. ID NOs for these sequences are presented in Tables 1A and
10 1B.
Figure 67 shows the ELISA titers (binding
antibodies) obtained in two rhesus macaques kH445, lines
with solid black dots; and J408, lines with open
squares). The y-axis is the end-point gpl40 ELISA titers
15 and the x-axis shows weeks post-immunization. The dashed
lines at 0, 4, and 8 weeks represent DNA immunizations.
The alternating dash/dotted line at 27 weeks indicates a
DNA plus protein boost immunization.
Figure 68 (SEQ ID NO:77) depicts the wild-type
20 nucleotide sequence of Gag reverse transcriptase from
SF2.
Figure 69 (SEQ ID NO:78) depicts the nucleotide
sequence of the construct designated GP1.
Figure 70 (SEQ ID NO:7§) depicts the nucleotide
25 sequence of the construct designated GP2.
Figure 71 (SEQ ID NO:80) depicts the nucleotide
sequence of the construct designated
FS(+) .protinact.RTopt.¥M. FS(+) indicates that there is
a frameshift in the GagPol coding sequence.
30 Figure 72 (SEQ ID NO:81) depicts the nucleotide
sequence of the construct designated
FS (+) .protinact.RTopt . YMWM.
Figure 73 (SEQ ID NO:82) depicts the nucleotide

sequence of the construct designated FS(-
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30 Figure 72 (SEQ ID NO 81) depicts the nucleotide sequence of the

const ?uct desi(gnat ed FS(+).protinact.RTopt. YMAM Figure 73 (SEQ | D5NIBC&ap5
depi cts the nucl eotide sequence of the construct designated FS( 19 0 5 DEC
2005 WO 00/39302 PCT/US99/ 31245 ). protnod. RTopt. YM FS(-) indicates that
there is no frameshift in the GagPol coding sequence. Figure 74 (SEQ ID
NG 83) depicts the nucleotide seque?celec Dt ng gz;sér uct t detS|hgnat efl itl de
FS(-).pro . pt YMAMM Figure 75 (SE epicts e nucl e
seéu)enge &@fbﬁ’e Construct designated FS(- ). protnod. RTOFt(4P Bi{ure 76
(SEQ I D NG 85) depicts the nucleotide 10 sequence of wild type Tat from

i sol ate SF162.pFogusd. RIBpESES. | £5 NO! 8a)ildepé§ttswtthehaﬁbn9sa@d sequence of

the tat pol y@gg{négﬁ : £ o g‘Ta?l 7&@%‘?@9&2@' 8(?_71 4 é‘cfpl cts the nucl eotide

sequence of a synthetic const ruct ®15 Tat. SF162. opt. Figure
79 (SEQ | D NO 88)Fiepicct’d t(REBQNiZINSoBBledeseciernte ofichesyitcet i c Tat

construct degbgieh®dl off @heC¥8R2e Sick0deaPinaddle construct encodes a tat
pol ypepti_de stein residue at position 22 20 of the wild type

the ¢
Tat pol ypept Fﬁé\,\‘nsprr%tﬁloélcg °By-9™-ycine residue. Figures 80A to 80E are
an alignment of theyumeuclbeotigerrsequensegedicdNeneonstawd sadesi gnat ed

Gag, o3, SF2, (6B (SFQ DANOLIR), 71 GE2.(§FQ LRNG 79) - 25 Fi gure 81 (SEQ
S

| D NO 89) de e nucleo sequen construct designated
t at ani noSF162: BERtModuiIeRt éntodes the am no term nus of that tat protein.

The codon encodi ngidudie @¥stEE®-1E2 NoeSh HUge SoWNYBE! hidefhotr ide
10 sequence of wild type Tat from isolate SF162.

Figure 77 (SEQ ID NO:86) depicts the amino acid
sequence of the tat polypeptide. .

Figure 78 (SEQ ID NO:87) depicts the nucleotide
sequence of a synthetic Tat construct designated

15 Tat.SF162.opt.

Figure 79 (SEQ ID NO:88) depicts the nucleotide
sequence of a synthetic Tat construct designated
tat.cys22.sf162.0opt. The construct encodes a tat
polypeptide in which the cystein residue at position 22

20 of the wild type Tat polypeptide is replaced by a glycine
residue.

Figures B80A to 80E are an alignment of the
nucleotide sequences of the constructs designated
Gag.mod.SF2, GPl (SEQ ID NO:78), and GP2 (SEQ ID NO:789) .

25 Figure 81 (SEQ ID NO:89) depicts the nucleotide
sequence of the construct designated tataminoSF162.opt,
which encodes the amino terminus of that tat protein.
The codon encoding the cystein-22 residue is underlined.

Figure 82 (SEQ ID NO:90) depicts the amino acid

30 sequence of the polypeptide encoded by the construct
designated tat.cys22.8F162.o0pt (SEQ ID NO:88).
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Figure 82 (SEQ ID NO 90) depicts the amno acid 30 sequence of the

pol ypepti de encoded by the construct designated tat.cys22. SF162. %@Eﬂpﬁqﬁ@\]
D NO 88). 20 0 5 DEC 2005 WD 00/ 39302 PCT/ US99/ 31245 DETAI LED DE

OF THE | NVENTI ON The practice of the present invention will enploy, unless
ot herwi se indi cated, conventional nethods of chem stry, biochemstry,

nol ecul ar bi ol ogy, i munol ogy 5 and pharmacol ogy, within the skill of the
art. Such techniques are explained fully in the literature. See, e.g.,
Rem ngt oY@, rmaceuti cal Sciences, 18th Edition (EastHHBBAhsyl vani a:
Mack Publishing Conpany, 1990); Methods In Enzynol ogy (S. Col owi ck and N
Kapl an, eds.perark@o Acaskepiey Bk ess, IviBG:dy and Handbook of Experi nment al

| munol ogy, Vols. . I-1V (D M \Qéi and C. C. Blackwell, _eds., 1986,

Bl ackwel | Sci ent i'ffcPERABF T T oﬁg‘f; PESHHodEvenEton  willysmeayar O oning: A
Labor at ory memlesls 62hdrwiek tinoicat889)c¢orSlortt oRedt wethais BfMdl ecul ar

Bi ol ogy, 4t . ( . | . 1999, . John Wl ey.& Sons);
Mol ecul ar B:E&Jegég%fgé%%%%sm%kﬁ?r nrtmgg%fuvlea rLg) 8%3?%? ylm nérl gy (Ream et
al ., eds®, PIY8pharmderdeIPr edshinpgre {Midtlr ofuthé orrtt-o Buehechni ques

Series), 2ndeRbniGhewt ohe &xfizaham edfry i19%he BPFéNOSI-Verkag). 20 As used

in this specification and the appended, clains, the singular fornms "a,"
"an" and "t Fe® i nEPUURI TP UF PAraferehil FALEREST het idnEdhtixt ear | y
di ctates ot{Feswbse. Pdinusy 1l vaoiiaexmagh egublekit egceomanygni1and)j gen” i ncl udes

a mxture O%e%dgr{.ﬂ%r?zdﬁéﬁ\%gﬁg?gt SColzo%i.%ik QEdFIIQI\I_I T]%aﬁs I,n e:slcri bing the
present invention, e 0 g ternms Wl Be ehp 88, SA% are intended
to be de&f i nédgadsmi¢nBress edrsel owandHargibobkebf cExpaguented, as used
herein, refet®uh®logy, Vols. I-IV (D.M. Weir and C.C. Blackwell,
eds., 1986, Blackwell Scientific Publications); Sambrook,
et al., Molecular Cloning: A Laboratory Manual (2nd
Edition, 1989); Short Protocols in Molecular Biology, 4th
15 ed. (Ausubel et al. eds., 1999, John Wiley & Sons) ;
Molecular Biology Techniques: An Intensive Laboratory
Course, (Ream et al., eds., 1998, Academic Press); PCR
(Introduction to Biotechniques Series), 2nd ed. (Newton &
Graham eds., 1997, Springer Verlag).
20 As used in this specification and the appended
claims, the singular forms "a," "an" and "the" include
plural references unless the content clearly dictates
otherwise. Thus, for example, reference to “an antigen”

includes a mixture of two or more such agents.

25
1. DEFINITIONS
In describing the present invention, the following
terms will be employed, and are intended to be defined as
indicated below.
30 “Synthetic” sequences, as used herein, refers to

Env-, tat- or Gag-encoding polynucleotides whose
expression has been optimized as described herein, for
example, by codon substitution, deletions, replacements

and/or inactivation of inhibitory sequences. *Wild-type”
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Env-, tat- or (Gag-encodi ng pol ynucl eoti des whose expression has been
optim zed as descri bed herein, for exanple, by codon substitutiq@DEtzmﬁ
del etions, replacenments and/or inactivation of inhibitory sequences.
"Wld-type" 21 0 5 DEC 2005 WD 00/ 39302 PCTI US99/ 31245 or "native"
sequences, as used herein, refers to polypeptide encodi ng sequences t hat
are essentially as they are found in nature, e.g., Gag encodi ng sequences
as found_i i solate HI V-1SF2 or Env encodi ng sequ found in
the isol a‘fV8rsa°’|5—§{3%- 1SF162 or HIVIUS4. As used herein, th?%@??%al%?r us-like
particle" or "VLP" refers to a nonreplicating, viral shell, derived from
any of severalr vhauses' diesspeased, fay therd belrein, ndflexrsate general ly

conposed of jral: 10 i C : limted to
t hose protei %s%%yg%Fg?éeg Jg%éggjcsapé?%?ée(r%(s)gpggs%%%‘%?%&%ﬁgg%yaénédn/ or
envel ope prottéiensarerfpard iiel aateren iy Pol FpeEpererEindesedeentedAT hese

proteins. VLR ganifiofke speAkanens! srURINERGCONMUNR sexRELSSE on of the
protein in an 15 appropriate expression system Methods for producing
particul & VE&Bs EFBIkHOWS rAsPhetes (Hfid SHrEEuls et P8 - ful |y bel ow. The

presence of VLPs AslLhovd ngreeéapnbhéaardrm expressl e glarvicade” psot ei ns can be

det ect ed usin on i | _techniaue Wn_ L Lt by 20
el ectron m crgé’%opégp%%%g%ygi gg?récﬂﬂarczactﬁgl i'z‘é%?%intg%fﬁ[&' tﬁggﬁ{dz. See,
e.g., Baker diroal anyBpopiaperal vingesy digousadd- jysderHhgénsee et al ., J.

Virol. (1994):168: 45035ef301 yFObmSXHMW|F oMbPSr Gidrberigel at ed by density
gradi ent_ centri fugati on %nd/ or_identified b haracteri stic density

25
bandi ng {%. g PTOERARDI 95" 25Al PBF n2R5 J@W,teér?%err SRS SFChFtPoscopy can be
performed omefetrrefisd aquepasdsamptes shfelihesMiRqger epdrati on in

question, and i aREES SRGQiGEd HPASL ARAIORLLAL £y GHIQIEE 1 agQoNdi ti Ons.
derived from these proteins. VLPs can form spontaneously
upon recombinant expression of the protein in an

15 appropriate expression system. Methods for producing
particular VLPs are known in the art and discussed more
fully below. The presence of VLPs following recombinant
expression of viral proteins can be detected using
conventional techniques known in the art, such as by

20 electron microscopy, biophysical characterization, and
the like. See, e.g., Baker et al., Biophys. J. (1991)
60:1445-1456; Hagensee et al., J. Virol. (1994) £8:4503-
4505. For example, VLPs can be isolated by density
gradient centrifugation and/or identified by

25 characteristic density banding (e.g., Example 7).
Alternatively, cryoelectron microscopy can be performed
on vitrified aqueous samples of the VLP preparation in
guestion, and images recorded under appropriate exposure
conditions.

30 By “particle-forming polypeptide” derived from a
particular viral protein is 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
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30 By "particle-form ng polypeptide" derived froma particular vir

o 2hec,aans

protein is neant a full-length or near full-length viral protein
as a fragment thereof, or a viral protein with internal deletion

has the ability

s, which

to form VLPs under conditions that favor VLP 22 0 5 DEC

2005 WO 00/ 39302 PCT/ US99/ 31245 formation. Accordingly, the pol ypeptide may
conprise the full-length sequence, fragnents, truncated and part
as well as anal ogs and precursor forns of the referen
mol ecul e. WOHE3BE m t herefore intends 5 del etions, addi PCHMNSIISHYS

substitutions to the sequence, so long as the polypeptide retain
ability to fespmacidlP. ATbUSqaitde, t LE LRE,HIaS daattyakoyasial igas of the
speci fied polypeptide since variations In coat proteins often oc
bet ween vi raFit 5ol SREd SFARCRE? midagBeRssT nerures edeprti Rt 18dddi ti ons and
substi t uti onsetihatcetn amOWeDAtad alray cgecahdiprdchesbel esancePrakei n, SO
| ong as thergfotein reﬁain thgrabilitytgo fPrn1a VLP. Preferred

sequences,

he term refore intends

. . ere e moleLul . H
substitutions are r%ChOSG V\ﬁl C?I are conservative 1 n nature, lI.e.,

subst it ubi ondeldpionsak@ddh atensiarid subst g yonks tof thei seywgices that are

i al
ce

s the

cur

t hose

related in theiiosi de ¢hal aélyple%%fa!ef keahlys B0 0Q:aci ds.argegerally

divided into four famlijes:

acidic -- aspartate and gl ut amat

e; (2)

basic -- |ysYHe;, arfgisni B ket iidiciedegspaplpypatationg 4fi k&e val i ne,
| euci ne, i sospereiniesd podlpapt i) qihesylalsad itgs ARt BooN gt elibigpt ophan;

(4) unchargegftégﬂéybughbgL%g%gm%iggﬁp?%gg%gg ‘gh% am ne, ﬁgstine, serine

err{l a o .
ypt ophan, “an yI'0Sl ne are soneti nes

t hr eoni ne,

t

yr osi ne. enyl al anl ne,

and

cl assi f *@d asnetwing delanines, adddsions apd "sapsitgentiond erhwtt doa nol ecul e

cont ai ni ng ofet MaturNeyepbtoPas okt Petetdt@abrocOM Ordmtigppakor bot h)
stinul ate a host' stemto make a : hunoral and/or

that will

host's i ne s
cel lul ar ant??ﬁnﬁ%ﬂ&ﬁ&?fFst?ﬁ%%gﬁ%babTxéty to form a VLP. Prelerred

15

20

25

30

substitutions are those which are conservative in nature,
i.e., those substitutions that take place within a family
of amino acids that are related in their side chains.
Specifically, amino acids are generally divided into four
families: (1) acidic -- aspartate and glutamate; (2)
bagic -- lysine, arginine, histidine; (3) non-polar --.
alanine, valine, leucine, isoleucine, proline,
phenylalanine, methionine, tryptophan; and (4) uncharged
polar -- glycine, asparagine, glutamine, cystine, serine
threonine, tyrosine. Phenylalanine, tryptophan, and
tyrosine are sometimes classified as aromatic amino
acids.

An "antigen" refers to a molecule containing one or
more epitopes (either linear, conformational or both)
that will stimulate a host's immune system to make a
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 about 12-20 amino acids. Normally, an epitope
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termis used interchangeably with the term"i munogen.” 30 Nornmally, a
B-cell epitope will include at |east about 5 am no acids but can be as
small as 3-4 amino acids. A T- cell epitope, such as a CTL epitop@} D&C12005
include at |east about 7-9 amino acids, and a hel per T-cell epitope at
| east about 12-20 ami no acids. Normally, an epitope 23 0 5 DEC 2005 WO

00/ 39302 PCT/ US99/ 31245 wi Il include between about 7 and 15 am no aci ds,
such as, 9, 10, 12 or 15 am no acids. The term "antigen" denotes both
subunit affd48%2 (i 'e., antigens which are separate aRI'O¥R6te from a

whol e organismw th which the antigen 5 is associated in nature), as well

as, killed, a.tltlenua.&eﬁlde e iwraG! b¥ated Ract @Bl amiNb rébsfd% Eungiag parasites
or other m ggs nti bodi es such s angllﬁ-l di oty ant”| bhodi es, or
fragnents there AAdC By RS Bﬁb Fde? Frﬁf‘i‘}p tlvﬁﬁ“chde%t?ﬁ mc an

antigen or anotgenibuddc dettergensant . ar.e aaltsgeﬁapwmﬂc&d_mdeép&maefl ni tion
of antigen %%dUEEQﬁP é?'f}on?"a%héiéyer 01 Q! QQ?HCH?P&H Qg\e anti

pol ynucl eot i de wh expresses an antigen or igenic deteérmfiant in
vivo, such adsi AsgentatertridpyasngeDNGS iweddnp2at kohleghpleitcariarsl is al so

included in Eﬂelﬁ5cgﬁ¢éﬂﬁd|BH%t@E1§nt¢£Fﬂ%e@er?hﬂglF%Haﬂ¥§199§e§*0f the
pr esent |nvent antigens can g derived from any of several known

viruses, bacté F’Fﬁ MIGEPAE t e SREARC h’f@lsuc&saaegﬁ?%'ﬁ&}%@ fully below. The
term al so i neendsodigs ofort Heragarhosist Harwoif , aahd g@ﬁs:helﬁchépthﬂ{dmr e, for

pur poses of L acREESEN L MLILL R AD an 30 &iffigehca protel n which

includes nodifications, such del et onsug%g ?l ons “substitutions
(general1% cORSEFDIRIYe |af¥en&tlﬁpe§aptttk¥etdhéndﬁat¢% defdadhten &b | ong as the

protei n nai nhatmgeﬁhes Zﬁeablhletrbynt 0 ﬁrﬂlqlatrlﬁﬂ am&@&%@@éd@%ﬂse as
berate, as through

d?fi”ed her ET' f%é% Q% Lons Jm

site-direct e% mitagenesi s, ?/x%resfceyl 88n?3’flgen oranfigenic
determinant in VlVO, such as in gene therapy and DNA
immunization applications, is also included in the

15 definition of antigen herein.

For purposes of the present invention, antigens can
be derived from any of several known viruses, bacteria,
parasites and fungi, as described more fully below. The
term alsc intends any of the various tumor antigens.

20 Furthermore, for purposes of the present invention, an
"antigen" refers to a protein which includes
modifications, such as deletions, additions and
substitutions (generally conservative in nature), to the
native seguence, so long as the protein maintains the

25 ability to elicit an immunological response, as defined
herein. These modifications may be deliberate, as
th;ough site-directed mutagenesis, or may be accidental,
such as through mutations of hosts which produce the
antigens.

30 An "immunological response" to an antigen or
composition is the development in a subject of a humoral
and/or a cellular immune response to an antigen present

in the composition of interest. For purposes of the

present invention, a "humoral immune response" refers to
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such as through nutations of hosts which produce the antigens. 30 An

"i mmunol ogi cal response” to an antigen or conposition is the devel opnent
in a subject of a hunoral and/or a cellular immune response to af5dafiifEn
present in the conposition of interest. For purposes of the present
invention, a "hunoral immune response” refers to 24 0 5 DEC 2005 WO

00/ 39302 PCT/ US99/ 31245 an i mmune response nedi ated by anti body nol ecul es,
while a "cellular immune response” is one nediated by T- |ynphocytes

and/ or ot R 0%#I%%e bl ood cells. One inportant aspect OFCTEEY3IR4r | nunity
i nvol ves an 5 antigen-specific response by cytolytic T-cells ("CTL"s).

CTLs have speg fibmlhy fOLpdeR! h@élé@éd qgn%nm%dﬂrneole%%smm id
association with Erot ei ns encoded by the mmjor hjstoconpatibiTity conpl ex

(MHO) and expr e5§8§&duoddt Hungy e speswf 2t,seIC’F1§ mediat e Py Tnduce and pronote
the 10 dest r ugtnpapcptes rﬁx’fcﬂ@ﬁl buhatr wHideObesodotelIlte | yaes of cells

i nfected mnth sucgaglcag O%n gf aspe%hnoﬁ EeIH%%ar i munity invol ves

an antigen- spe PrE"F eionse Tper - ¥, $%1per Focells act to hel p
stinul at & t hketfigaotspegi fied rbepgsset hey agtiovit yo df-ceddisspecTii<) .15 ef fector

celI's agai nsth@gl hay el SPLAQ9cPORLE AR REOSRS: gdih 880CKALI ON W th MHC

nol ecul es on their surface. | ul &r | mmune Tesponse so refers to
t he producti Weséfltﬁ‘}tjdklar?é?méﬁé%wlﬁé"s Péﬁaeblf“ﬁeﬁrncﬁﬁi@ﬁ hvlgl es  produced
by acti vat edmbsjeel hsSracstanqracabIﬂthdn@llabcode@D £ lekprésedddimg t hose

derived frong4 ells Q osl({llon Qr, vacci ne hat elicits
a cellular |tmrunug$§eicsesor?fecr%9 Se r%TeL 5 nsitize aéldng?%%treat subj ect by

t he presént aldﬁéhrbf:tm |cgfennrcnaaghbcl|aat mnrQsewi tdr VHE hpsxudfes at the

cell surfacecelhs egfdeed®diidheBudiMiE obRSPONRS e dbkpeLed At or near,

cells
cellular immunity involves an antigen-specific response

by helper T-cells. Helper T-cells act to help stimulate
the function, and focus the activity of, nonspecific

15 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

20 cells, including those derived from CD4+ and CD8+ T-
cells.

A composition or vaccine that elicits a cellular
immune response may serve to sensitize a vertebrate
subject by the presentation of antigen in association

25 with MHC molecules at the cell surface. The cell-
mediated immune response is directed at, or near, cells
presenting antigen at their surface. In addition,
antigen-specific T-lymphocytes can be generated to allow
for the future protection of an immunized host.

30 The ability of a particular antigen to stimulate a
cell-mediated immunological response may be determined by
a number of assays, such as by lymphoproliferation
(lymphocyte activation) assays, CTL cytotoxic cell
assays, or by assaying for T-lymphocytes specific for the

25



presenting antigen at their surface. In addition, antigen-specific
T-1ynphocytes can be generated to allow for the future protecti On[bé)hEEaﬂ]ﬂﬁ

i mmuni zed host. 30 The ability of a particular antigen to stinulat

cell -nmedi ated i mmunol ogi cal response may be deternmined by a number of
assays, such as by |ynphoproliferation (lynphocyte activation) assays, CITL
cytotoxic cell assays, or by assaying for T-Iynphocytes specific for the
25 0 5 DEC 2005 WO 00/ 39302 PCT/ US99/ 31245 antigen in a sensitized subject.
Such assay®%PE%el| known in the art. See, e.g., Erididomoudng | J.

| munol . (1993) 151:4189-4199; Doe et al., Eur. J. [Immunol. (1994)

24: 2369- 2376an8@§§ﬂt1ﬁﬁﬁ'Hyﬁélgﬂzédﬂﬁﬁ%%kkng 6641 - B tgge'@@yfe response
i ncl ude neasur enent of i ntracel | ul ar cyt oki nes or ﬁétOkl ne secretion by

T-cel | popul &F'PBRsI" orihy Hreasifemehtd -of Eréprtdpetsgacifie T-cells (e.g. .
by the tetrammmbechmme) (eevieyed: 1w ; Mobk chaell,. ,Ardr. and O Cal | aghan,

10 C A, J. 9)13 37 19 I\/bh er.- Wlllams MG, et
al, Imunol . uno 50 ]é%(i )4%98%691 %ﬁ%an? Cont "ée%/%é?fis 3% Exp. Med.
186: 859- 865, m@@@ﬁl)‘lngrmfsll alﬁdiiammmnmgnnealres@srmns@casdased herein may be

one whi oh st mepkaredhepuaduelion ol CLS A o I8cLpe production or

activation of helper T- cel ant i inter edt nay also elicit an
ant i body- medP&FE8E19RnE - Fé%bo?%@llaﬂéﬁéé/ eh hynreaskogheat afesponse may

i ncl ude one eplﬂagse Hediltecf ol tomingeetf echs cHheecpr@duct i on of anti bodies
cells and/or y6

by B-cells; e _20.acti vat| n.o ppr essor

T}/cel s di rec A 1%ue2 |V58VT:‘§ }?36 * S?FF erf o 'aﬁ"f’;ggng ablaghdit: in the
conposi tlion ﬁrAvac@ rxrof Medt er@'sw)1'Blsese37r651mmsemhayz§ﬂ ve to
neutralize iptegiivd ty. candLor, %%@5@1&“&&90 q0g8lIpl eMPdy,, Or anti body

dependent ceII 25 CytOtOXICIty rovide pro ectlon ‘to an i muni zed
Lalvani, . 1, . Exp. Med. 186:859-865, 1997).

Thus, an immunological response as used herein may

be one which stimulates the production of CTLs, and/or

15 the production or activation of helper T- cells. The
antigen of interest may also elicit an antibody-mediated
immune response. Hence, an immunological response may
include one or more of the following effects: the
production of antibodies by B-cells; and/or the

20 activation of suppressor T-cells and/or y& T-cells
directed specifically to an antigen or antigens present
in the composition or vaccine of interest. These
resgponses may serve to neutralize infectivity, and/or
mediate antibody-complement, or antibody dependent cell

25 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.

An "immunogenic composition" is a composition that

30 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.
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host. Such responses can be determ ned using standard i mmnoassays and
neutralization assays, well known in the art. An "inmunogenic cagqﬁfﬁbﬁon
is a conposition that 30 conprises an antigenic nol ecul e where

adm nistration of the conposition to a subject results in the devel opnent
in the subject of a hunoral and/or a cellular inmmune response to the
antigeni c nol ecul e of interest. 26 0 5 DEC 2005 WD 00/ 39302 PCT/ US99/ 31245
By "subunit vaccine" is neant a vaccine conposition which includes one or
nmore sel eXXQW3M¥E i gens but not all antigens, derived fRAMB¥3MSnol ogous
to, an antigen from a pathogen of interest such as froma virus,

bacterium 5 paragit es@buf g4 cisHeh; & CMROST Lhok: s &HQ%E?@I&@' ly free
of intact pat ho%en cells or pathogenic particles, or the |ysate of such

cell's or par t16r8s InFhpdes Lra BuRPEe YAEGERE" 2BEIE TS ﬁPépﬁP%dalflr om at

| east parti aldntipenisf i @erigqr &fxemabfyh@tdlsigaanbl ab) yarpuniciigef) f+dmrunogeni ¢
10 pol ypepti des flhomet he pat | hage analfor%s thvuuf Thg met hod of

obt ai ni ng an “antigen i net uded i tﬁe BBUAT" Yaltife C8RCERLEi ncl ude

st andard pur |Ha|r@§t¢gnort@mgnsque§uclnetmmlmantipm oductubshanbiaklynt heti c

pr oducti on. Sa@sm@&&@gaeh%%hfe@ﬁls %@n%@hogé{&r iaa&elef&l, atd,on of a
subst ance (conp oun %nuc eot’ide, protein H%" peptid ol ypepti de
conposi ti on) tgi?cﬂy?ﬁ'é? ¢ éu%ﬁ’@tléﬁc%r (Rﬂ?ﬁﬁF%@% t he'Y¥a| éri'%“}btﬁélrtcent of the

sanple in whisglkriht"resh des prEppireal fyon mtaleaspl g iaubst patimldy 20

purified conp rise referahl v, 80% 85% .nore preferably
90- 95% of the sa@gf ﬂ?’ Sﬁ:a&gs %P pu?flti ?nglgm%% ﬁ] ¢feoti des and

pol ypept@es p@flypﬁpé;@%q f%qne thel bathiesam . i prt Arakeas ahdrent!| udde f or
exanpl e, i oNue@XchaBgCoItH MIROARaRIY g filBhbied NPTREOGLBRNME and 25
sedi ment at | Ona%%ggédclzaxg éhousd%rllxclluge standard purification

technigques, recombinant production, or synthetic

production.

15 “Substantially purified” general refers to isolation
of a substance (compound, polynucleotide, protein,
polypeptide, polypeptide composition) such that the
substance comprises the majority percent of the sample in
which it resides. Typically in a sample a substantially

20 purified component comprises 50%, preferably 80%-85%,
more preferably 90-95% of the sample. Techniques for
purifying polynucleotides and polypeptides of interest
are well-known in the art and include, for example, ion-
exchange chromatography, affinity chromatography and

25 sedimentation according to density.

A "coding sequence" or a sequence which "encodes" a
selected polypeptide, is a nucleic acid molecule which is
transcribed (in the case of DNA) and translated (in the
case of mRNA) into a polypeptide in vivo when placed

30 under the control of 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
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A "codi ng sequence” or a sequence which "encodes" a selected pol ypepti de,
is a nucleic acid nolecule which is transcribed (in the case of DNA) and
translated (in the case of nRNA) into a pol ypeptide in vivo whefh) pE@éifl 30
under the control of appropriate regulatory sequences (or "control

el enents”). The boundaries of the coding sequence are determ ned by a
start codon at the 5 (amno) termnus and a translation stop codon at the
3" (carboxy) term nus. A coding sequence can include, but 27 0 5 DEC 2005
WO 00/ 39309 0m@9PP2US09/ 31245 is not limited to, cDNA frofiGHUS#31245r ocar yoti c
or eucaryotic nmRNA, genonm c DNA sequences fromviral or procaryotic DNA,

and even synthefic t%%qggpcglgNAﬁfrOH @g%%%: (e%%g&cré%[tqicngg on sequence nay

be located 3" to 5 the coding sequence. rol "el ements”,

i ncl ude, but SHFRTYI®EIC MY edehemic s 6pRpEROTS phrsiotvérsl er anscri ption
enhancer el egeBt&rydtANINA, PhhONe+&! MyRahkolc Shenasuenbelyadenyl ati on
sequences (| pcat ed S't.to the translation 10 stop codon), sequences for
opti mi zat i on-bF F AT 17 S0 T SEFL R T IS ISSERERCT | BRAtd 19<2F8d the todi ng
sequence), ahte todirgd ateigmenter m nati on sequences, see e.g., MCaughan et

al . (1995) PNAS USp, 82::5431;54351c Kaphetov ghclad 1998) o EGRS Letts.

440: 351-355. 15 A ei c acid” nolecule can inc isnot limted
to, procaryoti®lseguchcésanggeipyinr PraRrRRereDNAansesaPebemr yoti c nRNA,
genon ¢ DNA sfRARHEE S fdmemt s € UEA Bt § 8n JreriiHEMALhAR) gAY, and even
synthetic DNA .sequences. The term al so captures sequences that include 20
any of the kﬁ%%a%eéygagﬁgpoagqﬁnm( RI2RRA. "tﬁpéﬂgtbwaﬁl?]rﬁge‘&’n refers to
an arr an§eneatopfcoddrane seguahes<ifiort bet toiponient sfsandesaridredrar e

configured so a3s1g RES 395&&@&@' UsUghe ! HOELHPLeqlBUSe) , 3@ VEN Promot er
operably linked to a codi ng sequence is -
translation termination sequences, see e.g., McCaughan et

al. (1995) PNAS USA 92:5431-5435; Kochetov et al (1998)
FEBS Letts. 440:351-355.

15 A '"nucleic acid" molecule can include, but is not
limited to, procaryotic sequences, eucaryotic mRNA, cDNA
from eucaryotic mRNA, genomic DNA sequences from
eucaryotic (e.g., mammalian) DNA, and even synthetic DNA
sequences. - The term also captures sequences that include

20 any of the known base analogs of DNA and RNA.

"Operably linked" referg to an arrangement of
elements wherein the components so described are
configured so as to perform their usual function. Thus,
a given promoter operably linked to a coding sequence is

25 capable of effecting the expression of the coding
sequence when the proper enzymes are present. The
promoter need not be contiguous with the coding sequence,
so long as it functions to direct the expression thereof.
Thus, for example, intervening untranslated yet

30 transcribed sequences can be present between the promoter
sequence and the coding sequence and the promoter
sequence can still be considered '"operably linked" to the

coding sequence.
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25 capabl e of effecting the expression of the coding sequence when the
proper enzynes are present. The pronoter need not be contiguous with the
codi ng sequence, so long as it functions to direct the expressi oh) 0b&7i8pf .
Thus, for exanple, intervening untranslated yet 30 transcri bed sequences
can be present between the pronoter sequence and the codi ng sequence and
the pronoter sequence can still be considered "operably |inked" to the
codi ng sequence. 28 0 5 DEC 2005 WD 00/ 39302 PCT/ US99/ 31245 "Reconbi nant"
as used heY@P¥% describe a nucleic acid nol ecul e nmeakE/EsopdI2¢nucl eot i de
of genom c, cDNA, sem synthetic, or synthetic origin which, by virtue of

s origin or manipdkiaRant 1ad 5500 n82o0ei A edowkih. 5 allo,or a portion
IS ;

of the polynucl eotide with which it associ ated I'n nat ure; “afid/or (2) is

linked to a potyMRisotiedBesthet potaRuEheet ide Wi efnemid,s doaked i n

nature. The tesmsyreteithicnast s@snssed Wiy f §3ReAL £P A RELOLEI N or
pol ypepti de ngans..a ol ype ti de produced by 10 expression ofe,a r econbi nant
pol ynucl eot i de.° "Reconbi halt  RioE 108 | 1) 9ot eeppeiatedcwits, " "cel |

lines," "eel lalludn @ @ortiandodtther pslighudeidrs ddenot h Nghihogar ygti ¢

M croor gani snBs e i@tear YAt hee &&l 1 Jh | tured as. unicellular entities,
are used interchacr%geabl Y, an%:l r ef glrvla%?tgﬂcelél gm ?%h’foca?n be, or have been,
used as reci fIERTRClEEIfecoMItThaeRenvRR oIty ehighhit i disked DNA, and

include the praxgemy ofththeest i gieddhbeghht Whischsbasyhaenesprapsfgcied. It is

be. compl ot el s S0 T RebE ! Bt VR HOPONET Gty? B VRSB oGR e By DNA

conpl emeh? t GAHFESSEPYI AGl & paacembingue pal yaccildetidd . orRrRedehbbesat e

mutation. Progany cehlibhe pasganiahigel lahiieh. apg sYfifigi gnily, similar to

the parent t(%JT%ures," and other such terms denoting proéaryotic
microorganisms or eucaryotic cell lines cultured as
unicellular entities, are used interchangeably, and refer

15 to cells which can be, or have been, used as recipients
for 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 cell may not necessarily be completely

20 identical in morphology or in genomic or total DNA
complement to the original parent, due to accidental or
deliberate mutation. Progeny of the parental cell which
are sufficiently similar to the parent to be
characterized by the relevant property, such as the

25 presence of a nucleotide sequence enceding a desired
peptide, are included in the progeny intended by this
definition, and are covered by the above terms.

Techniques for determining amino acid sequence

“similarity” are well known in the art. 1In general,

30 “similarity” means the exact amino acid to amino acid
comparison of two or more polypeptides at the appropriate
place, where amino acids are identical or possess similar

chemical and/or physical properties such as charge or

hydrophobicity. A so-termed “percent similarity” then
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haracterized by the relevant property, such as the 25 presence of a
ﬁucleotide sequgnce encoding a desired peptide, are included in the
progeny intended by this definition, and are coyereq by_th? abowa%?ﬁfﬂm%
Techni ques for determ ning am no acid sequence simlarity" are \ wn
inthe art. In general, 30 "simlarity" means the exact amno acid to
amno acid conparison of two or nore polypeptides at the appropriate
pl ace, where anmino acids are identical or possess simlar chenlcalnand/or
physi cal YPIPpePsP1 es such as charge or hydrophobicity. paTamsedxiaeed "percent
simlarity" then 29 0 5 DEC 2005 MP 00/39g02 PCT/U599231$g§hﬁ?2u2§ o

db r 0 tide uence
gg%:iﬁ:ﬂ?ng E%%fggcgégﬁéﬁa g Bgﬁgﬁ%yggfdcggﬁﬁﬁ %éxﬂd@ﬁPFEQealso are wel |
known in thesegpenasel. i iMislchdéqdes efar niengrinhei nydeqiideaseguansce of 5 the

MRNA DNA i_nternedi a and determ ning the
am nof g(r:l éhgtganggggzéﬁé%? %ng%ﬁere r?tlty I gseo‘ﬁﬁ%rwehg ERPYNt B & Rk&econd ami no
aci d sequencért| and gerdiale, détdemﬁmnqg thefeuslédtuﬂ& exaténdaicdeotide to

nucl eoti age OEh@”hﬂﬁAaﬁbpthgtdgéﬁg)é%sual 9rrespon% Cgpggr%%aﬁ%gz)nore

v
ol ynucl eoti des or pol ypepti sequences; }espe
Bolgnucleotléé s@ﬁﬂ%ﬂ@é@ngahh@emmnnpamad s@mxﬂ&kEEﬁbadé@ thetdby ', per cent

" d by 15
identit TwRgo ! id uences |ikew se can be conpare
det er ni %I ng ?ﬁceil ?O[ﬁ%exﬁgen?h?%eﬁcgl tyse‘%%‘? amler%%ear?tl\gl PRERETES off ™t wo

sequences, WABEREF! nudideneiae] dredterspept adeensa&quenc%gatme general ly

bed as C en two aligned sequences
i vi ded by The T enaeh ot The chart er anne et debiEeRoatite 8 100, 20 An

apprOX|ﬁ8te HWPG%H@WPC#GPt+ERﬁ6943R@éwéeséqt%ﬁﬁayensesprOV|ded by the |ocal
honol ogy al gpsdpdynial1$mi t h and

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

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

20 An approximate alignment for nucleic acid sequences is
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 séoring matrix developed by

25 Dayhoff, Atlas of Protein Sequences and Structure, M.O.
Dayhoff ed., 5 suppl. 3:353-358, National Biomedical

, USA, and

normalized by Gribskov, Nucl. Acids Res. 14(6) :6745-6763

Research Foundation, Washington, D.C.

(1986). An implementation of this algorithm for nucleic
30 acid and peptide sequences is provided by the Genetics
Computer Group (Madison, WI) in their BestFit utility

application. The default parameters for this method are
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Wat er man, Advances in Applied Mathematics 2:482-489 (1981). This algorithm
can be extended to use with peptide sequences using the scoring matrix
devel oped by 25 Dayhoff, Atlas of Protein Sequences and Structureg5§|§p.2[]g5
Dayhoff ed., 5 suppl. 3:353-358, National Bionedical Research Foundati on,
Washi ngton, D.C., USA, and nornalized by Gibskov, Nucl. Acids Res.
14(6):6745-6763 (1986). An inplenentation of this algorithmfor nucleic 30

acid and L sequences is provided by the Genetics ter Group
( Madi son,‘QW§”5’|q§’ their BestFit utility application, TWEQ@%%Z’M“E par anet ers

for this method are 30 05 DEC 2005 WO 00/ 39302 PCT/ US99/ 31245 described in
t he W sconsi deSeqiisnt e rAnakysi scqackagequriogrramiansabacMeysi on 8 (1995)

(avail abl e f nefics uter G disgn, W). O her equally

sui tabl e pr%g%%m %rnugél’cugg?llonng & Hgggé? E/E‘Wa’i GBAEi %f/o'BrGegleﬁl larity

bet ween sequenmtmstar Srgeper Badysdnomwd) i n otieer aighal For sexadmilee, percent
identity of tic r ucl eot i de, sequence t.qo a, reference sequence can
be deternin dg%g?%sglﬂoﬁeCﬁoﬁ%Jr%glyngaE%JlSr ?ﬂ?ﬁrgtf l%l%nfht%n%lr 10 Waterman with a
defaul t $§corsinylabity betdwaegagrpenaktyarofgesieranligl eodirde pesiet i ons.

Anot her met hod. of establishing percent identity in the context of the

present invention is to use the MPSRCH package of prograns copyrighted by
the University ofFEdierbaprgh, d&aeneldpedity cfohnp&rt Colldmns and Shane S.

Sturrok, and,,dsidsidut Y. el | i | CSe el ntain View, CA).
Fromthis suiLtle of 1pack§glé§,c% hnct@ §mktg;ﬁ? I%Cger r?gﬁﬂgf]céé%b#hrﬁe can be enpl oyed
wher e def aul §¢pRiHMECe S 188 et s d9mPdPIY helgozdghinngf t Sl th @@hdr exanpl e, gap

open penal t yyferkdn 98Pn20 &XEANT ARPENA!L¥12f 2RHE ggg of six).
From t he dataegrengr ated, the " Matchg value reffects e ﬁeg%?g‘gy identity."

O her sui t abPe Progarsorbie asdiiianpng Atngher method.of

establishing percent identity in the context of the
present invention is to use the MPSRCH package of
programs copyrighted by the University of Edinburgh,
15 developed by John F. Collins and Shane S. Sturrok, and
distributed by IntelliGenetics, Inc. (Mountain View, CA).
From this suite of packages, the Smith-Waterman algorithm
can be employed where default parameters are used for the
scoring table (for example, gap open penalty of 12, gap
20 extension penalty of one, and a gap of six). From the
data generated, the “Match” value reflects “sequence
identity.” Other suitable programs for calculating the
percent identity or similarity between sequences are
generally known in the art, such as the alignment program
25 BLAST, which can also be used with default parameters.
For example, BLASTN and BLASTP can be used with the
following default parameters: genetic code = standard;
filter = none; strand = both; cutoff = 60; expect = 10;
Matrix = BLOSUM62; Descriptions = 50 sequences; sort by =
30 HIGH SCORE; Databases = non-redundant, GenBank + EMBL +
DDBJ + PDB + GenBank CDS translations + Swiss protein +

Spupdate + PIR. Details of these programs can be found at
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percent identity or simlarity between sequences are generally kﬁgn@ i []]
the art, such as the alignnent program 25 BLAST, which can also b QOQ 05
with default paraneters. For exanple, BLASTN and BLASTP can be used with
the followng default paranmeters: genetic code = standard; filter = none;
strand = both; cutoff = 60; expect = 10; Matrix = BLOSUM52; Descriptions =
50 sequences; sort by = 30 HI GH SCORE; Dat abases = non-redundant, GenBank +
EMBL + DDBJ + PDB + GenBank CDS translations + Swiss protein + Spupdate +
PIR Det 7Y%t hese programs can be found at 31 0 5 '%ﬁ@?%‘é“\/\@ 00/ 39302
PCT/ US99/ 31245 the follow ng internet address:

htt p: // www. Reli fah[@ggyg/ GHr=RhB{ BLARsOne of skill in the art can r eadi | y
determ ne the pr search paraneters to use for a given sequence in 5

t he above pIhGéiPa W‘Fd“rc’:éxé‘%ﬁl OV ¢l dUAY/ BRABEr anet ers may vary based on

the size of the sgguenceiiin gHeshé Okt cHRUSead Ofy ¥AEREne A KEPr esentative
enbodi nent of the present invention would include an isolated

pol ynucl eot PAEPRAEVFFRF O PAREMGERES TRiMSSofPded, IiMfer SPAUEDCE idN the X

contiguous nuel gpbvdas-diauasat FeASIxARAWL, BRY6 s d et Eh¥a&9téé§0ntlguous
nucl eoti des derived-from any of the sequences described herein, (ii) X

equal s Y, aff@Y VRIY)Passd ogr Eheetithaf Gﬁ‘eeﬁﬁ%‘llert‘"@ 6PngEpebioes and up to

5000 nucl eotrides, £¢¥ efemphky grﬁ@éﬁséﬁt&mloé &) i et 18 8 uicl eot i des and
up to 5000 nucl eoti des, nore greferab 10-12 nucl eotides and up to 5000

nucl eot | des PTERBPBVENSBPE Bretr By OE52D0 3RIG%E6t i des, up to the number

of nucl eot pdegni Bs@ildel natrlnﬁgfmldodta@gbhssﬁwﬁiaft&aedeSﬁmé:&&% herein

Vai tes TAITIRG SE R R R HE R et P BEd T Bhifis e SR oxpr essi on

cassettes (addnpiuryficed cpotymumieoticdies)idés tderipedsendmiaertti on i ncl ude

rel ated the sequences described herein, (ii) X equals Y, and

(iii) X is greater than or equal to 6 nucleotides and up

to 5000 nucleotides, preferably greater than or equal to

15 8 nucleotides and up to 5000 nucleotides, more preferably
10-12 nucleotides and up to 5000 nucleotides, and even
more preferably 15-20 nucleotides, up to the number of
nucleotides present in the full-length sequences
described herein (e.g., see the Sequence Listing and

20 claims), including all integer values falling within the
above-described ranges.

The synthetic expression cassettes (and purified
polynucleotides) of the present invention include related
polynucleotide sequences having about 80% to 100%,

25 greater than 80-85%, preferably greater than 90-92%, more
preferably greater than 95%, and most preferably greater
than 98% sequence (including all integer values falling
within these described ranges) identity to the synthetic
expression cassette sequences disclosed herein (for

30 example, to the sequences presented in Tables 1A and 1B)
when the sequences of the present invention are used as

the guery sequence.

32



pol ynucl eoti de sequences havi ng about 80%to 100% 25 greater than 80-85%
preferably greater than 90-92% nore preferably greater than 95:@5@?2
preferably greater than 98% sequence (including all integer val

wi thin these described ranges) identity to the synthetic expression
cassette sequences disclosed herein (for 30 exanple, to the sequences
presented in Tables 1A and 1B) when the sequences of the present invention
are used as the query sequence. 32 0 5 DEC 2005 WD 00/ 39302 PCT/ US99/ 31245
Two nucl evaoemsd fragnents are considered to "sel ectipetyssbyhus di ze" as
descri bed herein. The degree of sequence identity between two nucleic acid
nol ecul es affec t he fflClec and strength of, brddlzatlonSevents
bet ween such nol 8’8I 88¢ chaﬁctll a%lrflgrf‘%fétrﬁ 2 CORTE %ﬁ 48 d sequence wil |

at | east par'tsieaJelcy:wahyb}n}tbxaldl&@rrphet@égcﬂmbeﬁtheﬁéirseqlmaceegﬁfﬁn
hybridizing&o tar et nmol %t thtIOI’llOf hayb% ation of the

conpl etel y idetS§Ear* eh%eerhtcl yc i B%eréssw(?sgé‘a TF iy 10 "y b6FrefZati on assays
that are weldffierawntha efr!ELcalretncy( end.stisogtheofn iylotidiNartbern bl ot,

sol uti ong hybri di zat he lLike, see Sarrb ... et. al Mol ecul ar
Cl oni ng: A Lé’bo%at %rl)c/ nuaﬁ‘cth é’é%ﬁﬁlfdl ti oﬁar aié%)ldééltéc%rl ng Har bor,
N.Y.). Such ragdajis eand beedieroenditl ezt Uusiang yartyiaﬂglydegheestoé

selectivity, I in it i fromlow to high
stringency. ﬁc?m%clgﬁ??rg%%t lo%eéﬁﬁén%ef%ggl é?%ﬂ&e]l?rzpjlr{gyg]a 9t he absence of
non- speci fi cadygedi mgleawlde Imdsbssedh e hybaidesunidar pfpthbe t hat | acks

even a 20 pard fﬁ‘{ﬁl 6g/@gr§§erpglcsﬁq§§§§%ge€mﬁghi %’%eéégésseé@mhﬁ%ca probe having

| ess than abo equence 1d target no ul e), such
that, ih0theéwdridngatbbn ragsayspebpti @rd)iwdﬂngn@v@nltrs .theharsecondary probe

wi Il not hy(@’.igqi,zgoﬁghéﬂr? ﬁl@tgekorthern blot, solution

hybridization, or the like, see Sambrook, et al.,
Molecular Cloning: A Laboratory Manual, Second Edition,
{1989) Cocld Spring Harbor, N.Y.). Such assays can be

15 conducted using varying degrees of gelectivity, for
example, using conditions varying from low to high
stringency. If conditions of low stringency are
employed, the absence of non-specific binding can be
assessed using a secondary probe that lacks even a

20 partial degree of sequence identity (for example, a probe
having less than about 30% sequence identity with the
target molecule), such that, in the absence of non-
specific binding events, the secondary probe will not
hybridize to the target.

25 When utilizing a hybridization-based detection
system, a nucleic acid probe is chosen that is
complementary to a target nucleic acid sequence, and then
by selection of appropriate conditions the probe and the
target sequence “selectively hybridize,” or bind, to each

30 other to form a hybrid molecule. A nucleic acid molecule
that is capable of hybridizing selectively to a target

sequence under “moderately stringent” typically
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25 When utilizing a hybridization-based detection system a nucleic acid
probe is chosen that is conplenentary to a target nucleic acid seqﬂfgﬁg ;
and then by selection of appropriate conditions the probe and the ggm
sequence "sel ectively hybridize,” or bind, to each 30 other to forma
hybrid nol ecule. A nucleic acid nolecule that is capable of hybridizing
selectively to a target sequence under "noderately stringent" typically 33
0 5 DEC 2Q83,¥¥,£0/ 39302 PCTI US99/ 31245 hybri di zes under conditions that

al | ow detection of a target nucleic acid sequence of ACT{US¥&245pbout 10- 14
nucl eotides in length having at | east approximately 70% sequence identity

with the sequgmcialicfest hadsel esidit iDnBUEhSt Ca1AGHd dREEBE: o Stdd Rgent
hybri di zati op, detection of target nucleic acid

2tcé) dintiC ns tgg' cal I‘#{? allo
sequences of at-1east about<10-FHIHEF et i Hed 55t 8Rgth 1Grdd ng a sequence
identity of mr@ateeridelsannabendtD®a93%,; x¢ tieddie appauensaafy bhe sel ected
nucl ei ¢ aci . bridization conditions useful_ for probe/target
hybri di zat i gsneo e%éa 'g'[ grl_%%é emét%’d tgﬁr §RAUHRRe 4 §PBcTTiactedegree of
sequenceSi demtdligic esndbprdet er Etmedgast isybrk@avAtL i dn tdn@rtohsee, for
exanpl e, Nu I i,d ridi zation: A Practicag Appr oach, editors B.D.
Hanes 15 an?@l%.aﬁgpga%%‘? chbeé%)lofb(?’gr%a;r%sﬁiuﬁ BOh,2BE IRL Press). Wth
respect to stadusgersycfoadileamns about hylrd divzatboided tind Sewgkh known in
the art that,aygerqus Lyval ent .conditions can be enployed to establish a
20 particul ar sggingeﬁ%§8%%33%§§%ﬁ§¥ ?%ﬂgﬁﬁé%ﬁﬁlEPa?ré}OUFO%PGRFﬁg factors:
the | ength afdMmabear ecoteprold &4hd stbegetd seqliencessidapsenbeonposition of
the varigus g UeREESon CANGENRL LALI i I ngl ot her hybridization
onents, the 28 P 5u P ST BB st no

sol uti on conponents, the presence or bsénce agents in the
hybridizatiéﬁigéﬁﬁFﬁﬁh%n where the probe and target have a specific

degree of sequence identity, can be determined as is
known in the art (see, for example, Nucleic Acid

Hybridization: A Practical Approach, editors B.D. Hames

15 and S.J. Higgins, (1985) Oxford; Washington, DC; IRL
Press) .

With respect to stringency conditions for
hybridization, it is well known in the art that numerous
equivalent conditionsg can be employed to establish a

20 particular stringency by varying, for example, the
following factors: the length and nature of probe and
target sequences, base composition of the various
seéquences, concentrations of salts and other
hybridization solution components, the presence or

25 absence of blocking agents in the hybridization solutions
(e.g., formamide, dextran sulfate, and polyethylene
glycol), hybridization reaction temperature and time
parameters, as well as, varying wash conditions. The
selection of a particular set of hybridization conditions

30 is selected following standard methods in the art (see,

for example, Sambrook, et al., Molecular Cloning: A
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(e.g., formam de, dextran sulfate, and polyethylene glycol), hybridization
reaction tenperature and tine paraneters, as well as, varying wash
conditions. The selection of a particular set of hybridization cofdilEL JAB
30 is selected followi ng standard nethods in the art (see, for exanple,
Sanbrook, et al., Mdlecular Coning: A 34 0 5 DEC 2005 WO 00/ 39302

PCT/ US99/ 31245 Laboratory Manual, Second Edition, (1989) Cold Spring

Har bor, Nwv¥.op3ze3ds first polynucleotide is "derived fronpc-$86RR%,
pol ynucl eotide if it has the sane or substantially the 5 sane %asepai r

sequence as a region of the second pol ynucl eotide, its cDNA, conpl enents

t hereof, or ¥§b$xatopveMapual scinromce ERgEhen t y( 19890 eCeld Fad iabove. A first
pol ypepti de jysrpsker invgd)from a second polypeptide if it is (i) encoded by
a first 10 pol ynucl eotide derived froma second pol ynucl eotide, or (ii)

di spl ays sequencée® ifdefiti PoLyptlisotddeond "dAiysepErers sesoadscri bed above.
General |y, apaiyralclpolypeptf de ikss" €rei yafk foromlinat aPardiiigul-ae pol ypepti de

of a virwus (yiral ptide) if 151t is ) .encoded by an open reading
frame of ga p%%@eﬁtfcal%%%?%es% u%ﬁ:égt &7i FustAY %1]1: 6g?y?ﬁfc9r€oti de), or (ii)
di spl ays sepritvidlgeniey it polNppeptiplesneofcst hatreof r g ag descri bed

above. "Encogiagibys kehetscd aRnyeleis asidsequanss which 20 codes for a
pol ypepti de sequence, wherein the pol ypeptide sequence or a portion

t her eof cont ai ns “art*3RF NP LEPrEguhc Vel FeaRt 3B se§oBdam no aci ds,
more preferapllypeptideast & tia 1Q) ashdedarivgsa apgseven nore preferably at

| east 1%,to m Lds. from.a_pol ypeptide encoded by 25 the nucleic
aci d sequenc%?%us?ggggg%%p%esrslé’gdarf gorﬁo ysgeecﬁfl?idgo %Hffg‘r‘?(‘? d9Ghi @h are
i munol ogi calily digeheysisdstuenget hdentpidly pepthdesemmaded by the sequence.

polypeptides as described above.
Generally, a viral polypeptide is "derived from" a
particular polypeptide of a virus (viral polypeptide) if
15 it is (i) encoded by an open reading frame of a
polynucleotide of that virus (viral polynucleotide), or
(ii) displays sequence identity to polypeptides of that
virus as described above.
“Encoded by” refers to a nucleic acid sequence which
20 codes for a polypeptide sequence, wherein the polypeptide
sequence or a portion thereof contains an amino acid
sequence of at least 3 to 5 amino acids, more preferably
at least 8 to 10 amino acids, and even more preferably at
least 15 to 20 amino acids from a polypeptide encoded by
25 the nucleic acid sequence. Also encompassed are
polypeptide sequences which are immunologically
identifiable with a polypeptide encoded by the sequence.
“"Purified polynucleotide” refers to a polynucleotide
of interest or fragment thereof which is esgentially
30 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 polynucleotide is naturally
associated. Techniques for purifying polynucleotides of

interest are well-known in the art and include, for
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"Purified polynucleotide" refers to a polynucl eotide of interest or
fragnment thereof which is essentially 30 free, e.g., contains |ess than
about 50% preferably |ess than about 70% and nore preferably | eg5DEhaHd
about 90% of the protein with which the polynucleotide is naturally
associ ated. Techni ques for purifying polynucleotides of interest are

wel | -known in the art and include, for 35 0 5 DEC 2005 WD 00/ 39302

PCT/ US99/ gxanmpl e, disruption of the cell containi

pol ynucl e‘ggjl%ofe with a chaotropic agent and separation ?g/u%?? s

pol ynucl eoti de(s) and proteins by ion-exchange chromatography, affinity
chr omat ographyamlhh,seﬁismptabho:sf theaeedl didig- 4idiclgNshéy. By 'l'nuc: eic acid
i muni zat i on: e t of a nucleic aci Jmolecul e _
encodi ng one" %1r}$ndn%l?ereyt§tggegltelg a(an %%é%ggl FE NS RETEAFEH e in vi vo
expr essi on ofParPANMIIgdROt Afe [ Yerrnd aﬁOémm&Dﬁe' ign-¢8ckpideopes. The nucleic
aci d nol ecul@hﬁ@ﬁh&@ﬁa@hpodyﬁﬁﬂnt@l l&:ﬁ%:lné(tég&ta%h@ 5{%&'@&% 4Rl @G, such as
by inj ecgl onél al at i og oral, intranasal™ and nucosal adm nistration, or
the Iike; ‘&%‘?F 9 hfr B8G8EF ex vivo, into cells which have been rempved
fromthe host | Byt hewukcatteradin damenitaei driansf eeard el | s gre 4

rei ntroduced; sybj ec re mune ;Lesponse can be nounte

agai nst the %ﬁ%g%%qgﬁcgg 3 rﬁ)eq?ihé: ﬁ%?:?er?c SOtE T eHAE O Bfe transfer”
or "gene del'l“?/léﬁ*)FEIIeéFéFisa{l@lm%GdSO arheytstcedd , f bor reld aldl yiveserting DNA

or RNA of i ndgesdsiocd0ckNhf #hdiQeh, CghélgéﬂgZhagEEB§@§§w§a%rfeSU|t i n
transie expression of non-jnt egrated transferred éxt rachr onosonal
repl i ca?g)on BESr es POt e iG AL E PPIRFULEPFREONR Y Rpducegi sones), or

i ntegration ci)lfredtrlarnsheoredreg:a@atehc mejaerdtal suRhOas hey gLeﬂQ@t@oiQNA of host
25 cells. Geﬂ%a.‘i%'t&\éﬁr yogﬁpr eﬁ&rgﬁaggft but not limted

adminis rat1
to, vectors deri ve rom acterla
or the like, or can be 1ntroduced ex vivo,

ncl ua_pl
mucosa
into cells
which have been removed from the host. 1In the latter

15 the transformed cells are reintroduced into the

case,
subject where an immune response can be mounted against
the antigen encoded by the nucleic acid molecule.

"Gene transfer" or "gene delivery" refers to methods
or systems for reliably inserting DNA or RNA of interest
20

into a host cell. Such methods can result in transient

expression of non-integrated
extrachromosomal replication
transferred replicons (e.g.,

transferred genetic material

transferred DNA,
and expression of
episomes), or integration of

into the genomic DNA of host

25 cells. Gene delivery expression vectors include, but are

not limited to, vectors derived from bacterial plasmid
vectors, viral vectors,

non-viral vectors, alphaviruses,

pox viruses and vaccinia viruses. When used for

immunization, such gene delivery expression vectors may

30 be referred to as vaccines
“T lymphocytes” or “T
producing lymphocytes that

mediated arm of the immune

or vaccine vectors.
cells” are non-antibody
constitute a part of the cell-

system. T cells arisge from

immature lymphocytes that migrate from the bone marrow to
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vectors, viral vectors, non-viral vectors, alphaviruses, pox viruses and
vacci nia viruses. Wen used for imunization, such gene delivery
expression vectors may 30 be referred to as vacci nes or vaccine v§§m9¥§%5"T
| ynphocytes” or "T cells" are non-antibody producing |ynmphocytes
constitute a part of the cell- nediated armof the imune system T cells
arise from immture |ynphocytes that mgrate fromthe bone marrowto 36 0
5 DEC 2005 WO 00/ 39302 PCT/ US99/ 31245 t he thynus, wherg thﬁg undergo a

mat ur at i on° HV%&@SS under the direction of thymc hor tbhE¥SRE#%, the

mat ur e Iynphocytes rapidly divide increasing to very large nunbers. The
maturing T cgld &hbaasn9wméﬁauunygnpeaéwgo!i hasedatﬂbﬁfyﬂdbeabihhas&t()
recogni ze ang bind a specifig anthg Actlxatloq: |nnunoconpetent T
cells is triggerad whan @n A gen hinds t o the' | YHphSEyFs s surface
receptors. 11umnh@pmtésr€n§#¢&x|donid¢51mﬁn§§snogr@¢eyenxahahee 10 upt ake of

forei gn DNA hyrgel | thd defildrif@sthesn s 'Heoahsf SrtgdcompeRegx0genous DNA

has been introduced |inside the cell menbrane. A nunber of transfection
t echni ques &FGeRBr ENeixr Wtﬁ’ntPh’ée%ﬁqnleeéndeb@d a @PsRafi®t al. (1973)
Vi r ol ogy, 5%\ré5@,en8anbém}htﬁiorﬁbf 1:5mt(rilc&8>91bewbﬂnecm|c&fll@ @si ng, a |l aboratory

manual , Harbor Laborat rie DaV|s et al. (1986)
Basi c thho S g%eﬁﬁgecu ar” B0l 3a§?qET§%§Fer dﬂ%% al . (1981) Gene
13:197. Suclpurdglini yaesrteans -be used to |ntroduce one or nore exogenous DNA

moi eties into 207pui tabhe hossceetlsne Jseug@an&cs ‘%.Iea_’re% &g PpLh stable and
t ransi ent uptake of the genetic material, and includes uptake of peptide-

or anti body-YRERKEODNERTE 19T \RYE BV"al%ejt;apaﬁl eebf Rasa®eEBrring gene

sequences t'araasgetted! lvhere egogehacs emirahapl bsari drireetiaesgd viral 25
vectors, norl'n\lsii'&igl tMgCéerls ’mepr%&'ta\hQU| ai( %u?n%'ég St st’ra%@%ection

techniques are generally known in the art. See, e.g.,

Graham et al. (1973) Virology, 52:456, Sambrook et al.

15 (1989) Molecular Cloning, a laboratory manual, Cold
Spring Harbor Laboratories, New York, Davis et al. (1986)
Basic Methods in Molecular Biology, Elsevier, and Chu et
al. (1981) Gene 13:197. Such techniques can be used to
introduce one or more exogenous DNA moieties into

20 suitable host cells. The term refers to both stable and
transient uptake of the genetic material, and includes
uptake of peptide- or antibody-linked DNAs.

A “vector” 1is capable of transferring gene sequences
to target cells (e.g., bacterial plasmid vectors, viral

25 vectors, non-viral vectors, particulate carriers, and
liposomes). Typically, "vector construct," “expression
vector,” and "gene transfer vector," mean any nucleic
acid construct capable of directing the expression of a
gene of interest and which can transfer gene sequences to

30 target cells. Thus, the term includes cloning and
exXpression vehicles, as well as viral vectors.

Transfer of a "suicide gene" (e.g., a drug-
susceptibility gene) to a target cell renders the cell

sensitive to compounds or compositions that are
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| i posomes). Typically, "vector construct,"” "expression vector," and "gene
transfer vector,"” nmean any nucleic acid construct capable of directing the
expression of a gene of interest and which can transfer gene seqwzﬂ&§%@®o
30 target cells. Thus, the termincludes cloning and expression

as well as viral vectors. Transfer of a "suicide gene" (e.g., a drug
susceptibility gene) to a target cell renders the cell sensitive to
conpounds or conpositions that are 37 0 5 DEC 2005 WD 00/ 39302

PCT/ US99/ WP2483P%| atively nontoxic to normal cells. MJIGTE?/3245.  (1994)
Cancer Gene Ther. 1:279-287. Exanples of suicide genes are thym dine

ki nase of heppes: SHAY Qoc¥blts (dinbk) cefyh OCHIRTRERASH, { Manorre et al.
(1996) Gene heraf : 513-520), human deoxycyti di ne ki pase (Manone et al.

(1996) Nat ur &1 RBY quef( Srnseier 3yt :a0a -t He- bdCPEPLEF Ckriifeé deyt osi ne
deam nase (Doageetard .thyh986)e HuirRzeCofehedhes afiynpleX13i AZP) (Hs®el | s whi ch
express these enes are ensi t ve to t effect of the
relatively 1D° ﬁbﬁté%f%uﬁwﬁdpggé g&ﬁ@ﬂEIS i1 ng tk)GeE§ f%?ﬁ%?bhanlde
(cytochr énme EM5032£HQ,,¢wm68|dmpxyc&bndmsedkuﬁduﬁﬂdmandeemycyﬂtd|ne ki nase)
or 5-fluoroc n t t QS e t al. (1992)
Sci ence 256“1%%%)) WH%H%%’FC% S 5554‘?@ S )Che%‘élteerr&%lsm . 15 USA
91: 8302- 8306eNAY ™S I YE@Sa B edp@mik@se dPOﬁgefptbrat]er (FEPRerHunasf geget o a

nucl eoti de S@geea%e 7:7ahudgg) in c%lqen@hté@rtét&res\éeehege ddials Rag no
but rather s inclu al |l ow for_ sinpler

t herapeutic act
preparati on, r‘?‘fh‘%‘u eé{tsl?ﬂsﬁélv‘?ot%I?&‘Fa&?é??"z%t‘?for’f r TEeRE T ¥y Yof the gene
transfenovecm@mtoxﬂ&'hn@deuésOginan1bglagemmv1mefebyctﬁphbspﬁﬂmeaeof a

ific bi I I f I I
specific bing %#Eb t 48P gyl es, chuﬁén %?%ﬂ%s (h&PrfC“ es

specifically e second 1 rou hem cal and/or physica
means. One e@gﬁﬁyquydlge kinase) or 5- fluorocyt051ne (bacterlal
cytosine deaminase). Culver et al. (1992) Science

256:1550-1552, Huber et al. (19%94) Proc. Natl. Acad. Sci.
15 UsSA ©21:8302-8306.

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 preparation, manufacturing,

20 characterization or testing of the gene transfer vector.

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

25 specific binding ageﬁt is an antibody directed against a
selected antigen.

By "subject" is meant any member of the subphylum
chordata, including, without limitation, humans and other
primates, including non-human primates such as

30 chimpanzees and other apes and monkey species; farm
animals such as cattle, sheep, pigs, goats and horses;
domestic mammals such as dogs and cats; laboratory
animals including rodents such as mice, rats and guinea

pigs; birds, including domestic, wild and game birds such

38



25 specific binding agent is an antibody directed against a selected
antigen. By "subject" is neant any nenber of the subphyl um chorj%t € 2005
including, without limtation, humans and other primtes, inclu i#@
non- human primates such as 30 chi npanzees and ot her apes and nonkey
species; farm animals such as cattle, sheep, pigs, goats and horses;
donesti c manmmal s such as dogs and cats; |aboratory animals including

rodent s mce, rats and guinea pigs; birds, including donmestic,
wild and%ﬁ@éﬁ%ﬁ ds such 38 0 5 DEC 2005 WO 00/ 39302 PE?F/‘H%&IS‘F%&z% as

chi ckens, turkeys and other gallinaceous birds, ducks, geese, and the
| i ke. The t @smciddekenst erkelye and partdrcglal iagecuBhbs rdbotduadl t and

newbor n i ndigu.dual gnqahg intended, £ r T ystem descri bed above
5is intendéhefqr uge in any of t%quggbggégrﬁgbfgggm%sBecies, since the

i mune syst ®RELAFUART 37 ¢ hdss  viertlemdad Esanperertbersi anfaridualBy
" phar maceut iagal liyicafgeptablR”’ colerePhariacel ogi ddsyracegpiphle” is nmeant a

mat eri al_ whi.ch, 10 is.not biologically or otherwi se undesirable, i.e., the
material’ rraﬁsbénéﬁﬂfii?ﬁi st%er &4t bga‘?f’}i’ ﬁ%fl \Fg"ﬂu%kPo‘fen vETEEPRAFAt i on or

conposi ti onspetheat shusd rgeanymune dositieabl ef bildl efi eaksef f ects or
interactingvggtaﬁrgf%éﬁéagfggg OBAPELW th any of the conponents of the 15
ich i

conposition in I's contalned.” "B "ghysiological pH'" or a "pHin the
physi ol ogi cal  rBrgePhamnasesnt cal pH dasephablathqe of approximately 7.2 to
8.0 incl usi vehapmaeoladicallyatfefthdrilcange @fant@RPHAXEIBLElWh L2 tO 7.6

i ncl usiyve. 20 ég u eq_herehg “lreatnent” re ensa% any of (1) the N
prevention of I'AFedtT OGP F&i AF eCr1oH IS5 79esiT gﬁdl%r?ﬂﬂﬂthﬁa00|ne, (ii)
the reducti paterial imavhdiel edmbhiistsymegt aosan aindiiMiduplt e subst antial or
conpl ete formulation or composition without causing any
undesirable biological effects or interacting in a
deleterious manner with any of the components of the
15 composition in which it is contained.
By '"physiological pH" or a "pH in the physiological
range" is meant a pH in the range of approximately 7.2 to
8.0 inclusive, more typically in the range of
approximately 7.2 to 7.6 inclusive.
20 As used herein, "treatment" refers to any of (I) the
prevention of infection or reinfection, as in a
traditional vaccine, (ii) the reduction or elimination of
symptoms, and (iii) the substantial or complete
elimination of the pathogen in question. Treatment may
25 be effected prophylactically (prior to infection) or
therapeutically (following infection).
"Lentiviral vector", and "recombinant lentiviral
vector" are derived from the subset of retroviral vectors
known as lentiviruses. Lentiviral vectors refer to a
30 nucleic acid construct which carries, and within certain
embodiments, is capable of directing the expression of a
nucleic acid molecule of interest. The lentiviral vector
includes at least one transcriptional promoter/enhancer

or locus defining element(s), or other elements which
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elimnation of the pathogen in question. Treatment nay 25 be effected
prophylactically (prior to infection) or therapeutically (follow ng“gﬂé?ﬂﬂﬁ
infection). "Lentiviral vector”, and "reconbinant lentiviral vector

derived fromthe subset of retroviral vectors known as |entiviruses.
Lentiviral vectors refer to a 30 nucleic acid construct which carries, and
within certain enbodinents, is capable of directing the expression of a

nucl ei ¢ } ecul e of interest. The lentiviral vect o] Sy Jaﬁlzl:! es at | east
one tran?g??%ﬁ%nal pronot er/ enhancer or | ocus defining e%erren (s), or
other el ements which 39 0 5 DEC 2005 WO 00/ 39302 PCT/ US99/ 31245 contr ol
gene expresstor-ipl geherexprassisuchyastixt ercrasesuspldciaigernaet ear RNA

export, pOStgﬁfﬁEr%b@thgeféa:TENH E&B@E&F”bégt—%gﬁﬁgﬂ%@{onéar

post-transcriptional nodification of protein. Such vector constructs nust
5 al so i ncl UM 15aEkaBi Al "ItHTATET) 0P RBLTILHARSPRpRIGRal(LTRS) or portion
t her eof , andnqanisiithyecAansi rtﬁgﬁdteii‘z‘z]? ﬁﬁé@%d&b&@én?&f@&:@gmﬁb{:est aPpr?E“ ate
to the lentiyvjral. ector us i f these are not already present in e
retrovi rgl vaelcstoorl)“.c\‘{fg?i%r% Cﬁ%?‘,g(lf’ﬁesf'%% LRt tiﬁ“’rréﬂt ir\?gtea]:svect or nay

al so i ncl ude{I&RS) gnal p@nt odn dibegebs, pol ymoenylatamd, negelcectabl e markers
such as Neo,schng Byg&ggyﬁr{ain%hégggiy(r:% Srlég)'rigkg'E'@ltheorle%fxlfqi?asl wel | as

one or nore restriction sites an tion termnation Sequence. By
way of exanpl¥FoSubficYebtor'iers Bypi kel 13t veady uBeete® ibTRhea t RNA bi nding
site, a packagioRgral gnedtoxan oobgwnmllys,ewadréédsmdalaw sytn_t Ih_E>S| 3, _a[lﬂ_ a
3'LTR o, a 1,05 ereaf . "Lentiviral vector particle" as utilized w in
t he prggenﬂoelrntrtf\}gfg %gnv?ce Er e oagsfelnrfcllﬁ Pug Gyt d”’élrlrcfleélﬁ?c‘:szo | east

one gene of HNvedesylatien r stelevkrbie markersoseomtas Wea, sekect abl e nar ker .
The reconmbi naifroh@BLh Vi gt only® 16 2PRPEE B8V EE Sy aRSCLLPi g, i ts genetic
mat eri al o . .
one or more restriction sites and a translation
termination sequence. By way of example, such vectors
15 ° 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.
"Lentiviral vector particle" as utilized within the
present invention refers to a lentivirus which carries at
20 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
25 particles may have a lentiviral envelope, a non-
lentiviral envelope (e.g., an ampho or VSV-G envelope),
or a chimeric envelope.
"Nucleic acid expression vector" or "Expression
cassette" refers to an assembly which is capable of
30 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 casgettes described herein
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(RNA) into DNA and incorporating this genetic material into a host cell's
DNA upon infection. Lentiviral vector 25 particles nay have a lentiviral
envel ope, a non- lentiviral envel ope (e.g., an anpho or VSV-G env dI5dl€) 2005
or a chineric envelope. "Nucleic acid expreSS|on vector"” or "Expression
cassette" refers to an assenbly which is capable of 30 directing the
expression of a sequence or gene of interest. The nucleic acid expression
vector includes a pronmoter which is operably linked to the sequences or
gene(s) of OiPdPest. Other control elements may be pr BSEHE?ARGe| | .
Expressi on cassettes described herein 40 0 5 DEC 2005 WO 00/ 39302

PCTIU899/31&%5rEﬁycbﬁtgﬂﬂé@hﬂﬁﬂuﬂﬁgf@Ihghﬂd égﬁbgr@@mstnypgddgglggd|t|on to
t he conponeq;stﬁq t he ex reSS|on cassette, the glasnl construct may al so

i ncl ude a bact eF1calf BPPRTA- DT EBFi TRITIF 18nE2 67 it e (06! BLEEBE® nar ker s,
a signal 5 agmsghrugk| vap dde phadnde mdn&mem¢blt@r31mskmas si ngl e- stranded

DNA (e.g.. a-dh3arhghn &le r&p%ggt%&@cw@le%@k £ daaLhg, site. and a

"manmmal i an" origin_of replication : Vi Tus origin of
repl i cat? on)¥hi @¢é€R%g¥¢ﬁ]R%ﬂsmﬁdr%ﬁQﬁQ¥UFé éoc%¥4swwﬂﬁ:ﬁleeh©alns t hose

el enent s neaﬂﬁsaﬁﬁdfpnApVQchtbonlyfoﬁﬁg@pbfoygplfégyygw nagt retrovirus
(e.g., lentivirus ch are . lacking in a reconbi nant retrOV|raI vect or.

Typical ly, "SU&HP ﬁcﬁ Y Sdites %Eﬁn%ulT%WWélb?n?nﬂﬁ%ﬁéﬂpP§SS|on 15
cassettes wrephligneicapéble ,0la eXpo essiddgnpirotes ne-iWinCchs encode Gag, pol

and env progg;qgcazfgﬁfucer cell" or "vector producing cell"” refers to a
cell which contains el ements necessary for production of reconbi nant
retrovit@l vectorPpakigreseld() pefeyEDES EFCEARRYIING COTt THEs | NVENTI ON

those elements necessary for production of infectious
recombinant retrovirus (e.g., lentivirus) which are
lacking in a recombinant retroviral vector. Typically,
such packaging cells contain one or more expression
15 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 elements necessary for
production of recombinant retroviral vector particles.
20
2. MopEs 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
25 may, 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
30 or equivalent to those described herein can be used in
the practice of the present invention, the preferred

materials and methods are described herein.

41



Bef ore describing the present invention in detail, it is to be understood
that this invention is not limted to particular fornulations or_pr mﬁ
paranmeters as such 25 may, of course, vary. It is also to be undepgéggg
that the term nology used herein is for the purpose of describing
particul ar enbodi nents of the invention only, and is not intended to be
limting. Al though a nunber of nethods and materials simlar 30 or

equi val eMoO @08%0hose descri bed herein can be used in theE/ysvERisce of the
present invention, the preferred materials and nmethods are descri bed

herein. 41 0 5 2 9302 PCT/ US99/ 31245 2.1 SYNTHETI C EXPRESSI ON
CASSETTES 2. 1. 1%83 %Q‘%%ﬁu%ﬁ% PPEEEERIUCLEI C ACI D CODI NG SEQUENCES

One aspect of the. prlesent Mpmecmrtaxnom BIVhe Gac genesratacon codmnkll V-1 Gag

protei n codi ng sequences, and Ersel ated sequences, having inproved

expression relative to tﬁe correspondl ng wild-type sequence. An exenplary
enbodi ment of tHengprespest pAvent ipresiesti Lhustitriatredshehein  nodi fying the

Gag profsein e nge I f V- 1912 strain (SEQ
DN 17 Safcher Pertador e DOt SIS BhIIEkY Tina a0, 195

Luciw, P. Arelated)seqyegeepyt biiing 1mBraved oupreisssgedraistger to20 1992

Luciw, P.A thetc@dresﬁdnalngahﬁm e 5e§@§1<§;88 anNexembeiryl8, 1997). Gag
e mani pulated in simlar

sequence ob r.Om.0 5.variants
f ashi on fol %%&ﬁqm Igift Fég% lﬁessen(j)tf PRSP UL et l%gBEF’F?tceéiu P§Re1Buch ot her
vari ants i n‘é@ﬁ?d@fl!mtth&r @agopr¢uermr1t edld ot yieageaueteen olenrdadiing sequences

ob ai ned {  oroi hayd sakat e, LI, sahl YRE .1 YaR0ndSR302, L V- 1571 201
H VLAV, H VLA, H VW, H V-1 | V- 1us4 rains from

di verse subfyped @d.g Clgﬁﬁ?y%?és‘“ﬁ\sihrﬁﬁgﬂs’@ AAB5 0)LuddWy- 2 strains and
di ver se P.A., et al U.S. Patent No. 5,156,949, issued October

20, 1992; Luciw, P.A., et al., U.S. Patent No. 5,688,688,
November 18, 1997). Gag sequence obtained from other HIV

15 variants may be manipulated in similar fashion following
the teachings of the present specification. Such other
variants include, but are not limited to, Gag protein
encoding sequences obtained from the isolates HIV,,,,
HIVg,, HIV-

20 lgpeas HIV=1gyso, HIVy,,, HIV,, HIV., HIV-1lg,..,, HIV-1,.,
other HIV-1 strains from diverse subtypes (e.g.,
subtypes, A through G, and 0), HIV-2 strains and diverse
subtypes (e.g., HIV-2,, and HIV-2,,), and simian
immunodeficiency virus (SIV). (See, e.g., Virology, 3rd

25 Edition (W.K. Joklik ed. 1988); Fundamentallvirology, 2nd
Edition (B.N. Fields and D.M. Knipe, eds. 1991);
Virology, 3rd Edition (Fields, BN, DM Knipe, PM Howley,
Editors, 1996, Lippincott-Raven, Philadelphia, PA; for a
description of these and other related viruses).

30 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 (Example 1) . The HIV codon usage reflects a high

content of the nucleotides A or T of the codon-triplet.
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subtypes (e.g., H V-2UC1L and H V-2UC2) , and sim an inmrmunodeficiency virus
(SIV). (See, e.g., Virology, 3rd 25 Edition (WK. Joklik ed. 1983)'
Fundanmental Virology, 2nd Edition (B.N. Fields and D.M Kni pe, e dEC 230591);
Virology, 3rd Edition (Fields, BN, DM Kni pe, PM Howl ey, Editors, 1996,

Li ppi ncott- Raven, Phil adel phia, PA, for a description of these and other
related viruses). 30 First, the H V-1 codon usage pattern was nodified so
that the resulting nucleic acid coding sequence was conparable to codon
usage foldHU%%3P%i ghly expressed human genes (Exanpl e AST/USPRBI2# V codon
usage reflects a high content of the nucleotides A or T of the

codon-tri pl @he 42:8:6 JEEH20QS ~ /31245 The effect of the
H V-1 codon .usgg% Ii)x\z;a hi hh ATvg%)n%ellrl%lg%ig%gtgﬁeg D%N%%sgglqégn%%&%ngtt results in
S

a decreased ™™t i BIEEBCPI Y2 e susEabi| #t9e6RaERE NRNA. | n
conpari son, thieghl yt Bxpradddedy hamdn reea6as i pyedercHharRanuctgoti des G or C.

The Gag codi C e .nmodified to be conparahl e to codon usage
ICBP' et %%gggkuﬁ)é%regsesﬁgsgu‘"ﬁnﬁ% ffe?E’ia"rﬁﬁ e 1), the

found in high 2 express
per cent °A- ThE6hE@RAST CTPRACsedqliences codies pormliengetowetdie NRNA for a

known unst albgi FENA @NGea kgL iSitakloe c4QoTRNG 9,1 he percent
A-T content of nati I?H \C/-l F2 Gag ((:DDIC\:IA gnd tog%!t’ ﬁgﬁggﬁﬁgﬁiﬁég cDNA

sequence of *PheSPT Dj 4GR?R i ol EXEEFEnkht €xg8Pier hied the support of
the presentpenvemt iZ01T shavedt tdatcONAC segi@hded i rEagps Ges were capable

of higher | gygl rotein production ee {he Exanpl e relative to the
native Gag se urgJ%E:Aeifl.%rg ekﬁg‘f'rzﬁ %nr?%ﬁ%gﬁr@mi %’LFg&eRO‘f’%a?ta e reason for
this indrea PR FOrPaBed st e fdee Rsadens t &l [dongeof ¢thenar®NA cor r espondi ng

to the synthevi sERGagC e gaReAUERERS YRESUS 4 ke "Eiﬁié? [ gnding to the
20 native g tc}?edipr;%ssegguences., Second,syt here ar egi nhi ics%c(#u%%%r

i nstability invention. Experiments performed in
support of the present invention showed that the
synthetic Gag sequences were capable of higher level of
15 protein production (see the Examples) relative to the
native Gag sequences. The data in Figure 11 suggest that
one reason for this increased production is increased
stability of the mRNA corresponding to the synthetic Gag
coding sequences versus the mRNA corresponding to the

20 native Gag coding sequences.

Second, there are inhibitory (or instability)
elements (INS) located within the coding sequences of the
Gag coding sequences (Example 1). The RRE is a secondary
RNA structure that interacts with the HIV encoded Rev-

25 protein to overcome the expression down-regulating
effects of the INS. To overcome the post-transcriptional
activating mechanisms of RRE and Rev, the instability
elements were inactivated by introducing multiple point
mutations that did not alter the reading frame of the

30 encoded proteins. Figure 1 shows the original SF2 Gag
sequence, the location of the INS sequences, and the
modifications made to the INS sequences to reduce their

effects. The resulting modified coding sequences are
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el ements (INS) |located within the coding sequences of the Gag coding
sequences (Exanple 1). The RRE is a secondary RNA structure that[] 5i [ﬁttﬁefﬂﬁ,ﬁcts
with the H'V encoded Rev 25 protein to overconme the expression

down-regul ating effects of the INS. To overcone the post-transcriptional
activating mechani sns of RRE and Rev, the instability elenments were

i nactivated by introducing multiple point nutations that did not alter the
reading frane of the 30 encoded proteins. Figure 1 shows the original SF2
Gag sequ¥PeiB3®Rnhe | ocation of the INS sequences, and pe¢EUSIVBRUS | cat i ons
made to the I NS sequences to reduce their effects. The resulting nodified

codi ng sequeRegsnakg 43 P HmPEC: 2005, M0 ggli_\)é?ﬁ%'ﬁg‘;})e%%ﬁf% present ed

as a synthetic Gag expressi on cassette ion of the
Gag pol ypeptNPdé codi ng sequences resulted in inproved expression relative

to the wld- typem&mmhm@nseguem&fag BolypeiibRie %dqgm(ﬁ%&%l | lines
, including, but " not ' limted to,

(as well §,egg'lgg£ types of ¢ | ine £
i nsect cells) gt lm@fﬁ?’ggs?W?ﬁsj‘Pﬁere W@n&@stpés‘ﬂﬂ]t%c}m? product i on
of virusli réedpagtw;qwce(svmsa iymitehre o€ mmhrﬁallnameSe(Lsemm s Similar
Gag, 10 pol ynept! e saling,5e0ush oen 10008, ot Alagolr om avari ety of

ng u

i sol ates (fimlles sub-types, strain i nc not limted
to such ot h&rMy5PT aft's 1SREF ugRl 1 Hut EPétlﬁﬁﬁ' Ielxl@if?éél@@ ofddrepol ypept i de

encodi ng sequestcess akisailned iﬁ%ﬂdd&%th@@'@ﬁ&ﬁr‘d%vﬂ E;Ht\@i%js H 'V 15

1SP162# H|V 7 H|VLAV VLA H|V,,,,,,, H V- 1US4' ot her
H V-1 strai n‘rsh“slf.i% 0215 QIS sebgﬂb %éesg(é e bl ype§lml%\alf H¥ugh G, and 0),
HI V-2 30r ai H@lm@dﬁe@élwbﬂyﬂp&mce@ecgn bel—llo%t%h)ﬁ:édaﬂfbdrllav- 2UCZ) and

e ) L

(WK. 20 Jokll ; Fundanent a
and D.M Knipe, ucg]d'@ fg@lnov }oriseyd, tSr’EIuCEdlottl ﬁ variants
include, but are not limited to, Gag polypeptide encoding
sequences obtained from the isolates HIV,,, HIVg,, HIV-
15 lepeas HIV-1gpys,, HIV,,,, HIV,,,, HIVy, HIV-1lg,,,, HIV-1,,
other HIV-1 strains from diverse subtypes(e.g., subtypes,
A through G, and 0), HIV-2 strains and diverse subtypes
(e.g., HIV-2,, and HIV-2,,), and simian immunodeficiency
virus (SIV). (See, e.g., Virology, 3rd Edition (W.K.

20 Joklik ed. 1988); Fundamental Virology, 2nd Edition (B.N.
Fields and D.M. Knipe, eds. 1991; Virology, 3rd Edition
(Fields, BN, DM Knipe, PM Howley, Editors, 1996,
Lippincott-Raven, Philadelphia, PA). Gag peclypeptide
encoding sequences derived from these variants can be

25 optimized and tested for improved expression in mammals
by following the teachings of the present specification

(see the Examples, in particular Example 1).

2,1.2 FURTHER MODIFICATION OF SEQUENCES INCLUDING HIV-1
30 Gac NucLEIC AcID CODING SEQUENCES
Experiments performed in support of the present
invention have shown that similar modifications of HIV-1
Gag-protease, Gag-reverse transcriptase and Gag-

polymerase sequences also result in improved expression
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(Fields, BN, DM Kni pe, PM How ey, Editors, 1996, Lippincott-Raven,

Phi | adel phia, PA). Gag pol ypeptide encoding sequences derived frmﬂg@ﬁ%
variants can be 25 optim zed and tested for inproved expression i

by follow ng the teachings of the present specification (see the Exanples,
in particular Exanple 1). 30 2.1.2 FURTHER MODI FI CATI ON OF SEQUENCES _

I NCLUDI NG HI V-1 GAG NUCLEI C ACI D CODI NG SEQUENCES Experinments performed in
support of the present invention have shown that simlar nodifications of
H V-1 GNop¥r¥s®ase, (Gag-reverse transcriptase and Gagecpukspnerase
sequences al so result in inproved expression 44 0 5 DEC 2005 WO 00/ 39302

PCTI US99/ 312?15 @r];e tﬂ(}q 9L>¥ 51% el wedd ! lt%sfprogucgr Oducft V@%&Of VLPs

formed by pol ypepti pro uced rom suc Cod? ng ences. For
the Gag- pr ot EeSeed &yuendePentidrs \redused fym Bugd @edbidid iced in§EQ | D
NGs: S, 78, 79quddreLhanges in codon usage were restricted to the regions
upstreamof the - frarreshlft Figure 2). Further, inhibitory (or

instability) el erﬁﬁﬁ &he RB?'H”&?:%F{ FEERFRCE hwidGdEnee: FQudRces of the
Gag- pr ot 8aseN®@di y preptiifdedcosEmg s epeence7d 0 mer, e takt efiadeas iwel | (i ndi cat ed

oot ® DcaddE TR weBONSLLNAS o) thd MElA8, L ISar et AT L)

encodi ng m)dl rot ease sequences i ncl SEQ I D
NOs: 78 and 79§ ﬁlglfrr@@eebléhd F‘F@)UfeTHése Brrthe@R] in HEQA® NGr78) in which

the proteaseid@giiinivgs alsferdss CQHan 0Bt LGA 8D S dJaaghi vated and GP2
(SEQ ID N079 i n whi.ch the r ot ease regl on was onI subjeCted to INS

i nacti vati orSSEEPGEEnEF BY-© tpéﬁoﬁieﬁﬁe éédef%‘? %ﬁﬁﬂéeﬁﬁ%
Gag- pol yher asersseduened &wiwelll ypediSked QiN@idura02 nodixe@darpEQ | D NO 6)

or Gag-revergsdh@Rser iphase ilde the -1 frameshift) encoding
modified Gag-protease sequences include thosé shown in
SEQ ID NOs:78 and 79 (Figures 69 and 70). These are: GP1
(SEQ ID NO:78) in which the protease region was also

15 codon optimized and INS inactivated and GP2 (SEQ ID
NO:79), in which the protease region was only subjected
to INS inactivation.

For other Gag-containing sequences, for example the
Gag-polymerase sequence (wild type, SEQ ID NO:3;

20 modified, SEQ ID NO:6) or Gag-reverse transcriptase (wild
type, SEQ ID NO:77; modified SEQ ID NOs:80-84), the
changes in codon usage are similar to those for the Gag-
pProtease sequence. Those expression cassettes which
contain a frameshift in the GagPol coding sequence are

25 designated "FS(+)" (SEQ ID NOs:80 and 81, Figures 71 and
72) while the designation "FS(-)" (SEQ ID Nos: 82, 83 and
84, Figures 73, 74 and 75) indicates that there is no
frameshift utilized in this coding sequence.

In addition to polyproteins containing HIV-related

30 sequences, the various Gag-, Gag-prot, Gag-pol, Gag-
reverse transcriptase encoding sequences of the present
invention can be fused to other polypeptides {creating
chimeric polypeptides) for which an immunogenic response

is desired. An example of such a chimeric protein is the
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type, SEQ ID NO 77; nodified SEQ ID NGs:80-84), the changes in codon usage
are simlar to those for the Gag- protease sequence. Those expression
cassettes which contain a frameshift in the GagPol codi ng sequence are 25
designated "FS(+)" (SEQ ID NGs:80 and 81, Figures 71 and 72) whjl %
designation "FS(-)" (SEQ ID Nos: 82, 83 and 84, Figures 73, 74 an ?
indicates that there is no frarreshl ft utilized in this coding sequence.
addition to polyproteins containing H V-rel ated 30 sequences, the vari ous
Gag-, Gag¥PP¥9302Gag- pol, Gag- reverse transcriptase enR@dVHg>3¢quences of
the present invention can be fused to other polypeptides (cr eating

chimeric polypeptizdes) t hO i MFR 320y h FARNRGERLS ELSRE! se Segigsi red. An
exanpl e of such a chineric protein is the 45 05 DEC 2 00/ 39302

PCT/ US99/ 3124% §h6i HFRGEHFLS hCe Vlﬁt}?ov%‘a’ e EEs BFBhe iy éﬁ‘cém%g sequences
to the Hepatdddes €h¥i BOS- cfdri(é\/)eneeaenqprsggcg:elmcelsnwéhe Splaféaaelni he HCV-core

encodi ng sequences r rre wth t encodi ng
sequences, (rjéésmet |er1¥‘\g gh% }?ﬁ? &€ Hc%l ] ng rseesdGlEgﬁB% Ptesented as
SEQ ID WO xquad/ﬁyﬁecmmélpgmee@eaprsmuﬂ NG 8FEQ IIFurt her
sequences usgf.ul (LR1ENE P atddue0fp }ggeent%regsggt sk@VANR08y i ncl ude, but are

not limted to, _sequences encodi ng viral EI topes/ anti (%ens (i ncl udi ng but

10 not limited t EUrHESE aFRTUFETES (%sﬁful Bn tgg; PFE)‘Eu‘Eﬁﬁeoﬁ fe et al., US.
Patent No. prébénbIbnvéssitad Jﬁebnﬂaryout&arfé998t Homtgdoso, M., et al., U S

Patent No. 5,712 8 ued Janua 99 ug et al.,
s "pat ont. R R s A RRY M R0 gt el ) %
al., UB Paxdgntlingted, 728 &Dantssm (elVar-chElY, E21499®ugh‘éq>rmer A J. et
al., US P ent 5 e e , ;

, % Noal JQE) %gen{: g el SnEérll%g%dlggiﬁ@erHl Vv ant| gens

al . u. S Patent I ssued 'Sept e
(e.g., deried 119|9§m H@‘PShQ%ﬁr Mrev, ety @i, vif-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;

15 Weiner, A.J., et al., U.S. Patent No. 5,728,520, issued
March 17, 1998; Weiner, A.J., et al., U.S. Patent No.
5,766,845, issued June 16, 1998; Weiner, A.J., et al.,
U.S. Patent No. 5,670,152, issued September 23, 1997),
HIV antigens (e.g., derived from nef, tat, rev, vpu, vif,

20 vpr and/or env); and sequences encoding tumor
antigens/epitopes. Additional sequences are described
below. Also, variations on the orientation of the Gag
and other coding sequences, relative to each other, are
also described below.

25 Gag, Gag-protease, Gag-reverge transcriptase and/or
Gag-polymerase polypeptide coding sequences can be
obtained from any HIV isolates (different families,
subtypes, and strains) including but not limited tc the
isolates HIVy,, HIVg,, HIVg,,,, HIVus4, HIV_,,, HIV,,,

30 HIVy.;, HIV,,) (see, e.g., Myers et al. Los Alamos Database,
Los Alamos National Laboratory, Los Alamos, New Mexico
(1992); Myers et al., Human Retroviruses and Aids, 1997,
Los Alamos, New Mexico: Los Alamos National Laboratory).

Synthetic expression cassettes can be generated using
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20 vpr and/or env); and sequences encodi ng tunor antigens/epitopes.

Addi ti onal sequences are described below Also, variations on tﬂg C
orientation of the Gag and other coding sequences, relative to cqg c?p[ﬁer,
are also described bel ow 25 Gag, (Gag-protease, Gag-reverse transcriptase
and/ or (Gag-pol ynerase pol ypepti de codi ng sequences can be obtained from
any HV isolates (different famlies, subtypes, and strains) including but

not |im he isolates HVIIIb, H VSFZ, H VIF162 Mgl%é . H Venm11,
HV,, Avl t‘g(gooh?%Al , HVM N) (see, e.g., Mers et al. L%(':s g’?rll‘;&gs Dat abase,

Los Al anps National Laboratory, Los Al anps, New Mexico (1992); Mers et
al ., Hunman Retahovrrusessemnengiedsas 1999t ingosateains byNgwllexisg: Los Al anps

Nat i onal LakeratQLy; Y, i ' - es. gan gener at ed
using 46 0 S%SE% %%?%\%%?%TQEB 55%’%T§6%5(9&?§%g%§%%c%§0d| %gesequences as

starting mate@M&Lepy) f ol FGHNGG . the $EHdINRtAgseoRrasrd opr €36AetEPRCi fi cati on
(e.g., see dJdixampl prddent-urvRak ichhensiMhetl &t &X IR Po@Ppepssgttes of “the
pr esent _Jtnventi.on include rel ated Ga?c'J rtpoI %gegt' e %ﬁ%&di ng sequences havi ng
greater 1 haforsds BFEFEIEH V2ViPEaer=iHai80- 85% ETBPLYerably greater
t han 90- 95%greandrnbkan pFeefédrabinyrgrmeat ferabhpngS8Meseqhenceotgdent ity (or

any i nteger I Al e ) t ssion
cassette sea&gnthggwd% g%:%oéa%g%hg%%?%&iot o%agx% Eélg%ségeﬁép r 4; SEQ I D

NO 5; SEQ | DOROABY ARePISE@ALPe NG Poin tHheseateMgor tlofBogy Region). 2.1.3
EXPRESSI ON @?nSMNﬂ'IHETé)lcﬁ)r%Qﬂ EN@@SSM'SN@\&%NGS hi S%GSM%&ATED

POLYPERT] DES (15 Sever thetj ¢ Gag-encadi ng. sequences_(expression

casset tleols) gffofhgx%r? Jgee’nts%%&n\?gnﬁgoﬁ %eE&e%gl gﬁe%l ?S%t%oqg NRttbe?Df di fferent
expressi on w&Qt 6PsNQ Banphe ErgtMaj @vdaref egy eRegdiondf. expressi on and
production of VLPs. Two nodified synthetic coding sequences are presented

as
2.1.3 EXPRESSION OF SYNTHETIC SEQUENCES ENcobING HIV-1

GaG AND RELATED POLYPEPTIDES
15 Several synthetic Gag-encoding sequences (expression
cassettes) of the present invention were cloned into a
number of different expression vectors (Example 1) to
evaluate levels of expression and production of VLPs.
Two modified synthetic coding sequences are presented as
20 a
synthetic Gag expression cassette (SEQ ID NO:4) and a
synthetic Gag-protease expression cassette (SEQ ID NOs:78
and 79). Other synthetic Gag-encoding proteins are
presented, for example, as SEQ ID NOs:80 through 84. The
25 synthetic DNA fragments for Gag-encoding polypeptides
(e.g., Gag, Gag-protease, Gag-polymerase, Gag-reverse
transcriptase) were cloned into expression vectors
described in Example 1, including, a transient expression
vector, CMV-promoter-based. mammalian vectors, and a
30 shuttle vector for use in baculovirus expression systems.
Corresponding wild-type sequences were cloned into the
same vectors.
These vectors were then transfected into a several

different cell types, including a variety of mammalian
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20 a synthetic Gag expression cassette (SEQ ID NO 4) and a synthetic

Gag- prot ease expression cassette (SEQ ID NGs: 78 and 79). O her s&gtmt@@
Gag- encodi ng proteins are presented, for exanple, as SEQ I D NGCs: r'otigh
84. The 25 synthetic DNA fragments for Gag-encodi ng pol ypeptides (e.g.,
Gag, Gag-protease, (Gag-pol ynerase, Gag-reverse transcriptase) were cloned
into expression vectors described in Exanple 1, including, a transient
expression vector, CMW-pronoter-based mammal i an vectors, and a 30 shuttle
vect or f YO uw¥®3Rzn bacul ovi rus expression systens. CorPegpsssdizesg w | d-type
sequences were cloned into the sane vectors. These vectors were then

el an- 4708 "DEEE 2008 B 00 39502 FCTURY6 Lo A8 KA | T nes. (295, RO
COS-7, and @¥Qileble. | feresxaapael abren ther AeXafpte),- f il eARLA T.C. C.). The

cel I lines wele® GHLEUSEOE RGELNARE! SR8 a€ONEbAd ANSnaNEnd Nene | evel s of
p24 (Gag) expression in supernatants were 5 evaluated (Exanple 2). The

results of thfe€eSagiagr? nEFPLRERH T hadt ERBPERYIBI 0FE§nt het i ¢
Gag- encodli ngvalequedc eexamgile ) gni The arddwy tbi ghethddwmmseaysespondi ng

w | d-type se le 2. , stern,Bl ot anal ysis
showed t hat %&%ﬁ%@%aé%ﬁ!{%tme% rgggl%ﬁcgfhgwgﬁ%g%c S%g’féagg:g%hn%assette
produced tfecwepeesevens Wonisisrnplvthdighest thiymaryseponding

concentrati Qng gt Rape CoLdiseriRRt AkRbNGL 4 he Rabiyez) expression cassette. The
Gag pb5 protein was seen _in_ both cell lysates and supernatants. The |evels
of 15 producti onTWEFReEi JIRSEeERNBEY HiH S 1 PnsRRrgd stglﬁ‘ér fiatthts for cells

t r ansf ett ed awinith ihheg syind atitheGig @xPpressieonion assatareeoprédie-qay esent
nvent i on.  HRCLEEBLS RY i@ TBds) | SHARCaL Aloldie Juesent [nvention

concentrations than cells containing the native
expression cassette. The Gag p55 protein was seen in
both cell lysates and supernatants. The levels of

15 production were significantly higher in cell supernatants
for cells transfected with the synthetic Gag expression
cassette of the present invention. Experiments performed
in support of the present invention suggest that cells
containing the synthetic Gag-prot expression cassettes

20 produced the expected Gag-prot protein at comparably
higher per-cell concentrations than cells containing the
wild-type expression cassette.

Fractionation of the supernatants from mammalian

cells transfected with the synthetic Gag expression

25 cassette showed that it provides superior production of
both p55 protein and VLPs, relative to the wild-type Gag
sequences (Examples 6 and 7).

Efficient expression of these Gag-containing

polypeptides in mammalian cell lines provides the

30 following benefits: the Gag polypeptides are free of
baculovirus contaminants; production by established
methods approved by the FDA; increased purity; greater
yields (relative to native coding sequences); and a novel

method of producing the Gag-containing polypeptides in
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containing the synthetic Gag-prot expression cassettes 20 produced the
expected Gag-prot protein at conparably higher per-cell concentrations
than cells containing the wild-type expression cassette. Fracti ofdtBEEroe
the supernatants frommammalian cells transfected with the synthetic Gag
expression 25 cassette showed that it provides superior production of both
p55 protein and VLPs, relative to the wild-type Gag sequences (Exanples 6
and 7). Efficient expression of these Gag-containing polypeptides in
mammel i anV@é¥#938% nes provi des the 30 fol I owi ng benefi t #cTB/EAY

pol ypeptides are free of baculovirus contam nants; production by

establ [ shed cipldhiods 8BpeaNesk iy Lbes FOfh. e QUL Lo paLer yields

(relative to native coding sequences a nove ©duci ng the
Gag- cont ai mang‘seﬁ‘éﬁeyﬁépﬂ’aelsn%?a@edoespmlmebmem393@@ e@m US99/ 31245

CHO or ot hercargmarakitanceeths pMaJs@htl snnlt feasi Bhemp Tt heanpbsengce of the

i ncreased e SSi; aln sing the aonstructs of ‘the present

i nventi on. %%ﬁéggsh/gE al C?e u&egFel?chte Y EREJRS bQﬁK'alyégﬁot linited to,
BHK, VERD, S{TFTpﬁ@8029293291219,3'R,D ROps €OS-CHO, ClOrkduy kedr, IWUbr, SUPT, CB166,

MOLT4/ cl one&g1ME-, ZMOMIZI 148 P CEML ny el,0 ce e. SB20 cel |'s)
and CEMX174, such cel ﬁcrz nes Barg{q: 3 vai aQbI%I Pgbr/llex(l'z‘iérr%lé" g?‘gﬁrth

A T.C.C). Eeéy;ﬁ"t Hétgc' C%%?Ceﬁﬁrlé%r@rrﬁd"@é’?ﬁéﬂﬂe ofch teeldr éseas add i nvention

al so denonstavatiedbhi ght b2 Ve8laspat | egpcgnesﬁieoa and ~MLP production when
transfected into |nsect cells % Further in addition to a
hi gher total pr bt 8YRYFet G CaBhexpy lo;ﬁ’r G&ﬁé?t?"?cﬁﬁ tthe ByAseRt i ¢ p55-

expresstll Gigveonsestehid ylevonbaraesh [awer 1aveLatst aixpkess0st adiat i ng
bacul ovi { us BEObebasciian il LLithee AW Lhed proguct. higm the native

p55- expressed Gag. Further, synt EXpressi on §settes of the
(Example 7). Further, in addltlon to a higher total

protein yield, the final product from the gynthetic p55-
expressed Gag consistently contained lower amounts of
15 contaminating baculovirus proteins than the final
purified product from the native p55-expresged Gag.
Further, synthetic Gag expression cassettes of the
present invention have also been introduced into yeast
vectors which were transformed into and efficiently
20 expressed by yeast cells (Saccharomyces cerevisea; using
vectors as described in Rosenberg, S. and Tekamp-Olson,
P., U.S. Patent No. RE35,749, issued, March 17, 1998).
In addition to the mammalian and insect vectors
described in the Examples, the synthetic expression
25 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 type can be selected
by one having ordinary skill in the art in view of the
30 teachings of the present specification and information
known in the art about expression vectors.
For example, a synthetic Gag expression cassette can
be inserted into a vector which includes control elements

operably linked to the desired coding sequence, which
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present invention have al so been introduced into yeast vectors which were
transforned into and efficiently 20 expressed by yeast cells (Saccharomnyces
cerevi sea; using vectors as described in Rosenberg, S. and Tekan5 GF& @35
P., US Patent No. RE35,749, issued, March 17, 1998). In addition to the
manmal i an and i nsect vectors described in the Exanples, the synthetic
expression 25 cassettes of the present invention can be incorporated into
a variety of expression vectors using selected expression control

el enent s. WQREIRPri ate vectors and control elenments foeceogpsgien cell type
can be selected by one having ordinary skill in the art in view of the 30

teachi ngs of_ res _§Eg_c|f| tiLen .and |nformat| n the art
about expresm%% \F/}'egt g{r}% dasish %)P the s%?ntehe?l C si?agecéf?gr‘é% on cassette
can be insenRed | Aos examicor t\mllehl |pmnlme$sc£)m rmemrellérentsll oper abl y

linked to thegdesisied ceding: $8AUEHEE. e fyC?rér%ogexls REGWg005 WO 00/ 39302
PCT/ US99/ 31245 al | ow for t he eﬁgr ession o ene in a selected cell-

type. For eXficEe®t §pFieats femotr Smrestiatanfiarin BPRBTE T ekpr@$si on i ncl ude
t he SVA405 eardnompiteroten , isclOdé ph(‘)ﬂ@ﬁi evc) S&elr, asT v herkOWhkmegat e early

romoter (a QW ter can-inclu |nt V-LTR, the nouse
I[rznn’rrary tl(.erDI’ Vi r% QE%I?P \?lorr?%t S'Fh m WEY@?_RI) \érIP{e TBdeti rus maj or
| at e pronot é}de@mwup)mamm latke hmrpve@r s(lAldpM@R viangs tpeohetgss anong

others. O heyimpaR¥i Fakus RS:RMREEES, arﬁ‘H’Fgr Ahedls DI LY 8601 ved fromthe
nurine 10 rretallothlonel ene, wll so find use for mammuali an

expr essi on. PRYPLESERy, St R BEPBF TR e A%ES off Fhd hepBryErRreny | at i on
sequencks wrdtaallsohbengiresent, worhtAldo Findoudd&dds agahatinn st op codon.

Preferably. spaeausare LA gt eation g, Lot anion,of Lianslation,

| ocated 5' 157to the cod1r g seq ence I'S prese es of
transcripti é’ﬁlﬁ’éfiﬁﬂhh%‘bﬁqnpé’leﬁaﬂ@ﬁ% atildn adpgnee Priesehtdelocated

3' to the translation stop codon. Preferably, a sequence
for optimization of initiation of translation, located 5’
15 to the coding sequence, is also present. Examples of
transcription terminator/polyadenylation signals include
those derived from SV40, as described in Sambrook, et
al., supra, as well as a bovine growth hormone terminator
sequence. Introns, containing splice donor and acceptor
20 sites, may also be designed into the constructs for use
with the present invention (Chapman et al., Nuc. Acids
Res. (1991) 19:3979-3986) .
Enhancer elements may also be used herein to
increase expression levels of the mammalian constructs.
25 Examples include the SV40 early gene enhancer, as
described in Dijkema et al., EMBO J. (1985) 4:761, the
enhancer/promoter derived from the long terminal repeat
(LTR) of the Rous Sarcoma Virus, as described in Gorman
et al., Proc. Natl. Acad. Sci. USA (1982b) 79:6777 and
30 elements derived from human CMV, as described in Boshart
et al., Cell (1985) 41:521, such as elements included in
the CMV intron A sequence (Chapman et al., Nuc. Acids
Res. (1991) 19:3979-3986).
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t hose derived from SV40, as described in Sanbrook, et al., supra, as well
as a bovine growth hornone term nator sequence. Introns, contai fnRECsHli ce
donor and acceptor 20 sites, nmay al so be designed into the constructs for
use Wwth the present invention (Chaprman et al., Nuc. Acids Res. (1991)

19: 3979-3986). Enhancer elenents may al so be used herein to increase
expression |levels of the mammalian constructs. 25 Exanples include the
SV40 early gene enhancer, as described in Dijkenma et al., EMBO J. (1985)
4:761, theooasancer/ pronoter derived fromthe | ong teproiosbarepeat (LTR)
of the Rous Sarcoma Virus, as described in Gorman et al., Proc. Natl.

Acad. Sci. USA (1982b) .79:6777 and. 30 eIe nt s de |ved from human CW, as
descri bed in Bos%%rtggs L8| SYRERPTq {es PO Xp%ﬁff s TOf°487@1 enent s i ncl uded
in the CWseaueppeA @eq@@ncéO(l@haprmm aelw alimbeNud. cAamdscidelsy (1991)

19: 3979- 398G)a 050 &,d4C,2005 4O 00/:39302, PEIILISYY 3245 The desired
synthetic Gag. pol ypeptide encoding sequences can oned into any nunber
of commer ci BPLYPERYATS &) énvéEPB?%r’tacFegéﬁéFa%ﬁég%re§'§P6ﬁ B S s

pol ypepts deihBlade AppIOpreahet hDﬁﬁltﬁéﬂSttam tfféleﬁcﬂl%mhgrrs 5 incl ude but arle
not limted,.to the follomnn uI V|r xpression_(Reilly, et a
., BACULOVPRUR'EBHE %E%‘rc%é? | RebraRe Iy N%?%%%@éz) . Beanes,
et al. , BEntrasdini 4] A3 VEokADAI M 'uﬂrﬂm@enseﬁheﬁteﬁhalPalo Alto,
CA)}, vacci n ( I " £s n of proteins
in mamal i a%hgg ? @ﬁésollvggé:l I(’l]f%l)l nPB%%rPgArﬁenPr SEE%ES f ?\gﬁc\i@ ecul ar

Bi ol ogy (F.2lfp. Aﬁédbewacé@naﬁ e%ﬂﬁ?%ﬁloﬁTéﬁﬁélPﬁblLshlﬁg #Absoci ates &

Wl ey linter SEkﬁﬁﬁsl&@WfYﬁfgtéﬂt@lﬂn dRR81idh clis@hisingV S Patent Nunmber
5, 135, 855, |ssued August 1992 15 expression in bacterla Ausubel , F. M,
et al., CURRERAITPROTEOEHE?PRE MITSICAR BF I3sEulgshBigde®y @nhd Sons, Inc.

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},

15 expression in bacteria {Ausubel, F.M., et al., CURRENT

ProTocoLs IN MorECULAR Biorocy, John Wiley and Sons, Inc.,
Media 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,

20 issued May 13, 1997; Gellissen, G., et al., Antonie Van
Leeuwenhoek, 62(1-2):79-93 (1992); Romanos, M.A., et al.,
Yeast 8(6):423-488 (1992); Goeddel, D.V., Methods in
Enzymology 185 (1990); Guthrie, C., and G.R. Fink,
Methods in Enzymology 194 (1991)}, expression in

25 mammalian cells {Clontech; Gibco-BRL, Ground Island, NY;
e.g., Chinese hamster ovary (CHO) cell lines (Haynes, J.,
et al., Nuc. Acid. Res. 11:687-706 (1983); 1983, Lau,
Y.F., et al., Mol. Cell. Biol. 4:1469-1475 (1984) ;
Kaufman, R. J., "Selection and coamplification of

30 heterologous genes in mammalian cells," in Methods in
Enzymology, vol. 185, pp537-566. Academic Press, Inc.,
San Diego CA (1991)}, and expression in plant cells
{plant cloning vectors, Clontech Laboratories, Inc., Palo

Alto, CA, and Pharmacia LKB Biotechnology, Inc.,
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Medi a PA; Contech), expression in yeast (Rosenberg, S. and Tekanp-d son,
P., U S Patent No. RE35,749, issued, March 17, 1998; Shuster i& LJS.
Patent No. 5,629,203, 20 issued May 13, 1997: Gellissen, peC 200
Antoni e Van Leeuwenhoek, 62(1-2):79-93 (1992); Ronmanos, I\/lA et al .

Yeast 8(6):423-488 (1992); CGoeddel, D.V., Methods in Enzynol ogy 185
(1990); @uthrie, C., and GR Fink, Methods in Enzynology 194 (1991)),
expression in 25 mammalian cells {Contech; G bco-BRL, G ound Island, NY;

e.g., ChiwedgedR®nster ovary (CHO cell |ines (Haynes, J'CT/USQBIHB. , Nuc.
Acid. Res. 11:687-706 (1983); 1983, Lau Y.F., et al. Cell. Bi ?I 20
4:1469- 1475 £]1984) a el ecti o Ilflcatlono

het er ol ogouslg genéeél)s‘:alwa malﬁﬁl?r'r;Iri-loaorl13 cél fs L‘S Ale I\/gohg%ggl% nzynol ogy, vol.

185, pp537-5688:REadeRPt Fresss,: Nagel, FSaneID edo. GAENS 99 pbiahd expr essi on
in plant celis:t {Rhbanbsch 9@4639 HACTOF Sa1 a Oﬁaﬁgpyhﬁé)@ao%@“ E84 'nC Pal o
Alto, CA and Pharnacia LKB |ot echno ogy Inc 51 0 5 DE 05

00/ 39302 PCTIUIs5S/ d1oRban: Melacalay Biglogy £l ARyl -, <138BBacter| ol .

168: 12915130/1114(11,9&& ANag@z{:,alRu p@tz-ﬁé zssFEudeJ@ﬁ&m aln p1k8Etpn67: 325
(1990); An, tf al . "B nar %c ors", and lot her s |n Pl ant Mol ecul ar

Bi ol ogy Manu:HEeksdp ki B BIA: °9% - )2 SPriBgesa9. 265, and
ot hers i n Pl\aafula@NAWlénf emlstmisz Agesd B) (I-Edlan,t Nole®ilet Biogdgy) Springer-

Ver | ag, I 8 Pl I ecul ar, Bi ol Essenti al _

Techni ques, n% g go%egeéé\?? Cﬁ)él\?l Sgt(tt’ i, New ?kb? gg !;é\f\ﬂ‘ RS ®4997; Mgl ani,

Gur bachan DiYsttkondr yWbien 1P%nt MEma:l .cSuzhdchiot amdtaronllrgl ogy, Ne¥v Yf)r k,

Food Py gduc o1BEBCt p tions of Plant
LdUCH furf?l @850 109 ri(ndﬁw(%ﬁxwﬁr élﬁalopa Iglp k63

Mol ecul ar Bi ol ogy, apman so included in the
i nvention i Freduekpr Bseson 1998 vEerxy, Rsudh, agramtelcaw pr onot er - cont ai ni ng

vectors Applications of Plant Molecular Biology, New York,

Chapman & Hall, 1997}.
Also included in the invention is an expression

15 Vector, such as the CMV promoter-containing vectors
described in Example 1, 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

20 codon, and translation and transcription termination
sequences, and an insertion site for introducing the
ingert into the vector. Translational control elements
have been reviewed by M. Kozak (e.g., Kozak, M., Mamm.
Genome 7(8) :563-574, 1996; Kozak, M., Biochimie

25 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, Recombinant protein production by

30 vaccinia and CHO cell line have the advantage of being
mammalian expression systems. Further, vaccinia virus
expression has several advantages including the

following: (i) its wide host range; (ii) faithful post-
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described in Exanple 1, containing coding sequences and expression control
el ements which allow expression of the coding regions in a suit qgl ot .
The control elenents generally include a pronoter, translation initiation
20 codon, and translation and transcription term nation sequences, and an
insertion site for introducing the insert into the vector. Translational
control elenents have been reviewed by M Kozak (e.g., Kozak, M, Mamm
Genone 7(8):563-574, 1996; Kozak, M, Biochime 25 76(9):815-821, 1994,
Kozak, MwodoSs3hd Biol 108(2):229-241, 1989; Kozak, Mperagdsghatkin, A J.,
Met hods Enzynol 60: 360- 375, 1979). Expression in yeast systens has the
advant age of commercial production. Reconbi nant protein production by 30
vacci ni a andtCHB Rt ibhad heddd iiché fady amerse sdhgbef vl imammal | an expr essi on
systens. FurtRg{spiaCCiBae¥idllS an8XREESR BN JrageE8MS RIncadvant ages
including the follow ngz. (i) jits w de host ,rang?; %i i%idf ﬁlthful post 52 0
5 DEC 2005 U676302 1pET| F-EYSASS¥REERE O PF ot 2 Y& Y i cat i on,
processi ng, $alublrg, retpahspoit preoeeies} camd ddd) asskadey capaeeewpnbi nant
proteinsg (i%%agy')og@w:dgggl eSxpressien of relatively soluble recombinant

V) a

proteins; an arge capacity 5 to accommpdate foreign DNA. The
reconbi nantly expiesgedopblypupti gepreserd rolnrhetideGdgomncodi ng

expressi on cassaldas ang-byMLRld ¥xpksobadeddambysad eghisapry cul ture

nmedi a. Purificoi}ioe?ir can ﬂe Ccﬁ”'?d out by nethods known in the art
i ncl udi ng 10~ ¥R ACPMonBRTDIFE i BnCEXT & DRfbirat JoFaphyat st
filtration, <arzeexeakrusednochrgymakeogodphiynowsi 1e- the saodtd dnaluding and

af [ nityoCh SR QUILRR 0. L SEUN0AM LBk Lo £ UHOIRLOGE AR, 8Dy be enpl oyed

using antibodi es generated based on, ot exanple, g anfigens. 15

Advant ages ofllGRtéoi n§ltaee XA ed ORt GRFRTHG OPrePRY nsize-
fractionation, and affinity chromatography.
Immunoaffinity chromatography can be employed using
antibodies generated based on, for example, Gag antigens.

15 Advantages of expressing the Gag-containing proteins

of the present invention using mammalian cells include,
but are not limited to, the following: well-established
protocols for scale-up production; the ability to produce
VLPs; cell lines are suitable to meet good manufacturing

20 process (GMP) standards; culture conditions for mammalian

cells are known in the art.

2.1.4 MobirrcarioN oF HIV-1 Env NucLeEic Acip CODING
SEQUENCES
25 One aspect of the present invention is the

generation of HIV-1 Env protein coding sequences, and
related sequences, having improved expression relative to
the corresponding wild-type sequence. Exemplary
embodiments of the pregent invention are illustrated

30 herein modifying the Env protein wild-type sequences
obtained from the HIV-1 subtype B strains HIV-1US4 and
HIV-1SF162 (Myers et al., Los Alamos Database, Los Alamos
National Laboratory, Los Alamos, New Mexico (1992); Myers

et al., Human Retroviruses and Aids, 1997, Los Alamos,
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of the present invention using mamalian cells include, but are not
limted to, the follow ng: well-established protocols for scale- 0
production; the ability to produce VLPs; cell lines are suitable olﬂé@gﬁ
good manufacturing 20 process (GW) standards; culture conditions for
manmal i an cells are known in the art. 2.1.4 MODI FI CATION OF H V-1 ENV
NUCLEI C ACI D CODI NG SEQUENCES 25 One aspect of the present invention is
the generation of H V-1 Env protein coding sequences, and related
sequenceswob@biérg | nproved expression relative to thepepisapradi ng
w | d-type sequence. Exenplary enbodinents of the present invention are
illustrated 30 herein nodifying the Env protein w | d-type sequences
obt ai ned frcNﬁ%IM?XHFGU1L%%ﬂﬁ%ﬁﬂ§sBN§F%%ﬁ?%;quQITBSHYén NMVHSeIYSIEB2 (Myer s
ﬁé a:vé . Los(ﬁﬁg@mg : dD@Earbaé@erLl@ﬁlev_l@ﬁD&nts\%iyO_B@ m&@f{ﬂllﬁit%{&)éin'—iég?' aers,

w Mexico (1992); ers e .. _Human Retroviruses_an S , Los
N ams. 83 (FEVREE SH0BLYD GUSHIOE Ped GRS 2T345E NEE EREEDE Los A anms
Nat i onal Labapeatidrigptiny shguepcber odm@iangd finohudt heroddl V vari ants may be
mani pul 3 d ddbe 1l gbotasi QRoEobL oM NG LA bEACAL NAS-1Qf yiBe Present

uch ot eth e

speci fication. er variants |nclu se 5 descri above in
Section 2. 1."eRidnsareae) MoTard ewprbele it REtRe4/REY) . for exanpl e at
http://hiv- web.ilaanlcgeytedibibi/ng by DRI (HUbl/vabeddssamubkhe and
httip://hiv-web. | L.govb:first, the H V-1 codon usage pattern was nodified
so 10 that St Tg-TIetere aci d codi ng sequence was conparable to

codon usage found‘ih:ﬁthigkmy{Iébepr esden Uramnpagenes Wixawpliéidd.sdhe HIV
codon us@ge dipfd @RLSr@sit Ghg AREER Vs)éli& diwgl EOLILRS RaQr T Of the

0L
codon-triplet. The_effect of the H'V-1 codon usagé i1s a high AT content 15
in the DNA SSyRefeRlent? ian vsagp oyt idabéghly expressed human

genes (Example 1). The HIV codon usage reflects a high
content of the nucleotides A or T of the codon-triplet.
The effect of the HIV-1l codon usage is a high AT content
15 in the DNA sequence that results in a decreased
translation ability and instability of the mRNA. 1In
comparison, highly expressed human codons prefer the
nucleotides G or C. The Env coding sequences were
modified to be comparable to codon usage found in highly
20 expressed human genes. Experiments performed in support
of the present invention showed that the synthetic Env
sequences were capable of higher level of protein
production (see the Examples) relative to the native Env
sequences. One reason for this increased production may
25 be increased stability of the mRNA corresponding to the
synthetic Env coding sequences versus the mRNA
corresponding to the native Env coding sequences.
Modification of the Env polypeptide coding sequences
resulted in improved expression relative to the wild-type
30 coding sequences in a number of mammalian cell lines.
Similar Env polypeptide coding sequences can be obtained
from a variety of isolates (families, sub-types, etc.).
Env polypeptide encoding sequences derived from these

variants can be optimized and tested for improved
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translation ability and instability of the nRNA. In conparison, highly
expressed human codons prefer the nucleotides Gor C. The Env codin
sequences were nodified to be conparable to codon usage found |rﬂ%D§hﬂm520
expressed human genes. Experinments perforned in support of the present

i nvention showed that the synthetic Env sequences were capabl e of higher

| evel of protein production (see the Exanples) relative to the native Env
sequences. One reason for this increased production may 25 be increased
stabi | i t ywofoosdse mMRNA corresponding to the synthetic Efwusewdizg sequences
versus the mRNA corresponding to the native Env coding sequences.

Modi fication_of the Env p0|%ﬁ tide co i Ny se uences . resulted in inproved
HE BYpé&oi ey

expr essi on retat T ve To thed th§ % Es°fntae nunber  of

manmal i an cebp¥esdmiespesi fitaridEnspel ylpxepﬁxad@leedlng maeguentes can be
obtained frgmg,waniety of isolates (famlies, sub-types, etc.). Env
pol ypepti de encodi ng sequences derived fromthese variants can be
optim zed and tested for inproved 54 0 5 DEC 2005 WO 00/ 39302

PCT/ US99531245 expressi on Fﬁwmmkﬁcpﬁoi O s34 E%N@%c&%&' [ggs of the
present specification (see the Exanples, in particul ar anple 2). 5 2.1.5

FURTHER MODI FI CATI ON OF HI GRoINGESRRURI9EEEl C ACI D CODI NG SEQUENCES I n

addition to protainsaqent&h rud”lgrﬁlc&ﬁ@'@é&%ﬁﬁa%%aaw& Env encodi ng
sequences of the present invention can be fused to other polypeptides

(creating 10°CHSTERPe POT ViFED ﬁn&é’g}ngﬁ%%‘enﬁﬁﬁ%‘?lt&ﬁspéﬁs?%‘é orientation
of the Env andrestthien cadlwg)ﬁns@denoeachexr@bappyﬁtﬂdéseaebeﬁﬁiﬁg are

contenphgteqﬂu_ &Ege£°1%#§?tﬁﬂ yProjein encoding cassettes of the present

invention can be co-exX usi ng one VECTOr or |pIe vectors. 15 In
addition, t %Lﬁﬁltﬁﬁf‘-%e‘?%s”@a@nﬁea@‘ge?%ryCpiinﬂi@c‘ﬁetqelences.

relative to each other, are contemplated. Further, the
HIV protein encoding cassettes of the present invention
can be co-expressed using one vector or multiple vectors.

15 In addition, the polyproteins can be operably linked to
the same or different promoters.

Env polypeptide coding sequences can be obtained
from any HIV isolates (different families, subtypes, and
strains) including but not limited to the isolates HIV,,,,

20 HIVg,, HIV,,, HIVg,y, HIVg,, HIV,,,, HIV,,, HIV,) (see,
e.g., Myers et al., Los Alamos Database, Los Alamos
National Laboratory, Los Alamos, New Mexico (1992); Myers
et al., Human Retroviruses and Aids, 1997, Los Alamos,
New Mexico: Los Alamos National Laboratory). Synthetic

25 expression cassgettes can be generated using such coding
sequences as starting material by following the teachings
of the present specification (e.g., see Example 1).
Further, the synthetic expression cassettes (and purified
polynucleotides) of the present invention include related

30 Env polypeptide coding sequences having greater than 90%,
preferably greater than 92%, more preferably greater than
95%, and most preferably greater than 98% sequence
identity to the synthetic expression cassette sequences
disclosed herein (for example, SEQ ID NOs:71-72; and/or
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the sane or different pronoters. Env pol ypeptide coding sequences can be
obtained fromany HV isolates (different famlies, subtypes, %
strains) including but not limted to the isol ates HIVIIIb 20 HI V&AL 2005
Hl Vlie4, H VCWMR35, HI VSF1621 HI VLAV, H VWAI 1 H V144) (see, e.g., Mers et
al ., Los Al anps Dat abase, Los Al anbs National Laboratory, Los Al anpbs, New
Mexico (1992); Myers et al., Human Retroviruses and Aids, 1997, Los

Al anbs, New Mexico: Los Al anpbs National Laboratory) Synthetic 25

expr essi (wommttes can be generated using such codi nger/5@0upREES as
starting materi al y followi ng the teachings of the present specification
(e.g., see EF‘ rrg . Further, the ;ént hetic expreSS| on cassettes (and
purified p&R§noRd qe&eﬂreéﬁn‘fﬁ% It ds@desi Wyeatd oB)i whendehs el at ed 30 Env
pol ypept i deseqdenn@esemje:me@rbaymmgugﬁeaa&eh dfaufns prefarall y greater

t han 92% Qx‘i@é erably greater than 95% and nost preferably greater

t han 98% sequ nc identity to the synthetic expression cassette sequences
di scl osed herein (for exanple, SEQ ID NGs:71-72; and/or 55 0 5 DEC 2005 WO
00/ 36302 PCT/ US9/:31245 1 BeeaefitRle St R BI:D dABLS ulf.and 18) when
the sequences of the present invention are use as the query” sequence. 5
2.1.6 EXPRESSI ON OF SYNTHETY &SREMFRCES FERCOMSNG H V- 1 ENV AND RELATED

POLYPEPTI DES Sevesalra3y BiAeht €1 EMreReedl NGy SRANRAEES (SXH
cassettes) of the resent i nvention were cloned into a rreber of di fferent

expressi on FRREUTEYELANPE BY I U G R¥GRF Lt varey S ened @3(‘3;5? @ssi on and
producti on ohmibew ofpaliffiepthteexpramdbhi edetsyny hetkagpledingcsequence i s

pr esent;gd agvi Vet egeggv%%%%ﬁgg{lgggigétﬁ c(tExarrgJEe%hed e.g., Tables

1A and 1B) e synt etic into
eucar yoti c BXprrapfiise vedt Wélfllsadd@s’@!:hbédc iqpdExgnpkaudnandsi n Secti on

2.1. 3 abovepresented as synthetic Env expression cassettes (Example
1, e.g., Tables 1A and 1B). The synthetic DNA fragments
for Env were cloned into eucaryotic expression vectors

15 described in Example 1 and in Section 2.1.3 above,
including, a transient expression vector and CMV-
promoter-based mammalian vectors. Corresponding wild-
type sequences were cloned into the game vectors.

Thege vectors were then transfected into a several

20 different cell types, including a variety of mammalian
cell lines, (293, RD, C0OS-7, and CHO, cell lines
available, for example, from the A.T.C.C.). The cell

lines were cultured under appropriate conditions and the
levels of gpl20, gp140 and gpl60 Env expression in
25 supernatants were evaluated {(Example 2). Env
polypeptides include, but are not limited to, for
example, native gplé60, oligomeric gpl40, monomeric gpl20
as well as modified sequences of these polypeptides. The
results of these assays demonstrated that expression of
30 synthetic Env encoding sequences were significantly
higher than corresponding wild-type sequences (Example 2;
Tables 3 and 4).
Further, Western Blot analysis showed that cells

containing the synthetic Env expression cassette produced
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i ncluding, a transient expression vector and CW- pronot er-basedu _E%Eﬁan
vectors. Corresponding wld- type sequences were cloned into the sare
vectors. These vectors were then transfected into a several 20 different
cell types, including a variety of mammalian cell |ines, (293, RD, COCS-7,
and CHO, cell lines available, for exanple, fromthe A T.C.C ). The cell

| ines were cultured under appropriate conditions and the |evels of gpl20,
gpl40 and gpl60 Env expression in 25 supernatants were eval uated (Exanple
2). Env palowpaaoi des include, but are not Iimted to, frarusexaypl e, native
gpl60, oligoneric gpld40, nononeric gpl20 as well as nodified sequences of
t hese pol ypeptides. The, results, of _these says nst r.at ed_t hat

expr essi on og%oeé%‘i%%‘% PECERY? efﬁ?ol&iongggréq@eon%ggqﬁe ea%ilblr%%FFcant ly

hi gher than perreshbndimgniichditnypehsaquehtescqrEranphe tthe rifgbves 3 and 4).
Further, Wes lLysts shaue h | ng &k .ni.ng synt hetic
Env expr essi %ﬁﬁg‘é%sg%r% 2&’%? S d B %n%’ £%€&§lodoszw\?\%go%%rgslgl2bt§?:% US99/ 31245
t he expect edcpi bt EYFRY{fp PG, SHPAIR tGnt§p168)e evisiighef PIRIucEdpPR

concent r af i 0garbhaiy o8l il-ane 09t RidHd1g ihhee Bt s MR rnAXRHES ST ceasgette. The
Env proteins were_seen in P‘oth cel | Iﬁsaées and suger nat ant?. The | evel s
of producti oh*8NGEFEEST gHiERi EBRTXPHREGHE EFh TRIESE0RR FRRSETEE ST or cel | s
transfect ed wift hhé hereamttheéhiventimn edspressasd casgelfesypeof the present

| nvention as Comﬂg&j;o%avaﬂigq ¥R ELBELhONAI O rBh hlifn3YREr natants from

manmal i an cells transfecte 1th the Synthetic Env expression 10 cassettes
showed that FeElpeovranEfestiper vbth phed SERFRRE BT EPEnGXBFotTiMs, relative to

the wildrdt ypeaEB¥tS@fULRALE thiXalplprevadandsuberibif peodrdt i@xpoessi on of
these Env-coplalpi 06 ;0! YREREIHeSd RTMTRLI 8B Chl LifGhLovides. the

(Examples 2 and 3).

Efficient expression of these Env-containing
polypeptides in mammalian cell lines provides the

15 following benefits: the Env polypeptides are free of
baculovirus or other wviral contaminants; production by
established methods approved by the FDA; increased
purity; greater yields (relative to native coding
sequences); and a novel method of producing the Env-

20 containing polypeptides in CHO cells which is less
feagsible in the absence of the increased expression
obtained using the constructs of the present invention.

Exemplary cell lines (e.g., mammalian, yeast,
ingsect, etc.) include those described above in Section

25 2.1.3 for Gag-containing constructs. Further, appropriate
vectors and control elements (e.g., promoters, enhancers,
polyadenylation sequences, etc.) for any given cell type
can be gselected, as described above in Section 2.1.3, by
one having ordinary skill in the art in view of the

30 teachings of the present specification and information
known in the art about expression vectors. In addition,
the recombinantly expressed polypeptides from synthetic
Env-encoding expression cassettes are typically isclated

and purified from lysed cells or culture media, as
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15 follow ng benefits: the Env pol ypeptides are free of bacul ovirus or
other viral contam nants; production by established nethods appggwggzmm
&i

the FDA; increased purity; greater yields (relative to native ¢

ing

sequences); and a novel nethod of producing the Env 20 cont ai ni ng

pol ypeptides in CHO cells which is less feasible in the absence of the
i ncreased expression obtained using the constructs of the present

i nvention. Exenplary cell lines (e.g., mamalian, yeast, insect, etc.)
i ncl ude whweposhescri bed above in Section 25 2.1.3 for f&wgusyenizas ni ng

constructs. Further, appropriate vectors and control

pronoters, enhancers, . pol yadenyl ati on, sequences, etc.)

el ements (e.g.,
for any given cel

type can b&eserabeapbaee doscPrBetneibvie FrPERR11Bh CF58e8EeHy” one havi ng
ordi nary skianl ekBmph&r@rgudifivhensnfid hiesd@ibedcin rExamplet heapd esent

spe0|f|catl%%oandihnggrrggiégn known in the art about

expressi on vectors.

I n addition>"*“He'teco inant'ly expressed pol ypeptides fromsynthetic
Env- encodi ng expression cassettes are typically isolated and purified from

lysed cefls or cyliuie Meqiodreidad of HrvDE@200R. M0 Q013830¢ PCT/ US99/ 31245

descri bed above for Gag-encodi ng expression cassettes.

An exenpl ary

purification is described SErR"5%88npl e 4 and shown in Figure 60. 5 2.1.7
MODI FI CATI ON. OF e ndy TARNUCLE! G AGLR RPN NGverSEQJENGES, &not her aspect  of

the present invention is the generation of H V-1 tat protein coding
sequences, &faerpElaR edf dHYuenERE, PIRRAITY CPAPIDVERIUSKSPESSTDRN rel ative to
10 the corr egpandiingeqhdribdsy p@as sy elifroveeapbessicampetatend scf the

pr esent 3
nucl eottde

quEREE=SBEQ D" FiGHE"78)

nvention are illustrated herein nmodifying the tat wld-type
g ﬁkﬁB%, o’%aﬁ%gayfron1SF162 as

descri bed alsobediEserm|al \they prheeit invensénst axr tid lyssrated

herein modifying the tat wild-type nucleotide
(SEQ ID NOC:85, Figure 76) obtained from SFl162

sequence

as

described above. Exemplary synthetic tat constructs are

15

20

25

30

shown in SEQ ID NO:87, which depicts a tat construct
encoding a full-length tat polypeptide from strain SF162;
SEQ ID N0O:88, which depicts a tat construct encoding a
tat polypeptide having the cystein residue at position 22
changed; and SEQ ID NO:89, which depicts a tat construct
encoding the amino terminal portion of a tat polypeptide
from strain SF162. The amino portion of the tat protein
appears to contain many of the epitopes that induce an
immune response. In addition, further modifications
include replacement or deletion of the cystein residue at
position 22, for example with a valine residue, an
alanine residue or a glycine residue (SEQ ID Nos: 88 and
89, Figures 79 and 8l), see, e.g., Caputo et al. (1996)
Gene Ther. 3:235. 1In Figure 81, which depicts a tat
construct encoding the amino terminal portion of a tat
polypeptide, the nucleotides (nucleotides 64-66) encoding
the cystein residues are underlined. The design and
construction of suitable construct can be readily done

using
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15 shown in SEQ ID NGO 87, which depicts a tat construct encoding a
full-length tat polypeptide fromstrain SF162; SEQ I D NO 88, mmyﬂ[édmm cts
a tat construct encoding a tat pol ypeptide having the cystein residue at
position 22 changed; and SEQ | D NO 89, which depicts a tat construct 20
encoding the anmino terminal portion of a tat polypeptide fromstrain
SF162. The am no portion of the tat protein appears to contain nmany of the
epi topes that induce an immune response. In addition, further

nodi fi cat wongsssencl ude repl acement or deletion of the eypi§oRfgsi due at 25
position 22, for exanple with a valine residue, an alanine residue or a

gl yci ne resi qye SEQ.I1D Nos: 88 and 89., Figures 79 and 81 see, e.qg.
Caputo et al - ingg Rl THis Presens. SHerFllfllﬁﬁFéorBl Afhéhhdeasi.cts a tat

construct ermm]dl marot-hendnkme, ttertnpﬁai/pdzmltdeoaoain@ dedfuedBepobypepti de, the
nucl eoti des Lde 4- 6 ncodi ei.n.residues are
i %;5%5%9}@9 Prfi D0 ?rg%topgisoftl Eﬁ? %ﬁ“&q68ﬁst?%1 can be

under | i ned. esign an Tons i'on o
readily donetYRe§i-n§t58) 0 5 DEC 2005 WD 00/ 39302 PCT/ US99/ 31245 t he

teachi ngs of thevpresesit shRed ikaat t&@p Wbt Da&093 1 nBOk e il e sa”d Env,
tat pol ypepti de COdI n uences can talned fronra v%l ci
i sol ates (fdmS4i&sins ’BQr‘fqWe§xP€?653°n E}'eN/BEli“F’? ci itde Hf»l@h‘émeat

pol ypepti de mnilnggssqqemm&n Gefithbed b @E&DVE&@(R%G%SI on relative to the
manmmal i an,

wi | d-type sequences er o
yeast, bact er?dglgg § u)fe1 ’ IchflgPr & 68Fyf)tép¢tellgé§encq6%‘i ng sequences
derived fromalyesetige v%l’r‘?%tng eaaudrcespdenived fwdt thssed for inproved

expression ivarTarEB! Sabybd Ql;JtQWhQthat}% E%@EQ& NES qu EP% present
specification (see,the Exa in particular % Various forns

of the diff&rESFBHBDC el EP Prefollowing the teachlngs 3 che

present specification (see the Examples, in particular
Example 2).
Various forms of the different embodiments of the
15 invention, described herein, may be combined. For
example, polynucleotides may be derived from the
polynucleotide sequences of the present invention,
including, but not limited to, coding sequences for Gag
polypeptides, Env polypeptides, polymerase polypeptides,
20 protease polypeptides, tat polypeptides, and reverse
transcriptase polypeptides. Further, the polynucleotide
coding sequences of the present invention may be combined
into multi-cistronic expression cassettes where typically
each coding sequence for each polypeptide is preceded by
25 IRES sequences.

2.2 PRODUCTION OF VIRUS-LIKE PARTICLES AND USE OF THE
CONSTRUCTS OF THE PRESENT INVENTION TO CREATE PACKAGING
CELL LINES
30 The group-specific antigens (Gag) of human
immunodeficiency virus type-1 (HIV-1) self-assémble 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
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15 invention, described herein, may be conbi ned. For exanple,

pol ynucl eoti des nay be derived fromthe polynucl eotide sequences of the
present invention, including, but not limted to, coding sequences for Gag
pol ypeptides, Env pol ypeptides, polynmerase pol ypeptides, 20 prot ¢asgEl 2005
pol ypepti des, tat pol ypeptides, and reverse transcriptase polypeptides.
Further, the pol ynucl eotide coding sequences of the present invention may
be conbined into nulti-cistronic expression cassettes where typically

each codwugmgaqmence for each polypeptide is preceded bkyrusdhiRES
sequences. 2.2 PRODUCTI ON OF VI RUS- LI KE PARTI CLES AND USE OF THE
CONSTRUCTS anIgE PRESENT | NVENTI ON TO CREQ%E PACKAG NG CELL LINES 30 The
gr oup- speci f¥& "Rt F GemP &P Pof 2 ATt AORHT NP VIR t ype- 1

(H V-1) sel Prayidabefigitemt meansafmnt|t¢m5pvodwstiorke>fpammc&§s (VLP) that
are releas 0 r ar i \C S b vi ewed by Freed,
E O, Virol ?‘Srt‘ésﬁ'“ﬁé‘f*sao‘*?&%? (Y289 £ R8hG oY 08 ol FELLSY

PCTI US99/ 315% s?ﬁ?%%tﬂd“%%ﬂﬁ€95|®ﬁiéﬁ@séﬁmé§e®ﬂxlhémﬁme%eﬂm i nvention
provi de =f fcelest neans for the productlon of HIV-Gag virus-like particles
(VLPs) using a vg gf%)ok different cell %pes ncludlng, but not limted
to, manmalian T4 PATYP S Par?t A% s SEdn?De® (W 18 £8Tnk#% i x for the

pr oper presQnPB@rcpr&ﬁenxmtapnlgénmenﬁmagpadeMUrappE@obatedsodﬂﬁﬂéaM th to the
i nmmune syst eALP, Ratent . 4. 722,840

descri bes h%br|%w%2?f?€%§§ EHQUE%? § F'gi art?cle%$5r%¥%ﬁﬁf?agnent of a
structural YpPotBrTeat &R-atvi?asd %lﬁ’@ﬁcasb%ts ﬁ&fqul@l eatbiedery fragment  of
hepat i tlios BewinpitsddRe) asp&facéﬂéuﬁdﬁmaﬁ (EBsAnt bysadst @t fagt er ol ogous

pol ypet | deg, 1ol & e, 3l vy, YL oLoRY ool 1954), 200 $41:587.  deserbes the

of hepatltls B virus (HBV) surface antigen (HBsAg) fused
to a heterologous polypeptide. Tindle et al., Virology
(1994) 200:547-557, describes the production and use of

15 chimeric HBV core antigen particles containing epitopes
of human papillomavirus (HPV) type 16 E7 transforming
protein.

Adams et al., Nature (1987) 329:68-70, describes the

recombinant production of hybrid HIVgpl120:Ty VLPs in

20 yeast and Brown et al., Virology (1994) 198:477-488, the
production of chimeriec proteins consisting of the VP2
protein of human parvovirus Bl9 and epitopes from human
herpes simplex virus type 1, as well as mouse hepatitis
virus A59. Wagner et al., (Virology (1994) 200:162-175,

25 Brand et al., J. Virol. Meth. (1995) 51:153-168; Virology
(1996) 220:128-140) and Wolf, et al., (EP 0 449 116 AL,
published 2 October 1991; WO 96/30523, published 3
October 1996) describe the assembly of chimeric HIV-1
pP55Gag particles. U.S. Patent No. 5,503,833 describes

30 the use of rotavirus VP6 spheres for encapsulating and

delivering therapeutic agents.
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15 chimeric HBV core antigen particles containing epitopes of human

papi |l l omavirus (HPV) type 16 E7 transform ng protein. Adans et alﬂ5 DH?W]EG
(1987) 329:68-70, describes the reconbinant production of hybrid

H Vgpl 2C Ty VLPs in 20 yeast and Brown et al., Virology (1994) 198:477-488,
the production of chineric proteins consisting of the VP2 protein of
human parvovi rus B19 and epitopes from human herpes sinplex virus type 1,
as well as nouse hepatitis virus A59. Wagner et al., (Virology (1994)

200: 162- 1wp,00230Brand et al., J. Virol. Meth. (1995) 5pecibRoifass Virol ogy
(1996) 220:128-140) and Wl f, et al., (EP 0 449 116 A, published 2

Oct ober 1991; WD .9 30523 ubl i shed Oct ober 19962 describe the assenbly
of chimeric H V-2 qp 5Gag PAT tFEUELON Bsg"" PAENTENG. B8R589V 833 descri bes 30

the use of rotavirus VP6 s@lassess Bﬁ&nnemamtﬂnaimm/ and /delzi ver2i ggl wLp
t her apeuti c agent 60 05 DEC 2005 00/ 39302 PCT/ US99/ 31245 2. 2.
PRODUCTI ON_ UST NG EHEE* SORREET S HEXPRE S (UPPEABSER 1S OFSHFE PRESENT

| NVENTI ON Exjrevdmeits hpee f dempstratsdpport the shechptdseskprédwisi i on have
deronst r at ed Jhate e o2V BAD G BXPLESS A grselsc? sh%%rgé{/igg present

i nvention provide superior production rotein-an relative to

native codiRPEEGHERCES PEXRMIIESLT %FPFHVI-@F P%#éttﬁé’re tel et ¥en
m cr oscopi ¢ @t&]ngatslequeﬁéeé/L&;@h@dastv athd B38| 85 thedNde1dSrdd gUres 3A-B

and 65A-F shovved hat e Vi artjicles of the
expect ed )5| 78 \ﬁé’l’sézoﬁr Sd eﬁ"%ﬁ"@ePE%g&grﬁrﬁgHFﬁbﬂh Wﬁﬁﬁ%t A% pr essi on
cassettes. Usi ngiclugesy b fetams] €5pr Bs ssiowedasBet ti‘aazeeoiantihmaqmrr@sent .

| nventi of. el k3R 081xe cdLNG: SSANRAGES: ca 1 kOLeIE Production of

virus-1like parti] cI es_provide severa ges rst Ps can be
produced in produced by cells containing the synthetlc expre551on

cassettes.
Using the synthetic expression cassettes of the

present invention, rather than native coding sequences,

15 for the production of virus-like particles provide
several advantages. First, VLPs can be produced in
enhanced quantity making isolation and purification of
the VLPs easier. Second, VLPs can be produced in a
variety of cell types using the synthetic expression

20 caggettes, in particular, mammalian cell lines can be
used for VLP production, for example, CHO cells.
Production usging CHO cells provides (i) VLP formation;
(ii) correct myristylation and budding; (iii) absence of
non-mammalian cell contaminants (e.g., insect viruses

25 and/or cells); and (iv) ease of purification. The
synthetic expression cassettes of the present invention
are also useful for enhanced expression in cell-types
other than mammalian cell lines. For example, infection
of insect cells with baculovirus vectors encoding the

30 synthetic expression cassettes resulted in higher levels
of total protein yield and higher levels of VLP
production (relative to wild-type coding sequences) .
Further, the final product from insect cells infected

with the baculovirus-Gag synthetic expression cassettes
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enhanced quantity making isolation and purification of the VLPs easier.
Second, VLPs can be produced in a variety of cell types using thﬁﬁ 7
synt hetic expression 20 cassettes, in particular, mammalian cell Ii&gg ﬁﬁn
be wused for VLP production, for exanple, CHO cells. Production using CHO
cells provides (i) VLP formation; (ii) correct nyristylation and buddi ng;
(iii1) absence of non-mammualian cell contam nants (e.g., insect viruses 25
and/or cells); and (iv) ease of purification. The synthetic expression
casset t eswohodsb® present invention are also useful fopcenkamnisd expression
in cell-types other than manmalian cell lines. For exanple, infection of
insect cells with bacylovirus,vectors encodi ng the 30 synthetic expression

g
cassettes reSHTEGS H R GARTR NG SWeh aRYRYS B oF R FRTARAd"ENd hi gher
| evel s of VLRsegrtoguotédms (tredmtiheef ivalMgtbduypeviadiwigl Segpences) .

Further, the f4;n; odyct. f [ c l,s ynfected wth the
bacul ovi r us- Gag ?yﬁ?het#cé%x%%e@sglggﬁ 1<i:Ea’ga§’Le‘°t1teés%'61 0 5 DEC 2005 WD 00/ 39302

PCT/ US99/ 31245 cdhSFEstent sRPriGneabaty foure whgnothe soaft isdetani nat i ng

i nsect pg ot eidisnihBapol PSeft R opr oductegthen WekGmbymit160di ng sequences
were used (Exa Iesg.,VLPs can s?ontaneous%y form when the Earticle- 5

f ormi ng pol PG ot 7| it ARPEPPFLAF AN FRAty TR Gr §86eHLPR an
appropri at e thesiuced| hisifddushe tshatWePsc maedueedn usdgrptitke synthetic
expressi on cassehte re i NV j nveni ently prepared
usi ng reconblngﬁ% ?%g%%ﬁﬂ%ES&eAgg |§%§¥§Q§I§gfg%ﬁﬁf%§l g 10 pol ypepti de
encodi ng syriaserénarpr rgueassebs edissusspfebprasenthel Aegnti on can

i ncl udeirot ha’o\}Q@bﬁﬁﬁﬁéiQﬁ:ﬁicﬁQ@i lBQn@EéEhﬁf"‘eac r@bsidd Qﬂ'a%%ret(é%grolgxag)l e, Env,
tat, rev, rot ease .pol ymer ase, core; see, Exanple 1).

Expr essi on otfhes%Eﬁsgzﬁ%t%ré\ﬁnéélé’ﬁpé%sjrrb Wes SEPER LY YELHE 198 VLPs conpri si ng
t he product asdingessgueieds eofexptessston(for example, Env, tat, rev,

HIV protease, HIV polymerase, HCV core; see, Example 1).

Expression of such synthetic expression cassettes yields
15 VLPs comprising the product of the synthetic expression

cassette, as well as, the polypeptide of interest.

Once coding sequences for the desired particle-
forming polypeptides have been isolated or synthesized,
they can be cloned into any suitable vector or replicon

20 for expression. Numerous cloning vectors are known to
those of skill in the art, and the selection of an
appropriate cloning vector is a matter of choice. See,
generally, Ausubel et al, supra or Sambrook et al, supra.
The vector is then used to transform an appropriate host

25 cell. Suitable recombinant expression systems include,
but are not limited to, bacterial, mammalian,
baqulovirus/insect, vaccinia, Semliki Forest wvirus (SFV),
Alphaviruses (such as, Sindbis, Venezuelan Equine
Encephalitis (VEE)), mammalian, yeast and Xenopus

30 expression systems, well known in the art. Particularly
preferred expression systems are mammalian cell lines,
vaccinia, Sindbis, insect and yeast systems.

For example, a number of mammalian cell linesg are

known in the art and include immortalized cell lines
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cassette, as well as, the polypeptide of interest. Once codi ng sequences
for the desired particle- form ng pol ypepti des have been isol ated @é .
synt hesi zed, they can be cloned into any suitable vector or repli AEG @05
for expression. Numerous cloning vectors are known to those of skill in
the art, and the selection of an appropriate cloning vector is a matter of
choice. See, generally, Ausubel et al, supra or Sanbrook et al, supra.

The vector is then used to transform an appropriate host 25 cell. Suitable
recombi naWMP 0&3Pe2essi on systens include, but are not | iPATUEW31W5 bacteri al,
mammal i an, bacul ovirus/insect, vaccinia, Semiki Forest virus (SFV),

Al phavi 1 usesy { suclhias e -Sidhl Synfanezuel gl Sagie cBacepall tis (VED),
manmal i an, yeast and Xenopus 30 expression systens, we nown in the art.
Particul arl y{ApF & €i-red segbressitnt apst bhmsi ek teanfhinese deimsteirnes,

vaccini a, Sigebis, (dHdgect1280 yeAsle13%S B8 AN EXBEABY Bhan@ cAyber  of
manmal i an cel | _|ines _are 8gnown in the art and i nclude imortalized cel

lines 62 0 S5°PEEVOFENNOCBH} B9INSBCTY BEY07 315B2D ) ay BPPERY &1EARSH t he
Aneri can5Typee s t (0s) Cokkew¢1bms EAhErE. C 9imiSuehyashadydriaot linmted to,

Chi nese hans y ) |l 2 cells,. HeLa_cells, baby hanster
ki dney (BHK)A‘S%"I? %@%&%gﬁ%ﬁ%ﬁﬁﬁgégy? T Sk 8ﬁ‘gy 5 cells (COS), as
wel | as ot hefsrem@iaddegiiey sehactvdrlilalf inflosses wsikbhths Bressoiti, Baci | | us

subtilis, anthpAJARMOCOBASHSUSHY. - vohbE AoNd Yseriht i the pLesent

expression constructs. Yeast hosts useful in the present invention include
inter alia, SHEHICON}EESUCRrBGSS 44121052 hATPRYEEDi earryiseandi da mal t osa,
Hansenuha potasmidshalbikhiyy et OmECRSmhl 884d | SianlSbHMY LT M eRSphactis, Pichia
guillerinnnq*L Pi chi a ga?tor%éf aﬁgizosaccharonyces ponbe and Yarrow a

li pol ytica. THESETECFE FHI91ELS WL HYBEEUEAS deCEipr B3R vect or s

i ncl ude, inteuikldrdmoAddés Pichia pastoris, Schizosaccharomyces
pombe and Yarrowia lipolytica. Insect cells for use with
baculovirus expression vectors include, inter alia, Aedes

15 aegypti, Autographa californica, Bombyx mori, Drosophila
melanogaster, Spodoptera frugiperda, and Trichoplusia ni.
See, e.g., Summers and Smith, Texas Agricultural
Experiment Station Bulletin No. 1555 (1987). Fungal
hosts include, for example, Aspergillus.

20 Viral vectors can be used for the production of
particles in eucaryotic cells, such as those derived from
the pox family of viruses, inciuding vaccinia virus and
avian poxvirus. Additionally, a vaccinia based
infection/transfectiqn gystem, as described in Tomei et

25 al., J. Virol. (1993) 67:4017-4026 and Selby et al., J.
Gen. Virol. (1993) 74:1103-1113, will also find use with
the present invention. In this system, cells are first
infected in vitro with a vaccinia virus recombinant that
encodes the bacteriophage T7 RNA polymerase. This

30 - polymerase displays exquisite specificity in that it only
transcribes templates bearing T7 promoters. Following
infection, cells are transfected with the DNA of
interest, driven by a T7 promoter. The polymerase

expressed in the cytoplasm from the vaccinia virus
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15 aegypti, Autographa californica, Bombyx nori, Drosophila nelanogaster,
Spodopt era frugi perda, and Trichoplusia ni. See, e.g., Sunmers and Sﬁhtﬂmﬁ
Texas Agricultural Experiment Station Bulletin No. 1555 (1987) Fund%

hosts include, for exanple, Aspergillus. 20 Viral vectors can be used for
the production of particles in eucaryotic cells, such as those derived
from the pox famly of viruses, including vaccinia virus and avian
poxvirus. Additionally, a vaccinia based infection/transfection system as
descri bedwonodweei et 25 al., J. Virol. (1993) 67:4017-m0289%mzksSel by et
al., J. Gen. Virol. (1993) 74:1103-1113, will also find use with the

present i nve ste eIIs ar i nf invitro wth
nggtgbltjl rﬁ) ran ansfcﬁct c?tDN g }%\%X

a vaccinia virus reconbi nan enco es acterlopﬁage T7 RNA
pol yner ase. Thigh3ps ﬁmwﬁaeel@t@blwe PXQue T thy $pechbeeity in that it

only transceihgsidenmlat erecta@ﬁé D[\ﬁg R cREARDA B S TvFelahowt Ngaaddfgct i on,
cells are transfected with the interest, driven by a T7 pronoter.

The pol yner a@ePUEkpi et SFPERAT P %W@@ﬁl3§n+?r?ﬂﬁt1ﬁ§°9§€é?%ﬁa virus 63 0 5
DEC 2005 sWD QQéB&BO&d?ﬁEleUSQQ&mﬂfatrtngnbMﬁﬁﬂtBidlanSQBBb)E'S the transfected

DNA i nt o RNA the tran ed | p ot the host

transl ati onaf2ric ﬁ?ﬁ%& Srﬂgﬁggtpr?yléﬁﬁ 2&8@ La purified
protein or ehzymeierst.i wy&helEEWug@nwﬁuptlénsw%ﬂengésqudnEHtxﬁujowafatt, J.
Vol . Bi ol . (3886ina 183 L13n180)s o hoiBbbed) provides for high |evel,

transi ent, cytoplasm c production of large quantities of RNA and |ts
translation prodREREINSe FBNERIS ST PREORXPIHSE dAdsPeFlem and host 10
sel ectedp thee)dd¥Sdr eher 00Bs eshrd\br@aoved g afitowdabl Rost radigfor med by an

expression v rgondi L |ons wher eby t he artlcle fornlng
BELOL £ LRAS 39 éxp

pol ypepti de 1's expresse ana S%&gﬁ e~ T or met 158 se 768 on of the

appropri at e whereby the particle-forming polypeptide is expressed and

VLPs can be formed. The selection of the appropriate
growth conditions is within the skill of the art. If the

15 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 Purification

20 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 density gradient centrifugation,

25 e.g., sucrose gradients, PEG-precipitation, pelleting,
and the like (see, e.g., Kirnbauer et al. J. Virol.
(1993) 67:6929-6936), as well as standard purification
techniques including, e.g., ion exchange and gel
filtration chromatography.

30 VLPs produced by cells containing the synthetic
expression cassettes of the present invention can be used
to elicit an immune response when administered to a
subject. One advantage of the present invention is that

VLPs can be produced by mammalian cells carrying the
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growth conditions is within the skill of the art. If the 15 VLPs are forned
intracellularly, the cells are then disrupted, using chem cal, ﬁg%ﬁ %ﬁk or
mechani cal neans, which lyse the cells yet keep the VLPs subst alt I
intact. Such nmethods are known to those of skill in the art and are
described in, e.g., Protein Purification 20 Applications: A Practical
Approach, (E.L.V. Harris and S. Angal, Eds., 1990). The particles are then
i solated (or substantially purified) using nmethods that preserve the

integritywddgsnpf, such as, by density gradient cent V'J&Q%Bd/ﬂ 25 e.g.,
sucrose gradi ents PEG precipitation, pelleting, and the like (see, e.g.,
Kirnbauer et al. J. Virol. (1993) 67:6929-6936), as well as standard

purificati onSYPEE‘Pt?ﬁﬁLF‘é@rleﬁéllﬁféhWseétgs aF&ﬁ@l@hEﬁg@l@M}gmot filtration

chr omat ogr apbysssB}Qlé/J_Ps Aler adueeskdy BRhkS eRntaipai Bgnt@&nf%rgeh%t Ic
expr essi on cassettes resent. jnvention can be used to elicit an

i mmune responis“éle ﬁ?’%g‘?)r’éﬂ atdgllétlogub? et CefePatiRartHgESof t he .
present invefeian, |%mt h&tat VERS- art ebeepr Galyrged yhyg rasemetdgmasel | s carryi ng

the 64 05 DEC:2005 40.00439502, PCUIRL 31245 SRt Dl) ¢, &xpr essi or

cassettes at |evels previousl 0ossSI'b ussed above, the VLPs
can conpri seS¥PrEFidnt )Faéﬁe’éﬁ?ﬁ ge‘ﬂ§h@npaee¢1ttt Gﬁ“’?ét%%e Gap pol ypepti des

(e.g., Env, a&hln%ﬁﬂdoteaﬁeve:ﬁ&mﬂ@bygﬁﬁf&% @BdaHGV-i P &fér%rmpur'f'ed
VLPs, producgg the synt hetic eég ession cassettes of the present

i nvention, can Y)acc ARt B % BPERATHe VeEDT T MArs @dPPy i n t he
form of vacke rtesetd)rmtb@rm sush Gerbineat comtanacc:fnesumypleﬁ Sethbe used,

where sygh VaQELDAS HRARERLE, dtzoi A 2TBh PN b AQ: SUBN Lo 1 Ot f S deri ved
fromH V or Et her or gam Sns edé env) or gene ry vacci nes encodi ng
Ve

such anti gen$:9 Ad@H sPF aBFh éKeVi)‘F%?e'@Suspﬁ‘gdﬂﬁe s

antigens. Administration can take place using the VLPs
formulated alone or formulated with other antigens.
Further, the VLPs can be administered prior to,

15 concurrent with, or subsequent to, delivery of the
synthetic expression cassettes for DNA immunization (see
below) and/or delivery of other vaccines. Also, the sgite
of VLP administration may be the same or different as
other vaccine compositions that are being administered.

20 Gene delivery can be accomplished by a number of methods
including, but are not limited to, immunization with DNA,
alphavirus vectors, pox virus vectors, and vaccinia virus
vectors.

VLP immune-stimulating (or vaccine) compositions can

25 include various excipients, adjuvants, carriers,
auxiliary substances, modulating agents, and the like.
The immune stimulating compositions will include an
amount of the VLP/antigen sufficient to mount an
immunological response. An appropriate effective amount

30 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 ug to about 1000 1y,
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formul ated al one or fornmulated with other antigens.

i ncluding, but are not limted to, immunization with

Furt

DNA,

her, the Vﬁ?@t@?ﬂ@

be adm nistered prior to, 15 concurrent with, or subsequent to deli1very o
the synthetic expression cassettes for DNA i nmuni zation (see bel ow)

and/ or delivery of other vaccines. Also, the site of VLP adm nistration
may be the sane or different as other vaccine conpositions that are being
adm ni stered. 20 Gene delivery can be acconplished by a nunber of nethods

al phavi rus

vectors, pmoossxwns vectors, and vaccinia virus vector spcrdbsdo/3iz4s
i mrune-stinulating (or vaccine) conpositions can 25 include various
s,. nodul ati ng agents,

exci pi ents, ad uvant rri aUX|I|ar t ance
and the.like. O&?hgrlﬁ%ﬁ%%'stlﬁﬂFa%l tﬁbﬁﬁ ?
of the VLP/aN@PéentSM#ﬁ|C|ent to nDunt an i mmunol ogi

cal

hdi OF i nclude an  anmpunt

response. An

appropriate effecya&@l@u% {%Btgénaﬁg, Q8L f\gﬁé}yl%”% %%%k' id in the

art. Such an anpunt will fal tive

ad range

df can be

det er ni ned t kP8EgRCEDRIE tERILAI SndiRE WiNel Pyedertaldry ofe angibedimmt on t he
gglmgm 39302

order of saboutrffdl otd Qk@bQﬁﬁlﬂtQ@@athace§51Qg tHe le

PCT/U599/312 5. f b| bout to about 30
carrier is opfll go?if?scr%rrgré%ﬁt R%l &JP‘lcsa g rrgf‘ 1

of VLP/antigen.

B39 eglof"’l]lé{t mgbaRohifed t sel f

i nduce t he pm@du@m®kﬁtuﬁésaHUCbod$egrodilhannﬁeﬂydamdﬂmaldad;V|dual recei vi ng
the conposit ,gny1 S fakla ggar £bfy§lfJOQIH¥p%§?éd4 y p'o@lgﬂgyﬁ

macr onol ecul es such as rotelns%%f sacch
pol ygl ycol | i B8 dsaMIRG FRAFi BORRPA ¥iE

Mhy net abol i zed
Ic aC|ds

rSac#asldaaﬁaer@gaéea é@w yers, |ipid

aggr egaties ( stithdsspldt ook Ui pPShes)Qr ahtiposd®ms)ve aaduknactive virus
particles. E/égggcr gf R3S fng le'llc. a(g agaca%“rtglcg gte nccalrliqu%rst Qgg

pol yret hyl Tate pol yirer s;

leéierived from

those rlved from polymethyl methacrylate polymers, as

well as microparticles derived from poly(lactides) and

poly(lactide-co-glycolides), known as PLG.
15 Jeffery et al., Pharm. Res. (1993) 10:362-36

See,

e.g.,

8; McGee JP,

et al., J Microencapsul. 14(2):197-210, 1997; O'Hagan DT,
et al., Vaccine 11(2):149-54, 1993. Such carriers are
well known to those of ordinary skill in the art.
Additionally, these carriers may function as

20 immunostimulating agents ("adjuvants"). Furthermore, the
antigen may be conjugated to a bacterial toxoid, such as
toxoid from diphtheria, tetanus, cholera, etc., as well
as toxins derived from E. coli.

Such adjuvants include, but are not limited to: (1)

25 aluminum salts (alum), such as aluminum hydroxide,

aluminum phosphate, aluminum sulfate, etc.;

(2) oil-in-

water emulsion formulations (with or without other

specific immunostimulating agents such as muramyl

peptides (see below) or bacterial cell wall components),

30 such as for example (a) MF59 (International Publication

No. WO 90/14837), containing 5% Squalene, 0.5% Tween 80,

and 0.5% Span 85 (optionally containing various amounts

of MTP-PE (see below), although not required
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wel |l as mcroparticles derived from poly(lactides) and

pol y(l acti de-co-gl ycolides), known as PLG See, e.g., 15 Jeffery et (aIDEC 2005
Pharm Res. (1993) 10:362-368; MGee JP, et al., J Mcroencapsul.
14(2):197-210, 1997; O Hagan DT, et al., Vaccine 11(2):149-54, 1993. Such
carriers are well known to those of ordinary skill in the art.
Additionally, these carriers may function as 20 i mmunosti nmul ati ng agents
("adjuvants"). Furthernore, the antigen may be conjugated to a bacteri al

t oxoi d, swmebo/®sz toxoid from di phtheria, tetanus, chol ecrps®srss as wel |

as toxins derived fromE. coll. Such adj uvants include, but are not limted
to: (1) 25 alumnumsalts (alum, such as al um_num hydroxide, alum num

phosphat e, atun? riHATSNTPAL BarEJt‘iles USENG| F -THEF e 67T 24D 2For mul at i ons

(with or witheasl ativar mlszﬁeﬁllflicﬁlzlerﬂWMQSdeMﬁJJC@g ngetds, sagh as nur anyl
pepti des (see below) or bacterial cell _ wall £9 nent s 3Q such as for
exanpl e (a) @?)594]’(5 ntcgfﬁﬁt‘f“bﬁ%llqjuﬁlqiuéé??%h r:Lp(%\‘ﬂbe@o%(?L48r¥f7) cont ai ni ng
5% Squal ene, pDutShibmamcB8d pahtned. EMQSpaachS:k(xomDPomaéé yoed@mt ai Ni Ng

vari ous rmunt of I\/rl'Pg ésee hel ow | t ho o% no reqwred) f ormul at ed
b it

66 0 5 DEC 20b %"B(?FQSS BT U868 o SUbrft?drparticl es using a

m cr of | ui di zesrtsarchl a® gbhdehdtd X0Yanriger opdah idilzesiedl enafdiwindi esgd Newt on,

MY, (b) SA ain 10%8 ala 4% Tween 80 5% pl ur oni c- bl ocked
pol ymer L121, anaﬂllhr al%gvfsee )bel “6w) E%Sei t WY b m&\cr BFTH zed into a
subm cron enmam]cnbror Mwocbmx@mmg geneqmlaeraa | ar. g&rTwn |8®I easdze

emul si on, and (¢) Ribi ad] uvan RAS) .. ( nochem
Ham | t on, “Con érior]fieng g?;/e Alal ene, w%fg QI“\(Eé?ne}1 E%nd théen *87P nor e
bacteri ap ce¢¢nwﬁasldingom§omemrshdsrp@mb/hepgi dup(MP@ consq:lsatllqagz of

rmnophosphorg%rhpgoqa@e( I\@Ep,” , térﬁp%legiewagi eegtog Q;(R};%\Q and cell wall
skel eton (CW6 prefera 'saponi n adj uvants,
preferably MPL + CWS (Detox“), (3) saponln adjuvants,

such as Stimulon™ (Cambridge Bioscience, Worcester, MA)
may be used or particle generated therefrom such as

15 ISCOMs (immunostimulating complexeg); (4) Complete
Freunds Adjuvant (CFA) and Incomplete Freunds Adjuvant
(IFA); (5) cytokines, such ag interleukins (IL-1, IL-2,
etc.), macrophage colony stimulating factor (M-CSF),
tumor necrosis factor (TNF), beta chemokines (MIP, 1-

20 alpha, l-beta Rantes, etc.); (6) detoxified mutants of a
bacterial ADP-ribosylating toxin such as a cholera toxin
(CT), a pertussis toxin (PT), or an E. coli heat-labile
toxin (LT), particularly LT-K63 (where lysine is
substituted for the Qild-type amino acid at position 63)

25 LT-R72 (where arginine is substituted for the wild-type
amino acid at position 72), CT-S109 (where serine is
substituted for the wild-type amino acid at position
109), and PT-K9/G129 (where lysine is substituted for the
wild-type amino acid at position 9 and glycine

30 substituted at position 129) (see, e.g., International

Publication Nos. W093/13202 and W092/19265); and (7)
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such as Stimulon(tm (Canbridge Bi oscience, Wrcester, MA) may be used or
particle generated therefromsuch as 15 I SCOVs (i nmunostimul ating

conpl exes); (4) Conplete Freunds Adjuvant (CFA) and I nconplete Fr e @A C 2005
Adjuvant (IFA); (5) cytokines, such as interleukins (IL-1, IL-2, etc.),
macr ophage colony stimulating factor (M CSF), tunor necrosis factor (TNF),
beta chenokines (MP, 1 20 al pha, 1-beta Rantes, etc.); (6) detoxified

mut ant s cterial ADP-ribosylating toxin such as ra toxin
(Cn, a (F}Le? tﬁas?gol%s toxin (PT), or an E. coli heat-1abil g&/ﬁ%§%3§24 LT),

particularly LT-K63 (where lysine is substituted for the wild-type am no
acid at posidétlor GRbst3dbckd-R72E (astene afmginvdgrd mudasimsgtddetitadebor t he

wild-type am,ng acid at_position 72 -S109 (where serine is
substituted T e t\?\hel S-f?%tel"aeﬁ%eﬁé ééi g“T%tcop‘)“ s?i(swugéﬂ“' 109), and PT-K9/ GL29
(where |ysine is mithsiyilt pepdider irla@udwi ot e antnbimitied! ab, pusition 9
and glycine 30 substituted at, position. 129) (see 9., t ernati onal

Publ Poat i on SR P oL e e P 1436 Rl 1 %g’éf”dchs, BEC 2008 VO
00/ 393025 PCTH 41399/ -3b24b rather L-suilzelyanbessddiatataet (asriM@RInodt-i nul ati ng
agents to eggggg ffectivenes : 00SL 1 ] Muranyl peptides
i ncl ude, but ar %‘(‘)lt&gﬁ’% %'e%iétr:{fl %—is%l&%&wg bikflhe M @

acet yl - mur ang/! ~dipaimésnyl - B2 i Slaflerrpa it ey dtdryphbPphoiy Boxy) -

act eyl - nor ﬁ"]ﬁ)’]' hal afpyb- £y sqgluatne (nor-MOP), N

acetyl nur agly{{ 1A arrllyl ?D%sog): 'u%?r?i'nyl -L-al ani ne-2-(1'-

2' - di pal m t oyl - sRAFIEFEe FBLBETRRED Wd %P phla pHdt WoaReF 1 t BethylaamPRea ( MTP- PE) ,

etc. Dosage diAtdRBEeWsthedile: VP aCROIDPOSHId Qds@BYchede.10aSi Ngl e dose
schedul e or a nul tiple dose schedyle. A rruvhg% e dose schedule is one in

which a pri mEHyF*® r§’88eo‘f’°]i‘/%‘g ihat’i BR° ey PrPI1F s EFRF8Ee doses,
foll owed by Dtvmrcidesésnghaerpeatwistubieuertparane dogey vdlod loebdsen to

mai nt ai n andxéyorotfh%irntigggg é:h@eri rgt’fuQﬁb.g;gcflpeg‘rm':s(i':’imfeoﬁntervals, chosen

to maintain and/or reinforce the immune response, for

15 example at 1-4 months for a second dose, and if needed, a
subsequent dose(s) after several months. The dosage
regimen will also, at least in part, be determined by the
potency of the modality, the vaccine delivery employed,
the need of the subject and be dependent on the judgment

20 of the practitioner.

If prevention of disease is desired (e.g., reduction
of symptoms, recurrences or of disease progression), the
antigen carrying VLPs are generally administered prior to
primary infection with the pathogen of interest. If

25 treatment is desired, e.g., the reduction of symptoms or
recurrences, the VLP compositions are generally

administered subsequent to primary infection.

2.2.2 USING THE SYNTHETIC EXPRESSION CASSETTES OF THE
30 PRESENT INVENTION TO CREATE PACKAGING CELL LINES
A number of viral based systems have been developed
for use as gene transfer vectors for mammalian host

cells. For example, retroviruses (in particular,
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15 exanple at 1-4 nonths for a second dose, and if needed, a subsequent
dose(s) after several nonths. The dosage reginen will also, at I@gﬁF hﬁ
part, be determ ned by the potency of the nodality, the vaccine Q @
enpl oyed, the need of the subject and be dependent on the judgnent 20 of
the practitioner. If prevention of disease is desired (e.g., reduction of
synptoms, recurrences or of disease progression), the antigen carrying
VLPs are gfnerally adm nistered prior to primary infection with th

pat hogen f093f¥2est. If 25 treatment is desired, e.g. ,‘%H@;W@aﬁ%tlon of
synptons or recurrences, the VLP conpositions are generally adm nistered
subsequent t oLgHdiRBEYLI ﬁé@@dz}sqn prdftide 2a %ddSbNGeﬂ'HE)J&\H‘fEIﬂETIE& EXPRESSI ON
CASSETTES OF THE PRESENT 1 NVENTI ON, C5§REA PACKAG NG CELL LI NES A nunber

of viral base¥f sy SFemiShavE BEEK delelSped “Forolce Hs §ERéStr anst er

vectors for ntfwmlexanphesta ssjuenceFusexlafpiregenettmrapyses (i n
par ticul ar, 68,0 5.DEG,2005,Y000/39302; REFLUSO9LA1 245 dveayi yical, vect of s)

prOVIde a convenlent p atform for gene del Lvery sy st ens cod I Nng sequence
of interest FTbPackaapfeln ar%té&eréﬁeé Q%%tf%f|leﬁovsb%awé:et%@ﬂab98app| i cati ons)
can be insertigbwmtia enhgeqe: delRevenpineet arirub amntl packagedsbladet roviral

particles usi echni qgues_ kn in the art I_nant V|rus can t hen be
i sol at ed and‘:‘rg%s dle\c;éP'gge otocé:lel(lﬁgoP?t'f‘l%e STI%USSF %th-gﬁeé:r i Ve ex Vi vo.
A nunber of rest nawior al A sywtlers olfavetbeeiraldessterhmd;aumbleadl ng, for _
exanpl e, the g 0 I.le al . (1989)
Blotechnlqueséecnggg%8 N&é%i&%lﬁé %gif%%ﬁ&ﬁﬁungﬁ& Q*H%%a (%%% Scarpa

et al. (1991)Payiens| ¥gy 980tBAG0:BYLhseetetgRl (19%) RHstec Namlzes Acad. Sci .
USA 90: 8033; Bojgos- Mawmée, &f. il (16389 3umdGenbPiRerdg8n8at 5 ; Devghop.  3:102;

GB 2200651; EP 0415731
(1991) Virology 180:849; Burns et al. (1993) Proc.
Natl. Acad. Sci. USA 90:8033; Boris-Lawrie et al. (1993)
Cur. Opin. Genet. Develop. 3:102; GB 2200651; EP 0415731;

15 EP 0345242; WO 89/02468; WO 89/05349; WO 89/09271; WO
90/02806; WO 90/07936; WO 90/07936; WO 954/03622; 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.

20 Serial No. 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

25 81;6349; and Miller (1990) Human Gene Therapy 1.

| Sequences useful for gene therapy applications
include, but are not limited to, the following. Factor
VIII cDNA, including derivatives and deletions thereof
(International Publication Nos. WO 96/21035, WO 97/03193,

30 WO 97/03194, WO 97/03195, and WO 97/03191). Factor IX
cDNA (Kurachi et al. (1982) Proc. Natl. Acad. Sci. USA
79:6461-6464). Factor V cDNA can be obtained from pMI2-V
(Jenny (1987) Proc. Natl. Acad. Sci. USA 84:4846,
A.T.C.C. Deposit No. 40515). A full-length factor V
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15 EP 0345242; WD 89/02468; WD 89/05349; WD 89/09271; WO 90/02806; WO

90/ 07936; WD 90/07936; WD 94/ 03622; WO 93/25698; WD 93/ 25234, V\ogsgsgggl@ggo;
WD 93/10218; WO 91/02805; in U S. 5,219,740; U S. 4,6405,712; U S
4,861,719; U S. 4,980,289 and U.S. 4,777,127; in U S. 20 Serial No.
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; Takam ya (1992) J Neurosci
Res 33:493-503; Baba (1993) J Neurosurg 79:729-735; Mann (1983) Cell
33:153; CAR&%3°4884) Proc Natl Acad Sci USA 25 81;6349; PERYSMINMEr (1990)
Human Gene Therapy 1. Sequences useful for gene therapy applications

include, butcmve ROt ol BNMabRSid Qelteheoh 0bl Widdeha i FAGL0EE i ichilo CDNA,
i ncl udi ng der, vatives and del etions thereof I nternational Publication

Nos. WO 96/ 2TFFECin08D) B319%8 30 BWEPEF+ D FRIL T 1RF 977 0AGST ¥nd WO
97/ 03191). Faatlordel XhoePNAefdsttear by Birqhettel982)5PreroodNatsl. 30Agad. Sci .

USA 79:6461-6464). F ., C .can be ohtained frompMi2-V__(Jenny
(1987) Proc.a’Néal?ia?neAégég’8&%/1."%@1&%8?3%‘,&6 T @@tﬁcﬁ@gﬁ IS, 40515). A
full -1 ength dRAG OPr'¥cBOWNiS DBEB32005 K»D0/3L3022 PCTE14809/A3T245CcCcDNA, or a
B domai n delglifn 0B dospi titpl h e used. B domain
del etions of fact (t):r \c}, gli nc /35 e%?zbseﬁ%%tcg(}rnt tgdgé(g&?;ér}%ﬁge%t e (1995) Bl ood
86: 3026 and'Hester( 1998%) BPRheest s yAQHH 6752 .. BHRi81w4F#Sin |11 5 cDNA

(Prochowni k Hel}&3hnd .(1B89) . nfd1ec 2884838%. AT 6 . fRRASHILINR-
57224/ 57225) . Protein C encoding cDNA (Foster (1984) Proc. Natl. Acad.
Sci. USA 81:% ;cantﬁkﬁ}ﬁ?ﬁfrtefggX) TRRCT &t OB FRSYRR 19359839 Pr ot hr onbi n

cDNA caho0 be miifldished byct@st (Megkenonl eS®Y B cdhgRsston 0f. 2ag710 publ i shed
vect or (Deg ( { em,str 2:2087). .The_endqt hel.ial ce|ll surface
protein, th?@’%?ﬁggﬁ%@@s&g@ ﬁéggascs%rpyr (“,:Sflﬁ(:t%l?rcf"%’rq qqé‘?ﬁﬁr nmef activation
of protein aCrggesRpuVbFPLackozofabl the ewambilnaatifarinrhag beerein

C by thrombin. A soluble recombinant form has been
described (Parkinson (1990) J. Biol. Chem. 265:12602;

15 Jackman (1987) Proc. Natl. Acad. Sci. USA 84:6425; Shirai
(1988) J. Biochem. 103:281; Wen (1987) Biochemistry
26:4350; Suzuki (1987) EMBO J. 6:1891, A.T.C.C. Deposit
No. 61348, 61349).

Many genetic diseases caused by inheritance of

20 defective genes result in the failure to produce normal
gene products, for example, thalassemia, phenylketonuria,
Lesch-Nyhan syndrome, severe combined immunodeficiency
(SCID), hemophilia A and B, cystic fibrosis, Duchenne's
Muscular Dystrophy, inherited emphysema and familial

25 hypercholesterolemia (Mulligan et al. (1993) Science
260:926; Anderson et al. (1992) Science 256:808; Friedman
et al. (1989) Science 244:1275). Although genetic
diseases may result in the absence of a gene product,
endocrine disorders, such as diabetes and

30 hypopituitarism, are caused by the inability of the gene
to produce adequate levels of the appropriate hormone
insulin and human growth hormone respectively.

In one aspect, gene therapy employing the constructs

and methods of the present invention involves the
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descri bed (Parkinson (1990) J. Biol. Chem 265:12602; 15 Jackman (1‘5%E
Proc. Natl. Acad. Sci. USA 84:6425; Shirai (1988) J. Biochem 1030 Zmn
(1987) Biochem stry 26:4350; Suzuki (1987) EMBO J. 6:1891, A T.C C.

Deposit No. 61348, 61349). Many genetic di seases caused by inheritance of
20 defective genes result in the failure to produce normal gene products,
for exanple, thal assem a, phenyl ketonuria, Lesch-Nyhan syndrone, severe
conbi ned i mmunodeficiency (SCID), henophilia A and B, cystic fibrosis,
Duchenne' %O 0083l ar Dystrophy, inherited enphysema andCTERBIHF 25
hyperchol esterolema (Mulligan et al. (1993) Science 260:926; Anderson et

al . (1992) Sghensu25%808; ngewﬁmmﬁ&néﬁt kB9 nS61 £NGA 1244,1275) .
Al t hough genetic diseases may result in the absence of algene product,

endocri ne di 5BRHENY %Eﬁsé%nﬂl%’ﬁétteéélsaﬁﬂe%r%& Piii 89 iS%eldfe caused by
the inabilityfeérthegenetibn @fachmeradequmre dhevebs oftd he appropriate

hor none i nsylj u h har_ngn [esSh ne _aspect, gene
t her apy enpl%‘lfllkg% het}‘cgﬁgpruc I e hs%as osf LhFhe %?%%esetq “hv8nti on
i nvol ves 5t hef3® U@@E@Q@%hmmﬂ/@@z@?yPCIITICO@@QFQleSHmH roducti on of

normal reconiiAaMaLenRE ibAEACY, C8)diScSPibidls, ”%(Wél{tﬁ'ﬁ?bm proteins are
produced by the T cells after introduction or reintrod ion thereof into

a patient. AREHOETSH GBHEDRE' %iT@SLEEehaRR Wden 28eM@RIFICECf or t 1 eat nent
wi th gene thetagysed .ncl udi ng adeni ne deam nase deficiency, cystic

fibrosis, a, antlfr[é%ytqcuggp Cé %%r,g msé si)éndrogr\?ét .as well as

non-genetic diseas art|c S SYndrdfE 1S a genetic 10
di sor def0c ha@ﬁ%@@ﬁrzé@aﬁ?céeﬁwetd:lké’néyd@f1¢Jkﬁeﬁoe’nz>ﬁnbhe ginryoeer ebr osi dase.

This enzyme gehisdanayoseadse! 0 file aaepl @ldieloaby gldaarerebreside in the
| ysosomes Ofagé&mulatlon of glucocerebroside in the lysosomes of all

cells in the body. For a review see Science 256:794

(1992) and Scriver et al., The Metabolic Basis of

15 Inherited Disease, 6th ed., vol. 2, page 1677). Thus,
gene transfer vectors that express glucocerebrosidase can
be constructed for use in the treatment of this disorder.
Likewise, gene trangfer vectors encoding lactase can be
used in the treatment of hereditary lactose intolerance,

20 those expressing AD can be used for treatment of ADA
deficiency, and gene transfer vectors encoding «,-
antitrypsin can be used to treat «o,-antitrypsin
deficiency. See Ledley, F.D. (1987) J. Pediatrics
110:157-174, Verma, I. (Nov. 1987) Scientific American

25 pp. 68-84, and International Publication No. WO 95/27512
entitled "Gene Therapy Treatment for a Variety of
Diseases and Disorders," for a description of gene
therapy treatment of genetic digeases.

In still further embodiments of the invention,

30 nucleotide sequences which can be incorporated into a
gene transfer vector include, but are not limited to,
proteins associated with enzyme-deficiency disorders,
such as the cystic fibrosis transmembrane regulator (see,

for example, U.S. Patent No. 5,240,846 and Larrick et al.
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cells in the body. For a review see Science 256:794 (1992) and Scriver et
al., The Metabolic Basis of 15 Inherited D sease, 6th ed., vol. 2, page
1677). Thus, gene transfer vectors that express gl ucocer ebr osi dasge5cgg[12m}ge
constructed for use in the treatnent of this disorder. Likew se, gene
transfer vectors encoding | actase can be wused in the treatnent of
hereditary | actose intol erance, 20 those expressing AD can be used for
treatment of ADA deficiency, and gene transfer vectors encoding a, -
antitrypsWaog¥anzbe used to treat a,-antitrypsin defi ciPER@§9/388 Ledl ey,

F.D. (1987) J. Pediatri cs 110: 157-174, Verma, |. (Nov. 1987) Scientific

Anerican 25 8- I nt e t| onal Pub icatio 95/ 27512

entitled " Geﬁggglﬁer%%e ‘{pf% lcatl%rl € ﬁongecu age%lsée/fo Hrd Di sorders, "
py

for a descriBtéevriadf, gT@MeYorhearraﬂpwdteneatln@rmeajﬁirg@ﬁet(mm Geases. In still

further enbogigenis ofc ke sny@sntmry BOwElICE RRLLAE Seauences whi ch can be
incorporated into a gene transfer vector include, but are not linited to,

protei ns assOti HGFAMER Bhzy M Erehey Bansiadar et akuch 992)t he cystic
f|br05|sstranzsmm:ranﬂlrﬂguha§ﬁr 10seey) ; f ofie examle, th& Patent No.

5,240,846 and Larr.i %k et a : 7%%0 5 BEC 005 V\g %8{51891319 PCT/ US99/ 31245
(1991) Gene THE APV ApplTcat TEHS 35 POl et aFF BEEREr, New York
and adenosi net delam (1898) ( FDAYef FemealdcB. 5P &) ;No. m&] S99, 34Hmpht grovvth

factors, or r 0 r ;Eact aga,et al.
(1992) 5 DN%‘%%Q%IeSISFh% Bﬁ%@@?s’%m é);faa&)‘?\eé)ecl%stral;llrr%ﬁ’te %cn%?i%“g gg‘?‘essor

genes such déo%ﬁ’)aileRdNaéﬁl@W (kP8R hePHem Natlal Acgd99¥yi.CHFder Research

55:2831)p a 3wl eciis ;t hatibeDe atesskbe ddmaine (&yssﬁnmfomwrgam sm such
as a HLA nolecul e (Nabel ef _al cad. SCI. USA 10

50 11567) : R E T oar BapELis e 1ARe Ra G APRBPB LY S10.162F) a pept i de

nucl ei ¢ aci &7 ( HmsdsmanMeti. ad4: (47996pn antisense molecule (Bordier

et al. (1995) Proc. Natl. Acad. Sci. USA 92:9383) which
can be used to down-regulate the expression or synthesis

15 of aberrant or foreign proteins, such as HIV proteins or
a wide variety of oncogenes such as p53 (Hesketh, The
Oncogene Facts Book, Academic Press, New York, (1995); a
biopharmaceutical agent or antisense molecule used to
treat HIV-infection, such as an inhibitor of p24

20 (Nakashima et al. (1994) Nucleic Acids Res. 22:5004); or
reverse-trangcriptase (see, Bordier, supra).

Other proteins of therapeutic interest can be
expressed in vivo by gene transfer vectors using the
methods of the invention. For instance sustained in vivo

25 expression of tissue factor inhibitory protein (TFPI) is
useful for treatment of conditions including sepsis and
DIC and in preventing reperfusion injury. (See
International Publications Nos. WO 93/24143, WO 93/25230
and WO 96/06637). Nucleic acid sequences encoding

30 various forms of TFPI can be obtained, for example, as
described in US Patent Nos. 4,966,852; 5,106,833; and
5,466,783, and incorporated into the gene transfer

vectors described herein.
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J. Invest. Med. 44:347); an antisense nolecule (Bordier et al. (1995%
Proc. Natl. Acad. Sci. USA 92:9383) which can be used to down-reglb &tE 2ilhe
expression or synthesis 15 of aberrant or foreign proteins, such as HV
proteins or a w de variety of oncogenes such as p53 (Hesketh, The
Oncogene Facts Book, Academ c Press, New York, (1995); a biopharmaceuti cal
agent or antisense nolecule used to treat H V-infection, such as an

i nhi bitor of p24 20 (Nakashima et al. (1994) Nucleic Acids Res. 22:5004);
or rever ¥Q¥38HW3cri ptase (see, Bordier, supra). O her BSiTH{S89/pig450f
therapeutic interest can be expressed in vivo by gene transfer vectors
using the methodgrQthtbsodidtuenteen) &L 188t ancs, shslaiped in vivo 25
expression of tissue factor inhibitory protein (TFPI) 1s useful for
treatment of THIGEEFONLTi WIUdFRY SRpRi iy merd T gepteventing
reper f usi on iajasrdingSee tHtetRatsongl cHRUBhi -eaticns Meg. i MO 9424143, WO

93/ 25230 anckP%Oi%G{Jggg?,f)i. Nucl eiﬁ aci dtseguences ncodi ng 30 various
forms of TFPI™‘Can “be”obtai ned  For &5cmpIt&eeh8e N Y& A BBYIFHY (& Pat ent Nos.

4,966, 85% 5,di66r888s amuludBn466n¥8s; Geed Interporiained PobDiédeigene
transfer ve%qr%od%miofed.e%%?%@% Eerft PR 2 A WO-0003R50%
an e

PCT/ US99/ 31245 Eryt hropoi etin . eptin can al'so expressed in
vivo from ged@eMdally ndHitaiegdTdelivary sécberl iy tvo thhemathddmiofof t he
invention. Famhel aataneton BROuksrusefnltddacgene dhemapy (i f eagsaent of a

variety of 5.disorders in i,ng, anemnj a ee_ | nternati onal Publication No.
VO 95/ 13376 elg’tti%%f’ggl"&ln?"%gé‘ﬁg‘byc’? s 'T&@ag%ﬁw@f Toxnani a"). Sustained
del i ver y2®f |dggrirhpbion e rebehdept Ui geriee ahdvient iuse theusef uin ithet r eat nent

of obesity. sggatin@ﬁ@r@@tcjgg@%y?ubl ication No. WD 96/05309 for a 10

description of the leptin gene and the use thereof in.-the treatnent of
obesi ty. A variety °©f other disorders can also be treated by

the methods of the invention. For example, sustained in
vivo systemic production of apolipoprotein E or

15 apolipoprotein A from genetically modified T cells can be
used for treatment of hyperlipidemia (see Breslow et al.
(1994) Biotechnology 12:365). Sustained production of
angiotensin receptor inhibitor (Goodfriend et al. (1996)
N. Engl. J. Med. 334:1469) can be provided by the methods

20 described herein. As yet an additional example, the long
term in vivo systemic production of angiostatin is useful
in the treatment of a variety of tumors. (See O'Reilly et
al. (1996) Nature Med. 2:689).

In other embodiments, gene transfer vectors can be

25 constructed to encode a 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 Nos. 4,738,927 and
5,326,859, respectively, while useful muteins of these

30 proteins can be obtained as described in U.S. Patent No.
4,853,332. Nucleic acid sequences encoding the short and
long forms of mCSF can be obtained as described in US
Patent Nos. 4,847,201 and 4,879,227, respectively. 1In

particular aspects of the invention, retroviral vectors

73



A variety of other disorders can also be treated by the nethods of the

i nvention. For exanple, sustained in vivo system c production of 5 2005
apol i poprotein E or 15 apolipoprotein A fromgenetically nodified 'P IEI
can be wused for treatnment of hyperlipidema (see Breslow et al. (1994)

Bi ot echnol ogy 12:365). Sustained production of angiotensin receptor
inhibitor (Goodfriend et al. (1996) N. Engl. J. Med. 334:1469) can be
provi ded Wo H? thods 20 described herein. As yet an additional exanple,
the long “TEPMTh vivo systemic production of angiostatfFFy893eful  in the
t reat ment of a variety of tunors. (See OReilly et al. (1996) Nature Med.

2:689). In Otelxglreeﬁb@gllém}&,negaﬂelﬁrﬁmo%hl)ﬁeﬁi*?r < B& ped constructed
to encode a tgkl ne or t er, rTHu ator nol ecul e. For exanpl e,

nucl ei ¢ aci d° Sequences C&dPﬁa ’f‘?% °r2e§ B EmAERLAY &RT eblth can be
obt ai ned as ®estrgbed el 1US iPasent N(lsprés?éﬁB 912\7eraﬂd>n 5,a82611859

respect | vel y avathge iselulagBitielbso0ind Nese 30 BIAIAINS gan, be. pbtai ned as

descri bed in US. Patent eic aC| ée uehces encodi ng
the short® andCOFBRARE ¢4 afﬂd NESFO‘%%rf-C’GTeCGBFGFn@de@t@@SGPYb’Ed in US

Patent Nos. 4, 847pRéMpland ok, 849t 22ie ﬂﬁ&ﬁ@%ﬁ&ﬁé%r Mo1BaLiiSU Qr aspects
of the inven Eg r et I’OVI raI Eg ?rl 5 DEC 2005 _WO 00/ 39302
o °Wr’rﬁﬁ

PCT/ US99/ 31245 eXpr essi hohBatl 3oty - de MR Wik hbe

expr essing cy
produced as désali b&PHor ef. nI(nmonoJaomrrp_Lg 2e0mt 2y, m@btalaeec peickagi ng cel |

lines of the ng i n n), er atlon Ilcatlon . PCT
US 94/ 02951 ‘BRe Tt 1 B o tMeQ AL AeKELIE CEbe BexCBhoat

| munot Hér ap>9 990)E>¢émﬁ’”é’s #ﬁdsuli%lﬂl?é—ﬂ ﬁﬁﬁﬁon@cmllatsor?an@rhtemd es for use

herein includeridhedol, an- @ganal—Iﬂ—@W@eggeg éé@s[lup'(%Bag?t - (1990) J.
| munol ogy lﬁ 2590 298, f&ber et al :1716- 1733,
Gansbacher 5193 -5 /( FOdHTRIE xRl - I\/éé‘l99 >72g°1128117=8122ﬂ 7Ja3rrd71l§ S. Patent

No. and U.S. Patent No. 5,017,691); IL-5 and IL-6 (Brakenhof
et al. (1987) J. Immunol. 139:4116-4121, and

15 International Publication No. WO 90/06370); IL-7 (U.S.
Patent No. 4,965,195); IL-8, IL-9, IL-10, IL-11, 1L-12,
and IL-13 (Cytokine Bulletin, Summer 1994); IL-14 and
IL-15; alpha interferon (Finter et al. (1991) Drugs
42:749-765, U.S. Patent Nos. 4,892,743 and 4,966,843,

20 International Publication No. WO 85/02862, Nagata et al.
(1980) Nature 284:316-320, Familletti et al. (1981)
Methods in Enz. 78:387-394, Twu 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)

25 J. Virol. £5:664-671); gamma-interferons (Radford et al.
(1991) The American Society of Hepatology 20082015,
Watanabe et al. (1989) Proc. Natl. Acad. Sci. USA
86:9456-9460, Gansbacher et al. (1990) Cancer Research
50:7820-7825, Maio et al. (1989) Can. Immunol.

30 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); tumor necrosis factors (TNFs) (Jayaraman et

al. (1990) J. Immunology 144:942-951); CD3 (Krissanen et
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4,738,927); 1L-3 and IL-4 (Tepper et al. (1989) Cell 57:503-512, Col unbek
et al. (1991) Science 254:713-716, and U S. Patent No. 5,017,691); 06b{8C 2005
and IL-6 (Brakenhof et al. (1987) J. Immunol. 139:4116-4121, and 15

I nternational Publication No. WO 90/06370); IL-7 (U S. Patent No. _
4,965, 195); IL-B, IL-9, IL-10, IL-11, IL-12, and IL-13 (Cytokine Bulletin,
Sumrer 1994); I1L-14 and |[1L-15; alpha interferon (Finter et al. (1991)

Drugs 42:749-765, U. S. Patent Nos. 4,892,743 and 4, 966, 843, 20

I nt er nat i JHAPY3BMBI i cati on No. WO 85/ 02862, Nagata et al PCT/QSJ?%IG)S Nat ur e
284:316-320, Famlletti et al. (1981) Methods in Enz. 78:387-394, Twu et

. (1989) P I ic 20 nd, t al.
?199(()) o)wcogr;éejir:]e el é—%%%%% e ?%r%%%@%m Poan Al?%gl o5 3.

Virol. 65: 664‘3]671()198&%??%? eﬁéf-éﬁéﬁsS{ﬁacﬁWnéte'alal (1998) The Anerican

Soci ety of Hezp@&@eogLZQQBwﬂ Ima@ahmetl abLra(198M11ReCer Naf | . Acad.
Sci. USA 86:9456- 9460, Gansbacher et_al 990) Cancer Research
50: 7820- 7825, (WH 3 & HIP- (4eBoyleEan? T?ﬁﬁjnoNHcsél?‘?ﬁnhMéFul%@' 34-42, and

U.S. Pat ent NGI-E:‘ Aa86217Yornthled, 787, 138),; G rdglobul Fat erdriNes.

4,999, 291 and 81 In atj ana ti
85/ 04188) : T o gc?gg? c%’?‘ég T’%\ﬁ%‘? (”Jféyak’ﬁm PEE ?25%\?990) J.
| mrunol ogy 14zhap42098%) Suclc[aes (déﬂnssamerareit MRZ - DigkdEC rhdB8Ho2e 00/ 39302

PCT/ US99/ 31245, flos 1(1987)., 2 6) At man et
al . (1989) ardtleink 881 Alrg}lg“e?rgr?r%#scgpog’q é? 55 “%ﬁ%%&i 624- 627) :

| CAM 2, LFA- 13-51’1#,&83%%1 | ﬁéﬁmwmaﬂula%%fsf?cyorwy ME@o e6: 923-932); MHC
class | mnl ecagceﬁstﬁ Mt s asistkl, 68l Brgdnas, fBi‘SﬂheSB'ia 2rr%'<ie&h§é@9| obulin
(Parnes r t Aca Sci.. USA 7

chaper ones su il (a%ggé% nexgoﬁlubgﬁdfﬁlﬂasl ?fnkeﬁef’tr:%ﬁssp%aﬂ e%%eBr ?lé%\ﬁ% or

anal ogs t her &6t anpPagPsigss dlor theeg ) t ygtauod f86t1m5@8~95=31:ﬁn twtrarsahodul at ory

factors may alci®sP8f the factors themselves.
Nucleic acid molecules that encode the above-

15 described substances, as well as other nucleic acid
molecules that are advantageous for use within the
present invention, may be readily obtained from a variety
of sources, including, for example, depositories such as
the American Type Culture Collection, or from commercial

20 sources such ag British Bio-Technology Limited (Cowley,
Oxford England). Representative examples include BBG 12
(containing the GM-CSF gene coding for the mature protein
of 127 amino acids), BBG 6 (which contains sequences
encoding gamma interferon), A.T.C.C. Deposit No. 39656

25 (which contains sequences encoding TNF), A.T.C.C. Deposit
No. 20663 (which contains sequences encoding alpha-
interferon), A.T.C.C. Deposit Nos. 31902, 31902 and 39517
(which contain sequences encoding beta-interferon),
A.T.C.C. Deposit No. 67024 (which contains a sequence

30 which encodes Interleukin-1b), A.T.C.C. Deposit Nos.
39405, 39452, 39516, 35626 and 39673 (which contain
sequences encoding Interleukin-2), A.T.C.C. Deposit Nos.
59399, 59398, and 67326 (which contain sequences encoding
Interleukin-3), A.T.C.C. Deposit No. 57592 (which
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10 agoni sts, antagonists, or ligands for these nol ecules. For exarfdl g 2005
sol uble forns of receptors can often behave as antagonists for these typeées
of factors, as can nutated fornms of the factors thenselves. Nucleic acid
nol ecul es that encode the above- 15 described substances, as well as other
nucleic acid nolecules that are advantageous for use within the present
invention, may be readily obtained froma variety of sources, including,
for exanpl e, depositories such as the American Type Culture Collection, or
from comMR 434302 20 sources such as British Bi o- TechnoPelysS1BHE4s ed ( Cowl ey,
Oxford England). Representative exanples include BBG 12 (containing the

GVt CSF gene «adi NG Qeql bgcdmt t e .27 ,am i-ds), BBG 6
(whi ch contai ns s,e(iquenges Cenc%}gc?ﬁgzga%ﬁ%ug% e?gh)?prAéfr.%. C. Deposit No.

39656 25 (WHTWTINTEPns> SYueinces aRe ofiv TPt an TSeguenceeposit  No.
20663 (Wwhi clersontiaighgnsequencas sencagdhng. alphka- pkpserd afonk 7183 T. CaC-
Deposit Nos. . , and 39517 whi ch contaln sequences encodi ng

bet a- i nterfe(r‘ghglj)gcq12 c&%‘%g%%%.se[%‘lﬁgscfa Ré?owjnfﬁlﬁ#%wléb'ﬁai ns a sequence 30

whi ch entodes | ntFdelsaikencdnpaindng. Cy SkDepgesnesNos. 39405, 39452, 39516,

39626 and 39%6dddoMaichae {dhe S RYHELESS: 5 di rleukin-2), A T.C C
Deposit Nos. 9399, 5838%? Ega 386332‘2 (mhil?&%goh?%in%tg&?eﬁégé %%codi ng

| nt er | euki n->8)/ 02R5¢ eng W ilPIRpCan Ann AiggRt e Wil aprpECr 2805 WO

00/ 39302 PCHeld339/c81345e0nhici, N ans eONE NEesmeRe 8 di st 4okl edki n-4),

A T.CC it . 394 and 59395 (which contajn sequences encoding
| nt er| euki n-ig%), lgﬁglg%«. qé : é% bélgslé??t NEET @F1835SF R dRtCoft EPRE sequences
encodi n¥P | ntte@nedrrnyeyton Wiagnstsndomn aiclierylaytwildlogygenes or

i munonodul atehynigerss (Isdernati ongl Bubli eat L pn I\Qa, WO 94/ 02951 and WD
96/ 21015) can belgi gested W th gpbr op“r&?ate restri ctl-gﬁ'énggnes, and DNA

fragments cOMEREPRTNGE

Biology, Greene Publishing and Wiley-Interscience) .

t%%’ (eds) Current Protocols in Molecular

Exemplary hormones, growth factors and other

15 proteins which are useful for long term expression are
described, for example, in European Publication No.
0437478B1, entitled "Cyclodextrin-Peptide Complexes.”
Nucleic acid sequences encoding a variety of hormones can
be used, including those encoding human growth hormone,

20 insulin, calcitonin, prolactin, follicle stimulating
hormone (FSH), luteinizing hormone (LH), human chorionic
gonadotropin (HCG), and thyroid stimulating hormone
(TSH) . A variety of different forms of IGF-1 and IGF-2
growth factor polypeptides are also well known the art

25 and can be incorporated into gene transfer vectors for
long term expression in vivo. See, e.g., European Patent
No. 0123228B1, published for grant September 19, 1993,
entitled "Hybrid DNA Synthesis of Mature Insulin-like
Growth Factors.” As an additional example, the long term

30 in vivo expression of different forms of fibroblast
growth factor can also be effected employing the
compositions and methods of invention. See, e.g., U.S.
Patent Nos. 5,464,774, 5,155,214, and 4,994,559 for a

description of different fibroblast growth factors.
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particul ar gene of interest can be inserted into a gene 10 transfer vector
using standard nol ecul ar biology techniques. (See, e.g., Sambroof5@El 2hs.
supra., or Ausubel et al. (eds) Current Protocols in Mbl ecul ar B ol ogy,

G eene Publishing and Wl ey-Interscience). Exenplary hornones, growh
factors and other 15 proteins which are useful for |ong termexpressi on are
descri bed, for exanple, in European Publication No. 0437478Bl1, entitled

" Cycl odext“;é]@- Peﬁti de Conpl exes.” Nucleic acid sequences encoding a

vari ety of fhes can be used, including those encod®S U gr owt h

hor mone, 20 insulin, calcitonin, prolactin, follicle stinulating hornone
(FSH), |uteinizi ngompﬁmdﬂdé) seauaﬁé‘eg:wdllggl €or qaadelkapi n (HCG, and

thyroid sti tin A variety of different forns of 1G-1
and | GF-2 m;Hoe\af%t ﬁlgg‘ét%&ec lf%eﬁ?%‘d% %t?téalélle\éou%‘f‘q 1GTOMRiEAR  art 25 and
can be i ncor petacdd. i seah g@n@yt saneémng/exm\mr andl ogendndrg 16 BE&Y BXPr €ssi on in
vivo. See, e.fGq ggipg 23 3 i.shed for grant

Sept enber_ 19, 1893 nt tIJID %qﬂéwB}??dg% ?%e%?orls&wo ﬂur% *Thsulin-1i ke
G owt h Fattorf&om ﬂsv%l‘FFOJddi”PiWé‘néP xasice th?héa"n%ng Foar gx80p1 9, Vi VO

expr essi on ofpldsfnieﬁemld‘rorcmtainfdsélﬁm{c&é%t th@f Mdrd-agtiee-£@n al so be
ef fected errpl ods of invention. See, e.g.,

the rrp05| tions .an t
U.S. Patent %hﬂggrﬁf%ff BaysBe A j: 1§m§ gr%f SePOEEOTY $Hbription of
different fisobhast. Hrdvit-h Pactoes.coftedcha DECWRRERS .\WOP0843080 2

PCTI USS9/ 31243,Pal yiwip |5t e SEOMENGESLANLES Al LheBDOYE-pdlescr i bed

nol ecul es cagﬁge obt ai ned using reconbi’nant net t Hot S, suc y screeni ng
cDNA and%en ESF?‘Br"éfrtlhe§PpFPEﬁi%%ﬁf |EESEXHFBEIR rﬁjlzt}’ﬁ‘@sgeﬁ@d A by deriving

the gene 5 f feapmenect@nteiadngt ohé naludecile sanrncEar cexappl e, plasmids

whi ch cont ai gngggyg@cq}%ot haéeencode tered cellular: gnggygts may be

ne transrerx t
obt ai ned from a deposi R vector using st
molecular blology techniques.

Alternatively, cDNA sequences for use with the

15 present invention may be obtained from cells which
express or contain the sequences, using standard
techniques, such as phenol extraction and PCR of cDNA or
genomic DNA. See, e.g., Sambrook et al., supra, for a
description of techniques used to obtain and isolate DNA.

20 Briefly, mRNA from a cell which expresses the gene of
interest can be reverse transcribed with reverse
transcriptase using oligo-dT or random primers. The
single stranded cDNA may then be amplified by PCR (see
U.S. Patent Nos. 4,683,202, 4,683,195 and 4,800,159, see

25 also PCR Technology: Principles and Applications for DNA
Amplification, Erlich (ed.), Stockton Press, 1989)) using
oligonucleotide primers complementary to sequences on
either gide of desired sequences.

The nucleotide sequence of interest can also be

30 produced synthetically, rather than cloned, using a DNA

' synthesizer (e.g., an Applied Biosystems Model 392 DNA
Synthesizer, available from ABI, Foster City,
California). The nucleotide sequence can be designed

with the appropriate codons for the expression product
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as the AT.C C, or fromcomercial sources. Plasm ds containing the

nucl eoti de sequences of interest can be 10 digested w th appropri %ts@
restriction enzymes, and DNA fragnments containing the nucleoti dd &Jg[ﬁces
can be inserted into a gene transfer vector using standard nol ecul ar

bi ol ogy techniques. Alternatively, cDNA sequences for use with the 15
present invention nmay be obtained fromcells which express or contain the
sequences, using standard techniques, such as phenol extraction and PCR of
cDNA or YeAWP@ DNA. See, e.g., Sanbrook et al., supr&CTUAEIS descri ption
of techni ques used to obtain and isolate DNA. 20 Briefly, nmRNA froma cell

whi ch expresgesitdie 9ene Gbmol{NERICAB0 DE JauAESeal EAGRCT DEd Wi Lh
ol I go- or

reverse transcriptase using random primers. The single

. . go-,
stranded cDNAVERSARHEY 54 19RPIFIEEd sy PERPIZRsE PYUSSangaid e tReds
4,683, 202, 4283 ddmbard 4n800a fhplsee 25dais adduBniechmnmdgy: Principles

and Applications f Ampl.ificatign, Erlich (ed.), Stogckton Press,
1989)) using® ol g%gﬁﬁ%(%?ilggbﬁé'ﬁ?ekéczﬁé Magrrye%oa 'eqﬁlec’r%és on either
si de of desifelessg@R3cégsoThane! adt i deosequenasodi Cidner est can al so be

30 produced iﬁl‘gﬁg cally, rather than cloned, using a DNA synthesi zer
(e.g., an Applre i'osystens Model 392 DNA Synthesizer, available from
ABl, Foster City,Thecgyintdehia)exrressaoe| extisideseqlichte ri@sebe desi gned

with the appiopiidiss cadoBs &mp1dyRa eXPries dxcRiedyst 4 0 5 DEC 2005 WO
00/ 39302 PCT/ US99/.31245 geilred. The conpl ete sequence is assenbl ed from
over | appi ng %‘T?iba(ﬁﬁli’& EGLT AL ipAr B8 by Wt HFFIPY RRL NERECTEnd assenbl ed

into a éonpl ete cudi ngrseqlieneeroviees, ha. pudithge 1€ABSI)a Natruse 292: 756;

hNambai 1 et aly (4RA4) nsSELERGE RAY L2PPizelikch! othe (AR - Biol. Chem
' ' applications (see generally Mann et al. (Cell 33:153,

1993), Cane and Mulligan (Proc, Nat'l. Acad. Sci. USA
81:63492, 1984), and Miller et al., Human Gene 2lerapy

15 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

20 3' lentiviral LTR, wherein the lentiviral 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. Within certain
embodiments, the nuclear transport element is not RRE.

25 Within one embodiment the packaging signal is an extended
packaging signal. Within other embodiments the promoter
is a tissue specific promoter, or, alternatively, a
promoter such as CMV. Within other embodiments, the
lentiviral vector further comprises an internal ribosome

30 entry site.

A wide variety of lentiviruses may be utilized
within the context of the present invention, including
for example, lentiviruses selected from the group
consisting of HIV, HIV-1, HIV-2, FIV and SIV.
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The synthetic expression cassettes of the present invention can be

enpl oyed in the construction of packaging cell lines for use with (50EC 72009
retroviral vectors. 10 One type of retrovirus, the nurine | eukem a virus,

or "M.V', has been widely utilized for gene therapy applications (see
generally Mann et al. (Cell 33:153, 1993), Cane and Mulligan (Proc, Nat'l.
Acad. Sci. USA 81:6349, 1984), and MIller et al., Human Gene 2l erapy 15
1:5-14,1990. Lentiviral vectors typically, conprise a 5" lentiviral LTR a
t RNA bi ndVA§%¥P%, a packaging signal, a pronoter opeP&BU§3iHked to one
or nore genes of interest, an origin of second strand DNA synthesis and a

20 3 | entiviral 1iBncHaRbshinddie d:eRLVhLaleHOLoLnConh Al % nel s puc! ear

transport elenent._ The nucl ear transport [ emen ei ther
upst ream (5' Frorab\iTs CREGRP (e 2S5t SAPEBRR IR S@qaeRERSofTd nterest. Wthin
certain enbpsbvieddd conpe i Bied ealpriomdRepPosid &l eBilknts &todBRE 25 Wthin

one enbodi ment_the packaging signal is_.a t ended ackagi ng signal .
Wt hin ot herssé%%eg:llr?e%tag PR perrg‘?‘?oet éFEQigDs\go‘tglgsgﬂg gbeterﬁtc fonot er, or,
al ternat bvel 9% wr.prownt Befserchvids @hbrelM ttlien pobheteenbodipreabsy the
lentiviral vechala il CRELpEORMILARS 23R {PE el LEROSONP; ¢ 30 entry site. A

wi de variety of lentiviruses may be utilTzed w thin the context of the
present inventi o5& ¥8F nyRothinr eRRABE of IH16t FOVERSERN s&I8Et ed from t he

group consisting (@f.gHl, Vpatkahihg HijlZlilEééJf &ﬂﬁ §H&fvi3&% Qi chEC 2005 WO
Synthet ¢ ERV R orvegh BT yar ase  Bprara e eeet it BPESIBrovi ded
conpri sitAg aF P cHEmed candi eh e queneepent aaiakpgisyneakt i Kindagrpol yner ase
(SEQ I D NO G3rAnchedt cbfpste e o Qhp¥REsi P basRet O ciid 1co‘ﬁ(B§E§éQ the
promoter is éuggéﬂgnce encoding synthetic Env and/ox Gag;polymerase,
and a nuclear transport element, wherein the promoter is
operably linked to the sequence encoding Env and/or Gag-
15 polymerase. Packaging cell lines may further comprise a
promoter and a sequence encoding tat, rev, or an
envelope, wherein the promoter is operably linked to the
sequence encoding tat, rev, or, the envelope. The
packaging cell line may further comprise a sequence
20 encoding any one or more of nef, vif, vpu or vpr.
In one embodiment, the expression cassette
(carrying, for example, the synthetic Env, synthetic tat
and/or synthetic Gag-polymerase) is stably integrated.
The packaging cell line, upon introduction of a
25 lentiviral vector, typically produces viral particles.
The promoter regulating expression of the synthetic
expression cassette may be inducible. Typically, the
packaging cell line, upon introduction of a lentiviral
vector, produces viral particles that are essentially
30 free of replication competent virus.
Packaging cell lines are provided comprising an
expression cassette which directs the expression of a
synthetic Env (or Gag-polymerase) gene, an expression

cassette which directs the expression of a Gag (or Env)
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| i nked to Gag-pol ynerase and vpr, vpu, nef or vif. Wthin yet another

aspect of the invention, host <cells (e.g., packaging cell |ines) ar e e DEC 2005
provi ded which contain any of the expression cassettes described herein
10 For exanple, within one aspect packaging cell line are provided

conprising an expression cassette that conprises a sequence encodi ng
synthetic Env and/or Gag-polynerase, and a nuclear transport element,
wherein the pronoter is operably linked to the sequence encodi ng Env
and/ or Gal¥yO™93H81 yner ase. Packagi ng cell |ines may fur tPeEUSEBHMSI se a
pronoter and a sequence encoding tat, rev, or an envel ope, wherein the

promoter is Qpekab ylmm@dfotzoekpﬁesﬁwe(@c% engoeigdtat e rgy, or, the
envel ope. The_ packaging cell line may further pgr’g)rl se a sequehce 20

encodi ng any JGH&rar %r Legloget 7242 ¥ i T4PU 16P3vpt 998 | hlagRe embodli ment, the

expressi on cagset t‘erréﬁﬂrﬂfl}dll&gy 505) exaplae, hb@s)syntAh@Ehf;uEwal synt het i c

tat and/or nthetic & rase) is st inte rat ed. The packagi ng
cell 1ine, Héﬁ Pﬁtf’%d’(ﬁ%ogihl%geémﬁ% G ERS ?8 NG &Etidr F1Bypial |y produces

viral parficlpesducghe ypraomnt eart tgle giidigicexpr eskl drinef the synthetic
eXPr eSSt on cassel he ARed & 0duC bl ey Bl GaLLY . LR bgagk&gg', g cell 1ine,

upon introduction of a lentivira vector, pro uces vira 91 es t hat
are essent i altPyC8BrY refe SPTEEP| A ool acospeeént an ﬁeguems'(agﬁ ng cel

lines are pr thdedsﬁorrmdr&uﬁégram v@éwx%smg)nbsaﬁéa@ﬂ? wbhsthndidgeets the
expr essi on of synt hetic .Env r ene, an expression
cassette whi Eﬁoﬁl ?eﬂcg t%élgﬁﬁrégs}%wg g?f%'gr R%ﬁv}‘u“?‘@ro 5 DEC 2005 WO
00/ 39302 0PCTVWE98£8 1 23K cgpein 8dopi omi Z&xd of GprEM@rI&&SJIO@nLéBQJgat,ozAndr e, S, et
al., Jour naaggg VEr o0k 122) LA 503, 1908 RBSeed 10 hoc

Current Bi ol o 3 15-324, 199 t1vi ra 15 99T roduced
into the pacﬁ éhquNﬁé t IV and SIV Such lentiviruses may

elther be obtained from patient isolates, or, more
preferably, from depositories or collections such as the

15 American Type Culture Collection, or isolated from known
sources using available techniques.

Portions of the lentiviral gene delivery vectors (or
vehicles) may be derived from different viruses. For
example, in a given recombinant lentiviral vector, LTRs

20 may be derived from an HIV, a packaging signal from SIV,
and an origin of second strand synthesis from Hrv-2.
Lentiviral vector constructs may comprise a 5' lentiviral
LTR, a tRNA binding site, a packaging signal, one or more
heterologous sequences, an origin of second strand DNA

25 synthesis and a 3' LTR, wherein said lentiviral vector
contains a nuclear transport element that is not RRE.

. Briefly, Long Terminal Repeats ("LTRs") are
subdivided into three elements, designated U5, R and U3.
These elements contain a variety of signals which are

30 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.
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5 produce a vector particle producing cell line. As noted above, lentiviral
vectors can be designed to carry or express a selected gene(s) or 05 DEC 2005
sequences of interest. Lentiviral vectors nay be readily constructed from
a wde variety of lentiviruses (see RNA Tunor 10 Viruses, Second Edition,

Col d Spring Harbor Laboratory, 1985). Representative exanpl es of

| entiviruses included HYV, HV-1, HV-2, FIV and SIV. Such |lentiviruses

may either be obtained frompatient isolates, or, nore preferably, from
deposi t orWVE90BBLol | ecti ons such as the 15 Anerican TyBETOSINARe

Col l ection, or isolated fromknown sources using avail abl e techniques.

Portions of fhedentiew hake gene, del k¥Rr ¥nMeId YeS ubhErsV& Gles) may be
derived from di fferent viruses. For exanple, in a given reconbl nant

lentiviral veRtorde BTRS EBO‘H%EFfoéﬂ&é‘FWe%P# Sd‘rﬁféﬁlﬁﬁ“?/ LER p&k&gFAg si gnal
fromSlvV, abd andwurgwarsé smm@tﬁaﬁobmynmegrstidsmrnﬂ-lrc‘t{EZDNALentI viral

vect or C0n3t£g§ ofn%%ecgggélse }} eﬂ%éVIrahd.% 5Erstoo Indlng site, a
packagi ng signal, one or nore Heé eroIo ous sequences an or éln of second

strand DNA 2511%%/#19(1@5P@lﬁﬁ@e@yﬁt@ﬁRSlgvh@kelamdsauéfi@mnwle vect or

contains a ny@fg@é{cet kBNaPoLY ﬁé@}%@t tE et iHN8h BRE indidRkhyy Long
Ter m nal Repeats "LTRs") are subdivided into three el enénts, 8e3| gnat ed

U5, R and UXL eSOl PefeRBnts t¥ntVarho%: variety of signals which are 30
responsi bl e for tie bmhogimnga@mtw ayd erl@lﬁ'leblfoydadicblﬁd stiragludi ng for
exanpl e, profrl)mge ncer el ements i are_l ocat ed WI hin U3. LTRs
may be readi Jyé%%’%l? ]tshe p Vs (O n?eﬁ?%’fmﬁlw fo ﬁ') due to
t heir pieéci s}él@lﬂﬂHC@éﬂYoﬁCmV%l tamgy may cbofreaidd lyehdent 1 §@dObs HEC 2005 WO

00/ 39302 PCTd 388131245t As aitd | | zed BRIRII,, 3ebrol-TFShaumiadpbgqynder st ood
to include a 5 r.element and sufficient LTR sequence to allow

t
reverse transerd Wgngéﬂ‘al?%t%&FaPVoHaB?OQT%lSNAbaSE pairing, and

igs carried with the retrovirus genome into a viral
particle. The tRNA is then utilized as a primer for DNA

15 synthesis by reverse transcriptase. The tRNA binding
site may be readily identified based upon its location
just downstream from the 5'LTR. Similarly, the origin of
second strand DNA synthesis is, as its name implies,
important for the second strand DNA synthesis of a

20 retrovirus. This region, which is also referred to as
the poly-purine tract, is located just upstream of the
3'LTR.

In addition to a 5' and 3' LTR, tRNA binding site,

and origin of second strand DNA synthesis, recombinant

25 retroviral vector constructs may also comprise a
packaging signal, as well as one or more genes or coding
sequences of interest. In addition, the lentiviral
vectors have a nuclear transport element which, in
preferred embodiments is not RRE. Representative

30 examples of suitable nuclear transport elements include
the element in Rous sarcoma virus (Ogert, et al., J ViroL
70, 3834-3843, 1996), the element in Rous sarcoma virus
(Liu & Mertz, Genes & Dev., 9, 1766-1789, 1995) and the

element in the genome of simian retrovirus type I
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formof the vector. The 3" LTR should be understood to 5 include @ 2005
pol yadenyl ati on signal, and sufficient LTR sequence to allow rev 5%[:
transcription and integration of the DNA formof the vector. The tRNA
binding site and origin of second strand DNA synthesis are also inportant
for aretrovirus to be 10 biologically active, and may be readily _
identified by one of skill in the art. For exanple, retroviral tRNAdbl n?ﬁ
to a tR i site by Watson-Crick base pairing, a rried w
the ret %Ppﬂ%%gnom into a viral particle. The tRNAggT/U%%/éﬁzaﬁti l'ized as
a primer for DNA 15 synthesis by reverse transcriptase. The t RNA bi ndi ng
site may be (zadhdukhidentkfaked, baseickoupoasj tm44e0atpniogayst downstream

fromthe 5 LR, SBlaklis LG OI0iA:0%a. $56009 SLrand DA synthesis s,

as its name 1 np |rrportan or the second strandsd@A synt hesis of a 20
retrovirus. W%Ofkee@e@ﬁ (fAfes. Al soReef Biashemo 48, &3Ve 86l y- puri ne

tract, is |ocgg@d jeist ozU@ﬁEéﬁﬁéE&f gtea@ (BadakE ekNa @ddlﬁamet 263, > and 3
LTR, t RNA b ndl n site, of second strand DNA synthesi s,

reconbi nant * Strr &\?@Pé? %%t%@%@ﬁgfﬂﬁzt%’-%yoél gene oerilsa. a packagi ng

signal, as wet |a1aS, oeu@e BRHEL TLNeS 05 LOdiltd tBEJHEeNGESepk iNnterest. In
nucl ear transport el enent which,

addi tion nti.viral ect ors haye
in pref erregﬂae%t%&l Crefts? OTOCRRENaF?Zpr&c@ﬁt at PGe- 307%¥x4npl es of
sui t abl e nucheer-AUsanspoese) eI enents include the elenent in Rous sarcom

virus (Qgert, Et R@Jcom.bg.nyhtc_ Olenth Qﬂ1r§§3\4ec?\§ﬂ3’co%gg%&ﬁt/%g:%?ggg i n Rous

sarconm Vi rus & Mertz, Genes Yand the
el ement 1Pn tlr?ed@é%%ﬁle%f! BPHATIRFASEt ARV PRIS QOpaT| SEIUENBSPEC 2005 WO

00/ 39302 PCHHd&AYi243451éK0l witikhivBct8F Bfpical 1V EShtailBled94dn952, 1994).
Q her pot entdoa,l p(?:le era£>§y Pgl um%?:et B?e? rg?l.r}]/t SiOI nangemost
preferably 8 consecutive nucleotides found in Gag-
polymerase or env genes. One advantage of the present
15 invention is that the synthetic Gag-polymerase expression
cassettes, which can be used to 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
20 possibility of homologous recombination between the
synthetic and wild-type sequences.

Lentiviral vectors may also include tissue-specific
promoters to drive expression of one or more genes or
sequences of interest. For example, lentiviral vector

25 particles of the invention can contain a liver specific
promoter to maximize the potential for liver specific
expression of the exogenous DNA sequence contained in the
vectors. Preferred liver specific promoters include the
hepatitis B X-gene promoter and the hepatitis B core

30 protein promoter. These liver specific promoters are
preferably employed with their respective enhancers. The
enhancer element can be linked at either the 5' or the 3
end of the nucleic acid encoding the sequences of

interest. The hepatitis B X gene promoter and its
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hi st one gene (Kedes, Annu. Rev. Biochem 48, 837-870, 1970), the
a-interferon gene (Nagata et al., Nature 287, 5 401-408, 1980), gg (2
R-adrenergi c receptor gene (Koilka, et al., Nature 329, 75-79, 1 %¥ gﬁd
the c-Jun gene (Hattorie, et al., Proc. Natl. Acad. Sci. USA 85,
9148-9152, 1988). Reconbinant lentiviral vector constructs typically 10

| ack both Gag-pol ynerase and env codi ng sequences. Reconbinant |entiviral
vect or ty ically contain |l ess than 20, preferably 15, nore preferably 10,
and nost 8?%*8 ably 8 consecutive nucleotides found i ACGH§3pIFyner ase or
env genes. One advantage of the present 15 invention is that the synthetic

Gag- pol yner asghaxre2ahoBe SRSSeles rohi g wiaR1bgeHSRd 40 £qnst ruct
inant retrqviral vector constructs,

packaging c |l ines fo

have littl ee%onnlpoaglf tESOEVTIQC‘ifyg) A(E@%‘B?Wﬁ’%@“@%q%d‘@h&ﬁé t hus

consi der abl ydesgudedoineTvwi rat @lt. hes20i passidii:Biky - 94 5 honmlgegous

reconbi nat i %é@%\ﬁ%@n g?ea SR Q%Ekgl?a”grs’r‘ndt%rt L85 S5e bhiaise: Lentiviral
u [ s 10

vectors may al so inc e tissue-Speci r'offo ied expressi on of
one or nore geeshsr viselhgances of anﬁ&ﬁeﬂﬁse Pol r erampl g llrgnbixi ral vect or

25 particl essxeigriche bt'ﬂﬁf%&h'r%_n tﬁanmge%c?é i ¥EL SPeEl Gy promoter to
I1C exp

mexi m ze the potential for |1ver speci Fession oﬁacﬁé Exogenous DNA
sequence corftiaindd Ph tHe Ss\féétfoi’-§92 Pr e?femaé'dbﬁlweaﬁml tbc pronoters

i nclude t he reepat the sndyatigene-gLOMRLSF 2dehbe henald t.éa?lHJB core 30
protein progp These |iver s€e0|f|c pronoters are preferably enployed
é@%&bf

with their FReehaTders toTHeSeimgné6r Pentlivan be |inked at

ei t her tthe Fpeet ftbepBomoteiie Qf’xcllﬁ'@erﬁ-}@ Qir Qﬁi;%hé?rkfé%(l'lngr&@'@ equences of
interest. The he atitis gﬁﬁ gg onnter and i 5 DEC 2005 WD
00/ 39302 PCTFUS9 f%T%‘h? a Hé%BFaPﬁ@EPqerromatshémm@ﬁecgenorre as a

332 in EP Patent Publication 0 415 731, the -1 antitrypsin
gene promoter, as disclosed in Rettenger, et al.,.Proc.
Natl. Acad. Sci. 91:1460-1464, 1994, the fibrinogen

15 gene promoter, the APO-Al (Apolipoprotein Al) gene
promoter, and the promoter genes for liver transference
enzymes such as, for example, SGOT, SGPT and glutamyle
transferase. See also PCT Patent Publications WO
90/07936 and WO 91/02805 for a description of the use of

20 liver specific promoters in lentiviral vector particles.

Lentiviral vector constructs may be generated such
that more than one gene of interest is expressed. This
may be accomplished through the use of di- or oligo-
cistronic cassettes (e.g., where the coding regions are

25 separated by 80 nucleotides or less, see generally Levin
etlal., Gene 108:167-174, 1991), or through the use of
Internal Ribosome Entry Sites ("IRES").

Packaging cell lines suitable for use with the above
described recombinant retroviral vector constructs may be

30 readily prepared given the disclosure provided herein.
Briefly, the parent cell line from which the packaging

cell line is derived can be selected from a variety of
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base pair EcoRV-Ncol DNA fragnent enploying the nmethods described in Tw,
et al., J Virol. 61:3448-3453, 1987. The hepatitis B core protein pronoter
can be obtained 5 fromthe viral genone as a 584 base pair BanHl -B él[lC %ﬁlﬁ

fragnent enpl oying the nethods described in CGerlach,et al., Virol
189: 59-66, 1992. It may be necessary to renove the negative regul atory
sequence in the BanH - Bglll fragnent prior to inserting it. Qher liver 10

speci fi canVrormters include the AFP (al pha fetal protein) gene pronoter and
t he al buntR %21& pronoter, as disclosed in EP Patent P®bTUs®iizss 0 415 731,

the -1 antitrypsin gene prormt er, as disclosed in Rettenger, et al., Proc.

Nat | Acad. SimaBkind 40011404es 1991105 11 'IBagen. 15, geng,promuer,  (he

APO- Al (Apol i poprotein Al) gene prom)te not'er “denes for liver
t r ansf er enceCO®nZzy Y s BER a%Equoﬁ{TéQéﬁpl@nd S%Iom&}élllaand gl ut anyl e

transferase. See mdwsg BGIeE’@i&mofPlablshQél&Mw%o!\P 201 P7A36 gd WO 91/02805
for a description of the use of liver specific pronbters in lentiviral

vector parti®FeEatAEhe; vF‘r%‘T‘C'?F&f'f’@r cgbhstitfet §nARYT HeeXfener at ed such t hat
more thah onexmeresish icabseesss iareeXpe esdashd TALS t}ﬁ@yceQQ aggamphi shed

t hrough t he fe 0-_cistronjc gassett es .g., Wwhere the
codi ng r egi o(lﬁ%&alfe Zgomgﬁggéljfecfr y 88 hutt ortalnﬁego‘B?orfeé"sts”’ ofe&bGeneral Iy

Levin et alvectxhehigs: IBGVE een ﬁ@@@edor t hrough the use of Internal
R bosome Entry SiHeptebehBESile dRamkaghngr Glikabl DososHidahle for use with

the above described reconbinant retroviral vector ¢onstructs may be 30
readi |y prepdtEf i JiSfe AV Rc R dessttkedrinnedadandrioiqiudgri ef |y, the parent
cell lihe frombktdle Ehe, pasckagaag sgethedicn@abSpasddaged can be sel ected

om e var Sk G ARG G AT e ol o )
nyel ona cel |IRPlymerase expression cassettes, whlch comprise a
promoter and a sequence -encoding, e.g., Env, tat, or Gag-
polymerase and at least one of vpr, vpu, nef or vif,
15 wherein the promoter is operably linked to Env, tat or
Gag-polymerase and vpr, vpu, nef or vif. As described
above, optimized Env, Gag and/or tat coding sequences may
also be utilized in various combinations in the
generation of packaging cell lines.
20 Utilizing the above-described expression cassettes,
a wide variety of packaging cell lines can be generated,
For example, within one aspect packaging cell line are
provided comprising an expression cassette that comprises
a sequence encoding synthetic HIV (e.g., Gag, Env, tat,
25 Gag-polymerase, Gag-reverse transcriptase or Gag-
protease) polypeptide, and a nuclear transport element,
wherein the promoter is operably linked to the sequence
encoding the HIV polypeptide. Within other aspects,
packaging cell lines are provided comprising a promoter
30 and a sequence encoding Gag, tat, rev, or an envelope
(e.g., HIV env), wherein the promoter is operably linked
to the sequence encoding Gag, tat, rev, or, the envelope.
Within further embodiments, the packaging cell line may

comprise a sequence encoding any one or more of nef, vif,
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After selection of a suitable host cell for the generation of a packagi ng
cell line, one or nore 5 expression cassettes are introduced into thepeehgs
line in order to conplenent or supply in trans conponents of the vector
whi ch have been del eted. Representative exanpl es of suitable expression
cassettes have been described herein and include 10 synthetic Env, tat,

Gag, synthetic Gag-protease, synthetic Gag-reverse transcriptase and

synt heti cwafanogp! ymer ase expression cassettes, which coupidss, pr onot er
and a sequence -encoding, e.g., Env, tat, or Gag- polynerase and at | east
one of vpr, vpu, nef or vif, 15 wherein the pronoter is operably linked to
Env, tat or VEBigOporRher &5y &xémppe; tipu prankhgons Well Adndewayi bed above,

optini zed EnvonGagnasglpmdrat v¢edi fgy Seauepces1dmy, sanheyutilized in
various conbinations in the gﬁneratlon of packaglqg cell lines. 20

Uilizing th&%Ab8Y8- Hascrifed ExBPEssiion 284s ¥Rt t €61t aRdWvRE: ViRt ety of

packagi ng celandl vpes weh We gedevab echef MOE exanghe, ndfl pn ome aspec';]
packagi ng ce lipe; Ar ravided i,Si aly eXIY i cassette that
conpri ses abgéqugﬁ%e‘§ﬁ%%€%ﬁ§g§yﬁ§ﬁggpé ﬁ?%r(ggg., gég,gﬁﬁv?niai, 25
Gag- pol yner a¥@r-Gag-reverse transcri ptase or Gag- protease) pol ypepti de,

and ﬁ nucl ear trangpsid eeflb%t a&ahw vmee_rl @x@fggei&swpﬁt%&rtt%ﬁigpﬁaﬁﬁly%' l'i nked
to the sequence _encoding the ol ypepti de. i n ot her aspects,
packagi ng ceFPgF?ﬁ%?“gre%BFgﬁpdﬁﬂoéﬁﬁ%FW@Pﬁbm%?bTdﬁﬁié?cﬁegéﬂﬂ a sequence
encodi ng Gagcetat }ineyv,upon dnteodetopn ofeaglentdwrenvyeceberein the
pronoter;d s BES@V&?%Q/ ﬂdﬁ&%Qeston%gﬂlxﬁ?%%@ﬁgﬁZ&% NAGA%, ndat, rev, or,

t he envel ope. In further e nment's, packaging céll line may

conpri se a sBHOBAER" eift GACHGL1RAG - orEl tdrinnepetin afefeyrpd 84 0 5 DEC 1005

WO 00/ 39302 BRBOESAH R 245 tYipUi AFelilon, Fehe epadilAngt Be1packagi ng cell line

nmay upon introduction of a lentiviral vector, produces
particles that are free of replication competent virus.

15 The synthetic cassettes containing optimized coding
sequenceg are transfected into a selected cell line.
Transfected cells are selected that (i) carry, typically,
integrated, stable copies of the Gag, Pol, and Env coding
seguences, and (il) are expressing acceptable levels of

20 these polypeptides (expression can be evaluated by
methods known in the prior art, e.g., see Examples 1-4).
The ability of the cell line to produce VLPs may also be
verified (Examples 6, 7 and 15).

A sequence of interest is constructed into a

25 suitable viral vector as discussed above. This defective
virus is then transfected into the packaging cell line.
The packaging cell line provides the viral functions
necessary for producing virus-like particles into which
the defective viral genome, containing the sequence of

30 interest, are packaged. These VLPs are then isolated and
can be used, for example, in gene delivery or gene
therapy.

Further, such packaging cell lines can also be used

to produce VLPs alone, which can, for example, be used as

85



contain only nef, vif, vpu, or vpr alone, nef and vif, nef and vpu, nef
and vpr, vif and vpu, vif and vpr, vpu and vpr, nef vif and vpu,quKCWm%
and vpr, nef vpu and 5 vpr, vvir vpu and vpr, or, all four of nef vift vpu
and vpr. In one enbodi nent, the expression cassette is stably integrated.
W thin anot her enbodi nent, the packaging cell line, upon introduction of a
|l entiviral vector, 10 produces particles. Wthin further enbodi nents the
pronoter is inducible. Wthin certain preferred enbodinents of the

i nvent i onYOO0M¥#3Backagi ng cell line, upon introductionPefussoBensi vira
vector, produces particles that are free of replication conpetent virus.

15 The synt hel] o285 ebiesa AR ALIG, OpLTcaed ogdl g, seguences are
transfected into a selected cell 1ine. ransfected c 715 “ar &"sel ect ed t hat
(i) carry, tYFTdld yOPPAt e edAlEPabte LEpicesior ehex GagecPell, and Env
coding sequenpamceand (hidrédie cexpaessi NpAGeept abketvekangfe 20 these
polypeptidesa ex ﬁ?%SiOQ can be %yaluate bé' met hods, known 1 nh the prior
art, e.g., see bBxanplés 1-7)° PFf8IART | TTY dANEnE2ReF}ST iEULE R oduce VLPs
may al so3be theerdrftiragméER aarpl /&g BgsFebmdicdibpf Ahseggbxerdof interest is

construct ed dditQedtdaeS ih e (el ¢l pyector as discussed above. This
defective virus is then transfected into the packaging cell line. The

packagi ng cell line provides the viral functions necessary for producing

virus-like particl.es DRAQwhizelirod @ B@izeBdiv&yVi ral genone, containing the
sequence of 30 i%terest afﬁngcka ed, These VLPs are then isol ated and
can be used, for “eXaRpFeY P BFENBEREIFS &1\ 18PTFeTRN Reheeafyin Fike her, such

packagi h¢ cealdadtiigesofarhalmesket usednttionpr oduTepedRsicabkanegehi ch can,
for exanpl e,cerdsed 25489 & %NREQnragpisza\éQogoéggg’torzucﬁ):csT/ US99/ 31245

containing, for example, any of the synthetié expression
cagsettes described herein fused in-frame to a coding
sequence for the polypeptide antigen, where expression of

15 the construct results in VLPs presenting the antigen of
interest. Antigens can be derived from a wide variety of
viruses, bacteria, fungi, plants, protozoans and other
parasites. For example, the present invention will find
use for stimulating an immune response against a wide

20 variety of proteins from the herpesvirus family,
including proteins derived from herpes simplex virus
(HSV) types 1 and 2, such as HSV-1 and HSV-2 gB, gD, gH,
VP16 and VP22; antigens derived from varicella zoster
virus (VzV), Epstein-Barr virus (EBV) and cytomegalovirus

25 (CMV) including CMV gB and gH; and antigens derived from
other human herpesviruses such as HHV6 and HHV7. (See,
e€.g. Chee et al., Cytomegaloviruses (J.K. McDougall,
ed., Springer-Verlag 1990) pp. 125-169, for a review of
the protein coding content of cytomegalovirus; McGeoch et

30 al., J. Gen. Virol. (1988) 6£9:1531-1574, for a discussion
of the various HSV-1 encoded proteins; U.S. Patent No.
5,;71,568 for a discussion of HSV-1 and HSV-2 gB and gbh
proteins and the genes encoding therefore; Baer et al.,

Nature (1984) 310:207-211, for the identification of
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adjuvants for admnistration with other antigens or in vaccine
conpositions. Also, co-expression of a selected sequence of interﬁih 2005
encodi ng a pol ypeptide (for exanple, an antigen) in the packagi ng

line can also result in 5 the entrapnent and/or association of the selected
pol ypeptide in/with the VLPs. 2 .3 DNA | MMUNI ZATI ON AND GENE DELI VERY A
vari ety of polypeptide antigens can be used in the 10 practice of the
present invention. Polypeptide antigens can be included in DNA

i muni zatWeRAV¥#Rstructs containing, for exanple, any BETA$R3EMAt hetic
expression cassettes described herein fused in-frame to a coding sequence

for the pol wglqeceaxh@%qw&a%g eXPLLSHOBAbnd P E peQRbAUCH results

in VLPs presentlng the antigen of |nterest Ant I gens can erived froma
wi de vari et 2I6¥ Sc@fttusés, CHact@rrd, fiRfi), &8 anke; 1%}60t éd25ans and ot her
parasites. Eﬂﬁmgxagplezvihe pr esent inventlon will find use for
stinulating an i ne. re;ﬁHpse aﬁalnst a wde 20 variety of proteins from

t he herpesvirus fyona GFHE® pf SIRAITE SaEP | YT mERBPPERE si npl ex
virus (HSV)hepppesig el suchrasedS\irkladdngiReatgBisgh, vigHis VP16 and

VP22; antlgeﬁgﬂgerhgggti ngy@ﬁ%gglkﬁﬁggsgg th{y%ﬁwé%Mé é§9§te|n Barr
&

virus (EBV) and cg oVvi rus udrn nd gH, and
anti gens derihfede Fén?eQﬁqkﬁlﬁuYHﬁHsh svbﬁaééktﬁﬁé%Vé§uHFN%E%MU HHV7.

(SSee e. % afaaeafggtahs %ﬁggh@?lélW%e(étﬁnu%\&mﬂhgﬁhhg vigd. g
ringer-verla or a.review. o t rote n codi ng
onten P ERars P % Rrgms]

content of &yFoneys € PEEESEh BrVeISigh: | B v@mo ?1988)
69: 153110574 hef ﬁCVagdmmwcmdesoéevmlvarmreﬂ.usp:H&\émsen¢ndla1dd:mg)t ei ns; u. S

Patent No. 8, %Z15568.dd & %‘)SQHésxl:P“ owo%wqﬁﬁs%haﬁgﬁe 1984)

proteins and the genes encodi ng theref ore. Baer
310: 207- 211 Wifldr LR WeRMEtH CARi Brewntad nyest BT (B35 (e gy aD302

PCT/ US99/ 3124521 . Hepatology (1991) 14:381-388, for a discussion of
HCV proteins, including El1 and E2). The &-antigen from
15 HDV can also be used (see, e.g., U.S. Patent No.
5,389,528, for a description of the &-antigen).
Similarly, influenza virus is another example of a
virus for which the present invention will be
particularly useful. Specifically, the envelope
20 glycoproteins HA and NA of influenza A are of particular
interest for generating an immune response. Numerous HA
subtypes of influenza A have been identified (Kawaoka et
al., Virology (1990) 179:759-767; Webster et al.
"Antigenic variation among type A influenza viruses," p.
25 127-168. In: P. Palese and D.W. Kingsbury (ed.), Genetics
of influenza viruses. Springer-Verlag, New York).

. Other antigens of particular interest to be used in
the practice of the present invention include antigens
and polypeptides derived therefrom from human

30 papillomavirus (HPV), such as one or more of the various
early proteins including E6 and E7; tick-borne
encephalitis viruses; and HIV-1 (also known as HTLV-III,
LAV, ARV, etc.), including, but not limited to, antigens
such as gpl20, gp4l, gpl60, Gag and pol from a variety of
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protein codi ng sequences in an EBV genonme; and Davison and Scott, J.

Virol. (1986) 67:1759-1816, for a review of VZV.) Additionally, i rrmr[ﬁ 2005
responses to antigens fromthe 5 hepatitis famly of viruses, includdi 5
hepatitis A virus (HAV), hepatitis B virus (HBV), hepatitis erus (HCV) ,
the delta hepatitis virus (HDV), hepatitis E virus (HEV), and hepatitis G
virus, can also be stimulated using the constructs of the present

i nvention. By way of exanple, 10 the HCV genone encodes several viral

prot ei ns, WPAPIH ng El (al so known as E) and E2 (al so PRI UESE2/ NSI ),
which wll find use with the present invention (see, .Houghton et al.

Hepat ol 00y (1991d: it 1381udPly, il Acdl SEHSIOND! bW Dhgbel s, i ncl uding
El and E2). The 5-antigen from 15 HDV can also be used (see’ 'e.g., U.S.

Pat ent No. ’3?(38]9@5228, Fotseqo ddbVeivpt Fh¥raof BiHe 68RATegen) . 1% ni | arl y,

i nfluenza vi 1445, ik hamotiher1 extaphe 6fom d/:l\feli&ef eubibe(d. ke ,present

i nvention vm articularly usef u aI | th nvel ope 20

gl ycopr ot ei ns ?—Wpansg ﬁAtﬁfol%}fl Uenza h are of ?I %:{%I%IFC? d:ant F&F&st for
gener ati Ag asubtimere (leegponsEV- MWF@UEIMUC2$Ubt§R%S e0fg.i nfyeemza A have

been identified  Kawrakai ghos aﬂat’abgsém Q&é’ {11L82Q) N&Z?oiéﬁ 767, \\ebster et
al. "Antigenic variation anong pe A influenza viruses," p. 25 127-168.

In: P. Pal esk®RRvRHSTw kPﬁg%Jcﬁl‘iCV‘ (56"") MexXqRt MYSTS of €F ) ueiBEa% r uses.

Spri nger - VerkagzroxN&Ws\é@r khd AAdEr 1360 gess Mfanpal t New | exildit:ergst to be
used in the S Pract |Nc%l aihf" re%ent i nvention include antigens and

pol ypepti des™ 8T &G PRBR &1 FHR S human 30 papi | l omavi rus (HPV), such as
one or Abre of tﬁe-”qmtlneuéermd yrpmobehers vincisadi wil E6laed fEWG ti ck- bor ne

encephal i tis,¥d riysese @ﬁ!gllkﬂ:é/ me thBkS 0 g@&’f‘”bsa%lkﬂé'yﬁ Ii ImicaleA¥n ARV, etc.),

including, but not limted t ant i ens such as  gp O gp4l, gpl60, Gag
and pol froPEPRAIMS tfﬁ"olﬁ‘fm%’VbE(}’asoéE hegfpmilies Picornaviridae
(e.g., polioviruses, etc.); Caliciviridae; Togaviridae
(e.g., rubella virus, dengue virus, etc.); Flaviviridae;
15 Coronaviridae; Reoviridae; Birnaviridae; Rhabodoviridae
(e.g., rabies virus, etc.); Filoviridae; Paramyxoviridae

(e.g., mumps virus, measles virus, respiratory syncytial
virus, etc.); Orthomyxoviridae (e.g., influenza wvirus
types A, B and C, etc.}); Bunyaviridae; Arenaviridae;

20 Retroviradae, e.g., HTLV-I; HTLV-II; HIV-1; HIV-2; simian
immunodeficiency virus (SIV) among others. See, e.g.
Virology, 3rd Edition (W.K. Joklik ed. 1988); Fundamental
Virology, 2nd Edition (B.N. Fields and D.M. Knipe, eds.
1991; Virology, 3rd Edition (Fields, BN, DM Knipe, PM

25 Howley, Editors, 1996, Lippincott-Raven, Philadelphia,
PA) for a description of these and other viruses.

Particularly preferred bacterial antigens are
derived from organisms that cause diphtheria, tetanus,
pertussis, meningitis, and other pathogenic states,

30 including, without limitation, antigens derived from
Corynebacterium diphtheriae, Clostridium tetani,
Bordetella pertusis, Neisseria meningitidis, including
serotypes Meningococcus A, B, C, Y and WI35 (MenA, B, C,
Y and WI35), Haemophilus influenza type B (Hib), and
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WO 00/ 39302 PCT/ US99/ 31245 isol ates including, but not limted to, HVIIID,
HI VSF2, HI V- 1SF162, H V- 1SF170, HI VLAV, HI VLA, H VMW, H V- 1cvB8I3sBEC, 2005
H V- 1US4, other HI V-1 strains fromdiverse subtypes(e.g., subtypes, A
through G and 0), H V-2 strains and diverse 5 subtypes (e.g., H V-2ucl and
H V-2112) . See, e.g., Myers, et al., Los Al anps Dat abase, Los Al anps

Nati onal Laboratory, Los Al anbs, New Mexico; Mers, et al., Human
Retroviruses and Aids, 1990, Los Al anmps, New Mexico: Los Al anps Nati onal
Labor at or¥Y9 0¥¥3@r ot ei ns derived from other viruses w | IPCEUS®3{d4nd use in
the cl ai ned net hods, such as without limtation, proteins fromnenbers of

t he fan‘||esH5&£EHHB@He&'F?§or£e QmagggééQ%!E%&%%ltggcﬁgt#égy I civiridae;

Togaviridae  (e.g., rubella virus ngue Vvirus avi viridae; 15
Cor onavi ri daJeHCIRéj&‘v|t|hP6§edeB’r‘f€i'i5a\ﬁrPi“daé$aIRlﬁl§o§éVFFnﬂa@ala(reag , rabies

virus, etc.)tubbddcaniosigdaeandarang/ xeskaidae (e.g., nmunps vnrus measl es

Vi rus, resplrator ncytial virus tc,.): t hopyxovi ri dae e.g
i nfl uenza virus FXI %ﬁg OrY AHif @etgf"g?)@‘gﬁ%ﬁgi Higﬁ%é“ DAC¥AE0i ri dae: 20
Ret r ovi r adaeveansy forHTftvattJ,ng-rlél_‘vkalrhetHd/E alblbYadt samm i peynodefi ci ency

1988 ; Fundamenbar Virorpenen sk dng, P dRE iR et i pe. " eds.
1991; Virol dfy.e r@a&CEdP?’F}G)%"‘{"quélldéndBP\?llbmeI@ﬁﬁped PMLBE Hova ey, Editors,

1996, Li ppi neaidonBakeno ﬂ&dﬂdﬁ'a&hbﬁoten% sbakiaidessri RiaheBs, 0f , t hese and

ot her viruse Rarti cul arI grrededgacterlal ant%g gs are derived from

or gani s t hats SCAGSé |p}t1'|t erla ACEEYARRTS PnCRaPtisst s €1 enPREI 9SS, and ot her

pat hogeh? c strata@s acB@V@hmrudnaxgr-ervm t froait tumoict abt omenanincgeds #eri ved from
corynebact erdaumndl phi-06ad aord QnkidAlMNLebaky ca BaldeLE k7, pertusi s,

Nei sseri a rrenlnltldls ncl uding serotypes Meningococcus A, B, C, Y and
W35 (MenA, gcleding %%F\M?,?) 3Ha® mopi d@oPﬁflTlen‘i’%quFpélg (H b), and 88

American (March 1993):82-89); any of the various
tyrosinases; MART 1 (melanoma antigen recognized by T

15 cells), mutant ras; mutant p53; p97 melanoma antigen; CEA
(carcincembryonic antigen), among others.

DNA immunization using synthetic expression
cassettes of the present invention has been demonstrated
to be efficacious (Examples 8 and 10-12). Animals were

20 immunized with both the synthetic expression cassette and
the wild type expression cassette. The results of the
immunizations with plasmid-DNAs showed that the synthetic
expression cassettes provide a clear improvement of
immunogenicity relative to the native expression

25 cassettes. Also, the second boost immunization induced a
secondary immune response, for example after two to eight
weeks. Further, the results of CTL assays showed
increased potency of synthetic expression cassettes for
induction of cytotoxic T-lymphocyte (CTL) responses by

30 DNA immunization.

It is readily apparent that the subject invention
can be used to mount an immune response to a wide variety
of antigens and hence to treat or prevent a large number

of diseases.
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0 5 DEC 2005 WO 00/ 39302 PCTI US99/ 31245 Hel i cobacter pylori. Exanples of
parasitic antigens include those derived from organisns causing ngl5elEC g5
tubercul osis, and Lyne di sease. Furthernore, the methods described herein
provide 5 nmeans for treating a variety of malignant cancers. For exanple,
the system of the present invention can be used to enhance both hunoral
and cell-nedi ated i mune responses to particular proteins specific to a
cancer in question, such as an activated oncogene, a fetal antigen, 10 or
an acti vavoemssar ker. Such tunor antigens include any péetutdgimari ous MAGES
(el anoma associ ated antigen E), including MAGE 1, 2, 3, 4, etc. (Boon, T.
Scientific Anerizc%n 1( I\/arcg 1993):82-89): any of the various tyrosinases;
MART 1 (nel anonm ‘anti"gen recogni Zed By* FroEE CEIFFEF IO ERSSF =t 88 :T™#Rut ant p53;
p97 mel anoma anti gen; CEA eres@trCina@emdd yoni ¢ anti gen), anong ot hers. DNA

i mmuni zati on usi ol %Fgg'c expression _cassettes of the present invention
has been dem)nstratzl)cél 0 %%adeef SEAc otsC PEsTBE ARPVED- 12) . Ani mal s

vere 20 i nmffseEdbsic Robechleheagy behebtzimsdres sgonecassisne and the wild
type expgesspdhdBasselts. agk@y rs%%'éle5§n§’fctsl\b\e andMgURL £ 11005 W L0

pl asm d- DNAs_showed .t hat the synthetic™ expression cassettes provide a
cl ear i nprovErEhtSOf s EXREARYER Shey9pRt atqw &Yt et Heinmattinge 98%pr essi on 25

cassettes. Afmoy 4 hecsecortbwoest inBMUMe 2dtd @amenduted sequegeapdary i mmne
response, for,e ”BEEl?Eé&rb ‘%%n%%nghégﬁl é%ﬁ%ﬁ?Féﬁgiéégﬂﬁg the results of

CTL assays s jowed 1 NCféase potency of synthe iWfi®cassettes for
i nducti on of FuBARhsrERre. TEhg srdepteg¢@Tdan éeponsbstdry BGebhllyi mruni zat i on.

I't is readilsrapRanest ahadi ddiesSuBhesini Y @Mkl Qhme CalkiRg used to mount an
i mmune response fo.a wde, variet gggof antigens and henceto treat or

prevent a Iéﬁ%ﬁ? ﬁb@FChQﬁq%ﬁﬁgeé ~as phenol extraction and PCR of
cDNA or genomic DNA. See, e.g., Sambrook et al., supra,

for a description of techniques used to obtain, isolate
and sequence DNA. Once the sequence is known, the gene
15 of interest can also be produced synthetically, rather
than cloned. The nucleotide sequence can be designed
with the appropriate codons for the particular amino acid
sequence desired. In general, one will select preferred
codons for the intended host in which the sequence will
20 be expressed. The complete sequence is
agsembled from overlapping oligonucleotides prepared by
standard methods and assembled into a complete coding
sequence. See, e.g., Edge, Nature (1981) 292:756;
Nambair et al., Science (1984) 223:1299; Jay et al., J.
25  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 vector containing a synthetic
expression cassette of the present invention (e.g., see

30 Example 1 for construction of various exemplary synthetic
expression cassette). The antigen is inserted into the
synthetic coding sequence such that when the combined
sequence is expressed it results in the production of

VLPs comprising the polypeptide and/or the antigen of
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89 0 5 DEC 2005 WO 00/39302 PCT/ US99/31245 2. 3.1 DELIVERY OF THE SYNTHETIC
EXPRESSI ON CASSETTES OF THE PRESENT | NVENTI ON Pol ynucl eot i de sequggﬁggzm5
coding for the above- described nol ecul es can be obtai ned using reconbl nant
5 nmet hods, such as by screening cDNA and genomic libraries fromcells
expressing the gene, or by deriving the gene froma vector known to

i nclude the sane. The sequences can be anal yzed by conventional sequenci ng
techni ques. Furthernore, the desired gene can be isolated directly 10

from cel | woama9sp: ssues contai ning the same, using standarfsbefbgi ques, such
as phenol extraction and PCR of cDNA or genomic DNA. See, e.g., Sanbrook

et al., supr a scription of techniques used to obtain, isolate
and sequencegﬁﬁi;8%§lbe e TSAq0R N B I?‘ﬁgﬁm‘?’l’f}ﬁé‘ J&e®a8 Ading erest can

al so be prodaegdesyntdretatcaibier ratcherf thhanodlmnetquehee nuel eoti de
sequence canaRengesd aneths Wet bnt he %%%Brléé‘i%ecﬁq%sf Lorsthe particul ar
d. I'n géneral e

am no acid sequence desired. , on sel ect” preferred codons
for the inteRAEICROSKSEHNNEI eh tie XPaeered nplyrertibe expr.aessed. The

conpl et e ssequeacexdtplas g Tahgsef r &M, ower Lappi Ag-phi;gapuc] soti.des prepared
by standardkg?th§g§_and assenbled into a_conpl ete coding sequence. See,
e.g., Edge, Ure’ (198 tF"882: Fo6et Rdnbal# Tetow 200SE6nicks (1984)
223:1299; Jayo®t; alu,, XJ., 26 &l o) .J.Chvemol( 16849) 2538563345, Stoemmer, WP. C.,
(1995) Gene 4: 49-53. , the gene uence encodi ng the desired
antigen can be ﬁﬁggﬁfeﬁg?%%b'éhﬁégfgf ggﬂﬁ%ﬁﬂ%ﬁd’algﬁﬁiﬁgﬁFéllexpression
cassette of ¥he §7 édent Vipobedy &8 ((¢:g11-322 3@ 9Exa@pl £fitHsor construction

of vari@us exenp| &ty a3y nt het{£.o€XRHESSL X tt The .antigen is
inserted into the s;nt hetic codin Seaug{l%lg%ss%gh ?%1%%' e t'he conbi ned

sequence is expresdedlit YestAxal i Ao AL: PrOTRFi HA9DK -

Up to 50% of the coding sequences of p55Gag can be
deleted without affecting the agsembly to virus-like
particles and expression efficiency (Borsetti, A., et al,

15 J. Virol. 72(11):9313-9317, 1998; Gamier, L., et al., J
Virol 72(6) :4667-4677, 1998; Zhang, Y., et al., J Virol
72(3):1782-1789, 1998; Wang, C., et al., J Virol 72(10):
7950-7959, 1998). 1In one embodiment of the present
invention, immunogenicity of the high level expressing

20 synthetic p55GagMod and p55GagProtMod expresgsion
cassettes can be increased by the insertion of different
structural or non-structural HIV antigens, multiepitope
cassettes, or cytokine sequences into deleted, mutated or
truncated regions of p55GagMod sequence. In another

25 embodiment of the preéent invention, immunogenicity of
the high level expressing synthetic Env expression
cassettes can be increased by the insertion of different
Sstructural or non-structural HIV antigens, multiepitope
cassettes, or cytokine sequences into deleted regions of

30 gpl20Mod, gpl40Mod or-gp160Mod sequences. Such deletions
may be generated following the teachings of the present
invention and information available to one of ordinary
skill in the art. One possible advantage of this

approach, relative to using full-length modified Env
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VLPs conprising the polypeptide and/or the antigen of 90 0 5 DEC 200

00/ 39302 PCT/ US99/ 31245 interest. Insertions can be nade within theﬂwm%

coding sequence or at either end of the coding sequence (5, amno

term nus of the expressed pol ypeptide; or 3", carboxy term nus of the

expressed pol ypeptide -- e.g., 5 see Exanple 1) (Wagner, R, et al., Arch

\/ roI 127:117- 137, 1992; Wagner, R, et al., Virol ogy 200 162-175, 1994,
"y Virol . 69(6):3389-3398, 1995; Wang et al.

\/ roI ogy %8% BO¥ 534, 1994; Chazal, N., et al.. Virol d’ﬂ“@@t’ﬁ}“slll 122,
1994; Giffiths, 10 J.C., et al. J. Virol. 67(6):3191-3198, 1993; Reicin,

A S, et al. :seduefviersolfusﬁa( Py ﬁé&l&ﬁ@goﬂlggﬁalypelémlﬁgs508@@fbé he codi ng
sequences of ,popGAQ £AN . ggonygécreetciovr\{lt uéle%I Iye%tglgpggtgfgﬁ%senbl y to 15 3

virus-like particles an ression effrefe et al,
Virol. 72(11}mrg‘3r1<ggegggtylgggth@ampmessp_on mtodalct,. JucVidaletions

72(6):4667- 44y, bé.%%gmerghéﬂgfol\iow1% @i’le1te]ac\141r %ls ozzéﬁé p;llje 1789, 1998,
Wang, C. . et aI 950- 79 n one e od| ment of

the presént ver?ﬁllodh 8 397 9"6%1?91]@ mogﬁnﬁé9§I°@3<W§S| ng 20
synt hetic pSSIQanthndm athld BBBGang[a)tﬁMQd1Bx@r&5v&ln@ﬁge06§5€ﬁi§5 can be

i ncreased by e di fferen t.ruct raI or_non-structural HV
anti gens, %é.&g%%ﬁpéghggéget ©sS8 %%%ﬁer?@t etUBncERE %t d2lel et ed,

mut at ed or %?Wd fregd ok fm‘tqg@SQag%cpcdemepnn:éesj ncanaieher 25

enbodi nent  ofiidrhe wx@s@aglwﬂmfe%onlgfmq%@ycaﬁa & the high level
expressing synt het .S Erlnt/ exjg e*[jffl cassettes can be i ncreased by the

i nsertion of Ui FISCEREL S8t 91t SFPERFSHIRR drpduftiral HIV anti gens,

mul ti epi tope cad¥bent esguemceasy taolel aéds@quemleSamﬂzﬁ@ wtednetred eggi ons of 30
gp120Mod, - gRIAGNRA (@b -0pdRM] IRAHONoRY (RAC O AENEL O Ry he generat ed

fol |l ow ng the t eachi ngs of the presen nventt of an on avail abl e
to one of qﬁﬁgflon cassette of the present invention), the

polynucletlde can contain coding sequences at the 5' end

15 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 empirically determined following the

20 teachings of the present specification.

HIV polypeptide/antigen synthetic expression
cassettes 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,

25 typical promoters for mammalian cell expression include
the SV40 early promoter, a CMV promoter such as the CMV
immediate garly promoter, the mouse mammary tumor virus
LTR promoter, the adenovirus major late promoter (Ad
MLP), and the herpes simplex virus promoter, among

30 others. Other nonviral promoters, such as a promoter
derived from the murine metallothionein gene, will also
find use for mammalian expression. Typically,
transcription termination and polyadenylation sequences

will also be present, located 3' to the translation stop
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skill in the art. One possible advantage of this approach, relative to
using full-length nodified Env 91 0 5 DEC 2005 WD 00/ 39302 PCT/USQQﬁEh%ﬁ?WS
sequences fused to heterol ogous pol ypeptides, can be higher
expression/secretion efficiency and/or higher inmnogenicity of the
expression product. Such deletions nmay be generated foll ow ng the teachings
of the present 5 invention and information available to one of ordinary
skill in the art. One possible advantage of this approach, relative to
usi ng ful wologsggoh Env, Gag or Tat sequences fused to hretresdl:pgous

pol ypepti des, can be higher expression/secretion efficiency and/or 10

i nmmunogeni ci t xpressi on product._\Wen sequences are added to the
ani no terniﬁé%#gad Q%F% %bf¥bfaef§%%P%? ﬂﬁ%ﬁmﬁépﬁaaYH§“§%nthetid p55GagMbd
expressi on chsisEtatd opf of herpreisdrioni nverdtiesh)s,” thethpotodimgl et i de can

contain COdi§Ehﬁ%ﬂ¥é§nggsa?§otg?%égntendEﬁéﬁﬁﬂg%to@ngpgﬁéfkiitgggl for addition
of a nyristic noiety to the Gag-contalning polypeptide ?%.g., sequences
t hat encodetwl-r’éit?ffpeﬂﬁéa%mjiattﬁoafS{%rgi](?oﬁpéihiiﬁg“mﬂeyﬁepww constructs
to form VLPstxan dve oenpi racsd dipedet ar samebdkokkowi Ng dd}s-a, 2Qst eachi ngs of

t he present cification. H .V polypeptide/antigen synthetic expression
cassettes irﬁg¥i $5¢6 ﬁﬁg% sxgﬁﬁbﬁﬁﬂgfrﬂﬁﬂggﬁrt%%qqﬁ§cecoding sequence,

udé “contr ol "elE
which allow for Ehdapspreskbimantef melhiealgehe usedi vardim tthe subj ect speci es.

For - exanpl e,::25 daual 2br OIRH A9l O oML ARa PELL SxREESSION | Nl ude

t he Sv40 ear] ronoter, a pronot er. such as mredi ate early
pronot er, tH%éW§ﬁ§§ HRAHES ShEnSV40i PRELY (IPRepPBAIARIT, ©He adenovirus mmj or
| ate prooot etescAdbedl By , Difieknishe el pesagdopl. ex1y88)us AN, anong 30
others. Qher,aaulyal RIONPLers,  JUEN 23,3 REQIOLEN,; 48" Lyed from the
muri ne et al ToERCSREY A gene, W §I§5 g terminal repeat

(LTR) of the Rous Sarcoma Virus, as described in Gorman

et al., Proc. Natl. Acad. Sci. USA (1982b) 79:6777 and

elements derived from human CMV, as described in Boshart

15 et al., Cell (1985) 41:521, such as elements included in

the CMV intron A sequence.

Furthermore, plasmids can be constructed which
include a chimeric antigen-coding gene sequences,
encoding, e.g., multiple antigens/epitopes of interest,

20 for example derived from a single or from more than one
viral isolate.

Typically the antigen coding sequences precede or
follow the synthetic coding sequences and the chimeric
transcription unit will have a single open reading frame

25 encoding both the antigen of interest and the synthetic
Gag coding sequences. Alternatively, multi-cistronic
cagsettes (e.g., bi-cistronic cassettes) can be
constructed allowing expression of multiple antigens from
a single mRNA using the EMCV IRES, or the like. Lastly,

30 antigens can be encoded on separate transcripts from
independent promoters on a single plasmid or other
vector.

Once complete, the constructs are used for nucleic

acid immunization or the like using standard gene
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find use for mammal i an expression. Typically, transcription termnation
and pol yadenyl ati on sequences will also be present, located 3' to O0b6dEC 2005
translation stop 92 0 5 DEC 2005 WO 00/ 39302 PCT/ US99/ 31245 codon.
Preferably, a sequence for optimzation of initiation of translation,

| ocated 5 to the coding sequence, is also present. Exanples of
transcription term nator/polyadenylation signals include those derived 5

from SVAQyo @sesigScri bed in Sanbrook et al., supra, as a bovine
growt h hornone term nator sequence. Enhancer el enent Spﬁf{)}ésvg/?izas be used

herein to increase expression |evels of the manmmalian constructs. Exanples
i ncl ude t he 9S\N4essr Pyoerdrd senhiatkeds drl@edesdel bedyi arbi kkewm et al .,

EMBO J. (1985) the’82c. t e eRNBNCES/ Pr UmEQE 651 wed S gyt he | ong term nal
repeat (LTR) of the Rous Sarcoma Virus, as descri b'ecf i'n"Gorman et al.,
Proc. Natl. °Ac&d.®82i.°> USR (Pe82hFer s ¢Ar7 bandel iasinghedtheri ved from hunman

C:VV, as desﬁlli'trbegli'ntﬁas’mah nertBbeitdlsubieek! ofl%@eﬂﬁt@%lyﬁucr as g

el enents. in ed_ i the, CW_ i ntr.on sequence. Furthernore, plasm ds can

be constssr uct%ggq\‘/\’ﬁlr% *Fndde 3 %ﬁﬁrﬁeﬁe&'lgﬁ& g%‘?f’l d:g’di fyPgene &&uences,

encodi ng, ethe, callsiptiondenicgénsit epid gpdgeof. i nterest, 20 for exanpl e

derived froma shnghfodr Je ¢ r vy i.sol gte., Typjcally the
o} Ekgle) lgarsrreh?%lyglegms ljlzgvaé He2f gévél%(%/eﬁig

antigen codi_ng sequences prece ) 'ow the synthetrc co sequences
and the chi ﬁ@gi Een‘?r%‘ﬁ%"&ﬁ%ﬁt EBRO uPARMARiiER RaVks a doagksaopke readi ng frane
25 encodi ngrbetrbvi hesentirgendef a i sdrtreesenangdl i@ ey kbheyége Gag codi ng
sequencgs. . i V...mulfi-cistronic cassettes (e.g., bi-cistronic
casset tes) ég%ggg%cﬁés et ed® BT TG 7§ TSP e 796 D6t gﬁﬁ%‘f‘??ﬂe anti gens
from a singhRECnRNecistm@ndhpaeiied RESrevrovhmmll pketibtdss lysind0 anti gens

can be encodednfiigs&Paie Lhapee dRtS Th@Mecombinant virus can
then be isolated and delivered to cells of the subject
either in vivo or ex vivo. A number of retroviral
15 systems have been described (U.S. Patent No. 5,219, 740;
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-

Miller and Rosman, BioTechniques (1989)

20 Lawrie and Temin, Cur. Opin. Genet. Develop. (1993)
3:102-109,

A number of adenovirus vectors have also been
described. Unlike retroviruses which integrate into the
host genome, adenoviruses persist extrachromosomally thus

25 minimizing the risks associated with insertional
mutagenesis (Haj-Ahmad and Graham, J. Virol. (1986)
5_7_:267—274; Bett et al., J. Virol. (1993) £7:5911-5921;
Mittereder et al., Human Gene Therapy (1994) 5:717-729;
Seth et al., J. Virol. (1994) 68:933-940; Barr et al.,

30 Gene Therapy (1994) 1:51-58; Berkner, K.L. BioTechniques
(1988) 6:616-629; and Rich et al., Human Gene Therapy
(1993) 4:461-476) .

Additionally, various adeno-associated virus (AAV)

vector systems have been developed for gene delivery.
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i ndependent pronoters on a single plasmd or other vector. Once conplete,
the constructs are used for nucleic acid inmunization or the likﬁﬁﬂft?@ﬁ
standard gene 93 0 5 DEC 2005 WO 00/ 39302 PCT/ US99/ 31245 delivery
protocols. Methods for gene delivery are known in the art. See, e.g., US
Patent Nos. 5,399, 346, 5,580,859, 5,589,466. Cenes can be delivered either
directly to the vertebrate subject or, alternatively, 5 deIivered ex Vvivo,
to cells i, é% fromthe subject and the cells reinpl %”;? the

subj ect . f of viral based systens have been deve ope or gene
transfer into mammualian cells. For exanple, retroviruses provide a

conveni ent plrf eeatbos geneel@edallyeronsgyatessd.usSelceeketnspegences can be

inserted int Ov%n% }éﬁg%ﬁel@gﬁjeo kaggge' n ret rgvgragat%%rth%es usi ng

t echni ques kno reconbi mant Vi us can en be isol ated
and del i vered tld3céltsand %, Hé9s@bjLecInteelntaherPh Riblgcetiex Nasro. A nunber

of retrovi ralwol5z%§bems Mesheanzﬂ%uabgdléébﬁanlaawgnbamnﬁa 219, 740;
M I ler and Rosman, Bi oTechni ques (1989) 7:980-990; A.D., Human

Gene TherZpy Pr&805hedst MRTg PR3/ etLe%ows"‘V foldgy (%499) GBL-849- 852:
Burns et al. pikoc.(198a) |8 :3A@ad3986} vllﬂﬁ»@m(:lee&)l 60:8033n803%; and Boris 20

Lawi e and Te n.. Gene 3: 02 109. A nunber of
adenovi rus ve(rzﬂt %r%oﬁgc\b/le a‘psrol egnrbc?jrescrlO Q8(3£)(J91:I9 eLe r’e l%/":frr uses whi ch

i ntegrate inttodt.h€urhest Qunume, 1ad@mmdm9ésgpeﬂsél9§t) éxsmafﬂwormsorral ly
(1 - Amad and 0 aRam ™y SN 2 By R R BB S S
(1993) 60 591195921158 M1tl&Sed&pter, &-M- Human @?@emﬁéﬁapy(l(%sw
5:717-729; Setlzebodl -sheh1i¥y 8ha énli%%) cBfe 98500 (Basd) et 1qls...
169; and Zhou et al., J. Exp. Med. (1994) 179:1867-1875.
Another vector system useful for delivering the
polynucleotides of the present invention is the
15 enterically administered recombinant poxvirus vaccines
described by Small, Jr., P.A., et al. (U.S. Patent No.
5,676,950, issued October 14, 1997).
Additional viral vectors which will find use for
delivering the nucleic acid molecules encoding the
20 antigens of interest include those derived from the pox
family 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 Gag/antigen coding
25 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 then used to
transfect cells which are simultaneously infected with
30 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
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30 CGene Therapy (1994) 1:51-58; Berkner, K L. BioTechniques (1988)

6: 616-629; and Rich et al., Human Gene Therapy (1993) 4:461-476). 2005
Addi tional ly, various adeno-associated virus (AAV) vector systens ﬂrﬁa@ﬁec
been devel oped for gene delivery. 94 0 5 DEC 2005 WO 00/ 39302

PCTI US99/ 31245 AAV vectors can be readily constructed using techniques
well known in the art. See, e.g., US. Patent Nos. 5,173,414 and
5,139,941; International Publication Nos. WD 92/01070 (published 23

January 19@2psasd WO 93/03769 5 (published 4 March 1993)q5r,Jssiomski et al .,
Mol ec. Cell. Biol. (1988) 8:3988-3996; Vincent et al., Vaccines 90 (1990)

(Col d Spring Harbor Laboratory Press); Carter, B.J. Current OQpinion in
Bi ot echnol 0g§e{1999) thespgesgnce qfAyerracdepyOuidént FopiwiskingM cr obi ol .

and | mmunol . vifal 1A%%uet58ef7sd2% tiRbkRo. R M Human Gene Therapy (1994)
5: 793-801; Shel | i 1994) 1:165- 169; and Zhou et

gff%ndtSm' gh, Gene Ther ag\% (

al ., J. Exp. I\/bd.ﬂ( AT 1Y99Y 1 S8 APLEYBTUSAPot TS FEcER? &3gmem usef ul for
del i vering té&ed poinanyposoviteseof dalne apsesentudedyest 46NV e 15
entericakly 1 i steer . ! Xvirus vaccines described by Small,
r., P.A eéégﬁ%](l§%§?g55§§§§ﬁ%$¥y%&5?g?%??ﬁaaF“P§§ﬁ§ﬁ“%x&%ﬂﬁ§°9$2? 1997).
Addi tional Vil WASWEIEINWRREPItnS. Rradkueen fror codéet vierdtegttite nucl ei ¢

aci d nol ecul eemencgdivignt Aem 20 Andricdens fniAtieheshel il Ude,thoge derived
fromthe pox_ fa%m |v¥L 81;{ ¥i ruses, i ncl udi f%%lvacci nia virus and avi an

poxvi rus. By way Of Bxanpre: vaccPRFSIFT sty eshbrhtmts heBnessing the
genes can bearbridtheyc maumabidro|dpews es ThincdDwembresdb A Hh@vRpbki cul ar

synt het g A igen [ n IS fir Lhserted.into an
appropri at (ega%é.ct orﬁgo?ﬁ?ﬂa%ﬁtg%gg?aggﬁﬁct% ea%aéc%?cnefpat lprlc‘?rmt er and
flanking vattidh SPERACE b idesefonenaes nate inégaetice dancoding t hynmi di ne
ki nase (TK).mahinad iwactells s tMBﬁhouseﬂof(broducing recombinant

avipoxviruses are known in the art and employ genetic
recombination, as described above with respect to the

15 production of vaccinia viruses. See, e.g., WO 91/12882;
WO 89/03429; and WO 92/03545.

Molecular conjugate vectors, such as the adenovirus
chimeric vectors described in Michael et al., J. Biol.
Chem. (1993) 268:6866-6869 and Wagner et al., Proc. Natl.

20 Acad. Sci. USA (1992) 89:6099-6103, can also be used for
gene delivery.

Members of the Alphavirus genus, such as, but not
limited to, vectors derived from the Sindbis, Semliki
Forest, and Venezuelan Equine Encephalitis viruses, will

25 also find use as viral vectors for delivering the
polynucleotides of the present invention (for example, a
synthetic Gag- or Env-polypeptide encoding expression
cassette as described in Example 14 below). For a
description of Sindbis-virus derived vectors useful for

30 the practice of the instant methods, see, Dubensky et
al., J. Virol. (1996) 70:508-519; and International
Publication Nos. WO 95/07995 and WO 96/17072; as well as,
Dubensky, Jr., T.W., et al., U.S. Patent No. 5,843,723,
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transfect cells which are sinultaneously infected with 30 vaccini a

Honol ogous reconbi nation serves to insert the vaccinia pronoter lrﬁw ﬁ@eﬂl[ﬁ
gene encodi ng the coding sequences of interest into the viral geno

resul ting TK recombi nant can be selected by culturing the 95 0 5 DEC 2005
WD 00/ 39302 PCT/ US99/ 31245 cells in the presence of 5-bronmpdeoxyuridine and
picking viral plaques resistant thereto. Alternatively, avipoxviruses,

such as the fow pox and canarypox viruses, can also be used to deliver the
5 genes. Wesoddnant avi pox viruses, expressing inmunogengsosiiasn mamal i an
pat hogens, are known to confer protective inmunity when admnistered to

non- avi an: speches: pIRERHSE 5 Of A AYIPQLNECLOr s part] culatly desirabl e

in human i & Speéi 85 si hce e~avi pox 10 genus
can only pr &ﬂfﬁﬁtv§Py Few?c%aqtb"e iaseed deimuisl ¢, d%9&n species and therefore

are not infective kBcciRIFBbd Qﬁtéécld\@tt%ﬁ%féeélcm %%%Hn%gﬁconb' hant

avi poxviruses are known in the art and enpl oy genetic “reconbination, as
desgrl bed abtvERERIFREPEHSQD EPNRT G g5 St LPONF gl avabERRFEERS r uses. See,

e.g., V\DS91/e]>®&&%,sloﬂ\03B%Iﬁh?%ﬂ;ngn@qur&é/soaﬂﬁqt%ﬁgs&:cqul,:f)ag Conjl\/lugﬁtel :
ectors su he_a r.us ric vectors described in Mchael e

al .3 B ofé}‘ Ap1Lica %’8‘5@3 tz‘ésGé%{g'% aRdPYEGHS? &E°8FEtehridt. Natl. 20
Acad. SC| @SNOGIQQQP 89: EOQQHGl@SBst@an callée see Usiewst! anfegeat del i very.
Member s of 1.4 phan & U B, vEHEN AtonBihafOlcndd ESQT%% vectors

derived fromthe Sindbis, Semiki_ Forest, Venezue ui he
Encephal i ti LAFEFEIRRAGE |T7 i@‘AanbYqueuseTass \qua’lmevééﬁors for delivering

the polynudiepliagesexduidideppsentidityenti oRaf far ggnple, a synthetic
g e Egvb@%gj@%%éget&&‘pﬁ%%'eggb% Y OB of S e rdt ey T Ped TN
infection, cells are transfected with the polynucleotlde
of interest, driven by a T7 promoter. The polymerase
expresgsed in the cytoplasm from the vaccinia virus

15 recombinant transcribes the transfected DNA into RNA
which is then translated into protein by the host
translational machinery. The method provides for high
level, transient, cytoplasmic production of large
quantities of RNA and its translation products. See,

20 e.g., Elroy-Stein and Moss, Proc. Natl. Acad. Sci. USA
(1990) 87:6743-6747; Fuerst et al., Proc. Natl. Acad.
Sci. USA (1986) 83:8122-8126.

As an alternative approach to infection with
vaccinia or avipox virus recombinants, or to the delivery

25 of genes using other viral vectors, an amplification
system can be used that will lead to high level
exgression following introduction into host cells.
Specifically, a T7 RNA polymerase promoter preceding the
coding region for T7 RNA polymerase can be engineered.

30 Translation of RNA derived from this template will
generate T7 RNA polymerase which in turn will transcribe
more template. Concomitantly, there will be a cDNA whose
expression is under the control of the T7 promoter.

Thus, some of the T7 RNA polymerase generated from
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description of Sindbis-virus derived vectors useful for 30 the practice of
the instant nethods, see, Dubensky et al., J. Virol. (1996) 70:%38-%%'
and International Publication Nos. WO 95/07995 and WD 96/ 17072; ol g5
as, Dubensky, Jr., T.W, et al., US. Patent No. 5,843,723, 96 0 5 DEC
2005 WO 00/ 39302 PCT/ US99/ 31245 issued Decenber 1, 1998, and Dubensky, Jr.,
T.W, US. Patent No. 5,789,245, issued August 4, 1998. A vaccinia based

i nfection/transfection systemcan be conveniently used to provide for

i nduci bl ayobsss®Ri ent 5 expression of the codi ng sequepeessdfziiq@t erest (for
exanple, a synthetic Gag/ HCV-core expression cassette) in a host cell. In
this system_cells are first infected in vitr(?l vaccini g virus

. W th a
reconbi nant THEISEHCGHS Tt hR® BRHAEFBpARY™ TP RNE Py d&397h; s
pol ynmer ase 10> dirsgslssypspexqui of tthespesitedi ggnd.n Bhatuse smley T7t ranscri bes

tenplates b i L er -Ql_L.ow.ng_..inf,ectign . r.e_transfected
W th the: pol oL dbaynelaSHOLE Saa it Oth Mins LIRS the st £ 20818
pol ynerase ¥EkpgH¥sRdYMarape ¢an &l ashredered Hateacel ks aavnguyith

reconbi nant txansGidlzes (khecd ranseehede DMy die i BNA e WY 16J3 .1 sthben
translated into protein by the host ér ansl ati onal nachi ner;i. The net hod
provi des forp‘?ﬁﬁ%réﬁsgvgl"‘? be adffizeficedyfopt KHATE Pr 30 iR 18P dr ge
guantiti es ofndRMArgndhet BNArssishetirasn. prbotict Surber RibasgionEbEOy- St ei n

and Mbss, Pfc@ﬁ-sal}!?ctéms_ A68d: Gl 'usgsé‘ _r(ég fo%éﬁﬁigg’épl7sdi7;se@fer.st et al.,
Proc. Natl. Acad. _Sci. USA (1986) 378122-8126. an alternative approach
to infectiorf W th INFEEERRL DY PAPILAERE ¥R U + #0fBI Hofitls, Ssudiert he
del veryo 2wl vgamas.ysinorst hesior | alsver i 1amap lickkoabion system
Fﬁ?obﬁogfegééqq?f'wgl?ggg ??g%%)loy,&ggzﬁggﬂe\w p%ﬁcgﬁﬁr ﬁge' JrsRer gr ecedi ng the
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.
15 5,135, 855.
The synthetic expression cassette of interest can
also be delivered without a viral vector. For example,
the synthetic expression cassette can be packaged as DNA
or RNA in liposomes prior to delivery to the subject or
20 to cells derived therefrom. Lipid encapsulation is
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
generally be around 1:1 (mg DNA:micromoles lipid), or
25 more of lipid. For a review of the use of liposomes as
carriers for delivery of nucleic acids, see, Hug and
Sleight, Biochim. Biophys. Acta. (1991) 1097:1-17;
Straubinger et al., in Methods of Enzymology (1983),
Vol. 101, pp. 512-527,
30 Liposomal preparations for use in the present
invention include cationic (positively charged), anionic
(negatively charged) and neutral preparations, with
cationic liposomes particularly preferred. Cationic

liposomes have been shown to mediate intracellular
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coding region for T7 RNA pol ynerase can be engi neered. 30 Transl ation of
RNA derived fromthis tenplate will generate T7 RNA pol ynerase mﬂ@ﬁ\ﬁﬂ
turn will transcribe nore tenplate. Concomitantly, there wll 2005
whose expression is under the control of the T7 pronoter. Thus, some of
the T7 RNA pol ynerase generated from97 0 5 DEC 2005 WD 00/ 39302

PCT/ US99/ 31245 transl ation of the anplification tenplate RNA will lead to
transcri proeavsomb the desired gene. Because sone T7 RNAcppigAapL@se i s
required to initiate the anplification, T7 RNA polymerase can be
introduced into cells_along with 5 the tenplate(s) to prine the
transcripti cﬂ?lrlé@&’l Bn. P}F"If%“ldeNﬁlnéF%Jééled—”aﬁtbéll nt Poefic@tds a protein or

on a pl asm dicaencadii nguthe 1RNA) p@h)”ﬁ@fﬁ&@lsﬁormﬁNiWﬁah%%e%%%‘?m on of T7
systens and .0 hel r SZ for transfornn gl | nt ernati onal

Publ i cat i on ‘K< WF zz%ﬁf% 56t udret né-hﬁ??%ﬂ%osj RBE. Biol. (1986)
189: 113- 130;pulefigedntdranifd fifor iGantad k) (De43: 24521249;7.Gagoet al ., Bi ochem

Bi ophys.g Re% 2%99%]2%%4)1&?9 }gjﬁﬁzglz'%% gé(ggﬁ_eggna(llguan Nuc. Aci ds Res.

(1993) 71 288 §4Y'-22: 2114-2120; and
U.S. Patent No Ci‘él@lll%@rwsomémeals%/mewuﬂy exptlegsieon gassette of

interest carxadp$e, berdel i3vergde &-RAWroByYH rﬁlN%DﬁkqethE% exanple, the
aged

synthetic exg{}lessl on cassette can be pac NA in |iposones
prior to dePPERyYF o'k ubjBEEOTRS AT et évééh%lfdé’rﬁd\?édthﬁer efrom Lipid

encapsul at | mmadema:genar;aifleﬁaﬁcomﬁm sjledousnng dApESQBBEnMNIGh are able to
stably nd en aj D ucl ej.¢c_ac ratio. of condensed DNA
(Skel 3120 %q y but® 2 %roﬁeng‘?félﬂ ;hcﬁéj aPhnd’ 1 (ny

to |ipi preparatlon ‘can Wil |
DNA: m cr onol{é88F] p&i‘d)741ér7256h0r @tdfer] cpnderFiorlly mewitabDdd the use of

| i posones agipeas rirﬁj’lS,ldfeor(DﬂEﬁ}’WB’) %dn%&@tﬁmﬁ% d8oeSREngd}g and
Sl ei ght, Bl8gﬂer ca (g%l%slléggg%es %%%1Le18§g§§ied 'from readily
available materials using techniques well known in the
15 art. See, e.g., Szoka et al., Proc. Natl. Acad. Sci. USa
(1978) 75:4194-4198; PCT Publication No. WO 90/11092 for
a description of the synthesis of DOTAP (1,2-
bis (oleoyloxy)-3- (trimethylammonio) propane) liposomes.
Similarly, anionic and neutral liposomes are readily
20 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), dioleoylphosphatidyl
25 glycerol (DOPG), dioléoylphoshatidyl 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.
30 The liposomes can comprise multilammelar vesicles
(MLVs), small unilamellar vesicles (SUVs), or large
unilamellar vesicles (LUVs). The various liposome-

nucleic acid complexes are prepared using methods known

in the art. See, e.g., Straubinger et al., in METHODS OF
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Straubi nger et al., in Methods of Enzynol ogy (1983), Vol. 101, pp.
512-527. 30 Liposonmal preparations for use in the present invention
include cationic (positively charged), anionic (negatively charged)s apd s
neutral preparations, with cationic |iposonmes particularly preferred.
Cationic |iposones have been shown to nediate intracellular 98 0 5 DEC
2005 WO 00/ 39302 PCT/ US99/ 31245 delivery of plasm d DNA (Feigner et al.
Proc. Natl. Acad. Sci. USA (1987) 84:7413-7416); nRNA (Ml one et al.,
Proc. Nawmo.coAgard. Sci. USA (1989) 86:6077-6081); and parusoperids
transcription factors (Debs et al., J. Biol. 5 Chem (1990)

265:10189-1 in f iongl . for Cat L oni i posones are readily
avai | abl e. %‘8&%§%‘l’r¥p|‘g%ﬁ 1-§?§:d]i@'e§’|£’o><§§)%‘r§o?p7ly| %-z *R, RELFT et hyl -
amoni um ( DET®R) N4 plosdwead - afei aviedd abilogsunder4 itdde 4198ademar k Li pof ecti n,

from G BCO B Lhslapd, : e, Fei gner, al ., Proc.
Nat | . Acad. C?§§353 ,uﬁ%§8$? %2?54%%¥%§%6)?ﬁ%?ﬁ5? g%%%eé%?z ﬁy avai |l abl e
| i pi ds i ncl 8% {BDABLBEPE) eanal DOTXR/IDORE’ § Boet:i7TngePpamett4ret cat i oni ¢

| i posones caandieadr enarednt r omseadi L .ayaddablg sTeber i 8l r&%ﬁng
techni ques well kpown in the 15 art. See, e.g., Szoka et al., Proc. Natl.
Acad. Sci. USA RURFASM-75iambyYs 41RFE . Bemmprp| (1O 0RENG36 WIBG/Y1092 for a

descr:ptiFneofalfmaggwmthﬁsr$.Qicéﬁ?T%Bi(luﬁA 31979) 1§:334$)5|Enﬂch o
and neutt a1 pOCORGERr &t BTy M50 a0arfabicd. - a6 (375X r om Avant | _Pol ar
Li pi ds (Bi rh¢ nghram FrALyy et xlan he @dsil ychmepdredous2ss): readi;l y avail abl e
mater| ahs. S, MeRLaki.dilddeahasaiatdyl Ghaling.; Ghgl esterol,
phosphat i dyl et hanol am ne, o) eoyl%%osphéildy% cﬁollne ( O,
di ol eoyl phoSph&t)i dypl: 125 grgd e¥dlaefBoPR)} ddeli siteoy| phoshardalyllsekhanol ami ne
(DOPE), ampry:ddhers. These materials can also be mxed with the
The DNA and/or protein antigen(s) can also be
delivered in cochleate lipid compositions similar to
15 those described by Papahadjopoulos et al., Biochem.
Biophys. Acta. (1975) 394:483-491. See, also, U.S.
Patent Nos. 4,663,161 and 4,871,488.
The synthetic expression cassette of interest (e.g.,
any of the synthetic expression cassettes described in
20 Example 1) may also be encapsulated, adsorbed to, or
associated with, particulate carriers. Such carriers
present multiple copies of a selected antigen to the
immune system and promote migration, trapping and
retention of antigens_in local lymph nodes. The
25 particles can be taken up by profession antigen
presenting cells such as macrophages and dendritic cells,
and/or can enhance antigen presentation through other
mechanisms such as stimulation of cytokine release.
Examples of particulate carriers include those derived
30 from polymethyl methacrylate polymers, as 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,
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DOTMA and DOTAP starting materials in appropriate ratios. Methods for
meki ng |iposones using these materials are well known in the art. pg@ECZWS
| i posomes can conprise multilamelar vesicles (MVs), small unilane
vesicles (SUvs), or large wunilanellar vesicles (LUVs). The various

| i posome- nucleic acid conpl exes are prepared using nethods known in the
art. See, e.g., Straubinger et al., in METHODS OF 99 0 5 DEC 2005 WO

00/39302 /U899131245 | MVUNCLOGY (1983), Vol. 101, pp. 512-527; Szoka et
Pr oggr : Acad. Sci. USA (1978) 75:4194-4198; RReap&kadz6Spoul os et
aI ., Biochim B| ophys. Acta (1975) 394:483; WIlson et al., Cell (1979)

17:77); Dearmet and, Yy BarRGBaAtaFwChnd( 2 Bl OPNYS .0 AGLa; ( 1940); 443,629, Cstro
et al)., Bi oche uge aIBéCom'run (1977) 76: 836§ Fra ey et‘ al .

Bi R
Proc. Natl. Acad Slc‘lp‘""lo %§ﬁ %%?327)9)14?6533438‘-393 Enoch and Strittmatter, Proc.

Nat|. Acad. Sci. RUSANe939}, 7&M5barE£@uﬁteﬁtsy%|temsJan§|FQJ1 Chem  (1980)

a, had oul os Proc Acad: SCI USA
(Zig%;) 4% 14‘%9“and cﬁgg gr "pé’f’ aF ex é’cﬁ"é’négl?t‘i‘é@z)of 585: 166. The DNA

and/ or pPot PR gasespsean Fairsexbaplei,elpownedsl suelocdy eate |ipid

onposi tion et O cde Pap ad oul os et al.
(él (r)n(::)hem Bi Zp&ﬂ)}s%gtea pOi a %%4 4 %I}L%%q %Xne’ “luﬂp Pat ent Nos.
4,663, 161 arr'gp%r"@ n§88asT‘l’1%1 WSt FeR)edabgs @sfsrtbﬁseascs]@tméeef and er est

(e.g., any wiefille foynt hehs fe@XPHES ShOS s SRt Less dﬁf&%ﬂe\%%?h' “parZ?I Eﬁﬁg{)ge
1 al so u d dsor be or associ ate

CZB.I’ magrs %l?%%?&érgﬁ%r%es% anﬂ?gﬁﬁeél 655?@56‘6‘?1%{"3&%6%% antigen to
the i rﬁﬁlme @mﬂtanﬂrwxﬂma@lmigoatpmmmltappbngmamb otRkenti on of

ant i gens i n drxeakich kMo AQHA% sEEs 25%RA LsChESofAILPELakEN UP bY

prof ession aqﬁhgnum silicates including bentonite and kaolin,

chromic oxide, magnesium silicate, talc, and the like,
will find use with the present methods. See, e.qg.,

15 Felgner, P.L., Advanced Drug Delivery Reviews (1990)
5:163-187, for a review of delivery systems useful for
gene transfer. Peptoids (Zuckerman, R.N., et al., U.s.
Patent No. 5,831,005, issued November 3, 1998) may also
be used for delivery of a construct of the present

20 invention.

Additionally, biolistic delivery systems employing
particulate carriers such as gold and tungsten, are
especially useful for delivering synthetic expression
cassettes of the present invention. The particles are

25 coated with the synthetic expressgion cassette(s) to be
delivered and accelerated to high velocity, generally
under a reduced atmosphere, using a gun powder discharge
from a “gene gun.” For a description of such techniques,
and apparatuses useful therefore, see, e.g., U.S. Patent

30 Nos. 4,945,050; 5,036,006; 5,100,792; 5,179,022;
5,371,015; and 5,478,744. Also, needle-less injection
Systems can be used (Davis, H.L., et al, Vaccine 12:1503-

1509, 1994; Bioject, Inc., Portland, OR).
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presenting cells such as macrophages and dendritic cells, and/or can
enhance antigen presentation through other nechanisns such as sti nﬁ %lon
of cytokine release. Exanples of particulate carriers include thos 5 DEC 2005
derived 30 from pol ynet hyl nmethacryl ate polyners, as well as

m croparticles derived from poly(lactides) and

pol y(l acti de co-glycolides), known as PLG See, e.g., Jeffery et al.

Pharm Res. (1993) 10: 362-368; MCGee JP, 100 0 5 DEC 2005 WO 00/ 39302

PCT/ US99/ WPA8938%  al ., J M croencapsul . 14(2):197-210, Pgamkssyddagan DT,

et al., Vaccine 11(2):149-54, 1993. Furthernore, other particulate systens

and pol yners canR@@m&eﬁnftobegggré rba\gr\f,qngr e%‘yr}’ﬂh\é‘hgelak%fés}’s of the 5 gene

of interest. For exa " pol ymers such”as si ne yargl "hi ne,

pol yor ni t hi nE*S&pktHiGte t esB’é??r?%ﬁ natvens iga| @r%lsf%ﬂla‘gaﬁesntm‘ t hese

mol ecul es, acempus;ﬁethIﬂnsf dbrt ansFafy ithg the MSHRIKadel duBfedint erest.
Simlarly, DeAEde iLated transfection, calcium phosphat e

preci pi tatl on orgp%%;e"{ Gl ta??%nmau?él n%hgfhg? p?‘?‘%rﬁ'i L& r(lfb‘? HFVERSal t's, such
as stronfi umllbﬁ%%fplh?a”t)e or shemperhisi |(tcatesat ntilsedisagabeat oni t e and kaol | n,

chrom ¢ oxi dente@mgnesi, umrab.lt&@gs&slttl%g walfd ééﬁﬁaﬂﬂ/ig will find use with
t he present mahhods See Fei gner, vanced Drug Delivery

ReV| ews (1990) e%a%’:?lfggilyfgff%f:trléf\?l éU\‘PB‘Pt'Héﬁ Féeygeystais useful for

gene transf efntdmgrtoistsh( Zha:tkearrrrmmouRtl\bf e @ntigbhScan Bt ent No.
be used, for delivery of a

5, 831, 005, WT{o8 | so
construct ofﬁjt?he 5?2‘5‘2’?%8 ?%\]/%ln i on ‘7&’8‘6"% STRCP§S 17 ssnsepEedel i very
systems Bnpl BYithy ipdividuphtter odvicheis suchimnigobdedind Thengshen, are

especial l'y L@ﬂ'ftlﬂt fn@i:eelgw:y%ilﬁgv%wt Qgﬁér‘fdl‘?@rﬁst?h@n%ub%%s%e Les of the
pr esent |nvetnt| Th partlcles are 25 coated wt Synit REtT'e
expr essi on casse §$ t%ﬂ?nfn general condition of the subject to

be treated, the capacity of the subject's immune system
to synthesize antibodies; the degree of protection

15 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

20 amount" will fall in a relatively broad range that can be
determined through routine trials.

The compositions will generally include one or more
"pharmaceutically acceptable excipients or vehicles" such
as water, saline, glycerol, polyethyleneglycol,

25 hyaluronic acid, ethanol, etc. Additionally, auxiliary
substances, such as wetting or emulsifying agents, pH
buﬁfering substances, surfactants and the like, may be
present in such vehicles. Certain facilitators of
immunogenicity or of nucleic acid uptake and/or

30 expression can also be included in the compositions or
coadministered, such as, but not limited to, bupivacaine,
cardiotoxin and sucrose.

Once formulated, the compositions of the invention

can be administered directly to the subject (e.g., as
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delivered and accelerated to high velocity, generally wunder a reduced

at nosphere, using a gun powder discharge froma "gene gun." For U
description of such techniques, and apparatuses useful therefore, éeﬂéc 2005
e.g., US. Patent 30 Nos. 4,945, 050; 5,036,006; 5,100,792; 5,179, 022;
5,371, 015; and 5,478,744. Al so, needle-less injection systens can be used
(Davis, H L., et al, Vaccine 12:1503- 1509, 1994; Bioject, Inc., Portland,
OR). 101 0 5 DEC 2005 WD 00/ 39302 PCTI US99/ 31245 Reconbi nant vectors
carryi ng"P ¥ %etic expression cassette of the preselfTYSIY2345 on are
formul ated into conpositions for delivery to the vertebrate subject.

These CONPOSiddc@AseaBYL&)Ne, bgr PLapi S icd§$g,1ﬁ3rr RV B pnfecti o) or
e

therapeutic (to treat disease after Infection conposi { OnS Wil |
conprise a O9%&r pELYFT AU EheedtbinCtanyGhne BFthads geAk @%  interest

such that anhereudtsOfiddE addlitJenFEaRaplRl OfkaRMAd FoY VRe St hat an

i nmune response |s enerated 10 g the individual to which it is
admi ni st er ed? PhE8Sak %Y aéﬁbﬁﬁfm}ﬁ FEAEPR @F | Franghpraepehtt by on the
subj ect Dei ngtot reatleihctt kereageowndimgaher aktcaﬁtdidaimﬁnefluaéle subject to be

treated; the, (ﬁa,apa&éwraqi e aBUR] Eflna3dBTURe SYRLEM o synthesi ze

antlbodles e degree of protection Tted the 5&v Fof the
condi tion bé?lrﬁ@lPi“"e%l‘%’eQi* Pﬁéybﬁalm|‘@ﬁﬂla¢eént¥ge&f®elleot ed and its node of

adni ni st r at nepofaseagi i hew fact Qﬁédlaéedaepaﬁé)fé&h%n,%i&%;& Mfyamount can
be readily etermn skill in_the art. Thu “therapeutically

0
effective 20"5aB0nt® evﬁqﬁyIOPPﬁf"Fl?’h £HBPSEL RIS lﬂfoéderange that can be
det er mifed phipoghleguidere)t (vatls.orThe thonposid icorsevpbhdpeper al I y include

one or rmreantpeaﬁmqpqtlbsaggxsa%eoequst%f gL o, vehl Gles” such | as

wat er, saline cerol_, —polyethyleneglycol groni ¢ acid, ethanol,
etc. Additi GNAl 79’9 ° Apele ary

Direct delivery of synthetic expression cassette
compositions in vivo will generally be accomplished with
15 or without viral vectors, as described above, by
injection using either a conventional syringe, needless
devices such as Bioject® or a gene gun, such as the
Accell® gene delivery system (PowderdJect Technologies,
Inc., Oxford, England). The constructs can be delivered
20 (e.g., injected) either subcutaneously, epidermally,
intradermally, intramuscularly, intravenous,
intramucosally (such as nasally, rectally and vaginally),
intraperitoneally or orally. Delivery of DNA into cells
of the epidermis is particularly preferred as this mode
25 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 ingestion and pulmonary administration,
suppositories, needle-less injection, transcutaneous and
30 transdermal applications. Dosage treatment may be a

single dose schedule or a multiple dose schedule.
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subst ances, such as wetting or enul sifying agents, pH buffering

subst ances, surfactants and the |ike, may be present in such vehicles.
Certain facilitators of inmmunogenicity or of nucleic acid uptake dridpidr(gP
expression can also be included in the conpositions or coadm nistered,
such as, but not limted to, bupivacaine, cardiotoxin and sucrose. Once
formul ated, the conpositions of the invention can be admnistered directly
to the subject (e.g., as 102 0 5 DEC 2005 WD 00/ 39302 PCT/ US99/ 31245

descri bedvab@segz or, alternatively, delivered ex vivo, pcouspeilss derived
fromthe subject, using nethods such as those described above. For

exanpl e, nethods; fpry the @x v1¥d ¥eudaly Heie Pl BRI I on of
transforned cells 5 into a subject are known in the art and can i ncl ude,

e.g., dextran-nedi ated tr &FSEEET °BITHE PRFENUATFRYOSPhat e preci pitation,

pol ybrene nedi atgd dfanrsbeaihdit, T cReisCtAM ne1ardaldelr Bt ed
transfecti on prot opl ast fusj on, el ect rogoratl on, encapsul ation of the 10

pol ynucl eot i H’é?]s‘}dl(r\ﬁ tRtoPohi 1 HBES: h8 2BF 1ETp BREPREEI3Rt TRy i n
| i posones, aach dig eatacriophaga] eeiriceytet, t hempHaNA icsl bs Nuddreiri tBr ect

delivery of sypthetic  gxpr %Sé%]ﬂﬂs C%%EﬁtEg%l§om%S§%5§ec S AL

general ly be acconplished or wifhout vir as descri bed
above, by |h]1%7€?é¢@n wangeensererior eanvéneididivesyr phgehe needl ess devi ces

such as Bi obggtkddiOle rﬁ%B?oxg%ss%'&EQsaéf té}?e p%gehé({av@ﬁ%ndel ivery
system (Powder Ject Tec noI 0 I nc The constructs

can be del i VeTeH 25 Pg. 15%1 et & meP?ﬁ’e‘?heﬁi‘l}callgﬁgom%}‘océ’ﬁFaermal ly,

i nt radelorral KyBLS nt}:ryamweuhatjryqf ipgtbradenet knownntbatheas aldiy 1equch as

nasally, ﬁﬂavlﬂ a%{khe aginallyre, ‘r”EéfP%c}p%ﬂ%%kX Oin Yol Iy, Delivery of

DNA into ce epiderm's i eferretfasthls node
“enriched” from a populatlon of PBLs through the removal

of accessory and B cells. In particular, T cell
enrichment can be accomplished by the elimination of non-

15 T cells using anti-MHC class II monoclonal antibodies.
Similarly, other antibodies can be used to deplete
specific populations of non-T cells. For example, anti-
Ig antibody molecules can be used to deplete B cells and
anti-Macl antibody molecules can be used to deplete

20 macrophages.

T cells can be further fractionated into a number of
different subpopulations by techniques known to those
skilled in the art. Two major subpopulations can be
isolated based on their differential expression of the

25 cell surface markers CD4 and CD8. For example, following
the enrichment of T cells as described above, CD4' cells
can be enriched using antibodies specific for CD4 (see
Coligan et al., supra). The antibodies may be coupled to
a.solid support such as magnetic beads. Conversely, CD8+

30 cells can
be enriched through the use of antibodies specific for
CD4 (to remove CD4' cells), or.can be isolated by the use

of CD8 antibodies coupled to a solid support. CD4
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25 of adm nistration provides access to skin-associated |ynphoid cells and
provides for a transient presence of DNA in the recipient. Oher gﬁﬁ:ﬂhﬁ
adm nistration include oral ingestion and pul nonary adm ni stration,

supposi tories, needle-less injection, transcutaneous and 30 transdernal
applications. Dosage treatnment may be a single dose schedule or a nultiple
dose schedule. 103 0 5 DEC 2005 WD 00/ 39302 PCT/ US99/ 31245 2.3.2 Ex VIVO
DELI VERY OF THE SYNTHETI C EXPRESSI ON CASSETTES OF THE PRESENT | NVENTI ON In
one enbodVABHIIT cells, and related cell types (incledrogosutssnot |imted
to antigen presenting cells, 5 such as, macrophage, nonocytes, |ynphoid

cells, dendr C T en1ce| and progenitor cells
t her eof ) , ca!}lpﬂglgh%seﬁls?grrggxﬁ%/\( \sllo ;gl f%\%%?ypa# e Cann}f%e‘?’fpc%r’éi%gr essi on
cassettes of eXh&lftedederengention. T cells can be isolated from

peripheral bkpesk |opaEpRecyt esn 19 (RRles) by @y‘wl's%kyf?f Pr 0cedUE 575 known to

those skilled in the art. For exanple, cel |l populations can
"enriched" ffon1%9§ﬁﬁﬂﬂ RiPoni®d:98RLs through the renoval of accessory and

B cells.sln parthdHL@m;n§ petifieitibahsent «ansheaagepigly shed by the
ellnlnatlon %; T ce% S uslgggantl- nDnocIonaI

SS
ant i bodi es. arlygen ef W afé%nggkwﬁbtaséﬁoﬁ%*ﬂ@ﬁﬂ@?elnspeC|f|c
popul ati ons %ﬂerﬁﬁ#—?aeebﬁspe$ﬁnrm§danpheg mnt-v-irky antvhbedy baskacul es can be

used 1o depl gdies Braebier andor A icoMackuanid hadu 0ol soul g5.,8ap be used to
deplete 20 crgﬁﬁgggﬁ tT cells can be further fractionated into a nunber
a

of differen PRNSSYR: CRPRARGHEIVIIRE ErARdissioskpFl ed in the
art. Tm@OnaJthesnbpdpaﬁarl©aslQamumetl¢ﬁGh&ﬁﬁdeb@éﬁdxﬁ&dﬁﬂ@hé differentia

exanpl e,
Fol | owing ﬁ%ﬁﬁffggﬁﬁgﬁ SRS FEELES cogh B8 Soaretenns col | &
cel A second approach involves co-cultivation of an
irradiated monolayer of vector-producing cells with the
purified T cells. A third approach involves a similar
15 co-cultivation approach; however, the purified T cells
are pre-stimulated with various cytokines and cultured 48
hours prior to the co-cultivation with the irradiated
vector producing cells. Pre-stimulation prior to such
transduction increases effective gene transfer (Nolta et
20 al. (1992) Exp. Hematol. 20:1065). Stimulation of these
cultures to proliferate also provides increased cell
populations for re-infusion into the patient. Subsequent
to co-cultivation, T cells are collected from the vector
producing cell monolayer, expanded, and frozen in liquid
25 nitrogen. '

Gene transfer vectors, containing one or more
synthetic expression cassette of the present invention
(agsociated with appropriate control elements for
delivery to the isolated T cells) can be assembled using

30 known methods.

Selectable markers can also be used in the
construction of gene transfer vectors. For example, a
marker can be used which imparts to a mammalian cell

transduced with the gene transfer vector resistance to a
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can be enriched using antibodies specific for CD4 (see Coligan et al.,
supra). The anti bodies may be coupled to a solid support such as magnetic
beads. Conversely, CDB+ 30 cells can be enriched through the use df5 DEC 2005
anti bodi es specific for CD4 (to renove CD4' cells), or -can be isol ated by
the use of CD8 antibodies coupled to a solid support. CD4 104 0 5 DEC 2005
WO 00/ 39302 PCTI US99/ 31245 | ynphocytes fromH V-1 infected patients can be
expanded ex vivo, before or after transduction as desc};({_‘?lgsg b)r( Wl son et.
al . (1995WOYWR930fect. Dis. 172:88. 5 Fol | owing purification orT cells, a
variety of nethods of genetic nodification known to those skilled in the
art can be pegtotaric usiaig .noMhyi c@otaixivi agérntbased begehet t1ansfer vectors

constructed ribe Ln. X roach invol ves
t ransduct i on%gFg%&tt}i’ %ﬁ%ﬁé’?ég Tanglgﬁgei[gggg#cg?i g%%ﬁ;&%%%g{br -cont ai ni ng
super nat ant ehleupmpressiagdr i vedfenawhdeecBek ipeaitici-ngetEsePsin, A second

approach i nvghuesmgor e W t iav@hiQBy&firRl) okl pel Alrichikenol pyer of
vect or - produci n% cells with the urified cells. Athird approach
i nvol ves ®a sFHRTMRI® 15 EYEIFt PHATR I TAPSE 65 HowdWartSthe purified T

cells are pressttamdeatted thiet hevayd iouaneybgke nemeanidioult4arsd 48 hours

prior to the co-cylliyall,qn }%’Lﬁhaf&e " [adhal &g “geLof, ?L%j.“d ng cells.
Pre-stimulation prior’ to such transduction InNncreases er ective gene
transfer (NoFepatein2m &t leagd2pneEgyreHefasoPwWt D Farees) Priy gl at i on of

these cul t upgsnyOsPIdder aheval 5 PLeVHEescH NFR3%8das8! knowdORY! at i ons
for re-infusi en Into.the patient. Subsequent_ to co-,cu}ttl vation, T cells

are col I'¥ct eGPFr B ' Ve SESF A1 B OLETRY R TRSIEATELAT S&dnded, and
frozen in |iqupd. ZExamirtlieggeli. sEmeyrowahs f et vectages cycalntrad Ni Ng one or

nor e mitogens such as rIL-2, IL-10, IL-12, and IL-15, which
promote growth and activation of lymphocytes. Certain
types of cells are stimulated by other growth factors

15 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.

20 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-6, IL-9, GM-CSF, M-CSF, and G-CSF,
produced by activated T, and activated macrophages,

25 stimulate myeloid stem cells, which then differentiate
into pluripotent stem cells, granulocyte-monocyte
progenitors, eosinophil progenitors, basophil
progenitors, megakaryocytes, and erythroid progenitors.
Differentiation is modulated by growth factors such as

30 GM-CSF, IL-3, IL-6, IL-11, and EPO.

Pluripotent stem cells then differentiate into
lymphoid stem cells, bone marrow stromal cells, T cell
progenitors, B cell progenitors, thymocytes, T, Cells, T.

cells, and B cells. This differentiation is modulated by
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synt heti c expression cassette of the present invention (associated with
appropriate control elenents for delivery to the isolated T celgﬁ% @ﬁﬂmﬁe
assenbl ed using 30 known nethods. Sel ectable markers can also b g

the construction of gene transfer vectors. For exanple, a marker can be
used which inmparts to a manmmalian cell transduced with the gene transfer
vector resistance to a 105 0 5 DEC 1005 WO 00/ 39302 PCTI US99/ 31245
cytotoxic agent. The cytotoxic agent can be, but is not limted to,
neonyci n, wamongg:t ycosi de, tetracycline, chloranpheni catcTasad/diosanm de,
actinonycin netropsin, distamycin A anthracycline or pyr azi nam de. For

5 exanpl e, o n: phos hat ransfe i, np n to the
neomnyci n ana og%ghge%e f%?n gﬂi%)fﬁ' IL‘T4Ce %ﬁ g fvai nt ai ned in
a nedlun1conMaCﬁFnngﬁHLeé§t2onen@ynefbf gromﬁh factor prior to Dbeing

sel ected. A vari eéi‘aﬂfxl&rﬁ‘@tﬁxoﬁ@&trt?é T %n!sagi@ alrffemntc §e@rdo whi ch

sustain the gromh of a particular g | es of such growth
factors are E§PBRYNRS: rﬁﬁQﬁ$€ﬁ§9§%cﬁnﬁbnﬁP r2ph4ﬁﬁ OSuFE 12, and |L-15,
whi ch pmmnnaefgéﬂmmﬁuaﬂﬁnaablMammxutéﬁtﬁwﬁﬁ@Q$&£&§1fgatbﬁén types of

cells are st e Lther actor 13, .su s_hornones, including
hunan chorloﬁgg&g%hgéo Fopithd ?%C%g Elﬁu &FqﬂFHlESFﬁnne The sel ecti on
of an approé#fé@ee@ﬁxﬂdeImaet9¢Simnph;lpartThlﬁznrqn@bb ipopul ation is

readily accomghh§9@ghtg@.gmﬁcg§ Skdldr,dsn the art. 20 For exanple, white
bl ood cells such 5%& %& fferentiated progenitor and stemcells are
i

stimulated by a QEFnéﬁﬁﬁk?Pf9£:P8F§Ph%&nR¥ﬂ§§PﬁF€EFa}WRP |L-3, [IL-4,
IL-5, |06, hhsO,cd<Lomd MaESHhinnd sGnBSE]ated agucedchy, antiaated. T" and

activated MgLaPPAGES. 1edRhPUbAS Drehold SIAGRL tn yhi,gh,Lhen
to GM-CSF, EPO, and IL-6. Erythroid progenitor cells
differentiate into red blood cells in response to EPO.

Thus, during activation by the CD3-binding agent, T

15 cells can also be contacted with a mitogen, for example a
cytokine such as IL-2. In particularly preferred
embodiments, the IL-2 is added to the population of T
cells at a concentration of about 50 to 100 ug/ml.
Activation with the CD3-binding agent can be carried out

20 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

25 modification is carried out when the cell density of the
T cell population is between about 0.1 x 10°% and 5 x 109,
preferably 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.

30 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

registance to a cytotoxic agent, the cells can be
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into pluripotent stemcells, granul ocyte-nonocyte progenitors, eosinophil
progenitors, basophil progenitors, negakaryocytes, and erythroid 5 2005
progenitors. Differentiation is nodulated by growth factors such 603 %E&
GWCSF, I1L-3, IL-6, IL-11, and EPO Pluripotent stemcells then
differentiate into |ynphoid stemcells, bone marrow stromal cells, T cell
progenitors, B cell progenitors, thynocytes, T' Cells, Tc cells, and B
cells. This differentiation is modul ated by 106 0 5 DEC 2005 WO 00/ 39302
PCT/ US99/ 3059 owt h factors such as IL-3, |L-4, IL-6,PqIUsi931aa CSF,

M CSF, G CSF, IL-2, and IL-5. G anul ocyte- rmnocyte progenitors

di fferenti at eohﬁactf@:n&fi)tﬁ'xeﬁhe NBRSHAPIAGLS, cﬁf@td}@lét agem | Swh 3)
differentiation éjuce%t ele% the growt h f %t CEZS F, and

| L- 8. Eosi nophi'l I|E)"“rl%)s’gen|tof:e i$¥FbFEn e 'é”f Yo °& 6%??1% Yy f‘Fﬁf“s process
is nodul at edhbyt GMsCBRedndells 5. IThehdi bebeardhlat monkef ixasopeill
progenitors Lptp, JdQ,JBet, C@xéé Sceai ¢ *&%ﬁoBQ' ESnd2IRAY] At ead o) %’*ECSF’ I'L-4,

and |L-9. Megakaryocytes produce ate ets I n response , EPO, and
| L- 6. Eryt hr 8geprapsiifior fesl tke Rsﬁrﬁlékléﬁ%l%ﬂlé |SHFéa¢%d“daflk@@fd cells in

response to ER&redPushe db&éh@&u@&i Iacatis0BakYbd %s%v@hmge%c%@nt T 15
cells can al so be cont S‘Ft ed f or, exa cyt oki ne such as

a e
IL-2. In partVaXI &9 ShfePapy %tloé’nboaﬂggﬂsﬂ?]sec':tlﬁél FEEI? Fa &&d’@d to the
popul ati on oé¢nfaikdlwrascancormentvaabidonebl shouhg50FAas)100 g/ .

Acti vati on WA e, 85000000, R08NEAEIN: e, Lhede plll, 291E01 2 to 4

days. Once sui tably activat ed, T cells are genetic y wodi fi ed by
cont act itAg tﬁﬁor%a"rﬁ;e WOPHL At SoR t%’é‘ltélﬁéﬁg a tpaftdretay ettiiacender conditi ons
that all ow fedrkdr arsf ebti o6l @ft ildne s¥ept €45 drithalt fige Tugeeldes. Geneti c

magnetically responsive particles as retrievable supports
for target cell capture and/or background removal.
More particularly, positive selection of the

15 transduced cells can be performed using a FACS cell
sorter (e.g. a FACSVantage™ Cell Sorter, Becton Dickinson
Immunocytometry Systems, San Jose, CA) to sort and
collect transduced cells expressing a selectable cell
surface marker. Following transduction, the cells are

20 stained with fluorescent-labeled antibody molecules
directed against the particular cell surface marker. The
amount of bound antibody on each cell can be measured by
passing droplets containing the cells through the cell
sorter. By imparting an electromagnetic charge to

25 droplets containing the stained cells, the transduced
cells can be separated from other cells. The positively
selected cells are then harvested in sterile collection
vessels. These cell sorting procedures are described in
detail, for example, in the FACSVantage™ Training Manual,

30 with particular reference to sections 3-11 to 3-28 and
10-1 to 10-17.

Positive selection of the transduced cells can also

be performed using magnetic separation of cells based on

expresgion or a particular cell surface marker. In such
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25 nodification is carried out when the cell density of the T cel

popul ation is between about 0.1 x 106 and 5 x 106, preferably between
about 0.5 x 106 and 2 x 106. A nunber of suitable viral and nonvb@quQmﬁed
gene transfer vectors have been described for use herein. 30 Afte
transduction, transduced cells are selected away from non-transduced cells
usi ng known techni ques. For exanple, if the gene transfer vector used in
the transduction includes a sel ectable marker which confers resistance to
a cytotoxwooagent, the cells can be 107 0 5 DEC 2005 WRCOQSBZEIDE

PCTI US99/ 31245 contacted with the appropriate cytotoxic agent, whereby

non- transducgéi%cealtll%nc ebgnl eqsatl ‘ﬂg lfs<§al L£ct egléY‘@é’l}Fré)eTectthg t ransduced

cells. If the ®electabl e nar ‘isTa’ce ker fe cells can be
contacted wia¥e aﬁlmSﬁdPﬁgtécagémwélpéBﬁﬂ%ld minsihégp%ﬁmrilfcu(l%s cehh surface

mar ker,  whegebyhddie ok @@ég@&@%@ehhée%&éa%pré@smbaﬁiy wieheehed away from
t he popul ation.. The sel ection st e&ecan al so fl uorescence-activated

cel | sortingCTFACSF (PEENARHRS), - F s&lvhé&ré F%\ES FRRAEEY 81EBl ect cell's
10 from the paptieatabdr pant aiIdngeagpartdgrdtdicaslyf aespornsivier, or the

sel ection St%&’rtﬁﬂ oLl ?M l%h‘,ﬂereusc%ugLF et 9@5% %llylg particles as
or cap

retrievabl e Supports ure “an ground renoval .
More parti cutli}aﬁrl%PeCpésPth@dmﬁ égenbn (giat has ?Pgutl@amcﬁk@ed cells can be

performed uspog@ieACe1e8) | BRI RL1(SiHiRy Fe@§¥a@5ﬁgﬁ:‘ﬂe‘ 'coQgUexSOrter
Bect on Di cki nson InnunECétonetr Syst ens San Jose ort ‘and

col l ect tranSHudd® BRI BRESHras| AEPar 2t s Boﬂejr‘?i‘be]ﬁ?r FS &S mar ker .
Fol | owi mg tr@amschxamipdm ub heg oaelnias_;natec 260 edtdai n@demi wdnidd uor escent - | abel ed

ant i body rmlrg q% e?%)%%@sg@e ﬁ%artthguh%elc&l loe li%f ace nar ker.

The anount o oun t on e can be neasured by passing
dropl ets corﬁ%lﬁﬁtﬁgnﬁﬁel’ée@I%Oﬁtl@rlﬁeghuﬁm @efpgnetic filed while

the negative cells are removed. Thesgse and similar
separation procedures are known to those of ordinary
15 skill in the art.

Expression of the vector in the selected transduced
cells can be agsessed by a number of assays known to
those skilled in the art. For example, Western blot or
Northern analysis can be employed depending on the nature

20 of the inserted nucleotide sequence of interest. Once
expression has been established and the transformed T
cells have been tested for the presence of the selected
synthetic expression cassette, they are ready for
infusion into a patient via the peripheral blood stream.

25 The invention includes a kit for genetic
modification of an ex vivo population of primary
mammalian cells. The kit typically contains a gene
transfer vector coding for at least one selectable marker
and at least one synthetic expression cassette contained

30 in one or more containers, ancillary reagents or

hardware, and instructions for use of the kit.
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sorter. By inparting an el ectromagnetic charge to 25 droplets containing
the stained cells, the transduced cells can be separated from other cells.
The positively selected cells are then harvested in sterile coll edthi@hf 2005
vessel s. These cell sorting procedures are described in detail, for

exanpl e, in the FACSvVantage(tm Training Manual, 30 with particul ar
reference to sections 3-11 to 3-28 and 10-1 to 10-17. Positive sel ection
of the transduced cells can also be perforned using nmagnetic separation of
cell s basW@030expressi on or a particular cell surfacdCR@SH2451 n such 108
0 5 DEC 2005 WD 00/ 39302 PCTI US99/ 31245 separation techni ques, cells to be
positively sgbeGlffa, are first contacted with specific binding agent (e.g.,
an antibody or reagent the interacts specifically with the cell surface
marker). The cel Bglavearpetratniegcebdsreqifis embedivartisefparticles (e.g.,

nmagneti cal | var@§RagSHYE tRAdIH88) iMertic.© ¢REPERMPMeENaBe r €agent that

bi nds the rs’i% cifi.c_bi ndiif"? rgigagnt (that has gtceund }bcg t he EOSI tive cells).

The cel | - bi FiTRGSSgERT - patts LGB BCEEa R Ken® e Ay SPtal |y separat ed

from nons | aheltedded| ts, 1t f dtheexaopé eoflitiheg paesamn etriventiehdin When usi ng

magnet i cal 'y, & §,g9nsi ve particles, the labeled cells can be retained in a
a

cont ai ner using magnetic filed while the negative cel |'s are renoved.
These and si i | aFf§epas atd \vh heedcrade & aneukRoMRCHRhdehof ordinary 15

skill in theeaplct EKOrLeRb&x s Asetin@e MPC! GimoAtEher &RerGk 8des F ansduced
cells can be aszesaﬁd b%/ a nunber of ssg_ys kng to ,those skilled in the
art. For ex&rplé: PR%t 29T BPERCTIP T (HEPK &f }A@%‘fkat&aﬁ BROLH oyed
dependi ¢y ottt keunate urlee 20l lgfwedhéornsert ed nucl eoti de sequence of interest.

,Once expression has been established and the transformed T cells have
7 been tested for the presence of the sel ected :

Example 1
Generation of Synthetic Gag and Env Expression Cassettes
15 A, Modification of HIV-1 Gag, Gag-protease, Gag-reverse

transcriptage and Gag-polymerase Nucleic Acid Codi

Sequenceg

The Gag (SEQ ID NO:1), Gag-protease (SEQ ID NO:2),
Gag-polymerase (SEQ ID NO:3), and Gag-reverse

20 transcriptase (SEQ ID NO:77) coding sequences were
selected from the HIV-18F2 strain (Sanchez-Pescador, R.,
et al., Science 227(4686): 484-492, 1985; Luciw, P.A., et
al. U.S. Patent No. 5,156,945, issued October 20, 1992;
Luciw, P.A., et al., U.S. Patent No. 5,688,688, November

25 18, 1997). These sequences were manipulated to maximize
expression of their gene products.

, 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

30 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 translation ability and instability of the
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synthetic expression cassette, they are ready for infusion into a patient
via the peripheral blood stream 25 The invention includes a kit for

genetic nodification of an ex vivo population of primary mammalian(§@Ef 9405
The kit typically contains a gene transfer vector coding for at |east one
sel ectabl e marker and at | east one synthetic expression cassette contained
30 in one or nore containers, ancillary reagents or hardware, and
instructions for use of the kit. 109 WD 00/ 39302 PCT/ US99/ 31245 _

EXPERI NENTXP 089303y ar e exanpl es of specific enbodi ment s PEBUSI9GAI6yi ng out
the present invention. The exanples are offered for illustrative purposes

only, and ar enet. 51hn&&np&dl§o% | Wbkl f@cp%%%%d%u&é}? ReRgnt invention in

any wa Efforts hav bee nmade to_ensure accuracy Wwth respect to nunbers
usgd (g g., g]r?ﬂt&td% G f&LHy, %Géan%n%{jdé‘tgl mental error and
devi ation shcndcpb,encée ﬂéré:(]nﬁ’cﬁé,lebet@JB@Vbﬁiﬁ\pf‘:l@éblEXt&:mﬂdﬂoi: Geagsation of

Synthetic GagQhd Eﬂvlég%ﬂfséé ?:ngg gg}r&a%s }é A. Modification of H V-1

Garr. Garr-protease ranscrl asé and Gag- pol ynerase Nucl ei c
Acid Codithg Sequagese The KE@@%SE@I@W@@)SOHQQ eoteasent SET | D NO 2),

Gag- pol ywerasc%r{taﬁe E&r NAiS3)opnaBdo £ J150e R38040 LaNRAkL! Rijase (SEQ ID
NG 77) coding, sequences were selected fromthe H V-1SF2 strain

( Sanchez- Pesc(aﬁ? argson windgw sigg;zRY 2Fpragstity 4898 knogs, Luciw,
P.A , et al.td)($) Patemitddde,5(15p, 1 a saoed mm&TfGZOanleQZ Luci w,

PAL et el S nBoLel Nl 25u00R 000 MagIRek, 25, 16, 11997) These

sequences were mani 0P maxT T e - expragsi BBt their gene products.
First, tHe HI \9—1106665‘?@%@ -pheephatavgiehyddpgerase)o MRNA is known

to (i) be a stable RNA, and. (i) have a low A-U content.
In Figure 11, the percent A-T content of theée two
sequences are compared to the percent A-T content of
native HIV-1SF2 Gag cDNA and to the synthetic Gag cDNA

15 sequence of the present invention. The top two panels of
the figure show the percent A-T content over the length
of the sequences for IFNy and native Gag. The bottom two
panels of the figure show the percent A-T content over.
the length of the sequences for GAPDH and the synthetic

20 Gag. Experiments performed in support of the present
invention showed that the synthetic Gag sequences were
capable of higher level of protein production (see the
Examples) than the native Gag sequeﬁces. The data in
Figure 11 suggest that one reason for this increased

25 production may be increased stability of the mRNA
corresponding to the synthetic Gag coding sequences
versus the mRNA corresponding to the native Gag coding
séquences.

Second, there are inhibitory (or instability)

30 elements (INS) located within the coding sequences of the
Gag and Gag-protease coding sequences (Schneider R, et
al., J virol. 71(7):4892-4903, 1997). RRE is a secondary
RNA structure that interacts with the HIV encoded Rev-

protein to overcome the expression down-regulating
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that the resulting nucleic acid coding sequence was conparable to codon
usage found in highly expressed hunan 30 genes. The H V codon usagep;
reflects a high content of the nucleotides A or T of the codon-tri ?QECHME
The effect of the H V-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
translation ability and instability of the 110 0 5 DEC 2005 WD 00/ 39302
PCT/ US99/ 31245 nRNA. | n conparison, highly expressed hunman codons prefer

t he nucl ewbioslsze:G or C. The Gag-encodi ng sequences weperABshishiegd to be
conparable to codon usage found in highly expressed human genes. 5 Figure
11 presents a arlso the percent A-T_ content for the cDNAs of

stabl e versuSf S6Eet S(c Pp Y EESA S tiFowegr FEemensoforHuman | FNy mRNA

is known topgst- dranuﬂsﬁpbidnaKIddtlbav2n§imﬁhwdhlbﬁéfoﬁlﬁRE a%ﬁd (iii) have

a high A-U N, GAPDH 0 | ceraldeh de 3- pha
dehydrogenasé?gnaﬂg nEﬂ%ﬁ&Fe:L Fp%g%%n §F§EF Pgﬁﬁ ? have a | ow
. A-U content. POIMPQthdﬁe tille INﬁaWpEEcén@cv¥VEUadnbeninmﬁodmmaag two sequences

are conpar e%ﬁ&lﬂl%D%Aﬁ.ﬁg%utAat-EoﬁgnEﬁQE fHa Rat Eygeﬁlt\{lé%%d??ﬁecm and to

t he synthetlﬁéa sequence of resent Invention top two
panel s of ne §d éhghﬁﬁquﬁg QéPE@h?SAr iyEEeht SRRMSE tP8e | ength of the
sequences fowridﬂﬂplasdzn@ﬁg\Bbdﬁ@@ceThﬁh@Q&ﬁﬁMhbﬂDofpﬂﬂEHNSOf the figure

show t he perﬁgﬁ% 5% cgg&qgi %¥>1f1th§u&?n%%@eoﬁo @@ égguences f or GAPDH

and the synt erimen pertormed Insu rt of the present
i nvention skﬁﬁﬂﬂfﬂ?ﬁétt?héeégﬂﬂI@@ERC €£@FQnaquences were capabl e of higher

l evel ofoprotein F@&Oéﬂetcb,é&lp(r%%awese@@m' e®i14hapd hagpatpve Gag

sequences. The data |g 11 suggest that one Teason for this
i ncreased 25V Prod§¥EF ﬁt’n‘é'y s@@ |IHCW%%s%d 7§t 3B 7Y dher KBapseR in
correspondi ngpdan tbegsymlweidtentCagted i Gheedegie®s up to the -1

frameshift and starting again at the end of the Gag
reading frame (Figure 2; the region indicated in lower

15 case letters in Figure 2 is the unmodified region).
Further, inhibitory (or instability) elements (INS)
located within the coding sequences of the Gag-protease
polypeptide coding sequence were altered as well
(indicated in Figure 2). The synthetic coding sequences

20 were assembled by the Midland Certified Reagent Company
(Midland, Texas).

Modification of the Gag-polymerase sequences (wild
type, SEQ ID NO:3; synthetic, SEQ ID NO:6) and Gag-
reverse transcriptase sequences (SEQ ID NOs:80 through

25 84) include similar modifications as described for Gag-
protease in order to preserve the frameshift region.
Locations of the inactivation sites and changes to the
seéuence to alter the inactivation sites are presented in
Figure 12 for the native HIV-1lg, Gag-polymerase sequence.

30 In one embodiment of the invention, the full length
polymerase coding region of the Gag-polymerase sequence
is included with the synthetic Gag sequences in order to
increase the number of epitopes for virus-like particles

expressed by the synthetic, optimized Gag expression
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versus the nmRNA corresponding to the native Gag coding sequences. Second,
there are inhibitory (or instability) 30 elenents (INS) | ocated wthin the
codi ng sequences of the Gag and Gag- protease codi ng sequences ( SQBMEC delH
R et al., J Virol. 71(7):4892-4903, 1997). RRE is a secondary RNA
structure that interacts with the H 'V encoded Rev- protein to overcone the
expressi on down-regulating 111 0 5 DEC 2005 WD 00/ 39302 PCTI US99/ 31245
effects of the INS. To overcone the requirenent for post-transcriptional
activating, Qﬁ pisnms of RRE and Rev, and to enhance ipeposnsRn
expre55|on o the Gag polypeptide, the INS were inactivated by introducing
5 nmultiple point nutations that did not alter the reading franme of the
encoded pr ot €RR§etFE gurRecRusigoRynERet 1o HLYi-hafasrrleagrééquence, the

| ocation of EherbBSes S@@@&%&mamﬂytctaexerm@htausaﬁummdeeﬁ@yntébe I NS
sequences to reduce their effects. %. %&i Q p&g@,a§e sequence (wld
type, SEQ | D¥eNErse XARIfHPEas8eeRTD B! eqﬁa d ?, tfe changes in
codon usage wedettestto othed stoutherakgimtsiog dud thtedsef § aitesid ft and
starting AgaiuatcLhe &NdlcdiBectatr LRI dbGea Lhe T egion

i ndi cate case etters 1n Figure 2 1s the unnoditied region).
Further, i nhﬂﬁlﬁéﬁwe(%ﬁ1QQk9P§bFPlF9? %ﬂ(ﬁﬂénF§T(¢?$§lnﬂ SEaPe 3t 9% n t he

Cf)di ngdsequeﬂnlﬁiaé eb é&lﬁ&&gcarteuyase ncgﬁluyuaﬁp&ma:he anfdindg GeEnence vere, "
altered as we i nd |c . .The syn etlc ACO sequences
were assenbl E§°B§ Frﬁ? 1§h3TC§Pg §%d&ﬁ@¥bgﬁt Ayany ® ﬁfﬁ?and, Texas) .

Modi ficati on (@8itbe) Gapgsol yimher aeereemMeesP(mdm Prepgpe, NSEQ!dr[B NO: 3;
synthetl S V. tr ase uences (SEQ I D
fo OUS%S g{%@ ?qa%gcﬂ VRIS aPeR{dd a%e SR4 (

;80 t i'frcations as described for Gag-
Laurence, J. (1995), Jburnal Of Acquired Immune

Deficiency Syndromes and Human Retrov;rology 9(1):58-68;
Wakefield, J. K.,et al., (1992) Journal Of Virology
66(11) :6806-6812; Esnouf, R.,et al:, (1L995) Nature

15 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
Biochemigtry 73 (1994); Jacobo-Molina, A., et al., (1993)
Proceedings Of the National Academy Of Sciences Of the

20 United States Of America 90(13):6320-6324; Hickman, A.
B., et al., (1994) Journal Of Biological Chemistry
269(46) :29279-29287; Goldgur, Y., et al., (1998)
Proceedings Of the National Academy Of Sciences Of the
United States Of America 55(16):9150-9154; Goette, M., et

25 al., (1998) Journal Of Biological Chemistry

273(17):10139-10146; Gorton, J. L., et al., (1998)
Journal of Virology 72(6):5046-5655; Engelman, A., et
al., (1997) Journal Of Virology 71(5):3507-3514; Dyda,
F., et al., Science 266(5193):1981-1986; Davies, J. F.,
30 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)
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protease in order to preserve the frameshift region. Locations of the

i nactivation sites and changes to the sequence to alter the inactivation
sites are presented in Figure 12 for the native HV-12 .2 Gﬁg_pobgﬂ?ﬁ%@?
sequence. 30 In one enbodi nent of the invention, the full length

pol ymerase codi ng regi on of the Gag-pol ynerase sequence is included with
the synthetic Gag sequences in order to increase the nunber of epitopes

for virus-like particles expressed by the synthetic, optimzed Gag

expr essi orwd ddse8025 DEC 2005 WO 00/ 39302 PCT/ US99/ 31245 eeneehizts Because

synthetic H V-1 Gag-pol yner ase expresses the potentially del eterious

functional e RT andlnterase(ll\ﬂ') (in
addition to tha sfrucfélfsrq%esﬁr&t g? @ ﬁﬁﬂ‘gfe se¥; a4 grge}'np%'rtant to

i nactivate RE.afd99NT ﬁmuﬁemmrySm/enmal 10604 f 1 @6U3 dola@uin@es, iM. the RT and
I NT readi ng fta cap |eve S taI n upgt i onal enzynmes
with respect lFtt g?t hel %1) gg‘fsﬁlﬁlaaactl & f%’é ‘HF&) %gf} Elgé‘Edi tor) (1995)
The Retrovi riPééénlwan/mqu.ess aNew (M®oR) I@urﬁﬁl\lcﬁf Hio145038X. Pages
215-20; @i y (1 n ui red | mmune

M@ s Bry b (143UEE0EF.1 Thesl 885%3](% @8%68%\@ !

Def i ci ency Syndr orres and Human™ Ret r'ovi r ol ogi efield, J.
K et al., (1389%) JBiReRAdiopsVPE otkryWatdenal)AGBben6@r2Sckemeee OR . et al .

(1995) Naturehé5u§1f¢u:twaaﬂest9I.&gyn%(a4)az$ﬁ>§3 :39283 M%Is N3Reng N .61 al .

1998) J | \bj e B 282 Katz, ' R A and
Skal kb, A N0 100 S ual (LRES] RIS edBEK ot iy 4238 (A% |

Jacobo- Mol i napev@ce, &R. &A..,, e€1993) (ﬂ%rstscesdné@@e @‘67t(lseobl§it9w1€d93Aqaderry of
Sci ences (O ‘the 2 t mer i 9Q(13) ,: 6320-6324; Hi ckman, A
B., et al., (199%§JJour ng’rri§ ?Egc Syrcal® %%ngtr%” SBOYORSS 55879- 29287:
Gol dgur, Y., betadded to14h8) Ga@rmlemrngs Shngtrudist wobhin Adedeny O

Sci ences OF abPetidtid &t Shat 28- AndTRITLE8a 97 1DqueRlale 91041 Grette, M, et

and augment any epitopes deleted by the functional
modifications of RT and INT. Alternately, selected B-

15 and T-cell epitopes (including CTL epitopes) from RT 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- and T-
cell epitopes see, HIV Molecular Immunology Database CTL

20 Search Interface; Los Alamos Sequence Compendia, 1987-
1997;Internet address: http://hiv-
web.lanl.gov/immunology/index.html.)

The resulting modified coding sequences are
presented as a synthetic Gag expression cassette (SEQ ID

25 NO:4), a synthetic Gag—protease expression caasette (SEQ
ID NOs:5, 78 and 79), and a synthetic Gag-polymerase
exPression cassette (SEQ ID NO:6). Synthetic expression
cassettes containing codon modifications in the reverse
transcriptase region are shown in SEQ ID NOs:80 through

30 84. An alignment of selected sequences is presented in
Figure 7. A common region (Gag-common; SEQ ID NO:9)
extends from position 1 to position 1262.

The synthetic DNA fragments for Gag and Gag-protease

were cloned into the following expression vectors:
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25 al ., (1998) Journal O Biological Chemstry 273(17) :10139-10146;
Gorton, J. L., et al., (1998) Journal of Virology 72(6):5046-5055;

Engel man, A, et al., (1997) Journal O Virology 71(5): 3507- 3514 Dﬁﬁyzﬂ&ﬁ
F., et al., Science 266(5193):1981-1986; Davies, J. F., 30 et al., (1991)
Sci ence 252(5002):88-95; Bujacz, G, et al., (1996) Febs Letters
398(2-3):175-178; Beard, W A, et al., (1996) Journal of Bi ol ogical
Chem stry 271(21) :12213-12220; Kohlstaedt, L. A, et al., (1992) 113 0 5

DEC 2005 w@o0sy3809302 PCT/ US99/ 31245 Sci ence 256(5065) : péBRsshARYs Krug, M
S. and Berger, S. L. (1991) Biochem stry 30(44):10614-10623; Mazunder, A,

et al., (1996 ”M)I ecyl ar_Phar macol o 49(4):621-628; . Pal ani appan, C., et
al ., (1997) %%urr‘m“ézl' TBF TG R eﬁ%ﬁ%‘?ﬁ%’% A7S3Y8 (3% D57 11164; Rodgers,
D. W, et alimmunikag3pnpPesbedisl ngdeChCHViEmNaeiconal wake atkeriwed £86mences of
the United Si@hgs KnABRLALC (4) yhé225 124H Rraghe 168 enni s, D.
(1993) B oy str?&32 8 ;%93 -'492’%‘?' %pencg,egR. p%?9,1|\51er1—9~a|9.g,75)?1995)

Sci ence 267(FAN) andgcouRrisep akanpey it eederbablel Wrkend/ ar T-cel |

epi t opess carcoll addgdnt 6f g 1GrATREH Y BIARE peBRSt s Wrhaficb i ng he
to replace and augnent any

del etions of_the - and. | NT- codi ng, sequence p

epi t opes deIIe‘}tercTr"oR;'t%ng%‘ﬁ%‘% i%(Yn&P 1IRPN e P bRSIOF TP gHpthafic

Al t er nat el y,sespleeceeddBsdbiamil bEloel foXipivedpby 4 i pulyadiengl&iiogpi t opes)

from RT and_silc_:’}[glcégrp'@e& nﬂ&@%&f&ﬁea?mﬂh”ﬁgré(we f_o_r i d béM\?%l‘g ession Of
gPro bBd &

the synthetic "Gag or synthetic cassette, descri e. (For
descri pti onsSSHCRNSMAL RIS/ Brom feTOCHE Jinkyveepes apdy, iRl vhawl =cul ar
~I'mmunol gy BailahdnreCThi?d WwRAnakelPéerires pckoimAl R REnsSeguence Conpendi a,
\%gg?I aﬁﬁgéob%% gggi?‘?\%éxﬂm E?ig'ﬂfﬁ‘eerr B5 P27 Hy WSd-FREA R 0di ng
sequences arl$97)repEAN2dhfs FigymehbiA)c aBdgpeXyPlasiifan (ahss etriaer{ SEQ | D
as pCMVIII as shown in Figure 13B), for expression in
Chinese Hamster Ovary (CHO) cells; and, pAcCl3, a shuttle
15 vector for use in the Baculovirus expression system
(pAcCl3, was derived from pAcCl2 which was described by
Munemitsu S., et al., Mol Cell Biol. 10(11):5977-5982,
1990).
A restriction map for vector pCMV-link is presented
20 in Figure 14. 1In the figure, the CMV promoter (CMV IE
ENH/PRO), bovine growth hormone terminator (BGH PA),
kanamycin selectable marker (kan), and a ColEl origin of
replication (ColEl ori) are indicated. A polycloning
site is also indicated in the figure following the CMV
25 promoter sequences.
A restriction map for vector pESN2dhfr is presented
in Figure 13A. 1In the figure, the CMV promoter (pCMV,
hCMVIE), bovine growth hormone terminator (BGHpA), Sv40
origin of replication (SV40ori), neomycin selectable
30 marker (Neo), SV40 polyA (SV40pA), Adenovirus 2 late
promoter (Ad2VLP), and the murine dhfr gene (mu dhfr) are
indicated. A polycloning site is also indicated in the

figure following the CMV promoter sequences.
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25 NO 4), a synthetic Gag-protease expression cassette (SEQ |D NGs:5, 78
and 79), and a synthetic Gag-pol ynerase expression cassette (SEQ I 6}.
Synt hetic expression cassettes containing codon nodifications int C 2005
reverse transcriptase region are shown in SEQ ID NGs: 80 through 30 84. An
al i gnment of selected sequences is presented in Figure 7. A conmpn region
(Gag-common; SEQ ID NO 9) extends fromposition 1 to position 1262. The
synthetic DNA fragnments for Gag and Gag-protease were cloned into the

fol | ow ng vaxgaefsi on vectors: 114 0 5 DEC 2005 WO 00/ 39;&?,?591'{2 99/ 31245
pCWKnR2, for transient expression assays and DNA inmunization studies, the
pCWKnR2 vector was derived from pCW6a (Chapman et al., Nuc. Acids Res.
(1991) 19:3979- 39BEFElhd coBfprIeelom dfapaNyELEARGY doCHBIEI hawder, a 5

Col E1 ori gi naef f6EPbwSat iTeN cofs EMEDTLPRFRT cSHHANGET tARJEMERTFORE A

fol | oned by zm jénse?rjléi on site for the sgnt hetic sequences_described bel ow
fol l oned by a‘BoFytredyiPAeCBR SRYghdlitddr L GadeT (ah BERrABPY Hidch hor none - -
the pCWKnR2 fvewtpeitehf4aer INBraged haaCWWmk i wkukerGt eir)oghy in that a 10

lylink I I 4 ' t -link (Fi
70, pol yi nkir ooy oo PR REE R LRMETRY) 1 DB RR el gl o ) and

pCWPLEdhf r Bl ¥82 1¥rauf ragaepMe 191 ves PEFoRMCY n  Ahgudefi3®ine fwars expr essi on

in  Chinese borsimyl iy t¢GHQeaedrsr apd i%%%%od@cé%ﬁéﬂ% 15 vector for
use in the Bagul Quir s_%égresy on system zPACCI , Was derived from pAcCl2
whi ch was dedcti d'cﬁxy nBRFTRL & Plareapt thepltraspiapien .stop

10(11) : 5977-60&2 arkDI@perhedesd rarc iNcon Bamp) f ffagweat Oto PEIMG IJEAK i s

pr esent 20 _+¢ i g 14 n figqure, the CW p ter. (CW IE

ENH/ PRO)@Lfa bo%i]?l%mg'r O\l#;te tﬁotr:rrlr%naeé g-lrur?it% t BFC (BAS JAF, 58{; "§9sel ect abl e
mar ker (kan) fremd PSYSNEP GFleopteddf, PardplAltx.i B)( GerHtatoinie amde i ndi cat ed.

A pol ycl oni nghserted into the unique BamHl site of pET-E:DHFR to give
PET-E-DHFR/Neo,,,. Then, the bovine growth hormone
terminator from pCDNA3 (Invitrogen, Inc., Carlsbad, CA)

15 was inserted downstream of the neo gene to give PET-E-
DHFR/Neo,,, BGHt. The EMCV-dhfr/neo selectable marker
cassette fragment was prepared by cleavage of pET-E-
DHFR/Neo ;) BGHt . The CMV enhancer/promoter plus Intron A
was transferred from pCMV6a (Chapman et al., Nuc. Acids

20 Res. (1991) 19:3979-3986) as a HindIII-Sall fragment into
pUC19 (New England Biolabs, Inc., Beverly, MA). The
vector backbone of pUCl19 was deleted from the Ndel to the
Sapl sites. The above described DHFR cassette was added
to the construct such that the EMCV IRES followed the CMV

25 promoter to produce the final construct. The vector also
contained an amp® gene and an SV40 origin of replication.

. Selected pCMVKm2 vectors containing the synthetic
expression cassettes have been designated as follows:
PCMVKm2 . GagMod . SF2, pCMVKm2.GagprotMod.SF2, and

30 PCMVKm2 . GagpolMod.SF2, pCMVKm2.GagprotMod.SF2.GP1l (SEQ ID
NO:78) and pCMVKm2.GagprotMod.SF2.GP2 (SEQ ID NO:79).
Other exemplary Gag-encoding expressing cassettes are

shown in the Figures and as Sequence Listings.
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site is also indicated in the figure followng the CW 25 pronoter
sequences. A restriction map for vector pESN2dhfr is presented in Figure
13A. In the figure, the CW pronoter (pCW, hCWIE), bovine growt hﬂki'cﬂ'Efn?ﬂ[S
term nator (BGHpA), SV40 origin of replication (Sv40o0ri), neonycin

sel ectabl e 30 marker (Neo), SV40 pol yA (SV40pA), Adenovirus 2 late

pronmoter (Ad2VLP), and the murine dhfr gene (mu dhfr) are indicated. A

pol ycl oning site is also indicated in the figure follow ng the CW
pronoter sgg H&P . 115 0 5 DEC 2005 WO 00/ 39302 PCT/ USQ@}3dkednSriefly,
construction PCWPLEdhfr (pCWII1) was as follows. To construct a DHFR
cassette, the EMCV IRES (i nternal ri bosorre entry site) | eader was

PCR- anpl i fi e f r Medpica b : manik 5 i nserted

into pET-23d (NOVﬁSEelllirl@uclé\:ﬂé \A@u&e&mﬁ%) S@ﬁueﬁ&%%rmgtiéﬁwm to give
pET- EMCV. The dhfr_genpe was a I e romp 0 give a product
with a Gy-Gy-G%gSa?E%%a%@ﬁgﬁlgﬁa%@%F-ﬁetranslatlon stop codon and

inserted as an Nca'oBaad:il:ftragamrmb Loggi ot PETtA® dadHRR Hblexéeré he

attenuat e e i fi SV2Ne Cl,ont Pal o Alto,
CA) deri v%tl ch d%%’ E\é\ﬁ‘ger Td :Hyt ﬁfeilfulrﬁaqﬁgnBan?-lle qté' cSr p E— DHFR t o

give PpET-E- EWHG@(:nmSGéQ]@rxprbheld:mmmegtevwms horedbae ateeRri nator from

CDNA3 (Invit oMNS eamof t he
ﬁeo gen(e to g'{ \%ﬁgl‘:ﬁ ‘ng?—lF%EIr\Ief%?ag ﬁ%ﬁtpé'?lﬁ% Wf{ﬁ&dngoﬁ@é ct abl e

mar ker casseétde Pﬁﬁaﬁh&-ﬁt (Sfss I9r é’Ba%%*)d Frec PER Vel idfi g Tor-was

DHFR/ Neoi m ) BGrductbe %ﬁnhﬁaﬁeﬂ Riyemes Slis g Schathgendk s Was transferred

fromp Nuc. . Aci (1991 79- 3986) as a
H ndl I | - gal I (pglé'%era [ n'(?]!(')hez rﬁéi‘&tt’i{%d"%éné’mﬁ‘dcbwoﬁs §n§iFﬁ%§ Bverly, M).
The vector l%ﬁckleheomdﬁﬁJ@I@ wadmeled atsdagf then RrmnegdePCRocidmn-uBapl sites.
The above desGhi Bad EHER £iassetkd VéERR9eEnd sall digestions. For

HCV core coding segquences, the following primers were

used with an HCV template (Houghton, M., et al., U.S.

15 Patent No. 5,714,596, issued February 3, 1998; Houghton,
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 No. 5,728,520, issued March 17, 1998; Weiner,

20 A.J., et al., U.S. Patent No. 5,766,845, igsued June 16,
1998; Weiner, A.J., et al., U.S. Patent No. 5,670,152,
issued September 23, 1997): CORESAL 5 (SEQ ID NO:13) and
173CORE(SEQ ID NO:14) using the conditions outlined
above. The purified product was digested with Sall and

25 BamHI restriction enzymes. The digested Gag and HCV core
PCR products were ligated into the pCMVKm2 vector
digested with EcoRI and BamHI. Ligation of the PCR
products at the Sall site resulted in a direct fusion of
the final amino acid of p55Gag to the second amino acid

30 of HCV core, serine. Amino acid 173 of core is a serine
and is followed immediately by a TAG termination codon.
The sequence of the fusion clone was confirmed. The

PCMVKm2 vector containing the synthetic expression
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25 pronoter to

to the construct such that the EMCV I RES fol | owed the CW

produce the final construct. The vector also contained an anpr gene and an
Sv40 origin of replication. Selected pCWKn2 vectgrs C?ﬂf?lnlpg 0/EDEC 2005

synt heti c expression cassettes have been designated as foll ows:
p%NVKnQ.GagNEd.SFZ, pCWKn2. Gagpr ot Mod. SF2, and 30 pCWKn2. Gagpol Mbd. SF2,
pCWKnR. Gagpr ot Mbd. SF2. GP1 (SEQ ID NG 78) and pCWKnR. Gagpr ot Mbd. SF2. GP2
(SEQ ID NO 79). O her exenplary Gag-encodi ng expressing cassettes are

shown i n Weodksoger es and as Sequence Listings. 116 0 SC@ % 00/ 39302
PCT/ US99/ 31245 Be Mbdification of H V-1 Gag/ Hepatitis re ric
Protein Nucleic Acid Codi ng Sequences CGeneration of Synthetic Expression

Cassettes To“PaEFHTe afas tdﬁélgpg'é‘?qicﬁﬁ FCMVKe2 GapModBiCMEVreore 5 codi ng
seaﬁgncgz (I;CR anthe fEHEII-BaMHASE AGHRY el s %é”ﬁ;aqi yatpet g »Passsgal% expr essi on

te with t | ow ng priners GAGS(SEQ
TDNO 1) anpes i, Bepy PG o st of o ast Sartpr | PReBi U
conduct ed at SXBXeFHOM5 Heekesn Uusiatly SbnatlagehexprBiEidd @giyrrerafg u;hﬁ
resul ting PGRuPFMBIGrat@ant eBoe! e a-86n %{eﬁ%é%gtlg%%ﬁ?n’éngnsgﬁ 9

P a PCR cl ean-u kit an then su
I:Ilhges': ?gﬁg ‘Eo?rosﬁ@\?ycGgé‘f(’:’ﬁ’a‘i"hg’%&&éﬂc&rmqmmoI Tov@enmpyatiemehe wer e used

with an HCV alsons aﬂ@n@Hbugh&@zﬁtaMmget;h@I synggeglclgagag el 557%25828
i ssued Febr Ugy s adl%g lt@g htc; ch fogo ng S‘U S.” Pat en ) 2 085 oag’
i ssued January ¥ 8 on tof W EeRS wBfent No. 4
i ssued NoverRRFEQFMedgopCMygnarodifidd, peiGay wasUuSed Rathip1Nee 5, 728, 52

i ssued Marchedy, Pck93%p1%lﬁ§mon29u€‘h‘]mss§t(s"i!JQ IgUb@ thgate ¢ Ng 6?07?22845
i ssued June i A :
:Sgued Sept eﬁ ‘S]fg §99’§$ 16’0@5@%85 (BEQTepiND am)lidried

corresponds to the BspHI and Sall sites at the C- terminus
of synthetic Gag sequence. The amplification product was
digested with BspHI and Sall and ligated to SallI/BamHI

15 digested pCMV-link along with the Sal/BspHI fragment from
PCMV-Km-p55modGag , representing the amino terminal end
of modified Gag, and the SalI/BamHI fragment from pCMV-
p55Gag-corel73. Thereafter, a T4-blunted-Sall
partial/BamHI fragment was ligated into pAcC4-Smal/BamHI

20 to generate pAcC4-pS55GagMod-corel?3 (containing the
synthetic sequence presented as SEQ ID NO:7).

C. Defining of the Major Homology Reqion (MHR) of HIV-1
p55Gag
25 The Major Homology Region (MHR) of HIV-1 P55 (Gag)

is located in the p24-CA sequence of Gag. It is a
conserved stretch of 20 amino acids (SEQ ID NO:19). The
poéition in the wild type HIV-1g, Gag protein is from aa
286-305 and spans a region from nucleotides 856-915 in
30 the native HIV-1g, Gag DNA-sequence. The position in the
synthetic Gag protein is from aa 288-307 and spans a
region from
nucleotides 862-921 for the synthetic Gag DNA-sequence.
The nucleotide sequence for the MHR in the synthetic
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173CORE(SEQ I D NO: 14) using the conditions outlined above. The purified
product was digested with Sall and 25 BanH restriction enzynes. T%ﬁﬁ

di gested Gag and HCV core PCR products were |ligated into the pCMIRNBEC 2005
vector digested with EcoRI and BanmHl . Ligation of the PCR products at the
Sall site resulted in a direct fusion of the final amno acid of p55Gag to
the second amno acid 30 of HCV core, serine. Amno acid 173 of core is a
serine and is followed inmediately by a TAG term nati on codon. The
sequence b ooBA3ei usi on cl one was confirnmed. The pCIVI\/Krie‘.@:T){Jg;9938;4 cont ai ni ng
the synthetic expression 117 0 5 DEC 2005 WO 00/ 39302 PCT/ US9 §1245
cassette was,desi ed as gCM\/KmZ.Ga MbdHCVcore. The EcoRI-BanHl fragnent
of pSSGag-co?%gePi s 15] BEestteedsi REQ He N 2BantHivuitgesnsegrpAcCl3 for
bacul ovi rus dekeriessi dn. th¥ésimime hkatissepndrideed exernessicamn and 5 sucrose

gradi ent sedi @t At . ith electron mcroscopy confirmed particle
formati on. T% genegya?@p?%gng%#&fgec E%eu%t[ﬁonco(%f’ﬁf’ﬁ?% e &Ynthetic Gag
sequences (#hst ebhd VBroli | TR (320eP318he3 1D/ |10MSRgMsheps WaY.€ eper f or ned:
pCWKnR- godi {1 ed PIAGRT ¥ g ). a 10 for PCR anplification with
MB65 ( SEQ | D NG 15) “and _ IVEBG)G?%%& Iaf)sﬁg)il%ﬁﬁri mers. The region anplified
corresponds to t FETBEPH 188RE isy FosthedMHR nusdectide rdauwencef caynt hetic Gag

T OAL00 o Salio baTtL 15 ch ast ot PO Lok ek onc e pRtef Try | A
igated to . | te -1ink .along wth the Sal/Bsp
fragnent fro(?nh%aﬁ%ﬁ- Eﬁ«%g‘%ﬁ*%%g n?gft’ﬁﬁ SOSTECAg - Sehi SQUEBr$Mmal end  of
nodi fi ed Gagiramedsche SAl | /HBaginsf abgpmitthef,r edtpGRE feA3Gagngor ei 73.
Thereaf ter, &kelhikynbedamwetdrsRakhi ald _f raggent ligated into
pAcC4- Snal / B, rﬁEI{b é-g %o gen,errast eép%gﬁmx-%gg'?l& Eb%’oroe%\g%p(cont ai ning the
synt heti c séﬁl?&‘?@@ Br 8sentiEdeds SR PIBINE 7) 5/ K-tDutlienFnd. ovindwy Mai or
Honol ogy Regiize EVER)and #lodtihg gap penalty = 10. '

D. Generation of Synthetic Env Expression Cassettes

15 Env coding sequences of the present invention
include, but are not limited to, polynucleotide sequences
encoding the following HIV-encoded polypeptides: gpl6o0,
gpl40, and gpl20 (see, e.g., U.S. Patent No. 5,792,459
for a description of the HIV-1l,, ("SF2") Env

20 polypeptide). The relationships between these
polypeptides is shown schematically in Figure 15 (in the
figure: the polypeptides are indicated as lines, the
amino and carboxy termini are indicated on the gpléo
line; the'open circle represents the oligomerization

25 domain; the open square represents a transmembrane
spanning domain (TM); and “c” represents thé location of
a cleavage site, in gpl40.mut the “X” indicates that the
cléavage site has been mutated such that it no longer
functions as a cleavage site). The polypeptide gpl60

30 includes the coding sequences for gpl20 and gp4l. The
polypeptide gp4l is comprised of several domains
including an oligomerization domain (OD) and a
transmembrane spanning domain (TM). 1In the native

envelope, the oligomerization domain is required for the
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D55Gag 25 The Maj or Honol ogy Region (MHR) of HI V-1 p55 (Gag) 1is located in
the p24-CA sequence of Gag. It is a conserved stretch of 20 am no acids
(SEQ ID NO:19). The position in the wild type H V-1sF2 Gag protein(b$EF @in
as 286-305 and spans a region from nucl eoti des 856-915 in 30 the native

H V- 1ss2 Gag DNA-sequence. The position in the synthetic Gag protein is
fromas 288-307 and spans a region fromnucl eotides 862-921 for the

synt heti ¢ Gag DNA- sequence. The nucl eoti de sequence for the MHR in the
synt heti ¢ whlg DEC 2005 WD 00/ 39302 PCT/ US99/ 31245 Cﬁgll){tj)sq EZ 1S
presented as g%(%§l D NO 20. Mutations or deletions in the am9[§'cz)25aci d
sequence of the MHR can severely inpair particle production (Borsetti, A,
et al., J. WPRoFOVaARNt|pegedanBuy of Ghgee MpkiapelyPeptides td ., J Virol

68(8) : 4927- 4936m 49&4):1erﬁ?e_r gemc&&@tlwr&  herVdBvRYeheot i de sequence can
be determ ned,, for am (Htachi Software

usj ng t
Engi neeri ng %ﬂ%‘?’f%%tll_“ﬁl f“’é&h gb%t‘-’r?%aﬁrlﬁ?’én r?cdts%k)f  HrRfYigRd 281 gori t hm
with the fol bolwprptliGesx enpl alyo pargamstzed sin gaamrpaaaht:yst—rlﬁ:tu&@ of top

di agonal g = R, gg% epal.t e = 5, and
floating gap gcefﬁ%al ty G?%Rtg S&L Géélneearvg Foﬁi o'?g) r’ftl%tfq%g ng re¥5| on
Cassettes rbc?éPienQ° ¥BeRNds S@HU?ﬁ@ei)rf@é‘eﬁpl?ﬁvémltdw i ncl ude, but

are not Ii mp@ﬂyﬁéptml ¥aYGEeed d@ﬁ%ﬁﬁ@ﬂ&ﬁ? Qr&cggwg s f ol | owi ng

HI V- encoded | vpept i des: 160, , U. S. Patent
No. 5,792, 45 e%/‘garg%alsdggé?ﬁ B‘f?’brPeo?“%ﬁEéﬁiu P ,e,"e("il%‘ﬁ%‘ﬁgeeﬁ\‘i 20

pol ypept i de) thehwitregl aThenséspist dnet wet#0 t elsPeppdiy peptrdigonds §Bown
schemat bgal Ly dfufdaaeedn (46 dfigo LhobL Gind Re-REbYRERtides are [ndicated

as lines, the amno and car ermni are indlca t he gpl 60
spanning domain of gp4l has been deleted. This gpl40

polypeptide can exist in both monomeric and oligomeric
(i.e. trimeric) forms by virtue of the presence of the
oligomerization domain in the gp4l moiety. 1In the

15 situation where the cleavage site has been mutated to
prevent cleavage and the transmembrane portion of gp41l
has been deleted the resulting polypeptide product is
designated “mutated” gpl40 (e.g., gpl40.mut). As will be
apparent to those in the field, the cleavage site can be

20 mutated in a variety of ways. The native amino acid
sequence in the SF162 cleavage sites is: APTKAKRRVVQREKR
(SEQ ID NO:21), where KAKRR (SEQ ID NO:22) is termed the
"second" site and REKR (SEQ ID NO:23) is the "first
site". Exemplary mutations include the following

25 constructs: gpl40.mut?7.modSF162 which encodes the amino
acid sequence APTKAISSVVQSEKS (SEQ ID NO:24) in the
cleavage site region; gpl40.mut8.modSF162 which encodes
the amino acid sequence APTIAISSVVQSEKS (SEQ ID NO:25) in
the cleavage site region and gpl40mut.modSF162 which

30 encodes the amino acid sequence APTKAKRRVVQREKS (SEQ ID
NO:26). Mutations are denoted in bold. The native amino
acid sequence in the US4 cleavage sites is:
APTQAKRRVVQREKR (SEQ ID NO:27), where QAKRR (SEQ ID
NO:28) is termed the "second" site and REKR (SEQ ID
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line; the open circle represents the oligonerization 25 domain; the open
square represents a transnenbrane spanning domain (TM; and "c" rﬂélplﬂfzslﬂﬂ&s
the location of a cleavage site, in gpl40.nut the "X" indicates that the
cl eavage site has been nutated such that it no |longer functions as a

cl eavage site). The pol ypeptide gpl60 30 includes the coding sequences for
gpl 20 and gp4l. The polypeptide gpd4l is conprised of several donains
‘including an oligonerization domain (OD) and a transnenbrane spanning
domain (T he native envelope, the oligonerijzatign domain is

requi r ed Mo oddbsda) S Nt LY B o5 00 00, 50902 PCT/ US99/ BAWURIRBAS coval ent
associ ation of three gp4l polypeptides to forma trineric structure:

t hr ough non- &&vaBenis the difdestonstall t h Exkeplpdy nutiareonéandgtlddgzel ), the

gpl 20  pol ypepki B8518WtlSRseLaani loNme Lhd B4 ugiir g 5 A
cl eavage site éor cl eava?ge sist es) eisﬁgt‘!g gg%i%‘%(ﬂi%lt g’lhg%b%é%\?eeeﬁg t he

pol ypept i de $BEUBRERR FGC §SHERENGHPRIQAKRRBVQRRHS | (BEQSERUEAED in

correspondi NghkOcYphagel Hite QéﬁﬁﬁﬁgeM%Eﬁgiéﬂs(éyé henBHLat &f HQ 4Pr event
cl eavageé__,at the site. The resulting gpl 40 pol ypeptide corresponds to 10 a
for

truncate m of gpl 60 where the transnmenbrane spanning domain of gp4l

has been del &ed-mwmmwmm_d%mmi ¢ and
oligoneric (i.e.cddid®'d f.aL by virtue of the presence of the
ol i goneri zation d“ii#—ﬁ&ﬁ'egg%orral | 4 noiety. In the 15 situation where the
cl eavage site haslhe¥i® gibadétenty ofpthgepressniaviayentihdnt helid-ansmenbr ane

portion of gp Bhas dengdsl d S i 4 ept i yLoduct is
desi gnat Fhe gisLaten, 41?2(%@”5%&&%5&\%&%519 g%é g@é’grl@h? to those

in the fji%gl dw%ﬁieg%)e%%ggng?@ge% ayer SHOHI ARF PRRABYHI8ry of ways.

The native aA$n9) aciThesseqBEOZ esdduenbes SkdAP £ TV 2GRs Hi LA 200S:

APTKAKRRV\/Q?E&&Q 18 %%?3'0[)(%‘99.21&5) ‘VQ%EQOKWI(DSEQEP l(\LQiQZ. )17i)s; ternmed the
and gpl60, SEQ ID NO:32 (Fig. 18). '

In another embodiment of the present invention,

15 wild-type Env coding sequences were selected from the
HIV-US4 strain (Mascola, et al. (1994) J. Infect. Dis.
169:48-54). These US4 sequences were as follows: gpl20,
SEQ ID NO:51 (Fig. 38); gpl40, SEQ ID NO:52 (Fig. 39);
and gpl60, SEQ ID NO:53 (Fig. 40).

20 These Env coding sequences were manipulated to
maximize expression of their gene products.

First, the wild-type coding region was modified in
one or more of the following ways. In one embodiment,
sequences encoding hypervariable regions of Env,

25 particularly Vi1 and/of V2 were deleted. In other
embodiments, mutations were introduced into sequences
encoding the cleavage gite in Env to abrogate the
enzymatic cleavage of oligomeric gpl40 into gpl20
monomers. (See, e.g., Earl et al. (1990) PNAS USA

30 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.

Second, the HIV-1 codon usage pattern was modified
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"second"” site and REKR (SEQ ID NGO 23) is the "first site". Exenplary
mutations include the follow ng 25 constructs: gpl40. mut 7. modSF162 (MhIEEhyps
encodes the amino acid sequence APTKAI SSWSEKS (SEQ ID NO 24) in the

cl eavage site region; gpl40. mut8. nodSFl 62 which encodes the amino acid
sequence APTI Al SSWQSEKS (SEQ I D NGO 25) in the cleavage site region and
gpl 40mut . nodSF162 whi ch 30 encodes the amino acid sequence APTKAKRRWOREKS
(SEQ ID NG .26). Miutations are denoted in bold. The native amno acid
sequence g ob/ %E S4 cl eavage sites is: APTQAKRRVVQ?EKI%&&EQ NG 27),
wher e QAKRR? ID NO28) is terned the "second"” site (SEQ ID
120 0 5 DEC 2005 WD 00/ 39302 PCT/ US99/ 31245 NO 23) is the "first site".
Exenpl ary mAattilats thecreglel t inge nugl kb argt & cesid ngcseqgpio) wast . nodUS4.
whi ch encodesomddiarali B aSddh SRAWRNESLAP TIAKR QRE%AS%%@ hQngg 29) in

the cl eavage site region. Mitations are_denote fication
of H V-1 Envge(rf:erﬂfel'rg‘%efu}{lu%?qé?rb URapg TeolRGTP Seaﬂighc‘é%“qe@toﬁé Bh®odi ment of
t he present nunlendtiides i ofl- TtlypehEnuomwmp&equgggmF?/I\ygrgets%\kggt gg7;rom
t he HI V- ' SF16 strain (Chen - er %1

8579). These EF%%% ?equénces r 8%a8 ]c#rf%ary $3b, 1 &85 P*NO 30 (Fi g. _
16); gpl40, SBEROeNpeNOhat J(EﬁtgltSH)i a mega@la@otrSEQaﬁerabzl@Eyg 18). in

anot her enbodidBscabil ey KL SRt nkiN Nt PRompaPi ¥bh d-1 Env codi ng
sequences were sel e:ct ed @}r,omthe H V- US4 StI!ngI nl(l\/t':lscol%égi yet al . (1994) J.

Infect. Dis.S*PESES%E. Buyan godons gre Se% it S4ChBPBIGRS fDIOFofs: gpl120, SEQ
| D NO 51 (FiThe ¥y, cgfidd, seaf@nkBs e b2 nddigied9o barntbrpatafie SEQ | D NO 53
(Flg. 400 20 HASRE RON.SOHdM SROHEMGRP MI2.088' RUlA! Gdnkg, Mmaxim ze
expression of therr gen produ

Figures 22A-22H present comparisons of the percent

A-T content for the cDNAs of stable versus unstable RNAs
(comparison window size = 50). Human IFNy mRNA is known
to (i) be unstable, (ii) have a short half-life, and

15 (iii) have a high A-U content. Human GAPDH
(glyceraldehyde-3-phosphate dehydrogenase) mRNA is known
to (i) be a stable RNA, and (i) have a low A-U content.
In Figures 22A-H, the percent A-T content of these two
sequences are compared to the percent A-T content of (1)

20 native HIV-1 US4 Env gpl60 cDNA, a synthetic US4 Env
gpl60 cDNA sequence (i.e., having modified codons) of the
present invention; and (2) native HIV-1 SF162 Env gplé60
cDNA, a synthetic SF162 Env gpl60 cDNA sequence (i.e.,
having modified codons) of the present invention.

25 Figures 22A-H show the percent A-T content over the
length of the sequences for IFNy (Figures 22C and 22G);
native gplé0 Env US4 and SF162 (Figures 22A and 22E,
resbectively); GAPDH (Figures 22D and 22H); and the
synthetic gpl60 Env for US4 and SF162 (Figures 22B and

30 22F) . Experiments performed in support of the present
invention showed that the synthetic Env sequences were
capable of higher level of protein production (see the
Examples) than the native Env sequences. The data in

Figures 22A-H suggest that one reason for this increased
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First, the wild-type coding region was nodified in one or nore of the
foll ow ng ways. I n one enbodi nent, sequences encodi ng hypervariabbgDECZM
regions of Env, 25 particularly Vi and/or V2 were deleted. In othe 5
enbodi nents, nutations were introduced into sequences encoding the

cl eavage site in Env to abrogate the enzymatic cl eavage of oligoneric
gpl40 into gpl20 nononers. (See, e.g., Earl et al. (1990) PNAS USA 30
87:648-652; EarI et al. (1991) J. Virol. 65:31-41). In yet other

enbodi mentyg, ?rvarlable region(s) were deleted, Ngl xﬁﬁ@%ljgcwlsltes
wer e reaned an cl eavage sites nutated. Second, the 1 codon usage
pattern was nodified 121 0 5 DEC 2005 WD 00/ 39302 PCTIU899/31245 so t hat

t he resultlngr?ﬁRﬁQﬂQ? a6i dnereRenry stqbdhtey vifs theomf¥ abl e to codon usage

found in hi gbbyr&sgyrREsedcBURRD o3RRGS i - THG, Iﬂo\éﬁgdgélq&@:ﬁ% reflects a high
content of the nucleotides A or T in the codon-triplét. The effect of 5

the H V-1 colorfiRdde MENS RoYfesRprddngche Hhe ﬂ?élmﬁpn‘éééﬂﬁlé%e t hat
results in asd@mémﬁéﬁxitranslatlon ability and |nstab|I|ty of the mMRNA. In

conparisen, highl S n codon refer the n otldes Gor C
The Env godlng sé%ﬁéﬁégégmggg %1 2§ fo é’f@ﬁﬁ%?%%ﬁeqﬁé fo codon usage

found in hi ghtgeenpricyeatiounthe g@nesCaS$¢2ﬂﬁﬁeyeZQAdéﬁﬁgqmdeSQnt conpari sons
of the per Ce@émpﬁs-g ¢gat EHEi:Fé)rCOHi%gCD&%zH\ e drabheeyafsus unstable RNAs
re

(conpari son ¥n MISIZE = %ﬁﬂ man NRNA | s knomn to (i) be
unst abl e, yn “a9§RGr FAFRATSS '8 SHFUCEP ) Phave a high AU
content. Hun@hmeo(:gaycwmmmdena PR sripdt €1 cethidr agenase) nRNA i s

k0w 49 (1 Jorlert > bahk R AN (BLNRYE (ROUASH QIR0 o1 1 Flgur s

22A-H, the percent. A-T cont hese Sequences ar conpared to the
percent A T COWEHENST Teayr ek iom sdbesy fon aydbelpningpl@lecDNA, a synthetic

Us4 Env resulting fragments were then ligated to create the
entire desired sequence which was then cloned into an
appropriate vector. The final synthetic sequences were

15 (i) screened by restriction endonuclease digestion and
analysis, (ii) subjected to DNA sequencing in order to
confirm that the desired sequence had been obtained and
(iii) the identity and integrity of the expressed protein
confirmed by SDS-PAGE and Western blotting (See,

20 Examples. The synthetic coding sequences were assembled
at Chiron Corp. or by the Midland Certified Reagent-
Company (Midland, Texas).

Exemplary modified coding sequences are presented as
synthetic Env expression cassettes in Table 1A and 1B.

25 The following expression cassettes (i) have unique,
terminal EcoRI and XbaI cloning sites; (ii) include Kozak
sequences to promote optimal translation; (iii) tPA
siénal sequences (to direct the ENV polypeptide to the
cell membrane, see, e.g., Chapman et al., infra); (iv)

30 open reading frames optimized for expression in mammalian

cells; and (v) a translational stop signal codon.
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gpl60 cDNA sequence (i.e., having nodified codons) of the present

I nvention; and (2) native H V-1 SF162 Env gpl60 cDNA, a synthetic SF162
Env gpl60 cDNA sequence (i.e., having nodified codons) of the present

i nvention. 25 Figures 22A-H show the percent A-T content over the {5 Bffoihs
of the sequences for IFNy (Figures 22C and 22G); native gpl60 Env US4 and
SF162 (Figures 22A and 22E, respectively); GAPDH (Figures 22D and 22H);
and the synthetic gpl60 Env for US4 and SF162 (Fi gures 22B and 30 22F).
Exper i ment rmed in support of the present inventi d that the
synt hetic ‘Eﬁ@s@fg@uences were capabl e of higher |evel of’ggl}}gs{ag\flﬁs producti on
(see the Exanples) than the native Env sequences. The data in Figures
22A-H suggest that dréleeddonEfempliaysSymthetased8nt2@xprdsdicg 2005 WO

00/ 39302 PCT/ US99/ 31245 producti iydssrt0SI&A%eq stability of the nRNA
corresponding to the synthetic Env codi ng sequences versus the nRNA
corresponding to the native Env coding sequences. 5 To create the

synt heti c codi ng e The reseny T nventlon IfIe gere tassettes
wer e desi gned toE§%%Pfg£rL§s€aslg%teteenti eg?‘:%d' ng sgaﬁ%ﬁéeln(gf’ml AtBr est .

Synt hetic gerje_cassettes were consttucdfed|by oligonucl eotide synthesis and
PCR anpl i 6i cqtdparo 0160 generate gepe sbr agpeat Sype Preig8leS14€r € Chosen to

racul +1

provi de conJeEm eEmt_TEstTTCctiom—srtys—forstubetonrtrg—Fhe—reset1g

fragnents wer|EPtted™%gated to creafe 3the| “BArivwe: ddgrieetl sequencel which
was then cloregisnseiean appropriatg sect prilalfigef iMdgdreSYNt hetic sequences

were 15 (i) dCreened restrictT onengonpctease urgestomr—ard
anal ysis, (ii) 9?34’.‘2%45%521 o DNA sequbncPng| PPeA 38T %° confirm that the

desired sequg mot2 thacsseesn dabkai ned Rnde (| @d1peddnez ndent Figurand i ntlegrity of
the expregsed pPIA Gldie GORIIATRT DY| SH5 PR A0, VES V2, Figure 21 ° (See,

gpl140.modSF162 36 none; Flgure 23
gpl40.modSF162.delv2 37 deleted V2 loop; Figure 24
gpl40.modSF162.delVl/V2 38 deleted V1 and V2; Figure 25
gpl40.mut.modSF162 39 mutated cleavage site; Fig. 26
15 gpl40.mut.modSF162.delv2 40 deleted V2; mutated cleavage

site; Figure 27

gp140.mut.modSF162.delVl/V 41 deleted V1 & V2; mutated
2 cleavage site; Figure 28
gpl40.mut7.modSF162 42 mutated cleavage mite; Fig. 29
gpl40.mut?.modSF1l62.delV2 43 mutated cleavage site; deleted

V2; Figure 30

20 gpl40.mut7.modSF162.delVl/ 44 mutated cleavage site; deleted
V2 . V1 and V2; Figure 31
gpl40.mut8.modSF162 45 mutated cleavage site; Fig. 32
gpl40.mut8.modSF162.delV2 46 mutated cleavage site; deleted

V2; Figure 33

gpl40.mut8.modSF162.delvl/ 47 mutated cleavage site; deleted
25 V2 V1l and V2; Figure 34
gpl60.modSF162 48 none; Figure 35
gpl60.modSF162.delVv2 49 deleted V2 loop; Figure 3¢
gpl6é0.modSFl162.delvVl/v2 50 deleted V1 & V2; Figure 37

124



20 Exanpl es. The synthetic codi ng sequences were assenbled at Chiron Corp.
or by the Mdland Certified Reagent, Conpany (M dl and, Texas). lf h/
nodi fi ed codi ng sequences are presented as synthetic Env expressi B%E 2005
cassettes in Table 1A and 1B. 25 The foll ow ng expression cassettes (i)
have uni que, term nal EcoRl and Xbal cloning sites; (ii) include Kozak
sequences to pronote optinmal translation; (iii) tPA signal sequences (to
direct the ENV polypeptide to the cell nenbrane, see, e.g., Chapman et

al ., infrg), q(/93/0)z 30 open reading frames optim zed for gXp{R9SIH I N

manmal i an ce . and (v) a translational stop signal codon. 123 0 5 DEC
2005 WD 00/39302 5 10 15 20 25 PCT/ US99/ 31245 Table | A: Exenplary Synthetic
Env Expression Cassettes(SF162) BEdatdesilBn CassetteSeq Further Infornation
ld gpl20 SF16230 1 3 I gure 17
gp160 SF16232uil ?’Jeq‘ i 2 auﬂ?%gcag’i%éx %d%%géq%%%%é%ﬁgﬁ?g 1

gpl 20. nodSF162. d%r\._lasmem@eaevz Iocqu Hi gur e F3Bcher Information
gp120. nodSFI $2. del V1/V235del eted Y1 gpd (V2; Figure 21 gpl 40. nodSF16236none;

Fi gure 23 gp A0 nnd<SE162 rlgl \L’)Q_?rlrl ataoad N2 Ll ann: T e 24

A s m e —a~ a — -~y — rreT oo Ve T OONy L ul Ay -

gpl 40. nodSF16grie€| WA4/ V238del et ed Y1 ®nd \Wzld-valrélgzse 38
gp140. mutg moigle2za9nut at ed cl eavggesSi 1614 Ope ; 2Pigure 39

'gp160 US4 53 wild-type; Figure 40

gpl120.modUS4 54 none; Figure 41

gpl120.modUS4 .del 128-194 55 deletion in V1 and V2 regions;
Figure 42

gpl40.modUsS4 56 none; Figure 43

i0 gp140.mut.modUsS4 57 mutated cleavage site; Figure

44 l

gp140TM.modUS4 58 native transmembrane region;
Figure 45

gpl140.modUS4 .delV1/V2 59 deleted V1 and V2; Figure 46

gp140.modUS4 .delV2 60 deleted V1; Figure 47

gp140.mut.modUS4 .delVl/V2 61 mutated cleavage site; deleted

V1l and V2; Figure 48

15 gpl40.moduS4.del 128-194 62 deletion in V1 and V2 regions;
Figure 49
gpl40.mut.modUS4 .del 128- 63 mutated cleavage site; deletion
194 in V1 and V2 regions; Figure 50
gpl60.modUs4 64 none; Figure 51
gpl160.modusS4 .delVl 65 deleted V1; Figure 52
20 gpl60.modUS4 .delV2 66 deleted V2; Figure 53
gpl60.modUs4 .delV1/V2 67 deleted V1 and V2; Figure 54
gpl60.modUS4del 128-194 68 deletion in V1 and V2 regions;
Figure 55

Alignments of the sequences presented in the above
25 tables are presented in Figures 66A and &6B.
A common region (Env-common) extends from nucleotide

posgition 1186 to nucleotide position 1329 (SEQ ID NO:69,
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gp140. nut . nndSFI 62. del V240del eted V2; nutated cleavage site; Figure 27
gpl40 nut . nndSF162. del VI/V 4ldel eted Vi & V2; nmutated 2cl eavage si §&:DEC 2005
Figure 28 gpl40 nut7. nodSF16242nut ated cl eavage site; Fig. 29

gpl40 nut 7. nodSFI 62. del V243nut at ed cl eavage site; deleted V2; Figure 30
gpl 40. nut 7. nodSF162. del VI/ 44mut ated cl eavage site; del eted V2Vl and V2;
Figure 31 gpl40. nut 8. nodSF16245nut ated cl eavage site; Fig. 32

gpl 40. mut 8. nodSF162. del V246nut at ed cl eavage site; deleted V2; Figure 33

gp140. nut syamaSdpi62. del VI/ 47nut ated cl eavage site; del gheghod/fi¥ds and V2,
Fi gure 34 gpl60. nndSF16248none; Figure 35 gpl60. nndSF162. del V249del et ed V2

| oop; Figure_36 gpl 60. nodSF162. del VI / V250del eted V1 & V2; Figure 37 124 0 5
DEC 2005 WO B8¢ 39@@2 TEHtd VERtO P (8991 8YPe Uk ErEnaRge Sad Haae Env
Expressi on Casskédesdd)pbsitidf 1H 2@ cEppees b 26assetd e qdzurst her

070 T o PP AL S g Bt AL L e Froure
synthetic sequences of the present invention
5 corresponding to these regions are presented, as SEQ ID
NO:71 (Figure 58) for the synthetic Env US4 common region
and as SEQ ID NO:72 (Figure 59) for the synthetic Env
SFl162 common region.
Percent identity to this sequence can be determined,

10 for example, using the Smith-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.

15 : Various forms of the different embodiments of the

present invention (e.g., constructs) may be combined.

F, Cloning Synthetic Env Expression Cagsettes of the

Pregent Invention.
20 The synthetic DNA fragments encoding the Env

polypeptides were typically cloned into the eucaryotic
expression vectors described above for Gag, for example,
PCMVKm2 /pCMV1ink (Figure 4), pCMVéa, pESN2dhfr (Figure
13a), pCMVIII (Figure 13B; alternately designated as the

25 pCMV-PL-E-dhfr/neo vector).

Exemplary designations for pCMVlink vectors
containing synthetic expression cassettes of the present
in&ention are as follows: pCMVlink.gpl40.modSF162;
pCMV1ink.gpl40.-modSF162.delV2;

30 pCMVlink.gpl40.mut.modSF162;
pPCMV1link.gpl40.mut.modSF162.delV2; pCMVKm2.gpl40modUS4;
PCMVKm2 .gp140.modUS4.delV2; pCMVKm2.gpl40.mut.modUS4;
and, pCMVKm2.gpl40.mut.modUS4.delvl/V2.
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gpl120. nodUS454none; Figure 41 gpl 20. nodUS4. del 128-19455del etion in V1 and
V2 regions; Figure 42 gpl40. nodUS456none; Figure 43

gpl 40. mut . nodUS457nut at ed cl eavage site; Figure 44 gpl4d0TM nmodUSAS§RAE( VBN,
transmenbrane region; Figure 45 gpl40. nodUS4. del V1/V259del eted V1 and VZ2;
Figure 46 gpl40. nodUS4. del V260del eted V1; Figure 47

gpl 40. nut . nodUS4. del VI / V261nut at ed cleavage site; deleted V1 and V2; Figure
48 gpl 40. nodUS4. del 128-19462del etion in V1 and V2 regions; Figure 49

gpl 40. nut .\wBdsMmdpedel 128- 63nutated cleavage site; del epipPisobRfdel V1 and V2
regions; Figure 50 gpl60. nodUS464none; Figure 51

gpl 60. nodUS4. del V165de] et ed V' Flgure 52 gpl60 nDdUS4 deIV266deIeted V2;

Fi gure 53 gpl%oSep8Eaionaf A5 AHELC EXDE :
gpl 60. nodUs4del 12'81:185@@@!5%@@%@@ Aév@radswbé@xglm,flgagure 55
Alignments of the %uencggbpresgnteddﬂP %ﬁe above 25 tables are presented
in Figures 66KCRATTBBEC ARSMeBANIRET Rf (BRvPEDRTRIN)SPECEERBRE $9%m

nucl eoti de (e widd AR5 rMusleocldet samgneei énoasdﬂrai&a(cSEQm’nD NO 69, 125 0
5 DEC 20 Lae3 / 4 tg.t w | d-type
Us4 sequgﬁcgqgg ﬁ?o%%léﬁgleﬁgg g&%%glr%%ﬁgﬁ?%7$€o |g% %%%0 (SEQ | D
NO: 79, Fig. Tbe) cperegpanding whednkyre tapiaoSEasd mﬂs@neels The synthetic

sequences of ptrbeeaﬁ@dsem m@ﬁeat wn(@@qrnr ®oPeE] n@fg%rteh%e(é@%'ﬁls are

r nted, as. .S 1 gure for the synfhetic Env, US4 common
Peg?gn Yo Eg% g%ows QL eot1 e sequence enggdlng the amino

terminal of the tat protein and the codon encoding

10 cystein-22 is underlined. Other exemplary constructs
encoding synthetic tat polypeptides are shown in Figures
78 and 79 (SEQ ID NOs:87 and 88). In one embodiment (SEQ
ID NO:88), the cystein residue at position 22 is replaced
by a glycine. Caputo et al. (1996) Gene Therapy 3:235

15 have shown that this mutation affects the trans
activation domain of Tat.

Various forms of the different embodiments of the

invention, described herein, may be combined.

20 H. Deposit of Vectors
Selected exemplary constructs shown below and
described herein are deposited at Chiron Corporation,
Emeryville, CA, 94662-8097, and were sent to the American
Type Culture Collection, 10801 University Boulevard,
25 Manassas, VA 20110-2209 on December 27, 1999.
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and as SEQ ID NO 72 (Figure 59) for the synthetic Env SF162 conmon region.
Percent identity to this sequence can be determ ned, 10 for exanplg, tltSi ﬁsg
the Smith-Waterman search algorithm (Time Logic, Incline Village, UM, 0
with the foll Qv ng exenplary parameters: weight matrix = nuc4x4lib; gap
openi ng penalty = 20, gap extension penalty =5, reporting threshold = 1;
alignnment threshold = 20. 15 Various forns of the different enbodi nents of
the present invention (e.g., constructs) may be conbined. . C oning

Synt het i c vemvo/d83g@r essi on Cassettes of the Present | nvepdi @3 The
synthetic DNA fragnents encoding the Env pol ypeptides were typically
cloned into the eucaryotic expression vectors described above for Gag, for

exanmpl e, pCWRaBhpL\NRAnenk (Figure 4), pCWEargaESN2dhf paf&iguge  13A),

pCWI Il (Figure 13B; alternately designated.as t.rt]'e 25 pCW- PL- E-dhfr/ neo
vector). Exe i j i1 vad offs__chRtBT9H ng synt hetic
expressi on capsHVypss®imddus4pr esent i nventsgpay are as fobl s igg

pCWI i nk. gpl140. npdSF162; pCIVXI i nk. gp140. - rodSF162. del V2; 30

pCWI i nk. gpl48¢%¥?+r%%fé’—lf6?f’ Bt i nk. gpl 4Pt . nodSF1627 digav29

PCWKnL. gpl 40posidi 6 0 @WVIBRUEH| 40. nodUSA. fta)eV2; pC\WVKeR. gl %% mut . nodUS4;
and, pCWKnR. ggl 40. nut . nodUS4. del VI/ V2. 126 0 5 DEC 2005 WO 00/ 39302
B

PCTI US99/3B1248CW/oriafdedrRomod¥SHynt het i ¢ TS 7Expr essi 0?7 Cassebt es  Tat

codi ng sequengggvhiavg h§9gb mgifd.ed a ding to t eacghi ngs of the
present specificallon. TEe \?\F? ty';%’fe?‘lnucl géob%irsde_ sequen%g ]:;eeﬁcégi ng tat from
5 variant SF1B2MVaplrlandnimedUE4dddi 1 psr-2976 (SSBEQ | D NO 8537 pethes

correspondi ng,_ Wi, d-.t mn i d sequence. i presented in Figure 77 (SEQ
D NG BE) . B%V%JO?EE%.WB&% %101 27 Dec 99

PCMVgp160 . modSF162 5125 27 Dec 99
10 PCMVgpl160.modSF162.delV2 5126 27 Dec 99

PCMVgp160 . modSF162.delV1V2 5127 27 .Dec 99

pPCMVgp140.mut .modSF1l62delv2 5128 27 Dec 99

pPCMVgpl40.mut7.modSF162 5129 27 Dec 99

PCMVgpl40.mut7.modSF162delV2 5130 27 Dec 99
15 PCMVgp140.mut8.modsSF162 5131 27 Dec 99

PCMVgpl40.mut8.modSFl62delV2 5132 27 Dec 99

PCMVgpl40.mut8.modSF162delVlivz 5133 27 Dec 995

PCMVKm2 . Gagprot .Mod.SF2.GP1 5150 27 Dec 99

pPCMVKm2 . Gagprot .Mod.SF2.GP2 5151 27 Dec 99
20

Example 2
Expr jon A g _for

. Synthetic Gag, Env_and Tat Coding Seguences
25 A, Gag and Gag-Protease Coding Sequences

The HIV-1SF2 wild-type Gag (SEQ ID NO:1) and Gag-
protease (SEQ ID NO:2) sequences were cloned into
expression vectors having the same features as the
vectors into which the synthetic Gag (SEQ ID NO:4) and

30 Gag-protease (SEQ ID NOs:5, 78 or 79)) sequences were
cloned.
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NG 89) shows the nucl eoti de sequence encoding the amno termnal of the
tat protein and the codon encoding 10 cystein-22 is underlined. CIU@WECZWS
exenpl ary constructs encoding synthetic tat pol ypeptides are shown in
Figures 78 and 79 (SEQ ID NGs: 87 and 88). In one enbodinent (SEQ 1D

NO 88), the cystein residue at position 22 is replaced by a glycine.
Caputo et al. (1996) Gene Therapy 3:235 15 have shown that this nutation
affects the trans activation domain of Tat. Various fornms of the different
enbodi menfyp dakedobe 1 nvention, described herein, may beG@angses 20
Deposit of Vectors Sel ected exenplary constructs shown beIOM/an descri bed

herein are dep05|ted at, Chirqn Cor oratlon S PARF2- 8097,
and were sent toEYRECSHEST & % Cdi vaE%ﬁFe%%#%h 108071 Ui versity

Boul evard, zﬁel\/amassa}sz WA RGYDHe- mgathéGEnW SERUENgey WL (o 5 DEC

R N L

pCWgpl 60dell2need (3493 50RB, L£PSpdc 39 5° | BBRAR 80s4"%097 27 Dec 99
pCWgpl69dela]285194. US4 5098 caT1dMa 9 1pEWgplideret tyodUSddel 128- 194

3125 57 Doc EouLeNSBRMKIR Ao Bh €3 T 299981 TR s 7 raui Tay oeh Qs ISt ©2
pCWgpl 60. nmd$5162 dmwwzzmaseavl@echenpcwgp{me modSF162del V2 5128

oCMIgp! 40. M ERBASER2 U3 BT300 27 Hodeggoon M) - he cells
were incubated for 5 hours in reduced serum medium (Opti-

10 MEM, Gibco-BRL, Gaithersburg, MD). The medium was then
replaced with normal medium as follows: 233 cells, IMDM,
10% fetal calf serum, 2% glutamine (BioWhittaker,
Walkersville, MD); RD and COS-7 cells, D-MEM, 10% fetal
calf serum, 2% glutamine (Opti-MEM, Gibco-BRL,

15 Gaitheréburg, MD); and CHO cells, Ham’s F-12, 10% fetal
calf serum, 2% glutamine (Opti-MEM, Gibco-BRL,
Gaithersburg, MD). The cells were incubated for either
48 or 60 hours. Supernatants were harvested and filtered
through 0.45 um syringe filters and, optionally, stored

20 at -20°C.

Supernatants were evaluated using the Coulter p24-
assay (Coulter Corporation, Hialeah, FL, US), using 96-
well platee coated with a murine monoclonal antibody
directed against HIV core antigen. The HIV-1 p24 antigen

25 binds to the coated wells. Biotinylated antibodies
against HIV recognize the bound p24 antigen. Conjugated
strepavidin-horseradish peroxidase reacts with the
biétin. Color develops from the reaction of peroxidase
with TMB substrate. The reaction is terminated by

30 addition of 4N H,SO,. The intensity of the color is
directly proportional to the amount of HIV p24 antigen in
a sgmple.

The results of these expression asgsays are presented
in Tables 2A and 2B. Tables 2A and 2B shows data
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15 pCWagpl 40. nut S. nndSF162 5131 27 Dec 99 pCWgpl 40. nut 8. nodSF162del V2
5132 27 Dec 99 pCwgpl 40. nut 8. nodSF162del VI V2 5133 27 Dec 99

pCWKnR. Gagpr ot . Mbd. SF2. GP1 5150 27 Dec 99 pCWKn2. Gagpr ot . Mbd. SF2 ﬁéﬁ 05
5151 27 Dec 99 20 Exanple 2 Expression Assays for the Synthetic Ga%, gﬂ
and Tat Codi ng Sequences 25 A. Gag and Gag- Prot ease Codi ng Sequences The
H V-1SF2 wild-type Gag (SEQ I D NO 1) and Gag- protease (SEQ ID NG 2)
sequences were cloned into expression vectors having the sane features as
the vect 8Y%%3M% which the synthetic Gag (SEQ | D NO 4)PCIAE9%I248ag- pr ot ease
(SEQ ID NGCs:5, 78 or 79)) sequences were cloned. 128 0 5 DEC 2005 WO

00/ 39302 PCToLISOH el 245 nEX Ok Ssjrithet £ @5%°§§g§9rg’\e’%§%§§gvﬁgﬁ or's

carrying the H V-1SF2 w.ld-type and synt

eval uat ed asC¥HIT% .O%(%IHDSH? r‘@’rr'lssevﬁiL HatamAgerahs cegge obtaéred293, RD,
COS-7, and GHEnmltheobbghpest dasamekpeeds Airedagast fyparCgrbuts Col | ecti on,
10801 Uni verghd ;o Boul syard, Manassas, VA 20110-2209) were transfected with
2 pg of DNA In transfection reagent LTl (PanVera Corporation, 545 Science
Dr., MadPson, W). The cells were incubated for 5 hours in reduced serum
medi um (Opti 10 MEM G bco-BRL, Gaithersburg, MD). The nmedi um was then
replaced with normal nmediumas follows: 293 cells, IMDM 10t fetal calf
serum 2% gl utam ne (Biowittaker, Walkersville, M); RD and COS-7 cells,
DMEM 10%fetal calf serum 2%glutamne (Opti-MEM G bco-BRL, 15

Gai t hersburg, MD); and CHO cells, Ham's F-12, 10%fetal calf serum 2%
glutam ne (Opti-MEM G bco-BRL,
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Gai t hersburg, MD). The cells were incubated for either 48 or 60 hours.
Supernatants were harvested and filtered through 0.45 msyringe filters
and, optionally, stored 20 at -20C Supernatants were eval uated usﬂﬁdﬁfﬁw%
Coul ter p24- assay (Coulter Corporation, Hialeah, FL, US), using 96- well
pl ates coated with a nmurine nonocl onal antibody directed against H 'V core
antigen. The H V-1 p24 antigen 25 binds to the coated wells. Biotinylated
anti bodi es . against H V recogni ze the bound p24 antigen. Conjugated
strepavi dwo-otrssaer adi sh peroxi dase reacts with the bi @ciriisedaip@r devel ops
fromthe reaction of peroxidase wth TMB substrate. The reaction is
termnated by 30 addition of 4N H2ZSO4. The intensity of the color is
directly proportional to the anmobunt of H'V p24 antigen in a sanple. The
results of these expression assays are presented in Tables 2A and 2B.
Tabl es 2A and 2B shows data 129 0 5 DEC 2005 WD 00/ 39302 PCTI US99/ 31245
obt ai ned ust4qwnd he gxnymggéq%g?gmﬁr85§g§gteéﬁgqﬁgﬁggsi§gssette of SEQ I D
e

NO 5. Simlar results were obtained I ng g- prot ease expression
130 0 5 DEC 2005 WO 00/ 39302

cassette? of gﬁ% ED_ g;%é?s% and 179. 5 , 0Q :
PCT/ Us097 31388 euiall e dipeblfi) OIS0 URUEN, I hlressiiyn snarraLE 2a.
f rficed vs. native gag . pitastiids in

Increased in vitro expression rrom n

supernatants and Tys omrr ey tTanstecteydcets—at+—ve—( nat
asgper nat anfxpefisien) qué;g-fgg(ﬁgé)t ot aﬂ%ﬁ?ﬂ% ))(pEEdllm'B:I’lt rgsﬁffsefg:kgd ( (@'?Jfrﬁt&sat )e
(lys)cell linetransfectionp
1 nat sup 293 48 34
mod sup 293 48 1260 (371)
nat - sup 293 60 3.2
mod sup 293 60 2222 (694)
2 nat sup 293 60 1.8
mod sup 293 60 1740 (966)
3 nat sup 203 60 1.8
mod sup 293 60 580 (322)
4 nat lys 293 60 1.5
mod lys 293 60 85 (57)
1 nat sup RD 48 5.6
mod sup RD 48 66 (12)
nat sup RD 60 7.8
mod sup RD 60 70.2 (9)
2 nat lys RD 60 1.9
mod lys RD 60 7.8 (4)
1 nat sup COs-7 48 0.4
mod - sup CO0S-7 48 33.4 (84)
2 nat sup COs-7 48 0.4
mod sup CO0s-7 48 10 (25)
nat lys COS-7 48 3
mod lys COSs-7 48 14 (5)

a ,
PCMVLink.Gag.SF2.PRE

b .
PCMVKm2 .GagMod . SF2
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(fold increase) 1lnatsup293483.4 npdsup293481260(371) nat sup293603. 2
nodsup293602222(694) 2nat sup293601. 8 nodsup293601740( 966) 3natsup29%§Qﬁfqmﬁ
nodsup29360580 (322) 4natlys293601.5 nodl ys2936085 (57) nat supRD485.
nodsupRD4866( 12) nat supRD607. 8 nodsupRD6070.2 (9) 2fl atl ysRD601. 9

nodl ysRD607.8 (4) flatsupCOS-7480.4 nodsupCOS- 74833. 4 (84) nat supCOs- 7480. 4
nodsupCOS- 74810 (25) natl ysCOS- 7483 nodl ysCOS- 74814( 5)
apCWLIi nk. Gag. SF2. PRE b pCWKn2. Gagvbd . SF2 131 0 5 DEC 2005 WO 00/ 39302
PCT/ US99/v8Q 004B30FABLE 2b. In vitro expression from nodi PceUsygag4sand
gagpr ot ease 5plasm ds in supernatants and | ysates fromtransiently
transfected cells plasm dsupernatant (sup)cell hours posttotal ng p24 d
line lysate (lys)transfection Gag' sup29360760

TABLE 2b. In vitro expression from modified gag and gagprotease

5 plasmids in supernatants and lysates from transiently transfected
cells
plasmid supleyr::‘:’aaty(s:;up) cell line :;::;:::Z; total ng p24°
Gag" sup 293 60 760
GagProt(GP1)°® sup 293 60 380
GagProt(GP2)°* sup 203 60 320
Gag lys 293 60 78
GagProt(GP1) lys 293 60 ' 1250
GagProt(GP2) lys 293 60 400
Gag sup COS8-7 72 40
GagProt(GP1) sup COS-7 72 150
GagProt(GP2) sup COS-7 72 290
Gag lys COS-7 72 60
GagProt(GP1) lys COS-7 72 63
GagProt(GP2) lys COS-7 72 58

! pCMVKm2 . GagMod . SF2

® pCMVKm2 .GagProtMod.SF2 (GP1) gagprotease with codon optimization
and inactivation of INS in protgase

¢ pCMVKm2.GagProtMod.SF2 (GP2) gagprotease with only inactivation
of INS in protease

¢ Shown are representative results from 3 independent experiments for
each cell line tested.
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GagPr ot (GPl ) bsup29360380 GagProt (GP2) "sup29360320 Gagl ys2936078

GagProt (GPl)1ys293601250 GagProt (GP2) | ys29360400 GagsupCOs- 77240 GaﬁErD% (Zﬁ;
1) supCGCS- 772150 GagPr ot (GP2) supCCOS- 772290 Gagl ysCOS- 77260

GagProt (GP1) | ysCOS- 77263 GagProt (GP2) | ysCOS- 77258 ' pCWKn2. aaghbd. SF2 b
pCWKnR. GagPr ot Mod. SF2( GPi ) gagprotease with codon optim zation and

i nactivation of INS in protease pCWKnR. aagProt Mbd. SF2( GP2) gagpr ot ease
with only inactivation of INSin protease . Shown are representative

resul ts fwomyssendependent experinents for each cell lpch@siopsdsed. 132 0 5
DEC 2005 WO 00/ 39302 PCT/ US99/ 31245 The data showed that the synthetic Gag
and Gag- protease,ex gresm on casaett prov#lged dramatic increases in

production of thdPF PFbTeFTIPHHF0GARE sEPG AYAERGEIE FAhend8RBve (HI V- 1SF2 ’
wi | d-type) sg@mgneesgxmh@ssmrplcassedtem provadedrdednatifc éatredddtes. B. Env

Codi ng” S 2 \ (SEQ |,D NO 1- 3)
andI algv agzq@lc%%mettwfﬂ@,% 4 %éﬁ%ﬁlé %Lgﬁé Z_),Eeﬁ% v(s?'egcugen s were
cl oned int o”é%ﬂ?"ésém)'ﬁ Ws‘i‘gld’rlédh’awwg gamengas, fwkanrexpragsedeivect ors into

which the swuntheteeyEsF csiaquenegs were cloned. Expression efficiencies for
various vectors carrying the SF162 and US4 w | d-type and synthetic Env

sequences 15 were evaluated essentially as described above for Gag
B. Env Coding Sequences

The HIV-8F162 ("SF162") wild-type Env (SEQ ID NO:1-
3) and HIV-US4 ("US4") wild-type Env (SEQ ID NO:22-24)

10 sequences were cloned into expression vectors having the
same features as the vectors into which the synthetlc Env
sequences were cloned.

Expression efficiencies for various vectors carrying
the SF162 and US4 wild-type and synthetic Env sequences

15 were evaluated essentially as described above for Gag
except that cell lysates were prepared in 40 ul lysis
buffer (1.0 % NP40, 0.1 M Tris pPH 7.5) and frozen at -
20°C and capture ELISAs were performed as follows.

For Capture ELISAs, 250 ng of an ammonium sulfate

20 IgG cut of goat polyclonal antibody to gpl20SF2/env2-3
was used to coat each well of a 96-well plate (Corning,
Corning, NY). Serial dilutions of gpl20/SF2 protein (MID
167) were used to set the quantitation curve from which
expression of US4 or SF162 gpl20 proteins from

25 transfection supernatant and lysates were calculated.
Samples were screened undiluted and, optionally, by
serial 2-fold dilutions. A human polyclonal antibody to
HIV—l gpl20/SF2 was used to detect bound gpl20 envelope
protein, followed by horse-radish peroxidase (HRP)-

30 labeled goat anti-human IgG conjugates. TMB (Pierce,
Rockford, IL) was used as the substrate and the reaction
is terminated by addition of 4N H,SO,. The
reaction was quantified by measuring the optical dengity
(OD) at 450 nm. The intensity of the color is directly
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except that cell lysates were prepared in 40 | lysis buffer (1.0 % NP40,
0.1 MTris pH 7.5) and frozen at - 20C and capture ELI SAs were perfornmed as
follows. For Capture ELISAS, 250 ng of an ammonium sul fate 20 | gGQ&WECHAS
goat polyclonal antibody to gpl 20SF2/env2-3 was used to coat each well of
a 96-well plate (Corning, Corning, NY). Serial dilutions of gpl20/SF2
protein (MD 167) were used to set the quantitation curve from which
~expression of US4 or SF162 gpl20 proteins from 25 transfection supernatant
and | ysatwe oysnae cal cul ated. Sanples were screened ungctmtRgiasd,
optionally, by serial 2-fold dilutions. A human pol ycl onal antibody to

H V-1 gpl 20/ SF2 was used to_detect bound gpl20 envel ope protein, foll owed
by hor se- r aBFSROPET 35G 1 dse thARpOWe: IoébéIIIgdgﬁb%R agftiigepudra | gG conj ugat es.
TMB ( Pi er ce sampoekf orukifliled 8RS $iSErb gFotBen swHIstdialeeangnd Nesdgaction is
term nated RQy gdg'k;lilclga[}dpf AN H, SO4. The reaction was quantified by
nmeasuring the optrca ensity (OD) at 450 nm The intensity of the col or
is directly 133 The PEC1ZE0SI W0/ B306A2nPCTxISE®180245sayopard i onal to the
anount of Hp¥ededels an 14BN ebns dand YTP! dapfiird ldepd BE2c gRbLAY Ot el N vas
diluted and used as a standard, The results of the transi ent expressi on
assays are SEPHPRRLEM &t P73T561 L% trapsdegtedanitd 3 BEMVEDS vechesi ent
expressi on bar29angalHes Bnvanakestnd ofi iRt areddWKnBpyecs depicdd Yi Ng the Env
cassette of .| : lLe.4 depicts ransi e Xpression in RD cells

t ransf ect edt\%\ng{l%?é fég%%ﬁgl%c rgqui:gF};Fnbralr}?geﬁﬁ‘v‘Bc‘é%E}état e of interest.
134 0 5 DECPEYIRMINYIFO3I80Rr PO WBGOERY2d&sgdtte of interest.
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in O pr H boCooalln'" 1e 00 n y v ..+ bl 0O 0000 a+q ~(iy~e~pl~e~VWNp~~
el trif71CAbl 1IRFAIRILW 5 135 0 5 DEC 2005 WD 00/ 39302 Table 4 5 10 ' Al
sanpl es nmeasured at T-75 flask stage unless otherwi se 15 indicated)ffEC 2085
well and 6 well plate stages ***in a three liter bioreactor perfusion

culture this clone vyielded approximtely 2-5 g/m . PCTIUS99/ 31245 CHO Cel
Li nes Expression Level of US4 Envel ope Constructs

WO 00/39302 PCT/US99/31245
Table 4
CHO Cell Lines Expression Level of US4 Enve}ope
Constructs
Constructs CHO Clone # MTX Expreséiqn Level*
Level (ng/ml)
5 gpl20.modUsS4 |1 3.2uM 250-450
2 1.6uM 350-450
3 200nM 230-580
4 200nM 300-500
gpl40.modUS4 |1 1uM 155-300
2 1 1uM 100-260
3 1uM 200-430
gpl40.mut. 1 ipuM 110-270
modUs4 2 1pM 100-235
3 1uM 100-220
gpl40.modUs4 |1 50nM 313-587"
10 .delvl/v2 2 50nM 237-667""
3 50nM 492-527"
gpl40.mut. 1 sonM - [46-328""
modUS4 .delVl |2 50nM 82-318"
/vV2 3 sSonM 204-385"
‘All samples measured at T-75 flask stage unless otherwise

15 indicated
*at 24 well and 6 well plate stages
***in a three liter bioreactor perfusion culture this clone
vielded approximately 2-5 upg/ml.
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Construct sCHO Cl one #MIXExpression Level' Level (ng/m)

gp120. nodUS413. 2M250- 450 21. 6MB50- 450 3200nM230- 580 4200nMB00- 500 (5 DEC 2005
gpl140. nndUS411ML55- 300 21MLO0O- 260 31M200- 430 gp140. mut. 11ML10- 270
nmodUS4211AMLOO- 235 31ML0O0- 220 gpl40. nodUS4150nM313- 587"

. del V1/V2250nM237- 667" 350nM492- 527" gpl40. mut. 150nM46- 328"
nodUS4. del V1250nMB2- 318" /V2350nM204- 385" 136 0 5 DEC 2005 WD 00/ 39302

PCT/ US99/ 31245 The data showed that the synthetic Env and expression
cassett eswproondzeed a significant increase in producti earatsisnasr protein
products, relative to the native (H V-1SF162 or US4 w | d-type) sequences,
when 5 expressed in. a variety of cell Iines | I'ine Env

. C. CHO Cel
expressi on dataTEﬁi?ﬁﬁﬂaqﬂ%%?FeFLBQd?V’Féﬁﬁ?e%%ﬁIQFWNégg transfected with
pl asm d DNaxpmesdioy ¢dmsexypeihprociddd/al sggd Xk e ificgpd4d proteins (e.g.,
PESN2dhf r %&oﬁ%&&ﬁ é’P%%%“r%?%?é’ﬂ@ rgﬁhgg M{ L!L%t-E(.r%n?LTt%ll‘eTl pol yam ne
transfecti &n- reagent (Pan Vefa) accordng 1o tHe manuracturers
i nstructi o®atang (REVHRFESG2f or Y84 idids typet esed@ngesr swhemedi a was changed

to sel erti weprBdbad (f11% sRegkeal ¥ tde13512880s9/ M G418) and cells were split
1:5 and incugated for an additional 48 hours. Media was changed every 5-7

C. CHO Cell line Env expregsion data

Chinese hamster ovary (CHO) cells were transfected
with plasmid DNA encoding the synthetic HIV-1 gpl20 or
10 gpl4a0 proteins (e.g., pESN2dhfr or pCMVIII vector
backbone) using Mirus TransIT-LTl1 polyamine transfection
reagent (Pan Vera) according to the manufacturers
instructions and incubated for 96 hours. After 96 hours,
media was changed to selective media (F12 special with
15 250 ug/ml G418) and cells were split 1:5 and incubated
for an additional 48 hours. Media was changed every 5-7
days until colonies started forming at which time the
colonies were picked, plated into 96 well plates and
screened by gpl20 Capture ELISA. Poaitive clones were
20 expanded in 24 well plates and screened several times for
Env protein production by Capture ELISA, as described
above. After reaching confluency in 24 well plates,
positive clones were expanded to T25 flasks (Corning,
Corning, NY). These were screened several times after
25 confluency and positive clones were expanded to T75
flasgks.

Pogitive T75 clones were frozen in LN2 and the
highést expressing clones amplified with 0-5 uM
methotrexate (MTX)at several concentrations and plated in

30 100mm culture dishes. Plates were screened for colony
formation and all positive closed were again expanded as
described above. Clones were expanded an amplified and
screened at each step by gpl20 capture ELISA. Positive

clones were frozen at each methotrexate level. Highest
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days until colonies started formng at which tinme the colonies were

pi cked, plated into 96 well plates and screened by gpl20 Capture @éb@a‘?ﬂ%
Positive clones were 20 expanded in 24 well plates and screened se

times for Env protein production by Capture ELISA, as described above.
After reaching confluency in 24 well plates, positive clones were expanded
to T25 flasks (Corning, Corning, NY). These were screened several tines
~after 25 confluency and positive clones were expanded to T75 fl asks.

Posi tive Wdadoh@anes were frozen in LN2 and the highestpcgxpsnsssng cl ones
anplified wth 0-5 Mnethotrexate (MIX)at several concentrations and pl ated
in 30 100mm culture dishes. Plates were screened for colony formation and
al | positiRROMGIEd Chenes ayel h wErpanie st usiescbipeereirfe. (38 ones wer e

expanded apo@mplfidr %Qpaﬂgioﬁcar@eaadﬁa&tﬂﬁmosuan Byr@p120 capture ELISA.
Positive clones were E:g_rozen at..eac t hotrexate | evel. Highest 137 0 5

DEC 2005 \D'SRETEISH2 CBETHIRIANSE54808r tfu TR ScFBneR 1#F % grown i n

perfusi on iarezaxtoanss (3L, 100L) for expansion and adaptation to | ow serum

suspengi on cul tup opdLi kO | e ef i actors. 5 Tables
5 and % show Ca%tbﬁ're% L%‘gg é&;stﬁé;%][ F%%@%fﬁg%c%ﬁ EQ{:?anrs?rECc?%og with pCwiI I |

vect or car?84Y¥fy tarasadeered widic SEMNGISYRITOE C2HFYARBAR H7FSSEE62 Env
pol ypepti d@ﬁcodiexgge?fnanéawchm-@@uasﬁdss'ﬁm, erodpblpsepada usage and/ or
e

del et ed hygervariab e L€ '{ons : Thusé st abl y %0 transfected CHO cell I|ines
hi ch expr EE ey BatsPepl stiade PALEs, SRt et oRR mror i o ang
gpl40- ol i gomefarc delaved hgservyarddbtedred3ha) .5 ThEGs 2005BAMY 00/ 39302

10 transfected CHO cell lines which express Env polypeptides

(e.g., gpl20, gpl4O0-monomeric, and gpl40-oligomeric) have

been produced.
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PCT/ US99/ 31245 Table 5 5 10 *All sanples neasured at T-75 flask stage
unless 15 indicated "at 24 well and 6 well plate stages otherwise ***in a
three liter bioreactor perfusion culture this clone yielded approxjisngilellfh
2-5 g/m. CHO Cell Lines Expression Level of US4 Envel ope Constructs
Construct sCHO Cl one #MIXExpression Level' Level (ng/m)

gpl20. nndUS413. 2M250- 450 21. 6MB50- 450 3200nM230-580*** 4200nMB00- 500

gpl140. nndUS411ML55- 300 21MLOO- 260 31M200- 430 gp140. mut. 11ML10- 270
nmodUS42111wé0@393&%5 31MLOO0- 220 gpl40. nodUS4150nMB13- 587" pc1/Us99/31245

. del V1/V2250nM237- 667" 350nM492-527** gpl40. nmut. 150nM46- 328"

nodUS4. del VI 250nMB2- 318" /V235an2%gb§§5§ 139 0 5 DEC 2005 WD 00/ 39302

Table 6 5 10

CHO Cell Lines Expression Level of US4 Envelope
Constructs
Consgtructs CHO Clone # MTX Expression Level"
Level (ng/ml)
5 gpl20.modUs4 |1 3.2uM 250-450
2 l.6uM 350-450
3 200nM 230-580%**
4 200nM 300-500
gpl40.modUsS4 |1 1uM 155-300
2 1uM 100-260
3 1puM 200-430
gp140.mut. 1 1uM 110-270
modUs4 2 1uM 100-235
3 1uM 100-220
gpl40.modus4 1 50nM 313-587"
10 .delvi/v2 2 50nM 237-667""
3 50nM 492-527""
gpl40.mut. 1 50nM 46-328""
modUS4 .delvli |2 50nM 82-318"
/V2 3 50nM 204-385"

'All samples measured at T-75 flask stage unless otherwise
15 indicated :

“‘at 24 well and 6 well plate stages

*+**in a three liter bioreactor perfusion culture this

clone yielded approximately 2-5 ug/ml.
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15 Al sanples nmeasured at T-75 flask stage unless otherwi se indicated The
results presented above denonstrate the ability 20 of the constructs_ of
the present invention to provide expression of Env pol ypeptides inf 2005
cells. Production of polypeptides using CHO cells provides (i) correct

gl ycosyl ation patterns and protein conformation (as determ ned by binding
to panel of MAbs); (ii) correct 25 binding to CD4 receptor nolecules; (iii)
absence of non PCT/US99/ 31245 CHO Cel | Lines Expression Level of SF162
Envel ope @m@ispiect s Construct sCHO C one #MIXExpressi on pEvedoosfaggvel (ng/ m)
gp120. nbdSF16210755- 2705 20928- 1538 30538- 1609 gpl40. nodSF162120 nML80- 350
gpl40. nut. 120 nML64- 451 nodSFl 62220 nML88-487 320 nM233- 804

gpl120. nndSF1621800nM628- 1560 . del veslk fvug7- 1878 3800nV689- 1212

90140, mut . 180pNVETE 703 LB G30RErvbIAOTRIL 6T SBOBAMFIIRG
4400nNﬂ600-2176 140 0 5 DEC 2005 WZdx¥t3ad@a8 PCT/ US99/ 31245 manmal i an cel
cont am nant SéggﬁrdéggeCT CHO Clone # |MTX Expression Level’
Level (ng/ml)
5 gpl20.modSF162 | 1 0 755-2705
2 0 928-1538
3 0 538-1609
gp140.modSF162 | 1 20 nM 180-350
gpl40.mut. 1 20 nM 164-451
modSF162 2 20 nM 188-487
|3 20 nM | 233-804
gpl20.modSF162 | 1 800nM 528-1560
10 .delv2 2 800nM 487-1878
3 800nM 589-1212
gpl40.modSF162 |1 800nM 300-600
.delv2 2 800nM 200-~-400
3 800nM 200-500
gpl40.mut. 1 800nM 300~-700
modSF162.delv2 | 2 400nM 1161
3 800nM 400-600
4 400nM 1600-2176
15 ‘All samples measured at T-75 flask stage unless otherwise

indicated

The results preéented above demonstrate the ability
20 of the constructs of thg present invention to provide
expression of Env polypeptides in CHO cells. Production
of polypeptides using CHO cells provides (i) correct
glycosylation patterns and protein conformation (as
determined by binding to panel of Mabs); (ii) correct
25 binding to CD4 receptor molecules; (iii) absence of non-
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cells); and (iv) ease of purification.

Hl V- SF162

i nto expression vectors having the
t he synthetic Tat
Expression efficiencies for various vectors carrying

w | d-type
descri bed

wild type.

Gag- Pr ot ead

D. Tat Codi ng Sequences 5 The

("SF162") wild-type Tat (SEQ ID NG 85) sequences were cloned

sane features as the vectors

sequences were cloned (SEQ I D NGs: 87, 88 and 8
10 the SF162

and synthetic Tat sequences are evaluated essentially as
above for Gag and Env using capture ELI SAs with the appropriate
anti-tat wandoismorli es and/ or CHO cel | assays. Expressi orpcafushingdaas
pol ypepti des encoded by the synthetic cassettes is 15 inproved relative to

1Yy Sequent

l 3 t Bl ot Anglysis of Expression A 6 Gag and
géﬁgd : ¥ ergg q&fwg d 993 Tk %éFBS??eﬁﬂ949cted as

descri bed pnllEkanpkb(ZvujBhsgcwvamrbasedtunclors contai ning native or

synt hetic

Gag expression cassettes. Cells were cultivated for

60 hours

post - transfectlon Supernatants were prepared as described. Cell |ysates

were prepared

cells were washed once with phosphate-

buf f er ed sal . nerhé)!ﬁ@)ds‘#'l%? @%ﬁ&ﬁgtwiﬂ%% th§' ggg% transgepre d-;mo

Louis, M)

0.1 MTris- e lys

fresh tubegeq?ﬁﬁfeﬁxﬂ?fécF}P%ﬂ4d%“ﬁbF§Pf?ﬁ%#Qﬂa§P08°{§gb&vab%heSan Di ego,
CA) were | eadedfetitiured0ak ohe swzftro&at gfito Ghikd Bnk &fnridlile ¥sate. A

an e"@%,e{%' Sg&,ﬁggE&E@? - b8r7oa(3 Si zgaé%nge st andard; Bi oRad

protein st
Labor at ori
pr ot ei ns

DEC 2Q@5 V&Q%M@lﬁ@ﬂﬂp&?%r@-%ﬁtﬁ@m AR LBFue ks S W RS,

| mobi | on

15

20

25

30

es, rcule rop oresi’'s

‘ed out and the

'9@ SECDED

30

wer e ﬁ*HﬁﬁﬁﬁéPneﬁftaﬁkﬂyqaesl@@&uvéﬁl@nsfeectwmﬁﬂmarr&BngRad 141 0 5

P
eva ate essentlally as described above for Gag and Env

using capture ELISAs with the appropriate anti-tat
antibodies and/or CHO cell assays. Expression of the
polypeptides encoded by the synthetic cassettes is

improved relative to wild type.

: Example 3
Nestern Blot An 8is of Expression

A. Gag and Gag-Proteage Coding Sequences

Human 293 cells were transfected as described in
Example 2 with pCMV6a-based vectors containing native or
synthetic Gag expression cassettes. Cells were
cultivated for 60 hours post-transfection. Supernatants
were prepared as described. Cell lysates were prepared
as follows. The cells were washed once with phosphate-
buffered saline, lysed with detergent [1% NP40 (Sigma
Chem;cal Co., St. Louis, MO) in 0.1 M Tris-HC1, pPH 7.5],
and the lysate transferred into fresh tubes. SDS-
polyacrylamide gels (pre-cast 8-16%; Novex, San Diego,
CA) were loaded with 20 pl of supernatant or 12.5 ul of
cell lysate. A protein standard was also loaded (5 ul,
broad size range standard; BioRad Laboratories, Hercules,
CA) . Electrophoresis was carried out and the proteins

were transferred using a BioRad Transfer Chamber (BioRad
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(MI1lipore Corp., Bedford, MA) using the transfer buffer recomended by
the manufacturer (MIlipore), where the transfer was perforned aﬁ éﬁ(ﬁ
volts for 90 m nutes. The 5 nenbranes were exposed to H V-1-posit 5/ Zﬂ%n
patient serum and i nmunostai ned usi ng o-phenyl enedi am ne di hydrochl ori de
(OPD; Sigma). The results of the imunoblotting analysis showed that cells
containing the synthetic Gag expression 10 cassette produced the expected
p55 protein at higher per- cell concentrations than cells containing the
native ex@oe®szon cassette. The Gag p55 protein was seenu$s3iedpt h cel |

| ysat es and supernatants. The levels of production were significantly

hi gher in cold 2UpELOAtANLALS T aF) o8l | s lranshestedaita the synthetic Gag
expressi on  casse {6 6f the présent Thvention. peri Tent s performed in
support of (Mild ipprseferp nv @adifond s udRjestsimgathe et Yansfeanbatheng t he

synthetic x%%n%aaeaxsge@g ARntegsehts Miadupsee) hanrxpeehed Gag- prot
protein at conparabl 0 higher per-cell concentrations than cells

cont ai ni n§ARELERatRFeP i Bh 28 s@ltE. PR AYIMIUSRS  supRf nat ants from

t he transheabedn283wetel dxposedetbrRre4d npaisediod Bueiropatcgeati ents. Aliquots
of the supernatant.were transferred to Pol Y,EI ear TM, ultra 25 centrifuge
t ubes (BecC Siran Fﬁstrunencfss,dlegfiu%f%? C'VIB)h,en RAET-3H" with a sol ution of
20% (wt / wdihydepobéoragel (QGRILj 8cgmal t o 2 hours centrifugation at 28,000 rpm

in a Beckman SWR8,LEeLDrs JEN@nkeSithindid ReLhE aiS, s3usRABYEd i n PBS and
| ayered onto a 2 -60%§wt/wt)_ sucrose gradi ent 30 "and ,subjected to 2 hours

centri f ugdt®éncgt1aoc RS hhe BEudigtds S99 13FPESFIPR The gradi ent was
t hen 10 actdaemated ppvducapphexerpeéetesd HEsX ptotikimldtghagRet Speari i Nng at t he

top,  20%enq, cobLbe: tadleihhn SO EHURERLAFHHL LheW442 0 5 DEC 2005

expression cagsette. The Gag p55 protein was seen in
both cell lysates and supernatants. The levels of
production were significantly higher in cell supernatants

15 for cells transfected with the synthetic Gag expression
casaette of the present invention. Experiments performed
in support of the present invention suggest that cells
containing the synthetic Gag-prot expresgsion cassette
produced the expected Gag-prot protein at comparably

20 higher per-cell concentrations than cells containing the
native expression cassette.

In additiqn, supernatants from the transfected 293
cells were fractionated on sucrose gradients. Aliquots of
the supernatant were transferred to Polyclear™ ultra-

25 centrifuge tubes (Beckman Instruments, Columbia, MD),
under-laid with a solution of 20% (wt/wt) sucrose, and
subjected to 2 hours centrifugation at 28,000 rpm in a
Beckman SW28 rotor. The resulting pellet was suspended
in PBS and layered onto a 20-60% (wt/wt) sucrose gradient

30 and subjected to 2 hours centrifugation at 40,000 rpm in
a Beckman SW4lti rotor. ,

The gradient was then fractionated into
approximately 10 x 1 ml aliquots (starting at the top,

20%-end, of the gradient). Samples were taken from
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fractions 1-9 and were el ectrophoresed on 8-16% SDS pol yacryl am de gel s.
Fraction nunber 4 (the peak fraction) corresponds to the expected (% |b$
of Gag protein VLPs. The supernatants from 293/synthetic Gag 5 celll 3@4
much stronger p55 bands than supernatants from 293/ native Gag cells, and,
as expected, the highest concentration of p55 in either supernatant was
found in fraction 4. These results denponstrate that the synthetic Gag 10
expressi on cassette provi des superior production of both p55 protein and
VLPs, rel sto00m9302 t he nati ve Gag codi ng sequences. B. Homwse@psk4ssg Sequences
15 Human 293 cells were transfected as described in Exanple 2 with
pCWKn2- based; pCWI i nk-based; p-CWII- based or pESN2- based vectors

cont ai ni ngts’FPacﬁJ\Pé’So}'gst?H”&rieceE?FQr%BJEr§§§ oﬂncg'sjssé"t 08 Cells were

cul tivat edpdlprack¥lemife dmls.s poattismnsimbelri on(tkeldeak0 | ysates and

super nat a reyp sgrlb a .2). Briefly, the cells
wer e vvashgfd;saoér,]%é)%\}\,i %ﬁp%%sn%agg- gﬁ%f%&&ﬁkggl ?%)Jé&%? yos'Fe a§/ith detergent (1%
NP40 ( Si Pt SHEMVEERF - Cothe Stupersatantavfrem 393d/dymaiptiis- g, pH 7.5], and
the |ysat ecdliangfaver adch r&&d‘n@eshpgyb&%ds%hwssﬂs&m&?ﬁkggkﬂl&n gfel s

Wi 0

(pre-cast 8-16%_ .Novex, S D ego, CA) were | oade

super nat an Q%afﬁ.vg 8%5’ %?eﬂcgel anys?ﬂ eg.xPEcﬁFSt eé?'? 98€§Far wei ght standard
and an H \t@k2mgpadopost toSee icnoai tindr pupeehat {5t Alas libaad i ze range.
standard; giQRad Laboratories, Hercules, 30 CA) were al so |oaded.

El ectrophoresis was carried out and the proteins were transferred using a
Bi oRad Tr ansf erTReERaFp®t! {EBiOSRaAS LB &haLi BBe FEHAOEtds, G&A) to | nobi | on

P nmenbo aneskgdddslibpoegedite. prBeddds dupdh) ovshrgiddi@ont bansd@y buffer
r ecommndepqsgj)fnrto@gigagrlig %tP%r,erre}aA'givoe %oDlg}cl:ezr?aQtSive Gag coding

sequences.
B. Env Coding Seguences
15 - Human 293 cells were transfected as described in

Example 2 with pCMVKm2-based; pCMVlink-based; p-CMVII-
based or pESN2-based vectors containing native or
synthetic Env expression cassettes. Cells were
cultivated for 48 or 60 hours post-transfection. Cell

20 lysates and supernatants were prepared as described
(Example 2). Briefly, the cells were washed once with
phosphate-buffered saline, lysed with detergent [1% NP40
(sigma Chemical Co., St. Louis, MO)] in 0.1 M Tris-HC1,
pPH 7.5], and the lysate transferred into fresh tubes.

25 SDS—polyacrylamide'gels'(pre—cast 8-16%; Novex, San
Diego, CA) were loaded with 20 ul of supernatant or 12.5
#l of cell lysate. A protein molecular weight standard
and an HIV SF2 gpl20 positive control protein (5 ul,
broad size range standard; BioRad Laboratories, Hercules,

30 CA) were also loaded. Electrophoresis was carried out
and the proteins were transferred using a BioRad Transfer
Chamber (BioRad Laboratories, Hercules, CA) to Immobilon
P membranes (Millipore Corp., Bedford, MA) using the

tranafer buffer recommended by the manufacturer

143



WO 00/ 39302 PCT/ US99/ 31245 (M I lipore), where the transfer was perfornmed at
100 volts for 90 m nutes. The nenbranes were then reacted agai nst

pol ycl onal goat anti-gpl20SF2/env2-3 anti-sera, followed by inclbdtt 305
with swine anti-goat 1gG 5 peroxidase (POD) (Sigma, St. Louis, M)). Bands

i ndi cative of binding were visualized by adding DAB wth hydrogen peroxide
whi ch deposits a brown precipitate on the nenbranes. The results of the

i mrunobl otti ng anal ysis showed 10 that cells containing the synthetic Env
expressi owo@masnett e produced the expected Env gp pr ot epawsusddibe

predi cted nol ecul ar weights as determ ned by nobilities in

SDS- pol yachl m_de eg)el s. at _hi gher oncentrations than cells

er-cell ¢
cont ai ni ng the Ve YREES ot stirSE‘sE%’és“éatst EeTFREMER VA prid%i ns were seen in
both cel | véltsatizs addmsoypeenat Shesmenlareay eleseot hem athiritiedn wer e

stom [ canidan U0gh Liofg] o utPehaaL gR Soded efife! 3 addanglgoted With the
synthetic Env expres‘sfl,on cas?sette 0 the present Tnvention. '20 Q,. Tat
Codi ng SeqtRh¥edHirahnodrtdidn yishesvinmentdraaatsig’scribed in Exanple 2

Wi th vari ossrosactages (PODf alidgha, NBLL VEoWs, #ioNt hephggdat expression
cassettes., Cells ar re;ﬁgul tivated 25 and isol ated proteins anal %zed as
descri bed CIVEN G IOT WeTEnkEsMa s zeRoRy *fding AABswabht ai ni ng t he

synt heti c Matrogepr easbride agaeiht depoOitic e birbaneypeci@databnpr ot ei ns of

t he predict [é'i}% r weights as determned by nobilities in
SDS- pol yacr‘fﬁdam gggé S at 30 higher per-cell concentrations than cells

cont ai ni ng t he Theatrpgel e prie ddieo Ampanrciuiats ing44ngl = BEGhR068 WD 00/ 39302

10 that cells containing the synthetic Env expression
cassette produced the expected Env gp proteins of the
predicted molecular weights as determined by mobilities
in 8DS-polyacrylamide gels at higher per-cell
concentrations than cells containing the native

15 expression cassette. The Env proteins were seen in both
cell lysates and supernatants. The levels of production
were significantly higher in cell supernatants for cells
transfected with the synthetic Env expression cassette of
the present invention.

20
(ol Tat Coding Sequences

Human 293 cells are transfected as described in
Example 2 with various vectors containing native or
synthetic Tat expression cassettes. Cells are cultivated

25 and isclated proteins analyzed as described above.
Immunoblotting analysis shows that cells containing the
synthetic Tat expression cassette produced the expected
Tat ﬁroteins of the predicted molecular weights as
determined by mobilities in SDS-polyacrylamide gels at

30 higher per-cell concentrations than cells containing the

native expression cassette.
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PCT/ US99/ 31245 Exanple 4 Purification of Env pol vpeptides A Purification
of Aigoneric gpld40 Purification of oligoneric gpl4d0 (o0-gpld40 US4) was 5
conduct ed essentially as shown in Figure 60. For the experinents(ddet2ihed
herein, o0-gpl40 refers to oligonmeric gpl40 in either native or nodified
(e.g., optimzed expression sequences, deleted, nutated, truncated, etc.)
form Briefly, concentrated (30-50X) 10 supernatants obtained from CHO cell
cultures were | coaded onto an ani on exchange (DEAE) col um which renoved
DNA and etd@roser um proteins. The eluted material was pOgGRe32t0 a
ceram ¢ hydroxyapatite colum (CHAP) which bound serum proteins but not
H V Env proteins. The flow 15 through_fromthe DEAE and CHAP col uims was

| oaded onto a Protein A colum %‘—éigﬂ#e%auti onary step to renove any

remai ni ng serum i Mmunadmifiilcangon The How pplopeptisidsn the flowthrough were
t hen captLgecgmlfggawgnI&ctdl gLpyant husg naval is (GNA, Vector Labs,
Bur | i ngane, mannose rich car bohydrat es

such as Env. '?h‘élﬁhva‘b*%"teﬂfnS?lv\BPIeeﬂTempéHQté@-%Jt%GNA sapstrate. To

r enoves ot flﬂfndﬂcﬁ@hYeQéé(rﬁﬁ%&'l QQ BROIEI IS 71 gRr-&aEd ON p%?cﬁﬁgge col um (SP)
was used to purif 140/, In a final ste&f separates gpl20

from 25 o- ?f@meétﬁe €899 Qt Fﬁﬁe%:‘b'l ANTPRAS IR'’F® $9separate ol i goners
f r om nonondrigomSirzt ngpBAW iehe@BREPGEAINE o2NBbysiiedOf(et e, final product

revealedt rate Ieadtoth uccessful isolation of oligoneric
p140. 30 %%tl tt'JLrgf3 é’tt 1'fG"osri:’q)céﬁ‘n pIY Pt i ﬁei ’f'fcg'n"li’f 256%20 was conduct ed

essentl al |tyrua§atpdev¢m§| )Foa‘mschbmefyor cohbemt favedpr(ebesos). Briefly,

concemrats%e&ﬁaeaﬂ@é Hlch 10863 G P BRI Rl BULENL CPoa gl © | 0aded onto

an anion exchangeé e) col utm whi ch
to anion exchange (DEAE) column which removed DNA

and other serum proteins. The eluted material was loaded
onto a ceramic hydroxyapatite column (CHAP) which bound
serum proteins but not HIV Env proteins. The flow-

15 through from the DEAE and CHAP columns was loaded onto a
Protein A column as a precautionary step to remove any
remaining serum immunoglobulins. The Env proteins in the
flow-ghrough were then captured using the lectin
gluvanthus navalis (GNA, Vector Labs, Burlingame, CA).

20 GNA has high affinity for mannose rich carbohydrates such
as Env. The Env proteins were then eluted with GNA
substrate. To remove other highly glycosylated proteins,
a cation exchange column (SP) was used to purify
gpl40/gp120. 1In a final step, which separates gpl20 from

25 0-gpl40, a gel filtration column was used to separate
oligomers from monomers. Sizing and chromatography
analysis of the final product revealed that this strategy

lead to the successful isolation of oligomeric gpl40.

30 B. Purification of gpl20

Purification of gpl20 was conducted essentially as
previously described for other Env proteins. Briefly,
concentrated supernatants obtained from CHO cell cultures

were loaded onto an anion exchange (DEAE) column which
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WO 00/ 39302 PCT/ US99/ 31245 renoved DNA and ot her serum proteins. The el uted
mat eri al was | oaded onto a ceram c hydroxyapatite colum (CHAP) WﬁEﬁE
bound serum proteins but not HHV Env proteins. The rovv-through[] Whe
CHAP columm was 5 | oaded a cation exchange colum (SP) where the flow

t hrough was di scarded and the bound fraction eluted with salt. The eluted
fraction(s) were | oaded onto a Suprose 12/ Superdex 200 Tandem col um

(Phar maci a- Upj ohn, Uppsala, Sweden) from which purified gpl20 was

obt ai ned. WS1orey210 and chromat ography anal ysis of the Fdmados/pragsduct
revealed that this strat egy successfully purified gpl20 proteins. Exanple

5 Anal yS|s r ny._.Pal tides .15 A _Analysis of o-apl40 It is

wel | docurfen ovéa% PI\I ?E/%trp\fr %gf P P YRS o T@f)de%'}‘ﬁef inits correct

conf or mat itaterAad owdE nypaded lmeltoabl texamiof hydgpkvdpdiS4epebypept i des,

produced andmapyr ivhied Qéurgf%% hmeg%:éé)&‘f?s bh?hhbgdq%c | cel|'s was 20 tested.
\M -

O gpl40 US4 was i ncubated for nut es bel ed CD4 at room
t enper at urRF & fd"Poadtd® ont Y -&hrepreR frorshepBrRBIjoimpe wagcl usi on col um

usi ng ¥t ercmdedPhCoa€tiMn FeleEahgg wmﬁrorx@@?;twnef@runéﬂubwe (2.67

m nut es) A d Fl TC (2 7 25 shortest retention
time 9th?: u%wevxgggo ls’i’acravré1 ggcré?f "‘1‘% 8 ')1 EEHQVLER | ng that, as
expect ed g3-1§p 140he Ushutrpdh deracoi@bls ) mamngoadécarcgﬂ:ocanphpxoml ch reduces

retention 1tzi/@age9déiaez@@lwmemwafumﬁ hengrARE49-553bnP' 8 ngfggaeﬂa and purified
as descri bed a 9vgﬁls of the 30 correct size and confor ion.” I n addition,

the US4 oS58 PP FRiFh BugaELed Rt 20a B eoPhRidesl- soSiaia®d for its
abi | i1y t @ndi rlrbwatograityetyabis T RGC kavakiant ihedies wetdaldwwn epitope

SpeCifiCiE%sﬁ Eﬂist£§§ég%%ybgﬂg r@%fﬁfly p&@?fggg qu%cbgggegéﬁ

Example 5
Analysig of Purified Env Polypeptides

15 A, Apnalygis o-
It is well documented that HIV Env protein binds to

CD4 only in its correct conformation. Accordingly, the
ability of o-gpl40 US4 polypeptides, produced and )
purified as described above, to bind CD4 cells was

20 tested. 0-gpl40 US4 was incubated for 15 minutes with
FITC-labeled CD4 at room temperature and loaded onto a
Biogil 250 (BioRad) size exclusion column using Waters
HPLC. CD4-FITC has the longest retention time (2.67
minutes), followed by CD4-FITC-gpl20 (2.167 min). The

25 shortest retention time (1.9 min) was observed for CD4-
FITC-o-gpl40 US4 indicating that, as expected, o-gpl40
US4 binds to CD4 forming a large complex which reduces
retention time on the column. Thus, the o-gpl40 US4
produced and purified as described above is of the

30 correct size and conformation.

In addition, the US4 o0-gpl40, purified as described

above, was also tested for its ability to bind to a
variety of monoclonal antibodies with known epitope
specificities for the CD4 binding site, the CD4 inducible
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0 5 DEC 2005 WD 00/ 39302 PCT/ US99/ 31245 site, the V3 | oop and
ol i goner-specific gp4l epitope. 0- gpld40 bound strongly to these 2005
anti bodies, indicating that the purified protein retains its strUCQ%P%q
integrity. 5 B. Analysis of apl20 As described above, CD4-FI TC bi nds gp120,
as denonstrated by the decreased retention tinme on the HPLC colum. Thus,
US4 gpl20 purified by the above nethod retains its conformtional
integrity. In addition, the 10 properties of purified gpl20 can be tested
by exam nwo@osdads integrity and identity on western bl ecsuswsimel | as, by
exam ni ng protein concentration, pH, conductivity, endotoxin |evels,
bi oburden and the | ike. US4 gpl20 purified. as scri bed abgve, was al so
t est ed foPll‘QFS %ea\gl(ﬁﬁo? ?Sgb%ﬁl@qmgrésgﬁ?’r 15 %g?me)ﬁ(l)c?%en'al %a'nti bodi es
wi t h knowgpapdt bpend pegichigdyt testHeme wheilBBllidy ndindgcasing, thate CD4
i nduci bl e gi.t YN re [fa1C jtope. The
pattern oft ﬁﬁﬁguﬁ%ﬁ%%{ %Ogggaﬁ%%%dﬁg?ggt gt(:j?‘? atlfatlhéggléﬁf?%'d protein
retained its 20 structural integrity, for exanple,. the purified gpl20 did
not bigd Bhe ARLIhaid RE Ghe2ol | goner-specific gp4l epitope (as expected).
Example 6 25 E| ectron .M croscopi c, _Eval yati on, of Production The cells
for electron ﬁ‘%r %%CWQ\%BPEO ‘F’atcé:’g'gtﬂfg ijJd%‘:}nssi \y(L"Ef 89- 70% confl uence, one
day bef or dembnapsdtent ibyn th#hdeceddaedveebent s ftdoeednwild HRLGQy of DNA
usi ng tra%&gﬁhlor‘rﬂﬁqg%@h gh&%m&ah BP R0 abacEbatadhd or 5 hours in
anple 2 The

serumreduced nedi um (see medi um was then replaced with

normal  mEGFANIE ste® CORFSrBabiong kegEEFYs WY @9RREL®R &' or 14 hours
(COS-1) oObrépehoiks CiHArifAER efpiduc that bencddwed bel ksaniiithgrashed twi ce

W th PBS %@g EL ggkf@;';n%QQAégtity on western blots, as well as,
by examining protein concentration, pH, conductivity,
endotoxin levels, bioburden and the like. US4 gpl20,
purified as described above, was also tested for its

15 ability to bind to a variety of monoclonal antibodies
with known epitope specificities for the CD4 binding
site, the CD4 inducible site, the V3 loop and oligomer-
specific gp4l epitope. The pattern of mAb binding to )
gpl20 indicated that the purified protein retained its

20 structural integrity, for example, the purified gpl20 did
not bind the mAb having the oligomer-specific gp4l

epitope (as expected).

Example 6
25 Electron Microgcopic Evaluation of VLP Production

The cells for electron microscopy were plated at a
density of 50-70% confluence, one day before
tranéfection. The cells were transfected with 10 ug of
DNA using transfection reagent LTl (Panvera) and

30 incubated for 5 hours in serum-reduced medium (see
Example 2). The medium was then replaced with normal
medium (see Example 2) and the cells were incubated for
14 hours (COS-7) or 40 hours (CHO). After incubation the

cells were washed twice with PBS and fixed with 2%
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0 5 DEC 2005 WD 00/ 39302 PCT/ US99/ 31245 gl ut ar al dehyde. El ectron m croscopy
was performed by Prof. T.S. Benedict Yen, Veterans Affairs, Medj S:BEC 2005
Center, San Francisco, CA). Electron mcroscopy was carried out USi'hg a 5
transm ssion el ectron mcroscope (Zeiss 10c). The cells were pre-stained
with osm umand stained with uranium acetate and lead citrate. The

magni fi cation was 100, 000X. Figures 3A and 3B show m crographs of CHO
cells 10 transfected with pCWKM carrying the synthetic Gag expression
cassette (@393 NO. 5) or carrying the Gag- prot expred§r39¥dzSette (SEQ
IDNO79). In the figure, free and budding inmmture virus-1|ike-particles

(VLP) of th Si Ren&aoLd5 expression
cassette ﬁ%“g&%?g%‘?%n'd ﬁf%‘l’?gﬁa ucrrg)rsgr? 96‘1;1”%{ E{eeIIfVLrPngaar% seen for the
Gag- prot &xortesSi dn Rensskiate Yepr Yefrarass) Al fpxsy Medisatransfected with the

sane vectQnhtRavesiherSaim L¥pr eapi on pattern. VLP can also be found
intracel lul arl ééi n CHO and COS-7 cells. 20 _Native .and_synthetic Gag

expressi on cas&eEFEECRENETOSGRBY ¥F fGFTERBI PUR 38 %Ped | evel s of VLP
producs i orraneissset dleduransméctodnoren (208sgeldas.. TRBecosdplar i son  was

per f ormed by Ag0s! 4y, GGAALARY ULLGE Rl ot AL AN L8Y wrbln Supernatants and

Vst er n- bI"6t “ahalysis o the radient fractions. ere was a clear

i npr ovenerceitateppod uktddirisravepPs ThremagsifitcaHersy¥afhetic Gag construct.
Exanpl e 7 13Q bypkession of Virus-like Particles in the Baculovirus stem
A. Expression of Native HV r)55 Gag .-To construc e native HV p55 Gag
bacul ovirus sEGEEFES b BE 3%3h8hf)‘?'g?’tﬁﬂ?8§a%ih—§ 9—#\?5%55 #%sn‘i d, pTM 148

10 transfected with pCMVKM2 carrying the synthetic Gag
expresaion cassette (SEQ ID NO:5) or carrying the Gag-
prot expression cassette (SEQ ID NO:79). 1In the figure,
free and budding immature virus-like-particles (VLP) of
the expected size (100 nm) are seen for the Gag

15 expression cassette (Figure 3A) and both immature and
mature VLPs are seen for the Gag-prot expression cassette
(Figure 3B). COS-7 cells transfected with the same
vector have the same expression pattern. VLP can also be
found intracellularly in CHO and COS-7 cells.

20 Native and aynthetic Gag expression cassettes were
compared for their associated levels of VLP production
when usged to tranafect human 293 cells. The comparison
was performed by density gradient ultracentrifugation of
cell supernatants and Western-blot analysis of the

25 gradient fractions. There was a clear improvement in

production of VLPs when using the synthetic Gag

construct.
Example 7
30 Expression of Virug-like Particles in the Baculovirug
System

A. Expression of Native HIV pS5_ Gag

To construct the native HIV p55 Gag baculovirus
shuttle vector, the prototype SF2 HIV p55 plasmid, pTMl-
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0 5 DEC 2005 WO 00/ 39302 PCTI US99/ 31245 Gag (Selby MJ., et al., J Virol.
71(10):.7827-7831, 1997), was digested with restriction endonucl eases Ncol
and BanH to extract a 1.5 Kb fragnent that was subsequently suydcDkEn2th
into pAcC4 (Bi o/ Technology 6:47 5 55, 1988), a derivative of pAc436.
Generation of the reconbinant bacul ovirus was achi eved by co-transfecting
2 g of the HV p55 Gag pAcCA shuttle vector with 0.5 g of [Iinearized,
Aut ogr apha cal i forni ca bacul ovirus (AcNPV) wild-type viral DNA into
Spodopt er vafaosgoperda (Sf9) 10 cells (Kitts, P. A, Ayr &TUSES128nd Possee
R D., Nucleic Acids Res. 18:5667-5672, 1990). The isolation of

reconbi na Vil xpressing H VvV . (ag I T according to

st andar d {Eea n(isézgg l?Cfl%’ei‘#l di"D. %5‘51%%3/}??5{&7';?%3\1/' A. Luckow,

Bacul ovi r us? S pr wesi digastcrcomith sresmissianoeydmmunigiasew MeoFr eeman and
Conpany, New Yarkr td99%radeXBl €551 @0 Haghls: HadPIRsCag was achi eved using

a 500 m suspension culture of Sf9 cells %Eown in serum free nedium

(M aor el | Bubgequpnt iy ipclenedningebAcsid (BiosBeqricdRsy Bi ©7 Technol ogy

g: 15|fJ65_1515£5, 1988) ,tihac_leﬂl‘li._afi_tbﬁen?f!ﬁﬁfcﬂmtsed mé?%awﬁanb‘z’ phé (g reﬁorfbihnant
aculovirus at. .a tipliciity of infectio of 1Q. Forty-eight ours
post - i nf ecﬁeicﬁﬁfblpﬁgys%“g‘f]??é’tléﬁf VERRY S'r"ﬁgeéy bf/g'tggﬁ’tggfaf:g 27i%n and
filtered tdy afghha BIV phY idagepAcb sMutdqlet seofort hetdupebnagari were t hen
transferr ; c e E'?ﬂ? SL OB S i A CA)

“ul tracent ?i tfggltgg%gs%ﬁﬁé\g eafjl(flgi ggw t H%%‘I% (a‘?‘fva)l ‘%ugﬁégg?) and subj ected
to 2 hour vidéntwPruyt¥rbrPNRt ipgoofpodontalsi Agueimedend 828 rotor. 30 The

resul £hng quallsetxwees suspendag-en MIn .S Rwlf e6ssde® .MV, TNus 166, pH 7.5, 250
mM NaCl, and 2.5 nmM _et hyl enedi an net. et ragceti c,acid %gDTA] ), layered onto
a 20- 60%AIWERTs uts 080 gradeent?%Und $86j LRV 3Fhours

cent ri f ugatdcambahad6, Ve pixpresaing HAr psancayWids performed

according to standard techniques (O’Reilly, D.R., L.K.
Miller, and V. A. Luckow, Baculovirus Expression Vector:

15 A Laboratory Manual, W.H. Freeman and Company, New York,
1992).

Expression of the HIV p55 Gag was achieved using a
500 ml suspension culture of Sf9 cells grown in serum-
free medium (Miaorella, B., D. Inlow, A. Shauger, and D.

20 Harano, Bio/Technology 6:1506-1510, 1988) that had been
infected with the HIV p55 Gag recombinant baculovirus at
a multiplicity of infection (MOI) of 10. Forty-eight
hours post-infection, the supernatant was separated by
centrifugation and filtered through a 0.2 um filter.

25 Aliquots of the supernatant were then transferred to
Polyclear™ (Beckman Instruments, Palo Alto, CA)
ultracentrifuge tubes, underlaid with 20% (wt/wt) -
sucrose, and subjected to 2 hours centrifugation at 24,00
rpm using a Beckman SW28 rotor.

30 The resulting pellet was suspended in Tris buffer
(20 mM Tris HCl, pH 7.5, 250 mM NaCl, and 2.5 mM
ethylenediaminetetraacetic acid [EDTA]}}), layered onto a
20-60% (wt/wt) sucrose gradient, and subjected to 2 hours

centrifugation at 40,000 rpm using a Beckman SW41lti
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149 0 5 DEC 2005 WD 00/ 39302 PCTI US99/ 31245 rotor. The gradient was then
fractionated starting at the top (20% sucrose) of the gradient inb\g £C 2005
approximately twelve 0.75 m aliquots. A sanple of each fraction Q

el ectrophoresed on 8-16% SDS pol yacryl am de gels and the 5 resulting bands
were visualized after commassie staining (Figure 4) Additional aliquots
were subjected to refractive index analysis. The results shown in Figure 4
indicated that the p55 Gag virus-like particles banded at a sucrose
density ofwo@B9avange of 1.15 - 1.19 g/m with the peak par/usgmosi mat el y
1.17 g/m . The peak fractions were pooled and concentrated by a second 20%
sucrose peIIet| ng,. Ihe sul ting pell was_suspended.in 1 m of Tris
buffer (dS¥&Fibed 5bd% ‘§ e#hé'atsof%’n ﬁfr(?tcérlﬂnfﬁ%c?(ftzifté%l%t ed 15 by

Bi ci nchr ortihe ¢opci(@0§ B8rqsei) et et iBhaariacidlent Rontd apgroxihitelas 1.6 ny. B.

Expr essi o1 S/t hetng 1142 Cag Adacubeviiys sluttbe waetor containing
the 20 synthetic g@?ﬁ?“e‘g uence was constructed as

synt heti ¢ SHHe¢tFss 2888 PERerplanide geds ﬂ?‘é}efé'ieed WI t h

restristi Crl’ésall:‘j.ﬁﬁ Sahds fvmﬂeowdubylzédwﬂaakl Otviislsl e T MY P! yEr ase. The
resul ti ng sal atﬁ ?#]PCR c ean- gTM Pr arrega Madi son, 25 W)
&nd Nk

and t hen gs &q* (slvl LR 4T P vector pAcCl3
(I\/Unern'tSLregraCév-Val mde»blan@elhszsa ol . 10(11):5977-5982, 1990) was

| db Ecol I T4- DNA
inearized by ghgesti@its WHonESR C%Jaile Q\A@gdpgfaee'ac%hgﬁ'%%@

pol ynerase, and then isol ated (P an- U I nearized vector 30
was di gest®@d WATHSBLIFE PaTtdsLed handedapkafi AeCrafiodpREt st and i sol at ed
by siz®e frxa@genbatloxsm 1219 ggar omxigehe Phsk im0lpbesximdrdily fragnent was

| i gat ed g" EQ % @1 gﬂfé %&E?&&m‘?{“ Qere 'DSoTeSUhh! N9 clone was
desi gnat e
concentrated by a second 20% sucrose pelleting. The
resulting pellet was suspended in 1 ml of Tris buffer
(described above). The total protein yield as estimated
15 by Bicimchrominic Acid (BCA) (Pierce Chemical, Rockford,

IL) was 1.6 mg.

B. Expression of Synthetic HIV pk5 Ga

A baculovirus shuttle vector containing the

20 synthetic p55 Gag sequence was constructed as follows.
The synthetic HIV p55 expression cassette (Example 1) was
digested with restriction enzyme Sall followed by
incubation with T4-DNA polymerase. The resulting
fragment was isolated (PCR Clean-Up™, Promega, Madison,

25 WI) and then digested with BamHI endonuclease. The
shuttle vector pAcCl3 (Munemitsu S., et al., Mol Cell
Biol. 10(11):5977-5982, 1990) was linearized by digestion
with Ecol, followed by incubation with T4-DNA polymerase,
and then isolated (PCR Clean-Up™). The linearized vector

30 was digested with BamHI, treated with alkaline
phosphatase, and isolated by size fragmentation in an
agarose gel. The isolated 1.5 kb fragment was ligated
with the prepared pAcCl3 vector. The resulting clone was
designated pAcCl3-Modif.p55Gag.
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| 150 0 5 DEC 2005 WD 00/ 39302 PCT/ US99/ 31245 The expression conditions for
the synthetic HV p55 VLPs differed fromthose of the native p55 %&Bg 3695
follows: a culture volune of 1 liter used instead of 500 ni; Tri% opl usi a
ni (Tn5) (Wckham T.J., and Nernmerow, 5 G R, BioTechnol ogy Progress,
9:25-30, 1993) insect cells were used instead of Sf9 insect cells; and, an
MJ of 3 was instead of an MO of 10. Experinents performed in support of
the present invention showed that there was no appreciable difference in
expr essi orwd evwsozbet ween the 10 Sf9 and Tn5 insect cel | BCUHPENABIHUE nati ve
p55 clone. In terns of MJ, experience with the native p55 cl one

suggest ed t hat Sﬁ?%l\gpr%fsslgn %%H“ﬁhe ngl,gmaer §§éof& (pb proxi mat el y

2-fold) of VLPs f I"ower ucr ose andi ng net hods
used for Y5Pshiffianadefirempirag R REpenat g d%55t §aﬁh®%e enpl oyed for the

native p55f¥irf&ﬂ§de%c'biub€dr@b@d/ﬁ)me Wit B § Deeof Qlde@MiASL e £XCEPIS0@NS: pel | et ed
VLPs were suspended in e buffered saline (PBS) instead of

ha I
1.0 M of Bhe T ﬁ'%?]%opollﬁ‘lsf‘é‘rnlaﬁ’ffpff)od lcgba'ﬁo% $Tucr8§§ NP Efitsits were used
20 i nstseadGgor. A mcngdoem@aadyenfogﬁs&o odpe-1m tveshi ghseanemtsat i on of
banded VLPs, furth ntEa,g;f on bgctpelietl n n 91 oefqgl red. The peak

fractions V?B?ntéﬁ'? g EJgra i 8nt's 9\/velrng Si rrp di & yzeg agal nst "PBS. The

appr oxi mat wadeirsttaadofoft ha Wahdwd 1Vl PsExpexjaertsopetfo@nedb ih 28 g/nl. A
total protghppyieldt a:%eeﬁkea@ﬁ@qrméng%nw@%we@ thee festl bl Hem the

sucrose gradi ent bandi n% _synthetic p55 are shown in Figure 5. A
conpar i son2BPTEFHRRIG S Sﬁﬁfﬂh‘fe of SEPFEFRIPTHIAEVEISLERET 1% sever al
pr epariat i oags odxidhiTiesd ihseot t &l TavwilA bheuhamm\zreusasexmcas& onncassettes has

o5 SUTTRELERS 4l Ui A4ET 05 IS, i, L1 Vo 0 v
suggested that an MOI of 10 resulted in hlgher expression
(approximately 2-fold) of VLPs than a lower MOI.

The sucrose pelleting and banding methods used for
15 the synthetic pS5 VLPs were similar to those employed for
the native p55 VLPs (described above), with the following
exceptions: pelleted VLPs were suspended in 4 ml of
phosphate buffered saline (PBS) instead of 1.0 ml of the
Tris buffer; and four, 20-60% sucrose gradients were used
20 instead of a single gradient. Also, due to the high
concentration of banded VLPs, further concentration by
pelleting was not required. The peak fractions from all
4 gradients were simply dialyzed against PBS. The
approximate density of the banded VLPs ranged from 1.23-
25 1.28 g/ml. A total protein yield as estimated by BCA was
46 mg. Results from the sucrose gradient banding of the
gynthetic p55 are shown in Figure 5.
VA comparison of the total amount of purified HIV pS5s
Gag from several preparations obtained from the two
30 baculovirus expression cassettes has been summarized in
Figure 6. The average yield from the native p55 was 3.16
mg/liter of culture (n=5, standard deviation (sd) +1.07,

range = 1.8-4.8 mg/L) whereas the average yield from the
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range = 1.8-4.8 ng/L) whereas the average yield fromthe 151 0 5 DEC 2005
WD 00/ 39302 PCT/ US99/ 31245 synthetic p55 was nore than ten-fol d Hi5gtér 208k
44.5 ny/liter of culture (n=2, sd=f6.4). In addition to a higher total
protein yield, the final product fromthe synthetic p55-expressed Gag 5
consistently contained | ower anpbunts of contam nating bacul ovirus proteins
than the final product fromthe native p55-expressed Gag. This difference
can be seen in the two commassie-stained gels Figures 4 and 5. 10 C.
Expressi oN'Q103f42 i ve and Synthetic Gag-Core Expressi orP@USHH248 V p55

Gag/ HCV Core 173 (SEQ I D NO 8) was achieved using a 2.5 liter suspension*
culture ofyriifrerGel bss ghovindrte s8RHM LG 1aedi4maf Maanekla, B., D. Inlow,
A. Shauger nd D. Har 1988 _Bi o/, Technol ogy 15 6: 1506-1510). The cells
were infe T%/cail h°4n® ‘raflp"&}“bqs N=EagPRR*F ¢dre 173 reconbi nant bacul ovirus.
Forty-ei ght hdur edgosien nfeect hdghet heotsllperoad amty iwasl, separ ated from the
cells by i il h fllter Al i quots of
t he su erﬁ%ﬁq{aa{llt f#gra%bﬁmff’&ﬁt tr gﬁﬁggefgr g{jglgg aﬁa}oﬁy rHear (Beckman

| nst r uRentEPPALERCAY 1 gontEdped Lpdek ATIUNGgeot Wit adneaingng 30% (wt/ wt)
sucr ose, aﬂd:tﬂldbjleﬁheplré&l&sh(a%ﬁ Ohe CEAREN T PHERIdOF 3 R4, 000 rpmin a
Beckman SV\2 Lt ogsand uIt ntrif Téuta resul ti ng pel |l et was suspended
in Tris bunfa* (%’(ﬂﬁﬁ At L%ﬁ pigfer AOCNEE Feehdit ayer ed ont o
a 30-60%thwst /twlo) comma xsice -grtadnedt geled Fﬁgbpe@techddosZ hours centrifugation
at 40,000 rpmin a Beckman SWAlti rotor and ultracentrifuge. The gradi ent
was t hen fractlonated startlng at t he top (30% of the gradient into 30
appr ok? mat<el y faNag i ' Casa€bref racti on was

el ect r ophor esed:xggegsﬂ&?/oo‘iDshaohyﬁcggg @abglﬁcv aelye 3nd tBegrasul ting bands

re vi fter mrassi i ni
ver e Su%d %?dwg‘stgchle%%d ussing gtas ll;].ger suspension culture

of Sf9 cells grown in serum-free medium (Miaorella, B.,
D. Inlow, A. Shauger, and D. Harano. 1988 Bio/Technology

15 6:1506-1510). The cells were infected with an HIV p55
Gag/HCV Core 173 recombinant baculovirus. Forty-eight
hours post-infection, the supernatant was separated from
the cells by centrifugation and filtered through a 0.2 um
filter. Aliquots of the supernatant were then

20 transferred to a Polyclear™ (Beckman Instruments, Palo
Alto, CA) ultracentrifuge tubes containing 30% (wt/wt)
sucrose, and subjected to 2 hours of centrifugation at
24,000 rpm in a Beckman SW28 rotor and ultracentrifuge.

The resulting pellet was suspended in Tris buffer

25 (50 mM Tris-HCl, pH 7.5, 500 mM NaCl) and layered onto a
30-60% (wt/wt) sucrose gradient and subjected to 2 hours
centrifugation at 40,000 rpm in a Beckman SW4lti rotor
and ultracentrifuge. The gradient was then fractionated
starting at the top (30%) of the gradient into

30 approximately 11 x 1.0 ml aliquots. A sample of each
fraction was electrophoresed on 8-16% SDS polyacrylamide
gels and the resulting bands were visualized after
commassie staining.
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152 0 5 DEC 2005 WD 00/ 39302 PCT/ US99/ 31245 A subset of aliquots wdkeDE) 268
subjected to Western bl ot anal ysis using nonocl onal antibody 76C. 5EG
(Steiner, K S., et al., Virology 150:283-290, 1986) which is specific for
H'V p24 (a subunit of HV p55). The peak 5 fractions fromthe sucrose
gradi ent were pooled and concentrated by a second 20% sucrose pelleting.
The resulting pellet was suspended in 1 nml of buffer Tris buffer and the
total protein yield as estimated by BCA (Pierce Chem cal, Rockford, IL)
was - 1. 0wWe@o39%® The results fromthe SDS PAGE are showeTiusydaigeisre 8 and
the anti- p24 Western blot results are shown in Figure 9. Taken together,

these results pn t [ HCV re 173 chineric VLPs
banded at  a shcg%g%@e%lﬂ;ﬁl;qu‘%Ivé#efgéfs%a?w e(ﬁ?% Eif3 %%eli%g VLPs 15 and

the vi si bPéOpr 8RRt YS barkpirgaronterendd 2at ihody | ZEUISEE (Seeipwr of - 72, 000
kd was rerxcgl VeeW 41, tﬁ%ﬂﬂl\égpzﬂso%%mz@bc %clvg@%boggtl body. An
e

addi tional i munoreactive band at approxi mat kd al so appeared
to be reafPRGAINFt FPX HEVamRE- p24suhvniboay BHY m)mayTbe pealegr adat i on

product . Abhboughs at idguahe &nemse?ej@a@uﬁt PLERATRI1QR ¥efe not bL ested fg;
reactivit Core-s ific r]antl-CD22 rabbit seru
resul ts f}régﬁ%%ptg?tmﬂry rgﬁggrécgl?ooﬁ §P8r8ﬁ%v§?1é/]|]1?t|*?‘§ure % and indicate 25
that the wapulwow C!tﬁrlel%pefesfsuspee'aketil wnty mi grfatesfatr Bis approxi mate

mol ecul ar bWEEQPtax‘Ri ke QQQa!sdpmeCﬂﬁ bsetd %%%%%@@88 g Ll e predi cled

nol ecul ar ght of the_ chineric teln he expréssion conditions for
the synt hé?f‘% EF Fsicadp Ragikfrsd. CéF‘é 1738 | JEQ F“E) NO 8) VLPs differed from
t hosel0 of the Tis inesylss Gegmatiek &n:e ﬁﬁGﬁ:Oéﬂ'é)Viﬁlowﬁ exl dilhgeval une of 1

Mooy usednb AU $23 WhAELY p1lL! SLOR ST B Lnli=){ W ckham T.J., and
Figure 9. Taken together, these results indicate that

the HIV p55 Gag/HCV Core 173 chimeric VLPs banded at a
sucrose density similar to that of the HIV pS5 Gag VLPs

15 and the visible protein band that migrated at a molecular
weight of ~ 72,000 kd was reactive with the HIV pP24-
specific monoclonal antibody. An additional
immunoreactive band at approximately 55,000 kd also
appeared to be reactive with the anti-p24 antibody and

20 may be a degradation product.

Although aliquots from the above preparation were
not tested for reactivity with an HCV Core-specific
antibody (an anti-CD22 rabbit serum), results from a
similar preparation are shown in Figure 10 and indicate

25 that the main HCV Core—specific reactivity migrates at an
approximate molecular weight of 72,000 kd which is in
accordance with the predicted molecular weight of the
chimeiic protein.

The expression conditions for the synthetic HIV p55

30 Gag/HCV Core 173 (SEQ ID NO:8) VLPs differed from those
of the native p55 Gag and are as follows: a culture
volume of 1 liter used instead of 2.5 liters,
Trichoplusia ni (Tn5) (Wickham, T.J., and Nemerow, G.R.

1993 BioTechnology Progress, 9:25-30) insect cells were
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1993 Bi oTechnol ogy Progress, 9:25-30) insect cells were 153 0 5 DEC 2005 WO
00/39302 PCT/US99/31245 used instead of Sf9 insect cells and an MJ of 3
was instead of an MJ of 10. The sucrose pelleting and banding mtﬂzﬁo@g
used for the synthetic H'V p55 Gag/ HCV Core 173 VLPs were simlar t

enpl oyed for the 5 native H'V p55 Gag/HCV Core 173 VLPs. However,
-differences included: pelleted VLPs were suspended in 1 m of phosphate
buffered saline (PBS) instead of 1.0 m of the Tris buffer, and a single
20- 60% suc¥@4®W%Badi ents was used. A conparison of thePEBUSAEADUNt Of
purified 10 H'V p55 Gag/ HCV Core 173 fromnultiple preparations obtained

fromthe twaebacsddudd Us S¥Pr E3sd N Ca8SCLLES, SRIWEE § hat, there was an
i ncrease in g)éjgr%ss%on using_t he scnt et%c E\r\/ pES.gﬂg/ Core 173
cassette. 1BSEPAAIealPleChethod Ther suaeotmmedigbing ofndHl V D55 Gag VLPs

I n addi ti ohahdimymidthodsi asedir b tthe BPetiget REHIHCEYS .cﬁg%t%‘;yn% hgxgigzzﬁ? in
bacul ovi ru . in synt.hetic expressiqQn cassette o

i nventi on) ég%@cg?na Q{L?g 8895u5r'|r?1il§5 58 E/]I'Z‘(&?fs-empaé’yﬁgr?‘?lélté? fromthe

i nfect & | A3eEYe GHIV P55FERgAGITSlore 108 tYLBE ghtioleues, post infection, the

medi a and aettenalded 1abe.aaRATRIGH e BYVARILI UBRLLAMAN ! e cell pel | et

i tored at -70 unti|l future use, . . processi ng, the cell
IpZI |Set is @%s%%r?g@(fp?‘ﬁtg Pyt ahfcs 61 1R pbRRMi dnpyerd Qfuflf-6r mi20 nM
Tris-HO , pH ti®: Zribk biFEESTAanl aVebfigle ZEU’I-@O@OQ’QJE%B@ %&qug@tgﬁsl nh: P;t g;gr)
Boehrin Mgl I ndi anapol i.s I . eeded, e ce

'Ehen dougg‘g% 8-10 ti rrecg&R%%nt%q’cS%ng? @l %gpg_oﬁwm;gg@e is then

cent r tPuged atPSBp FRexX HAKt €P5e 17606 reB oMbt igpleopreéPamdtiwnes. The super nat ant

is 154 obtained from the two baculovirus expression cassettes
showed that there was an increase in expression using the
synthetic HIV p55 Gag/HCV Core 173 cassette.

15 D. Alternative method for the enrichment of HIV p55

Gag VLP
In addition to purification from the media, p55 (Gag

protein) expressed in baculovirus (e.g., using a
synthetic expression cassette of the present invention)
20 can also be purified as virus-like particles from the
infected insect cells. For example, forty-eight hours
post infection, the media and cell pellet are separated
by centrifugation and the cell pellet is stored at -70°C
until future use. At the
25 time of processing, the cell pellet is suspended in 5
volumes of hypotonic lysis buffer (20 mM Tris-HC1, pH
8.2, 1 mM EGTA; 1 mM MgCl, and Complete Protease
Inhibitor® (Boehringer Mannheim Corp., Indianapolis,
IN]). 1If needed, the cells are then dounced 8-10 times
30 to complete cell lysis.
The lysate is then centrifuged at approximately

1000-1500 x g for 20 minutes. The supernatant is
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0 5 DEC 2005 WO 00/ 39302 PCT/ US99/ 31245 decanted into U traC ear" tubes,
under|l ayed with 20% sucrose (W w and centrifuged at 24, 000 rpnhtg §¥28
buckets for 2 hours. The resulting pellet is suspended in Tris p 2@@0
mM 5 Tris HO, pH 7.5, 250 mM NaCl, and 2.5 nmM et hyl ene

di am ne-tetraacetic acid (EDTA) with 0.1% | GEPAL detergent (Sigma

Chem cal, St. Louis, MO and 250 units/m of benzonase (Anerican

I nternatiqgnal Chemical, Inc., Natick, MA) and 10 incubated at 4C for at

| east 30 M AR The suspensi on i s subsequently | ayer eBCTWRIY3IR420- 60%
sucrose gradient and spun at 40,000 rpmusing an SW1ti rotor for 20-24
hours. Af tddcadtledacapd rvfiigatlegpm u Leng, | 15 fractionated
and aliquots run ?n SDS PACE to idgﬁﬁ?nyﬁ%%gkgiggc ﬁ%hgi%The peak

fracti ons HE°FCalYLRY ahi nst  PBS and neasured for protein content.
Negat i vel yesitaii iaged edeCiar, @R oM-h G0 t ¥R % 39w, non- envel oped VLPs
20 sonEmhq&lsnall r.in dieneteréfggg?g%%nnggégégétﬁﬁ% guaa%HSVLPs. HV Gg
VLPs prepa gdrFﬁufﬁ}%grﬁﬁ4ﬁ€F AF eSugnandedapa bl el fbufdrer 420 my Gag- speci fi ¢
CTL responyes Holyime.7 Byanpbem$ wfcll NaMave, 4 gHQgenLaity of Synthetic Gag
Expressio%iaﬁgggegtes | nuyni zation To eval uate the possibly inproved

i mmunogeni crty of ~T M ARt e FEd GHPT préshi bl % ad68PREs, a nouse study was
30 perfor dederFeet plsagmad DNA, pCWKM2 carrying the synthetic Gag

expressi og t s dil d to the following final concentrations in
a total mf’%@??%in %vtd\l’\@‘r?éll%fw% b qnd 3§0gunstg/mlgof Benzerpa® 02 g. To 155

(American International Chemical, Inc., Natick, MA) and

10 incubated at 4°C for at least 30 minutes. The
suspension is subsequently layered onto a 20-60% sucrose
gradient and spun at 40,000 rpm using an SW41lti rotor for
20-24 hours.

After ultracentrifugation, the sucrose gradient is

15 fractionated and aliquots run on SDS PAGE to identify
peak fractions. The peak fractions are dialyzed against
PBS and
measured for protein content. Negatively stained
electron mircographs typically show non-enveloped VLPs

20 somewhat smaller in diameter (80-120 nm) than the budded
VLPs. HIV Gag VLPs prepared in this manner are also

capable of generating Gag-specific CTL responses in mice.

Example 8
25 In Vivo Immunogenicity of Synthetic Gag Expression
Casgettes

aA. Immunization

To evaluate the possibly improved immunogenicity of
the synthetic Gag expression cassettes, a mouse study was
30 performed. The plasmid DNA, pCMVKM2 carrying the
synthetic Gag expression cassette, was diluted to the
following final concentrations in a total injection
volume of 100 ul: 20 K9, 2 ug, 0.2 ug, and 0.02 ug. To
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0 5 DEC 2005 WO 00/ 39302 PCTI US99/ 31245 overcone possi bl e negative dilution

effects of the diluted DNA, the total DNA concentration in each s
was brought up to 20 My using the vector (pCWKM2) alone. As a po&g]rﬁtf,m%
plasm d DNA of the native Gag expression 5 cassette was handled in the sane
manner. Twelve groups of four Balb/c mce (Charles River, Boston, M) weLe
intranuscul arly imunized (50 Al per leg, intramuscular injection into the
tibialis anterior) according to the schedule in Table 7. 10 Table 7 15 20 1
- initial VAe0@A39%ti on at "week 0" 25 Groups 1-4 were blpegugdosvmek O
(before immunization), week 4, week 6, week 8, and week 12. G oups 5-12

| ed fQr.e i ' N nd. . at week 4. Glag Expressi on
mcgageﬁt (raat ?ge!\lesxe%iée%gbgte &rlegg% gs?eltltgg%?gé%f_epﬁtgsﬁ?dt{‘?ne (weeks): DNA
(g) 1Synt h&ﬂ?&’éggllj’?% >E¢ntRERI B cpngephratetdrcGn2eacy syitehet i c0. 020, 4

5Synt het i c286 bHymHtetupC28 Z6Ypd hediingOc RO @@g&h%bp,gmqg)o agllg%tei.veZOO
10Native20As a control, plasmid DNA of the native Gag expression
5 cassette was handled in the same manner. Twelve groups
of four Balb/c mice (Charles River, Boston, MA) were
intramuscularly immunized (50 4l per leg, intramuscular
injection into the tibialis anterior) according to the
schedule in Table 7. '

10 Table 7 !
Group Gag Expression Concentration Immunized at
Cassette of Gag plasmid time' (weeks) :
DNA (ug)
1 Synthetic 20 0!, 4
2 Synthetic 2 0, 4
3 Synthetic 0.2 0, 4
15 4 Synthetic 0.02 0, 4
5 Synthetic 20 0
6 Synthetic 2 0
7 Synthetic 0.2 0
8 Synthetic 0.02 0
20 9 Native 20 0
10 Native 2 0
11 Native 0.2 0
IL12 Native 0.02 0

1 = initial immunization at “week Q"

25 Groups 1-4 were bled at week 0 (before
immunization), week 4, week 6, week 8, and week 12.
Groups 5-12 were bled at week 0 (before immunization) and
at week 14,
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11Native0. 20 12Nati ve0. 020 156 05 DEC 2005 WO 00/ 39302 PCT/ US99/ 31245 B
Hunmor al | nmune Response The hunoral immune response was checked w tﬁmﬁ‘lr’?
anti-H V Gag anti body ELI SAs (enzyne-linked i nmunosorbent assays)u tﬂ@
m ce sera 0 and 4 weeks post immunization 5 (groups 5-12) and, in
addition, 6 and 8 weeks post imruni zation, respectively, 2 and 4 weeks post
second inmmunization (groups 1-4). The antibody titers of the sera were

det er.m ned b$/ anti-Gag anti body ELISA. Briefly, sera frominmunized 10

m ce were Y4RV&E8EHRd for antibodies directed agai nst the PFNUESBI2@ag prot ei n.
ELISA microtiter plates were coated wth 0.2 g of H V-1SF2 p24-Gag protein

per well’ g\_/errn]g@ralaﬁﬁhmm@é%%&gg ti mes; subsequently, blocking was done
wi th PBS-0. 2% Tween (S or ours. After rempval 15 of the bl ocking
S0 ut 1 o, 100 A PUIRFS oHHER SoSBPURE WA CRAEES G Aer e 1 ested at

1/ 25 di | ut aons-RiW Gayg aseibady BifIchd dehzymeilsnkeleieaiieiorbiher oti ter
plates wegg h four t] nd Lpgu ee?ﬁvm'th a, secaondar.

per oxi dase%c% pl'e aﬁ?g-ﬁ%%ggssﬁr%Gga%F?bg%e I rogg,l%mﬁoz(?%f%rld, IL). ELISA
pl at es Swer é9VRIRFeF-d3d 200, |inpfadditign, & aml 8t weekserdstd benzi di ne (TMVB;

Pi erce) wasmasiedtiper, wespectiR@19Pt b Caha dERRkY pbseasdtangl | was measur ed
after 15 mnutes. .The titers repﬁ]_rted are the reciprocal of the dilution

of serum t HEPUYAAE 18P0 dPFOMREki i opt i cal 25 density (Q D.). The ELISA
results are preBentadibodifablter8. of50hd fedaFGe26808e R iNWed9892 Table 8 5

anti-Gag antibody ELISA. Briefly, sera from immunized

10 mice were screened for antibodies directed against the
HIV p55 Gag protein. ELISA microtiter plates were coated
with 0.2 pug of HIV-1,, p24-Gag protein per well overnight
and washed four times; subsequently, blocking was done
with PBS-0.2% Tween (Sigma) for 2 hours. After removal

15 of the blocking solution, 100 upl of diluted mouse serum
was added. Sera were tested at 1/25 dilutions and by
serial 3-fold dilutions, thereafter. Microtiter plates
were washed four times and incubated with a secondary,
peroxidase-coupled anti-mouse IgG antibody (Pierce,

20 Rockford, IL). ELISA plates were washed and 100 ul of 3,
3", 5, 5'-tetramethyl benzidine (TMB; Pierce) was added
per well. The optical density of each well was measured
after 15 minutes. The titers reported are the reciprocal
of the dilution of serum that gave a half-maximum optical

25 density (0.D.). The ELISA results are presented in Table
8.
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10 15 20 1 = synthetic gag expression cassette (SEQID NO 4) 2 = native
gag expression cassette (SEQID NO 1) 3 geonetric mean antlbod {Eﬁ@g
= not applicabl e PCT/ US99/ 31245 C?ouplnoculun1ExpreSS|on Sera - ra
- (g)cassetteWek 4' Wek 6Week 8 120S1 - gag98455551 22S - ga9591408227
30.S - gag2918661 40.02S - gag< 20< 20< 20 520S - gag67n.a.4n.a. 62S -
gag63n.a.n.a. 70.S - gag57n.a.n.a. 80.02S - gag< 20n.a.n.a. 920N2 -
gag43n.a.n.a. 102N - gag< 20n.a.n.a. 110.N - gag< 20n.a.n.a. 120.02N - a<
20n. a. n. ayofBedpgsul ts of the nmouse imunizations wth Hasn1d- DNAs show
that the syntﬁetlc expression cassettes provide a cle © ﬂﬁﬁ%ﬁ&@nent of

i mmunogenicity relative to the native expression cassettes. Also, the
second boost 25 imuni zation induced a secondary i mune response after
two weeks (groups 1-3). Cellular &gggg Response The frequency of specific

cytotoxic I=lynphocvies 30 (CTL) was evaluate%ﬁ%¥=gﬁgggg%%%d chrom um
rel ease agSapupof| beptitlempBkpeds Baon] sermuse celllsera expressi ng
(ug) cassette Week 4° |Week 6 |Week 8
1 20 S’ - gag 98 455 551
5 2 2 S - gag 59 1408 227
3 0. S - gag 29 186 61
4 0.02 S - gag < 20 < 20 < 20
5 20 S - gag 67 n.a.* n.a
6 2 S - gag 63 n.a. n.a.
10 7 0 S -*535 57 n.a. n.a.
8 0.02 S - gag < 20 n.a. n.a.
) 20 N’ - gag 43 n.a. n.a.
10 2 N - gag < 20 n.a. n.a.
11 0. N -gag < 20 n.a. n.a.
15 12 0.02 -Jag < 20 n.a. n.a.
1 = synthetic gag expression cassette (SEQ ID NO: 4)
2 = native gag expression cassette (SEQ ID NO: 1)
3 = geometric mean antibody titer
4 = not applicable
20

The results of the mouse immunizations with plasmid-
DNAs show that the synthetic expression cassettes provide
a clear improvement of immunogenicity relative to the
native expression cassettes. Also, the second boost
25 immunization induced a secondary immune response after

two weeks (groups 1-3).

c. el ar une Reg
The frequency of specific cytotoxic T-lymphocytes

30 (CTL) 'was evaluated by a standard chromium release agsay
of peptide pulsed Balb/c mouse CD4 cells. Gag expressing
vaccinia virus infected CD-8 cells were used as a '
positive control (vvGag). Briefly, spleen cells
(Effector cells, E) were obtained from the BALB/Cc mice

35 immunized as described above (Table 8) were cultured,
restimulated, and assayed for CTL activity against Gag
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vaccinia virus infected CD-8 cells were used as a positive control (vvGag).
Briefly, spleen cells (Effector cells, E) were obtained fromthe ?%IEF/E
mce 35 imunized as descri bed above (Table 8) were cul tured, 0 2005
restinul ated, and assayed for CTL activity against Gag 158 0 5 DEC 2005 WO
00/ 39302 PCT/ US99/ 31245 peptide-pul sed target cells as described (Doe, B.,
and Wal ker, C. M, AIDS 10(7):793-794, 1996). The HHV-1 M Gag peptide used
was p7g SEQ I D NO 10. Cytotoxic activity was neasured in a standard "Cr

rel ease agg$¥/393i[prget (T) 5 cells were cultured with eff eelor E) cells at
| Feiis

vari ous 1os for 4 hours and the average cpmfr Bte wells
was used to cal cul ate percent specific "C release. The results are
pr esent ed PeRtTadt pulsedCrbopeki cellx ald d(eé‘h'tibai:t(nbiewgwasamaasured in 10

Spl enocyt a1 ecovenpd Dol Lhey 140 Launi 260 w th HLYy Cag DNA (corpare

Ef fector col um, I mmuinl zat'i' on” sched §f‘9 Ef f ect or
cel I's froRfPh&de GéﬁquNA-sl ﬁi’rﬂn$§<éd13aﬁ@n-’a¢s ExtiPbPxid apuoiitycwaysi s of Gag

P79 pepti deaputeedirS¥ BARBA4MIC: oRteNeAket 3588 S Gghber1ppj ndicative of a

CTL respo Tar get IIs th we ep de | sed"and derived from an
IVHC- u%’srrat (%%g%lsrmu%e Cu‘g% %E% frf\ﬁ&tg k)ﬁf) I%Fgl:i& E¥aBRELWs M/ p7g). 159 O

5 DEC 2005: WOra@0igo 302 E’Gfblhﬁ@%rﬁﬂm daetagd dpml Brdhd &Qa]h&ﬁltésent ative
results- Ghy1 Y0 IRkS o P A Gercdh: RS 4Tk LEPRRLCS A

i ndi cat ed by boxed data
Thé results are presented in Table 9.

Cytotoxic T-cell (CTL) activity was measured in

10 splenocytes recovered from the mice immunized with HIV
Gag DNA (compare Effector column, Table 9, to
immunization schedule, Table 8). Effector cells from the
Gag DNA-immunized animals exhibited épecific lysis of Gag
P7g peptide-pulsed SV-BALB (MHC matched) targets cells

15 indicative of a CTL response. Target cells that were
peptide-pulsed and derived from an MHC-unmatched mouse
strain (MC57) were not lysed (Table 9; MC/p79) .
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The results of the CIL assays show i ncreased potency of synthetic Gag
expression cassettes for' induction of cytotoxic T-I|ynphocyte (CT%%DECZMS
responses by DNA i mruni zation. Table 9. Cytotoxic T-Iynphocyte (CTL)
responses in mce inmmunized with H V-1 gag DNA Percent specific lysis of
tar et cells* | nmunizati onE: TSVBALBSVBALBRVA nonep7gp7g 20 g DNA10O: 1249<1
gagnod30: 1330<1 10:1<114<i 2 jig DNA10O: 1237<1 gagnod30: 1221<1 10: 1<113<1
0.2 g DNA10O0: 1232<1 gagnhod30: 1325<1 10:1114<1 0.02 g DNA100: 1117<1

gagnod30: < 0: 118<1 20 g DNA10O: 1249<1 gag native30: 1224<1 10:1112<1 2
g DNA100: jf‘ﬁ@é’@%gag native30: 1114<1 10: 117<1 0.2 g DNAGSIEBEET gag

native30: 1317<1 10: 127<1 0. 02. g DNA10O: 142<1 gag native30:112<1 10:112<1
160 0 5 DEC 2005 WD 00/ 39302 PCT/ gg894334245

Table 9. Cytotoxic T-lymphocyte (CTL) responses in
5 mice immunized with HIV-1 gag DNA
Percent specific lysis of
. target cells’
Immunization [E:T SVBALB SVBALB RMA
. none p7g p7g
20 ug DNA 100:1 2 49 <1
gagmod 30:1 3 30 <1
10:1 <l 14 <l
10 2 ug DNA 100:1 2 37 <1
gagmod 30:1 2 21 <1
10:1 <l 13 <1l
0.2 ug DNA 100:1 2 32 <l
gagmod 30:1 3 25 <l
10:1 1 14 <1
0.02 ug DNA |100:1 1 17 <1
15 gagmod 30:1 1 16 <1l
10:1 1 8 <1
20 ug DNA 100:1 2 49 <1
gag native 30:1 2 24 <l
10:1 1 12 <l
2 ug DNA 100:1 <1 18 <l
gag native 30:1 1 14 <l
10:1 1 7 <1
20 0.2 ug DNA 100:1 3 30 <1
gag native 30:1 3 17 <l
10:1 2 7 <1
0.02 ug DNA [100:1 4 2 <1
gag native 30:1 1 2 <l
10:1 1 2 <l

‘representative results  of two animals per DNA-dose;
25 positive CTL responses are indicated by boxed data

The results of the CTL assays show increased potency
of synthetic Gag expression cassettes for induction of

Cytotoxic T-lymphocyte (CTL) responses by DNA immunization.
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Exanple 9 in vivo Imuni zation with Env ool ypeptides A. | nmunogeni Ci tE/
Study of US4 0-88140 in Ras-3c Adiuvant System5 Studies have begh DEL 2005
conducted using rabbits inmunized wth US4 o-gpl40 purified as described
above. Studies are also underway in aninmals to determ ne i munogenicity of
US4 gpl20, SF162 o-gpl40 and SF162 gpl20. Two rabbits (#1 and #2) were

i muni zed intramuscularly 10 at 0, 4, 12 and 24 weeks with 50 ug of US4
0-gpl40 in the Ribi" adjuvant system (RAS-3c), (R bi Imunochem Hamlton,
MTI) cont %8'09?9 % Squal ene, 0.2% Tween 80, and one or nore bacterial cell
wal | conpONent 2 % rom the group consisting of monophos SREMFIAE A (vPL,

Ri bi I nmmunochem Ham lton, MI). 15 In each experinment described herein,
o-gpl 40 can be nati ve, mJt at ed s&ﬁﬂg modi fied. Antibody responses
directed againstyfhe 0 red by ELISA. Results
are shown in TabI e 1C 17 US99/ 31245 Table 10
5 10 RabbAt/dH eI YIS ; ASH A 40j ti '

#1: post | E\@,ﬁkl m’rum z)400 #1 post2 (4 vveekl nTuni z) 15, 000 #1: post3 (12
week5Q, 000 1 nmyu ‘#Q st4 (24 weeki nmui z) 100, 000 #2: post!l (O '

weeki muni z) 600" e(zp%é‘elﬁol’?ﬁﬂﬁ}:%‘? 198pR® rabbits fmani zed

with US4 o-gpl40 purified as described above. Studies are

also underway in animals to determine immunogenicity of US4
gpl20, SF162 o-gpl40 and SF162 gpl20.

Two rabbits (#1 and #2) were immunized intramuscularly

10 at 0, 4, 12 and 24 weeks with 50 ug of US4 o0-gpl40 in the

Ribi™ adjuvant system (RAS-3c), (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, Ribi Immunochem, Hamilton, MT).

15 In each experiment described herein, o-gpl40 can be native,

mutated and/or modified. Antibody responses directed

against the US4 o-gpl40 protein were measured by ELISA.

Results are shown in Table 10.
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#2: post3 (12 week25, 000 i nmmuniz) 11#2:post4 (24 weeki nmui z) 55, 000 1E The
avidities of antibodies directed against the US4 o-gpl 40 prot ei nl Wekl2005
nmeasured in a simlar ELISA format enpl oyi ng successive washes with

i ncreasing concentrations of ammoni umi sothiocynate. Results are shown in
Table 11. 20 Table 11 25 30 Tine of sanpl eApprox. Antibody avidity (NHAHCN
Conc. in M pre-immnization0.02 postl (0 week imuniz)1l.8 post2 (4 week

i mmuni z) 3.5 post3 (12 week 5.5 imuni z) post4 (24 week 5.1 imuniz) 162 0 5
DEC 2005 \QolN3x2302 PCT/ US99/ 31245 These results showpgll]@gwg%so- gpl 40 is
hi ghly i mmunogeni c and able to induce substantial antibody ~‘reSponses
after only one or two inmunizations. 5 B. I munogenicity of US4 o-gpl40 in
MF59- based Adjuvants G oups of Zapbapbli®s were i mmuni zed intranuscularly at

01 4, 12 POTC] 27 WCCRe T LIT Vol T U0S foOSCS U U0 g P o= N in three
di f f er entf| MEBY-YEEER-8dj uvant s ( MFS9APBIOHEGRES BegP {40 | Fhls onal
Publ i catifpn No. WO 90/14837 and 10 {ypteal |y contains 5% Squal ¢gne, 0.5%
Tween 80, [Famd—0. 59, SEHU 85— AMtT bpdy titers—wereneastured t-third by
EL| SA pPre-immunization 0
#1: postl (0 week immuniz) 400
5 #1: post2 (4 week immuniz) 15,000
#1: post3 (12 week 50,000
immuniz)
#1: post4 (24 week immuiz) 100,000
#2: postl (0 week immuniz) 600
10 #2: post2 (4 week immuniz) 12,000
#2: post3 (12 week 25,000
immuniz)
#2: postd4 (24 week immuiz) 55,000
15 The avidities of antibodies directed against the US4

0-gpl40 protein were measured in a similar ELISA format
employing successive washes with increasing concentrations

of ammonium isothiocynate. Results are shown in Table 11.

20
Table 11
Time of sample Approx. Antibody avidity
(NH,HCN Conc. in M)
pre-immunization 0.02
postl (0 week immuniz) 1.8
25 post2 (4 week immuniz) 3.5
post3 (12 week 5.5
immuniz)
post4 (24 week 5.1
immuniz)
30 '
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using SF2 gpl20 to coat the plates. QHC is a quill-based adjuvant
(I'scotek, Uppsala, Sweden). Results are shown in Table 12. 15 Tabl e D]E% Zﬁﬁg
25 30 Thus, adjuvanted o0-gpl40 generated antigen-specific anti bodilésh
Further, the antibodies were shown to increased in avidity over tinme. *GVI
= geonetric nean titer Antigen dose (pg)Adjuvant Anti-gpl20es2 Ab GMr*
12. 5MF597231 25MF598896 50MF5912822 12. 5MF59/ MPL24146 25MF59/ MPL27199
50MF59/ MPL23059 50MF59/ MPL/ QHC31759 C. Neutralizing Antibodies Neutralizing
antlbodles wBQ8Assb)i rd i rmuni zation were neasured again t HV-1 SF2 in a
cell I|ne a apted virus 163 0 5 DEC 2005 5 WD 00/ 39302 “PEH3848/ 31245
(TCLA) assay and agai nst PBMC-grown HI V-1 variants SF2, SF162 and 119
usi ng the CCRS5+TIDENK 1 7ZesulRsG-Phoepotiaar okl oldgpmso 5425 hrEAY{ ded by N
Landau, Sal; e, n edp, target cell.s. Results are shown
in Tabl e 1§Km¥g% %ﬁ%% ﬁgﬁﬁrg ?%lng aﬁﬁk%ﬁ%y FESpo HGE Y 0 anEBBPE% i muni zed
with o- gp|Egsﬁﬁﬂﬂfﬁlﬁﬁﬁggépﬁlxoone or two immunizations.

5 B. Immunogenicity of US4 o-gpld0 in MFS59-based Adjuvants

Groups of 4 rabbits were immunized intramuscularly at

0, 4, 12 and 24 weeks with various doses of US4 o-gpl40
protein in three different MF59-based adjuvants (MF59 is
described in International Publication No. WO 90/14837 and

10 typically contains 5% Squalene, 0.5% Tween 80, and 0.5%
Span 85) . Antibody titers were measured post-third by ELISA
using SF2 gpl20 to coat the plates. QHC is a qulll based
adjuvant (Iscotek, Uppsala, Sweden). Results are shown in

Table 12.
15
Table 12
Antigen dose (ug) Adjuvant Anti-gpIEB",.Ab GMT#
12.5 MF59 7231
20 25 MFS59 8896
50 MF59 12822
12.5 MF59/MPL 24146
25 MF59/MPL 27199
50 MF59 /MPL 23059
25
*GMT = géi&gtric meangizi;rpL/QHc —

" Thus, adjuvanted o-gpl40 generated antigen-specific
aqtibodies. Further, the antibodies were shown to
increased in avidity over time.

30

C. Neutrglizing Antibodies

Neutralizing antibodies post-third immunization were
measured against HIV-1l SF2 in a T-cell line adapted virus
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15 20 25 30 35 G oupAni mal SF2SF2SF162119 TCLA* PBMC* PBMC* PBMC Experi nment 1
0- gpl 40/ 217>640100%1917 Ras-3c 50 ng218>640963729 Experinent .2
o- gpl 40/ 79245713926 MF59 50 ngy7935087264 7945987130 79512892150 05 DEC 2003
o- gpl 40/ 804173914718 MF59 + MPL 50 ng80513493284 806N. D. **954913
8074411003115 o-gpl 40/ MF59808465984640 + MPL + QHC 50 ng8094961004439
810>640101274 81192922437 *TCLA neutralizing anti body titers (50%
inhibition). **Not Determined $ % Inhibition at 1:10 dilution of sera with
any detectable non-specific inhibition in pre-bleeds subtracted. 164 0 5
DEC 2005 WB%67°%302 PCT/ US99/ 31245 The above studies iff EBBIHY i ndicate
that the US4 o- gpl40 protein is highly inmnogenic. Wien adm nistered with
(TCLA) assay and against PBMC-grown HIV-1 variants SF2,

SF162 and 119 using the CCR5+ CEMx174 LTR-GFP reporter cell

line, 5.25 (provided by N. Landau, Salk Institute, San

Diego, CA) as target cells. Results are shown in Table 13.

5
Table 13
Neutralizing antibody responses in rabbits immunized
with o-gp140.modUS4 protein
10 Group Animal SF2 SF2 8F162 118
TCLA* pBMC? PBMC* | PBMC*
Experiment 1
o-gpl140/ 217 5640 100% 49 17
Ras-3c
50 mg 218 >640 96 37 29
15 Experiment 2
0-gpl40/ 792 45 71 39 26
MF59
50 mg 793 50 87 26 4
794 59 87 13 0
20 795 128 92 15 0
o-gpl40/ 804 173 91 47 18
MF59 + MPL
50 mg 805 134 93 28 4
806_ N.D.** 95 49 13
25 807 441 100 31 15
0-gpl40/MF59 808 465 98 46 40
+ MPL + QHC
50 mg 809 496 100 44 39
810 >640 101 27 4
30 811 92 92 24 37
*TCLA neutralizing antibody titers (50% inhibition).
**Not Determined
' % Inhibition at 1:10 dilution of sera with any detectable
non-gpecific inhibition in pre-bleeds subtracted.
35
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adjuvant, this protein was able to induce substantial antibody responses
after only one or two inmunizations. 5 Mdreover, the adjuvanted o-gpl40
protein was able to generate antigen-specific antibodi es which i fidrRsph
in avidity after successive i munizations, and substantial neutralizing
activity against T-cell line adapted HI V-1. Neutralizing activity was al so
observed agai nst PBMC-grown 10 primary H'V strains, including the difficult
to neutralize CCR5 co-receptor (R5)-utilizing isolates, SF162 and 119.
Exanple 10 In Vivo I munogenicity of Synthetic Env Expression 15 Cassettes
. General P¥API4ti on Methods To eval uate the i nmunogeCE{US) A5t he
synthetic Env expression cassettes, studies using guinea pigs, rabbits,

nice, rhesus nmagugevandchabaons, VWREE: DOrieNiaRde e 20eStgi oS were
structured as follows: DNA imunjzation alone (single or multiple); DNA

i muni zat | SRL4 BIRTRREITHYS PHGRLY ntTRUReEEPE &t i"Bier( B%’SVEJ)SWIBNA YHyfuni zati on

fol I owed byafivahd, s tﬁﬂétlpﬁbeehmlszaébl@ td MUALERT isdBsPYnSi f1dbi s
particles al phe B Hunoral | nmune Response The hunoral imune response

was checke@FHY ﬁ?s%?f&%%&%errr&ﬂ YmARSi P8 LR HEMnGZRRiRS anti - H V Env

ant i boay Eﬂabﬁéﬁve(ﬁnzﬁﬁe |dd’!]|gﬁgntHHUWI?Gntpﬁﬂ:%&)ﬁs)w£é a)é@gl Qus ti mssb
post-i muni zation. The, antibo titers, of 30t era wer e determ ne y
anti-Env aBtiboths @F%}Q%‘SP&é’gE}F b8gtiBodies oy Jé% efy o i muni zed
ani mal s weaeidtsy Oaﬁt&ECsﬁBGéséA@eOOirﬁﬂﬁﬁ&aE@EﬁlaéJS%ﬁ@laﬁﬁsﬁﬁﬂiwled for

ti bodi di d t H V 140 .E tein. Wells of
LI SA m or BNV (RGOS UaV S Y cBRt P overanidnt WhF ACEREL Bz Eny

prot ei n andewtastiddzinguactivity was also observed against PBMC-grown
10 primary HIV strains, inc¢luding the difficult to neutralize
CCR5 co-receptor (R5)-utilizing isolates, SF162 and 119.

Exanple 10

In Vivo I ogenicit £ thetic Env Expression

15 Caggettes
A. . General Immunization Methods

To evaluate the immunogenicity of the synthetic Env

expression cassettes, studies using guinea pigs, rabbits,
mice, rhesus macaques and baboons were performed. The
20 studies were structured as follows: DNA immunization alone
(single or multiple); DNA immunization followed by protein
immunization (boost); DNA immunization followed by Sindbis
particle immunization;'immunization by Sindbis particles

alone.

25 B. Humoral TImmune Response

The humoral immune response was checked in serum
specimens from immunized animals with an anti-HIV Env
antibody ELISAs (enzyme-linked immunosorbent assays) at
various times post-immunization. The antibody titers of

30 the sera were determined by anti-Env antibody ELISA as

described above. Briefly, sera from immunized animals were

165



5 tinmes; subsequently, blocking was done with PBS-0.2% Tween (Sigma) for 2
hours. After renoval of the blocking solution, 100 Al of diluted nouse
serum was added. Sera were tested at 1/25 dilutions and by serbrgl E@ @ﬁl d
dilutions, thereafter. Mcrotiter plates were washed four 10 ti Q Z

i ncubated with a secondary, peroxidase-coupled anti-nouse |1gG antibody
(Pierce, Rockford, IL). ELISA plates were washed and 100 Al of 3, 3', 5
5'-tetranethyl benzidine (TMB; Pierce) was added per well. The optical
density of W wel | was neasured after 15 minutes. Titers 15 are typically
reported a% tH&*Peci procal of the dilution of ser um t hBET/HERI@1 245

hal f - maxi mrum optical density (O D.). 20 Exanple 11 DNA-i mmuni zatl on of

Baboons Usisnx;teSyleHhebi: Carﬁ’nhgaodﬁéﬂr aﬁﬁé@ibccaas;%e}n%t@%ﬁ? | ﬁﬁb%;;ﬁ lbabOP“tS
Il atera Y, tramuscular Into

wer e i muni 3Etn!vrresn,(gweeks H}

t he quadri ps ustngPl Rr&ScﬁgMB ssﬁEZ"lﬁr8§hfﬁrm%ﬂ?f(%<mﬁﬂee 1). The
ani mal s 25 ometedbl ed two weeks after each i mmuni zation and a p24 anti body
ELI SA was perforned with isolated plasma. The ELISA was perfornmed

essenti al | PVa¥Ndeler vhel the Eﬂelﬁfﬂéedé Erx cpitetine asic orgshadt ifagy - conj ugat e

was an mnt ic4iheERNshigda egn:@ al ;1 SHEGS Wes BSILXidaS o) 44 Si gma
Cheni cal Cgg, 30, St qu VD 63178) o s BSOS ERS OO RLELD O fty

My/ M yeast s%?i“?éctf‘%ﬁa A dBSS o tﬁé 8F | tsmeiaL ofofpl hiserm bleekAng DEC 2005
WO 00/ 393020PAT L8991 B 245 sfarillesednaioant i HOeyn G légi@Ea t ogegduce

non- speci f e rebackgraying, dug Ln ast antibadies_ip the
baboons. Thergntl body tite /%é;sui;ig{%?és p?aer)s/d:n &d ??F*Iag‘bl é¢-f21d5 Taple 14
10 dilutions, thereafter Microtiter plates were washed four

10 times and incubated with a secondary, peroxidase-coupled
anti-mouse IgG antibody (Piexrce, Rockford, IL). ELISA
plates were washed and 100 ul of 3, 3', 5, 5'-tetramethyl
benzidine (TMB; Pierce) was added per well. The optical
density of each well was measured after 15 minutes. Titers

15 are typically reported as the reciprocal of the dilution of
sexrum that gave a half-maximum optical density (0.D.).

Example 11
DNA-immunization of Baboons Using Synthetic Gag
20 Expression Caggettes
‘ A, Babogns

Four baboons were immunized 3 times (weeks 0, 4 and 8)
bllaterally, intramuscular into the quadriceps using lmg
PCMVKM2 .GagMod.SF2 plasmid-DNA (Example 1). The animals

25 were_bled two weeks after each immunization and a p24
antibody ELISA was performed with isolated plasma. The
ELISA was performed essentially as described in Example 5
except the second antibody-conjugate was an anti-human IgG,
g-chain specific, peroxidase conjugate (Sigma Chemical Co.,

30 St. Louis, MD 63178) used at a dilution of 1:500. Fifty
ng/ml yeast extract was added to the dilutions of plasma
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15 20 5 30 gagnod 2 wp 5th/219 DNA 2 wp 5th/220 2 wp 5th/221 2 wp

5th/ 222 25 30 awpi = weeks post i mruni zation

| muni zat i WeeksAnt i genwpi / Baboon No. Ab-titer on no. 10gagnnd0m/2ﬂbQE&@W5
DNAOW 220< 10 Ow 221< 10 Ow 222< 10 62wplst/219< 10 2wplst/220< 10
2wplst/ 221< 10 2wplst/ 22215 414gagnod2wpdt h/ 219< 10 DNA2wp4t h/ 22088
2wp4t h/ 221< 10 2wp4dt h/ 22256 < 10 391 237 222 646gag VLP2wp6t h/ 219753

pr ot ei n2wp6t h/ 2194330 2wp6t h/ 2195000 2wp6t h/ 2192881 b geonetri ¢ nean

ant i body Wottﬁhsbf‘ Tabl e 14, pre-bleed data are given ascrhjdhgHihgati on No.
0; data for ﬁeeds taken 2 weeks post- first inmunization are given as

| mruni zation No. 1; data for bleeds taken 2 weeks post-second i mruni zation
are gsamples and antibody conjugate to reduce non-specific

background due to

preexisting yeast antibodies in the baboons. The antibody

titer results are presented in Table 14.

5 Table 14
Immunizati| Weeks ‘Antigen |wpi */ Baboon No.| Ab-titer ®
on no.
1 0 gagmod 0 w/219 < 10
DNA 0 w/220 < 10
10 0 w/221 < 10
0 w/222 < 10
6 2 wp 18t/219 < 10
2 wp 1st/220 < 10
2 wp 1st/221 < 10
15 2 wp 1st/222 15
4 14 gagmod 2 wp 4th/219 < 10
DNA 2 wp 4th/220 88
2 wp 4th/221 < 10
2 wp 4th/222 56
20 5 30 gagmod 2 wp S5th/219 < 10
DNA 2 wp 5th/220 391
2 wp 5th/221 237
2 wp 5th/222 222
6 46 gag VLP 2 wp 6th/219 753
25 protein 2 wp 6th/219 4330
2 wp 6th/219 5000
2 wp 6th/219 2881
*wpi = weeks post immunization
> geometric mean antibody titer
30

In Table 14, pre-bleed data are given as
Immunization No. 0; data for bleeds taken 2 weeks post-
first immunization are given as Immunization No. 1; data
for bleeds taken 2 weeks post-second immunization are

35 given as Immunization No. 2; and, data for bleeds taken 2
weeks post-third immunization are given as Immunization
No. 3.
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35 given as I nmmunization No. 2; and, data for bleeds taken 2 weeks
pos?-third i mmuni zation are given as Immnization No. 3. 167 0 5 DEC 2005
WO 00/ 39302 PCT/ US99/ 31245 Further, |ynphoproliferative responses thggﬁmm
antigen were also observed in baboons 221 and 222 two weeks post - th

i mmuni zation (at week 14), and enhanced substantially post-boosting with
VLP (at week 44 and 76). 5 Such proliferation results are indicative of
induction of T-helper cell functions. B. Rhesus Macaques The i nproved

pot ency ofwd bgaespedon- nodi fi ed gag 10 expression plaS”‘dpépﬁﬁéﬂﬁﬂs'” nouse
and baboon studies was confirnmed in rhesus macaques. Four o our macaques
had detectable Gag-specific CTL after two or three 1 ng doses of nodified
gag plasnmid. Inf §as Ll ymPRoRr Pk iiArals ve t rilgRonmelsy tonp24f four macaques

e e s i v i iRt L G,
h d strong, CTL actd vi t hat was ,not appa _
?ngnﬁizZti8ﬁgkikﬁ?%%ifqgﬁ%geh?@u?ﬁzﬁﬁﬁgn 66€éﬁ¥?‘dﬁ)vhénﬁrﬁﬁkﬁﬂﬂﬁdgag pl asmi d

was the obsebstaitcllyhabsCThodstomgt wotbf Ve dtoweekhes usndeaques react ed
20 wi th t hggen rwm\sefre&aeszbﬂgrgmt%egkgd?ngpcg;é«,gs%9993%1;?%% paL as many as

three different’ Gag peptides are recognized and indic g that the CTL

response ig'?ﬁﬂgﬁﬂ(ﬁﬁéﬂ.f%ﬁﬁ?%?@ﬁal-quantificatlon and specificity studies
are in progress to further characterize the T 25 cell responses to Gag in
t he plasm d-i mmuni zed rhesus nacaques. DNA i mmuni zation of macaques with

smi nest in sianifi nti bod
ﬁggpgﬁgégtegﬁt%ﬂ%§@%39§%ﬂ%¢iﬂﬁ%ftaafﬁ;:2_égrztgﬂbglfﬁﬂé éat Iomytipers..ln
contrast, in tfmhesgm§r§§ggyp5gg%¢§oo@3%ﬁ%:%?ﬁdgtmgggéggfzggp_?rgups i mmuni zed
W th R%SGagxpxpersosti%hnpiggmofg nc\:/besretr%gda?n moausesgzigngaboogn stu(filiels
was confirmed in rhesus macaques. Four of four.macaques
had detectable Gag-specific CTL after two or three 1 mg
doges of modified gag plasmid. 1In contrast, in a
previous study, only one of four macagues given 1 mg
15 doses of plasmid-DNA encoding the wild-type HIV-1,, Gag
showed strong CTL activity that was not apparent until
after the seventh immunization. Further evidence of the
potency of the modified gag plasmid was the observation
that CTL from two of the four rhesus macagques reacted
20 with three nonoverlapping Gag peptide pools, suggesting
that as many as three different Gag peptides are
recognized and ihdicating that the CTL response is
polyclonal. Additional quantification and specificity
studies are in progress to further characterize the T
25 cell responses to Gag in the plasmid-immunized rhesus
macaques. DNA immunization of macaques with the modified
gag plasmid did not result in significant antibody
responses, with only two of four animals seroconverting
at low titers. 1In contrast, in the same study the
30 majority of macaques in groups immunized with pS5Gag
protein seroconverted and had strong Gag-specific

antibody titers. These data suggest that a prime-boost
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antibody titers. These data suggest that a prinme-boost 168 0 5 DEC 2005 WO
00/ 39302 PCT/ US99/ 31245 strategy (DNA-prine and protein-boost) could be
very promsing for the induction of a strong CTL and anti body response.
In sum these results denonstrate that the synthetic 5 Gag pl asnilh BNAZS
i mmunogeni ¢ i n non-human primates. Wien simlar experinments were carried
out using wild-type Gag plasm d DNA no such induction of anti-p24

anti bodi es was observed after four immunizations. 10 Exanple 12 DNA- and.
Protein I munizations of Animals Using Env Expression Cassettes and

Pol ypept i d&P B39 nea Pigs G oups conprising six gui nedFHFHHMEN were 15
i muni zed intramuscularly at 0, 4, and 12 weeks with plasm d DNAs encodi ng
the gp120. medWSdeqppl e PrdWe4and AR AOELSE: dalola 80140, yrodUS4. del V2,
gpl140. nodUS4. del. V1/ V2, or gpl60Q. nodUS4 codi ng se%uences of” the US4-derived
Env. The anPRalMiShRd of YukbEqaBArFsion oBossterong CI% aBekanwihddya singl e

i ntramuscul aesgoefge of US4 0-gpl40. mut. nodUS4 protein in MF59 adjuvant.
Anti- gpl20 SF2 antibody titers (geonmetric nean titers) were nmneasured at
two weeks fol | owimgsurhe thleisedr@NA ismdenbaat to0e amhdtathe Wyveeks after the

protein poogly o7 g} s.rg@j}% ,n Table 15. 169 0 5 DEC 2005 WO
00/ 36305 PCiTBBbr i PrpS AR FydiPYl iR {36 himahBrimat e

When similar experiments were carried out using wild-type

Gag plasmid DNA no such induction of anti-p24 antibodies

was obgerved after four immunizations.

10 Example 12
DNA- and Protein Immunizations of Animalsg Using Env
Expregsion Cassettes and Polypeptides

A. Guinea Pigs

Groups comprising six guinea pigs each were

15 immunized intramuscularly at 0, 4, and 12 weeks with
plasmid DNAs encoding the gpl20.modUS4, gpl40.modUs4,
gpl40.modUS4.delVl, gpl40.moduUs4.delvV2,
gpl40.modUs4.delV1/V2, or gpl60.modUS4 coding sequences
of the US4-derived Env. The animals were subsequently

20 boosted at 18 weeks with a single intramuscular dose of
US4 o-gpl40.mut.modUS4 protein in MFS9 adjuvant. Anti-
gpl20 SF2 antibody titers (geometric mean titers) were
measured at two weeks following ﬁhe third DNA
immunization and at two weeks after the protein boost.

25 Results are shown in Table 15.
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15 G oupGMI post-DNA GMI post-protein i muniz. boost gpl20. nodUS420989489
gpl 40. nndUS41905340 gpl 40. nodUS4. de1V13417808 gpl 40. nodUS4. del V23868165
gpl 40. nodUS4. del VI /V 6648270 2 gpl 60. nodUS42359928 These results
denonstrate the useful ness of the synthetic constructs to gener%ﬁgﬂiﬂm5ne
responses, as well as, the advantage of providing a protein boost to
enhance the i nmune response follow ng DNA i nmuni zati on. B. Rabbits Rabbits
wer e innunized intranuscularly and intradermally using a Bioject needl ess
syringe Wy, m d DNAs encoding the follow ng synthﬁﬁgﬁ&gfﬁﬁg Env 20
polypeptldes 20. nodSF162, gp120. nodSF162. del V2 d%462

gpl 40. nDdSF162.deIV2, gpl40.nut.nDdSF162, gpl 40. nut . nDdSF162 deIV2

gpl 60. modSF162, and gpl 60. nDdSF162alsted \1Z. Approxi mately 1 ng of plasnid
DNA (pCWI | rrving the synthetic Env _expression cassette 25 was used
to i muni zgcbapr abbi ts. Rabbi T$GWersod JUBNAT E&HT pMskNpRbas{R O Ejr at 0, 4
and 12 weells. At two weeks after the third nnunlzatlon all of [the
constructs to have géfBiRt%d si ghP?9%tant anti body tifters in

the test afiggabs. mg@mgber rabb ts ipgai zed with 309g@gstructs| ont ai ni ng
del eti ons (fF—tthe—v2—regtor—1++0——5—DEc—1065— 31245

general |y (oréfateddd$4yvi | ar ant | body18Pters fel ati ve5840
5 gpl40.modUs4 .delVl 341 7808
gpl140.modUS4 .delV2 386 8165
gp140.modUS4.delVl/V 664 8270
2
gpl60.modus4 235 9928
10

These results demonstrate the usefulness of the
synthetic constructs to generate immune responses, as
well as, the advantage of providing a protein boost to

enhance the immune response following DNA immunization.
15
B, Rabbits

Rabbits were immunized intramuscularly and
intradermally using a Bioject needless syringe with
plasmid DNAs encoding the following synthetic SF162 Env

20 polypeptides: gpl20.modSF162, gpl20.modSF162.delV2,
gpl40.modSF162, gpl40.modSF162.delV2, gpl40.mut.modSF162,
gpl140.mut.modSF162.delV2, gpl60.modSF162, and
gplé0.modSF162.delV2. Approximately 1 mg of plasmid DNA
(pCMV1ink) carrying the synthetic Env expression cassette

25 was used to immunize the rabbits. Rabbits were immunized
with plasmid DNA at 0, 4, and 12 weeks. At two weeks
after the third immunization all of the constructs were
shown to have generated significant antibody titers in
the test animals. Further, rabbits immunized with

30 constructs containing deletions of the V2 region
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rabbits inmmnized with the conpanion construct still containing the V2
region. The nucleic acid imuni zations are followed by 5 protein boosting

wi th o-gpl 40. nodSF162.del V2 (0.1 ng of purified protein) at 24 geg ImEter
t he ini??al I mmuni zation. Results are shown in Table 16. Table 16 @g

GV 2wka GMIT 2wks GMT 2wks G ouppost-2nd DNA poet-3rd DNA post-protein
| mruni zat i oni mruni zat i onboost gpl 20. nbdSF1624573589926033

9p120. NnpndSF162. de1V23811312229606 gp140. npdSF162147871012882

140. nod 1V2157281911067 9p140. nut . modSF16214177888827
88140. mut %n&o%ﬁ%gz.delv 1378120713301 2 9p160. nndSF1622581Y¥8p!1245

gpl60. nodSF162. delVv28545911568 20 Al l constructs are highly i mmunogeni c and
gener at e ﬁ?@@ﬁahii’aﬂ!emaitgdnSbﬂnhmmgararibbbpdg/itre?&?&l&&asmétLQ{ only 2

I muni zat | kBs’ 8RRIdiSeqCwi BAD S . QUPS..0 our ons were

i muni zed Q?%F?gﬁUSCLﬂéﬁﬁed Kﬁ?ﬁ'ﬁ%%kféﬁgégggﬁféﬁﬂﬁ&ﬁgﬁgoaph different forns
of synthetFS“BS&“@%&&@WK§éerﬁﬁé°¢olIomﬁng table) at 0, 4, 8 12, 28, and
44 weeks. The amheraliclediceadk8oimi@NFhedohd £& Wdiholied Ly 9p140 protein

ing M=59 as adjuvant. Results
g?gl4o'§n“:nggggﬁ)bégééyﬁg4$igﬂdojg%f%%?ggdggls .delV2 (0.1 %g of
purified protein) at 24 weeks after the initial

immunization. Results are shown in Table 16.

Table 16
Group GMT 2wks GMT 2wks GMT 2wks
post-2nd DNA | post-3rd DNA post-protein
immunization | immunization | boost
10 gpl20.modSF162 4573 5899 ’ 26033
gpl20.modSF162.delV2 3811 3122 29606
gpl40.modSF162 1478 710 12882
gp140.modSF162.delVv2 1572 819 11067
gpl40.mut.modSF162 1417 788 8827
15 gpl40.mut.modSF162.delV 1378 1207 13301
2
gp160.modSF162 23 81 7050
=_glo].SO.modSl“lSZ .delv2 85 459 11568
20 All constructs are highly immunogenic and generate

substantial antigen binding antibody responses after only

2 immunizations in rabbits.

C. Baboons

-25 'Groups of four baboons were immunized
intramuscularly with 1 mg doses of DNA encoding different
forms of synthetic US4 gpl140 (see the following table) at
0, 4, 8, 12, 28, and 44 weeks. The animals were also
boosted twice with US4 0-gpl40 protein (gpl40.mut.modUS4)

30 at 44 and 76 weeks using MFS9 as adjuvant. Results are

shown in Table 17.

171



shown in Table 17. 171 05 DEC 2005 5 10 15 20 *GMI' = geonetric nean titer
The results in Table 17 denonstrate the usefulness 25 of the sy@thTqms
constructs to generate i mmune responses in primtes such as babo é s
addition, all animals W 00/39302 PCT/US99/ 31245 Tabl e 17 Ani nal Tr eat nent 2
Vs Post2 Vs post2 Vs post 5th DNA6t h DNA7t h DNA i nmuni za- (pl us
0-(o-gpl 40 ti ongpl40 prot.protein immuniz.)only) CY 2158.34461813 CY
216gpl 40. nndUS48. 34331236 CY 2176816602989 CY 21810125561610

Geonean: 26y 1812. 1 CY 2198. 38. 3421 CY 220gp140. nod 33117 CY
221+ p559agg%§%%043954871 Ov 2235371016 Geomsants. 946, ITHSES

22341. 41049746432 CY_2249gpl 40. nut . 8. 3979470 CY 225nmpdUS413529353870 CY

2264712094009 Geomnean: 68. 32457. 44289, &Y 2278. 3565001 CY
228gpl40TM[8—38061+70
Animal Treatment 2 Wks Post 2 Wks post 2 Wks post
5th DNA 6th DNA 7th DNA
immuniza- (plus o- (o-gp140
tion gpl40 prot. protein
immuniz.) only)
CY 215 ' 8.3 446 1813
CY 216 gpl40.modUs4 8.3 433 1236
5 CcYy 217 68 1660 2989
CY 218 101 2556 1610
Geomean: 26.2 951.4 . 1812.1
cY 219 8.3 B.3 421
CY 220 gpl40.modUs4 8.3 8.3 3117
10 CYy 221 + p55gag.SF2 8.3 954 871
CY 222 8.3 71 9216
Geomean: 8.3 46.5 1011.5
CY 223 . 41.4 10497 46432
CY 224 gpl40.mut. 8.3 979 470
15 CY 225 modus4 135 2935 3870
CY 226 47 1209 4009
Geomean: 68.3 2457.4 4289.6
CY 227 8.3 56 5001
CY 228 gp140TM. 8.3 806 1170
20 CY 229 modUs4 8.3 | 48 3402
CY 230 8.3 38 6520
QMT* : 8.3 95.3 3375.3

*GMT = geometric mean titer

The results in Table 17 demonstrate the usefulness
25 of the synthetic constructs to generate immune responses

in primates such as baboons. In addition, all animals
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CY 229nmpdUS48. 3483402 CY 2308. 3386520 GMIT*: 8. 395. 33375.3 172 0 5 DEC 2005
WO 00/ 39302 PCT/ US99/ 31245 showed evi dence of antigen-specific &g@
antigen) |ynphoproliferative responses. D. Rhesus Macaques 5 T r%@é@@
macaques (designated H445 and J408) were imunized with 1 ng of DNA
encodi ng SF162 gpl40 with a deleted V2 region (SF162.gpl40. del V2) by
intramuscular (IM and intradermal (ID) routes at 0, 4, 8, and 28 weeks.
Approxi mately 100 g of the protein encoded by 10 the SF162. gpl 40nut. del V2
construct wageysbeo admnistered in M59 by I'M deli very, €+ %? weeks. ELI SA
titers are shown in Figure 61. Neutralizing antibody activV 9"!‘@ shown
Tables 18 and 19. Neutralizing antibody activity was determ ned agai nst a
15 variety %’Pwﬁ’ﬁil RELJerre/-df janGligerssperiLipr i(BRvyadtimgehocyte or
" PBMC- basecth@ﬁ&@)toi%?@rééﬁé Qekpuhogs tabl es).  Further, the phenot ypic
co-receptor usage for each of the primary isolates is indi cated. As can be
seen in the tables neutralizing antibodies were detected agai nst 20 every
isolate tested, including the HHV-1 primary isolates (i.e., SF128A,
92US660, 9ZHIRB8su82MiGHmlies 92US714, 91US056, and 91US054). 173 0 5 DEC
2005 V\D 00/ 39302 5 10 15 20 25 PCT/ US99/ 31245

Two rhesus macaques (designated H445 and J408) were

immunized with 1 mg of DNA encoding SF162 gpl40 with a
deleted V2 region (SF162.gp140.delV2) by intramuscular
(IM) and intradermal (ID) routes at 0, 4, 8, and 28
weeks. Approximately 100 KHg of the protein encoded by

10 the SF162. gpl40mut.delV2 construct was also administered
in MF59 by IM delivery at 28 weeks.

ELISA titers are shown in Figure 61. Neutralizing

antibody activity is shown Tables 18 and 19.
Neutralizing antibedy activity was determined against a

15 variety of primary HIV-1l isolates in a primary lymphocyte
or "PBMC-based" assay (see the following tables).
Further, the phenotypic co-receptor usage for each of the
primary isolates is indicated. As can be seen in the
tables neutralizing antibodies were detected against

20 every isolate tested, including the HIV-1 primary
isolates (i.e., SF128A, 92US660, 92HT593, 92U8657,
92US714, 9;.U8056, and 91US054) .
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Tabl e 18 Treat ment Bl eedBl eed 1Bl eed 2 0 Ani mal 1st 2nd1st 2nd2 VKks

| mruni zat i onl mruni zat i onl mm nl M npost 2nd EO 4568. 345309 EO 4578. 3254460
EO 45825g 120nod( None) 8. 38. 393 EO 459DNA 8. 34345 EO 4608. 38. 3' 274 EDDEC 2005
4618. 3471502 EO 4628. 3805776 EO 463259 120npd251Ag 120npd8. 3893440 EO
464DNADNA 8. 38. 33347 EO 4658. 3691127 EO 4668. 363102 EO 4678. 3112662 EO
46850g 120nopd( None) 8. 394459 HO 469DNA 8. 35848 EO 4708. 395355 EO

4718. 31109074 EO 4728.38. 34897 HO 47350g 120mpd50g 120npd8. 3494089 EO
722675 EO 47825g

47 ADNADNA 0 HO 4758.38.3929 EO 4768. 3653 EO 4778,
120nodSi ndgiosi'lf:’%g 3763869 EO 479DNA 8. 31004 EO 4808. 37%‘?%@6”??%5

Table 18
Treatment Bleed | Bleed 1| Bleed 2
0
Animal | 1st 2nd 1st 2nd 2 Wks
Immunization | Immunization | Imm'n Imm’'n post 2nd
5 EO 456 8.3 45 309
EO 457 8.3 254 460
EO 458 | 25ug 120mod (None) 8.3 8.3 93
DNA
EO 489 8.3 43 45
EO 460 8.3 8.3 274
10 EO 461 8.3 47 1502
EO 462 _ 8.3 80 5776
EO 463 | 25ug 120mod 25ug 120mod B.3 89 3440
EO 464 DNA DNA
8.3 8.3 3347
EO 465 8.3 69 1127
15 EO 466 8.3 63 102
EO 467 8.3 112 662
EO 468 50pg 120mod (None) 8.3 94 459
EO 469 DNA
8.3 58 48
EO 470 8.3 95 3558
20 EO 471 8.3 110 9074
EO 472 8.3 8.3 4897
EO 473 | 50pg 120mod 50pug 120mod 8.3 49 4089
EO 474 DNA DNA
i 8.3 59 5280
EO 47s 8.3 8.3 929
25 EO 476 8.3 653
EO 477 8.3 87 22675
EO 478 | 25ug 120mod Sindbis/Env 8.3 76 3869
EO 47% DNA
8.3 1004
EO 480 8.3 71 7080
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05 DEC 2005 WD 00/ 39302 PCT/ US99/ 31245 Tabl e 19 Treat nent Bl eedBl eed 1Bl eed
2 0 Animall ot 2ndl ot 2nd2 VKks | mruni zati onl mruni zat i onl mm nl nm npost 2nd SO
4818. 38. 38. 3 SO 4828. 38. 3B. 3 EO 483Si ndbi s/ Env(None) 8. 378103 EO 4%@&E§qm@32
EO 4858. 376207 EO 4868. 38. 3458 SO 4878. 38. 3345 EO

488Si ndbi s/ EnvSi ndbi s/ Env8. 38. 3331 EO 4898. 3103111 EO 4908. 38. 35636 175 0 5
DEC 2005 WD 00/ 39302 PCTI US99/ 31245 Lynphoproliferative activity (LPA) was
al so determ ned by antigenic stinulation followed by uptake of

3Ht hym diyogo(;%s‘}zhese animals and is shown in Table 20. Experinent 1 was
per fornmed at 12*%eeks post third DNA 5, immunization anBCHELY8RIMENt 2 was
performed at 2 weeks post fourth DNA i nmuni zation usi ng DNA and protein.
For gpl20Thai E, gpl20SF2 and US4 o-gpl40, appropriate background val ues
were used to i ' i ; i i i mul ati on

CPM Backgroupd CPM . 10 Table 20 15a®eS1d.: cal cul ated as Ag M Backgr ound
CPM Ani nal / Treatment Bleed | Bleed 1 Bleed 2
0 .
Animal | 1st 2nd 1st 2nd 2 Wks
Immunization Immunization | Imm’n Imm’'n post 2nd
EO 481 8.3 8.3 8.3
EO 482 _ 8.3 8.3 8.3
EO 483 | Sindbis/Env (None) 8.3 78 103
EO 484 ' 8.3 8.3 32
EO 485 8.3 76 207
EO 486 8.3 8.3 458
EO 487 8.3 8.3 345
EO 488 | Ssindbis/Env 8indbis/Env 8.3 8.3 331
EO 489 8.3 103 111
. EO 490 8.3 8.3 5636
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gpl20Thai gpl20 SF2env2- 3SF20- exp#Egpl40US4 J408/ #12115 HA45/ #11116

J408/ #21123 HA45/ #20032 20 As can be seen by the results present ed in Tabl e
20 lynphoproliferative responses to o-gpl40. US4 anti gen were zpf
four animals at both experinental time points. Such prollferatlon res p
are indicative of induction of T-helper cell functions. 25 "' The results
present ed above denonstrate that the synthetic gpl 40. nodSF162. del V2 DNA
and protein are inmmunogenic in non-human primates. 176 0 5 DEC 2005 WO

00/ 39302 R /31245 Exanple 13 In vitro expression of reconbi nant
Si ndbi s RI@I)‘HE?&DNA containing the synthetic Gag or EnYCER#PEEMS on

cassettes 5 A Synthetic Gag expression cassettes To eval uate the
expression effi éyewbypmlwﬁratsyﬁt heticitGagLeRpressidlzcassette in

Al phavi rus ye&dQiSed b xpression cassette was subcl oned
into both Iasmld,eDNAp ase%t %géﬁr%ﬁetna ig?‘b‘?@%a’r {PERES 19f based
Si ndbi s vi riisthEeidire lS'péélﬁﬁec@hirgqlsaauﬂ)l\ws veledwer incoasiée ung, for in vitro

transcri ptigidtimenRdpi g2 tor I i con SIN-| uc; Dubensky,
et al., J vﬂﬁbol TS0 508- 5 f; %ggl‘lm%'l PPt %&()L% aP¥*a Prel site for

pl asmi d° I | PRI AL AN aRfed éxwprymenke? Wa@r penﬁermecbratofz #Beket er ol ogous

genes. Add rflégg_-tmmgeﬁﬁ{@rlg £ nucl eotides that contain
Thetei s %hol Pmi 1, Apal ? 319“%081\7%0%’%?(9%%&9(&: B$% 1D NO 17,
and XPANXNFsplzngQaF'B ,\@1123335'2 and US4 o0-gpl40, appropriate

background values were used to calculate Stimulation

Indices (S.I.; Antigenic stimulation CPM/Background CPM) .

10

Table 20

= T I

fs.1.: calculated as Ag CPM/Background CPM

Animal/ gpl20Thai |gpl20 SF2 | env2-3SF2 |o-

exp# E gpl40US4
15 J408/#1
H445/#1
J408/#2

olr|kP |~

ojrlr|n
wlv]lk s
v |w o

H445/#2

20 As can be seen by the results presented in Table 20
lymphoproliferative responses to ©0-gpl40.US4 antigen were
also in all four animals at both experimental time
points. Such proliferation results are indicative of
induction of T-helper cell functions.

25 ' The results presented above demonstrate that the
synthetic gpl40.modSF162.delV2 DNA and protein are
immunogenic in non-human primates.
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The plasm d pRSI N-1uc (Dubensky et al., supra) was 20 digested wth Xhol
and Notl to renove the luciferase gene insert, blunt-ended using K %epdWp5
and dNTPs, and purified froman agarose get using Gened eanl| (BiolOl,
Vista, CA). weroobdpgonucl eotides were anneal ed to each ot S%H i gat ed
into the plasm d. The resulting construct. 25 was digested w fun and
Sacl to renove the minimal Sindbis 3'-end sequence and A, tract, and
ligated with an approxi mately 0.4 kbgxdmpdgneat from PKSSI N1-BV (WO
97/38087). This 0.4 kbp fragment was obt ai ned by di gestl on of pKSSI N1-BV
with Notl and Sacl, 1Br¥iBee Axones of e $hii gnBKA camd r om an

agarose gel. T EBAGHER nd PHedis ﬁ@hét’ﬂfk GREPLEL Bnvl e§s¥bﬁ“s 3'-end, an
A40 tract and % ng! site for linearlzation. IS new vector construct was
designated SIN 0 5 DEC 2005 WO 00/ 39302 PCT/ US99/ 31245 The
synthetic HV Gagg gl ; e . Qbt ai ne fromthe parental plasmd
by digestion w ket Q&r it cRadkt e w and dNTPs, purification
with Gened eanll, @lbg@@eth&&ewthb é@ﬂfessﬁbﬁeeﬁf%:féég.ﬁagoph an agarose

gel, and purifi cat hop m t he agarose ge usin ean The
synthetic Gag ESUrAG 1T FPRESS1PR ﬁﬁé&tFﬁtb“tM}@VRBWE ‘0%2'&0615 t hat had

been di gested thet hyh@tﬁtm@a@rr&kpréHanrneeabbenge Gt @ubz@za@néajrmftbed usi ng
neC eanl | angd,gdgsj 10 re | i cons
offSH J}?jﬁbNﬁy an\ée(f:tegonﬁ}nﬁ E JE& used

transcribed in vitro Ssupra
directly fdr tPapefetindris UﬂrEEIY%Ct%Bt er ﬁa@q:x/fellqallwhea remm censorny be

packaged into bﬁﬁ@tﬁ:ﬁ.hdlﬁrﬂor\/ﬂﬁt oL tﬁﬁrttﬂa%ls%:?lpﬁ/l&ﬂ) c;fr @@ﬁ&%ﬁé u\g kila
def ective hel per S|ng an_al phavi rus packagin | I'ne as

or, ,u
descri bed, for &% %Ireep]11 ope S (PRSI Nsriuc / \DheRakys 8&333728 Jélriélr@l789 245,
and t hen adm N7etee&blim 1908D wss ARRAFibBAdte it aPNALbASEd Siadeis Vvirus

vector pDCOWSI N D&t A1 98hearization and a polylinker for insertion of
15 heterologous genes. A polylinker was generated using two
oligonucleotides that contain the sites Xhol, Pmll, Apal,
NarI, Xbal, and NotIl (XPANXNF, SEQ ID NO:17, and XPANXNR,
SEQ ID NO:18).
The plasmid pRSIN-luc (Dubensky et al., supra) was
20 diggsted with Xhol and Notl to remove the luciferase gene
insert, blunt-ended using Klenow and dNTPs, and purified
) from an agarose get using GeneCleanII (Biolol, Vista,
CA). The oligonucleotides were annealed to each other
and ligated into the piasmid. The resulting construct-
25 was digested with NotI and Sacl to remove the minimal
Sin@bis 3'-end sequence and A,, tract, and ligated with an
approximately 0.4 kbp fragment from PKSSIN1-BV (WO
97/38087). This 0.4 kbp fragment was obtained by
digestion of pKSSIN1-BV with NotI and Sacl, and
30 purification after size fractionation from an agarose

gel. The fragment contained the complete Sindbis virus

3'-end, an A,, tract and a Pmel site for linearization.

This new vector construct was designated SINBVE.
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(Dubensky, et al., J Virol. 70:508-519, 1996) was 20 digested with Sall and
Xbal, to renove the beta- gal act osi dase gene insert, and purified gglﬂggszﬂnﬁ

GeneC eanl| after agar ose gel size fractionation. The H 'V Gag gen
i nserted -into, P pDCM/SI N bet a- gal by digestion of SIP,NTW%;?&%5 with Sall
and Xhol, puri |cat|on usi ng 25 GeneCd eanl| of the Gag- cont'Si 1845 agnment

after agarose gel size fractionation, and ligation. The resulting .
construct was desi gih¢ e@yr}mmﬁkz@g\] @ng qmynbese@wucedlwlaecbbyaimd in vivo

adm ni stration Qg f oF Fﬂgsmﬁ?ﬁ’)’?]&l | nan{w'ﬂ%l %%%ﬁlil bed herein. 30

BHK and 293 cells were rans I'S’vector RNA and
DNA, respecti vél“?ln‘:'rh‘élt}sdﬁ@ﬁﬁat anpd <INfiR$ , ceprif icaltien wekh tested vm th the

Coul ter p24 capkueel &4t (E%aEPEEn Aitnl 5819, 5o DRC 2003 1 ¥R, 0043
PCTI U899/31245 BHK cells weré transfected by el ectroporation wt

reconbi nant® Si AGbREREREE Ifrle BRPrR&GHGFasfoB2Ex P FhenGBATPSE Ik esent ed i n
Table 21. In themgbd:mecSJdHGag#l Tmcby&theaﬁesedg cdimthﬂ:&gd@?cSWa%nents

and SI N(. 3gal . s n ontr ernat a nd, | ysat es
were col | ect ed%éﬁ@% or é:%gf Sgl?%%g/n Bregéit %ao bath 8iSedlds
Const r uct SuperIffa'lt'—hnalflll_@/%@me;1 SmmégaleeuStmmg&hélcﬂaﬂAwaagﬁ@mf(mmrox 1 9)

| SI NGag#2 RNAL,Bg{Q0:e1ARAnee! hisd vefers%ghaegéfm&aqﬁbagsl naei-g s Hefpxanpl e 2)
15 with reconbi na{lt Si ndbi s, DNA. Synt hétic pCWK @u% SF2 was used as a
3 §%0 cPuperek

sitive cdntrFPLieRnRMat SRt Er%ﬂﬁﬂ%ét &8 i ¥ @8R lpost
t ransfection. ¥shprexiassisaNEVbad2hd uBeBJAtdctlSy for transfection

of cells. Alternatively, the replicons may be-packaged
into recombinant vector particles by co-transfection with
defective helper RNAs or using an alphavirus'packaging

15 cell line as described, for example, in U.S. Patent
Numbers 5,843,723 and 5,789,245, and then administered in
vivo as described..

The DNA-based Sindbis virus vector pDCMVSIN-beta-gal
(Dubensky, et al., J Virol. 70:508-519, 1996) was
20 digested with Sall and Xbal, to remove the beta-
galactosidase gene insert, and purified using GeneCleanll
i after agarose gel size fractionation. The HIV Gag gene
.) was inserted into the the pDCMVSIN-beta-gal by digestion
of SINBVGag with Sall and Xhol, purification using

25 GeneCleanlII of the Gag;containing fragment after agarose
gel size fractionation, and ligation. The resulting
construct was designated pDSIN-Gag, and may be used
directly for in Vivo administration or formulated using
any of the methods described herein.

30 BHK and 293 cells were transfected with recombinant
Sindbis vector RNA and DNA, respectively. The
supernatants and cell lysates were tested with the
Coulter p24 capture ELISA (Example 2).
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presented in Table 22. 20 25 Const ruct Super nat ant Lysat e SI NGag DNA330
PCWKM2. Gaghbd. SF2 3242 DNA The results presented in Tables 21 ang§Jf( émﬁ
demonstrate that Gag proteins can be efficiently expressed fron1both

and RNA- basedywgdgdiys vector 30 systens using the syntheti ression
cassette (p55Gag.nod). B. Synthetic Env expression casset?ggﬁg 3Iuate
the expression efficiency of the 35 synthetic Env expression cassette in

Al phavi rus vect ors, BFébtesl 122 we?8 Ordndi=Ct2a0by m&ﬁfo@83821&ﬂ¢ilé$99/31245
synthetic EnV e¥BbRESHAN: GASHSY LeRnAe! G nt bl asmi d

DNA- based and reconblnant vect or artl?m%_@%gPQgggg 3% 39 P vectors as
descri bed abov837Bt’ G:. Prﬁ?@%?ﬁtﬁét?ﬁplﬁl VlEnvI@ctd?engaQéqueShH@am obt ai ned

5 fromthe parentiab pépdBetitbyugl gild aravLlEnadd, aRd s¥W@day Size
fractionati.on gn_an a arose gak%and purificati on fromthe agar ose gel

usi ng GeneQ eahFPre5H S GRITEEd I ngSFRRIREARt Hadnd | yRed@si nto t he
S| NBVE vectorwﬁhatcmm@n2dhg@sate¢nmblﬁeé®nm and Xbal. The 10 resulting
vector was purified using GeneC eanl| and designated SINBVEnv. Vector RNA
replicons may be transcribed in vitro (Dubensky et al., supra) from

SI NBVEnv and u directly for triadfee@ilion of cells. Alternatively, the

repli cons may matckaged | Nt GupBrageaid| ngakeyect or particl eﬂy
cgtransfel\%tlos 1 i ' Hj us
packagi ng gal RNA 0 0

SINGag#l RNA 7 ng Max (approx. 1 ug)

SINGag#2 RNA 1l ng 700 ng

293 cells were transfected using LT-1 (Example 2)
15 with recombinant Sindbis DNA. Synthetic
PCMVKM2GagMod.SF2 was used as a positive control.
Supernatants and lysates were collected 48h post
transfection. The expression of p24 (in ng/ml) is
presented in Table 22.

20
Table 22
Construct Supernatant | Lysate
) SINGag DNA 3 30
DPCMVKM2 . GagMod . SF2 32 42
25 DNA :

The results presented in Tables 21 and 22
demqnstrate that Gag proteins can be efficiently
expressed from both DNA and RNA-based Sindbis vector

30 systems using the synthetic Gag expression cassette
(p55Gag.mod) .

B. Synthetic Env expregsion cagsettes

To evaluate the expression efficiency of the

35 synthetic Env expression cassette in Alphavirus vectors,
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cell Iine and adm ni stered as descri bed above for Gag. The DNA- based

Si ndbi s virus vector pDCWSI N beta-gal (Dubensky, et al., J Virol. W)
70:508-519, 1996) was 20 digested with Sall and Xbal, to renove the EDQ:E[ {003

al act osi dase snsert, and purified using Gened eanl | Al 8dos3gar ose
gel si ze fractvlggg,ggts?on The HIV Env gene was inserted intd H‘f’g {

DCWSI N- bet a-gal by digestion of SINBVEnv with Xbal and Xhol,
Burl ficati on uSYREhNEE GCEeCesRNESS IIN (dae@sEnve £ M| Bubgléna@rmfﬁo after

agarose gel Sbé@hfﬁIHHMﬂ@n@NAOBaséHKAAd g@EbﬂQ nAQEEVE8§8Lté gnstruct was

nat ed pDS|] N- Env be used I rect n vi ®hi stration
gss;grnm at gd 8Fh S’a{fﬁ{}glaf ViReS nerGteFs éés‘éﬁ%’é@eﬁeﬁb@ﬁe mmg and 293

cell's were transfectied syinthet &€ i MRt co&iﬁ@imeﬁgu\éﬁeé%aﬁ%@dl‘?xew

t nd sates were tested capture
EToa 1805 5 P SHOE0RBR} iy Sl s as etk Sa1T Fndbr o
transfected byXbakctaigeofastoiondtion bﬁcaﬁtﬁgb&laisesgéljbléncRNA The

N e

Si ndbi s RNA contai ning synthetic expressi on ¢
and pgal repre%\é‘?l‘ikéer‘&cngﬁ’o’lt?%%rﬁtrﬁément Sipredigebed sintmd thes STSBVRET €

col | ected 24h pastor tthaﬂsﬁie@tbéah ak eéée&%&R%%\ggo&ﬁ r%ﬁgﬁg&ggg?gh
Lxsate (hﬁat)r¥¥éﬂft1n%ovgété¥|&g1 r1 1&3 using GeneCleanII and
designated SINBVEnv. Vector RNA replicons may be
transcribed in vitro (Dubensky et al., supra) from
SINBVEnv and used directly for transfection of cells.
Alternatively, the replicons may be packaged into
15 recombinant vector particles by co-transfection with
defective helper RNAs or using an alphavirus packaging
cell line and administered as described above for Gag.
The DNA-based Sindbis virus vector PDCMVSIN-beta-gal
(Dubensky, et al., J Virol. 70:508-519, 1996) was
20 digested with Sall and Xbal, to remove the beta-
galactosidase gene insert, and purified using GeneCleanII
after agarose gel size fractionation. The HIV Env gene
) was inserted into the the pDCMVSIN-beta-gal by digestion
of SINBVEnv with Xbal and XholI, purification using
.. 25 GeneCleanIIl of the Env;containing fragment after agarose
gel size fractionation, and ligation. The resulting
construct was designated pDSIN Env, and may be used
dlrectly for in vivo administration or formulated using
any of the methods described herein.
30 BHK and 293 cells were transfected with recombinant
Sindbis vector RNA and DNA, respectively. The
supernatants and cell lysates were tested by capture
ELISA.

180



gpl 40. nndSF16235297772 gpl 40. nodUS4. del VI / V217386526

gpl 40. nodUS4. del V29603023 gpl 40. nodSF162. de1V227723359 293 cel I's B&rE( 2005
transfected using LT-1 nediated 20 transfection (PanVera) w th reconbi nant
Si ndbi s DNA  G@nbadapd Ng synthetic expression cassettes of the present
invention and Rgal sequences as a negative control. Super 44504 13d5d

| ysates were col |l ected 48h post transfection. The expression of Env (in
ng/m) is 25 preseBti¥dcé¥lsTalire RdandfdtedsbPES] 2005 MP006393

PCT/ US99/ 31245 i 1 t t Const t(Neat)ng/ m (1:10
Tebipsde,S suoergeiant Lysle sl el al g/ 110

dilution)ng/m éZ%ﬂ]OO %F)MO. nmodSk

resul ts presentf’@d™h TAEESepgednin JtpblgeRdnst Fat ek ttadfleEnvher ot ei ns can
be efficientlysisdptesmed doneaihoid PWhnandcRMy hagad .Sindbl s vegtor 10
systens usighg 59? E;@lt@ett idc Egv expressi on cassettes o the preser?t

i nvention. Exanple 7 5% 37V B9F T2SCPER itePatdyecenntiel ng DNA
and/ or 15 Si n8BPerprtrartel esdCBpdred cereetelisriuy 2ad pakEanuscul arly at 0

and 4 weeks Weibnptasigl DNA and/ or Sindbis vector RNA- containing
particles each containing Gagvbd. SF2 sequences as indicated in Table 25.

Animal s were chall enged with

Table 23
) 10 Construct Supernatant |Lysate
(Neat)ng/ml | (1:10 dilution)ng/ml
Bgal RNA 0 0
gpl40.modUs4 726 7147
gpl40.modSF162 3529 7772
gpl40.modUS4.4elV1/V2 1738 6526
15 gpl40.modUsS4 .delV2 960 3023
gpl40.modSF162.delV2 2772 33598

293 cells were transfected using LT-1 mediated
20 transfection (PanVera) with recombinant Sindbis DNA
) containing synthetic expression cassettes of the present
invention and Bgal Ssequences as a negative control.
Supernatants and lysates were collected 48h post
transfection. The expression of Env (in ng/ml) is
25 presented in Table 24,
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reconbi nant vaccini a expressing SF2 Gag at 3 weeks post second
ingruni zation (at week 7). Spleens were renoved fromthe imunized Wg%&{ﬂﬂﬁ
chal l enged aninmals 5 days later for a standard 51C rel ease assay for
activity. Valwgsoseafown in Table 25 indicate the results fégﬂééggﬁﬁgleens
25 of three mce fromeach group. The boxed values in Tabl caLg
that all groups of mce receiving i mmg! ziat | on.st\r/]me'; halp(C):lr\]/kG/KgirZ. iGz;gl\/bd. S
DNA and/or  Si ndbi sGagMbd. SF2 virus paabielss ei
combi nati ons stowed—antrgen—speeH-er-cH—aetiw-ty—30-182 0.5 DF<;2005 WO
00/ 39302 PCTI US04 Table 25 5 1 uger2@tgnb 10Lygard i cl es 20 ) t 25d
ytotoxic T-lynphocyte (CTL) responses rdy iy 9mimmrai,z]%j with I—FI';/t agg:)
DNA and Si ndbifs gagnod virus particlfes Percént spgecific lysis o targ
cel | s* | muni ZationF: TSVBAILBSVBALBRMA nonep7gp7g [WAPiasagibal SF2 DNA

al00: 15201 at |gah wks25: 1520<1 6: 148x1 Si ndbi sGapjbd. SF2 100: 0

gpl40.modSF162.delVv2 1977 801

5 gp140.modSF162 949 746

The results presented in Tables 23 and 24
demonstrated that Env proteins can be efficiently
expressed from both DNA and RNA-based Sindbis vector

10 systems using the synthetic Env expression cassgettes of

the present invention.

Example 14

A, In vivo Immunization with Gag-containing DNA and/or

15 Sindbis particles

CB6Fl mice were immunized intramuscularly at 0 and 4

weeks with plasmid DNA and/or Sindbis vector RNA-
containing particles each containing GagMod.SF2 sequences
as indicated in Table 25. Animals were challenged with

) 20 recombinant vaccinia expressing SF2 Gag at 3 weeks post

” second immunization (at week 7). Spleens were removed
from the immunized and challenged animals 5 days later
for a standard °'C release assay for CTL activity. Values
shown in Table 25 indicate the results from the spleens

25 of tﬁree mice from each group. The boxed values in Table

25 indicate that all groups of mice receiving
immunizations with PCMVKm2 .GagMod.SF2 DNA and/or
SindbisGagMod.SF2 virus particles either alone or in

combinations showed antigen-specific CTL activity.
30
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[ [ : : . GagMod. SF2 DNA
<1 virus particles b25:1720<1 t 0, 4 weeks6: 1512<1_ CMVKn?
:'? 0100: 195821 ks Si ndbi sGagWbd. SF2 virus25: 17422 articles at 4 wks6J34E89005
i ndbi sGagWbd. SF2100: 1538<1 irus particles at 4 wks25:1418<1

W : | nmbi nant vacci ni a
CWKnR. GagMbd at 0 wks6:13131 Challenge with reco
Vi rus exp?ess?@gogalv- 1SF2 Gag at 3 weeks post second i muriFatS9¥HA45week

' d by .standard
7). Spleens taken 5 days later. Ex vivo CTL assay perforne
5)10r rgl ease assay. Values seen represespld @sults from 3 pooled nouse

spl eens per gr¢ otdx i - ocyte Tesponses. | T ému&ﬁF a«t?tl\l@ }gggll OL
Si ndbis partic LSS Bal b/ C nice were | Kr;l:r%sng;tggiﬂ%zﬁﬁ%m 30Vand/ or
weeks(as shown o+ . > . = o T
Si ndbi s-virus RNA-containing particles|each cont dERTHRG EEF 20 S rivdUs "
sequences. Trepalnoent redi nes. and antipody titgrs ar etsrtwgmeum*_'l'abl e ? ét
Anti body ti er E™™iRératitet er m ned Dy EL| SAEGST Ng GPEBELS SFZSPEES TR 10
the plates. 35183 0 5 DEC 2005 ) 5 1015 20 25 3Q,c356 p7g p7g
CMVKm2 .GagMod.SF2 DNA @ 100:1 5 20 1
t 0, 4 wks 25:1 5 20 <1l
6:1 4 8 <1l
SindbisGagMod . SF2 100:1 10 49 <1
) 10 irus particles P 25:1 7 20 <1
t 0, 4 weeks 6:1 5 12 <1
CMVKm2 .GagMod.SF2 DNA at 0 100:1 9 58 <1
ke SindbisGagMod.SF2 virus 25:1 7 42 2
articles at 4 wks 6:1 4 13 <l
15 indbisGagMod. SF2 100:1 5 38 <1
irus particles at 4 wks 25:1 4 18 <1
CMVKm2 .GagMod . SF2 DNA at 0 wks 6:1 3 13 1
* 20 ug

® 107 particles

20 * Challenge with recombinant vaccinia virus expressing HIV-
1SF2 Gag at 3 weeks post second immunization (week 7).
Spleens taken 5 days later. Ex vivo CTL assay performed by
standard 51lcr release assay. Values seen represent results
from 3 pooled mouse spleens per group

25

B. In vivo Immunization with Env-containing DNA and/or

) Sindbig particles

Balb/C mice were immunized intramuscularly at 0 and

4 weeks(as shown in the following table) with plasmid DNA
30 and/or Sindbis-virus RNA-containing particles each
containing gpl20.moduUs4 sequences. Treatment regimes and
antibody titers are shown in Table 26. Antibody titers
were determined by ELISA using gpl20 SF2 protein to coat
the plates.
35
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WO 00/ 39302 PCT/ US99/ 31245 Tabl e 26 Treat nent Bl eedBl eed 1Bl eed 2 0(8

wks) (10 wks) Ani mal 1st 2nd1st 2nd2 Vs | mmuni zat i onl nmuni zat i onl
2nd) (EO 4568. 345309 EO 4578. 3254460 EO 45825g 120nod( None) 8. 38. 39
. 38.3274 EO 4618. 3471502 HO 4628. 3805

A59DNA8. 34345y 56h4E68
120mpd25g 120n0d8. 3893440 EO 464DNADNAS. 38. 33347 EO 4658. 3

TS st
Sy >S

4668. 363102 EO_4678. 3112662 EO 468509 120nod(None) 8. 394459 EO 469DNAS8. 35848

3 EO

04 EO

EQ 4708. 395355| EO 4718. 31109074 EO 4728, 38,3489/ LEO 473509 1zumq509
120nod8. 349408p—FE6 4?:43‘%5%&8.—3595—2—89—5@-‘#%8.—3&929@“ 476836
4778. 38722675 EO 47875¢°a26RbdSi ndbi s/ Env8. 3768869 BEEGHN 7YDRINE:d34 ]
4808. 3717080 E 4818138 38 3 FO 4828,38, 38 8 E® | (8 wks) | (10 wke)
483Si ndbi s/ Env( Maome) §.2878103 EO 4848. 38. 332 ist 2nd 2 Wks
Immunization Immunization Imm'n Imm’n post 2nd
EO 456 8.3 45 309
5 EO 457 8.3 254 460
EOQO 458 | 25ug 120med (None) 8.3 8.3 93
EO 459 | DNA 8.3 43 45
EO 460 8.3 8.3 274
EO 461 8.3 47 1502
10 EO 462 8.3 80 5776
) EO 463 | 25ug 120mod 25ug 120mod 8.3 89 3440
EO 464 | DNA DNA 8.3 8.3 3347
EO 465 8.3 69 1127
EO 466 8.3 63 102
15 EO 467 8.3 112 662
EO 468 | 50ug 120mod (None) 8.3 94 459
EO 469 | DNA ' 8.3 58 48
EO 470 8.3 95 355
EO 471 8.3 110 9074
20 EO 472 8.3 8.3 4897
EO 473 | 50ug 120mod 50ug 120mod 8.3 49 4089
EO 474 | DNA DNA 8.3 59 5280
EO 475 8.3 8.3 929
EO 476 8.3 653
25 EO 477 B.3 87 22675
EO 478 | 25ug 120mod Sindbis/Env B.3 76 3869
EO 479 | DNA 8.3 1004
EO 480 8.3 71 7080
) EO 481 B.3 8.3 8.3
! 30 EO 482 8.3 8.3 B.3
EO 483 Sindbis/Env (None) 8.3 78 103
EO 484 8.3 8.3 32
EO 485 8.3 76 207
EO 486 8.3 8.3 458
35 EO 487 8.3 8.3 345
EO 488 | Sindbis/Env Sindbis/Env 8.3 8.3 331
EO 489 8.3 103 111
EO 490 8.3 8.3 5636
40 As can be seen from the data presented above, all of

the mice generally demonstrated substantial immunological

responses by bleed number 2.

For Env,

the best results

were obtained using either (i) 50 ug of gpl20.modUS4 DNA

for the first immunization followed by a second
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EO 4858. 376207 EO 4868. 38. 3458 EO 4878. 38. 3345 EO

488Si ndbi s/ EnvSi ndbi s/ Env8. 38. 3331 EO 4898. 3103111 LEO 4908. 38. 35686 &0 249§
can be seen fromthe data presented above, all of the mice generally
denonstrat ed substantial imrunol ogi cal responses by bl eed nunber 2. For
Env, the bestWP&Y¥% were obtained using either (i) 50 gFP&FU§HEIWSHDdUSA
DNA for the first imunization followed by a second 184 0 5 DEC 2005 WD

00/39302 PCT/ US,31246: duimithirgasoofig Usi gp150. nbu] bl 28:modliS, DA or
(ii) 25 g of pI2%.nndUS4cgNA for %e first inmmunization followed by a
second i mmuni z48i 8h &B1AY RFVUSHr fERofOr ShfuBiH St 5IMMEY%ESdPPs present ed
above denonstrdpélbhad bhhe Ewcondndmmag 2tdioal 08ind 1dieppli@sent invention
are effective gig.jnguce an i mune response using Sindbis vector systens
whi ch include the synthetic Env (e.g., gpl20.ndUS4) or Gag expression
cassettes. 30 ExanpFee 1B=THtFr prebent¢draholeEdemanst Gy &baNbrioe Bty oni ¢
and Bici StrOniaﬁdcégétﬁic@ﬂéirg\'éfcgﬂét%f{%&te@ﬁ@ghtf‘:gor( ek alyfe US4 and
SF162 15 Env %ol¥ggpt|deshn%é%% synthetic US4 and _SF162 Env pol ypepti des
(gpl 60. nodUs4, “g§p1BB Tiddtics: 1FRRRONSEH GO PR SKIES, vaRgor systems
gpl 20. nodSF162 widéEN2)ncudk (thel ryntiegiag B0l Ypept ) dep1(o. eodutde 489 codi ng

sequences obt ai_ne gl]_!xge E riant or optim zed sequences 20
ﬁgrrespondi ng ?(% t%}ég’%%g C?lségée(?r%dSFZ) were prepared. These

noci strofl ¢ constructs were co-transfected into 293T cells in a
transient transfection protocol usinghgie 15 '

Co-Transfection of Env _and Gag as Monocistronic a

Bicistronic Constructs
DNA constructs encoding (i) wild-type US4 and SF162

15 Env polypeptides, (ii) synthetic US4 and SF162 Env
polypeptides (gpl60.modUS4, gpl60.modUS4.delVl/V2,
gpl60.modSF162, and gpl20.modSF162.delVv2), and (iii)
SF2gag polypeptide (i.e., the Gag coding sequences
obtained from the SF2 variant or optimized sequences

20 corresponding to the gagSF2 -- gag.modSF2) were prepared.
These monocistronic constructs were co-transfected into
293T cells in a transient transfection protocol using the
following combinations: gpl60.modUS4; gpl60.modUS4 and
gag.modSF2; gpl€0.modUS4.delV1/V2; gpl60.modUS4.delVl/V2

25 and gag.modSF2; gpl60.modSF162 and gag.modSF2;
gpl20.modSF162.delV2 and gag.modSF2; and gag.modSF2
alone.

Further several bicistronic constructs were made
where the coding sequences for Env and Gag were under the

30 control of a single CMV promoter and, between the two
coding sequences, an IRES (internal ribosome entry site
(EMCV IRES); Kozak, M., Critical Reviews in Biochemistry
and Molecular Biology 27(45):385-402, 1992; Witherell,
G.W., et al., Virology 214:660-663, 1995) sequence was
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W ng conbi nations: gpl 60. nodUS4; gpl 60. nodUS4 and gag. rmngF%,5 DEC 2005
58: |68 m)gUS4. del V1 / V2; ggl 60. nndUS4. del V1/ V2 25 and gag. nodSF2; _ )
gpl 60. nodSF162 and gag. nodSF2;  gpl 20. nndSF162. del V2 and gag. nodSF2; aﬂ
gag. modSF2  a,9p8 furt her several bicistronic constructs were 9rt)naldzs _erle
t he coding sequen‘ié’(;'-i\s‘fz for Env and Gag were under the 30 coR€FH$98f245 single

i | RES (i nternal
CW pronoter and, between the two coding sequences, an ! .
ri bogome ent r yirdincsluceBVEYA ¢ RER)e; EKOZaKdinlg \seGubhbe AnOURMs |fe

i i . i ol ogy, 27(45)- 385-402, 1992; Witherell, G W,
ot ol Vit %&?ﬁl@%ﬁ%@%&‘%gﬁ%h@% ¢TG5S 19570 35 Brélowes } wo
00/ 39302 PCT/ 959603 12d5S4 rascaeds82af $EQ TTheloEny ¢ithie seguence and bef ore

! r fal.l ows:
the Gag codi %1%@%889@?1%211%'%\%.%80{3%5,?%5% B @‘1) 74 Qi ous 62) ;

. mod . .modSE2, S gure ‘
88'128. rrngd @él%%%&&gf“ﬁ%%‘#fe?é@@vf? P R SR, gﬁE@ B2)No: 75§ ( ;"-191;1;1:1
ge0s 3 I ur, F
e et i - Eﬁlsﬁ@l@lﬁg%ééo%%%ursgomg N%’uper nat ant s

| 60. nodSF16 . .modSF2, SEQ ID _
?Pom cell cul t%gggh\}/\%rggfgi ltered through 0.45 mfilters then

ultracentrifuged f8PPSTRRAATSSafrdl =L10001tpre (el GRAXEYed NerbLIWR8 IOt or

) i d
through a 20%.8yCLASe: DSk QHenT@&%e&%&?@u&?%?éfalzﬁg\éﬁ%gaatstuzgegggdr pﬁ]n

- 6009 di ent and spun
l(%gr 880 gﬁai %Qaﬁ%’vﬁfif?f{ Jrs“%t'gf’sxﬁ didt &t SWeRreotiqradhirona e 204 0 1.0 ni
sanpl es. A toBabrods misiioh) fTREliclNBear fatsPigal W¥r€OblGadid 4f rom each

j QL ' f the
transfec Ny O h actdons were tested for the ‘presence o
[E)rl:lc and Gag p%gfaeil%g (acro-(l);sgt 2115 ?&#%r dCCF 8RS 9* apdsETRYR faEndnst r at ed

that the apprBpPFatdt #bLEONsPMefIB5, 000Xg) in an SWALTi rotor.

Gradients were fractionated into 1.0 ml samples. A total
15 of 9-10 fractions were typically collected from each DNA
transfection group.
The fractions were tested for the presence of the
Env and Gag proteins (across all fractions). These
results demonstrated that the appropriate proteins were
20 expressed in the transfected cells (i.e., 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).
Virus like particles (VLPs) were known to be present
25 through a selected range of sucrose densities. Chimeric
virus like particles (VLPs) were formed using all the
tested combinations of constructs containing both Env and
Gag. Significantly more protein was found in the
supernatant collected from the cells transfected with
30 "gpl60.moduUs4.delVl/V2 and gag.modSF2" than in all the
other supernatants.
Western blot analysis was also performed on sucrose
gradient fractions from each transfection. The results

show that bicistronic plasmids gave lower amounts of VLPs
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20 expressed in the transfected cells (i.e., if an Env coding sequence was
present the corresponding Env protein was detected; if a Gag codinlEL 2005
sequence was present the corresponding Gag protein was detected). Virus

| i ke parti cl e§m(0¥}9|§§2) were known to be present 25 through a selected range
of sucrose densitiés. Chineric virus like particles (VLPsPCRS®/34ned

using all the tested conbinations of constructs containing both Env and
Gag. Significahtay wir empuotei obvainduang ned-herans¥Ret oL apte ol | ect ed

fromthe cell sptpransdiactsd 5%%3?’ ), "gp160. nodUS4. del V1/ V2 and gag. nodSF2"
than in all the other supernatants. Western blot analysis was al so

performed on sucrosE 9FH&d BAtVeriint itbasptodmtaanh ofr ansheeid an,psThe

results show bjaghddeCicel l 0N ke P! BMeds 1 I unts of VLPs 186 0 5
DEC 2005 WD 00/ 39302 PCT/ US99/ 31245 ERah TS ShSTREeh Ohtat RS, ng

co-transfedti oA wXH® ¥BAotrEt%shiWtpl asnids. In order to verify the

production of chi n@93C YePss wird hraeegeit d ideesitheof odd oygng el ectron

m croscopi ¢ 5,3l LS s,sarried out. 293T cells were plated at a
density of 60-70% c%lﬁgl %\%nlctg i %ﬁ@gﬁ%%‘?s‘%ﬁsdﬁﬁ PeECTRY before
transfection. Fasfectioner elhe @edflecvere winanst8cped ofitDNA g beansfection

reagent LT1 (RavemdtCarposaiidi readond 4.15C1 @0ACFX - di_son . The
cgl I's werggi nc&%a%tnec(’.je agver ni ght irrﬁJ réeﬁuced s(ergﬁﬁqe%aﬁouérﬁ%(rg tlf’?N\é\Y[VgS
"G'bco-BRL, . Gaithersobty:, '{iﬁ)gi.s%ewﬁédi UTHenE§ 1L 8 pyeredndubiate8% fetal cal f
serum 2% gl utevemmdghh inDMduretheeson mauel (opPe-MpKt dav.apgh the cells

wer e i ncubat edsfi@hebRp I $upy15 ernat ants and sates .were col l ected for
anal ysi s as descri bed. above )('segﬂgxéla%%uem 258 xfﬁ%i%/cfe%ed’,ltthr AR%fected 293T

cell's and puri%ﬁqé& ERRL serum, 2% glutamine in IMDM in the morning of
the next day and the cells were incubated for 65 hours.
15 Supernatants and lysates were collected for analysis as
described above (see Example 2).

The fixed, transfected 293T cells and purified ENV-
GAG VLPs were analyzed by electron microscopy. The cells
were fixed as follows. Cell monolayers were washed twice

20 with PBS and fixed with 2% glutaraldehyde. For purified
VLPs, gradient peak fractions were collected and
concentrated by ultracentrifugation (24,000 rpm) for 2
, ' hours. Electron microscopic analysis was performed by
Prof. T.S. Benedict Yen (Veterans Affairs, Medical
25 Center, San Francisco, CA).

Electron microscopy was carried out using a
trangmission electron microscope (Zeiss 10c). The cells
were pre-stained with osmium and stained with uranium
acetate and lead citrate. Immunostaining was performed

30 to visualize envelope on the VLP. The magnification was
100,000X.

Figures 65A-65F show micrographs of 293T cells
transfected with the following constructs: Figure 65A,
gag.modSF2; Figure 65B, gp160;modUS4; Figure 65cC,
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GAG VLPs were anal yzed by el ectron m croscopy. The cells were fixed as
follows. Cell nonol ayers were washed twi ce 20 with PBS and fixed w t{} gﬂbgym
gl ut ar al dehyde. For purified VLPs, gradient peak fractions were collecte
and concentrghedsfy, ul tracentrifugation (24,000 rpm) for 2 hours.

El ectron microscopic analysis was perfornmed by Prof. T.S. PBEASEHNI245Yen
(Veterans Affairs, Medical 25 Center, San Francisco, CA). Electron

i croscopy Wasgpae irestusdt. desvagva. gd .m@b§5i(19{‘cleét§%ﬁurignramC{]nodscope (Zeiss
i W t

10c). The cell re. -stapned.w osm um and st al ned urani um
acetate and | egég)(l:\?tkfel ggsl tﬁ%n%@?a‘f%ﬁ’n@%@'ﬁ%‘?%-ﬁ@d%éﬁ end sual i ze

envel ope on t heayLmdSHe wagdnFigcet i 48F, Wap12d b QX% . B 01 es,H5A- 65F show

m crogr aphs of g293ods¥a.s 1hr apsf W the foll.aw ng, constructs:

Fi gure 65A gg%r m)ogSFZ; Fi gure 6%%%&'6%?%%@5@1%"&1%3?&@%“%87 0 5 DEC

2005 WO 007393 158o8p% 5a5e3p(\EF s f3zh el eixviecVad gatzernd SF2

(bicistronic EfapprumkimGagly Foguims £2branss 65En QB%nggggthé ..del V1/ V2 and
ad. MOASF2

gag. nodSF2; anglFl 65 | 20, SF162. del V2 an g . In the
figures, free andé %f&gﬁ'nggpm%'?mge&%%v?? PR Yddesa i prerrarqb@ pofoof t he

expect ed si ze CFApPEsxwharetgnatoMiats) weee crattadneirbbréder oy R PLei N were
seen. In sum mblﬁe&fﬁehﬁﬂépt&ﬂeﬁléd}g%g?{&% & d ’}t-g fc’ﬁg LLP$ when constructs
I1s.” The e f*Pnto

wey e co-tignsfceoct dinto cell: I Ci ency i Bhers 2-3
fol d hi gher when ST E5RsEPTRte Vgl aeV-Rrl podsrepvideol irept helgs from
hi gh synt het isyrehetessespressizat (cassaf €edIs8Q. wAbihough preferred
enbodi ments of thepxsuhp j ti.on hayve been described in sone detail,
it is understood that g%l{l/i%ltjé}/e\%refia?%% MeRShet nkldR auPdestt 15 departing
from the spiritf*VaT4iPReP @ freasf delerilackriti @pme detail, it ig

understood that obvious variations can be made without

15 departing from the spirit and the scope of the invention

as defined by the appended claims.
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as defined by the appended clains. 188 0 5 DEC 2005 189 What is Clained is:
1. An expression cassette, conprising a polynucl eotide sequence encodi ng a
pol ypeptide including an HHV Gag pol ypeptide, wherein the polynuclypgfpﬂm5
sequence encoding sai d Gag pol ypepti dggg conpri ses a sequence havi ng at

| east 90% sequence identity to the sequence presented as SEQ ID NO 20. 2.

The expression cassette of claim1, conprising, a polynucleotide seqguence

encodi ng W‘ha?g YRERI4de including an H'V Gag pol ypeptide, wherein the

pol ynucl ce encodi ng said Gag pol ypeptide conprises a sequence
having at |east 90% sequence |dent| ty to the sequence presented as SEQ ID

NG 9. 3. The,expr,essi on .cass e of claim1l, wherein said pol ynucl eotide
sequence endodi hﬁ‘%‘%%?‘?'b&?f?? e“MMRIUEi ng an HIV Gag pol ypeptide conpri ses

a sequence havi agpalyndcttitle 30J0eaes YRMMAMg & tideOinchinge sl g M8e gYgesent ed
as SEQ ID NO 4, 4. The exp resg?{gc?n cassette ?‘m%:plbgl m 1, \/\,hn?reel n saldge

pol ynucl eot i A8YRERSiden wher e\“h thenpqlynueleptide seqrenss| snading seiddaag eqlyeaptide
encodi ng an BhMpRiceheaGRnBohaN Rk & 90 seabﬁlcgmﬁﬁg%? i sQ @et Isrgse%cdd aim

4, wherein the nucleotlde sequence encoding said ypep e conprises a
sequence havPhEEQUDINGZ0. 90% sequence identity to a sequence selected from
the group consisting of. SEQID NGO 5, SEQID NO 78, and SEQ ID NO 79. 6.
The expression cassette of claim 1, wherein said polynucl eoti de sequence
further incl@des Tae pepryssicnl casseitelef daigukrompesiogdi ng an H V reverse

transcri ptase The expr.ession,cass tte f cl ai wherein
t he nucl eoti de qu%&ﬁ@%iegﬁg%ée%ueme § “3"’5‘& pné’;!ﬁ RIS ec |"§e§n J'ﬁ}ép(ﬁ? énce
havi ng at |epslypaﬂfﬁesa<hmhcﬂmel pbiyrtmta}z&tldd)sétlueﬁﬁcﬂlﬁ&ﬁﬁg ssideGhe @ ofyi)@;fﬂdehe
group consi st ng 9 q!? Sé@)l D NO 81 %@D NO 82, SE

NO 83, and SERYPHSCR@SEHENGs VBB ot SOy g aEnes Kot 7 e sraenceRreBRRd of
claim1l1, wheaespQIBIND®Ol ynucl eotide sequence furt her i ncl udes a

pol ynucl eoti de sequence encoding an H'V tat polypeptide. 9. The expression
cassette of claim@8, wherein the nucl eotide sequence encodi ng

3. The expression cassette of claim 1, wherein said polynucleotide sequence
encoding a polypeptide including an HIV Gag polypeptide comprises a sequence
having at least 90% sequence identity to the sequence presented as SEQ ID NO:4,

4.  The expression cassette of claim 1, wherein said polynucleotide sequence

further includes a polynucleotide sequence encoding an HIV protease polypeptide.

5. The expression cassette of clafm 4, wherein the nucleotide sequence encoding
said polypeptide comprises a sequence having at least 90% sequence identity to a
sequence selected from the group consisting of: SEQ ID NO:5, SEQ ID NO:78, and
SEQ ID NO:79.

6. The expression cassette of claim 1, wherein said polynucleotide sequence
further includes a polynucleotide sequence encoding an HIV reverse transcriptase

polypeptide.

7. The expression cassette of claim 6, wherein the nucleotide sequence encoding
said polypeptide comprises a sequence having at least 90% sequence identity to a
sequence selected from the group consisting of: SEQ ID NO:80, SEQ ID NO:81,
SEQ ID NO:82, SEQ ID NO:83, and SEQ ID NO:84.



sai d pol ypepti de conpri ses a sequence having at |east 90% sequence identit
to a sequence selected fromthe group consisting of. SEQ | D NO 87,0 BB} ?Uﬂg’
NO 88, and SEQ ID NGO 89. 10. The expression cassette of claim1, wherein
sai d polynucl eotide sequence further jpgcludes a pol ynucl eoti de sequence
encodi ng an H V pol ynerase pol ypeptide, wherein the nucl eotide sequence
encodi ng sai d pol ypeptide conprises a sequence having at |east 90%
sequence identity to the sequence presented as SEQ ID NO 6. 11. The
expression cassette of claim1l, wherein said pol ynucl eoti de sequence
further incl8des Thepedpyessioh aatdetde dfedaitnte whiseadistig sutyrddeMofdd YoReASE

pol ypepti de, erein (i he nucl eoti de sequence codi ng sai d pol ypeptide
conprises a éHl%uaeg339?55(5“%?0“%8é%‘l“e%fﬁong‘gg%ﬂb%ﬁ?@’éﬁ?lwespt‘g% t he sequence
presented as SEQ ID NO. 4, and (ii) wherein the sequence is nodified by

del etions of coding regigns corresponding to reverse transcriptase and

i ntegrase. 12. THdCsxpiessian epssetigof claim Sowherein the nucleqtidsr sspvenea eacoding

pol ynucl eot i - i +~13. The
Py o551 on cassaripi (ahang ¥aRaknf hhhe SElcotfl Sduofit MERET 10 &
further incl gequsnee gstsicted fdne tei gieupsensistingofeBEQADINO 8, $IZY IDNE@:88, and

pol ypepti de, s%ﬂﬁkﬁs he nucl eoti de sequence encodi ng sai d pol ypepti de
conpri ses a sequence hHaving at |east 90% sequence identity to the sequence
presented as SEQ ID NO 7. 14. A reconbi nant expression systemfor use in a
sel ected host, ,cell, conpr.i sing,. an xpression, cassette of ¢claim1, and
wherei n sai d Jol erl?ﬁcffx@gigflaﬁ cggsaﬁ%r?(ge&’flg’ i’p@’thﬁ'ﬁf'!/ Salai Hyelegtiqe, sequgpce

el enent s _confatheplirluiet B pelypiicsside Sequendehcsith@ai HIV polyinessé bolyfeppidb)EC 2005
191 15. The reconbi nant expressi on system of claimZ14, wherein said control
el ements  ar &'NEEIR e AUGISASITR SRRMeg P BRFOdIng TRt PRIyPepride, cpmprises d prqueree
promoter, a ha®ng el leik b0 scQRAGREHLIF LARE Mquertelpr&BHEd APSEQ TD D1 nat i on
signal, pol yadenyl ati on sequences, sequences for optim zation of
initiation of translation, and translation term nation sequences. 16. The
r econbi nant r i 15, el I rAnscription
pronoter is ggre??%d%ﬁ%@{l ﬁcggsg{}%g)gadé%}r?s?’sﬂmég{nokgm}ﬁ&k%t %‘%ﬂ%‘k% Sv40,
RSV, Hi V- Lt furthewingludes a palyduclestide bejubnareacodinglan HIV painerasapoly siptige,an
expression c : |.al erein i nucl eoti de sequence
is operably ?\Iﬁﬁﬁe’%ﬁ% glfecng'ﬁ P g%ielsgﬂgér}flgﬁ\té@wgg’ sﬁ%q}g)eﬁﬁ%comﬁg?se% PR the
sel ect ed cel |haviti at Tagt 208b Iseqiencel identity 7o theheqadnoe pheserted hs BEQADYNO| | an
Sl and (ii) wherein the sequence is modified by deletions of coding regions

corresponding to reverse transcriptase and integrase.

12. The expression cassette of claim 11, wherein said polynucleotide sequence

preserves T-helper cell and CTL epitopes.

13.  The expression cassette of claim 1, wherein said polynucleotide sequence
further includes a polynucleotide sequence encoding an HCV core polypeptide,
wherein the nucleotide sequence encoding said polypeptide comprises a sequence

having at least 90% sequence identity to the sequence presented as SEQ ID NO:7.

14. A recombinant expression system for use in a selected host cell, comprising, an
expression cassette of claim 1, and wherein said polynucleotide sequence is operably

linked to control elements compatible with expression in the selected host cell.



19. The cell of claim 18, wherein the cell is selected fromthe group
consisting of BHK, VERO HT1080, 293, RD, C0S-7, and CHO cells. Zoﬂé'ﬁgfm%
DL

cell of claim19, wherein said cell is a CHOcell. 21. The cell of

17, wherein the cell is an insect cellg; 22. The cell of claim21, wherein
the cell is either Trichoplusia ni (Tn5) or Sf9 insect cells. 23. The cell
of claim1l7, wherein the cell is a bacterial cell. 24. The cell of claim

17, wherein the ] I ) i 7, wherein
the cell is ellg'pl 8 recgfphal =<8 kysenf pr o3 %@we‘%%aﬂé?%@%?%ﬁ“ﬁ is an
anti gen preserd sadgtalefrbm the ErodipCeadeidingl 82 a Aransclipdot @kdmagér, al ednseiiiionwher ei n
the antigen presenting cell is a | hoid .cel | el ectied fromthe group
consi sting ofMAICHORKIIGH: ArAREPYan IBHMFPY isienab| Rlyadgnyiatio sealqucts, | o
stemcell's, a@fhefdedTONob@hizABbA Sf iXIQARAS of #éhslafib®, 4RI drarRfatich AbcRiddtionvher ei n

the cell is a primary cell. 29. The cell of claim17, wherein the cell is
an inmmortal i 2¢¥°8€F1. 30. The cell of claim 17, wherein the cell is a
tunor-derived cell. 31. A cell line useful for packaging |entivirus

vectors, conprising suitable host cells that have been transfected with an
expressi on véét ofhe gacambinang expreesiqn estenp Rl claim skt twherdfin gaid| transcriptiog

wherein said I u IS I | r

el enent s conﬁgﬁ%ﬁég\%ma?(#(gﬁ%@ggs& gﬁr?fdr@tsﬁ'gge%@wégwﬂ%&{)ﬁ’ %glla‘?’ |¥ie
useful for padkKagr,MIhttr,and ostallethiamem, conpri sing suitable host cells
t hat have been transfected with an expression vector containing an
expression cassette of claim2, and wherein said pol ynucl eoti de sequence

is operably hiznked celd cobpiising agl xprRiion wasspad idfl elaind t1h @MPMASRiDORaidn t he
host cell. 33. Acel|, line useful f ckaging |l entivirus vectors,
conpri si ng sBP&yab‘ﬁ‘é"tWGsieq“‘iﬂﬁFI% qpﬁ'ég{yhgaﬁﬁb eff rPgﬁ etseepmwlﬁ??%wnh
expressi on veghessidndn ki@ sRled@dagl.expression cassette of claim3, and

wherein said pol ynucl eoti de sequence is operably linked to control
el enents conpatible with expression in the host cell. 34. Acell line

useful for pqg_kaqihgg?ﬁ 614 H;I\Af?ﬁ/h&%ﬁhﬂé Sell is QMRInirRAIA c8igl t abl e host —cells

i o
t hat have been transtfected an expression vector containing an
expression cassette of claim1l, and wherein said pol ynucl eoti de sequence

is operably lpnkad .t o ' i r ' i the
nost cel I 380" A e s8l of PRl 15, GhAHE theeshitfRALA Bolf hé'efehB cEETHAN of"
conpri si ng aB3K,\dER@, HEIRS, 283, R CPSYBand CHDeellsse i n said subj ect,
wherein the vector conprises an

20. The cell of claim 19, wherein said cell is a CHO cell.

21. The cell of claim 17, wherein the cell is an insect cell.

22. The cell of claim 21, wherein the cell is either Trichoplusia ni (TnS) or Sf9

insect cells.

23. The cell of claim 17, wherein the cell is a bacterial cell.
24. The cell of claim 17, wherein the cell is a yeast cell.
25. The cell of claim 17, wherein the cell is a plant cell.

26. The cell of claim 17, wherein the cell is an antigen presenting cell.



expression cassette of claim1l, and wherein said polynucl eoti de sequence is
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al phavirus vector construct, wherein 3g d al phavirus construct conprises
an expression cassette according to claim1l. 37. The gene delivery vector

of clain136 mherein t he al phavirus vector construct is a cDNA vector

construct. i f cl ai m 36 e. al phavi rus
conpri ses a 7 ec?ﬁ'ﬁ?‘%gn td&% }nhgéilvlffgecl%g? Qtjegn ﬁf?ﬁé%m is %Qm"?‘ id Tgegl
del i very vectselected foinaitha goup wosediging dﬂnﬁadt&pﬂagé 0GRl tes,Cdendritie WKRY, YBL | C

layered vect 0ells LP lllgtslte%]ceﬁ%,s gn%ngrogenitor cells thereof.

28. The cell of claim 17, wherein the cell is a primary cell.
29. The cell of claim 17, wherein the cell is an immortalized cell.
30. The cell of claim 17, wherein the cell is a tumor-derived cell.

31. A cell line useful for packaging lentivirus vectors, comprising suitable host
cells that have been transfected with an expression vector containing an expression
cassette of claim 1, and wherein said polynucleotide sequence is operably linked to

control elements compatible with expression in the host cell.

32. A cell line useful for packaging lentivirus vectors, comprising suitable host
cells that have been transfected with an expression vector containing an expression
cassette of claim 2, and wherein said polynucleotide sequence is operably linked to

control elements compatible with expression in the host cell.

33. A cell line useful for packaging lentivirus vectors, comprising suitable host
cells that have been transfected with an expression vector containing an expression
cassette of claim 3, and wherein said polynucleotide sequence is operably linked to

control elements compatible with expression in the host cell.

34. A cell line useful for packaging lentivirus vectors, comprising suitable host
cells that have been transfected with an expression vector containing an expression
cassette of claim 11, and wherein said polynucleotide sequence is operably linked to

control elements compatible with expression in the host cell.

35. A gene delivery vector for use in a Mammalian subject, comprising a suitable
gene delivery vector for use in said subject, wherein the vector comprises an
expression cassette of claim 1, and wherein said polynucleotide sequence is operably

linked to control elements compatible with expression in the subject.
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36. A gene delivery vector comprising an alphavirus vector construct, wherein said

alphavirus construct comprises an expression cassette according to claim 1.

37.  The gene delivery vector of claim 36, wherein the alphavirus vector construct is

a cDNA vector construct.

38. The gene delivery vector of claim 36, wherein the alphavirus comprises a

recombinant alphavirus particle preparation.

39. The gene delivery vector of claim 36, wherein the vector comprises a

eukaryotic layered vector initiation system.



