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FIELD OF THE | NVENTI ON The present invention relates to pol yenv

vacci nes for huma ture
of at |east 440 aﬁ up tgd%b%gwg%drng?\Aar\{FCTegéc% Vaowﬁm\ﬁlélcﬁﬁés%ga%hﬁa each
express a different variant of an H V envel ope protein. The vacci nes are
sui t-able for the vaccination of manmals, including humans, in order to

provi de unexPécverlivs anparied inpan by INGI granig RA-6ASHIMBY 2 GapesuGenteresponses
to HV infecti@n. gupmor cAESidnt PRAAN 765 NEH-NIMB Hrinf M IL953188 PH10ABPIoRslS T or
meki ng and usi ng such reconbi nant vaccinia viruses and pol yenv

vaccines. 15  Accordingly, the U.S. Government has goqajn siahisigryhispnvepiien; N\VENT| ON

The AIDS virus is likely to claimtens of mllions of lives by the year
2,000, constituting aworldwi-_ -.o top priority [see,
DeVita, et al., AIDS, Etology, 1 fent and Preventi on,
3rd edition, J.B. Thﬁmmmemnomlatest)ameMmformxmmmgoﬁﬂil:ib):cy W.’mg St aal

in Virology, pp 1 éépﬁs leabila_adl OéRbinakt 45- 20
1570] . The design o )-'%n e ?‘g(g:?r?%rgaﬂ\l/lvg&@r%duo{saeﬁs{bbﬂeart I cul ar chal | enge
to i mmundPogYinses thapeach pxpressa, different varigptefiap swelemgmem ﬂ‘b@vwmm t he

rH Ie{J/I I tcat i on ﬁf HI Qﬁntﬂﬂfformevac?nﬁoﬂbfms nRfufling Matﬁs (i SrdértS io@tdém-nyt nut ant
strai ns having oute at or roteins wi varij an

protein sequences %"(i"?’g?q"%ﬂffn ol 6%%‘”&7‘5 respopses, fo; Y infection.

recogni zed as di fﬂmi:mniuyamt |ugamsn Fejates iemerhodsedr inaking andLusing Sueh reeombiksi Ch

produces nore 25 |¥g8hocyt es per day for the sol e purpose
of countering for e‘%ﬁpan Igen O&L’% and T-cells constitute,

respectively, the hunoral and cellul ar conponents of the immune
response. 15 CKGRO OF THE N

The AIDS virus is likely to claim tens of millions of lives by the year 2,000, constituting
a worldwide health concern of top priority [see, DeVita, et al., AIDS, Etiology,
Diagnosis, Treatment and Prevention,. 3rd edition, J.B. Lippincott Co., Philadelphia, PA
(1992); Wong-Staal, in Virology, pp 1529-1543; and Hirsch, er al., in Virology, pp. 1545-

20 1570]. The design of an effective HIV vaccine poses a particular challenge to '
immunologists, as the reverse transcriptase enzyme involved in the replication of HIV has
a high error rate. This results in many mutant HIV strains having outer coat or envebpé
proteins with variant protein sequences. These variant envelope proteins are often
recognized as different antigens by the mammalian immune system, which produces more

25 than 10° new lymphocytes per day for the sole purpose of countering foreign antigens. B
and T-cells constitute, respectively, the humoral and ceflular components of the immune
response.

A good example of the qualitative strength of such immune responses is shown in HIV-
infected patients and in SIV-infected macaques. In each case, successive rounds of

30 infection, immunity, and establishment of variant HIVs or SIVs occur [Wrin, et al., J.
Acquir. Immune Defic. Syndr. 7:211-219 (1994); Burns and Desrosiers, Cur. Topics
Microbiol. Immunol. 188:185-219 (1994)]. With each cycle, the diversity of HIV

antigenic determinants (and the corresponding immune responses) are increased, such that
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t hese i mune re i br an f or Hl V. .variants, and
superi nfection ﬁ%@@@%@?;&%’ﬁ% bi 'éag?ea%% rgngﬁgpmselge"ﬁﬁll%rﬁgmﬁ' indents devel op
conprom sed i nmsmpstinfection isdesgely inhibitédecone i nsufficient 5 to prevent the

H 'V viral infection fromovercom ng the patient's i mune system This

may be due in part to the establishment of HV variants whose envel ope
vari ant prot ei ndlowever, AIDS pagpnts develpg spmpremissd immuneyrssporsas thay bpgoe insufficient em and
thus escape desti pfebenPifie B viral infection $i6hh oviktOming Ak DatiddPs immuhsySiemh TRBSES,
even i f the inmne rg%p_onse |d$’ cgga | e o{ . preventi gpede,novo infection
(e.qg., persisterfi® RaA%MRER prihe ¢ 168;2?'ﬂ‘§° HIV yarignirs whpse,enygiOpe yariantprpteins,
sites), the H V arefoefecoghizeditnithe paticn’a irthyhe Gystentmd ehul Bseape albstrastion §5¢i. Mune

response [ Pant al Nat uye 362: 355- 1993).: Enbretsgn..et al.,

Nat ur e 362:@%@35%35?51%8) fnm&meg &fﬁgg’.‘ .f‘?‘B%"F‘? 8 eg{_ and T-cell
ant i ?eni c degerrxtﬂm @m@%&piW?msfmevmimpmgwt ej ‘{ge Hljv
envel ope protgi BserQEREL) GRATY . [ rd,éa‘%&. JAERYE)) an
constant (d -@CS;}O‘{&egl ons.&)'A pe%vta?'ﬁgﬁoﬁe ?2senfé t“?g‘%a"g‘f t el&\t/é reglion has

been terned resppfise [Paptaleq ¢ 4/-. N@wﬁé&%ﬁﬁﬁg (98 Frpbretsont er@NMFwRJavaheri an

et al., Proc. Nass:359962¢199%. - (USA) 86:6768-6772 (1989)], although
ot her regions of the envel ope protein nay al so be i nvol ved in
eliciting an i mune response. The full |ength envel ope protein fromH V

cont ai ns about 88 identifitatidon afrBramd Tecell antigeni¢ detdrminantscamong HOV prorzink esgink due to
hyperrmutati on oo siete. The HIV envelope protein has been characterized as having variable (V1-V5)
15 and constant (C1-C5) regions. A peptide representative of the V3 region has been termed
the principal neutralizing determinant (PND) [Javaherian ez al., Proc. Natl. Acad. Sci.
{USA) 86:6768-6772 (1989)], although other regions of the envelope protein may also be
involved in eliciting an immnne response. The full length envelope protein from HIV
contains about 850 to 900 amino acids, with the variation in length due to hypermutation
20 ([Starcich et al., Cell 45:637 (1986))].

The first vaccines against HIV evaluated in clinical trials were designed to present single
envelope proteins, or portions thereof, to the immune system. However, neutralizing
responses towards a single or a few envelope proteins did not recognize diverse isolates of
HIV and the individuals were not protected from infection [Belshe et al., J. Am. Med.

25 Assoc. 272:431-431 (1994); U.S. Patent No. 5,169,763; PCT publication WO 87/06262;
Zagury et al., Nature 332:728-731 (1988); Kieny ez al., Int. Conf. AIDS 5:541 (1989);
Eichberg, Int. Conf. AIDS 7:88 (1991); Cooney ¢t al., Proc. Natl. Acad. Sci. USA
90:1882-1886 (1993); Graham et al., J. Infect. Dis. 166:244-252 (1992); J. Infect. Dis.
167:533-537 (1993); Keefer er al., AIDS Res. Hum. Rétrovir. 10 (Suppl. 2):5139-143

30 (1994); Gorse, AIDS Res. Hum. Retrovir. 10 (Suppl. 2):141-143 (1994); McElrath e al.,
J. Infect. Dis. 169:41-47 (1994); Fauci, Science 264:1072-1073 (May 1994)].
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PCT/ US97/ 00669  The present invention is intended to overcome one or more deﬁcxencxes of the relatedaﬂs
Accordingly, tBerng pidicutar @& eﬁHacaﬂéjofm{e‘%ﬁv%h&bﬂaBﬁﬁﬁ ebiR} a;?ﬁ{s €s
and net hods t hat . P el c?qtl;an I mmune response t |l ICI en

treat or prevent immune respanse; The strength ofthepresem invention lmm:ts power to recruit B el MVARY
OF THE | NVENTI ON helper T celij nduyRofiotT demvaﬁﬁamaansl&menmmqés biide weﬁ&ﬁ@ one or

nor e defi ci enci es of at ed art particul ar, the env
vacci ne -of the i ﬂﬁ%ﬁcﬂﬁéﬁ E?V%%%MW?‘%‘“‘PE’EE’S%E'W)&“dW nrune
response. The st r@ﬁgw-lspeuﬁcammqymmes HIN geutralizition iagsaysidemoéristatdhiyele O

recruit B cel llﬁ) ant:bo%lxepaic areofcsﬁllehortﬁgﬂﬁcgll rrkﬁ'éighgxem%elnl compartients of

t he i mmune response ective ity. For
exanpl e, the pred@pMne EspaRses againg "paive! HIV; stepins ot . HI¥ sttains for Whlch G!ivehpe

Hl V-speci fic ant |]deg,§ @@ﬁdtmcmumn thiellpdly a,e;%&ahl zation assays denonstrate
that the 10 antibodies elicited are of superior quali ty Surpr| singly, the

i nventi on can generate i mune responses agalnst 'nai ve" HV stralns
i .e., HV strai nsrofppevidelniordieffeorive [HIY @accines, the PrefinCinveaticll fRovidel pdijtat VakBilesi N the

pol yenv cockt ai | ‘comprising mixtures of at least 4 up to about 10,000, preferably 4 to about 1,000, and

15  more preferably about 10 to about 100, different recombinant viruses, each expressing a
different HIV envelope protein variant (EPV) (or a substantial portion thereof) that
includes both constant and variable regions of the envelope protein. Preferably, each of
the expressed envelope protein variants have a structure and/or immunogenicity similar to
that of a native HIV envelope protein existing in an infected cell or HIV lipid bilayer,

20  such as in an oligomeric form. Also provided are methods of making and using such
recombinant viruses and polyenv vaccines. In their use as a vaccine, each of the variant
envelope proteins preferably induces a different subset of B and/or T cells, each subset
responding to different eavelope proteins and, hence, to multiple HIV variants. A mixture
of this number, type and/or structure of envelope proteins is a now-discovered method for

25 eliciting a strong, durable HIV-specific immune response with broad spectrum neutralizing
activity.

In a preferred embodiment, the recombinant viruses are selected from the group consisting
of vaccinia, canary pox virus, adenovirus, and adeno-associated virus (AAV). In a
specific example, infra., vaccinia virus is used to prepare a polyenv vaccine. ina

30  preferred embodiment, a recombinant vaccinia virus vaccine of the invention is

administered subcinaneously. A further advantage of the invention is that subcutaneous



To provide nore effective H 'V vaccines, the present invention provides

pol yenv vacci nes conprising mxtures of at |least 4 up to about

10, 000, preferably 4 to about 1,000, and 15 nore preferably about 10 to
about 100, different reconbinant viruses, each expressing a di fferent
H V-envel ope protein variant (EPV) (or a substantial portion_thereof) that
i ncl udes both%E%ﬁé&ﬁﬂt and variabl e regions of the envel ope PrHP¥pocss
Preferably, each of t he expressed envel ope protein variants have a
structure and/ or innmunogenicity simlar to that of a native H'V

envel ope protein existing in an infected céll or HV lipid bilayer, 20

such as in an oligoneric form. Al so Vld re of . maki and
usi.ng such %&ﬁf’cﬁf”f’dg&d"gﬁ V@M&B@? g"é“’"'l‘ﬂ”’t‘?‘fﬁ 8 use as a
vacci ne, each of relelse of/infectiong vaccinia, vehiohei$ op:menpal@hmrtasanﬁmaﬁmahﬂrgtmsaﬂduces a

di fferent subset °§'§ athn and/or T cells, each subset responding to

-di fferent envel prote| ns and, hence to multiple HV variants. A m xture
of this nunber, type and/or structure of envel ope proteins is a
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| mmune response with z)road spectrum neutralizing activit In
preferred enbddi Yiarinfecter growtheslis iegarverorelis, whish W“&&’FP&%"GG“WW"P‘H@ group

cgﬂSl sting dﬂixaﬂﬁﬁ@%ﬁ,m efdetiny vREsX INdidsieh ofﬁEl@WTd%lb‘pe padadnf variants,
adeno- associ at ed vi.rus Ci e nfra, vaccinia
virus is used to¥ lﬂ?”e‘ﬁﬁ?é’ é‘%ﬁ%‘ﬁ%dﬁp&f“ﬁ%‘ aﬁ“;ﬁl‘%‘g’%f’tﬁ”f’ R¥ N hodi nent
a reconbi nant v acinventiong as/generallywdng isrperified atvigefrorm the igtowdncell dysate. adm ni st ered
subcut aneously. A further advantage of the invention is that subcutaneous
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The 'present inventors have discovered that polyenv vaccines of the present invention elicit
unexpectedly enhanced immune responses by the expression and/or presentation of
multiple envelope protein variants, each containing both constant and variable regions,

15  preferably having a structure that is substantially similar to that of a native HIV envelope
protein, The enhanced immune responses recognize HIV strains in addition to those |
strains expressing the envelope proteins provided in the polyenv vaccine. Thus. the aim
of such a vaccine is to provide enhanced immune responses to a wide range of HIV
strains, which immune responses are suitable for treating or preventing infection (or

20 continued infection due to mutation) by different strains of the virus.

The present invention also provides eny variant (EV) mxleic acid encoding (or
complementary to) at least one antigenic determinant of an envelope protein variant
(EPV). The EPV is preferably encoded by a recombinant virus, as further provided in a
polyenv vaccine of the present invention. The variant nucleic acid comprises at least one

25 mutation that confers differing antigenic properties, or three dimensional structure, to the
encoded EPV.

The present invention also provides a vaccine composition comprising a polyenv vaccine
of the present invention, and a pharmaceutically acceptable carrier or diluent. The
vaccine composition can further comprise an adjuvant and/or cytokine which enhances a



Preferably, a reconbinant virus polyenv vaccine of the invention conprises
a lysate of the 5 virus-infected gromh cells, e.g., vero cells, which
cont ai ns expressed envel ope protein variants in addition to infectious
virus. Inclusion of the |ysate envel ope protein variants, whi ch abets
t he i mmune res gﬁﬁﬁ represents a particular distinction of HR§@§$ t -

I nventi on, §’ Zﬁ yV|rus Is purified away fromthe grow ﬁ&?@sate.
In the vaCC|nes of the invention, the EV nucleotide nay be isolated from
patients infected 10 with an HV virus froma geographically restricted

area, frompatients infected with an HI5V virus fromdifferent clades,
or froml aboratory,isol ates. of H V. % et hav.
i scover ca that - pyanvEv et tefoote o o TR GRETH p G it

unexpect edl y enhavaseine ¢ompositions ésmm\eumy of the peesept lemtlms emﬁlmf inducing an
presentation of E‘kﬂgﬁﬁdnliﬂ xﬁcl&ﬂ\é%#&%ﬁ&sx%é’&f%‘hﬂmg f i g% .ontai ning
bot h constant and vari abl e regi ons prefera avin Ucture that

i s substantially sitiedies)ande celinlar inypung fﬁmﬂw@gHW’W&'mefB Is, helpef Predlscand. The
~enhanced i MuNg r gRRGRSP ek @CAGHl ze HI V strains in addition to those
strains expressing the envel ope proteins provided in the polyenv vaccine.
Thus, the aim of such a vaccine is to provide enhanced i mune
responses to a wi mhepresmgmveitiokﬂhﬂoprov:desatrieﬂiom&;reﬁditinghn 'inmmeeesp@sqomraﬁmvare

sui table for trealn [ey con dlnfectlon
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i nvention al so pr mmmmammamvaqmomsm @niamm:ermm“gm(emfme

conpl enent ary 1 0) piadend idtilion? Wi ok eiteCror i bt ﬁ%nnstojcliﬂﬂal y&lgne protein

vari ant (EPVS) refer ably en a reco nant virus,
as further prolfi deafhology gaused b Y"ﬂp gntigpfiat least E‘Ferwvdfmt'he present |nvent|on The
variant nucleic acid conprises at Ieast one 25 nutation that confers
differing antigeni roperties,, or t. 0 onal structure,

encoded gpv. O the SBRSHEER ad proitagihod i Blcihg op Bt g fran bV
conposi ti on conpr inf&criay in a peinynalfer thmoienHlV infectiph. {Thempthes@mprisenvent i on,

and a phar naceutigﬂ-"h- ke c‘g &ﬂ&
conposition can furt Meﬁ@gﬁgrl se an ‘}sﬁi\r?%g{mpgﬁh# ma{xggd%réu%uflc g"eﬂ‘gnces

a vaccine of the present invention, wh!ch composition ehclts an enhanced immune response,

15  relative to controls, in the mammal against a clinical virus pathology caused by infection
with at least one HIV strain.

In a further embodiment, the prophylactic or therapeutic method of eliciting an immune
response to HIV comprising administering an effective amount of another (e.g., second)
polyenv vaccine comprising at least 4 to about 10,000 different recombinant viruses, in

20  which the recombinant viruses are of a different species from the recombinant viruses of
the preceding vaccine, and each of the recombinant viruses in the polyenv comprises an
env variant nucleotide encoding a different envelope protein variant of an HIV envelope
protein.

The HIV-specific immune response generated with the polyenv recombinant virus vaccine
25  of the invention can be further augmented by priming or boosting 2 humoral or celtular
immune response, or both, by administering an effective amount of at least one
recombinant HIV env protein, or a DNA vaccine, or both. Preferably the recombinant
protein or DNA vaccine is also a polyenv vaccine. Any of the vaccine strategies provided
herein can be provided in any order. For example, a subject may be primed with a
30 recombinant virus polyenv vaccine, followed by boosting with a DNA vaccine, with a
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lrmrmal agahlnf/t Rew® pladdhi€ adcror rrfiﬁs Dﬁfdﬁﬁhﬂglsﬁﬁbuﬂigﬁrchﬁt ihveh l&ﬁtﬂr@'ﬂiesha })i- with at
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admi ni steri ng amomgrising taiheterologuns rinsertién site oodee confrel. off both s aimal expression pol yenv
vacci ne conpri si 08 hndh Vi g‘glg& I £f Ohiapant
viruses, in 20 c%gﬁ?q‘%c e’reco‘;' {n nt io\#?"ﬁ%@%qlge?%' 2?&%%;’?%& ent species
from the rec#hbiexpaession tontralessquance is a cytomegalqyiruciamedige early (CMY) peomgiena8$ of t he
reconbi nant Vi r G SkpleiGonioheYdt Shune R b lvir@ihiadfitus early ﬁﬁ)ﬂl%teﬁaarda&ﬁﬂa vikg! eoti de
encoding a different envel ope protein variant of an H 'V envel ope
pr ot ei n. Iafgprompter. 811 ¢ | rmunne response generated with the
pol yenv reconbi nant virus vaccine 25 of the invention can be further
augnented by priqn ng,. i[&@. EE’Q =1 &%H“! j ] .
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reconbi nant Hi V beapparenitp ekilled paactitiongys from thecfoliawingxletaliest descripiionfand exgmples he

reconbi nant s rejating to the present invention.

BRIEF DESCRIPTION OF THE FIG
FIGURE 1. Schematic representation of the orientation of the HIV-1 gene in a vaccinia
virus genome. The HIV-1 envelope gene is positioned between right and left segments of
the thymidine kinase locus. A Hindlll site exists at the C-terminus of the HIV-1 envelope
20 gene. The appropriate insertion yields a Hindlll fragment of approximately 7 kb in size.
Southern blots with this pattern confirmed the position and correct orientation of the HIV-

1 envelope gene.

FIGURE 2. Graphical representation of data showing that the HIV-specific antibody
response is long term in mammal models. The results of representative mouse sera tested
25 in the ELISA for HIV-specific antibodies are shown. Each sample was diluted 1:100
(solid bars), 1:1,000 (hatched bars) and 1:10,000 (clear bars) prior to assay on HIV-1-
coated ELISA plates. Test mice were sampled at various times (1 month. 4 months and 6
months) following the injection of 10 pfu of a vaccinia virus construct expressing one
envelope protein of HIV-1. The control mouse was immunized with a vaccinia virus

30 containing no envelope sequence. Standard error bars are shown.



protein or DNA vaccine is also a polyenv vaccine. Any of the vaccine

strategies provided herein can be provided in any order. For exanple,
a subject may be prinmed with a 30 reconbinant virus pol yenv vacci ne,
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PCT/ S97/ 00669 wo 97127311 PCT/US97/00669
final boost with a reconbinant protein vaccine. Preferably, the reconbi nant
H V env protein is in an adm xture with an adjuvant. In a specific
enbodi nent, exenplified infra, t he recgrrbl nant HI'V env protein is
adm ni stered intranuscul arly. Preferably, vaccine is

adm ni stered with a gene gun. 5 The foregm ng nmet hods of the invention
provi de the i ncent ive to genetically engineer new plasm d vector.
Thus, in a corol I %‘i"l’ higah eeprssepiafion of Fﬁ@é’iﬂﬂ"éﬂ"‘ﬁl"ﬁ%ﬁ@y virupase affects

funct i onal pl asm&momar&ﬁiw&M@rMNWﬁgmﬂaeaﬁJ@ﬁw@ Rdiion/i I US
vect or, ISI het er ol osgg i nsertjon sﬁe under control of both

an ani nmal expres ’E%'f‘ﬁﬁeﬁlf" el tes 154 jon EY;l cated plates ot r ol
sequence. Prefer eﬂlhlynsambls aerbménﬁ@:mummwnmmorwr@h wwlarme\micﬁnia
cytomegal ovirug i

t Vi rus
expression coniro sgdauen e | s a vac a Vi $°J%mgarpf“w Féﬁﬁ? TOXIMAENY. i ni a
Vi rus | at e higsrwecks aftep injogiénnh Emhsample “ﬁ}ﬁbreddupéfsolﬂ bafsit: LiOQS<(hatched

advant ages, uti | itafspandard, 000 eRdi b8 piorQb asrsi}%nﬁ-fﬁsi%ed BVSR

apparent to skilled practi t | oners rom the foll om ng detai e%gdescrl ption
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BRI EF DESCRI PTI ON OF THE FI GURES FIGURE 1. Schematc representation of

the orientation in ccin vi rus genone. The
HI V-1 envel ope ge 8"?‘?‘{; %/m{’%f'%gﬁfﬁ’effg'l"ﬁﬂ' éffﬂ"’"ﬁt‘fﬂ"f xRS O MG viss
t he t hym di ne 1Ri rrassgrudzodoasnot Lorkdirawdselthe eﬁritaameoﬁfyv-speaﬁc bhibody-ik fjedtesnUs Of t he
HI V-1 envel ope  pummals. Representative mouse serum samples were tested by the ELISA approximately

2 months following the injection of 107 pfu vaccinia virus expressing HIV-1 envelope

protein(s). "Single” identifies a sample from a mouse that received a single vaccinia

virus. "Mix" represents a sample from a mouse that received 2 mixture of vaccinia

15  viruses expressing five distinct envelope proteins. Each sample was diluted 1:100 (solid
bars), 1:1,000 (hatched bars) and 1:10,000 (clear bars) prior to assay on HIV-I-coated
ELISA plates. Standard error bars are shown.

be

FIGURE S. Production of novel vaccinia virus recombination by the substitution of PCR
products for pEvenv4 BHI10 sequences. The method of sequence substitution is shown.

20 PCR products were substituted for respective BH10 env sequences at the unique enzyme
restriction sites of Kpnl and Bsml. Following the cutting of plasmid and ligation with
PCR products, new plasmids were recombined with the wildtype VV to create VV-
expression vectors.

FIGURE 6. Responses in the Abbott ELISA following immunization. Sera from all four

25 chimpanzees were tested with the Abbott clinical assay (see Materials and Methods, infra).
Resuits for each serum sample (Y-axis) are recorded for each test date (X-axis). High
responses were observed in chimps immunized with the mixed VVenv vaccine.

FIGURE 7. Map of bi-functional plasmid that can act both as a DNA vaccine and as a
VV recombination vector. The presence of cytomegalovirus immediate early (CMV)



20 gene. The appropriate insertion yields a Hndlll fragnment of
approximately 7 kb in size. Southern blots with this pattern confirned
the position and correct orientation of the HI V- 1 envel ope gene.

FI GURE 2. G aphical representation of data show ng that the HI V-specific
ant ¢ body se is long termin manmal nodels. The r

representati vweégrr%%gg sera tested 25 in the ELISA for Hi v-sgég)lu%f’é”%"

anti bodi es are shown. Each sanple was diluted 1:100 (solid bars),

1: 1,000 (hatched bars) and 1:10,000 (clear bars) prior to assay on HI V-1-
coated ELI SA plates. Test mice were sanpléd at various tines (1 nonth. 4
nont hs and 6 nont s‘) fol | ow the .injection of _10£err,] pfu of a

vacci ni a virus EGRSFT W a@‘i‘b‘r"é%‘%f\ﬂé 135y2nd early promosers RSt SEREEsEipROfghe L v- 1. The
control nouse WaReigigEhdlinZeh ritinintalish cRCaiVV infested ¢415.30 cont ai ni ng no

envel ope sequence. Standard error bars are shown. WO 97/ 27311
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FI GURE 3. G aphical repreETAILED EHION OF FHE RE vaccinia virus

dose affects  puchbsof Ogial Bhnaled RS REDBsis MG BAPPINIRS vackil) UT N0

HI V- specfic anti bo roducti on. ~ Representative nouse "serum sanpl es
were tested By Presiops auenpty o pepwide vaceings againg different strains of HEM haye focusediop onger e

taken from m ceg b GhrDBlebdidhs bPgps0 dr.gp 160l Qf Wds exppBich thil[sGeh vhridbielreflfns ONE
vaccinia 5 wvirus, ex,gr essing the H V-1-envel gpe pr i n. Serum sanpl es

. ot
were tested appP & vgecine, wouldprovide hroag protece | HEY Infrtione Howewszn | e was
diluted 1:100 ( shivatcinesiaye not békn GtCeséflilatvhdnente vaccine-inducal) immmak rbipbfke@0dd (Cl ear

bars) prior to ass Q i . rror bars
are shown. s r%}/’@ﬁE%"\é @%‘%ﬁl&t%gqs gtgﬁﬁe@ee%%’g?’iag n&%m%g&éms'ﬁgw%ﬁiﬁ t hat
the m xi ng of0 vaescingsithat elicitjmme responses to purltiplegtizins of SV cueipthes Mesvacciriss

elicitation of bfe\GinBRGhel teatnRtiand6 Preventioh Bt ARL €d mammal s. ,
Represent ati ve nouse serum sanpl es were tested by the ELI SA approxi mately

The ptesent inventors have discovered that unexpectedly enhanced primary and secondary
(boosting) imumune responses can be induced against several or many different HIV
strains, by the use of polyenv vaccines that contain a mixture of at least 4, up to as many

15 as 1,000, and possibly as many as 10,000, recombinant viruses that each encode a
different envelope protein variant (EPV). The vaccine can also contain EPVs expressed
by the viruses, e.g., as produced in the host cells used for virus production.

The terms "pritning” or "primary” and "boost” or "boosting” are used herein to refer to
the initial and subsequent immunizations, respectfully, i.e., in accordance with the
20 definitions these terms normally have in immunology.

The EPV encoding nucleic acid {(envelope variant {(EV) nucleic acid) can be isolated from
the same or different population (e.g., geographic) of humans infected with HIV.
Aiternatively, the different EV nucleic acids can be obtained from any source and selected
based on screening of the sequences for differences in coding sequence or by evaluating

25 differences in elicited humoral and/or cellular immune responses to multiple HIV strains,
in vitro or in vivo, according to known methods.

The initial discovery related to recombinant vaccinia virus vaccines. However, as can be
readily appreciated by one of ordinary skill in the art, any recombinant virus can be used
to express polyenv antigens for a vaccine of the invention. Furthermore, the use of



2 nonths following the injection of 10[err] pfu vaccinia virus expressing
H V-1 envel ope protein(s). "Single" identifies a sanple froma nouse
that received a single vaccinia ~virus. "Mx" represents a sanple from
a nouse that received a mxture of vaccinia 15 viruses expressing five

di stinct envel@pgsphref €ins. Each sanple was diluted 1:100 (seldrfbsoro0669
bars), 1:1,000 (hatched bars) and 1:10,000 (clear bars) prior to assay on
Hl V- 1- coat ed ELI SA pl ates. Standard error bars are shown.

FI GURE 5. Production of novel vaccinia virus reconbination by the
substitution of PCR products for pEven®4 BH10 sequences. The nethod of

sequence substitution i.s, shown. 20 . PCR products were substituted for
respective BH 0 éﬁ\l]}'pEev Wﬁcé'éesﬁﬁnogﬁgwﬁm'ﬁ[fg'%“ﬁﬁépom a"a‘r%as‘f'trr &?%oﬁsqgi tes
of Kpnl and Bsmi .wilhobel visal vagcineHiess effidctiver(dueab pesbible moientiating of a gigoiousantitvirts

PCR products, nevyesﬁ&gé_m' ds were reconbined with the wildtype W to create
WV- expr essi oh vectors. FI GURE 6. Responses in the Abbott ELI SA
foll owi ng i muni zation. Sera fromall four 25 chinpanzees were tested with

the Abbott cli ni cflis REdEMapiréctedVplond bfakil iRt aVBthdMbStord e Mither found mitesul t s
for each serum sanpl.e (YXY-axi aéﬁvrecorded for .each test date %(e;gam S).

H gh r espon et @%@ﬁ% VIFPY RO PHERS; el Prteinseftiteted VWenv
vacci ne. ?bﬁdﬁﬁsﬁehhhﬂﬁﬂﬁodﬁeéimsﬁﬁom%mm aHMHIY]Eﬁ\aﬁroleiﬁmr ﬁﬁfe}nbot h as
a DNA vacci ne an S a conbjination vector. .T [esence o

cyt omegal ovi rus i"r‘ﬂ%eoaﬁ“as’t’oé’d é%%%/flﬁ‘? 8%5”""“ exgmsef'f/\h”é’?}yﬁ'?gvf%m%’ or they may be

PCT/ US97/ 00669  different HIV env proteins. 8
pronoter and vaccinia virus (V) late and early pronoters permt expression

of the foreisgn_ ene in both mammalian cells or VW infected cells.
imilarly, as can be appreciated by the skilled artisan, the immunization methods of the

10 present invention are enhanced by use of 2 DNA vaccine. The DNA vaccine can be used
as a boost, e.g., as described above with respect to the recombinant HIV proteins.
Alternatively, the DNA vaccine can be used to prime immunity, with the recombinant
viral vaccine or vaccines used to boost the anti-HIV immmune response. As with the
recombinant env protein booster vaccine, the DNA vaccine may comprise one or more

15 vectors for expression of one or more HIV env genes. In addition, the HIV env genes
may correspond to genes expressed by the recombinant virus vaccine, or they may be
different. In a preferred embodiment, vectors are prepared for expression in the
recombinant virus vaccine and in transfected mammalian cells as part of a DNA vaccine.

This immune response (as humoral and/or cellular) is found to be effective for a broader
20 range of strains of an infectious virus, such as HIV, and is not limited to the virus strains
expressing the specific envelope protein variants (EPVs) provided by the polyenv vaccine.
The present invention thus provides multiple EPVs encoded by a recombinant viral
vaccine which give unexpectedly enhanced immune responses to multiple strains of HIV.

lvenv_Vacci Vaccinatio
25 The present invention thus provides, in one aspect, polyenv vaccines using mixtures of at
least 4, and up to 10,000 different recombinant vaccinia viruses that each express a
different envelope protein variant, or an antigenic portion thereof. As can be readily
appreciated to one of skill in the art, 4 to about 1000, or preferably about 10 to about
100, different recombinant viruses could be employed. One of ordinary skill in the art

30 can further readily appreciate that other viruses can be used for vaccines. Examples of



DETAI LED DESCRI PTI ON OF THE DI SCLOSURE D scovery of Unexpectedly
Enhanced | nmune Responses to M xed HI'V Polyenv Vaccines. 5 Previous
attenpts to provide vaccines against different strains of HV have focused

on one or nore variable regions of gpl20 or gpl60. It was expected

t hat such vaq&aghgnﬁsgions. provided in a vaccine, woubgrBkihéls br-oad
protection agalns V infection. However, such vacci nes have not been
successful, where the vaccine-induced i mmune response does not

recogni ze many different strains of H'V. Therefore, a critical need exists
to provide 10 vaccines that elicit inmnel®esponses to nultiple strains of
H V, such that the_.yaccin are ﬁmt bl e for treatment..and/ or
prevention of HI .v_nab\{e v'mmﬁh%mﬁ‘rneagéeﬁ? mv@ﬁ otrm . kfloar\)%mﬂ'fss(':“oa\l?gﬁg'&lmt hat
unexpect edl y enhwvaacaal ipohidescagarypod, sleovingasngd adeno-assddinted 3irig gAlse provideg are
responses can beplpou nd 5 SoESoRemPacdiREY different HYV

strains, by the use OPF%?)E %env \;%g(s:c' neoye!t‘haat cgnt ain a mxture of at |east
4, up to as many 15 as 1,000, and possibly as many as 10, 000, reconbi nant

¥ihr uses t hat eaChlpwaﬁ%%cﬁe oftllzllg féiehi nveniiin igﬂvalamg: &{e%?@htﬂnd{ﬁ_ fah@tenfbPV) -
€ vaccCl he can al so contal,n S e resse o VI Tuses, e ., as
oroduced in t e FFERS ESpone i a g, Wk Hac boen adspipiserpd e polyeny vaceige, butihe

"primng" or "priespphst'to the daccine subclinical, dp goedfedtivg in edlizcing f dealt@neimmune T ef er

to the initial and subseguent . ol ions. .respect ful Ly, i
accordance wth FFP@"SESO a'j%'?tl n??ﬁ' %nngﬂﬁggug%@é‘rtﬁ%‘?a%%"re f&ﬁ%\’{}ésy slmrllableefot

I mmunol ogy. vaccinafibepuEpdsesencodi ng nucl ei ¢ acid (envel ope variant (EV)
nucl eic acid) can be isolated from the sane or different popul ation
(e.g., geographic) of humans infected with H V. Al ternatively, the

di fferent EV nucVies dacgises sVasiaps ssactigally spgirsgred vigimhasts (" eepmbinantyimgses’d rachee d
based on scremni f@a & prépaRe polaVHaPacdmRE fod adrifiRBGESE HIV poehivigigets Ueinge or

responses. t o mul TIoHeS A8 FEtipy Mesmassons, i et il nfplon et OB 1 g ¢ 0
knovvn net hpds . vigorous imrhiose sespohse atat wligsts actiestipn OB laympliucylas melpm’mwmghot:ytes.
one of ordi nary SRR 1 pifkEhes. il Win socie caf BEMHEd o AP DY
to express pol yemiusdosts for the vaegineseof theduventiono A nreferred mecombinagh vings fon 4drehpr e,
the use of 5 vaccine is vaccinia virus [international Patent Publication WO 87/06262, October 22,
1987, by Moss et al.; Cooney et al., Proc. Natl. Acad. Sci. USA 90:1882-6 (1993),
Graham ¢t al., J. Infect. Dis. 166:244-52 (1992); McElrath e al., J. Infect. Dis. 169:41-7
{1994)]. In another embodiment, recombinant canarypox can be used [Pialoux ef al.,
ADS Res. Hum. Retroviruses 11:373-81 (1995), erratum in AIDS Res. Hum. Retroviruses
20 11:875 (1995); Andersson er al., J. Infect. Dis. 174:977-85 (1996); Fries et al., Vaccine
14:428-34 (1996); Gonezol et al., Vaccine 13:1080-5 (1995)). Another alternative is
' defective adenovirus or adenovirus [Gilardi-Hebenstreit et al., J. Gen. Virol. 71:2425-31
(1990); Prevec et al., J. Infect. Dis. 151:27-30 {1990); Lubeck et al., Proc. Natl. Acad.
Sci. USA 86:6763-7 (1989); Xiang et al., Virology 219:220-7 (1996)]. Other suitable
25 viral vectors include retroviruses that are packaged in cells with amphotropic host range
[see Miller, Human Gene Ther. 1:5-14 (1990); Ausubel et al., Current Protocols in
Molecular Biology, § 9], and attenuated or defective DNA virus, such as but not limited to
herpes simplex virus (HSV) [see, e.g., Kaplitt et al., Molec. Cell. Neurosci. 2:320-330
(1991)), papillomavirus, Epstein Barr virus (EBV), adeno-associated virus (AAV) [see,
30 e.g., Samulski et al., J. Virol. 61:3096-3101 (1987); Samulski et al., J. Virol. 63:3822-
3828 (1989)], and the like.
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mul tiple viral vaccines can obviate anti-viral inmune responses that may
render a booster - with the viral vaccine less effective (due to
possi bl e pot enydawrAn of a vigorous anti-virus r esponsePCI/USIT0669 As | s
readi | y appreciated by one of skill in the art, the inventors have further
found that 5 boosting with reconbinant H'V env protein or proteins,
preferably proteins, further potentiates the imunization nethods of
the invention. The H'V env protein or protéﬂns may correspond to the

H V env proteins d | .
p INPIEERE b Budriins Qs XY ontREl 2o ﬂrsgn&%xmfréﬁ’gl 830 3 by the

different H'V env protein as can
skilled artisan, aiiweant WRAYFF ﬂﬁtdifa*\l"rr‘e'[ohﬁd’é“@?ﬂ efr@l&@wpm’e@ems«mwemwen are

enhanced by US€ Qf a SubjedV Yol @prebsitih-of tha Bntigdi'by/1RE 6l 6 thPdubfe@’s isel Such as a
boost, e.g., as described above with respect to_the, recgnbr Jnant HIV

proter ns. AIMPEIERATe tFEMSd herejn DQvageines'; 9fc nycleir agid-based yaceiges ), PNA
I muni ty, vvithsthaccm@mérw in Internatitng] Patent Poblicition WO 9520550081 Ihtsdtiohsl boost

boost er vacc ne. TR TERIREP S 1BlEh. ah e or ol 3P BRaBEE T
expressi on of oneviralrprorein & dliciv/a provecyyeriamune| resparsiel has ibesn detnémstratiid\in umergisne s

may correspond tq, %%P’%leqé@% ?%aét Qﬁ’#’?&ﬁgﬁ‘{ mgrtn@gd% E@QSM‘GWS}V they

may be di ff ep vectors are prepared
expressi on in th7:5664-566% (19931 Pavister gh..r . Meolee Gener. 38471831 (A993Y; Sedenah er

Lramml : an g/el he 6h|? Prve! Naf AaaaDMdyf;mB@mf(]pu), Monfgfbrh&y lermvmaar@arzagﬁse (as
unoral an or ce un (0] e e C ve or roader range
of strains of an Pﬂ?ﬁ%@?ﬁ“» s““’srféﬁ"%szsgﬁl%fs lgf‘ﬂj(l???'n‘gf“glef?ﬁté‘ﬁf to the
Vi rusols:]I rgl nsh Na:rexmescar W4 15621607 EI9BY; Xeung eni| Uipslogy TH9E1B2 140801998)) ! S (EPVS)
provi e Yy t he env vac e |nve r.ovi des
Ll ore e on Sies W apvel s A5ty et e 5P Bty VR oo et B2 by
unexpect edl y enhamdathmahwmharmeespun@msthcpmmwnqzﬂaatlbsdlmbwsnla#mdulavmve
Pol venv Vacci pgs f?&SLd d;ﬁxﬁ mlxp&%?ﬁhdé?\é?”bk@%eﬁ% R3:935-des,
env VaCCI nes S n

in one aspect g m Xt ur es
78 {1993A); Fynan et al., Proc. Natl. Acad. Sci., 90 11478-11482 (1993B); Robinson et

al., Vaccine, 11:957, (1993); Webster et al., Vaccine, 12:1495-1498 (1994)].

Vaccination through directly introducing DNA that encodes an HIV env protein to elicit a
protective immune response produces both cell-mediated and humoral responses. This is

20 analogous to results obtained with live viruses {Raz et al., Proc. Natl. Acad. Sci.,
91:9519-9523 (1994); Ulmer, 1993, supra; Wang, 1993, supra; Xiang, 1994, supra).
Studies with ferrets indicate that DNA vaccines against conserved internal viral proteins of
influenza, together with surface glycoproteins, are more effective against antigenic variants
of influenza virus than are either inactivated or subvirion vaccines (Donnelly ez al.,

25 Nat.Medicine, 6:583-587 (1995)]. Indeed, reproducible immune responses to DNA
encoding mucleoprotein that last essentially for the lifetime of the animal have been
reported in mice {[Yankauckas et al., DNA Cell Biol., 12: 771-776 (1993)].

As is well known in the att, a iarge number of factors can influence the efficiency of

expression of antigen genes and/or the immunogenicity of DNA vaccines. Examples of
30 such factors include the reproducibility of inoculation, construction of the plasmid vector,

choice of the promoter used to drive antigen gene expression and stability of the inserted

gene in the plasmid. Depending on their origin, promoters differ in tissue specificity and



| east 4, and up to 10,000 different reconbinant vaccinia viruses that each

express a different envel ope protein variant, or an antigenic portion
thereof. As can be readily appreciated to one of skill in the art, 4
to about 1000. or preferably about 10 to about 100, different

reconbi nant wep 5,?,5 gcoul d be enployed. One of ordinary skil lpopisbiaedd’ t 30
can further readily appreciate that other viruses can be used for vaccines.
Exanpl es of WO 97/ 27311
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suitabl e viruses that can act as reconbinddt viral hosts for vaccines, in
addition to LACCl n%[hl oV

adeno- associ at eﬁ ViT Js’gmiiamg roglﬁ’mgﬂpf’fe'm ral. erﬂgdgﬁ%%ﬁﬂrg%)and usi ng
such pol yenv vadihapras et al., Nucle. A&@d!qekﬁﬂﬂ?&@@%r(@%ﬂ frhéatgrxmehﬂmvmmmtlon

nduCeS it 1 oS n i SRR kO hf V8 s achved TR RkBARARE 11

manmal who has been adm ni stere V vaccl ne response

to the vaccine i(EM¥)bEhasthayghad goed efficienpy @dlow@xsﬂhal@mﬁvammgwam 3 mmber one

i mmune I €SP hadmaifan a;;eml».@ Q&Aoﬂﬁf‘ﬁct&t i tdliffeé"kh\é mﬁt&fef}dp&ﬁé eiicR&d B&aC ci ne
adm nistration i s_suitable for glnatlo r Vi'r al

n pu

vacci nes, Vari o4t !?FI‘%/“‘%W@'P?f’e‘g delivery: ‘H%E'F& P‘%@Bm"r’&%fm"s

Vi ruses") can bef géhe ranfed aﬂdcpnmu&mmdemlewmbxlw dfqene\eRgression fMontgomery,

T o1 00 o e AR 5t i RSB 9 oo o 0

Vi gor ous i mmune immegpoespensesivd midec{Fypen,SI9938, isnpat; iEisenbodun B dly DOM G/ tBéd., 125l per T

| YIPhocyt es. 1q - 01 388980} Sy bAKEPRACHES eerbIT bPHRA HaldfRugPR | oS C2n
er t or

be used as t econbi na I T us vacci nes
i nvention. A pr dnast effeetive aptigampressaiation by dendritie cells.\/ Vectors cpgtainipg theingeleie 5"“"

vaccinia virus [bhi%&@ic&ﬁébﬂﬁ@:hveﬁa&rﬁﬂiy aﬁubbimmmMe&ny@E&Z emérober 22,
1987, by Moss et ﬂ Coone et al Acad, Sci.. USA 90:1882-6

t
(1993) : | now 5?“ b ei&’ff‘?&ife"“fﬂ §N°3T8%‘“?&nm§?“t’%§‘§‘zj' Tath et
al., J. Inf ect cEll ﬁxsmﬂ.ﬁEﬁéﬂdeitran, calcxm(ﬁmﬁph);ﬂepreb:pnmmmbﬁbcmmtlyndsomms;on),

r econbi nant 8 'd[r P t Al ]g Hum

Ret r ovi ruses %%%;@b %')“%%g %t% in e}&?ng’.iﬁigé .Chﬁ'ﬁ'r%‘ et r03| ru)ées
Wu and Wu, J. Biol. Chem. 263:14621-14624 (1988); Hartmut et al., Canadian Patent
Application No. 2,012,311, filed March 15, 1990].

Bi-functional plasmids for virus and DNA vaccines. A preferred aspect of the present
invention concerns engineering of bi-functional plasmids that can serve as a DNA vaccine

20 and a recombinant virus vector. Direct injection of the purified plasmid DNA, i.e., as 2
DNA vaccine, would elicit an immune response to the antigen expressed by the plasmid in
test subjects. The plasmid would also be useful in live, recombinant viruses as

immunization vehicles.

The bi-functional plasmid of the invention provides a heterologous gene, or an insertion
25 site for a heterologous gene, under control of two different expression control sequences:
an animal expression control sequence, and a viral expression control sequence. The term
“under control” is used in its ordinary sense, i.e., operably or operatively associated with,
in the sense that the expression control sequence, such as a promoter, provides for
expression for expression of a heterologous gene. In a preferred embodiment, the animal
30 expression control sequence is a mammalian promoter (avian promoters are also
contemplated by the present invention); in a specific embodiment, the promoter is

cytomegalovirus immediate early (CMV) promoter (see Figure 7). In a further specific



20 11:875 (1995); Andersson et al., J. Infect. Dis. 174:977-85 (1996);
Fries et al., Vaccine 14: 428-34 (1996); Gonczol et al., Vaccine
13:1080-5 (1995)]. Another alternative is def ecti ve adenovirus or
adenovirus [G | ardi-Hebenstreit et al., J. Gen. Virol. 71:2425-31
(1990); PreveawebdmmBir, J. Infect. Dis. 161:27-30 (1990); LubrCcrusa?oeds?,

Proc. Natl. Acad. - Sci. USA 86:6763-7 (1989); Xiang et al., Virol ogy
219: 220-7 (1996)]. O her suitable 25 viral vectors include retroviruses
that are packaged in cells w th anphotropi gshost range [see MIler,

Human Gene Ther. 1:5-14 (1990); Ausubel et al., Current Protocols in
Mol ecul ar Bi ol ogy:mbo&hem anevifis promoei 8d vasciniairecdatly promibiée, \orausu:m&uﬁxhs Re but

not limted to l.ex. virus SV) apl al .
Vol ec. | Cor 1 NeurRSzet ey Bl tight= T stp ou S mechalls wil b ot
Barr virus (EBV),reMMthﬂs@eﬁa@emlvlmmmqawAg@.‘)a@@ffemr@amlimkl et
al., J. Virol. 6% rbohk ¢ vi I 3822-
3828, (1989)] . ﬁnt%%%?é_e I%g% . &Qntvnﬁf\%\l%?tg T%tfli@hnmct]metﬁﬂk{t& singfR?r

PCr | u397|vu/\569 multiple admiyigiratjons ef theyi-funstional plasmid s p PNA wcna ¢ 482t i onal

vacci ne conpri si NecotBinait virékSacciie Jordidth. msvadamummgxmaﬂmwesmﬁwm in
Vi vo introduction of . DNA encodl ng the ant Ilﬂ*‘éQ‘eI%nt o ti %spues

subj ect for expré’g‘é‘f ‘ng??e“by“f h & oy I‘fﬁ‘dé’ﬂﬁjag@?‘m%l tissue.
Such vacci naacome@dhmsrred herein "DNA vacci nes" or "nucl eic aci d-based
vaccines." DNA 5 vaccines are described in International Patent

Publ i cati on WD 95/ 20660 and | nternati onal Pat ent Publicati on WO

93/19183. The abi A auy obsrdigiry elgh inytht 31} exp readilyDapresize: thechrSwetional plasmids ofthe al
protein to elijfi tinRnnQhebd dskPas MR Gadcfs RRASEE ﬂaébpﬁﬁ&.ﬁi%{ergaﬁwta gl | 1

nuner ous experinmental systens [Conry et al Cancer 54:1164-1168
(1994); Cox et al10,00Q;preferably 4 to 100%. a%@ﬂ”@@@ﬁbtyl@%)‘m diffrent BV egp genegym

Mol e. Cenet., 2:1i84bi-fubibndl PRGBS, hReple@eby Mborrbipondiig set dPbPRnctidRd biasnfigad.
Sci.. 91: 9866 9870 F@199332” I\/bntgorrery et al., DNA Cell Bio.

12: 777- 783 (1993)%* Y IPCTE.S i ance, 259: 1745- 1749 (1993): Wang et
al., Proc. Nat|. Acad. Sci., 90: 4156 4160 (1993); Xiang et al.

Virology, 199:132 e};}% Jn%(g‘é?ll]l vaccines, Adivtdink %%llﬂé(gﬁi%c&mu%n @Etﬁ%ﬁﬂyeﬂv

neutralizati on of za Vvirus have use and 1 nt ernal
viral protei nd3t oPrPeif QERIoteine ageprding, tot thopresemt igyeatiop eas; paigne 059'2031 mceﬁbmqfcul ar

have 15 focused mﬁhm&% eyRE AW biv pRotéih 61 (Rboking, B Antipénid Ragneds 2l .. DNA
Cell. Biol., 12:7 789@% 3A %/wi’;\n et al i Proc. Natl. Acad.
Sci., 90:11478-11 %!? £,cf0 BpIsP ?“rFQ%S'H‘“’é h an adjuvant to prepare a vaccine.

The term "adjuvant” refers to a2 compound or mixture that enhances the immune response
to an antigen. An adjuvant can serve as a tissue depot that slowly releases the antigen and

20 also as a lymphoid system activator that non-specifically enhances the immune response
(Hood et al., Immunology, Second Ed., 1984, Benjamin/Cummings: Menio Park,
California, p. 384). Often, a primary challenge with an antigen alone, in the absence of
an adjuvant, will fail to elicit a humoral or cellular immune response. Adjuvants include,
but are not limited to, complete Freund’s adjuvant, incomplete Freund's adjuvant,

25 saponin, mineral gels such as aluminum hydroxide, surface active substances such as
lysolecithin, pluronic polyols, polyanions, peptides, oil or hydrocarbon emulsions, keyhole
limpet hemocyanins, diritrophenol, and potentially useful human adjuvants such as BCG
(bacille Calmette-Guerin) and Corynebacterium parvum. Selection of an adjuvant depends
on the subject to be vaccinated. Preferably, a pharmaceutically acceptable adjuvant is

30 used. For example, a vaccine for a human should avoid oil or hydrocarbon emulsion
adjuvants, including compiete and incomplete Freund's adjuvant. One example of an



al ., Vaccine, 11:957, (1993); Wbster gt al., Vaccine, 12:1495-1498
(1994)]. Vacci nation through directly introduci ng DNA that encodes

an HV env protein to elicit a protective i mmune response produces
both cel |l -medi ated and hunoral responses. This is 20 analogous to results
obtained wt i ruses [Raz et al., Proc. Natl. Acad. Sgi :

- 91: 9519- 9523%’? \ﬂ U nmer, 1993, supra; Wang, 1993, supra; q‘if’é”r%’ 2894,

supra). St udi es with ferrets indicate that DNA vaccines agai nst

conserved internal viral proteins of i nfluenza, together with surface
- glycoproteins, are more effective agai nst khtigenic variants

ol 25 Nat A B B0 UG it Y r‘#%ﬂ’“%‘%ﬁ*@?@#%ﬂi"y

- responses to DNAnfra. rwo@h%ﬁﬂﬁ‘éemtébmﬁmqudhﬁwwﬂbmlaI ly for the

fetime of e AklBle QK HAGm: A1V chRAkh SikchBedi Sufiggicauckas et al.
DNA Cell Biol., 12 771 776 3%1993 s well known in the art, a
| arge nunmber of TehRtaBgousipipr W%HE@P%W@”@H?@“@MNE?P“W"accé‘kpreSS| on of

ant i gen genes sangiiritistradioh rostegunogeni city of DNA vacci nes. Exanples of 30
such factors include the reproducibility of inoculation, construction of
the plasm d vector, choice of the pronoter used to drive antigen gene
expressi on and sVatind admjnisfasibrh eAdcording teetlie inventiony dmmguriizatidntagaipst HEVicah be

Dependi 09 Ot Nelckonikiith Gt BRBRbifSvitk bdofihe 4 ind bR aRRE S b olubiharib

PCT/ US97/ 00669 with a DNA vaccine or a recombinant protein vaccine, or both. In a specific 12

efficiency in i nigrodinemdrefdmiihaityiiivas biotein'th 3eh i€proRlied i Yh. tO@bsEhe igiAne64- 579
(1994); Chapman et al., Nucle. Acids. Res., 19:3979-3986 (1991)]. To

date, nost DN vEHOMKes in mammal i an systems have relied upon viral
prom)t'ers derived from cytonegal ovirus (CW). These have had good

ef ficiency in bogih S eandsklnlnc ation . n nmal i an
speci es. Anot herﬁﬁg?% PF RASWA™TG M8 FEd” é’ sm%%ﬂﬂ%&roé 5%%1 q‘i)l crtéd by
DNA i nmuni zat i onmbs ptefiarabigettto A0G, fdiffebeat mmy;mmwmmmmz ydifferentdHN yi el d
low rates h/%ﬁﬂe Al{ei%ﬂ&ﬁf e kdsel i VdbiE e QAR IntkGha Uxfresd Alcherthl BtV ohv OF

gene expression
genes. In yet another embodiment, the subsequent polyenv viral vaccines may have some

15 viruses in common, and others that are different, from the earlier vaccine. For example.
the priming vaccine may contain vaccinia viruses expressing HIV env proteins arbitrarily
designated 1-10. A second (booster) vaccine may contain vaccinia (or preferably a
different virus, such as canarypox or adenovirus) viruses expressing HIV env proteins 6-
15 or 11-20, etc.

20 A DNA vaccine or recombinant protein vaccine may have single HIV env protein antigen.
or muitiple antigens. Preferably, a DNA or recombinant protein vaccine for use in the
invention comprises more than one HIV env protein antigen. As with subsequent viral
vaccines, the HIV env protein or protein of 2a DNA vaccine or recombinant protein
vaccine may correspond to an HIV env protein expressed in the polyenv viral vaccine, or

25 it may be different from any of the polyenv env proteins.

In general, a preferred embodiment of the invention contemplates providing the greatest
variety possible in each vaccination protocol, to expose the recipient to the largest number
of HIV env proteins and thus provide the greatest opportunity for neutralizing cross-
reactivity with a naive HIV isolate.



1993, supra]. High-velocity inoculation of plasmds, using a gene-gun,

enhanced t he | mmune responses of mce [Fynan, 1993B, supra; Ei senbraun
et al., DNA Cell Biol., 12; 10 791-797 (1993)]. presunably because of a
greater efficiency of DNA transfection and nore effective antigen

presentation Ryogapgfitic cells. Vectors containing the nucl BCTUSIZI00669
based vacci ne of -the invention nay al so be introduced into the desired host
by ot her nmet hods known in the art, e.g., transfection,

el ectroporation, mcroinjection, transductign, cell fusion, DEAE
dextran, cal ci um phosphate precipitation, I1pofection (lysosone fusion), 15
or a DNA vector transporter [see e. MM. Biol. Chem

267: 963- 967 (1992 (1988);
Hartnut et al. C‘}a%%?&fdéﬁwﬁ’a’i“ent for use m Bt Yaca%etsqlﬁ‘ Né'é’@g" %’%ggéllta %‘ékf"ed Mar ch
15, 1990]. gebyraphicaltyt locahisélates, asmdds foofrom igeageapliically Bivsevisalgisnos.
preferred aspect e E&INS gl of

bi - functional pl aési&“%‘bafl%gt §%’l?liIrxl' bs‘?erera\‘fé\’J {abgl%ahw(@ggcﬁe g%’l Blgﬁﬂthﬂw

reconbi nant vi fusnupleesides (i.e.Dienes) fromiiteal iselptesdias pumerqys pdvantages: ptheispiates aONA,

i.e., as a %l}‘ﬁﬁaﬁhﬁ?@ the\Ps dorfilspomil fo lﬁﬁrdn?’%bﬂﬁmﬁ Pﬁ:&ﬁﬁ%ﬁwﬁxé}x iRt | gen
expressed by the plasm d t est subé ects, E?asm d woul d al so be
useful in live, r’ééﬁﬁﬂ"l]"r\émmwpﬁ%%‘smys‘mb cap‘FWﬁﬂ‘l‘iF"}Ya TR HEW, iSP13tES: o5

The bi-functional plasmd of the |nvent|on provi des a heterol ogous gene, or
an insertion 25 i for rol ogo ene. ungder g Lo of two .
di ff erent expressﬁ‘bhﬁé@ﬁ? f“glf’&] TRERL vin "“'“‘"‘8?."“5&?%‘?’ %ﬁ‘*‘é"s’é‘iaﬁwmc?ﬁ'ﬂtrol
sequence, and a véeqxahce@ipmse%momommwcesemmwcemogwminenicdmnﬁmder
control™ is usgd |y

Sxﬁ lls dohiflo ﬁ“jﬂ@ﬁs% r@gﬁﬁﬁxq ho:ﬁsepon&%mahyon@i %8

associated wt &I’ essli on control sequence,

such as a pronot eﬁam@wmwsmquikm@w rERVer “é‘kﬁ’r@éé?aﬁr'?aGf a
het er ol ogous genegvetail h&n&b@f@ﬁdeﬁdy SN it 3898 o a kkn dWelbPé profein sBNIBAEIBSI ON

Cont onpl at od byt FEUeRFORERE OR0BPOIRE: o Ao ok 1AM oeci O Etins

pronoter is 1mhmﬁgmmdaammmnmmmﬁﬂaym/) pronoter (see
Figure 7). In a further specific WO 97/ 27311
PCT/ US97/ 00669 13

15 Percent homology can be determined, for example, by comparing sequence information
using the GAP computer program, version 6.0, available from the University of
Wisconsin Genetics Computer Group (UWGCG). The GAP program utilizes the alignment
method of Needleman and Wunsch [J. Mol. Biol. 48:443 (1970)}, as revised by Smith and
Waterman [Adv. Appl. Math. 2:482 (1981)]. Briefly, the GAP program defines similarity

20 as the number of aligned symbols (i.e., nucleotides or amino acids) which are similar,
divided by the total number of symbols in the shorter of the two sequences. The preferred
default parameters for the GAP program include: (1} a unitary comparison matrix
(containing a value of 1 for identities and 0 for non-identities) and the weighted
comparison matrix of Gribskov and Burgess, Nucl. Acids Res. 14:6745 (1986), as

25  described by Schwartz and Dayhoff, eds., Atlas of Protein Sequence and Structure,
National Biomedical Research Foundation, Washington, DC (1979), pp. 353-358; (2) a
penalty of 3.0 for each gap and an additionai 0.10 penalty for each symbol in each pap;
and (3) no penalty for end gaps.

In a preferred embodiment, an EPV of the present invention is a variant form of at least
30 one HIV envelope protein. Preferably, the EPV includes gp120 and the oligomerization
domain of gp41, as gp140 [Hallenberger, et al., Virology 193:510-514 (1993)].



enbodi ment, the virus pronoter is a vaccinia virus early pronoter, or a
vaccinia virus tate pronoter, or preferably both (Figure 7). Subjects
could be vaccinated with a nulti-tiered reginmen, with the

bi -functional plasm d adm nistered as DNA and, at a different tinme, but

in any order, conmbi nant virus vaccine. The invention Hodeds €S -
single or 5 vﬁiﬁ@?ﬁﬁe adm ni strations of the bi-functional p agﬁid as a
DNA vacci ne or as a reconbi nant virus vaccine, or both. This

vacci nation regi men may be conpl enented with adm ni stration of

reconbi nant protein vaccines (infra), or nd§ be used with additional

vacci ne vehicl es one qof ordinar Ki I n th t can readily
appreci ate, the Ef“?“f'\ﬂ’é’t?“ga%ﬁe pb‘?‘%'?rﬁ’ﬂ%’“%f""h‘?@“l Wéﬁ?ﬁ-g’ﬁrﬁwﬁs Bé‘“ﬁ%ed as

~polyenv vacci ne vegdncdssire réddily avalisbld frsecdrinegyiah tnd iesistiond] HIV st databases,

10,000, preferably, &, ERMARRR: oD fufREE cBARLERARN o Ik o0 pasli g ent HI Y
env genes i ACO“br-Tunctiona plrasm ds, us preparing’a correspondi ng

set of bi-functi GeredvirglesandiddRS, A Compilatioh ghd Anaiysis pVuglsinicidzand Amizp Acid

Reconbi nant prt ] bin ' mﬁ? ; Bilobtfvhike la&C R 459N Wit h

an HV env 15 ﬁp?ﬁaeeﬁé%'cglrﬂ g?‘gtlgie[%g&%g%ordl _tgax‘%olo%l_ﬁgel&' ?%‘g)é?,‘%‘&; ﬁ\%ﬁtb%n can
rime or boost aSehkstiguignser typertions of 3y ERY e pbiain s piditional EBY.cemcodgthby 3-pugleisny

P . . S

protein or proteqssfor aée in A lrécObihdat ¥ifl 9 FIleliv vaccine SR PRQEN ivailioR &ad! €Par ed

in an adm xture w an _adj uvant to prepare a vaccipe., he, term
Raf uvant r ot or Sebf SBuBpt M tsenon: 1 oA g R (e 12
response t 0 acids).aAltérgatively,/n least pue\asirio acid ife.g.c 128 amino acids) G e del@@bfronk hat

slowy rel eas th nt | ' . Lvat or
et o eoccfF, MFFS R SR, o8 o, BRI SF dpl”
mrunol ogy, Secohasedoh sequep@Aetemuimtiomofisir@iopeproteins obrkindddy Pugléotide sequencing _
California, p. 38 1eald @nddlith gﬂa{ icGh hhﬁ'lﬂ%idw}'&ﬂ' atiingay al one, in
t he absence of ot l%m J&%Fﬁgant ,! c?é‘cf alel to elicit lg@cﬁurn)lra or cellular
I mmune response. Adjuvants incl ude, but are not limted to, conmplete

Freﬁnd' s ?dj UvanNﬁnJéiﬂﬂtmg]ékﬂpﬁs 5¥ﬁmbﬁmﬁddsuvﬁgﬁm aﬁdeleﬁaﬁ@hfu'faaabwraml gel's
such as al umi nu roxj.de. sur acti.ye substan U S . .

| ysol eci t hin, plmm’ ia@pwdffla@(ﬂll 02 ,"”"g@?@%ﬁ%&é‘j‘"‘ﬁ‘éﬁtw C@,%"fﬂ"&“gf PAYERES SdicR b on
enul si ons, keyholcan be deterniinedyhytrodtieerexpsrimentation td provide opdifeickructamickngot ent i al |y
usef ul human ad) s paelied e & ehieiope profel} 3F bl v Cind E8ys Qo Ghifthdabreritilfly

Cor ynebact eri um parvum ection of "ah adjuvant depends =
subj ect to be vadaveriffesent anigenicapropstties from B spigiadl BBV Sugh aptigepis differsnees can
adjuvant is 30 g@adermiried b Xikahlé Qssayd, ¥/ AC B} 2&tink With @ pheFFinonbuidhaCknabidies! Oi |

or hydrocarbon enul si gn ' dj uvants, i udi ng conpl ete and inconpl ete
Freund' s adj uvanﬁ?“%ﬁg“é?gﬁﬁ}’“g"‘%?‘%ws B ' ELESA assay.

20  Any substitution, insertion or deletion can be used as long as the resulting EPV protein
elicits antibodies which bind to HIV envelope proteins, but which EPV has a different
pattern than antibodies elicited by a second EPV. Each of the above substitutions,
insertions or deletions can also include modified or unusual amino acid, e.g., as provided
in 37 C.F.R. § 1.822(pX2).

25 The following Table 1 presents non-limiting examples of alternative variants of envelope -
proteins of HIVs, that can be encoded by a recombinant virus according to present

invention.



WO 97/ 27311

PCT/ US97/ 00669 14
adj uvant suitable for use with humans is alum (alumna gel). In a specific
enbodi nment , infra. reconbinant H'V env protein is adm nistered
I nt ranmuscul ar | ywo gapmhim " Alternatively, the reconbi nant pditNisemesss
protein vacci ne can be adm ni stered 7 subcut aneously, intradermally,
i ntraperitoneally, or via other acceptalole vaccine 5 adm nistration
routes. Vaccine administration. According fo the invention,
| mruni zation against 4 Vl]ea S afe pIrLLs‘p R WILh @ JFdconbi nant viral
vacci ne of the inveht| or —tod lin ¢ | mat 1{oh wikh @ DNA vacci ne
or a recombi nant prpt kijeledepied, [dr [REEH.[ [N Lp kit fo enbodi ment ,
reconbi nant H'V env| pf ot ST T FLUN i|s1pf-ehwie : Helb the i nmune 10
response. Eafh] dodge Viirus) yageiate | np ﬁom Bijnjthgq gane 4 to
10, 000, preferably g ~JR(Qi= jarid Pref ér gl ¥ o] (01100, different
: . ! s e L
reconbi nant viruses} ¢ regsd ng [aldl fif er enft mw gny gene.
Al teratively, the v|rhskg=in| suldsecquaat=ldcei he p:y>é'xoress different H'V
env genes. In yel RIGEheri difmentTh vbpgqyettTHoflyenv viral
vacci nes may have spnp Ly ijn |@onitHn| &n ot"hérs thdt fare different,
fromthe earlier vagcin =I}ie=<e>4a | By {n thel prlatielg vhdciine may contain
vacci ni a viruses expr hs;lng TV -otEHrg—Rrpi t ey desi gnat ed :
1-10. A second (boopt graE{f%“T.he 1 E?(E%.*ai yac i ‘nﬁ:(‘gﬁ' greferably a
different virus, sugh ﬁ?ﬁijﬁyFO) ertgla ovifus)] lkdahs| gxpressing H'V
env proteins 6- | St-gr 324 _ DI\ c&ihdar reconbi nant
protein vacci ne nmay| havie'{Siffgh g [\ gry> prietef nl anj-jg¢n or multiple
antigens. Preferably, [& D] J6S T[T BT pTEID ?8 E|Tgr use in the
i nvention corrprises‘énﬂ thah nge {H"V._enl indol ef i agiilgen Wi th
subsequent viral & | vieqei|mpsie (e I-}Hn‘b erlv [ pf ot i f» [er=pr ptieiln of a DNA
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In general, a preferred enbodi nent of the invention contenpl ates providing

the greatest - variety possible in each vaccination protocol, to expose
the recipient to the | argest nunber of H'V env proteins and thus
provi de the greatest opportunity for neutralizing cross- reactivity
W t-h a naivegﬁ&;%%gﬁlate. WO 97/ 27311
PCT/ US97/ 00669~ PCTUSITAGGS
Envel ope Protein Variants As not&d above, an EPV for use in the
vacci nes of the invention can be obtained from geogr aphi cal ly | ocal
I sol ates, or clafes,| or|1 800 ga JTYETSE i:Ulates, I.e.
di fferent cl ades|d Ad=¢ah lbg | q&di %Tﬁbp el % eqo rgupf skill in the art,
obtai ning env 5 myeleptides |(iretsTgetepn |- #-i sol at es has
nunmer ous advant a (" 1he li 40 et&%‘aktz eqrity di kabl e, the EVPs
correspond to naf uedhly| dcquy rii nglhdibgt NS | ol MBISH T miini ty S
desirable, and m =SA—tof—t |V ter._Qu Bylfrom new i sol at es.
An EPV al so incl Mol Vipgpt ijdgs @i mgj i§m géen|a=defi vity elicited by
an am no acid 1< ncH if QH%P\O 10} achats gTte as at | east one
epitope or antiggeni gr hgn 4o %QT8's=quence
substantially cof pM1QU081;mﬂw &JJ%MQﬁﬁPcadd fragnent
and/ or consensus T g1 5 vHPV. FSuthrantEPV can have
overal | honol ogy Phehtli tv] df [P 1FdZ4? 5000 g™ BMn | envel ope protein
am no acid aheks| Jutt as 9 ﬂognil,,cg 1 dr lapy range or val ue
therein, while e]ijetn eHi [ s ai nst at |east one
strain of an HV 16 efcerft (B Hogy| dap Z@el gr i ped, for exanple, by
conparing sequengdg jla}.9 ﬁI)HJH“%EIQLtWGH%w%U er program version
6.0. available f Hi-h Hvprisilid tof Lsdoms Gehet i cs Conput er
Goup (LWECG. T @\bﬂb’ra‘granfut# e$ .heﬁaligi‘r Lo nmet hod of
Needl eman and Wifi§ =1 91 VT Biro| L% s [UgToTT Eﬁq evised by Smth and
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20 as the nunmber of aligned synbols (i.e., nucleotides or am no acids)

which are simlar, divided by the total nunber of synbols in the
shorter of the two sequences. The preferred default paraneters for the
GAP programinclude: (1) a unitary conparison matrix (containing a

val.ue of 1 forghdepdkiies and O for non-identities) and the ' :
At ﬁ#@%@i‘f‘fgsa) .

conparison matrix- G i bskov ‘and Burges& Nucl . Acids Res.
as 25 described by Schwartz and Dayhoff,” eds., Atlas of Protein Sequence
and Structure, National Bionedi cal Research Foundation, Washi ngton, DC

(1979), pp. 353-338; [(A).la erjalt lotl 3.18 Tpr| da¢hf gap and an
addi ti onal 0.10 pdnal P38 eacg)syf‘H)‘B“ir edsh FHp; } and (3) no
penal t.y for end gqp$§ n T ETIrgd] qmipopgrmemt=an EPV of the
present invention |i & & 124712 Cirof | at | aest"'?t]“ﬁﬁféﬂ-llv envel ope
protein. PreferabllylofHe{EPY ijnkl{edate bl 20| dndks ke [0} i pdmeri zat i on
domai n of gp4l. ag O HeHepetteerr—iet—pl}. —M-4-bel—193: 510- 514
(1993)]. AP37B1h |5 [H e ~ |o forfon fes fe
PCT/ US97/ 00669 olulz . wlx o lo | 16
~ Known HI'V envel opg Hed-rb—ednt ai r—T\-bc't A ( Jy Wa 0 acids. Exanples
of such sequgn{® ol el riedd| Ifir |at=j [jal E |f (ol |edoter di al and
institutional HV|segugp¢e| daflapgses sYciT Ay TE K, or as published
conpi | ati ons, such r5lotl pljj—pds Iahp ek rfovi ruses and Al DS,
A Conpi |l ation andjAl i s Nucln#h: Adi dl ardnﬁrﬁ'a(ymbc dq 5 Sequences,
Vol . | and |1, TheofBLICATAMI pgyTap fTi-x'p'n)s cis—top—+AHanos, NM (1993).
Substitutions or ijnkeLt 5_lofl | td _obj ai (A adbikilonal EPV, encoded
by a nucleic apH feh ji o Idhmg | Made aelcqmbi pant i lx]pOl yenv vacci ne of
the present invenfLOTfTm LN S (-t -(ﬂr—insertions of at
| east one anmino a¢®d IF48idlLd (elmy. (124 &n] 08 {4|<|njHled). Alternatively,
at | east one amn edodeldz| L-145 AML]A a:i‘ai,)zcgll;,,ae deleted from10 an
EPV sequence. Preflefapt e-h[ S UBgt=teti-Bas | F{ibnsjor deletions are
I dentified basE "‘c%% Bdnicqd™geitar i hag if ofe |&fx&nl gl ape prot ei ns
obt ai ned by nucl e¢t | dg §g_gEenci ng QT ot {| E MEJERV encodi ng nucl eic
acid froman indiyi pdat cd eid fudt 1 1l °
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Non-limting exanples of such substitutions, insertions or deletions

preferably are nade by the anplification of env DNA or RNA sequences
fromH V-1 infected patients, which 15 can be determ ned by routine
experinmentation to provide nodified structural and functi onal
properties of an envel ope protein or an EPV. The EPVs so o LH&Y :
preferably WO di fferent antigeg&c properties fromthe éir}%gl na| EPV.
Such antigenic differences can be” det erm ned by suitabl e assays, e.g.,
by-testing with a panel of nonocl onal antibodies specific for HV
envel ope protei ngTHh an BLT S [SSEW- 201 Ry [STBRIrgquli on, insertion or
del eti on can be |Fed™ gsid|ung| 48 t g™ ¥} B BPY prlotiein elicits
ant i bodi es whi ch| ettt dnyetrapg—pretie| ne—htr—mt¢h EPV has a
di f ferent pht[egT i 20 At IDEAPGE 1R || t BBy H“d8@¢ond EPV. Each of
t he above substif Utilahstelxial || Rskritdlons] Ar | deligld ps [cqan al so i ncl ude
nodi fied or unuspg-+agia—aet 4, Fep-g—~—pstHr pvi-qed in 37 CF. R
1.822(p)(2). 2b |~TRe° PaEl onifndr Pablie | 1] dr esiEr B~ po@{Fijmi ti ng exanpl es of
alternative vari a3, ai{.gnye cp&a Y DY Y s o 1 A D S| that can be
encoded by a recpnhilnan _\I+UJS S 1 gi-tlo pr.ﬁc Jal i nvention.
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Accordingly, based on the above exanples of specific substitutions,
alternative titutions can be nade by routine experi | to
provi de al terWé}%@gﬁEva of the phgsent invention, e. Q.W?{g‘%&ng one

or nore substitutions, insertions or deletions in envel ope proteins or
EPV s which give rise to differential inmune responses. 5 Amno acid
sequence vari ati dgs ngjn EPV ¢ thg pr egent[g nyepty gnfcpn be prepared
e.g., by nutjgt i gn irL h KISk h |ER I e g, |f pr exanpl e,
del_etions, insertji gn . J;U oy of—tropeqttees coding for
different amino dcilBl¥EYr¢Ges] Wi [HF t he jarfi hd™@ sequence.
Obviously, nutatipons|sRdtiam!] |b EEF.‘Jfonﬂ fucligilg Ild]ehcodi ng an EPV nust
not place the sequéné i | e slglen et &4y wll not create
conpl ementary 10 | dofmja|e et | cpukdepr pdudel se¢apdar]y | MRNA struct ures
[see, e.g., Ausubelf T TIFGSTTEVE Y, FAST (TP 4 3@@ TP89), infra).
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EPV-encodi ng nucleic acid of the present invention can also be prepared by
anplification or site-directed nuntagenesis of nucleotides in DNA or
RNA encodi ng an envel ope protein or an EPV, and thereafter

synt hesi zing or reverse transcribing the encoding DNA to 15 produce DNA or
RNA encodi ng pHERYsiisee, e.g., Ausubel (1995 rev.), infra; seeigsoamdsso
(1989), infra], based on the teaching ad gui dance presented herein.
Reconbi nant viruses expressing EPV' s of the present invention, reconbinant

EPVs, or nucleic acid vectaors enco inr: Lherefar nclude a finite set
of EPV-encodi ng sfgquéngss ias | |2 Egéq,n;g:ti nuklledtiges that can be
routinely obtained by p of pAdi njarfy jskill I} ¥ 4he jarftj PO w t hout undue
experinmentation, %4 o|2 t hej teachi|3ds |0 L“,‘(g},p% pfegent ed herein.
For a detail ed depdripiHoqd—bH Br pHeHn Mzgd»s riahb tgurture, see Schul z,
GE et al., ArifAati plle$ pfl Prist|=iln| St qu ter'eﬂszringer-Verlag, New
York, NY (1978), arcrer gngon, =1 (Y dUei NSk [Siructure and
Mol ecul ar Propert F;o. L Er B fn“‘*_"‘r’wg $ah l""‘Ll?rjmr sco, CA (1983).
For a presentatiop |eflnfrcifedt | de|sfedudnpe subsbihﬂmdn:;, such as 25 codon
preferences, see AUSTOETHtTA] .|, T-Tehrrant [Priol 31‘:, n Mol ecul ar
Bi ol ogy, G epri@lP b_ll_is i hd BeledEl 1 new ot INe I 1oB7, 1988, 1989,
1990, 1991. 1992,} 1993 19944 1a1895) | hel deaftierf, |" Pusubel (1995
rev.)") at [err] APFH-A34—24H |a -qe-k - al ., Mol ecul ar
C oni ng: A Labor af dry©® nu%l S ejeE® i ilop, | “Ip]i hg Har bor
Laboratory Press,}{ dalldis¥ri mgl Hatbrila (19B9\ |2}« [AP¢Ni ces C and D.
WD 97/ 27311 ;
PCT/ US97/ 00669 il 3 Lo o ol ke 28
Thus, one of ordi pary.,# T [ENEATT, gweq,tfﬁg(;gcgm‘ﬁgs and gui dance
present ed herein, |I w1 Lkhgiy splysid Lt & jotlher] am no aci d
resi dues in other ple-szw s|of |apprie | DNA qr| |o | jd{ j‘; obtain alternative
EPVs, including spbsy] mira' i of {sSETIHTO vari ants.
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Screeni ng Assays for H'V Activity 5 For screening anti-HV activity of
sera or cells froman individual inmumzed with a vacci ne of the

i nvention, any known and/or suitable screening assay can be used, as is
known in the art. For exarrpl e, known HV assays include viral infectivity
assays |[see, -Chesebro et al., J. Virol. 62:3779-ghésetdatess) ;

Al dovi ni et Xf(”m@%. Technl ques |n H V Research pp. 71- 736(1990)]
neutralization assays [see, e.g., Go?gl ng et al., 10 AIDS Res. Hum
Retrovir. 10:633-643 (1994); Hanson., AIDS Res. Hum Retrovir.

10: 645- 648 (199 aéT il 3l . [ocRES.] Fum] Retrovir. 9:781-785 (1993);
Hanson, J. Acquil®. ¥ ne [Def ¥ 'SP Han. 7: 211-219 (1994)]; peri pheral
nononucl ear (P cettTatseys fs¥eT—©19.. Arduino et al., Antimcrob.
Agents Chenot her. {%3[R11395- 1101 (L"Qb{'i”j‘ Pafic cytotoxi ¢ T-1ynphocyte
(CTL) assays [sdelsR]elx!Hamond "F" alel«P] Exp. Med. 15 176:1531-1542
(1992); MElrath eH-dbtrtH—iVi ol—1r8835pA4-5083 (1994); Wal ker et al.,
Cell. I nmmunol. _13?447(6'-741'7*5'{1959',‘ iinhgl d et al., AIDS Res. Hum
Retrovir. 8:1373 [ 1.1 GTY9R)] - JR<3ul tialdl e activities, alone or in any
- conbi nation, indldel dui _Brle rfo Hoalt to, quantitative and/or
qual i tative neaquiepgnt] ¢f} trarses ijofz| rlepl i cation, translation,
virion incorpor t:L LIEoened. [ViTal. IEfld, and/ or norphogenesi s. 20
Speci fi ¢ Enbodi Bdconbiharft [YACEIN afAhrus Encodi ng
EPV' s. Pol venv .:n#&sz 1 Metlhgelp+joff Makilng and Usi ng Ther eof
Overvi-ew. Recont]i feptrvaget™ a |vifrps "W expressing H 'V envel ope
proteins (e.g., S (4L, § od 1207 BH84ot lgp 160, or a portion thereof)
provi de materi alls |UsgfuHle |&Pr] t e |4 x| |<prpducti on and testing of m xed
vacci nes that i —pH—H-ens] A ral or cellular 25 inmune
response agai nstfem = Hikds]| ps feel [Ppg fof lanalyses of Bicell and CTL
determ nants. = . AA8TYE Vatel Helof i@ drgepnk Ji pvention consists
of a mxture of |n st-Hogtrbcanipi-hapt ?/wcgln al i juses, where n is a
whol e number fr polsi|r4 qo| a wq:on,sgs(o v.lr ange or val ue
therein), whereip [EaCIT VACET i \l:@#&%{zo Sk {upt|~gxps pgd®¢s a variant of a
H V-1 30 envel ope {pdol ey 1 4EPV)| (lelgi+4-gpldll 20 gp 160). The
recombi nant vacc] rfioda f s fomapil qnal | ¥ Ehi&ales| dAn |EPV and is
prepared by recoptrwattorPfiw | o v t% o foa | WO 97/ 27311
PCT/ US97/ 00669 il it kIl w> W-
«imlal=z vlels|a o Gl il
o |=la o fH > m{o
afolalw ~ e _ oo
leto A mista il L
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29 plasm d. Multiple, distinct plasm ds encodi ng EPV can be prepared

by substituting one EPV encodi ng sequence with another, e.g., using a
restriction fragment or nutagenesis. Preparati on of Recomnbi nant
Vaccinia Viruses. Methods for the preparation of individual pl asm ds

(each expressi @@z que” H V protein sequence) can utilize Pitvusyroebéd 5 -
anplification for- the substitution of isolated envel ope protein variant

sequences into a vector (eg., pVenv4 or pVenvl [Hallenberger et al.,
Virol ogy 193:510-514 (1993)], whi ch vector encodes a known HV
envel ope protein sequence (e.g.. available #fomthe NI Al D Al DS

Research & Refere V. t hods of
anplification of &@rﬂﬁ&l}oﬁﬁ a‘g{etﬂgme@f@?%dfr# ﬁﬁc Wgt{m“g'r‘lsdaléegﬁ e used 10
according to the bgituiaps dambemadedy routinhexperimentdtian, toqrevidersisernaiive EPYs dfalzed on
the teaching prédefit ibehSlANES. B%ﬁﬁlﬁﬁhttﬁﬂopﬁBﬁ'sﬁbmWnﬁ%Mﬁlem%A

RNA arrpllflcatlon I ncl ude, ut are not limted to polynerase chain
reacti on (PCR) antf %ReePE‘%?ﬂ“%ﬁﬁ’ﬁPstl"é'%‘ﬂb‘ﬁ Tis¢ tpcdiffeseatial immune respensese g, | U, S.
patent Nos. 4,683,195, 4,683,202, 4,800,159, 4,965,188, to Miullis et

al .; 4,795,699 ngd 4 9 794 to Tabor e | . .5, 142 033 to Innis 122, 464
to Wlson et 1§a gf"mb mﬂlgiﬁr%n?H‘rﬁn?eﬁ@’@@'%@hmﬁmﬂ%wgﬁ%@ﬁdétg ~al ;
4,889, 818 to Cel fbumiuwtonaintheDNA SndhEPV3 Tiihutie) f&dxumle,aéletm mﬁerﬁﬁﬁ,o%? to

Bi swas; 4, 656,134 I on. Whl

uses anti-sense Rﬂk&tﬂﬁ ﬁ a?oa c%uen‘gg%ngg'am gcld ?LSHF“” }J’Stfﬁ'f"g
stranded DNA synth%e (Q?"!Q“Slba!“éﬁ#?ﬂswt will mdzaﬂmlelcmd etk:odmg | EPVisush t he
trade name Bride the sedtbnceioRf ofemmg lffEme &ﬂ(iﬁé}‘i}w%l 6P &Edd dofhplé

constructs pre r& t hi S route can be used for L nmunj zablons. and
elicitation of "?ﬂ%&’?"? goul 'P'%’HWIW“‘E%’@WAIS&%‘FH\%- e.gor fAppbel (1995 rey-he
conserved H 'V seqigacSambrokl(1989)sinre}ccessful |y anplify env genes from many
di verse H V-1 patient sanples. The basic techni ques described here can
simlarly be used with PCR or other types of anplification primers, in
order to substit uERV-encedihgomucisic atid ofjthe preseatioeniRin camilso te@repared Byeanptifiadorf r om

field isolates fog dllaitecid iflgdnfis'dt %ﬁd%?ﬁﬁﬁh%?kﬁﬁ ebofinf B BB proein

protein. See, e.g., Ausubel nfra
Nucl ei ¢ Aci ds. Ther andiBy ?&J&%@g qamwmmmabm%mcﬂm%@m H vV

i nfected cel | s15angroduae DNARr IRNACGitddRIg aﬁfEPVr[bée,&%]U&%G&ﬁ(leS RER infrf BarfbrodRt her

anplification oduct.s rowde est mea for the isolation of
H V sequences, bu{m%ﬁn}mg‘fﬁh é’Bms‘ W Wbds can be used

such as cloning and isolation of EPV encod| ng
Recombinant viruses expressing EPV’s of the present invention, recombinant EPVs, or

nucieic acid vectors encoding therefor, include a finite set of EPV-encoding sequences as
substitution nucleotides that can be routinely obtained by one of ordinary skill in the art,

20 without undue experimentation, based on the teachings and guidance presented herein.
For a detailed description of protein chemistry and structure, see Schuiz, G.E. er al.,
Principles of Protein Structure, Springer-Verlag, New York, NY (1978), and Creighton,
T.E., Proteins: Structure and Molecular Properties, W.H. Freeman & Co., San
Francisco, CA (1983). For a presentation of nucleotide sequence substitutions, such as

25  codon preferences, see Ausubel er al., eds, Current Protocols in Molecular Biology,
Greene Publishing Assoc., New York, NY (1987, 1988, 1989, 1990, 1991. 1992, 1993,
1994, 1995) (hereinafter, "Ausubel (1995 rev.)") at §§ A.1.1-A.1.24, and Sambrook, J. er
al., Molecular Cloning: A Laboratory Manual, Second Edition, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, NY (1989) at Appendices C and D.



WO 97/ 27311
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nucleic acid or proteins (see Ausubel, infra; Sanbrook, infra). Enzyne
restriction sites are preferably incorporated into PCR or other
anplificatio L JiRy, sequences to facilitate gene cl onp, 0p669 -

| sol at ed DNAW(PH can be prepared fromnultiple virus sources, 1nclusive

of fresh or 5 frozen whole blood fromHI V+ patients and cells that have
been infected in vitro with virus isol ates. In order to produce
new H V env constructs, the polynerase cha®h reaction (PCR) is

preferably used .f,0 anpldfy 100- Yotgrepb se lrs.(b of..an env e from
each different Tils. °Eﬂfp?; %é%%f‘l%?a T“g.gwﬁ‘ﬁt} BEEQ‘"S?%’W%W"?@%E%%t
wel | - conserved H¥ill kemybeen toagbstitite oflier ahinaacil wsiduesiinl othef positionsyif ad wiviDN 2 o
genes from knownkq.g ' . J d ' H VvV
patient sanples. hem) (g’r}ﬁb‘} ﬁ“f”g‘g’%m&ﬁ%‘%"@ gtﬁﬁgog #b‘riﬁlcsng”gy gr lg%#lk’%ﬁﬁ&'
encodi ng 10-900 (such as 100400, 400-600 or 600-900, or any range or val ue
t herei n) am no acids of a grkbi AP Y abdlipake up gpl 60). One or
nore of the envel ope | vari abl e regrons - and constant regions
(C -C5) are pfefkor spreping ani-Hheastivity of sre prcglls) from g igdividual immugized Withd er abl y
mdaz_t of the Vll_, f@me_ c.i \62 the Giventida, an%ov)#hndld &%uizzmu:bcmoo Enirigugia s_agﬁ.bg used, as id E
addition, anplifjed seguences can,epnco - .ami no, ggl Jbeyond t he
cleavage site xmown ﬂ& %ﬁfﬁ%‘.‘ EWW@?@&WV“%%W‘%W@?W%W ¥eentire
env gene i s anple.§.i Cbseb@periabnd! |Wrpl. 62:3779-3788 (19p8) SAIdevhel @il @dss.clecimiynes
amplified is m sgi Al £ ﬁﬁﬁ | t .
t ransnenbr ane doi?raq?ﬂk%% }6 'tﬂe%c(ggtgglz’l 'Sausi%}c ﬁlg%lﬁygggﬁ%%ﬁ"[@%de’?g“d“
e.g., Hall enbé[:)geﬂDéﬂte.aﬁumzﬁezro@'Igg@pw3 (1994); Hanson., AIDS Res. Hum. Retrovir.

10:645-648 (1994); Laal e al., Res. Hum. Retrovir. 9:781-785 (1993); Hanson, J. Acquir.

Immune Defic. Syndr. 7:211-219 (1994)}; peripheral mononuclear (PMN) cell assays

[see, e.g.. Arduino et al., Antimicrob. Agents Chemother. 37:1095-1101 (1990)); and

cytbtoxic T-lymphocyte (CTL) assays [see, e.g., Hammond et al., J. Exp. Med.

15 176:1531-1542 (1992); McElrath et al., J. Virol. 68:5074-5083 (1994); Walker et al.,

Cell. Immunol. 119:470-475 (1989); Weinhold et al., AIDS Res. Hum. Retrovir. 8:1373

(1992)]. Other snitable activities, alone or in any combination, include, but are not limited

to, quantitative and/or qualitative measurement of transcription, replication, translation,

virion incorporation, virulence, viral yield, and/or morphogenesis.

20 Specific Embodiment: Recombinant Vaccinia Virus Encoding
PV’s. Polyenv Vaccin Methods of Making and Using T

Overview. Recombinant vaccinia viruses (VV) expressing HIV envelope proteins {e.g., gp
41, gp 120 and/or gp 160, or a portion thereof) provide materials useful for the
production and testing of mixed vaccines that induce at least one of a humoral or cellular

25 immune response against the virus, as well as for analyses of B-cell and CTL
determinants.

A polyenv vaccine of the present invention consists of a2 mixture of # distinct recombinant
vaccinia viruses, where » is a whole number from about 4 to about 10,000 {(or any range
or value therein), wherein each vaccinia vector construct expresses a variant of a HIV-1
30 envelope protein (EPV) (e.g., gp 41, gp 120 or gp 160). The recombinant vaccinia virus
functionally encodes an EPV and is prepared by recombination of wildtype VV with a



The PCR priners can be designed so that restriction enzyne sites flank the

envel ope gene sequence in vaccinia plasmd, such that they are

i ncorporated into the anplified DNA products. By using well-known
substitution cloning techniques, vaccinia plasmd derivatives that
express envelqu R{;ei n variant sequences from 1-10, 000 pat penussmmoess be -25
generated by substituting a portion of the patient's EPV encoding sequence
for a ~ correspondi ng portion of the env sequence in the vaccinia
plasm d, such as by using restriction fragnents for the substitution.

For exanpl e, the pVenv4 pI asm d and PCR 2 products are treated with

Kpnl and Bsni 9&9‘&,@ it it Opﬁeﬁﬁ%&ﬁ PV I e red mnmm§ oneOf

am no_aci ds 1-63 cks e tra smenbr ane domel n and
cytoplasnic 30 {EAV mazdrmwmumce Yl pnofhs ¢.2. . A1sigg a resizirtion fRgmene pr !ewsalleslf 1993) ]
W) 97/27311

PCT/ US97/ 00669 , N : 3

Fol | owi ng | i gat i offergratipme’ Reesrebpes Hoeqnia Kiuses, MetRads {Pr B peraergtion %E&V@P‘?}al
host cells are plasmids Gachf RpreRihg winhiqud FIEY ﬂrbtgﬁkéqﬁ@umcaﬁwihﬁe DNA oanonf a
nunber of net hpds

el ectroporatio mﬁ*%@?ﬂ%@ﬁ&'ﬁﬁ“&w%l“&aﬁ%ﬁgc Pec‘i{&g' Qﬂ t eﬁmbay
sequenci ng. ve&sm(aab ipNenvtt ol/p¥aw h{Hallkdbergs eOdn Skmlagyt memm (t&jBHil \Y

Envel ope Proteins |1§1:§ with
wld type virus Inm%mé%@fe}{%ogﬁagﬁgﬁw&&@%ﬁhﬁﬁ res@ M%éw rus pﬁgques
are sel ected and W@émwm&fﬂmé‘eﬂem@mdﬁ@@wdb nv's each
containing a different EPV encodi ng sequence are then m xed using at |east

4-40, and up, .to about 10,000 fer rrbl nant VI ruse forma
pol yenv vacci ne oicthads 0 Eﬁf’%?f’ﬁ*ﬂ/ ‘6ﬁ'°w° “"‘“T’ %ﬁéﬁ??

vacci nia pl as rmds«mdihmmamwéthvaﬂun vipnemiesexperimentinion, wdmnd tbaphmg

Tdent1 Ty T 1 or oripd sl e RS RIRRER & LROCH AN pliBRE bller O
termination is prisfge netdimitéh e polymerage chain deaction (RCR) and shu@hxypla‘uapn ervedsseom
previously descriggde Py daed: RO, 638/194 14,685,202, 4,800,159, 4,965,188, to Mullis‘ef

al.; 4,795,699 and 4,921,794 to Tabor et al; 5,142,033 to Innis; 5,122,464 to Wilson et

15 al.; 5,091,310 to Innis; 5,066,584 to Gyllensten et al; 4,889,818 to Gelfand et al;

4,994,370 to Silver et al; 4,766,067 to Biswas; 4,656,134 to Ringold) and RNA mediated

amplification which uses anti-sense RNA to the target sequence as a template for double

stranded DNA synthesis (U.S. patent No. 5,130,238 to Malek et al, with the trade name

NASBA).

20 For example, recombinant vaccinia virus constructs prepared by this route can be used for
immunizations and elicitation of HIV-specific T and/or B-cell responses. Primers utilize
conserved HIV sequences and thus successfully amplify env genes from many diverse
HIV-1 patient samples. The basic techniques described here can similarly be used with
PCR or other types of amplification primers, in order to substitute smaller or larger pieces

25 of the env sequence from field isolates for that found in vectors encoding an HIV envelope
protein. See, e.g., Ausubel; infra, Sambrook, infra.

EPV Encoding Nucleic Acids. The technique begins with the isolation of DNA from HIV
infected cells and the amplification of env sequences by PCR. PCR or other amplification
products provide the simplest means for the isolation of HIV sequences, but any other

30 suitable and known methods can be used such as cloning and isolation of EPV encoding



15 (1989), infra; United States Biochem cal, Sequenase Version 2.0 - DNA
Sequenci ng Kt Ninth Edition, AmershamLife Science, Inc., (1994)]
and shoul d read approxi mately 50- 300 bp fromthe prinmer position.
Met hods for the production of VW expression vectors are well-known in the

art- [ see, Mackett, M et al., Proc. Natl. Acad

79: 7415- 7419%’?5%%3“ Panicali. D., and 20 Paoletti, E., Pr&c mﬁgﬂﬁé\bmad.
Sci. (USA) 79:49274931 (1982); U.S. Patent No. 4,169, 763; Mazzara,
GP. et al., Methods in Enz. 217:557-581 (1993), Ausubel et al.,

infra, at [err] 16.15-16.19]. The previ ousBd¥ descri bed pSCl] vector

[ Chakrbarti, S. et al Bi ol . 5:3403-3409 (1985)] can
preferably be us@&lqcéc’EPéHWE‘“éﬁf%ﬁV“@llrdgﬁ%émmmk fafra)s prgymesigatriction SifFeny 4.

- 25 As a viral vgebflerablydfiddtpdtated Writd PER bAGther ampliffagion @fimerSeaduéhces to facilitate
characteristics, | ncl udi ng capacity that permts cloning | arge

- fragnments of for "@H% (greater than 20 Kb), retention of

~infectivity after insertion of foreign DNA, a wi de host range, a rel ativel y

high level of P&{B&ﬁ' na;ﬁ?briparéﬁ%g?#{hﬁ ?‘fusts&ﬁ%g; .Esitegfr%ﬁto

| processing and pos rans I ons as

primary str uct%r&omwbﬂeb’e%ﬁ%!i@ﬂ*‘pmm oglivithat fhaverhgen infected in VWOWJ@
97/ 27311 virus isolates.
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cell type use. For exanple, N O glycosylation, phosphorylation,

nyristylation, agfbrder topﬁdx?ﬁiil@gﬂw asmmmﬁMfwmwmﬁf ]
proteins, occur |na ai thfu . ral variatio t he
vacci ni a vector IH m%?sea?agsgbﬁ? a01°2 ¥BF oS ”ﬁ?‘fﬂ t he
present inventi oHI\( patrgmsamme mmmmm:cprekmw@m{mmqﬁwsem&n@ 19).
Most commonl y o amcﬁ%%&mab&&mwmg B pdek uammsa@ﬁuﬁmﬁiace nfss

16.16), a nuc ei c ac sequence encodi n
control of a vac&FYsax divesse HIY,pasiass supplos, The F%P@GW‘F@PIY menfeﬁépg@ﬁ'brre of

vaccinia so as t enchdihg?10°900 QublEis 100-200, 40600 E600S00 2dr any tafidel o vatle thééin)
16.17). amino acids of a gp120 and gp41 (both make up gp160). One or more of the envelope
variable regions (V1-V5) and constant regions (C1-C5) are preferably included in the PCR
15 products, more preferably most of the V1, C1, V2, C2, V3, C3, V4, C4, and VS5 regions.
' In addition, amplified sequences can encode 1-200 amino acids beyond the cleavage site
for gp120/gp41. Preferably, most or all of the entire env gene is amplified. Optionally,
the gp160 encoding sequence amplified is missing part or all of sequences encoding the
transmembrane domain and/or the cytoplasmic tail domain [see, e.g.,Hallenberger ez al.
20 (1993)].

The PCR primers can be designed so that restriction enzyme sites flank the envelope gene
sequence in vaccinia plasmid, such that they are incorporated into the amplified DNA
products. By using well-known substitution cloning techniques, vaccinia plasmid
derivatives that express envelope protein variant sequences from 1-10,000 patients can be
25 generated by substituting a portion of the patient’s EPV encoding sequence for a
corresponding portion of the env sequence in the vaccinia plasmid, such as by using
restriction fragments for the substitution. For example, the pVenv4 plasmid and PCR
products are treated with Xpnl and Bsml to obtain a sequence encoding a truncated gp160
of amino acids 1-639, which lacks both the transmembrane domain and the cytoplasmic
30 il domain of gp4] [see, e.g., Hallenberger et al.(1993)]



Al ternatively, expression can be achieved by transfecting a plasmd

contai ning the vaccinia pronoter-control |l ed gene encoding an EPV into
a cell that has been infected with wild- 10 type vaccini a.

Preferably, the host cell and vaccinia vector are suitable and approved for

use in vaweishedzsion of mammal s and hunmans. These reconbi renussvooesdes -
are then characterized usi ng various known net hods (Ausubl et at.,
infra at 16.18). In still another variation, t he bacteria phage T7

RNA pol ynmerase chain can be integrated into the genome of 15 vaccinia so
that the EPV encodi ng sequences will be exp"rlessed under the control of a T7

pronoter, either ¢ : ; m% \ odtctd, BERR vaccini a
virus,, wll be #onovp:%gggg?g@g%ﬁ@_ i c:%géggg,@ pox'%w rug%%% ers is
preferred becausdredermed it the lisasion mixtupe vig pnyf @ mppker of mpthods well-knowwtin theual | y

recogni zed by thQnYﬂzGlﬁﬁig%,%.gt,r%ﬁﬁﬁaE&d,Wﬁ%%lbﬁes_aﬁ%?&@ﬂﬂ%%@dﬁlb‘&/ late

20 pronoter is preferably used in reconbi nant vaccinia for polyenv
vaccines, as it iSSI®MCIE. gdesirable to express the EPV as an antigen that is
presented in reconbi nant vaccinia virus i nfected host cell in

association with | ot histaocompatibility cl.as [_or Il Such

MHC associ at edg Hllggé%(/"gfﬂo%gmﬁ? %’é’i af:?’"f’(ﬁ"f”'l’ X.‘f'ﬁﬁ'ﬁg FQ{%"%%H‘&’ ugrse He BBV

targets, and pri rescoding vaccipiadetherateenehbimehwish wild type irus jit oliosocelt anfl theEPV 1 esponse
and/or a hunoral &aeRARSRuskid Ste shibiednd vifis RoBS $Bde Hi‘h\eé ﬁf\é?mksws'\?vén%

because the ability of "vaccinia viral vectors to I nduc :
presentation in fféé‘t“%‘@f‘!“&a#@ﬁ“%‘lﬁpé’ ancading syquenae sre than mixed using at leasti k4D ingh

late in the infeapi®@sbou 1o.oooaifﬁﬁﬁt.ma;ﬁ,aa§fm&s§mqawi§bﬁeh' Vehe§Ad drihe/l
term nate aft% t.he sequence TTTTTNT and | ead 0 i nadequat ee"iﬁ’\r/hé\c

presentati on. IventionA| t ernat i vel y, any such ternination notifs wthin the
codi ng sequence of the gene can be 30 altered by nutagenesis if an early

O o PPt SFhe bebortifil vaodiif pikRlas' BunSARFRE BPYsGuences ar then oporally > >
sequenced or screened with HIV envelope protein-specific antibodies to identify different
EPVs. Sequencing by the Sanger Method dideoxy-chain termination is preferred. The
procedure is preferably adapted from previously described methods [Sambrook ez al.
15 (1989)}, infra; United States Biochemical, Sequenase Version 2.0 - DNA Sequencing Kit,
Ninth Edition, Amersham Life Science, Inc., (1994)] and should read approximately 50-
300 bp from the primer position.

Methods for the production of VV expression vectors are well-known in the art [see, e.g.,
Mackett, M. et al., Proc. Natl. Acad. Sci. (USA) 79:7415-7419 (1982); Panicali, D., and

20  Paoletti, E., Proc. Natl. Acad. Sci. (USA) 79:4927-4931 (1982); U.S. Patent No.
4,169,763; Mazzara, G.P. et al., Methods in Enz. 217:557-581 (1993), Ausubel et al.,
infra, at §§ 16.15-16.19]. The previously described pSC11 vector [Chakrabarti, S. e al.,
Mol. Cell. Biol. 5:3403-3409 (1985)] can preferably be used to create an env-encoded
plasmid, such as pVenv4.

25  As a viral vector, vaccinia virus has a number of useful characteristics, including capacity
that permits cloning large fragments of foreign DNA (greater than 20 Kb}, retention of
infectivity after insertion of foreign DNA, a wide host range, a relatively high level of
protein synthesis, and suitable transport, secretioh, processing and post-translational
modifications as dictated by the primary structure of the expressed protein and the host



presentation of envel ope protein antigens in host cells (Earl et al.,
infra, 1990)7 To mmc vacci nia virus nmRNAs, untransl ated | eader and
3'-term nal sequences are usually kept short, if they are used in the
vaccinia plasm ds incorporating H V EPV encodi ng sequences. 5
Preferably, the plasm d-used for making vaccinia constructs rg]*,’gkg to

t he present WO?‘P]P% ention has been designed with restricti gﬁ’f@ﬁf onucl ease
sites for insertion of the env gene downstream of the vaccinia
pronoter (Ausubel et al., infra, 16.17). More preferably, the plasmd
al ready contains an envel ope protein encodizng sequence, wherein t he
restriction sites_occur uniquel ar each of_the hegi nning and ends of the
envel ope 10 prd’%Fyﬁ‘E’t?diFﬁbg?’@ﬁ'éeﬁ%ég.lyW “g’hﬁg"sl’@é’?‘?'gﬂ’t%ﬁg'faf‘%{bﬁ@nt of the
EPV encodi ng seqiage, as well aCasiniblya exppdated pfotdiidcocarin @ fhfalimagersequence i n
the plasmd. In such cases, the nmgjor portion of the EPV encoding
sequence can be inserted after renoving nost or all of the envel ope
protei n encodi ngSesesa)iveriationsfof the viagrinianectomijave been developefbiand e suithble for e in

resul ting vaccinj 3 0 may ' nd t he
15" "Vacorni & pr R eSS (g Bl AuRlnR b o B, MR

r econbi nat i on3whafiar obtaining the vipis stopk chupubel; infig at H16- 1) 4 nvrlgic agid sequeneeat have

been previously inpddfstaR PV Plactll hiliet 3680l of a vactifiia ird¥ plotidtéraid infeBted knd1Ki NQ
vaccinia virus DNA IS chosen so that the reconbination wll not
interrupt an essBnBMARES Gf Yacainia,so A8 to retain infectiyity (\sHbLL Plod@ram § 104D  rat i 0 of
reconbi nant to pAkemtidly, eRyession an\be adhievedsbylttanistéctig Hyfilasiid Sitaining tikGadinia

Al t hough this frequency i i ah_enough per.ni . .

hybri di zati on p'gm?'%r'ecé 3‘5‘8 °%°P£5qg§“,é&n‘$§aarp§lﬁ “i er rFégug&laeghﬂg%% or

i mrunoscr eenilig yperacdingd. et al ., infra at 6.7) to pick reconbi nant
viruses, a variety of nmethods to facilitate reconbi nant-virus

i dentification have been enpl oyed. Nonlimting exanples of such 'sel ection
or screening Preferablyithey hest cellapd kaqeini vecter axs suitable apdsapproxedforse ey ) | |

infra at [err] 1Gcddation biShiinals anll BGnagh TR¥DfeCUHbinIL virass fietiRn ckarkienntied by
segnents of the vaccinia thym di ne kinase (T S . hat . .

reconbi nati on re%tfig¥aHUs W?Yé'&?%?gf “%’ﬂg’ﬁ e T&%ggggaﬂ’ anﬁnul'ﬂmé‘ﬁ'evﬁrdﬂ?ﬂ’e can
t hen be di sthe baperis pisagie T7 BNAL flotyseraye dhkin sanThé[imegrdtediiite theteppomel9§ | nf ect i ng
a TK cell ling i . . - - Ninbe B8 cbmioBsfdlds Whi ch
nmust be phosp or%‘é‘{ﬁgé"o{é‘éﬁm to%le%%ﬁiﬁmeq%?gr porat_gd_ riont.o t he
virus genome.  promptews cither inteansfectnd plasr. Plaghid (of § recprabingfbarcini vigs. willibe ses
can be sel ected Pyddag CO-expression of a bacterial antibiotic resistant
gene such as anpicillin (anp) or guani ne phosphori bosyl transferase

(gpt). As a further exanple, co-
The use of pox virus promoters is preferred because cellular and other viral promoters are

not usually recognized by the vaccinia transcriptional apparatus. A compound early/late
20 promoter is preferably used in recombinant vaccinia for polyenv vaccines, as it is
desirable to express the EPV as an antigen that is presented in recombinant vaccinia virus
infected host cell in association with major histocompatibility class (MHC) I or I. Such
MHC associated HIV envelope protein will then form cytotoxic T cell targets, and prime

(DO

vaccinated mammals for a cytotoxic T cell response and/or a humoral response against the

25 expressed HIV EPVs. This is because the ability of vaccinia viral vectors to induce MHC
presentation in host cells for this type of antigen appears to diminish late in the infection
stage. Transcripts originating early will terminate after the sequence TTTTTNT and lead
to inadequate MHC presentation.

Alternatively, any such termination motifs within the coding sequence of the gene can be

30 altered by mutagenesis if an early pox virus promoter is used, in order to enhance MHC
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expression of the Escherichia coli lac Z gene allows co-screeni ng of

reconbi nant virus pl agues with Xgal (Ausubel, infra, [err] 16.17).

The reconbi nagjo ¢pssiNi @ viruses expressing an EPV of the prrecswss?o0seenti on
can be optionally attenuated or inactivated according to known

nmet hods, such as by heat, 5 parafornal dehyde treatnment, ultraviolet

i rradiation, propriolactene treatnent, hybrjd or chinmera formation or
by ot her known nethods [see, e.g., Zagury al ., Nature 332:728- 731

(1988); Ito et e n Gridibetis HOE er NE S . o mimic
| munol . 99.Tf34-,9%5%n5§§§g;m%gﬁoncht %ﬂ\ﬁ'c% ne 15”}(1&5&’ l fg??)szdg’-sz
(1992); Sel enka ¥accipip virusmpRiAs, untransiatgddeadesapd 3'rtprgynal spquences are papsily Kepls o) -
G undwal d- Bear chgigh:, ifthey ard use@af e vackifi plabehilidlincokfdratibd HDY EPVE &itodifigl- 567

(1991)]. For exanple, heat inactivation at 60[err]C wll reduce virus
titer considerab?™™8fch attenuation techniques are safety tested, as
i nconpl et e i nactivation mght result in patient death [Dorozynski and

Ander son, Sci enc 52- 501-502 1991)1.. . .attenuated or

I nactivated r coﬁ%ﬁﬁ’g‘ﬁt 8@“5?’%?‘%#%‘%‘%“%2“&?53“\’7\%’5}% ﬂlé'%ﬁéﬁe &h may 15
have a conproni sisdentiomisas beeg ylesigned with warigion endoiugicase sites fw dnsertiomef thromsyr  when
live vaccin &eh&@@&lﬂmfﬁeevra&gﬁapmmm (Awsubel et al., infra, § 16.17). More

Phar maceut i cal ositions armaceuti cal preparationS of the present
i nvention, suit aPfeieraplyy the plasmid alreadyicopfping g} envelope ppieinseREesiing|seqypnce, Wjerein

adm ni stration, {ngedskidonitRUch MrliqheRCIRE HadhodT the \beginting\udd 6rdp 6f GO BRNEIbgel NG 20
of at | east 4t and upwé.o about ,Ooo,a%e.f e%%lfonl¥ gB’tﬁ%ngbOUt' 1000, and nore
preferably 10 Bigtsipcodine seguengs, the $ases tEumctioy tuapment o ARTodipg seRUGDEE | 1 ¢ he
formof a cell | ymalea replace the dErrdsponding lequenct ift tha plasntidh, Irpsath ¢asds) thie ajod fi ed, or

purified form Pﬁ&&ﬁ&*&l&hwt %&k‘éﬁ%ﬁ%%gﬁ%%ﬁiﬁ&&ﬁgﬁ@ S&Sof fiGPHRI nant

virus containing ce I'ysate ( 1 fracti t hereof)
that further confiFleRe FEpRm ing sequepserfromhe plssplikbssed by t he reconbi nant
viruses. 25 The inclusion of the expressed EPVs is now discovered to

enhance the pri nﬂe}ém%m {hte) (l?gzlting vaccinia construct (containing the EPV encoding sequence and the
15 vaccinia promoter) is flanked by vaccinia DNA to permit homologous recombination when
the piasmid is transfected into cells that have been previously infected with wild-type
vaccinia virus. The flanking vaccinia virus DNA is chosen so that the recombination will
not interrupt an essential viral gene.

Without selection, the ratio of recombinant to parental vaccinia virus is usually about

20 1:1000. Although this frequency is high enough to permit the use of plaque hybridization
(see Ausubel ez al., infra at §§ 6.3 and 6.4) or immunoscreening (Ausubel et al., infra at
§ 6.7) to pick recombinant viruses, a variety of methods to facilitate recombinant-virus
identification have been employed. Nonlimiting examples of such selection or scfeening
techniques are known in the art (see Ausubel et al., infre at § 16.17). Usually, the

25  expression cassette is flanked by segments of the vaccinia thymidine kinase (TK) genes so
that recombination results in inactivation of TK. Virus with a TK" phenotype can then be
distinguished from those with a TK* phenotype by infecting a TX' cell line in the presence
of 5-bromo-deoxyuridine (5-BrdU), which must be phosphorylated by TK to be lethally
incorporated into the virus genome. Alternatively or additionally, recombinant

30 viruses can be selected by the co-expression of a bacterial antibiotic resistant gene such as
ampicillin (amp) or guanine phosphoribosyl transferase (gpr). As a further example, co-



response. The pol yenv vacci ne conposition can be in the form of
steril e agueous or non-agueous sol utions, suspensions, or emnulsions,
and can al so contain auxiliary agents or excipients whi ch are known
in the art. Each of the at | east about 4-40 to 10,000 different viruses 30

encode and ewa%sg%differ'ent EPV. as presented herein. EP\&Tﬁgmwg DNA

can be /27311
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sel'ected to represent EPVs existing in a specific isolated community of

Al DS patients. For exarrpl e a vacci ne3xoul d represent sequences from
Menmphi's, TN and be target ed f use in _Menphis, TN. Vacci nes designed

to.represent geo¥PHIMOS ef-“l"’é@‘i"{”‘@f@GZMOWWMH%W%WB‘E"%SEMI f or
use i n conmuniti gﬁmgu,;,,aﬂ Qlusiblie infraf Pe4. gl communi ty. 5 Alternatively,

EPVs encodi ng can be selected to represent geographically distant
comunities, cities or countries, such as clades. For exanple, multiple

cl ones can be  The rédaﬁbmmeeﬂmiv&uswenpmdiqgenwvacﬂkp&sen@énm{iotﬁdwwacci ne

conposition can fgﬂfﬂn - @ror%lvmﬂ%&%nﬁamﬁgwg&&kﬁf%&cl a5, (g yt oki nes

- whi ch accent uat ° e response e.g.,
- Berkow et al, Sedparaforffialdehiylie wdatniehtn uitraviol@ifradiation, [prdBripladtenn treduant. Kyl orand  Co. |

Rahway, NJ (1987 ey g?m@? KRS n%?hg%qﬁ n ]

Phar macol ogi cal %‘a& s&o %féeutlftrl cs dff ?ggrlllg Jﬁg?ggéﬁggg%rggs,
Inc., Elnsford, 731 (198&){11929@Gf£m@$y5055 811900) Wielhis et ab; /.lomenals and
~Practice of di Nég: Aib4-BRBEHRDAIREN, Vaccine ms\.pg;rwﬁs@wsmswm &G, Elick.i on,
oS R g Ao B S P S et G R b 15
and Lange, Nawowablicol. @Tv:smammgm Fdtt exanpie! Reacinacrieation acctDBC eliCeduce vingd
therein show theti 'i‘i"FSi‘?e%“%[Yhe tweﬁ%@agnttechmguef areséayl d 91(3 :rq]erstood by

one of ordinary S yenv accIhe o
inactivation might resuit in patient death [Dorozynski and Anderson, Science 252:501-502
(1991)}. '

Such attenuated or inactivated recombinant vaccinia is to be used where the patient may
15 have 2 compromised immune system as complications or death can occur when live
vaccinia is administered.

Pharmaceutical preparations of the present invention, suitable for inoculation or for
_ parenteral or oral administration, include a polyenv recombinant virus vaccine comprising
20 of at least 4, and up to about 10,000, preferably 4 to about 1000, and more preferably
about 10 to about 100 different recombinant viruses, in the form of a cell lysate,
membrane-bound fraction, partially purified, or purified form. Preferably, the polyenv
vaccine comprises recombinant virus containing cell lysate (or membrane-bound fractions
thereof) that further comprise EPV proteins already expressed by the recombinant viruses.
25 The inclusion of the expressed EPVs is now discovered to enhance the primary antibody

response.

The polyenv vaccine composition can be in the form of sterile aqueous or non-aqueous

solutions, suspensions, or emulsions, and can also contain auxiliary agents or excipients

which are known in the art. Each of the at least about 4-40 to 10,000 different viruses
30 encode and exi:ress a different EPV, as presented herein. EPVs encoding DNA can be



present invention is provided to an individual, it can be in a conposition
whi ch can further conprise at |east one of salts, buffers, adjuvants,
or other substances which are 20 desirable for inproving the efficacy of
t he conposition. Adjuvants are substances that can be used to
specifically ¥pemadat ' east one inmmune response. Nornmal |y, pdingsomdges ant
and the conposition are m xed prior to presentation to the inmune
system or presented separately, but into the sanme site of the being
I mmuni zed. Adjuvants can be | oosely di vided into several groups based
upon their conposition. These groups includ® oil 25 adjuvants, mineral
salts (for exanpl Al K( SO er. LeLr sa.er.r 1] .

Al NH err] (SO errfc?d,mgh | ‘g‘&%”]é'%ﬁt““kmﬂpﬁé '%lla(r? on%%@loif/%%ﬁ B8 %es (for
exanpl e, poly | CFameaampi¢,\a vidging gorlidiepresent sdgisncesninem Memphis; diN and e targesgd &ir

subst ances (for %W%M By dcEiRabigneP R Glpdsk 'glug}ékpﬁéaﬁ&' keQiSikeSd areas can

substances found I n Corynebacterium parvum or Bor ella pertussis. and
nmenbers of the also begsefilforyse inqompmnitios Aytside pfthe BIBseHMMBBE particul arly
useful as adjuvants are the saponins 30 (e.g., Qil A, Superfos A S
Denmar k). Exanples of, materjals suitable for use in vacci ne..

conposi ti ons ar e AHFRRIVEIRRT Vs gnepding D ASCH be sﬂ?",“’déﬂ?"?mﬁé'rﬁ"ﬂﬁfpgﬁ”g’ distant

Phar maceuti cal  commiities itieSor dottiies Pinblh asciadesg Fobexample,Sidiiple didkes da®6) . pp.
é?C)'ZI'/Af béggll 0 0669 represMQd %1761% z:gl}énv vaccine. A polyenv vaccine composition can further cog:grise

A phar maceut i cal ipmingmedniscscaicines qyolipessitidchaecensfiatg andmmpresresponse tp/xYital on can

further or . afaibd, O.f}é‘u.%bﬁ&mét 9L, Qk., TRk Wna ikt Haition, Merck
chenot her apeutic conpound. n-limting exanpl es can be selected from

at | east one Yt epkCer Ralyan S L1987) Ggodorn galnsdsey| Gopdman gnd Gilman's;fignt adi ne,
guani di ne, hydr O¥yaradlogithiBuER bETherapdufiésl BigRA Editiod, Phr@dnicdl Fa&s,[18d. ) Blmsford,

interf - ' Kin-16 (1.L-16; Kyrth, " 8,
1998) ; 1 i osem cAMLPPhEYs B Braipent- bl o Prasis o Oy R o)

pyri m di ne anal ognd Bregpeuriés ThischBdition, ADIS) Press, LTD.| Williams and MNitkino,(Baltimoeec ar net ,

phosphonoaceti c ' cyehkovir  _ di ' e

o bi tor (o g, , VEAHesACE Kb, of SR Clble Rl MRPEGRES appion
ritonavir (Abbbt and Lange, Nepajk, CAG1992) whichaeferences apd eeferanees itdddhareiy showthe/ 78
(4 axo Vel | cone) keoh@enii nes, 10 such as RANTES, MPI[err] or MPl[err]
[ Sci ence 270: 1560- 1561 (1995)] or ganciclovir. See, e.g., R chman:
AlDs Res. Hum Retroviruses8: 1065-1071 (1992); Annu Rev Phar nacol

Toxi co 33: 149- 164 woilld B8 jnderdtobd by orie@b oriimay tskill Gnthemt, hien 3 polyeh?? Oateike df3he
(1993); AIDs

present invention is provided to an individual, it can be in a composition which can
further comprise at least one of salts, buffers, adjuvants, or other substances which are

20  desirable for improving the efficacy of the composition. Adjuvants are substances that can
be used to specifically augment at least one immune response. Normaily, the adjuvant and
the composition are mixed prior to presentation to the immune system, or presented
separately, but into the same site of the being immunized. Adjuvants can be loosely
divided into several groups based upon their composition. These groups include oil

25 adjuvants, mineral salts (for example, AIK(SO,),, AINa(SO,),, AINH(SO)), silica, kaolin,
and carbon), polynucleotides (for example, poly IC and poly AU nucleic acids), and
certain natural substances (for example, wax D from Mycobacterium wberculosis,
substances found in Corynebacterium parvum, or Bordetella pertussis, and members of the
genus Brucella). Among those substances particularly useful as adjuvants are the saponins

30 (e.g.. Quil A., Superfos A/S, Denmark). Examples of materials suitable for use in
vaccine compositions are disclosed, e.g., in Osol, A., ed., Remington’s Pharmaceutical
Sciences, Mack Publishing Co., Easton, PA (1980). pp. 1324-1341.



Res. Hum Retroviruses 10: 901 (1994); Katzung (1992), infra, and the
references cited therein on pages 798-800 and 680-681, respectively.
15 _ Phar maceuti cal Uses The

adm nistration of a polyenv vaccine (or the antisera which it elicits) can
be for either, "prophyl actic" or "therapeutic" purpos .
preferably f3¥ propﬁylactlc pur poses. When provi ded prg%ﬁéﬁgg?ﬁgally,
the live polyenv vaccine conposition is provided in advance of any
det'ection or synptomof H V infection or A DS di sease. The prophylactic 20
adni ni stration of the conpound(s) serves t¥ prevent or attenuate any
subsequent HV I nfection. When provided therapeutically, the
pol yenv vaccine is provided upon the detection of a synpt om of act ual
i nfection. The adpimhs:tm:aﬂipolyemfvaamb i:mo;iﬁﬂnyém pYeSene invetiad daf furtieNor

infection is prag 'S une e det er m ned
to be capabl e 25‘\édg$’g‘r‘€£suﬂ%" %ﬁé’gﬁ‘ m n| S %“lm T‘?}oé"‘f {;Qé’ Z lﬁ"énv

vacci ne W t hout exerpitsan hwemdsikolmﬂ least one mrpmoesmmmﬂm& gobdinor deat h,
where the adm nigiahadihed ?uiﬂfdm@ Hyi6Ry HenkittRiadofe, ﬂﬁe?féfo?-@dm{cﬁeron-ﬁ. infeftEroh AUl T €d

dosage that serves to attenuate any actual H V ection
Al ternativel y> vipgsieukisg (AL6; Kprth. dasre, Rersmbez 8y 1193) tiiosergicathargnsss ed,
t her apeutic mms:timpm Oibviing4 pyriRdidihePdnhlvg (e}, A ATCEdIoN STE)S € plitinean

attenuated or inagtivated nv 30 v osi tii o wher e the
r econbi nant vi rd’é‘égg a{?sga’%ﬁ"tpg'ﬂ% W‘&r"‘?hﬁ%‘g 8 "y“éi%lws es, a proieasgny 97/ 27311
PCT/ US97/ 00669 mhxbxtor (e.g., saquinavir (Hoffmann-La Roche); indinavir (Merck); ritonavir (Abbott37

pr esent o0 2bove 1.36ec1sl ng Bk BlblSAly V41 SO e T

Ander son, Scil®n CSA!CIQ@ mssmm@ng EP18 [Science 270:1560-1561 (1995)] or ganciclovir. See,
e.g., Richman: AIDs Res. Hum. Retroviruses 8: 1065-1071 (1992); Annu Rev Pharmacol

Toxico 33: 149-164 (1993); Antimicrob Agents Chemother 37: 1207-1213 (1993); AlDs
Res. Hum. Retroviruses 10; 901 (1994); Katzung (1992), infra, and the references cited
therein on pages 798-800 and 680-681, respectively.

15 Pharmaceuntical Uses
The administration of a polyenv vaccine {or the antisera which it elicits) can be for either
a "prophylactic” or "therapeutic* purpose, and preferably for prophylactic purposes.
When provided prophylacticaily, the live polyenv vaccine composition is provided in
advance of any detection or symptom of HIV infection or AIDS disease. The prophylactic
20 administration of the compound(s) serves to prevent or attenuate any subsequent HIV
infection.

When provided therapeutically, the polyenv vaccine is provided upon the detection of a
symptom of actual infection. The administration of a live polyenv vaccine after HIV
infection is provided only where the patient’s immune system is determined to be capable

25 of responding to administration of the live polyenv vaccine without substantive risk of
unsuitable complications or death, where the administration of a live virus is provided in
the requi.red dosage that serves to attenuate any actual HIV infection.

Alternatively, where the patient’s immune response is compromised, therapeutic
administration preferentially involves the use of an attenuated or inactivated polyenv
30 vaccine composition where the recombinant viruses are attenuated or inactivated. as



A conposition is said to be "pharmacol ogically acceptable” if its

adm ni stration can be tolerated by a recipient patient. Such an agent
is said to be adm nistered in a 5 "therapeutically or prophylactically
effective anount™ if the anount adm nistered is physi ol ogi cal |l y

significant. Aywa§ehiye or conposition of the present inventi BATAISI7/00669
physiologically significant if its presence results in a detectabl e change

i n the physi ol ogy of a recipient patient, preferably by enhancing a
hunoral or cellular inmne response to 4,an H V. 10 The "protection”
provi ded need not be absolute, i.e., the Fﬂ%/lnfectlon or AlIDS disease
need not be tot a'dnl:& HRdaGUGaL Sk, V. %eﬂn@%?%ﬂdznﬁm@%hﬁlﬂﬂ(@mtmﬁ%&ykﬁsﬂ
statistically si | cant nprovenent relative

popul ati on. Prot €814 %‘H]%ngw} Mf‘[“eBmPB'"?h' g AndersRy tg‘F’l'@"e 252 50%3%1’?99& or

rapidity of onset of synptons of the d| Sease.
Phar maceutical Adm ni stration, 1 CI n t he, present. i nvention can
confer resistanc P‘B"PBﬂ'émdFs%‘Pg’ ¢ SREPTRaR o%‘?l?y ﬂ“@ E’tsa&ﬁ’fﬁ‘ h
i nvention thus cameﬁiwsy fndipienpatishe SSueh arespers if id tp beadmidisierel mra attenuat| ng
infection by a as HLV St ysed here V. k I,s said to
prevent or % aﬁegﬁﬂ’gfazlygr% gacgl}yféﬁ%?s T s mﬁ%{)“nﬁ ols%(ﬁedllidl vi dual
resul ts either i rehysinlogicallyasignificansa A vaggine or wmmm@m!aheuwx\tinvemowppr essi on)
of a synptom or Cﬁyﬁaxégan[a ifidat P%s%ﬁé&&ﬁcmﬂfltsﬁ‘a&&b@m&@ athaghysiaﬁgilal

a

i mmuni ty of the individu 0 the di'sease. | east one pol yenv
vacci ne of the pr@§é?ﬁp‘%%ﬁi‘1me‘é‘%lh bé“hmmhm%’a cgjiplar fmmge, &ﬁ@"%“’ t hat
achi eve the intengggdvpur pose, using a pharmaceutical conposi t ion as

descri bed herein. For exanple, adm nistration of such a conposition
can be by various parenteral routes such as subcut aneous, intravenous,
I nt rader mal , 10t r BieUpotettivh’ provitiedapal not baabsdiyte, iiiat, therHIV dbfectiBbor AlDSniiselse mal |

or buccal routes. ﬂ%&ggéagﬁfgév&mp@&é i ﬂe&“%ﬁ%?w& mPcﬁf mﬁﬁk

adm ni stration can s 1njection:or usi nover time.
See, e.g., Bm@mmeembwe to ﬁmmral pqwmﬁﬁwmpn bg ﬁmea,to mipigstipg theog7) |
infra, and KatzungveiiS8Zipidity of onskt'dt yinptoms of the disease.

Pharmaceutical Administration
15 A vaccine of the present invention can confer resistance to one or more strains of an HIV.

The present invention thus concerns and provides a means for preventing or attenuating

infection by at least one HIV strain. As used herein, a vaccine is said to prevent or

attenuate a disease if its administration to an individual results either in the total or partial

attenuation (i.e. suppression) of a symptom or condition of the disease, or in the total or
20  partial immunity of the individual to the disease.

At least one polyenv vaccine of the present invention can be administered by any means
that achieve the intended purpose, using a pharmaceutical composition as described herein.

For example, administration of such a composition can be by various parenteral routes
such as subcutaneous, intravenous, intradermal, intramuscular, intraperitoneal, intranasal,

25 rtransdermal, or buccal routes. Subcutaneous administration is preferred. Parenteral
administration can be by bolus injection or by gradual perfusion over time. See, e.g.,
Berkow (1987), infra, Goodman (1990), infra, Avery (1987), infra, and Katzung (1992),
infra.



WO 97/ 27311

PCT/ US97/ 00669 38
A typical reginmen for preventing, suppressing, or treating a di sease or
condi tion which can be alleviated by a cellular imune response by

active specific 824I ul ar i nmmunot her apy, conprises adm gstdoabdsg? Of an
effective amddht’ a vacci ne conposition as described above,

adm nistered as a single treatnent, or repeated as enhancing or booster
dosages, 5 over a period up to and including one week to about 24 nonths.
According to the present invention, an "ef3ective anount" of a vaccine
conposi tion is gne ich is sufficient to achieve a desire

bi ol ogi cal ef f edyyPifah rqgme\éw?qggggergxpgq SUDPIGSSIRE, T (5pating a discage o F‘lﬂdﬁ’f’“ g’dhum)r al
| mmune r esponse chbetdldiatddtbyiaselliitd @tﬁﬁﬁxﬁ@éﬁpﬁd@ﬁby ichfb spécifiztlulae ,ﬂm@&apy,

wi || be dependent upon .the se al | pi ent,
kind of 10 conéﬂ??’g?ﬁ%g%%\gﬁ{ané@tgﬁﬁmaw eqau‘g“ﬁc(':n cg'f"gut’% fsgm{lggaand t he
nature of the efabcwe.tadmogmasmgle treafinent.rog mepeated@s enbpricingtor Heosodnsagessr ovi ded
bel ow are not %"5'33’@9“{;@ tb bt ihelddd onb Weekleh HoutAGnonths. T epresent preferred

dose ranges. weve nost preferred dosage wll be tailored to
the individual subject, as is understood and determ nable by one of skill

in the art, W t hQedrding to the ﬁ&éﬂ%ﬁﬂiﬁﬁﬂn”@lﬁcﬁciaﬁﬁmﬂﬁ&%va&uﬁcomﬁﬁix&pié/oﬁé-987)

i nfra, Goodrran (1990), .infra, ,Avery 15 5 19.-%2& i pf l[;a Ebﬁ , rmacol ogy,
Little, Brown arfthichd WEBEE&‘BHQ’%a ?ﬂf%‘s‘)',% ect, In thip Ease 3 ﬁ's‘(“f@ infra.
Ceneral l'y Speaklcagnarbhmdmm&wpmmm aduhﬁdemobdmhehdeffecﬁvabMe
10[err]-10[err] g &tg&m ormng units
(CFU)/ kg per dos‘gl‘%e Hzpﬁrﬂ%r%on L?J%{%ﬁ ﬁ&l ar@meﬁ:{fk%quclﬁ teoff/er dosage s
used, it shod®d muaemmdfwaMo reatmant. and thecnamre9f thecefiiesp desired. k nown
net hods, as al s hg?ﬁxﬁés'o?eﬁemr:ﬁée@ Frovxded below are not mtended to limit thc mvennonand

Subj ect s The réci pi ents of the vacci pes of ﬁ%ﬁﬁ?ﬂ‘?rese néﬁratlon can
be any nanmal wERreseRt preferred dose zanges; Howeyss, the most pr be suloradio o or
hu(rjmr al dl gmme Rﬂtﬁéﬁﬁf‘iﬂﬁl bubjeta| éé:smfstlbodhﬂdetermmbﬁaybnaarsmneﬁsmememmm

nedi at ed by an cl ass ass

preferred recipi ‘l?"%ef’g‘e?fﬁ}?ﬁ’al %”’o? £y % Ggir@' ff owinic:)ugﬁn gﬁﬁimans
chi npanzees, 18pe398an dfnm Ebeli; Pharmiitviogpisitie phrewm andclh. ./Bogtom Nody ( 1983 eldhumans

The subj Qﬁgﬁ y are infected with H'V or provide a nodel of
HV infection [e. Q. né) ’IW et al., Nature 328:721-723 (1987)].

Generally speaking, the dosage for a human adult will be from about 10°-10° plaque
forming units (pfu)/kg or colony forming units (CFU)/kg per dose, with 10°-108 preferred.
Whatever dosage is used, it should be a safe and effective amount as determined by

20 known methods, as also described herein. ‘

Subjects

The recipients of the vaccines of the present invention can be any mammal which can

acquire specific immunity via a cellular or humoral immune response to HIV, where the

cellular response is mediated by an MHC class 1 or class II protein. Among mammals,
25  the preferred recipients are mammais of the Orders Primata (including humans,

chimpanzees, apes and monkeys). The most preferred recipients are humans. The

subjects preferably are infected with HIV or provide a model of HIV infection [e.g., Hu

et al., Nature 328:721-723 (1987)].
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Havi ng now generally described the invention, the same will be nore readily
under st ood t hrough reference to the foll owi ng exanpl es, which are

provi ded by Woyn fhqdih! ustration, and are not intended tordygusomeosss ng- of
the present invention. 5 EXAMPLE 1: Preparation of Vaccinia
Virus Vectors for H'V Env Protein Expressi on
Nonmencl ature. For purposes of reference, a reconbinant vaccinia virus
construct is alternatively referred t8 herein as a Wenv construct,

with specific va cl.nla virus S S ng to
a patient, or toﬁﬁv“ge'ﬁwsqe‘t‘ ;ydfsmbeﬁ%l,&yé% m?%hﬂ%dﬁ?éh%gg%ﬁﬁ' ﬁ"(ra%‘géu’m?f t he
env DNA in the ctwmgh referonce tﬁ@he follosvingl exampleyewhichse pravideddry rway of illustration;, 0 a
vaccinia virus v 8&5& Geioss from patient Doe, and
Wenv - U283 %‘5’? %gg%%ﬁg gctgﬁlmrﬁl grﬁw rusﬁvector havi ng the env
sequences found in GenBank accessi on No. U28305. The pol yenv
vacci ne consists of 4-100 distinct recogRam@®pEsvacci nia viruses, each of 15
whi ch expresses a uni que H V-1 envel ope protein. For purposes of reference,

each I ndi vidual virus is designated as VWenv, and the final virus
m xture is refserred tEXAMPLE 1: Pepdrajtionof Vaccinia Vnruﬂemqm’bpﬁt\aﬁmohomm each
VWWenv uses the pl asm d deS| gnaw diype vacgci nia virus

desi gnat ed NYCDH | éﬁﬁ Ruan et 20
al., "Prepar atlon a B@gcmor{g& @gg@oﬂlg@%‘%q&% F‘W ein

Expr ession and ﬂtemtl\'ﬁmﬂezed fodwrein as p memkﬂfgwlmpﬁé'ﬁya%w Lef kovi ts,
ed., Acaden C Pressmcs A3 designated according 1o a patient, or to a depository (e.g., ATCC or the

10 GenBank source of the env DNA in the construct). For example, VVenv-Doe would refer
" to a vaccinia virus vector construct having env sequences from patient Doe, and VVenv-

U28305 would refer to a vaccinia virus vector having the env sequences found in GenBank
accession No. U28305.

The polyenv vaccine consists of 4-100 distinct recombinant vaccinia viruses, each of
15  which expresses a unique HIV-1 envelope protein. For purposes of reference, each
individual virus is designated as VVenv, and the final virus mixture is referred to as

polyenv.

The preparation of each VVenv uses the plasmid designated pVenv4 and a wildtype

vaccinia virus designated NYCDH, described below. For additional details, see Ryan ez
20 al., "Preparation and Use of Vaccinia Virus Vectors for HIV Protein Expression and

Immunization,” in Immunology Methods Manual, Lefkovits, ed., Academic Press {1996).

Vectors and Host Cells. The previously described pSC11 vector [Chakrabarti, 8. er al.,
Mol. Cell. Biol. 5:3403-3409 (1985)] can be used for the recombination of multiple HIV
genes into the VV genome. Elements of the pSC11 plasmid include the /acZ gene (a

25 reporter gene by which transformed bacteria and VV recombinants can be easily identified
as those having B-galactosidase activity), a portion of the gene encoding thymidine kinase
(TK), and an ampicillin resistance gene (amp). Genes cloned into pSC11 are inserted into
the VV genome by homologous reeombinétion between the TK gene of the wildtype virus
and the portions of the TK gene contained in pSC11. Insertion of plasmid DNA into the



Vectors and Host Cells. The previously described pSCl1l vector [Chakrabarti,

S. et al., " Ml. Cell” Biol. 5:3403-3409 (1985)] can be used for the
reconbi nati on of multiple HV genes into the W genone. El enents of

t he pSCil plasnid include the lacZ gene (a 25 reporter gene by which

t ransf or med § and- W reconbi nants can be easily idenpki8shiooe60 2S
t hose having er galact05|dase activity), a portion of the gene encodi ng
t hym di ne ki nase (TK), and an anpicillin resistance gene (anp). Genes
cloned into pSC Il are inserted into t he W genone by honol ogous
reconbi nati on between the TK gene of the w40l dtype virus and the

portions of the B -HeRe. okl 5d vl RS hia LelSiali Gt ool 3y DVA 1 1t
PCT/ US97/ 00669 selected from the background of 'I'K" virus by growth in bromodeoxyuridine (BUdR). &0
viral TK | ocus id?t?ef & QKVH;J hr@g{, I [Ses can
be readily se r(‘-*-idgte romthé E‘gggﬁ'ﬁﬁ“‘”? i|g| rr VITUS %fgg’rowth In
br onodeoxyur i di n@n@s@amsupmhanacuvemmmq Swchrap the KT 1Abeall Linwhichlis i rus to

survive this gelfghdreint (Hi‘ﬁ)ive”&f% Hiffardéel e REVOGE b és:eosarcomé("éléﬂ%e@@mﬂ
supply an active TK enzyne, h_as the TKerr]iB ell Tine, whichis a5

TK-defi ci ent der r%ﬁf‘?‘vé"‘o{ Q“H@"Hﬁ%?? Qs FR?P‘RQW BS"“"%ﬂf\S‘émb‘Sgr%@na cel |
line (Rhim infla 39827}, "B prodbdiibn of HIV(GRICRE mehBaaﬁss?dﬁ conl®/y)thll gdaat supports

Gene segmont. exJPEoR g s Rk of the st st Pl el s b b3 5 Phe Sl

site of the pSChihderaietcntrol blithe PY.8K gtomogenes can be expressed under the
control of the P7.5K pronoter. 10 As an alternative to the cloning of
conpl ete H V genes, one can substitute partial gene sequences for HV
genes that hdfe Aaﬁwmbemeclm@fmmgm@nwwmmm&mmm

construct terneds Vﬁaeykorwga{e@mnmaireaa%&'é@ﬂe&waﬁgp%ﬂr %ssgggi €a BHLO HI'V

envel ope protein env ne en er et _al., infra, Kil patrick
et al. J. Biol. ® fog‘ﬁ‘f ‘é%‘% g’?‘gﬁﬂlmfﬁ@"@ﬁﬁg’t’ n be used

as a parent vectdeldpe pﬁdﬂm&nﬁ)lg‘étﬁ [Hﬁlentﬁt‘gdr axp) afs, (V988); Kilparick ey 4l .a)szopr otein
o Lo btk R4S, T bl 0 e TR S
15 and express variable envelope protein regions from field HIV isolates. Smnlarly, a vector
termed pVenv4 was constructed from pSC11 to express a BH10 env protein, truncated to
exclude the transmembrane and cytoplasmic tail domain encoding gp41 sequences while
retaining the oligomerization domain [Hallenberger et al. (1993), infra]. As canbe
appreciated by the skilled artisan, the term "oligomerization domain" is used functionally,
20 to refer to a portion of gp41 that permits oligomerization of env proteins, i.e., there is
sufficient structure for oligomerization. The pVenv4 vector encodes a truncated gp160
(also: gp160t, gpi40) that was discovered to form a tertiary structure that is similar to that
of the processed gp41/gp120 oligomer (dimer, trimer or tetramer) as is present at the cell
surface of HIV infected cells. This tertiary structure is maintained in both secreted and
25 membrane associated form [Hallenberger er al., (1993)]. This vector is preferably used as
a parent vector for the substitution of alternative isolated env sequences.

In this Example, the preparation of each VVenv construct involves the use of a pVenv4
and a wildtype vaccinia virus NYCDH, and appropriate host cells, as is described in detail
below. -

30 pVenwd: The pVenv4 vector was previously prepared by the insertion of an HIV-1-
envelope coding sequence into the pSC11 vaccinia virus recombination vector



exclude the transnmenbrane and cytoplasmc tail domain encodi ng gp4l
sequences whil e retaining the oligonerization domain [Hallenberger et
al. (1993), infra]. As can be appreciated by the skilled artisan, the
term "ol igonerization domain” is used functionally, 20 to refer to a
partion of gp4kobhsbupermts oligonerization of env protei nsSPCHU700Mer e
is sufficient structure for oligonerization. The pVenv4 vector encodes
a truncated gpl 60 (al so: gpl 60t, gpl40) that was discovered to forma
tertiary structure that is simlar to that 4 of the processed gp4l/gpl 20
oligonmer (dinmer, trimer or tetraner) as is dresent at the cell surface

of le/ ijnf egt gg qﬁh#gwgthiesazt,eﬁfoi@ m?.iw-snf%ﬁ;i@mm’ mteawtn.eﬂclzzj aezmmggg)]
secreted an nmenbr ane. asso orm enberger et al . :
This vector is pr%?“@?‘éﬂgﬁ%@édwl s‘“‘éf“ffa‘?”éﬂf"”&‘gg‘?'gf’sﬁbg?w{yhsédcg éélz"[ei tution
of alternative i squat ¢kt seiiiénct GsIRinRe SBH10" [Ratner brial.| Nargre BXh2071284 (198%)].
preparation of e nv. construct i.nvolves the 2, 0 enva and a
wi | dt ype vacci ni 2‘%{}]'? %Wmﬁﬁﬂﬁlﬁ?ﬁﬁﬂcﬁe@%g %:le“%c‘gﬂ,i B%llsmrlls Ism}fj%escri bed
in detail S bedmpiified and Gubgtiniged/ifto thehRH }0\devseduenerao createse Yectessi dos| y

prepared by the ig;@; [ o bridled iz PRl ope coding sequence into
the pSCll vaccinia |l%'l?%r*§ﬂg%g I nat in})] t\%(‘:‘?ﬁgr& WO 97/ 27311

PCT/ US97/ 00669 (A) Sense, Position 5785 (SEQ ID NO:1): 41

[ Hal | enberger, et al., VirageaBahGAcaErcotAaTdl8AGTGAhakrabarti et al ..
Mol . Cell Biology 5:3403- 3409 (1%85%;&. Th@ H V-1 sequence was derived
froma | aboratory stodR AptiseqsgcPosition 7698 (SEQ I ‘2¥equence was named " BHLO"

[Ratner et al .o Nature 313CRACTCEATCAABFIGATGTTATTRCARAPCR t echni ques uni que

envel ope sequences frg@lgﬂp'\é{:s\]?mignf ?i%ne%o??&j(flﬁtﬁo-wy be 5 anplified and
nv se C ]

substituted into the uence eat € new vectors. For
exanpl e, the follow ng pri GFEEGICHEACEETAEATAGEGIAQETGTGT. (A
Sense, Position 5785 (;5FG@ohidisknle, position 7659 (SEQ ID NO:4):
AGCAGAAGACAGT(XBCAATGA%TGA. position Cé%f‘?\nt N Sehse Position 7694 (SEQ
ID NO. 2): CCAGAGATTTATTA! AACTAGCATTCCAAGG.

15 (E) (optional) Dralll-Sense , position 6153 (SEQ ID NO:5):

CCATGTGTAAAATTAACCCC CTGTG.
(F) (optional) Bsu36I-Anti-sense, position 6917 (SEQ ID NO:6):
TACAATTTCTGGGTCCCCTCCTGAGG.

These primers are written 5 to 3 . Restriction sites are underlined (numbered positions
20 are based on the BH10 sequence [Ratner et al., Nature 313:277-284 (1985)).

PCR Strategy: In order to produce new HIV-1 env constructs, the polymerase chain
reaction (PCR) is used to amplify 1800 base pairs (bp) of envelope gene from forty
different HIV-1 patient samples. The PCR primers represent well-conserved HIV-1
sequences and thus successfully amplified env genes from many diverse HIV-1 patient
25 samples. The amplified DNA encompasses the entire gp120 protein except for
approximately 10 highly conserved amino acids at the protein’s amino terminus. All
envelope variable regions (V1-V5) are included in the PCR products. In addition,
amplified sequences encode approximately 100 amino acids beyond the cleavage site for

gpl20/gpd1.



10 CCACTCCATCCAGGTCATGTTATTCCAAAT. (O
Kpnl - Sense, position 5903 (SEQ I D NO 3):
GITGGGTCACAGTCTATTATGGGTACCTGTGT. (D) Bsml-Antisense, position

7659 (SEQ ID NO 4):

CCAGAGATTTATTACTCCAACTAGCATTCCAAGG

15 - ( yonal) Dralll-Sense , position 6153 (SEQ(‘E[RJ%% oI
CCATGTGTAAAAT CTCTGTG (F) (optional) Bsu36l-Anti -9sense,
position 6917 (SEQ I D NG 6): TACAATTTCTGGGTCCCCTCCTGAGG

These prinmers are witten 5 to 3 . Restriction sites are underlined
(nunbered positions 20 are based on the BHAO sequence [Ratner et al.,

Nat ure 313:277-284 985) ] . . 'PCR.Strategy: In order_to produce new
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- 2.5 pl 10mM of each of 4 dNTPs; 42

The PCR prinmers carrying theDNstriction enzyne sites for Kpnl and Bsm,

whi ch fl ank the

i ncorporated into the anpli

10

BH10 ,g8n guence in pVenv4, are
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product s.
- HPLC H20 to 99yl

Vortex taq stock and dispense 1zl to PCR reaction. Mix well. Overlay with mineral oil,

Run on a thermal-cycler as follows:

- Incubate 95°C, 3 minutes to melt DNA.
- Run 40 cycles: 95°C, 1 minute; 45°C, 2 minutes; 72°C, 3.5 minutes.

15 Second Round PCR: Prepare PCR reaction as above, but with primers C and D (SEQ ID
NOS:3 and 4, respectively) and without the DNA. Bring the final solution to 95).
Overlay with mineral oil. With a plugged tip, remove 5 ul from the first PCR reaction

(from below the oil). Mix the sample into the second reaction, below oil layer and begin

cycles as before. Thirty cycles is usually appropriate. It can be desirable to monitor the

20 product by removing 2 ul for gel analysis after each 10 cycles until a ciear band is
identified of approximately 1800 bp.

By using well-known substitution cloning technigues, pVenv4 derivatives that express an

env sequence from one of the 40 patients, instead of the BH10 envelope sequence, were
generated. Briefly, the pVenvd plasmid and PCR products are next cut with Kpnl and

25 Bsml, and the cut pVenv4 was run on an agarose gel and the large fragment isolated. The
small fragment (1800 bp fragment) of BH10 env was discarded. The cut PCR product
was also isolated and ligated to the large pVenv4 fragment to create a chimeric envelope

sequence, now containing 1800 bp of the variant env from the patient DNA. Following
ligation of the PCR product and the pVenv products. bacterial host cells are transformed

30 with the ligation mixture vig any of a number of methods well-known in the art,



First Round PCR. In a 500 [err]1 mcrocentrifuge tube, mx: 5 -

1 [err]l Primer A (SEQID NO 1), 300 ng/[err]l; - 1
[err]1 primer B (SEQ ID NO 2), 300 ng/[err]l; - 2.5 [err]1
10nM of each of 4 dNTPs; - 1 [err]g DNA -
10, [err]l 10X Rgshwsii er; "and 10 - HPLC H20 t @pcIaiseréokéo
Vortex taq stock and dispense 1[err]l to PCR reaction. Mx well. Overlay
with mneral oil. Run on a thernmal -cycl er asfollovvs: -
| ncubate 95[err]C, 3 mnutes to nmelt DNA Run 40 cycl es:

95C, 1 minute; 45[err]C, 2 m nutes; 72[err]@ 3.5 mnutes. 15 Second
Round PCR: Prepar a i and SEQ I D
NCS:-3 .and 4, respg’?:lF I? %‘ehfﬂo&?% %@ ‘e“g%%ﬁ‘l\%ﬁn. ng ‘t pr‘I%gds Sar &0 tion to

95[err] 1. Ovéeengingai t h mineral oil. Wth a plugged tip, renove 5
[err]l fromthe first PCR reaction (frombelow the oil). Mx the
sanple into the second reaction, below oil |ayer and begin cycl es as

before. Thirty cyRipund p¥enyd presopmbinanss wasleivithe Venvd fasilitates dhe dusertiomef] genes dnto

moni tor the 20 pthedueihmbw@mwu}qmamb ﬁh&ﬁmm.aﬁlené&%y&?ﬁmﬁ{e%eeach 10
cycles until a cI i mately 1800 bp

i dentifjed of a [0)
By using wel | - I?no E‘f’? widegs VEP’O‘WE -‘{ke‘ ‘gg" BRI ghesertioniof v e s
t hat express an pVenvenuAsimqmnm mxmmmoacedﬁevm wamtmam'aema Ggecest Of

the BH10 envel ope, e the Venv4,

pl asm d and PCR prx§ UCt S ar(ka1 nex lo&ﬂep\?\ﬁ%?h“@pﬁ‘?pgﬁn& H{dég AMIELR cut
pVenv4 was run ongawthzagivity due rgenewmm:mmmmgmmwsbm@ﬂpvmls
smal | fragment (%9%&&&39&%@9&5&1&%%@ ggfp\/en %ﬂ?s&é& PCR

pr oduct was al so 1solated and ligated to the |ar ragnent to
create a chi mei cVassiva Vigjgecombinangs(se¢ bHEW)- now cont ai ni ng 1800 bp of the
variant env fromthe patient DNA Foll ow ng | igation of the PCR
product and the p oducts te |aI host cells transforned 30
with the Iigati on}é?en b 8g%°aex%“sy£g’?' WU%M Wg‘b‘g ¢ FESReRT- i n t he
art. terminal gp41 sequence. The vector is expressed as an oligomeric structure that is found

within cells and in secreted form.

Vaccinia virus-NYCDH. Each new, substituted plasmid is individually recombined with

15  wildtype vaccinia virus NYCDH. This virus was obtained from A.T.C.C. (Accession
No. VR-325) and was plaque-purified prior to use (Buck, C., and Paulino, M.S., eds.,
American Type Culture Collection Catalogue of Animal Viruses and Antisera, Chlamydiae
and Rickettsiae, 6th Ed., American Type Culture Collection, Rockville, MD (1990), p.
138).

20  Bacterial host cells. The plasmid may be grown on any suitable host, as known in the art

[see. e.g., Ausubel, infra (1995 rev), §§ 16.15-16.19]. A non-limiting example is DH5«
ceils.

TK-deficient celis. The transformation and vaccinia virus substitution is done on the
human Tk'143B cell tine, which is a TK-deficient derivative of the human cell line

25 RY970-5, an osteosarcoma cell line {Rhim ez al. (1975), infra) that supports the growth of
VV {Weir et al. (1982), infra]. Each vaccinia virus recombinant containing a unique HIV
env gene sequence is selected based on expression of the /acZ gene (Virus plaques are
overlayed with Bluo-gal and selected for B-galactosidase activity as judged by the
development of a blue color). Two rounds of PCR can be performed.
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including, e.g., electroporation, and reconbi nant col onies are picked and
exam ned by sequenci ng. Pl asm d pVenv4 or reconbinants made

wi t-h pVenv4 facilitates the insertion of genes into %g_} Vi rus
" genone by hor?&?’aéfgégl reconbi nati on between the thym di ne k| ngg g“%T
gene of the wildtype virus and the Tk sequences within the plasmd.

| nsertion of pVenv4d DNA into the viral Tk |locus yields a vaccinia

virus with the H V-1 envel ope gene exqar essed under the control of the
P7.5K early/l ate prom)ter The virus is attenuated in growth activity
due to the disrupti oFXAMPLEQ: Brepargioneof Polyeny Yacdineonal el enent of pVenv4 is

the lacZ gene thafo momu{aﬁm&xfa&a&@cs&psd d oW ROVdnV bdn¥tructsdh Aeftideils/ 1 ty can

envel ope. gene. orpYEREiRRR AR A LT (Komten B8 o0 A Kol d it ana

t ransnenbr ane/ C—cxpandcd forenimsgmhhgpllﬂe\&wceﬂﬂmehasﬁbmmmeobymmwmmed as an
ol i goneric stgurﬁ%ureth Is and reted form

IS Wi
Vacci nia viru3 gﬂﬁmol':‘g%r 7 me%evef?gngmpmye "Lf"f‘w Te y
reconbi ned wi t h CoBection Lalelggue aﬂéfddimand/ﬂybudam&’aﬂl-ﬂ:‘.d TAmsrican Tyee Quitareobt ai ned

fromA T.C C (%gg,ﬁ&; %clm“e Mgo(lggyﬁgg&%] and was plaque-purified prior to

use (Buck, C., Paul I n Anerican Type Culture

Col | ecti on Catal ogue of An| mal Viruses and Antisera, Chlanydi ae and
Ri ckettsiae, 6t WeEdsellsﬂH@fohﬁ%Wc@dedfﬁ@d Js%hmmmoﬂmkw l#&, M
(1990), p. % ho ceI l.s. E“S@B asm nay be grown
on any suitable q}%‘!‘%“,‘es&@ heat-inactivated h infra

(1995 rev), per rlhe. nGAlﬂeﬁmﬁﬁlylﬁdmm-ﬁeemcmd datrbé usag Bach Wby comtrﬁilrlfs[nﬁcrcrzl]ated
cells. eflc ell.s nsf a accinia virus
substitution i SI% one m?et'fﬂ?“ﬁuem layef“lo em rrgsf %lmncéeﬂs s a
TK- def i ci ent dercygpathic/effegss dueite vh@mfnctml Cell ¢xtracts are washed extensively with PBS

(Bio-Whittaker) afier harvest and before freezing. The cells are then broken open by
freeze-thawing, sonication or centrifuging at low speed in a centrifuge (optional).

15  Aliquots of supernatant are then stored at -70°C. Envelope protein is present in the lysate
at sufficient concentrations to elicit HIV envelope protein-specific antibody (as detectable
by ELISA) in mammal models, even if VV is attenuated, e.g., prep is heated to 60°C, 1
hr.

The Vaccine Product. Each virus (VVenv construct) stock from Vero cells is individually

20 frozen and subsequently titered and safety tested. After tests have been completed,
aliquots of each virus are mixed to yield a stock vaccine of 10* total pfu/mt (“pfu” stands
for plaque-forming units). If 40 VVenv constructs are utilized, each VVenv is preferably
equally represented, each VVenv used at a titer of 2.5 x 10° pfu/ml in the vaccine product.
This should yield 1 x 10? total pfu.

25 Evaluation of Polyenv Vaccine
Mice. Mice can be infected with an intraperitoneal injection of 1 x 107 pfu env-expressing
VV. Antibody can be identified by HIV ELISA or neutralization assays, as described
above, three weeks after VV injections.

Prior to manufacture of the polyenv vaccine for human use, a similar group of viruses has
30 been prepared for the purpose of vaccine testing in mice. These viruses were administered



25 RO70-5, an osteosarcoma cell line [Rhimet al. (1975), infra] that
supports the growth of W [Weir et al. (1982), infra]. Each vaccinia
vi rus reconbi nant containing a unique HV env gene seqguence is

sel ect ed based on expression of the |acZ gene (Virus plaques are
overlayed Wt hywdsreial and sel ected for [err]-gal act osi dase EeHuUsoTo668S -
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EXAMPLE 2: Preparation of Polyenv Vaccine Vero Cells. The final

manufacturing st eg phis éntﬁer%% :ﬂm‘p{é{ﬁ&}éal%%\ﬁ:wt&!ﬁ&ﬁ 16Uk, MRE fhett RitkBserum HIVORWM Y
purchased fromthe A T.C C° (Accession No. CCL81 or X38) and cl oned and

expanded for vi r usPegifioanrbedy femum vas tsieddfor actiyipydn %W%W@G'bw aisf%
V\gn d /I;l\eal th 5T @moji m&mlﬁx@wwﬁsp&m@ diencgh I{rHaf gFFV'ﬂ“)% EntSAd
eds meri can Type tu ectiqn Catal ogue I nes an
Hybri.domas, 7th EA® bi&ﬁ“ﬂr'ﬁfa’go “ﬁt‘i?‘é‘\m serum %’?ﬁ"bc %s%R’VFﬁe’é, )
(1992), page 48]. added at dilutivey of 1de0, k1 mngmmumtphosﬁhlel@t‘feml shM:)drhE sy
Eagl es Medi um (Bi : Jihaker)
and heat-inacti vatge\c;&:*gl({"@+<$ i{msalé?& Os?w&? gﬁatidéébg m ,(lﬁt“ |l%/1el Y,
serumfree nedia @mhocbemhmoplménhmvTbapséqrrreasuonuvyssmwaheandmm onto
a separate confl Uﬁjﬁoxkd@)éﬁﬁndﬂf an @eQpfid Jeﬁs:@'?&dﬂ?%@ﬁieﬁ%n%ﬁﬂlsﬁeﬂﬁtémder at

denonstrate 1‘(3} opathic effects due t0 virus infection. extracts
are washed extensfr®y with PBS (Bio-Wittaker) after harvest and
before freezing. The cells are then broken open by freeze-thaw ng,

A oot s of sultor Aspekf l Redt 2 el iiEasch oGl b BRGNP o

present in the | y¥yas¢inia virus (cmﬂlmfafsmieéﬂv-anpm&m anerslingsequbnce ard Hl

envel ope prot ei n- fRgGhfe voufd Mkprientelbde Doty 2;“““ F&; mral
nodel s, even if W_ 1Is attenu%t ed, me. ﬂ prep 1s seng{‘ge d;:rg%s er rﬂ %ﬂgﬁ
hr . HIV-1 that was sustained throughout the experimental time course of six months. ~ Such an

antibody response was significantly higher than previously reported with other

15  immunizations. This high antibody response may be attributed to the presence of _
membrane bound envelope protein in a vaccine preparation. As shown in Figufe 3, these
responses were dose dependent. Lower responses were seen in mammals given a dose of
10° pfu than in mammals -given a dose of 107 pfu.

Mixtures of vaccinia viruses expressing different HIV-1 envelope proteins were also

20 prepared. When mice received 107 pfu of a mixtwre of five viruses, their responses were
essentially identical in magnitude to responses generated against 107 pfu of a single
vaccinia virus recombinant (Figure 4). The mixing of numerous env-expressing vaccinia
viruses in high numbers has not been reported, and is expected to provide broad spectrum
of neutralizing antibody.

25 Humans. Tests of the mixed virus stock are performed prior to clinical trials, the first of
which will be for the purpose of dose escalation and safety testing.

The clinical trials will be a dose escalation study involving the assembly of four volunteer
groups. Each group receives one of the following vaccine doses:
() 2x10*pfu
30  2x10°phu



The Vacci ne Product. Each virus (VWWenv construct) stock fromVero cells is
i ndividually 20 frozen and subsequently titered and safety tested. After

tests have been conpl et ed, aliquots of each virus are mxed to yield a
stock vaccine of 10[err] total pfu/m ("pfu" stands for plaque-formng
units). If 4 onstructs are utilized, each Wenv is f(?ﬁ'ﬁn?kd}é :
equal |y reprggépl"?e ,"Peach VWenv used at a titer of 2.5 x 10F’§r ptu/m in
t he vacci ne product. This should yield 1 x 10[err] total pfu. 25
Eval uati on of Pol veny Vacci ne Mce. Mce can be infected with an
intraperitoneal injection of I x 10[err] p¥u env-expressing WV.

Ant i body can be ident(i)f i egxqmv ELI SA or neutralization assays, as

descri bed above, 't hree eks after VWV injections. Prior to

manuf acture of the p#yen¥xJdtMene for human use, a simlar group of
viruses has 30 been prepared for the purpose of vaccine testing in mce.
These viruses were adm ni stered WD 97/ 27311

PCT/ US97/ 00669 Each volunteer receives the mixed virus vaccine in 0.5 ml saline, administered bya 45

to mce either hybdulBeoudinjedtivfl i t oneal or subcutaneous route. W then tested
serum HI V- 1- specific anti body serumwas tested for activity in an
enzyne- | i nked i mmunosor bant assay (ELI SA). The assay invol ved the

pl ati ng of whél e, di BXAMRLE 3} idubti¢n-oF [PrifnedyTdojateCNeutralizing Immunity plishtacMukind t he
bl ocki ng of plates w th bovi nesnseopenysrkibia Vi oSl Hival Vacgideds Chiisnzéel

al kal i ne- phOSPhaéxﬁ%t&&mréjﬁéIE&éjvim?-Eﬁﬁﬁm lexeBRA Dol @iFe BihehBatizin .
anti body and p-nitrophenyl phosphate, The col or reaction was stopped with a
sodi um hy dragsibadi actiity,yetAmtibodies elicited togard eng) isofpin il ot negesmarifyrediglize; aken
on an ELI SA pbat mohea e thidkeason, we Hiv® Pithared an HIV-1 vaccine cocktail, PolyEnv,
expressing numerous Env proteins. Vaccine production began with the preparation of
thirty distinct VV-recombinants, each expressing a distinct Env protein. VVenv were then
tested, individually and in combination (PolyEnv) in a chimpanzee model. Four
chimpanzees were immunized subcutaneously with three injections of single VVenv
15 (Chimps 1 and 2) or PolyEnv (Chimps 3 and 4) followed by one intramuscular injection
with recombinant gp120/gp41 protein in alum. Safety was demonstrated in all four
animals, ohly two of which showed signs of ulceration at the injection site. Serum
samples were monitored by numerous tests for HIV-binding and neutralization. The
antibodies of chimps 3 and 4 demonstrated the highest quality of antibody activity.
20 Neutralizing function was demonstrated both against a laboratory isolate and a primary
isolate of HIV-1, neither of which were specifically represented in the vaccine. Thus, the
priming of lymphocytes with mixed env proteins thus provides a promising method by
which high-quality antibodies may be elicited against diverse HIV-1.

Materials and Methods
25 pVenw4, a VV recombination vector. pVenv4 was previously prepared by the introduction
of a stop codon into the BH10-env sequence, and the insertion of the modified BH10
envelope gene (env) into pSC11. pVenv4 expressed an Env protein product that was
truncated at amino acid 640, and was capable of both secretion and oligomerization. The
production of a recombinant VV, Vvenv4, expressing this truncated BH10 Env protein has
30 been described previously [Hallenberger et al.. Virology 193:510-514 (1993)].



10 As shown in Figure 2, a single inoculation with cell |ysate preparation
of 10[err] -10[err] pfu vaccinia virus (containing a single

HI V- 1/ envel ope protein encodi ng sequence and menbr ane bound expressed
envel ope protein) elicited a strong anti body response toward H V-1
that was sust ajygRgysy oughout the experinmental time course ofpcTusymDeEONS.
Such an . anti-body response was significantly higher than previously
reported with other 15 inmunizations. This high antibody response nay be
attributed to the presence of menbr ane4ﬁound envel ope protein in a
vacci ne preparation. As shown in Figure 3, these responses were dose

dependent. Lower IpER j? WeQnpliftdaRorSETRRv Sefuelites Fidin BIVAI-WifetreingiNamuls0 TPCR was

10[err] pfu than in . ma ven a dose of 10[err], pfuy. es of
vacci ni a viruses §§?ﬂf°e£@h i‘?“Yé‘f"éﬂ’Pesrﬁi?-‘mﬂy'é Tsﬂﬁ'gvegfr(‘}?’é?er@“\ﬂ%é}% so 20
prepared. Wien ni afected individasls, 1ikewm utrfirst diapnosis for HIV xOtherasamglesfvevecfran individaals
their responses wetg ... essent i al i dentical in. ' t o responses
gener at ed agai nst wi‘gflg?cﬂ syﬁ'?‘l?m(s)#gidsslyﬂb roem'pmgm:1s 5@&%%“%%5“%@ I nant
(Figure 4). Thes nieférenge whgentueposicary Eonblood sampies, DA was fiistpirepared by thei r uses in
hi gh nunbers has s Qyy ; ' d | ad
spectrum of E@hﬁﬁagﬁgﬁ%‘?{?l b(‘)’gée Qd wlﬁ?@ﬁﬁnﬁﬁfgg?ﬁé g@?e?ﬂg m xed
virus stock are pepuationsy 63 degsres £ofor B mine Hronasewep added at@ cppeerratiof 0.5 whi ch

will be for the pupRAed B 1yIRE RalfiRk ficibaidd & d8@éL Y oveRfidht. "Ywo phenol  The
clinical trials will be a ?@3 gfcal at Lon St u,g% aé‘gvol Vi n tfgﬁﬁ‘ assenbly of
four volunteer  extragjons yere igtlowpd by cthapol precipitay Esuspensipof YA By
vacci ne doses: (D) 2 x 10[err] pfu 30 (2) 2 X
10[err] pfu 9 . .
PCT/ US97/ 0066 910 Two rém?ds %/P%i%}e performed with all DNA samples by standard methods. 4gnmer

sequences were chosen based on the published BH10 sequence [Ratner et al.. Nature

313:277-284 (1985)]. To obtain fragments including sequences from all variable regions

and a portion of gp41, PCR primers as described in Example 1 were used. PCR

products were subsequently cloned by substitution into the pVenv4 vector using standard

15 methods. Sequencing was performed on the novel plasmids by use of the Sanger method
and primer ccatgtgiaaaattaaccceactetgtg (SEQ ID NO:5).

Preparation of VVenv. Novel VV recombinants (VVenv) were prepared by the
transfection of VV (NYCDH, ATCC)-infected cells with the newly substituted
recombination plasmids (see above). Transfectam (Promega) and Lipofectamine (Gibco,

20 BRL) were used to facilitate transfection, following the manufacturer’s recommendations.
VV were then plaque purified.

Immunizarions. VVenv-infected cell lysates were administered to chimpanzees with
subcutaneous injections. VVenv were either used singly, or in combination. The total
quantities of VV by pfu were similar in each injection (approximately 107 pfu) per animal.

25 Intramuscular injections were with 2 mixture of approximately 40 micrograms gp120
(Cat # 12101, Intracel, Cambridge, MA), 20 micrograms of gp4i (Cat #036001, Intracel)
and 500 micrograms alum (Rehsorptar Aluminum hydroxide Adsorptive Gel, Intergen
Co., Purchase, N.Y.) per inoculum.

ELISAs. Five ELISAs were performed as follows: ELISA #1 The Abbott clinical ELISA
30 was purchased from Abbott Laboratories and performed as recommended by the



(3) 2 x 10[err] pfu (4) 2 x 10[err] pfu Each
vol unt eer reteives the m xed virus vaccine in 0.5 nm saline, adm nistered
by a subcut aneous i nj ection. 5 EXAMPLE 3: | nduction of
Primary |sol ate Neutralizi ng Imunity with a Multi-
envel ope, Vi rus-based Hiv-1 Vaccine in Chi npanzees
popul ati on ofW(lﬁF i solates is armed with a sophi sm)cat ed 5#’3?/970
envel ope proteins. Env proteins are the sole virally-encoded external
proteins and targets of neutrali zing anti body activity, yet antibodies
~elicited toward one isolate will not neced#8arily neutralize 10 another.

" For this reason, we have cci he c cktail ., PolyEnv,

- expressing nu e PgTEacers B’B&?\g%d“@&c{%'ﬁgﬂp%@eﬁt% YT WWHPE“TE

~ preparation of LL). ELISIAr#2y EHISAS iwere tperfovmedoteyqiddting esabrsbinaacb-ged6p (@atityng a
et B B . WY odShs 5T e e SRR M WA 0"

i muni zed subcutmﬁsﬂny-'dmth thtehfotfesenﬂjdémonmfserof Plaienyere ﬂthetﬂ_&d ( Chi nps

| and 2) or Pgl Ka

nection (0 A VEMERE opit i %ﬁ“ﬁpﬁg@%ﬂ*ﬁ@f’%ﬂﬁéaﬁﬂ%ﬁ% wes
denonstrated in Vm’qcmwﬁh one m&ﬁ%ﬁ'ﬁl}’ ?PWWWWYPQ:HO‘SHOW& gns of
ul ceration at ”ﬁmhﬂiaﬁ EdQﬁeﬁlhﬂe@aﬁcxsﬁﬁqmmluumaiﬂ@wr@&wmmmﬁ%ﬁbsbw by

numer ous tests f.or, bj ndi n neutraliz o] anti bodi es of
chinps 3 and 4 &Bﬂ’ﬂﬁ‘i ?ﬁﬁﬁ% 8&“'%3??&89"8‘? %9??58@3 ity. 20
Neutral i zi ng f urBidlogival mwaﬂanm.smmmgmnbmm) aga-mnmyllmb@hatcnp | sol ate

and a primary, rﬁadmésS»Qéré‘iaﬁenoaﬁrﬂ% ]q]u.@ﬂi g1 EBISA%W&F%%E fscally

represented in t accrne s W th
m xed env pr ot eiemeeptthay plajes mede@edamqunmqag:m ﬁduB-myIZO (baculwirua:#nved

hi gh-qual ity aNg,ﬁaﬂlmcmﬂml iCahbriifde, MRY.N BE1SAIS:Orfbe BLIYAwab- perfonned

Materi al s and Venv4 VW recombi nat i on vector. pVenvd was
previ ously prepdf Bxpstdy #8 %c%?‘?'w{fé%r? with fjoe micsqgzamiml,of J{IB "H\'ﬁ)‘y‘l‘ﬁe
BH10- env: sequenqOrgamalelaita Co)sPirhan)N.¥). t he nodi fi ed BHLO envel ope
gene (env) into pSCll. pVenv4 expressed an Env protein product that was
truncated at am no acid 640, and was capabl e of both secretion and

ol i goner i zat ilBn. Nelingization assgyso Neutraligationfssays Wasommmiﬂ\mﬁm QUpkimary

expressing th! S idild ibiehor'dl . 50 \Cull! Ahibhlol 88253937 ﬂ&ﬁ&fohlaeﬂ
previ ously [HaIIe er et a 7g(¥ 054 93) |
Journa! of Infectious diseases 173: 60—6 996)] La ratory 1solat$ Virus was mixed
with a 1:20 dilution of each serum sample, and plated on MT-2 or CEM-x174 cells. '
Neutral red stain was used to assess the viability of cells. A 35-40% reduction in cell
20 death compared to control cultures was defined as positive deflection. Primary Isolates:
Virus was mixed with a 1:4 dilution of each serum sample, and plated on PHA-stimuiated
PBMC. Assays were scored for p24. A reduction of infectivity of at least 75% compared

to control cultures was required for a positive score.

Results

25  Preparation of novel VVenv recombinant vaccinia viruses. In order to prepare new VV
recombinants (VVenv) , each expressing a unique HIV-1 Env protein, DNA was first
isolated from HIV-1 samples. Most DNAs were from the blood of individuals who had
shown no ontward signs of disease and were likely at first diagnosis for HIV-1 infection.
Additional DNAs were from AIDS patients or from viruses provided by the AIDS

30 Research and Reference Reagent Repository. PCR was performed with primer pairs
encompassing Kpnl and Bsml restriction sites. Fragments were then substituted into the
pVenv4 vector portrayed in Figure 5 (pVenv4 originally expressed a truncated HIV-1
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PCR for the anplification of env sequences fromH V-1-infected individuals.
PCR was used to anplify H 'V env sequences. GCenerally, sanples derived
fromthe bl oogygpdrnby-1 I nfected individuals, taken at Howus97/0h668gNOSi S
for HHV. O her sanples were fromindividuals with clinical synptons of
Al DS, or from products provided by the AIDS research and 5 reference
reagent repository. For blood sanples, DNA,yas first prepared by the

dropwi se addition of blood or infected cells into an SDS-based cell lysis

buffer and proith 8l @R Kpnbad OGN RESctith sife! Indfls Why) gpI20QVEYS) A gpadded
at a concentration of (2{.35 ny/ ?ﬁ‘?pd t he. I%/sate Waéc ur her#gg%gat ed
at 45 degrees C. SUEFHi WtB._m?\kﬁ“"p‘ﬁg Y TespectS tFNREe &h 0 o) by
et hanol preci pi t aibstinted plasohid, @ nesg Y& rscombinatt vilbdAVNenviwwtseprepared. 10 Two rounds

of PCR were perfornmed with all DNA sanpl es by standard nethods. Priner
sequences were chosen based on the published BHLO sequence [Ratner et al.,

Nat ur e 313: iy oedad prowds)d] simplymenps by whichy agreat diversityrnf [Enyisequeness gaddhces
fromall vari apl “&g%dm ; iaf PV Zechiihal p i
described in ?x)agrr%{e vvéeir‘gtol%“gd. PCR lmm&gt %F@%sﬁ%@nﬁy

cl oned by subst i S49BGNERS WerstRsodustivePusasing thatEnysequencsiyin sroxis grygmess(fropet hods.
Sequenci ng Was pahicl e PCRpridicts fpival) weleaidly defediye. UBdrius tiversieaxgar net hod

and primer ccatgtgaaaattaaccccacictgt.g (SEQO I D NGO 5). Preparation of
Wenv. Novel W F@?ﬁ%ﬁ%?@\ﬂ/@ﬁ\‘}% epared by the transfection
of W (NYCDH, ATCC)-infected cells with the newy substituted

reconbi nation pl g5m.6s,; @5;2?}/ g bl r gp&?%ﬁaﬁigg derdgbect am ne
(G bco, 20 BRL) were uff"z"gg’i‘ fggrfht%@g%%rqns?‘éégi#gn, oW ng t&de?

manuf act ur er' 0 r é&sahertesting:efisingls and mixed YV-reqembinant, eagcings o dbschadple pf ed.

| muni zat i ons. ViRl e 3hbviih Tatly/S ARSMrS: fdtion ShSRACVY Inghigpanzees
wth subcut ?ne_o,us_ [ anect i.ons... VWWenv. V\%egpgl ther used singly, in
44

/ or
conbi nati on. The Astjpiggtion containgd 3 combination of | angalpmy, gfven e a1y each
I nj ection (approxXhimps ¢layd 2 feceived only fone vapehnia einis amd respeQive edveibpesprataio,diven in
i njections were W ] .0f. ap ' giﬁ[ r :
(Cat # 12101, | n%?‘é@,‘ E@%‘?ﬂ%ﬁ?ﬁwﬁ%g g Q"%ﬁé&%m éf?’gé’ﬁgf“ @ ?9%036001,
Intracel) 15 a¥y @olrespective Gmainthefirst inj¢cron.stest siditionahEmhin thersedopd) injetiotie
Adsorptive Gel. | R &&ifional, unique Env in the last immunization, yielding a total of 30 distinct

vectors prior to the protein boost. All chimps received similar quantities of total vaccinia

virus in plaque forming units and similar quantities of total recombinant proteins.

TABLE 2
20 Immunization schedule for chimpanzees with mixed VV recombinants
Date Injection
Chimps 1 and 2: 1/9/96 VV (Env #1)
4/16/96 VV  (Env #1)
6/11/96 VV  (Env #1)
25 7430/96 recombinant gp120 and
recombinant gp4! + alum.
Chimps 3 and 4: 1/9/96 VV (Env #1-10)
4/16/96 VV (Env #11-20)
6/11/96 -VV (Env #21-30)
30 7/30/96 recombinant gpl20 and recombinant gp4i
+ alum.

Recombinant VVenv may be administered without lesion eruption. All four chimps were

monitored for signs of systemic disease and lesion formation at the site of infection.



Co., Purchase, N.Y.) per inoculum ELI SAs. Five ELI SAs were
performed as follows: ELISA #1 The Abbott clinical ELISA 30 was purchased

from Abbott Laboratories and performed as recomended by the . WO
97/ 27311 '

PCF/ US97/ 00669 :
manuf act ur er sw?lg.ﬁ'mg H V-1/H V-2 (rDNA) EI A, Abbott Laborat gﬁ”é’s??’%gott
Par k, |.L.). ELISA #2: ELI SAs were perforned by plating reconbi nant
Mh-gpl 60 (Quality Bi ol ogical. Inc. Gaithersburg, MD) at one
mcrogramim . Plates were bl ocked and test@ were perfornmed with
three-fold seria d||ut|o t n washed and 5 scored
with al kaline pH%‘!‘ﬂﬂ%nggé“ (ﬁd ‘{agﬂb TGN SMEHPES A | at es
were coated wit hapimeesphanomglmirgyﬂ rcsxﬁcthdﬂrhexgqnaxﬂ@m(l&d@f appetite.c Nongrof thesen .

I ntracel). Ser m.s R af. 0..dil.uti.on.and scored
with al kaline pHiE® ﬁ""t"%g‘ ﬁ”"%‘é@ﬁ‘héﬁ%& Phiiberihht 1k °gf%k“!(‘jk%'§‘é’é‘%sg

anti - human | gGl- régar imerval e Othe first mmwmon ShOW&SGIeBigt evident/ig glb fonmit es,
Inc., Birm nggam Sl -MNidedoR aﬂe&ré@ﬂhﬁer%hcngngﬁpm&ﬁnpsq dnld B%Kyﬁxgild' ngs were

taken at 405 nm ELISA #4: The A was perfornmed as in assay
except that pl at’@ﬁ%ﬂémﬁ’é‘é&“eﬁh%@HesmwﬁFéY‘@ﬁﬂWs@fm1‘I ENQfitessg

(E E?g x!# gw rT lﬁs g E{W‘m swelh?g’ atleylda.s whiid lebidGf n theseboiid, A0kd or faaa?ﬁ,?ﬁat&,m %ﬂ&%

; e / er pr s in.a ce a at es
wer e coat ed with"‘“EWi’ga ﬁh}’v(ﬂ”‘ﬂ I“E“W‘Vfﬁ‘é%’%éf‘g& ‘E
Tekni ka Co., Durham N Y) 15 Neutralization assays. Neut raI I zat | on
assays wer e per f | ntefiori
ot a5l . Dk B SAIGE Yyt oy Hnficions b 36) B2 G5poil
Journal of Iripecmnéw M’@E a‘!W'GOHW‘(@Q‘%)"}"“SI%Wﬂ‘W schesmebyes
Virus was m xed gye diffefdnt BLIBAL. ﬁﬂ[SﬂHvUﬂé'uﬁUﬂ 1O eBRE the TRV gSRID kher il Pl at ed

on MI-2 or CEMx174 cells Neutral red stain was used tQ assess the
viability of cel W‘mﬁq@B“mGﬁWMﬂWﬂ‘F’% fi} most cases, tests were with virus

fragments that lacked the three-dimensional and oligomeric structure typical of native Env.
In these cases, ELISAs would be expected to bind only a subset of HIV-specific

15 antibodies. Results obtained with the Abbott ELISA are shown in Figure 6. Chimp 3
exceeded the cut-off for positivity after the first VV immunization, while chimp 4
exceeded the cut-off after the second VVenv immunization. The responses of chimps 3
and 4 at the end of the immunization scheme far exceeded those of chimps 1 and 2. In
ELISA #2 with MN gp160, chimp 3 was the only high responder. This response occurred

20 prior to the protein boost, and was not perturbed by the booster injection. The response to
CHO-LAI bound to an ELISA (ELISA #3) plate using the same antigen as that used for
the purified protein boost, showed only chimp 3 responded strongly. In ELISA #4 with
1I1B-gp120 plate bound, Chimp 2 showed a high background and, perhaps due to the high
background, the highest response value of all animals. Responses to the fifth ELISA,

25 Organon Technika IIIB virus lysate, were positive with sera from all four animals.

Neutralization responses toward primary and laboratory isolates. Neutralization assays
were performed with sera from each animal against laboratory and primary isolates. The
first assay was performed on a T-cell line, while the latter assay was performed on scro-
negative PHA-stimulated PBMC. In all cases, the isolates did not match those

30 represented in the HIV-1 vaccines.



20 death conpared to control cultures was defined as positive deflection.
Primary |sol ates: Virus was mxed with a 1:4 dilution of each serum
sanpl e, and plated on PHA-stimul ated PBMC. Assays were scored for p24.
A reduction of infectivity of at |east 75% conpared to control -
culJtures was rwgeygBstk for a positive score. 25 Prepar at pOVOSH7/00E9 €|
Wenv reconbi nant vaccinia viruses. In order to prepare new W

reconbi nants (VVenv) , each expressing a unique H V-1 Env protein, DNA was
fisst i solated fromH V-1 sanples. Mbst DNAs were fromthe bl ood of

I ndi vi dual s who had shown no outward Signs of disease and were |ikely

o oty o agnos! & bonthilsf 183 LyBls from hime Al S0RIGn YR NBAS oM
Ref er ence Reagent Peipvdsiiessioy (3580R ’M“ﬂﬂé\‘ Vigns sEvtiliagdinspthe MO labosgtory isolate
SUbst Tt ed i o, Manelss it Wit th ihd Iebbislfiirafet QATRIS (Lol & AL Res
originally expresd¢gR %Vmﬁ%‘%- 1@8{)} ind one Sl%\ﬂ@"'@ﬂ‘dz“f’gfim P°s““’°ly with
PCT/'US97/ 006695  any sample. The results of nwtralxzauon assays [Montefiori et al., 1988, supra49

PV vs) and gpai MatieRog s, AR08, sl i ths Pt sy ool oA i 1
sequences i n PCR pBMduartsbowd/ Nﬁmsaacdms:dered difficidstbintuttaiz qothmmsdys aspaﬁemW
reconbi nant viruse W.Llrd‘g@fmﬁﬁﬁﬁ{ %qmwh 122 dilubiohsard Tbd' R dn ?¥1' d fs 2

si npl e means by V\;‘II ch Versity nv sequences c Id 5.

i ncor porat ed i nt ol0¥A7dk wa&mmmmws I(}POB% wmﬁﬁigie}al.tweﬁ

majority of g |9 Rin! £1: %Mé&%ﬂaﬁﬁ?g SHARSs 100 1 Rekalizd e SEHEENCES
in proviral genones (from products derived) were rarely

def ective. Enornol¥P r‘§’?"f"§ a6 sipation dﬂe’%#ﬁ‘ﬂé“"t%‘%&‘rﬂf othess Vith Eny he

vacci ne m xture. vaccines, as in most previous cases, sera from Env-immunized individuals have yielded
negative results in primary isolate neutralization assays (Steele, Journal of NIH research
.6:40-42 (1994); Moore, Nature 376:115 (1995)}.

15 TABLE 3

Neutralization by chimp antisera of viruses
not specifically represented in vaccine

Isolate Chimp 1 Chimp 2 Chimp 3 Chimp 4
20 | Laboratory - | Positive Positive Positive

strain MN deflection deflection deflection

Primary #1 - - ' - -

Primary #2 - l- - -

Primary #3 - - - Positive
25 | Primary #4 - - - -

Mixed VVenv elicit a higher quality of HIV-1 specific antibodies than single VVenv. The
results of ELISA and neutralization assays are summarized in Table 4 listing those chimps
whose sera yielded the higher responses in the seven tests described above. As may be
noted from the table, chimps 3 and 4 scored positively in a composite of five out of seven

30 tests, while chimps 1 and 2 scored positively in only three out of seven. This result may



| muni zati on of chi npanzees with single or

wer e used
The schedu

10
| e of

i munni zations are s

m xed WWenv.
for the testing of single and m xed VV-reconbi nant vacci nes.

Four chi npanzees

hown in Table 2. The

first three injections contained VW while the | ast injection contained

a conbi nat i ongaleyemi20, 'gp4l and alum given intranuscul arl permwsoroeéed nps 1
and 2 received only one vaccinia virus and respective envel ope protein,

given in each of the first three injections. Chinps 3 and 4 received a
m Xture of 10 reconbinant 15 W (and respective Env in the first

i njection), ten additional Env in the seco I nj ection, and 10

addi tional, uniq o 1093404 oY o PRV :gj!' ﬂ of 30

di stinct ve%ﬁ%cfgmﬁir'%?g%ﬁﬁo&?ﬁ%%lr ot g:;teﬁ%%('l;gl tE.“VEQ’% ?dnfggln?%?g‘(ved

similar quantitiwaciess. t otal vaccinia virus in plaque formng units and
simlar quantities of total reconbinant

-p;_ﬁ,%ei‘ns.
| mmuni zati on schedul e

TABLE 2 20 or chi npanzees with m xed W
reconbi nant s Summary of ELISA and nentrajiggtign assays | yj ectj on
Chinps 1 apd 2: 1/9/96 W (Env #1
4/ 16/ 96 W  (Env #1) Higher responses among Higher responses arfién} khitips
W (Env #|) 25 chimps given a single VV 7/ Bgiv@bmixed VVr econbi nant
gpl20 and | Assay r econbi nant
gp4l + alu T bRott ( FF%? U%?S% ayo— = 90 A T‘Errv—#ﬂrrrb)
a/16/96 | A0 (PP 11530) Chitnp imp4 6/ 11/ 96
W (Env #2 L0) 30 _ 230/ 96 reconbi nhnt
gpl 20 and | MNgpISOBAD ELISAS2 Chimp 3
+ al um Reconbiamt *I%Tv_m—bmmm trout—teston
erupti on. nJHB-gpdefBAGTEIA Ao ¢ ChIMP'2 honit ored for _signs of systeni c di sepse
and | esi on| { gi-gAdd-onoMLISA# siite of infection. Chimp IO 97/ 27311
PCT/ US97/ 0p669

I b Virus lysate ELISA #5 | Chimp 1 and Chimp 2 Chimp 3 and Chimp 4

Lab Isolate-neutralization Chimp 2 Chimp 3 and 4

{deflection)

Primary Isolate-neutralization Chimp 4

Discussion
Experiments described in this Example were designed to test the safety of a vaccinia virus-
based HYV-1 vaccine and to compare the efficacy of priming with envelope cocktails and
single envelope vaccines. Results demonstrated first, that vaccinia virus couid be used as
an immunogen without inducing an open lesion, and secondly, that a great breadth of
HIV-1-specific activity could be elicited with the envelope cocktail.

The chimpanzee model allowed us to examine the safety of PolyEnv in primates. We were
particularly interested to determine the extent of open lesion formation, as VV inoculations
could pose a threat of live virus transfer to unimmunized individuals. In the case of HIV,
this is a serious concern in that an AIDS patient may not be capable of blocking the VV
infection. To address this concern, we tested the use of subcutaneous vaccinations in

10

chimpanzees, questioning whether an open lesion could be avoided. Indeed, only two of
the four chimpanzees demonstrated open lesions. Similar results were observed when

subcutaneous inoculations of the NYCDH vaccinia virus stock were used in clinical trials



50 Ani mal s were anal yzed on a daily basis for diarrhea, rhinorrhea,

coughi ng, sneezing, rapid respiration, |lethargy, restricted novenent
and | oss of appetite. None of these signs were evident in any ani nmal
at any time. Photographs taken of the injection sites at regul ar

interval s aft @odda@sshi rst VV i muni zati on showed swel | i ng evPciEuso7ooss%l | -
four 5 animals: MId | esions appeared at the injection sites on chinps 1

and 3 typifying a smal | pox vaccination, while no | esions were evident
on chinps 2 and 4. No di sease synptong swelling or |esions were
evident in the second, third or fourth inj ttions in any ani mal ,

demonst rat i ng t gk RS Wickie [CHRRR bt ., DndP GERfeRHolideBids 138: 16R187sf 1 T St

i nocu| ati on. I njections of Wenv followe b¥| 3%r ot ei n_booster

i mruni zat i ons yi §9EB Bmensapet ghelouinglof {nfections diseras 13%4133:-14H 687 P-c anti bodi es
were nonitored during the imunization scheme by five different

"ELI SAs. ELI SAs re._used to sure the reJ ative qual.t t her than
‘absol ute quanti }A@%Pke@ﬁgﬂts’&aﬁ@"w agenppn t&ﬁ%‘ﬁfﬁ’f"f"%ﬂ’%ﬁ’f%@@?’“&?& wer e
W th virus the ajeveion siref dpas lebionslnagl be Iv@ided incal-cdiesre Tiesconesults dencbnsdategaaner | C
structure typigcal .of. ' . . - be
expected to bisﬁdsa(g {i"alg;éeu ge[ﬂy%lf'dﬁflwg%g%%a‘?ﬁgvﬁ@%?g‘}#ﬁg%ﬁg. egul ts
obtained with the Abbott ELISA are shown in Figure 6. Chinp 3 exceeded

the cut-off for padp WckiiisHabeBeed fdfiedih En%ﬁse\ih&ahﬂi@!é%ﬁ?:kﬂbﬁrexfﬁmd& 16t NP 4

exceeded the cut-off a:f ter the second VWWenv 1 mmunj zatign. The responses of
chi mps 3 an fouse sxperipents, apti-HiV artibodies Ware; monjoreshaler i SRgle nigption of XN enyy
t hose of chinps Iwhiddid rabbitd, 'VVenv werkEbde®fd Boadst \téspdinsdytiied #Rh DNAbaged.3 was t he

and was ot por t dptctreRs SeaS R HRYY Sk Smtcs RSt alfed ot Ui "oost

CHO LAl bound1@ o VenvElaidSthat priBryi®ates couldbe reitraljzed ibg theantibodyteipgass. o t hat

used for t ri éuﬁgt I ' i : onded
strongly. In ELI d\}\‘/lif il °%EWYEQQS@’6§'8%@§“%3&Q8W %‘“%e‘g’ owed a
hi gh background &Fups- pihiefisss sweiehimns geceivest aalye VVenv whils chimpo3iand 4 esrivehhi ghest
response val ue Ofcockialls cbitipbdRa of a CABHMAR GifferemtVVRd.i Tt h ELI SA, 25 Organon
Technika 111 B virus |lysate, were positive with sera fromall four animals.
Neutralization responses toward prinmary and | aboratory isol ates.
Neutral i zat i obS aiaylsaving receivedomeinipevidug immpoiizations) all doua cliimpswere gilena a bonater
agai nst | aborator, Il | At es. LT was
va%Q‘FiIQ ﬁk{%{%ﬁ pz\'&%lﬁg&fmam{? The sera ﬁ%}n e§c¥hofl1 Foar

performed on a T-cell _ e latter assay was pertrormed on sero-
negative PHA-sti ehimpangess Perg(tzsted in Eye|differpglBLIS Aty gach stilizingeacdiffiirent fragmenteandh
those 30 represepbafigiriiondEEAY. intkreM@EI5] ¢hBips 1 and 2 as a composite responded strongly

in only one of these ELISAs, whereas the sera from chimps 3 and 4 as a composite

20 responded strongly in 4 such assays. As each assay measured only a fraction of the HIV-
1 specific antibody in each animal, resuits likely reflected the superior breadth of antibody
binding activities elicited by the mixed vaccine.

Neutralization assays were also performed both against laboratory and primary isolates.
Interestingly, a positive response against a primary isolate was noted in chimp 4, even

25 though the primary isolate had not been specifically represented in the vaccine mix.
Again, these results demonstrated a greater breadth of antibodies elicited by the PolyEnv
vaccine cocktail. Increase in the antigen complexity of a vaccine might be expected to
Iead to an increased diversity of lymphocyte and respective antibody responses.

The demonstration that neutralizing antibodies can be elicited against a primary isolate that
30 is not represented in the vaccine demonstrates that linearly distinct proteins share
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As denonstrated in Table 3, sanples fromchinp 2, chinp 3 and chinp 4

yi el ded a positive deflection (35 40% inhibition in virus grow h)

agai nst the gratory | sol ate in T cells. Assays Vdhydosboees her

| aboratory V|ruses Cone I11B [Lockey et al., Aids Res Hum Ret r ovi r ues
12:1297-1299 (1996)] and one SF2 stock) did not score positively with 5
any sanple. The results of neutralization assays [Montefiori et al., 1988,
supr a; Montefiori et al., 1996, supra} with four primary isolates

tested on PHA-sti nul at .considered difficult
to neutralize i ﬁ°’¥f?¥@§'@“§s‘§§‘§9§"s i&ﬁc B%f’t°f‘ésr1°?s°wnm°m§aée:a}y6€t'glﬂ' BPE=ReYat i ve
results, even wEV-1inféctai patignisOris tharaay tveociodifidiualsywho ate eaposed m\hmnad of

10: S97- S106 (1996 3 4“1’8?' fiori et
al ., 1996, 10 g?é“?%t‘]w&w}'egﬂgg Wf"ﬁﬁ fﬁ:i'n[sggn 0 Chl rrp serum was
abl e to neutr al icxposuseieccus. Thsaise ofPolyEesneprpsenmﬁgst puswptin @ shimpanzeesysiamtd on
differed fronatbrﬁmﬁmmﬁiaﬁﬁﬁnﬁhmaﬂ Snilid, Reufrlitsing antiboi8CAé BRfed Wit d N MDSt

previ ous cases, sera from Env-imuni zed i ndi vi dual’s have vyi el ded
negative resul t darse a5y qfprathes tha aainglen Wt PRIE7 ot | on assays [ Steel e. Jour nal

of NIH research 6:40-42 (1994); Moore, Nature 376:115 (1995)]. 15
TABLE 3 ll',\lgut j zati.on §¥ N |sera of
Vi ruses | In summary, we have tested an VV- ”ﬁ‘{ﬁ{‘}gﬁgﬂlﬁ% cailjegg’lpgvgg na, i,
vacci ne chmimeeemodel This Brimplephat demonstratlli np 2 Chinp 3

Chimp 4 20 Lab &n Qafoh] Ve
Positive st ral?{n n7¥ could beusedas”acmewcfhé:‘“?ect&% cfkﬁ ec?t | on

defl ection 10 Pr i ma# great breadth of HIV:-1 specific antibody activities could be elicited with

- Primary #2 this vaccine; and - - -
E; : g:; ﬁi : 3) a cocktail o:fEnv constructs (Poly:Env) yielded asuper%?'_%luéhjtyvgf I-ﬁé—

specific antibodies as compared to a single Env construct.

Vaccinia virus has long been known to be a potent vaccine, both in wildtype form and

15 recombinant form. The strength of VV lies in its power to recruit both the B- and
cytotoxic T-lymphocyte compartments of the immune response. VV has comprised the
only vaccine capable of eradicating a disease (smallpox) from the human population. The
data in this Example indicate that recombinant VV vectors will contribute to the future
control of HIV-1.

20 EXAMPLE 4: Preparation of a Bi-Functiopal Plasmid
DNA vaccines have been shown to elicit strong antibody and CTL responses in several,
distinct systems (influenza, HIV-1, etc.). DNA- based influenza and HIV-1 vaccines are
already in clinical trials with healthy adult volunteers. Vaccinia virus also serves as a
strong base for vaccination programs. In fact, vaccinia virus has been the only vaccine

25 able to eradicate a disease (small pox) from the human population. Numerous
recombinant vaccinia viruses have elicited protective immune responses as demonstrated in
animal studies. The data shown above demonstrate the effectiveness of a polyenv vaccine,

and of combining vaccination strategies, e.g., DNA vaccines and viral vaccines.

A bi-functional plasmid that can act both as a DNA vaccine and a VV recombinant vector
30 is constructed. Figure 7 shows a map of this plasmid, which includes a CMV promoter



M xed Wenv elicit a higher quality of H V-1 specific antibodies than

single Wenv. The results of ELISA and neutralization assays are
sumari zed in Table 4 listing those chinps whose sera yielded the
hi gher responses in the seven tests descri bed above. As may be not ed

fromthe tabl ewodbkerps 3 and 4 scored positively in a conposipCEUSH7/HOEEse Out
of seven 30 tests, while chinps 1 and 2 scored positively in only three

out of seven. This result may WO 97/ 27311
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reflect a higher quallty of anti bodies eli 1t ed by Poly Env as conpared to
single Env &GfeksitASn mammalian cells, and vaccinia early and late promoterd f3lpFepstation

Sumar.y of ELI SA nd neutral i zation _assays
Hi gher responses %rﬁfﬂﬂ inant Vac“ﬂ?g%"r"‘?&@ﬁ&ﬁ%‘é%f PRI plasmid PNA would be used to

chinps given a sidigk inmive respmmdShmtﬂlmvanoﬂﬁlSﬁ)m stljest tThe plakrfid 90dil)
;\/Ililélplsé\o BAC ELI SA a#szbe used to prepare and test live, recombinant vgc‘%lnm vnmscés Ct-ij-lltajemv meﬁxp 3

1] B—gpl 20- BACSELimBywiga8ion vehfghesnp 2 LAl - gpl 20- CHO ELI SA #4

Chinp 3 1l b Virus lysate ELI SA #5 Chinp 1 and Chinp 2 Chinp 3
and Chinp 4 Lab Isolate-neutralization Chinp 2

Chinp 3 and 4 (deubisets cayldypotentially be vaccinated with 2 multi-tiered regimen, comprised both of

DNA vaccination(s) and recombinant vaccinia virus immunization(s), given in any order,
in single or multiple injections and/or in conjunction with additional vaccine vehicles.

The present invention is not to be limited in scope by the specific embodiments described
10  herein. Indeed, various modifications of the invention in addition to those described

herein will become apparent to those skilled in the art from the foregoing description and

the accompanying figures. Such modifications are intended to fall within the scope of the

appended claims. It is further to be understood that all base sizes or amino acid sizes, and

all molecular weight or molecular mass values, given for nucleic acids or polypeptides are
15 approximate, and are provided for description.

Various publications are cited herein, the disclosures of which are incorporated by
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Primary |sol ate-neutralization Chimp 4

Di scussi on Experinents described in this Exanple were designed to
test the safety of a vaccinia virus- based H V-1 vaccine and to
conpare the efficacy of primng with envel ope cocktails and single
envel ope vacGygesmpfilesults denonstrated first, that vaccini gcyipketmess@ul d be
used as 5 an 1 munogen w t hout inducing an open | esion, and secondly,
that a great breadth of H V- 1-specific activity coul d be elicited
wi th the envel ope cocktail. The chi npanzee nodel allowed us to
exam ne the safety of Pol yEnv I n primat es 55We were part icularly

~interested to deter nt 0 eS| . a
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uni mmuni zed | ndI& ’ merélca 8%us
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(B) TYPE: nucleic acid
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{2) INFORMATION FOR SEQ ID NO:4:
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SEQUENCE LI ST N& ( 1) ERRERARIRFORRITERoas: ¢ 1 200 ‘f’%ﬂ’f‘f‘&iﬁﬁ“z"m@{"‘.‘“ Jude

Chi dren' s ReSeawitized;leshicomgrising an env variant (EV) nucleotide encoding a different envelope

3  protein variant of a human immunodeficiency virus (HIV) envelope protein, wherein
a) the EV nucleotide encodes both variable and constant regions of the
envelope protein variant; and
b) the polyenv vaccine is capable of eliciting at least one of a cellular and a
humoral immune response in a mammal against an HIV strain.

S - WV B
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2. The polyenv vaccine according to claim 1 comprising from about 10 to about 100
2 recombinant viruses comprising different env variants of HIV.

1 3. The polyenv vaccine according to claim 1 wherein the recombinant viruses are
2 selected from the group consisting of vaccinia, canary pox virus, adenovirus, and adeno-
3 associated virus (AAV).

4. The polyenv vaccine according to claim 1, wherein the envelope protein variant
comprises gp120 and a portion of gp41 sufficient to permit oligomerization of env
3 proteins.

1 5. The polyenv vaccine according to claim 4, wherein the EV nucleotide comprises a
2 Kpnl-Bsml restriction fragment of an HIV envelope protein encoding nucleotide.

1 6. The polyenv vaccine according to claim 1, wherein the EV nucleotide is isolated
from patients infected with an HIV virus from a geographically restricted area or from
3 patients infected with an HIV virus from different clades.

7. The polyenv vaccine according to claim 9, wherein the vaccine comprises

2 envelope protein variants expressed by the recombinant virus.

8. The polyenv vaccine according to claim 1, wherein the polyenv vaccine further
comprises at least one of a pharmaceutically acceptable carrier, an adjuvant and an

antiviral chemotherapeutic compound.
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TELEPHONE: 2017487-5800 the envelope protein variant; and

8 iif) the polyenv vaccine is capable of eliciting at least one of a cellular

9 and a humoral immune response in a mammal against an HIV strain.

1 10 A method according to claim 9, wherein from about 10 to about 100 recombinant
2 viruses comprising different env variants of HIV are combined.

1 11.  The method according to ciaim 9, wherein the recombinant viruses are selected
from the group consisting of vaccinia, canary pox virus, adenovirus, and adeno-associated
3  virus (AAV).

12, A method according to claim 9, wherein the envelope protein variant comprises
2 gpl20 and a portion of gp41 sufficient to permit oligomerization of env proteins.

13. A method according to claim 12, wherein the EV nucleotide comprises a Kpnl-
2 Bsml restriction fragment of an HIV envelope protein encoding nucleotide.

14. A method according to claim 9, wherein the EV nucleotide is isolated from
patients infected with an HIV virus from a geographically restricted area, or from patients
infected with an HIV virus from different clades.

15. The method according to claim 9, wherein the vaccine comprises envelope protein
2 variants expressed by the recombinant virus.

1 16. A method according to claim 9, wherein the combining step further comprises

adding at least one pharmaceutically acceptable carrier, adjuvant and an antiviral
3 chemotherapeutic compound.
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(B) TELEFAX. 201-343- 1684 ~(2) 1 NFORMATI ON FOR SEQ I D NO 1: (i)

SEQJEN m"m "(]m (A) LENGTH. 27 base pairs

TYPE: (C) STRAN SS._single . (D)
TOPO_OGY | near * (1i) MOLECULE TS SHUWK HAS BEENi|) SEQUENCE

DESCRI PTI ON: wikRiNO. 11~ AGCAGAAGAG AGTGREPATCEIAGAGTEA  perusommossy -
27 (2) 1 NFO?I\/ATI O\I FO? SEQ I D NO 2: E CHARACTERI STI CS:
(A) LENGTH 30 base pairs WO 97/ 27311

PCT/ US97/ 00669 60

TYPE: nucleic acid (C) STRANDEDMESS: single (D

ToPALOGY: T ngan, 'I‘hé ol))enmggéu Iﬁﬁa.x;[e\é bg n?eRNAaccordmg to claim 9.

18. A method for eliciting a humoral or cellular immune response, or both, to a
human immunodeficiency virus (HIV) in a mammal, comprising administering to the
mammal an effective amount of a polyenv vaccine according to any one of claims 1 to 8.

4 19. The method according to claim 18, wherein the recombinant virus is vaccinia
virus, comprising administering the polyenv vaccine subcutaneously.

20. The method according to claim 18, further comprising administering to the
mammal an effective amount of another polyenv vaccine according to any one of claims 1
to 8, wherein the recombinant viruses of the other polyenv vaccine are of a different

species from the recombinant viruses of the vaccine of claim 18.

LW N

21.  The method according to claim 18, further comprising priming or boosting a
humoral or cellular immune response, or both, by (i) administering an effective amount of
at least one recombinant HIV env protein, or (ii) an effective amount of at least one DNA
vector that codes on expression for a recombinant HIV env protein, (jii) or both, wherein
the DNA vector may be administered before, after, or concurrently with the recombinant .
HIV env protein.

N W D W N e

22.  The method according to claim 21, wherein the recombinant HIV env protein is in
an admixture with an adjuvant or is administered intramuscularly or both; or wherein the
3 DNA vector is administered with a gene gun,

23.  The bi-functional plasmid of claim 24 wherein the animal expression control
sequence is a cytomegalovirus immediate early (CMV) promoter, and the virus expression

control sequence is a vaccinia virus early promoter, a vaccinia virus late promoter, or
both.

W N e

—

24. The bi-functional plasmid of claim 24 comprising a heterologous gene, wherein
2 the heterologous gene is an env variant (EV) nucleotide encoding both variable and

constant regions of an envelope protein variant of an HIV envelope protein.
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(xi) SEQUENCE DESCRI PTION: SEQ ID NO 2: CCACTCCATC CAGGICATGT TATTCCAAAT
D 3:

30 (2) I NFORMATION FOR SEQ I D NO (i) SEQUENCE CHARACTERI STI Cs:
(A) LENGTH 32 base pairs : (B) TYPE: nucleic acid (O
STRANDEDNESS: gj (D TOPOLOGY: |inear (i)
TYPE: cDNA §‘J"E!g'%z;?’”éEQUENCE DESCRI PTION' SEQ ID NO. 3:  GT '@gf%&é’
GTCTATTATG GGGTACCTGT GT . 32 (2)
| NFORMATI ON FOR SEQ | D NO 4: (i) SEQUERCE CHARACTERI STI CS:
(A) LENGTH 34 base pairs (B) TYPE: nucleic acid (O
STRANDEDNESS: si ngl e TEPOLOGY: | i near (i) MOLECULE
TYPE: cDNA (xi) SEQUENCE DESERI i@y ON: SEQ I D NGO 4: CCAGAGATTT
ATTACTCCAA CTAGCATTCC AAGG = 34 (2)
| NFORVATI ON FOR SEQ | D NO 5: (i SEQJENCECCHARACT ERI STI CS:
(A) LENGTH 28 base pairs X7 ) TYPEL ngcleic acid (O
STRANDEDNESS: si ngl e EgTT OLOGY™I r-ugeaa) (ii) MOLECULE
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(xi) SEQUENCE DESCRI PTION: SEQ I D NO'5: CCATGTGTAA AATTAACCCC ACTCTGIG

28 (2) | NFORVATION FOR SEQ I D NO 6: (i) SEQUENCE CHARACTERI STI Cs:
(A) LENGTH 26 base pairs : (B) TYPE: nucleic acid (O
STRANDEDNESS:  §¢ ,f,m (D) TOPOLOGY: Ii near (W
TYPE: cDNA XI) SEQUENCE DESCRI PTION. SEQ ID NO 6: TA -
GGGTCCCCTC CTGAGG 26
WD 97/ 27311 PCT/ US97/ 00669
6T (2) I NFORMATION FOR SEQ I D NO 7: 2{? SEQJENCE CHARACTERI STI CS:
(A) LENGTH: 880 am no acids YPE: am no acid (O
STRANDEDNESS: bot h (D) TCPO_OGY bot h
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2 yjuow g N
%)
§ 80
Uikow 4 E
P
—
C'D
]
= Yiuow |
;J; =
e S

SUBSTITUTE SHEET (RULE 26)



(ii) MOLECULE TYPE: protein (xi) SEQUENCE DESCRI PTION: SEQ I D NO 7:

Lys Qu
5

Gy Trp
30

35

Gu Aa
60

65

Al a Cys
85 - .
Met Trp
105

Ser Leu
125

130
Asn Asn
155

Ser Phe
175

180
Asp Lys
200

A n Lys Thr VaI Ala Met Arg Val Lys Qu Ser G n Mt Lys 1
15 Lys Gn Hs Leu Trp Arg Trp
Arg Tr Thr Met Leu Leu 20 25
Ay Leﬁv%'{\’/zmle Cys Ser Ala Thr Au Lys Leu Trp Val TﬁFT(VasI”ij‘/‘rg :
: 45 Tyr Ay Val Pro Val Trp Lys
Thr Thr Thr Leu Phe Cys Al a 55
Ser Asp Ala Lys Ala Tyr Asp Thr G&/%I H's Asn Val Trp Ala Thr
70 _ 75 80 H s
Val Pro Thr Asp Pro Asn Pro G n Qu Val Val Leu Val
90 95 Asn Val Thr du Asn Phe Asn
Lys Asn Asp Met Val GQu d@n 100
110 Mt Hs GQu Asp Ile lle Ser Leu Trp Asp A n
Lys Pro Cys 115 120
Val Lys Leu Thr Pro Leu Cys Val Ser Leu Lys Cys Thr Asp Leu Lys
135 140 Asn Asp Thr Asn Thr Ser
Val Thr Ser Ser Ser Trp Ay Arg 145 150
160 ~Asn Ile Mt Qu u @y Qu Ile Ly Asn Cys
Asn |le Ser 165 170
Thr Ser Ile Arg Gy Lys Val G n Lys Gu Tyr Ala Phe Phe Tyr Lys
185 190 Leu Asp Ile Ike Pro lle
Ay gn Asp Ser Asn Asp Thr Thr 195
205 '
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Ser 'Tyr Lys Phe Thr Leu Thr Ser Cys Asn Thr Ser Val Ile Thr Gn

210 215 220 Ala Cys Pro Lys Val Ser
Phe GQu Pro lle Prolle Hs Tyr Cys Ala 225 . 230

235 240 Pro Ala Ay Phe Ala |l e Leu Lyer/igsndssd Asn
Lys Thr Phe A¥P 311 245 250

255 Thr Ay Pro Cys Thr Asn Val Ser Thr Val An Cys Thr Hs Ay lle
260 265 270 Arg Pro Val Val Ser Thr
Adn Leu Le Leu Asn Ay Ser Leu Ala Gu 275

280 285 Wo 97/ & 414

PCT/ US97/ 00669 62 Au du Val
Val Ile Arg Ser Ala Asn Phe Thr Asp Asn Ala Lys Thr 290

295 300 Ile lle Val G n Leu Asn An Ser Val Gn lle
Asn -Cys Thr Arg Pro 305 310 315

320 Asn Asn Asn Thr Arg Lys Ser Ile Arg Ile @n Arg Ay Phe Ay Arg
325 330 335 Ala Phe Val Thr Ile Ay Lys

Ile Leu Ay Asn Met Arg G n Ala H s
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565 570 575 Asn Asn Leu Leu Arg Al a

Ile Qu Ala G@n An H's Leu Leu @n Leu 580
585 590 Thr Val Trp Gy lle Lys G n Leu Gn Ala Arg
Ile Leu Ala Val_ (4 595 600 00669 002
Arg Tyr Leu Lyév%%’ﬁln Adn Leu Leu Ay lle Trp Ay Cys Ser Grfl:'rmsw ? 610
615 . 620 Lys Leu Ile Cys Thr Thr Ala Val Pro Trp Asn
Ala Ser Trp Ser Asn 625 630 635
640 WD 97/ 27311 6/7
PCT/ US97/ 00669 _ . 63 Lys Ser Leu
GQu dnlle Trp Asn Asn Met Thr Trp Met Qu Trp Asp 645
650 . 655 Arg Gu Ile Asn Asn Tyr Thr Ser Leu Ile H's Ser
Leu Ile Gu GQu 660 . ' 665 670
Ser An Asn An Adn GQu Lys Asn Qu G n Qu Leu Leu Qu Leu Asp
675 680 685 Lys Trp Ala Ser Leu Trp Asn
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CLAFMS: © 1. A polyenv vaccine conprising at |east 4 to about 10,000

di f f erent—reconbi nant virusesy &ach ‘conpri'si W
acid e ' |“ m t envelope protein vari, = A CEMEN P HEET SG

immnoagi mﬂ@ \“\ ﬂ H V) envel ope proteim, = PHomy) pagefl he. \Paggdl-Si ¢
00es

eFd
acrd e gs botM vari‘abl e and constant regi

n¥ ‘oritld eriaged Yl to paged 68
protein variant; and b) t he polyenv vaccin @fs"‘_f’i?@’é@ﬁﬁ)el rfigeel.l.obt paggd at.
| east one of a cellular and a hunoral 64 | nlumesttask porpageil n- aonpagedl .

against an HV strain. 2. The pol yenv vaccine of Claim1l, conprising
from 10 t o GoAMSconbi nant viruses conpr DT O¥ REemert  Bna-vAqi ant §
of HIV. 3. The pol yenv vacci ne of Cai mTor-carmm2; rerern—t-fe
reconbi nant viruses are vacci nia, canary pox virus, adenovirus, or

adeno- assocl-at edA pplyery Yagaire compiising at ieast 4iel abont 10.00Q differept regambinast of
Cains 1 taqy %/\kg%i ; | ic acidVéHchaink CHfidL} 20
and a port ?S‘ﬁ‘s%' g ﬁlcag{gp ﬁp@{%\é%ﬁ&%nﬂggﬁ.@? H%cfl?lcgr?gr%{zogt&ﬂgr? ) hls%?’eggé
proteins  @otein varigat ofa human immnadericiency virua(HIV) gnvelepeprotein, mhergie | ei ¢
acid conpri.ges = ic acidRHEh kil ; v
sequence en??odi ?\tgégﬁ_vrr ﬂ]“{'/e'gr?\?'& opedéseﬁétﬁ v%b%?giaha%ﬂ%?ﬁt '%"?ﬁsé%gglieyenvgse
vacci ne of any opfeteivageat@dl to 5, wherein the EV nucleic acid is

i sol ated frgm pag.i | P &ste ' A\ é"f?ﬁ% [
restricted % aﬁ’%?’@?’&"(%roﬁ%ﬁ%% gﬁ?dﬂuﬁ&\%{?ﬁ %’f]é)gn Ig 8??‘35 hfcaﬁlgrrr%i

di f f erent cl adesimmung responsaén aMammel against areHB/ steal). one of daims 1 to 6,
wherei n the pol yenv vacci ne conpri ses envel ope protein variants

expressed bﬁ/ t he_reconbi nant_virus. )
. The polyenv vaccine of Claim 1, comprising from 10 to 100 recombinant viruses

comprising different env variants of HIV.

3. The polyenv vaccine of Claim 1 or Claim 2, wherein the recombinant viruses are
vaccinia, canary pox virus, adenovirus, or adeno-associated virus (AAV).

4. The polyenv vaccine of any one of Claims 1 to 3, wherein the envelope protein
variant comprises gp120 and a portion of gp41 sufficient to permit oligomerization
of env proteins

5. The polyenv 'vaccine of Claim 4, wherein the EV nucleic acid comprises a Kpnl-
Bsml restriction fragment of a nucleotide sequence encoding an HIV envelope
protein.

6. The polyenv vaccine of any one of Claims 1 to 5, wherein the EV nucleic acid is
isolated from patients infected with an HIV virus from a geographically restricted
area or from patients infected with an HIV virus from different clades.

7. The polyenv vaccine of any one of Claims 1 to 6, wherein the polyenv vaccine
comprises envelope protein variants expressed by the recombinant virus.
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65* 8. The pol yenv vaccine of any one of Clains 1 to 7, wherein the
pol yenv—vaccine further conprises at |east one of a pharmaceutically
accept a adj uvant, or. an antiviral chenotherapeutic
compoun Iillg%[ "lﬁlil !l“!!l yenv vaccine of any one of Clains 1 to 8, for use
in elici cellul ar i'mmune response or both, to a
human i mmunodefi ci ency vi rus. 10. A conposition for subcutaneous

admi ni stration conprising the pol yedfs vacci ne of Claim 8, wherein

t he reconbinant virus is a vaccinia virus. 11. A pol yenv vacci ne

conprising at least 4 different DNA vectors, each conprising . an env
variant (EV) nucleic acid encoding a different envel ope protein variant of

a I
a) the EV nucTﬁengE&gm d %ﬁ@%ﬁsﬂoﬁ é@%ﬁ%ﬁeg\{grﬁ%gﬁﬁgﬁ Hmlégl ons o? t he
envel ope pr ot eifarthen comprisesndt least onebyf a pmampgeqt@awy \aggentamem@rr@gp@m e of

eliciting at |le hunor al i nmune
response in a n%ﬁrérﬁ“ﬂ%rgaﬁg “(;"% Eﬁ@th@%ﬁeﬁtqupfund The pol yenv vacci ne of
Claim 11, wherein the envel ope protein variant conprises gpl20 and a

portion of gp4| Tﬁ&é&g@v‘é{&uﬁxg fggﬁ%é‘? g‘* %Q?ﬂ?ﬁ g/ﬁt fof Psé’ n é]i?:}ﬁga lghdtator 13-

The polye vaccin erc acid-conprises a
Kpnl - Bsesliulae inomiine fesporisexerrheth, toa rumauammpd@f icieagYI¥ildse encodi ng an
H V envel ope pr ot ei n. 14. The pol yenv vacci ne of any one of

Clains 11 to 13, wherein the EV nucleic acid
10. A composition for subcutaneous administration comprising the polyenv vaccine of

Claim 8, wherein the recombinant virus is a vaccinia virus.

11. A polyenv vaccine comprising at least 4 different DNA vectors, each comprising
an env variant (EV) nucleic acid encoding a different envelope protein variant of a
human immunodeficiency virus (HIV) envelope protein, wherein
a) the EV nucleic acid encodes both variable and constant regions of the

envelope protein variant; and
b) the polyenv vaccine is capable of eliciting at least one of a cellular and a
humoral immune response in a mammal against an HIV strain.

12. The polyenv vaccine of Claim 11, wherein the envelope protein variant comprises
gp120 and a portion of gp41 sufficient to permit oligomerization of env proteins.

13. The polyenv vaccine of Claim 12, wherein the EV nucleic acid comprises a Kpnl-
Bsml restriction fragment of a nucleotide sequence encoding an HIV envelope
protein.

14.  The polyenv vaccine of any one of Claims 11 to 13, wherein the EV nucleic acid
is isolated from patients infected with an HIV virus from a geographically
restricted area or from patients infected with an HIV virus from different clades.

66
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is -‘is—mm infected with an H'V virus froma geographically

restrl 'm" patients infected with an H'V virus fromdifferent
cI ades lmmmm m 66

pol yenV¥ vacci ne of any one of Clains 11 to 14, wherein the
ponenv vacci ne conpri ses envel ope protein variants encoded by the
DNA vectors. 16. The pol yenv vaccine of any one of Clains 11 to 15,
wherein the pol yenv vaccine f@f t her conprises at |east one of a
phar maceutical |y acceptable carrier, an adj uvant, or an antiviral
chenot her apeuti ¢ conpound. 17. The pol yenv vacci ne of any one of C ains

11 to 16, f&h. usEhe polgénvcvaccing ofiahyione af Claims 11 ti4,oméreindhe polyenvevaceisponse

or both, to a hu dggg&gg&gﬁé SHOWYaréhst&cogec?'gygle oNASLAed. for making a

pol yenv vacci ne as I'n any o conpri si ng
conbining in adm xture at |east 4 to about 10,000 different

recombi nant 4qi r“ﬂ‘?ép&lg erRAaRE %%fk{ BR XP&Pé "?‘F'td“i’s \f?r?&?enﬂﬁﬁé g@?ér{vyv ﬂé”g
one' p or an

at | east ar maceu Ically accep Ie carril uvan
antiviral fughemoomprisgse at |leaSt@npoefna phamoeuﬂcallmmme)rcanmu Ay a

polyenv vaccine agudlfh'dteH anfivifdl ¥ndthothr3patic'cbnigbuné.

17.  The polyenv vaccine of any one of Claims 11 to 16, for use in eliciting a humoral
or cellular immune response or both, to a human immunodeficiency virus.

18. A method for making a polyenv vaccine as defined in any of Claims 1 to 8
comprising combining in admixture at least 4 to about 10,000 different
recombinant viruses to obtain said polyenv vaccine, and optionally adding at least
one pharmaceutically acceptable carrier, an adjuvant, or an antiviral
chemotherapeutic compound.

19. A method for making a polyenv vaccine as defined in any of Claims 11 to 16
comprising combining in admixture at least 4 different DNA vectors to obtain said
polyenv vaccine, and optionally adding at least one pharmaceutically acceptable
carrier, an adjuvant, or an antiviral chemotherapeutic compound.

20. A kit for administering to a mammal comprising a first polyenv vaccine of any of
Claims 1 to 8 and another polyenv vaccine according to any one of Claims 1 to 8,
wherein the recombinant viruses of the other polyenv vaccine are of a different
species from the recombinant viruses of the first polyenv vaccine.

21. A Kkit for administering to a mammal comprising a first polyenv vaccine of any of
Claims 11 to 16 and another polyenv vaccine according to any one of Claims 11

to 16, wherein the DNA vectors of the other polyenv vaccine are of a different
species from the DNA vectors of the first polyenv vaccine.

This is the replacement sheet

Date: 24 UL 1990



compri si ng conbeture at least 4 different DNA vectors to

obt ain sa ful nv VaCCI ne, and optionally adding at |east one
phar maceu "H”,” carrier, an adjuvant, or an antiviral
chenot her apeuti ct C : A kit for adm nistering to a mamal
canprising a first pol yenv VaCCI ne of any of Clains 1 to 8 and

anot her pol yenv vacci ne according to any one of Clains 1 to 8,

wherein the reconbi nant “viruses of the der pol yenv vaccine are of a

drf f erent speci es fromthe reconbinant viruses of the first pol yenv
vacci ne. 21. A kit for admi nistering to a manmal conprising a first
pol yenv va&2i neé it forpgoduring, priming,@rdiopstingia hemaml aneelidiabtrayngisspense or

vacci ne accordlﬂobtq,h "%H‘}‘f'"@% léﬂv%%n&&f?nyofc?l?hﬁ%vﬁ(ﬂ grein the DNA

vectors of the 2bcIne are species from
t he DNA vect or dapf ta’idea'st ore resompinant Kbtenvotein; or

67 22. A Kitg, gor ch %ﬁﬁ%@?woﬂﬁt‘ &‘d?@easf’ﬁngm ﬂhﬁ%&@on% PF&E’OH' ar

i mrune response conprisin yenv vaccine of any of
Clains 1 to 8; and fora recc(r@)nantutver@aerpteumrr ecorrbl nant HV env protein;

or (D) (N Sdrst I'e¥§ m&mﬁﬁaﬁtm\ﬂ&ﬁﬂ [orGH8fh it Bfid e ta%hnf:&des

on expression reconbi nant env proteln;

(c) both at |east ajfeast eoérﬁﬁmmﬁtoﬂ-mvt msmmrwsmmfoaﬁ f@W@’é’ﬂ?Nﬁé‘"XﬁDunt
of at érﬁ,ap?&eg.‘ne DNA vector that codes on expression for a
reconbi nant HV env protein; wherein the pol yenv
vaccine of any Wierginghepolyeny vaccine,ef amy: efBiairmst! 1 &/ therecombinant SI¥tanvn.

and/or the DNA gfefrp S%Bfg?tth& PHASyRRor K &?ﬁ%% é)%i'eéldn%f)ﬂt}b%méﬂt\ﬂlv

env protein nma stered 1 n any order. kit for producing,
primng, or boc¥winfoteln maybe afmisisterediinaay ofdfrune response or -

23.  Akit for producing, priming, or boosting a humoral or cellular immune response or

both, comprising the polyenv vaccine of any of Claims 11 to 16; and

(a) at least one recombinant HIV env protein; or

(b) an effective amount of at least one recombinant virus that codes on
expression for a recombinant HIV env protein ; or

(c) both at least one recombinant HIV env protein and an effective amount of
at least one recombinant virus that codes on expressidn for a recombinant
HIV env protein;

wherein the polyenv vaccine of any of Claims 11 to 16, the recombinant HIV env

protein, and/or the recombinant virhs that codes on expression for a recombinant

HIV env protein may be administered in any order.

24.  The kit of any one of Claims 21 to 23, wherein the DNA vector is adapted for
administration by a gene gun.

25.  The kit of Claim 22 or Claim 23, wherein the recombinant HIV env protein is in an
admixture with an adjuvant or is adapted for intramuscular administration or both.
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both, corrprg env vaccine of any of Clainms 11 to 16; and
(a) at Wmmﬁ ﬂwrt -HI'V env protein; or (b) an
effective andunt o one reconbi nant virus that codes on
expression for a reconbi nant HIV env protein ; or (c) bot h at

| east one reconbinant H V env protein and an effective anmount of

at | east one reconbinant virus that codes on expression for a reconbinant
H V env protein; wherein the %bl yenv vaccine of any of Jainms 11 to
16, the recggbi ”R'H—fdﬂb%r%'i‘iﬂasmld that c%rncge?\}enas @Wﬁpﬁa&:ﬁ\@ én@cé)@ébr'ﬂﬁﬂhntv\hlrugs
that codes on expression for a reconbi nant env protein na

admi ni stered i n Yaejoromprising 2 heterolagays |ipgertign atwum ceptrel) ofjheth an Q"t!“iﬂ3
wherein the DNA i a gene gun.
25 “the kit of S mopsorteRiithcdnd p viral exBieto Yo ssuditel Sany
protein is in an adm xture with an adjuvant or is adapted for

i ntramuscul a i t

68 26, A By unes oo fRisyi? of caim 26 wherein the aifpal Sxpression cqntrol
recombi nant vi r usequence is a/@ﬂomega'@wptﬁ immediate rarky(GMGRrempies.cand e \emse

under control ofg )iﬁ(i)’ é%lcﬁ‘ﬁccﬂﬁ'oﬂ%%uence is §%Bﬁrﬁﬁ$‘ﬁr§ ?% bfdMoter® dURRERia \ﬁt”

viral expression ntrol ctional plasmd

cl ai m 26 wher ei n'aiwomtmﬂ@ﬁpresm on control sequence is a
cytomegal ovirus inmmedi ate early (CW) pronoter, and the virus

expression control sequence IS a vaccinia virus early pronoter, a vaccinia
Vi rus 8.| at BheyPufpetional plasmis ¢f claimy@s oommns)a-hqswglqgemagem ahareinof
claim26 conpri sihBthefs &.Fé)éé?ﬂ%%gﬁi)‘%anm%@) Rucleic acid én'&@dnh?h@!hq}aﬂgﬂﬁs
gene is an env varijant ( nucl ei ¢ acid encodi ng both variab

and constant regions of an envelope protein variant of an HIV envelope protein
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and constant regions of an envel ope protein variant of an HV envelitgfecory

prot ei n qu%%QO-"y +
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