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VI RUS BACKGROUND OF THE INVENTION 5 Field of the Invention This invention
rel at es twowawmasoses for stinmulating i nmune responses in PoThisomssiand ot her
hosts, and, in particular, relates to reconbinant viruses that express
het er ol ogous antigens of human i mmunodef i CI ency virus (HV) in a host and
elicit |mTuner ground. of the Invention 15
Current techniqg G - t he
concept of using denatur ed virus or purifi ed Vi raI pr oteins made from
bacteria. These types of vaccines nmay be effective for only a limted
nunmber of infectious agents, and the protection rates are limted. For
viruses that contain nenbr BcKEROINDPOF THY MARERTIOIN'S (GPs), 20 incl uding
the Ebola virus and the HV virus, use of denatured virus or purified
vi ral pr%t ei ns often does not work satisfactorily. There may be several
reasons for this. First, the GPs of these viruses are sensitive to the
denaturing procedures so that the epitopes of the proteins are altered by
the denaturing process. Second, the sugar noieties of the GPs are
i nportant antgigg Rk thedrvdigbgr M nants for neutralizing antibodies. In
conparison, proteins made In bacteria are not properly glycosylated and
can fold into soneMiginventiongelaies to yagainasipresiimuatingdmmungvesransegitneci ti es
di fferepy frqgirﬁetﬁoérﬁi cﬁfterlﬂb% %&' ﬁhar‘ﬁ'cﬂl@t relBfeQ46 rbdmulidnt Ol?ds’eswy vacci nes
that are based on attenuate oi atured “virus provide a weak | mune
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preparat i onscﬁ &ch(mmutt@ Bh¥e Id M iRR RSPt ection, not  life-long
immunity as desired her vac ne approaches express antigens by plasm ds
directly injected into the body, the so-called naked DNA or DNA vacci ne
t echnol ogy. él'e{& ngopf?t‘eﬁnvé?t‘ﬁ&ltve the deliberate introduction of a DNA
pl asm d carry'rn'gﬁ%a'n—drm—gmr—c di ng gene by transfecting cells with the
pl asmi dlin vivo. T(hlererptmniqdeefqmdewersng Maccinesiage largelpbasedyethean i nmune
response. The,] mul ated b
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These types of vaccines may be effective for only a limited number of

infectious agents, and the protection rates are limited.
For viruses that contain membrane (envelope) glycoproteins (GPs),
20 including the Ebola virus and the HIV virus, use of denatured virus or purified
viral proteins often does not work satisfactorily. There may be several reasons
for this. First, the GPs of these viruses are sensitive to the denaturing
procedures so that the epitopes of the proteins are altered by the denaturing
process. Second, the sugar moieties of the GPs are important antigenic
25 determinants for neutralizing antibodies. In comparison, proteins made in
bacteria are not properly glycosylated and can fold into somewhat different
structures that can have antigenecities different from those of the natural viral
proteins. Further, many vaccines that are based on attenuated or denatured
virus provide a weak immune response to poorly immunogenic anfigens. In
30 addition, the vaccine preparations frequently offer only limited protection, not
life-long immunity as desired.
Other vaccine approaches express antigens by plasmids directly
injected into the body, the so-called naked DNA or DNA vaccine technology.
These methods involve the deliberate introduction of a DNA plasmid carrying
35 an antigen-coding gene by transfecting cells with the plasmid in vivo. The

plasmid expresses the antigen that causes an immune response. The immune
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to low |l evel s of uptake of the plasmd and |ow | evel s of antigen expression
in the cells. DNA vaccines are also characterized by an extrenely short
antigen wEPBOI®SDN period due to vector degradation. |n &daiusonssi1DNA
vaccines are 5 difficult and costly to produce in | arge anounts.
Replication-conpetent, live vaccinia viruses have al so been nodified for
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vacci negnsmay p @Farfdr: %ﬂtét‘:‘ﬁ’% %hia arﬂS@QTOUPESt her than systemic inmunity is

required, as in, fd?ep]JBat&madmhp%,teﬁth&e@é&énﬁ@w@é&&{dv@%‘lso’[He%ﬁtmoctflﬁébc' nation
W th reconbi n nt vacci n| Vi rus le?ress ng bola virus GP has been
heRrtlis B4
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t hat make the | ess then i deal choi ces for a virus vaccines in humans.
For exanpl e, BEhfegoTIoiNgs s RIpYides, a%qd FI’@"Q‘F%’[ againgifevarsespiratdrg fract

Consequent | y, itfBetionaCiEfaie to ma&«téllﬁﬁnurﬁt X e 8Ards B time.
However, the limtation for %I |se§§p|§e stBé?}‘g o%ac e?n?@éthat t he

repli cation of%m\ﬁé@@f‘?raoe‘\?’rop%@ thﬁw'thlrmmnwyamemaeamvemal nly to
the vaccini a piaHeiiiswhaio¥alToMb} thgﬁ%yét@r'?llc%nmt}nq?ﬁ]ﬂegti?&ih LE5pegses is

targete o the antigen of the pathogéenic virus enorfenon has been
termed "ahti g@ﬁa'@P\eu edipstrofiestinglisadit t enpt s to remedy these defl ci enci es,

i ncl udi ng expressi %Céﬁhatlo?ﬂ/vﬁ’rﬁt‘é%bﬁlﬁmﬁﬁtt HENR \}lrjﬂlg%i?;esé/l él%%gg J} FC it

stronger prompters, such POXVi I US, ave ST gni
success. As y&8s bagn @%BP‘]‘?@ th genfeppaitialretectiondn grinea piosr Giligamptod.ect i on

agai nst  HI'V nenéeqracemeswmmgn d‘@é(@ckr%‘ﬁgr‘(%ﬁ'dﬁeﬁ%é@ft%%gﬁreﬁgr failed.

Certain anti bod| es _reactive wt not a anti - n%r esent
at hi gh |evel §ithy cﬁfhPbD%‘%ﬁﬁapﬁétplFPt@lﬁéNE%9maﬁmqeo‘mn¢btlwrmb&ltamgbwthphases

of t f‘es?é’X | ELBRUIAS, VaHEdEMdRDL! BAAL, VALIREY, S481). P43l (19ef), PT Ot ecti ve
However, each of these approaches has its own set of limitations that make
them less then ideal choices for Ebola virus vaccines in humans. For example,
vaccinia virus rapidly kills vector-infected cells. Consequently, the vaccine
antigen is expressed for only a short time. However, the major limitation for
25 this type of approaches is that the replication of vaccina virus causes the
immune system to react mainly to the vaccinia proteins, only small portion of
the immune responses is targeted to the antigen of the pathogenic virus. This
phenomenon has been termed “antigen dilution”.
Previous attempts to remedy these deficiencies, including expression of
30 vaccine antigens through viruses having stronger promoters, such as poxvirus,
have not met with significant success.
As yet, no vaccine has been effective in conferring protection against
HIV infection. Attempts to develop vaccines have thus far failed. Certain
antibodies reactive with HIV, notably anti-GP160/120 are present at high levels
35 throughout both the asymptomatic and symptomatic phases of the HIV

infection, suggesting that rather than playing a protective role, such antibodies
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2 WD 03/038057 PCT/US02/ 35112 may in fact pronote the attachnent and
penetration of the virus into the host <cell. Mre significantly, current
vacci nes wo oaossosnhduce efficient cellular responses agai mst/ushy3iimf ect ed
cells, the source of newy released virions. 3 WO 03/038057 PCT/ US02/ 35112
SUMVARY OF THE I NVENTI ON Genetic viral vaccines are provided. These
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pat hogeni ¢ vi regdellorensignificastly t @irteat vaocines zjeah,ot mdade efficibotnastiuladonmest i ¢
ani mal s and ot ar e recanbi be n viruses that
are repI|catld%gﬁdﬂ%gg@5ﬁ§t%@ﬁﬁ%%%%peEeWPSO*H@cggﬁw He%ﬂﬁﬁggg W%y be

designed to express antigens froma w de variety of pathogens such as
viruses, bacteria and 10 parasites, and thus may be used to treat this w de
variety of viruses, bacteria, and parasites that natively express these
antigens. Infection of the benign virus causes host cells to express the
antigens of the pathogenic virus and presents the antigen in its natural
conformati on and pathway as if the cell were infected by the pathogenic
virus, and induces a strong and long-lasting 15 i mune response in the
host. In one enbodi nent, a reconbi nant benign virus is provided for
eliciting an immune response in a host infected by the virus. The

reconmbi nant virus conprises: an antigen sequence heterol ogous to the
benign virus that encodes a viral antigen from a pathogenic virus,
expression of the viral antigen eliciting 20 an i mmune response directed
agai nst the pathogenic virus and cells expressing the viral antigen in the
host upon infection of the host by the reconbinant virus; and an

i mmuno-sti nmul at or sequence heterol ogous to the benign virus that encodes
an i nmuno-sti nul ator whose expression in the host enhances the

i mmunogenicity of the viral antigen. The reconbinant virus is 25
replication-inconpetent and does not cause disease that is associated with
the pathogenic virus in the host In a variation of the this enbodi nent,
the reconbi nant benign virus nay be a replication-inconpetent virus such
as adenovi rus, adeno-associated virus, SV40 virus, retrovirus, herpes
sinmplex virus or vaccinia virus. Preferably, the



30 benign virus does not have the pathologic regions of the native
progenitor of the benign virus but retains its infectivity. In a preferred
enbodi merwg o0Bssobeni gn virus is a replication- inconpetentcadsSnpsilnus, nore
preferably adenovirus type 5. The heterol ogous antigen sequence nmay be
positioned in the El, E3 or E4 region of the 35 adenovirus. The

i nmuno- sti nul ator sequence rry' @F%lﬁ I } E4, E3 or El region of
the adenovirus. 4 WO 03/0380 @ SBE/@E’T%\}éﬂﬂag vari ation of the
preferred enbodi nent, the heterol ogous antigen sequence and the

| muno- st rul at of sequenee, & SROSKL LATRA! athe dihncEdtsdiasal on of

the adenovirus, wh VIR i gen sequence an
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pronot er/ enhancer, the en cytoplasm c R-actin t i nduci bl e
15 pronoters 80%RAFSIEH a{ gy Pﬁeﬁéﬂ?eﬁ&?@ CORE Apfgﬁ{gqngf‘g)f tﬁel’Pu%rﬁ@gt hogeni ¢
virus may be qiys RilsBoBesticellyio exprédiahe antites of petgatigeenic virli$ esd s or

di sease in human or other aninals conbi nantlf&%ni WtVI rus can

be used as a PERSENtSShe BRtigHNGE gﬁFPW&TPH%fo%gqonﬁ’@rﬁathWyeacst Fhe

pat hogeni ¢ Vi fHSoted By tHe Fhtieyeniviras, aridiadyes kogeny andilsrgslastng be vari ous
strains of human i mmunodefi ci ency virus (H'V), such as H V-1 and H V-2.

The viradl ant GBHN#ERFPORE BiheNQBlgl ycoprotei n' (or surface antigen) such as

H'V GP120 and GP41ly, Bfie emb6diRiehel ané@érﬁblnarﬁtqrenﬁghrvqu i @rbvipedioeediirauch as
H'V P24 protein. In another varjation, g at.hogeni c _virus be Ebol a
virus. The vi PAIMMpSE $§A0H8H Na)oT dnigreERyt @\@Wc%%‘?‘m{o"bﬁm ¥%¥Sf ace

antigen such asmbhedsa affBhtigd sédiéndd Bétiolbgous to the benign virus that encodes

a viral antigen from a pathogenic virus, expression of the viral antigen eliciting

20 an immune response directed against the pathogenic virus and cells
expressing the viral antigen in the host upon infection of the host by the
recombinant virus; and an immuno-stimulator sequence heterologous to the
benign virus that encodes an immuno-stimulator whose expression in the host
enhances the immunogenicity of the viral antigen. The recombinant virus is

25 replication-incompetent and does not cause disease that is associated with the
pathogenic virus in the host

In a variation of the this embodiment, the recombinant benign virus may
be a replication-incompetent virus such as adenovirus, adeno-associated virus,
SV40 virus, retrovirus, herpes simplex virus or vaccinia virus. Preferably, the

30 benign virus does not have the pathologic regions of the native progenitor of
the benign virus but retains its infectivity.

In a preferred embodiment, the benign virus is a replication-
incompetent adenovirus, more preferably adenovirus type 5. The heterologous
antigen sequence may be positioned in the E1, E3 or E4 region of the

35 adenovirus. The immuno-stimulator sequence may be positioned in the E4, E3

or E1 region of the adenovirus.



In yet another variation, the pathogenic virus may be hepatitis virus such
as hepatitis AL B, C Dor Evirus. For exanple, the viral antigen nay be
a surfaceweansiosss’ or core protein of hepatitis B virus suebTasor/baiznal |
hepatitis 30 B surface antigen (SHBsAg) (also referred to as the Australia
antigen), the mddle hepatitis B surface antigen (MiBsAg) and the | arge
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variation, the viral antigen may be a tuno i as Her 2 of
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breast cancer c@drolled By a reppetep ROMYRERLTR R nalLve pggé}?r}’taggﬁﬁﬁogene such as

E6 and E7 of haRmin2aPlits? MieHidtivsly, predsionldf tHelirapashganeayssich as  nut at ed
ras. 10 It is noted that, other virus-associated protel or antigens are

t
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pat hogenic Vi rdiprdithnt Bfus. Wdr @karplel BRMHr@REEEhetbRIogHiLE o tHeenaaae hogeni ¢
virus is not a limti n%actor_ in this invention. The reconbi nant virus
al S0 expr essegrogRNitanAl MR CPMRINGRIHArUE fay he 3 eukasyUGIARIALE! PG i ng

response of ajjagfi pr%ﬁ{dtedlﬁaﬁawb tiaﬂéme'g%ﬂﬁrsi(gmwworﬁ@tét BRd its eatgreNt s t he

i mmune response to the viral antigen co-expressed fromthe reconbinant
virus. The i miamectes simipavisrs S0 proataiaraBeys sRecemayrgkk 3. Exanpl es of

cyt oki ne incl r J: 1 t } , ol ndimaki n- 8,

i nterl eukin- 1?%@9 |nnr%grg?£?%né,hll%ﬁi%gt€ Elr%? @lﬂ?étgfyé@ﬁ%é?%ﬂﬁ%égﬁul ocyte
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antigenic viral prgpé%hﬁggcgﬁfp\ék begp?[bh@ggﬁ?@gz%%@asﬁdaéképrot gi n t hat
contai ns the patwgeninaffectant digease indumaalar otheg anigials. gBS, 81 epi t ope of the

pat hogeni ¢ vi rré’c%‘mtﬁikén?%@ﬁibh\(/ﬁbé/ cart BEuddd & 2 RSB protecting the host from
infection of the pathogenic virus.

20 In a variation, the pathogenic virus may be various strains of human
immunodeficiency virus (HIV), such as HIV-1 and HIV-2. The viral antigen may
be an HIV glycoprotein (or surface antigen) such as HIV GP120 and GP41, or
a capsid protein (or structural protein) such as HIV P24 protein.

In another variation, the pathogenic virus may be Ebola virus. The viral

25 antigen may be an Ebola glycoprotein or surface antigen such as Ebola GP1
or GP2 protein.

In yet another variation, the pathogenic virus may be hepatitis virus
such as hepatitis A, B, C, D or E virus. For example, the viral antigen may be
a surface antigen or core protein of hepatitis B virus such as the small hepatitis

30 B surface antigen (SHBsAg) (also referred to as the Australia antigen), the
middle hepatitis B surface antigen (MHBsAg) and the large hepatitis B surface
antigen (LHBsAg). The viral antigen may be a surface antigen or core protein
of hepatitis C virus such as NS3, NS4 and NS5 antigens.

In yet another variation, the pathogenic virus may be a respiratory

35 syncytial virus (RSV). For example, the RSV viral antigen may be the



25 contains the constant region of glycoproteins of at |east two strains of
the pathogenic virus. In a variation, the viral antigen may be a nodified
anti gen tweto3iossosTrut ated from a gl ycoprotein of the pat hogemiusowssius such
that the viral antigen is rendered non-functional as a viral conponent but
retains its antigeni ci ty. 30 Such rmdi fication of the viral antigen

i ncl udes del et ons rote cl i, e ql.ycopr ot ein,
and duplicatid §°%fﬁ Lélldeg h lbsl’on Rrﬂ%m@g%g%’@é’igﬁé}’ E%rd?']'%j'bt%gegi ons of
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provided for e ICItI S se i.n a host .infecte t he virus.
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adenovi rus andnr@ﬁ@ﬁ!)wcaawm 1 anﬁl—@emzf Forexanjpid, iieg B8lVovirgl dintigen expr essi on

of the vi raI 38057 .P 35112 antigen eliciting an i mune
r esponse di re@?aé(obea ﬁlg §Pp'1°ZF‘é“6-rf/F ﬂéﬁ(fgen upon infection of the host by

t he reconbi nant adwwlernumer k/éhamoﬁrtﬁée'rramtng@rﬁ hralyibers mfndrbﬁtugﬁmbg@bment t he
reconmbi nant viru et ent adenOﬁl rus. parti cul ar,

| Cat| on-1.n
the pat hogeni @VIer ofPreas ol o N R R M s

HI'V-2), strai B&cH &s 86 aﬁHfEa’ld’thhﬂaﬂ p%?[ﬂorlﬁb‘bﬂ*u@ dvfa dé'llMaﬂ&mcdlgéﬁé al@sas Cl ades
within a group of |soI at es ade A, BB C D E and G of group M

of H V-1 isol AUIPAERS-H v. The viral anti gen may be a 1) HV glycoprotein
(or surfgce anti gemis porl tRs, bihé/r\ﬁﬂu‘éfﬁsg@&at%@kﬂélﬁs oEQNtageﬂbbP@feaﬁW' | engt h

wild type (gpl60), truncatedé &p%{; ‘% 10 nodified with
i nsertions, d@vaiablee tapseefisktlin fie; §el%§t'oﬂl Elfl'&‘?g?rn!ﬁ viys@Pdithe  Gag,
either full I SRAtdmtiYeh HsdotReed WRHinki RthogBhicRAras RARE alinPGRSBedr RrtRGUCt s or

fragnents in various fornms (e.g., natural, secreted, or nmenbrane bound
forms of H VIW&PYIH proteins such as H V p24 and pl7; and 3) HV

regul atory protei ngngyskbrasinditvirus/biko eRiftbsscanth iR@YunolRiniiseF @iighid © this
variation, the HV antigen is an H 'V envel op protein encoded by a

pol ynucl kot i d&vigkinereleasing s3preRee girapst selhupa Yirsyndacticrend frihacy: 14, 16,
20, 21, 22, 23yugRBAtsdfe Hﬂﬂanmswhgfa Bhd G?al@ﬁggef Q%re&'é@‘?% thil V

regul atory pr ot e| ns such as T so according to the
variation, théeqanpinantvijen The e stingtiatpy mayzcef@rﬁbhm@cxﬂ@l@rﬂ%l n that

i ncl udes nul t'E‘kEﬁ"@%s‘@ ol BRI il ARRS butAre hel Iﬁméﬂ to |hf°erleUHh-tZ Fhédekina, i abl e

| oops are V3 | o0 fro various clades such as QG ade A,
interleukln 12, B- interferon, A-interferon, y-interferon, granulocyte colony

20 stimulating factor (G-CSF), and granulocyte-macrophage colony stimulating
factor (GM-CSF).

The viral antigen may be a full-length antigenic viral protein or a portion
of the antigenic viral protein that contains the predominant antigen, neutralizing
antigen, or epitope of the pathogenic virus. Alternatively, the viral antigen

25 contains the constant region of glycoproteins of at least two strains of the
pathogenic virus.

In a variation, the viral antigen may be a modified antigen that is
mutated from a glycoprotein of the pathogenic virus such that the viral antigen
is rendered non-functional as a viral component but retains its antigenicity.

30 Such modification of the viral antigen includes deletions in the proteolytic
cleavage site of the glycoprotein, and duplications and rearrangement of
immunosuppressive peptide regions of the glycoprotein.

In another embodiment, a recombinént adenovirus is provided for
eliciting an immune response in a host infected by the virus. The recombinant

35 virus comprises: an antigen sequence heterologous to adenovirus and

encoding a viral antigen from a pathogenic virus, expression of the viral
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C D E F, and G of group Mof H V-1 isolates. The nodified H V envel ope
protein that includes nulticlade variable | oops may include two or nore V3
| oops frowodshssesent HI V cl ades, preferably V3 | oops enco®€a/usy2/2612
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that includesg 1.6 L: eot i de
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encoded by SEQd ®1NAIV di§coprateinsiecsafama dhtigen)andh em—m‘dedveb@péfﬁadu{)nbNO 47,
nb nd nco conbi nant
\?irrlug xy 1[3P?Fhrgr’ q@?ﬁﬂ‘" 589@ (9% &pgg&yﬁgngﬁ%cgﬁﬁ%g?pqgoé 'ot ease P1
such as BEQ | Dnbififiedbith msprtbss,i dHI'BtIOf‘IS W‘Ithlfuacn;Téb ;12 el struqirat @:@’céjr} I C
[ of r ed, fr the s reconbi nant virus or rom
e R e e o
separately f rofmgme‘ﬁté fne\rmb;xs fUrmeé gr naturdly ssorétbe, cﬁ&ﬁ@mmﬁébng@ﬁd foj[arhs Gag via
an | RES or spl nor./ acce recombi nant virus nmay
furt her corrpr!o é'ﬁg C%B?@ﬂ?ﬁ%?'@ﬁﬂ’ Hgfﬂg‘ﬁ%”ds%rqz"ﬁgggﬁb ¥ BRBIFONSF HI v
prot ease Pl arwoidiﬁégmnessattvnamgrahame RT, PI-RT. ][ mayt be exp[essed
erent pronoter or

T L oL e Ry SR WA e ) st
nmechani sm 15 dfvededbpaipoyantiestidelsigttay ffoth thegrogs aphdistRgar Belympuc! eoti de
P rever oo (NGhioth 1B 28 TR Bndnd At e BRYIKESHGE A UBRTEIER sod a5 o
fusion  prot ei MIWehialGrgprotinS QRATRIRIWI, N ahddkéd. er ent  prondter or from
the same Also according to the variation, the HIV antigen is a modified HIV
20 envelope protein that includes multiclade variable loops. Preferably, the
multiclade variable loops are V3 loops from various clades such as clade A, B,
C, D, E, F, and G of group M of HIV-1 isolates. The modified HIV envelope
protein that includes multiclade variable loops may include two or more V3
loops from different HIV clades, preferably V3 loops encoded by
25 polynucleotides selected from the group consisting of SEQ ID NOs: 25, 26, 27,
28, 29, 30, and 31. More preferably, the modified HIV envelope protein that
includes multiclade variable loops is encoded by a polynucleotide selected
from the group consisting of SEQ ID NOs: 32, 52, and 54.
Also according to the variation, the HIV antigen is an HIV structural
30 protein. The HIV structural protein may be a full length wild type Gag encoded
by SEQ ID NO: 17, or a proteolytic fragment of Gag such as p17/24, p17 and
p24. The fragment p17/24 may be in natural form and encoded by SEQ ID
NO: 34, in secreted form and encoded by SEQ ID NO: 34, or in membrane
bound form and encoded by SEQ ID NO: 36. The fragment p17 may be in
35 natural form and encoded by SEQ ID NO: 40, in secreted form and encoded by

SEQ ID NO: 41, or in membrane bound form and encoded by SEQ ID NO: 42.



pronoter for Gag via an I RES or splicing donor/acceptor nechanism 20
Optionally, the reconbi nant virus may further conprise an immuno-

sti nmul at owogggsseste het er ol ogous to the reconbi nant virusPCRASORsRI0Zies an
i mruno-sti nmul at or whose expression in the host enhances the i mmunogenicity
of the viral antigen. The present invention also provides viral vaccines

that present L) Soq %A LSRRGt B A%ch B Wid iekoTyeig nat ur o

i nfection of a na atHogeni ¢~ Vi rus an ong an ng-1 asting
i mmune responsecretedfarm end estodedhy SHQ IR }N@ed7 odr ib henpaahe euwriddosmrus in t he

host. In one i t imgant virus is provided as a viral vaccine
for eliciti ng%zﬂaagﬁ?%ﬁebyr%%%igwﬁ%‘ a host infected by the virus. The 30

reconbi nant virus Jospecchasnard viplisimay furtheotorapiisege polgmaplentide endrelirey ol ogous
to the recombinant virus

each i .a.viral antigen. frar sane
pat hogenic vAPug) p&‘?t??seerFélnstucétalsgﬁgHjo&%agga?)?%%s«?mné)fsﬁ%’sf?m@?%ai fferent
ki nds of pat hpgsadlgtic processeg), of Sqareprdseed rbmtthe spineratontbyinaft virleeorant | gen
sequences el ?i ting,an i m’rue[s reggonse dic{ ectﬁ%. ag}gi tnst ] hg viral antigen
and cel | s expP@ULIRYIYYECRE {3y PERPGEFI F 1 i SUp8H PA%<Xti on of the
host by the reeparhiehaindm i diffirent BoMbied 3f N3BABY s&ad plisNdeSot Bag viehan
reconbi nant vi may. pref erabl e replication-inconpetent and not cause
mal i gnancy i n”%llﬁg OHBéI{CP aC{%PQP?‘{?PE’é%e&Ba?@@- wi th pat hogeni ¢ virus.
Acc]?r di lr)ulg) to tlhe embededomninarit Weus mepmftheaabmpﬁge@p@@mjdv@tiaeyngdonngs, V40
preferably replication-in et ent enQyj rus, adeno-associat irus, Sv4
B Vi fue. ¥ et r ByboaspRien PEBNE ok B BRa LG S putc oo esc T, AR T bens gn
virus may al s@| pigfoeréxprassba s atftisorppiokei aith Gageei separatblytloen aat i ve

progenitor of the  benign virus deleted but retgain jts ectiyity. Al so
Do e 1 o et BEanaIr ! roin A4S Propip e ot Gad NRATYBES @ shlides may be

mul tipl e copi @gnefadcBstos aidehaiérhgen sequence or nultiple 10 antigen
sequences. t hat di fé_%r fror'?? each, anot h?r In a variation, of tg,; nbodi ment ,

at |eastltwo of thdNBIgFANRIRINtyirus May fusfier GamPussR BpikRLcleqtide é¥sed from

a pronoter bi ghHIVEy gahd dnd/émcodBs tHeﬂHIQrérﬁ}/méipbﬁémﬁﬂHl\ﬁmbfe}éséPl,e or via a
spl i cing donor-acceptor nmechanism Optiona lg{% at least two of the

plurality of TRErSMERFEHPIaaR fdnadsinifgsaserly. FEYREEPFSEPA2HAMIRREr to
produce a fusippiteiRfitheddy, ofsERaraefatdth BdiftePehtPorfbiRPEl iBRtthe §d18e Vi I al
genome furt he%r&rﬁ&g 110? %sag via an IRES or splicing donor/acceptor mechanism.

20 Optionally, the recombinant virus may further comprise an immuno-
stimulator sequence heterologous to the recombinant virus that encodes an
immuno-stimulator whose expression in the host enhances the immunogenicity
of the viral antigen.

The present invention also provides viral vaccines that present multiple

25 antigens to the host to further mimic natural infection of a native pathogenic
virus and induce strong and long-lasting immune response to various strains or
types of the pathogenic virus in the host.

in one embodiment, a recombinant virus is provided as a viral vaccine
for eliciting an immune response in a host infected by the virus. The

30 recombinant virus comprises: a plurality of antigen sequences heterologous to
the recombinant virus, each encoding a viral antigen from a same pathogenic
virus, different strains of a pathogenic virus, or different kinds of pathogenic
viruses, expression of the plurality of the anﬁgen sequences eliciting an
immune response directed against the viral antigen and cells expressing the

35 viral antigen in the host upon infection of the host by the recombinant virus.



at | east one pronoter heterologous to the native progenitor of the

reconbi nant virus that controls the expression of at |east tw of the

pl uralitywofo3pssdsanti gen sequences. Exanples of the prompCerushmssaidl ogous
to the native progenitor of 20 the reconbinant virus include, but are not
limted to, insulin pronoter, CW pronoter and its early pronoter, SV40
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t he gyt oki ne i ncl u&’i?"B‘U?t"’”a‘%r}gﬁ%ff‘g?‘?'mef‘ga?@a?’faf%ﬁtogFheetzlﬁrﬁhty@f the

i nt er | euki n- 4 antigeresdrektes dr2 expi@ssédrermn fagiromoteXbidishoRicEBr @R en Y- i Nt er f eron,
G CSF, and Gw to the varjatjon, the one or nore

F. Accordi.ng . .
i mruno- st i nul ér%qgrpal ribeo(fagﬁéggtrﬂns&gg 063'%?@5%‘9 BBpPESPI MerBagiaRe
i mruno-sti mul at or  xviorallyeat least b bf Plelirafty BpthetdnitéRtejuchsspaces t hat
di ffer f1r50m each ot%g east two of the I mmuno-sti nul at or
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may be expres& Vs A leFolegPusdp thenativg SrenercAfdhenrecymbingnies ent
invention al seirps bt c@8rolene iere¥§ies bi@iSeddd@lho 81 the ilursiity 8Be antigen

sequences. Examples of the promoter heterologous to the native progenitor of

20 the recombinant virus include, but are not limited to, insulin promoter, CMV
promoter and its early promoter, SV40 promoter, retrovirus LTR
promoter/enhancer, the chicken cytoplasmic B-actin promoter, and inducible
promoters such as tetracycline-inducible promoter.

Also according to the embodiment, the plurality of antigen sequences

25 may be a combination of antigens from at least two strains of the pathogenic
virus.

Optionally, the plurality of antigen sequences may be a combination of
antigens from at least two different pathogenic viruses. For example, the
plurality of antigen sequences may be a combination of antigens from HIV-1,

30 HIV-2, herpes simplex virus type 1, herpes simplex virus type 2, Ebola virus,
Marburg virus, Arbovirus (a group of viruses carried by mosquitoes that cause
encephalitis, yellow fever, and dengue), and hepatitis A, B, C, D, and E
viruses.

In a variation of the embodiment, the recombinant virus may further

35 comprise one or more immuno-stimulator sequences that are heterologous to

the benign virus and encodes an immuno-stimulator whose expression in the

9



and | ong-lasting i nmune response to pat hogenic bacteria. In one 15

enbodi nent, a reconbinant virus is provided as a genetic bacteria vaccine
for elicwoiong@3sas7 i nmune response in a host infected by tReTrESoDsdainant
virus. The reconbinant virus conprises: a plurality of antigen sequences
het er ol ogous to the reconbinant virus, each encoding a bacterial antigen
from a pat hog bact e expressi on of tE I|t of the bacterial

anti gen sequeE‘B%tsen@PP%‘?st ﬁﬁ"%” NGO e iranan PEE %-EP%Q} fnst the
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i Mmune response I n
reconbi nant vimmsne-stipuiateseqeenskes nayibeyexpfessad frgema ar@mmeﬂrdeﬁorhea er ol ogous

to the beni gwwwgach encodi ng a parasitic antigen from a pat hogenic
par asi t e, 057 PCT/ USO02/ 35112 expression of the plurality of

t he parasitic anti Jée psespnbingerdioalals prbvigesageneitimvancénafsethpbeﬁcé stiomgect ed

aga st the pag sl o BT e TR oEL | g REReLAGerd N BT 251 {1 ant i gen

in the host uponi feconbl’ nant = virus. The
r ecombi nlént venﬂn@dmmnt,mm‘cennab\byt\bmsnsepdowm!adeera»germetmparttemﬁvamnhe%mot cause

a malignancy n rall ociated .wi_th nlc araliei t he
oot The pat RLGH e KPAEFEEBNES e sl MR AOHE R GrR W e cause
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bacteria, expression of the plurality of the bacterial antigen sequences eliciting

20 an immune response directed against the bacterial antigen and cells
expressing the bacterial antigen in the host upon infection of the host by the
recombinant virus. The recombinant virus may preferably be replication-
incompetent and not cause malignancy naturally associéted with the
pathogenic bacteria in the host.

25 The pathogenic bacteria may be any pathogenic bacteria that causes
pathogenic effects or diseases in a host, such as bacillus tuberculoses,
bacillus anthracis (causing vegetative anthrax), and spirochete Borrelia
burgdorferi that causes the Lyme disease in animals. The plurality of antigen
sequences may encode lethal factors, protective antigen, edema factors of the

30 pathogenic bacteria, or combinations thereof.

The present invention also provides vaccines against parasites that
elicit strong and long-lasting immune response to pathogenic parasites. In one
embodiment, a recombinant virus is provided as a parasite vaccine for eliciting
an immune response in a host infected by the recombinant virus. The

35 recombinant virus comprises: a plurality of antigen sequences heterologous to
the benign virus, each encoding a parasitic antigen from a pathogenic parasite,

10



Theileria. The plurality of antigen sequences may encode coat proteins,
attachnent proteins of the pathogenic parasites, or conbi nations thereof.
The presewD 03/0%881i on al so provi des pharmaceuti cal conposiPCirarse2/siial
i nclude the viral vaccines of the present invention. The pharmaceutical 15
conposition may include any of the reconbinant viruses described above and
a pharnaceuti cal Iﬁy accqﬁgﬁ a@l e .&arri er or.t.di Ituent. The gh?r.. ceuti cal
conposi tion neyPESEH &R o HRARF BPI9E SEANARGER FIEHY Fmune
response to thmnujneabspmirtsbgie@cte&lageissietﬁebéfamtfbfmtigéremlle@Rpreyéih?lls-

us

Exanpl es of t adj uyant .i ncl ygde ut_ar ot limted tq, 20 baci

Cal xt t e- Quer r}ﬁe P@#?&B'F@{'PQP’] 5”33%81’?3&%?88#[??&@ of Wﬂﬂ?@y ﬂ']er{ﬁg?m IR@M¥ocyani n,

i nterl eukin- 2,viGh} THE recombigafit Okasimay peeferaplydrireplitaoi-inebmpbeat 4] ates to
kits. These kits may incl.ude an q e or .nore. cci%ﬁs according to the
present i vent'?c’?h‘fa‘iJ 2 QWVS%’[W@W%OC'%%W& g BHANPHNGRABYE Nng t he
vaccine to a hhshosétnd/ or a device, such as a 25 syringe, for delivering the
vaccine to a host. The esent invention al so provides nethods for
enhancing the imu et@/ﬁé?geé“%f‘s”ﬁ A B‘F\@”Y RRBATEaPRIasigs jedlcay8R cr i bed

above. In one mnheghiestects draiigERESOM LG JUBRSs Al ARl §tbio8a kG & host  a
r econbi nant Vi(ﬁ&?ﬁqi uce an i mmune response. The

n an anpunt, effective to iInd |
30 in the reco %‘?”‘ﬁf’?@”@&ﬁp‘?"'??é%‘?“aanLeé%‘?PF%‘_é%?oé‘ealﬁé'ﬁ'e@umeteroI ogous to
the recombi nardxopiabmng, ThcHon®masdassianatid, atryptitbs &R Eibri, BapatinogRNi ¢
virus, expression of the viral antigen eliciting an immne response
directed agai nsteleidhelhg PIHralily fiagloensrAUSEFISSMaY BRGASIS cRat RREEING r al  ant i gen

in the host upaRchinBhEsbies &ffthd bﬁhb?@ﬁc Parabitd, besmbhatRnt thersdss; and an
i mruno-stinmul ator 35 sequence heterologous to the benign virus that encodes

an i muno- st i nul at of"® RIFSRY INYepHsalpe RIQVisies phamrceulica srpaasiligns that
i nunogeni ci t Vin@fidd e vithl Riccihés YN PrORBOPleRich FRRHhaRtdcutiedt i gen. The

reconbi nant virus nmay preferably be replication-inconpetent and not cause
mal i gnanty natGerRCsion swydnaueany ¢fihe eoplinashenises dpsaibef abevranchost . The
reconbi nant Vig psariBYelRRafASERPRLR &fidiridigediost via any 5 _ _
pharmaceutical |y acceptabl’e route of adm nistration. The reconbi nant virus
may be admi ni st er ed tePa@apgicaGompesitign mayiisd inglkderar adikwant for

i ntratracheal 1aug§+élﬁﬁH§ fHeRifune rasgHRB G he Virdl SREER Wbresdl GRSl 1Y,

rectal, oral and parenta . _
recombinant virus. Examples of the adjuvant include, but are not limited to,

20 bacillus Calmette-Guerin, endotoxin lipopolysaccharide, keyhole limpet
hemocyanin, interleukin-2, GM-CSF, and cytoxan.
The present invention also relates to kits. These kits may include any
one or more vaccines according to the present invention in combination with a
composition for delivering the vaccine to a host and/or a device, such as a
25 syringe, for delivering the vaccine to a host.
The present invention also provides methods for enhancing the
immunity of a host with the recombinant viruses described above.
In one embodiment, the method comprises: administering to the host a
recombinant virus in an amount effective to induce an immune response. The
30 in the recombinant virus comprises: an antigen sequence heterologous to the
recombinant virus that encodes a viral antigen from a pathogenic virus,
expression of the viral antigen eliciting an immune response directed against
the viral antigen and cells expressing the viral antigen in the host upon
infection of the host by the recombinant virus; and an immuno-stimulator
35 sequence heterologous to the benign virus that encodes an immuno-stimulator
whose expression in the host enhances the immunogenicity of the viral

11



adm ni stration. In another enbodinment, a nethod is provided for enhancing
the 10 inmmunity of a host to a pathogenic virus with nultiple antigens. The
met hod cwoOPBI03%ST adm nistering to the host a reconbi nanPCTIUSO%351m2 an
anount effective to induce an i mmune response. The reconbi nant virus
conprises: a plurality of antigen sequences heterol ogousto the benign

virus, each e LAg i . 1age ni.C Virus, expression
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in the host upgp.infection of the host by the recombinant virus. The
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usi ng mul ti pl eadreigistrionant viral vaccines (or viruses). Milti ﬁilt)ienant
Virus: The mul i pl " PLRUREFEAEMANT GBSRRF E Sk RRGEEDE! mul t aneous! y

or step-Wdse timnumdy bbsthostiibe pmhdgednmnpwltﬁmltlp?éiﬁmﬂyeﬁberrh@%eltﬁboﬁ host a
first and second .30 ﬁ?c <enanﬁ %I ruses in unt, effective to induce
iigip %

an i nmune respoh¥Eises: P9 106 PP A FRCOM F@Q Wit PE&GOURH anti gen

sequence het ereffe@mmm |mwcetdiﬂmﬁnumtre$m@§brl'hé.i”écombrrtaﬁht ViRt copipieeesa a viral
antigen froma @t eni c virus r ession %et he viral antlgen eliciting

an i mune resgd ?@t&qe@c?eﬁﬂﬁh%ét C etrﬂlgg?/i'srt% theheniagetiusRACAENFRAIBd pr essi ng

the viral ant |egenal ant.gdmefrdmatpaman@&lrume&pﬁesgan@f tHeFmramyfof@% the
reconbi nant vi rrﬁge%The second .reconbi nant Vvirus

i muno- st nul &t eefikshees ﬁ'@t@ﬂcﬂ“dwwet%s&%ée diselRbreaiRst tha ¥raho 03/ 038057
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the pathogenic virus in the host.

20 Optionally, the recombinant virus may further comprise one or more
immuno-stimulator sequences heterologous to the recombinant virus that
encodes an immuno-stimulator whose expression in the host enhances the
immunogenicity of the viral antigen.

In yet another embodiment, a method is provided for enhancing the

25 immunity of a host to a pathogenic virus by using multiple recombinant viral
vaccines (or viruses). Multiple recombinant viruses may carry different
antigens in each recombinant virus. The multiple recombinant viruses may be
administered simultaneously or step-wise to the host.

The method comprises: administering to a host a first and second

30 recombinant viruses in an amount effective to induce an immune response.
The first recombinant virus comprises: an antigen sequence heterologous to
the first recombinant virus that encodes a viral antigen from a pathogenic virus,

expression of the viral antigen eliciting an immune response directed against
the viral antigen and cells expressing the viral antigen in the host upon
35 infection of the host by the recombinant virus. The second recombinant virus

comprises: an immuno-stimulator sequence heterologous to the recombinant
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5 According to the enbodi nent, the first and second reconbi nant virus may
be any benign virus, such as replication-inconpetent adenovirus, adeno-
associ at eaowd8ms1 AAV), SV40 virus, retrovirus, herpes si rprasoyssius, Al pha
virus, Venezuel an Equi ne Encephalitis (VEE) virus and vaccinia virus.
Optionally, both the first and second reconbi nant viruses may be 10

replication-inco denovi rus optional | one,of the first and
second reconblvﬁ%\gﬁ]av?? §aﬁé'§?"15'§°r38%%& H&?Pez%%rﬁ%%)? (8RSt he ot her nay
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o e he iy o O G R HBAITETT i ST AR epaGRTan RIS
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het er ol ogous to the reco II’{)’;\ éy%%rus t hat, encode one or m)re ntigens from

0
20 the pat hog@RSOHBIRY ¥ Vi [eONINE. iNETRES SHRPIPXHiTHfe APB8ponse

directed agaivitgs, \tdnez@dlan EQ&n@'Eﬁc@;ﬁHh &F6é BEd VARirtingen i n the host
upon infection of the host t he reconni nant virus. The reconbi nant virus

is preferably repIQR?'&PP'UmbPWéB%ﬁ and sefoRd derasniinant YisyRes TaHRE | gnancy

nat ur al | yp assegpiRb&sh-inkbhpPetehtadddbRREe MIddoptidRallOdhe of ihe fidgdtadAggen rray be a
pat hogeni c virus such 25 as H'V, hepatitis virus and Ebol a virus,

pat hogeni ¢ ba@@@?ndaresembwa%\f'm@es mAM@Srr‘EFF%@b'@%“?H?%OVéHﬁ@BQj A Rthen ho

i muno- sti mul g bdRYoRBINBRYAATLS AN iRIs! Rovifid) ABGRS siniflet WFILNARARI City of
the antigen expressed by the cell infected by the recombi nant virus.

Preferably, tH8U$: ﬁﬂfﬁﬂ‘ﬁéu%i@” Rovige &ncerhaliis MRRNIrHROr Yaseinialivg; but not

limted to interl eykiBrahotidreRiboBimd- &mefh’&ﬁ%bl‘%\h@é@fd‘r%nhgﬁ’cn% trat er feron,
2.-interferon, y-intéerferon, granulocyte colony stinulating factor,

gr anul oclt e- miBFWpiAeka bestdng patfiosan.athe gethas Gamprisest adsipiFierng Enibet her eof .
The cytokine Ryt é)ﬁec%%dé'nﬁ&uﬁfs%d' dHeDrififte hﬁﬁnhnb BiiRulbQrs) Phe Purifi ed

protein alone or formulated one or nore pharnaceutically acceptable
exci pi ents. A@Q%mmmntwéwmawbé %ypémeﬁ@cmvn@é vidsesHescabecialiayea If or m of

expressi on veghalcuidp thd coftdrt SR ddifprie8s bR oS GBHEAGRR ke t oki ne
i FRLo0Y Ak

upon transfecting or transducing the ce t he host. / 038057
PCT/ US02/. 351126@@'@9@@ taghe fsacamblr@nt Yirus ta@i@n@omnaﬁjpw@mesamrgenm&omet hods,

the 20 the pathogen. Expression of the antigen elicits an immune response directed
against the antigen and cells expressing the antigen in the host upon infection
of the host by the recombinant virus. The recombinant virus is preferably
replication-incompetent and does not cause a malignancy naturally associated
with the pathogen in the host. The pathogen may be a pathogenic virus such
25 as HIV, hepatitis virus and Ebola virus, a pathogenic bacteria or parasite.
According to this embodiment, the immuno-stimulator may be any
molecule that enhances the immunogenicity of the antigen expressed by the
cell infected by the recombinant virus. Preferably, the immuno-stimulator is a
cytokine, including, but not limited to interleukin-2, interleukin-8, interleukin-12,
30 B-interferon, A-interferon, y-interferon, granulocyte colony stimulating factor,
granulocyte-macrophage colony stimulating factor, and combinations thereof.
The cytokine may be administered into the host in a form of purified protein
alone or formulated with one or more pharméceutically acceptable excipients.
Alternatively, the cytokine may be administered in a form of expression vector
35 that expresses the coding sequence of the cytokine upon transfecting or
transducing the cells of the host.
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met hod may further conprise: adm nistering to the host the reconbi nant
virus again to boost the i mmune response. Such a booster inoculation with
the recowbiopamstosvirus is preferably conducted several we®k3/uso2/saver al
nonths 5 after the primary inoculation. To insure sustained high | evels of
protection against infection or an efficacious treatnment of the disease(s)

caused by infecti Qecd?filnbm@aﬁﬁéhﬂgﬁﬁevé émﬂ@d{mgﬁtshﬁltﬁbf MhetHols ltBe adm ni st er
t he booster immunization to the host at g!u ar intervals, for exanple,

once every se(gthgd fv@éwheﬂ'ﬁé“@r@@oﬁﬁﬂﬁ&tﬁ”“@ p the hestiha recembigantyiuie boost er
i muni zati on gEyy 1d-Rod tHd e dEEe85orRE, Subh 8MRB5tel [MRBUIBIEh W@C@BDI nant virus

adm nistered Inh the Frl mary | nmuni zation. Al so according to any of the
above enbodi ntaseEmbiTan wwmﬁpmﬁ@r@bwtqaéduqﬁ%c{ PRYGraMEeke fQ $Rvera HiRpitiSse:

adm ni st gri ng4&G thh rulﬁ‘l‘éﬁl |H80Lﬂ%t%ﬁm'[@ iNSFE Qﬂstélhéél hlg‘ﬁrlé\%i’seﬁ Sﬁr%cw or

di fferent antigen( s as 't or those) encod recombi nant
virus. The pl againgf ivfeetiasroriag %F@C@Ualﬂﬁﬁ\tf@?féaf(ﬁ‘ﬁﬁﬁqaée@) gavfed byexpr essi on

vector that emcgaﬁ%ﬂﬁerb%tﬁagepgﬁﬁ@ggg@gﬁu%?@éamﬁgtmp@fbo&asr cells in the

host. Al so accor to ‘an odinents of the nethods, the
met hod may fummemlzaimmmﬂmaho@ahiagu@rm’@m@sﬁ@r errnesanca eyem@yeiebconbi nant

20 virus to bﬁé’asr]% FSrééBWrH‘r?arﬁ%ﬁ&oéb%n% é] n tﬁé’b Sbrifriurfiitbh #dy? | N9

effects of I mrune system on e reco |nant Vi ruses.
Opt i onallDy, t he trsesronelas ecdiffeienbiiomyhe woc@m@nt weus agnyeisiersy iaie gen

sequence fro @qmrﬁgttpgen that is different fromthe first antigen
sequence corrp I se ITst reconmbinant virus adm nistered in the

primary 25 i nmuni zAtsomatcomirgf toraal lofthetdbove embadiments ofdhe swethasisceencodes
the samre VDR oL AFRCRSo hIRL:. EREAES Y, iendd noleahivag pepuence but

froma differe Sero or su e Sane pat hogen.
Al t er nat i vel yenddues slex sarde andiffgent astigebés) asma‘tf(@“rtbme)te;npedadfbydhel gen

conpar eqS to P&%g{jlag{a%%wmt' npla{rmi vE g rg)?efeﬂ) ;éﬂl?é réé%?rﬂgbei ng a

surface proteln secon anti gen he sane or
di ff erent pat brgessiorAvexiorabatomgrasges meaanWIQM(s)mrmrdtm\s&cmmoﬂﬁhHE:BUS of the
nmet hods, the rrtﬁtlrj]‘ gt may further conprise: admnistering to the host a
viral vector N concurrently, or post the adm nistration of any of
t he above enbodi rremsocsfccbrfdmg toeng wbtheabbve embsdinenis of the petimelst thel | zi ng

R T S R R T
t he rec@bi namirus/iorbe®st the immune response and/or to minimize neutralizing effects of
the host’'s immune system on the recombinant viruses.

Optionally, the second recombinant virus comprises a second antigen
sequence from a second pathgen that is different from the first antigen
sequence comprised in the first recombinant virus administered in the primary

25 immunization. Preferably, the second antigen sequence encodes the same
type of antigen as that encoded by the first antigen sequence but from a
different strain, serotype, or subtype/clade of the same pathogen.
Alternatively, the second antigen may be a different type of antigen compared
to the first antigen, for example, the first antigen being a surface protein and

30 second antigen being a core protein of the same or different pathogen.

Also according to any of the above embodiments of the methods, the
method may further comprise: administering to the host a viral vector prior to,
concurrently, or post the administration of any of the above embodiment of the
recombinant virus to minimize neutralizing effects of the host’s immune system

35 on the recombinant virus. Preferably, the viral vector is administered post the

administration of the recombinant virus.
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14 WO 03/ 038057 PCT/US02/ 35112 The viral vector may be the native progeny
of the reconbinant virus. For exanple, the viral vector may be the w | dtype
adenovi r \wOtog88057 (Ad5) whereas the reconbi nant virus isPaTgsSapsileal |y
nodi fied Ad5. Optionally, the viral vector may be the wildtype of or a
genetically 5 nodified virus that is a different serotype of the

reconbi nant virus

r onbl nant rus . be a genetically
nodi fi ed Ad5 wher eajgzhe Y' V?/? %bg?rber yetpﬁ%ge\m’logh%&cnag'ﬂ?rﬁé{'ragnet ically
nmodi fi ed adenoﬁéﬂeﬂ:bnmm:tlm v1ra$ed§cﬁdbmpa'y bé trerwildiype Adboviferyexaadsy, serotype
1-4 or 6-51. hl S nﬁWEd th é‘. tOt het serotléglfs dl? %%ﬁéed and/or classified
| ater al so fal\fv UPERITE PRAMRIDANIYS s 4 gensiicalivyadif ‘Al so optionally, the
vi ral I vect (ﬁr my beoatma"ui/eheWalwecturSmfay@mth@wndtlw@@trﬂwadgiafﬁetwanAg; WEOY
exanpl e, e reco i nant vj.rus engtica 1fie er eas
t he viral gvect'@P iigd ¥'”§Seq1’§{ 'P@aq'fgagﬂtcﬁﬁr%}"g% fih?/re V'F‘i% FOIOrret rovirus,

her pes si npl eXexalnfpl@,,thé\lfdﬁambmarnuﬂrus\fﬁélﬁwg|g@ﬁetﬁﬁiuy AR dikied E\lase\mé?édst i's (VEE)
virus or vaccinia, viru

t
het er ol ogou antFyEH ‘?8311&1‘83 W"ﬁ y@?é’}[%‘? geng 'ﬁé” g?g@ggﬁwﬁ%g@%‘loggngr i se

anot her anti gegersmeleﬂ@ethmlmds for eixB@p @aﬁéro%)edl-éf- beg-ent |tfig poled iyt anti gen
sequence carri t he reconbi nant virus t| onally, the vi raI

vector may be %fﬂ‘é Srelypes égqvgfedr%}ﬁqu%s@gd@é%r&j Q)ﬁ‘”ﬁ"ﬁté'”ﬁh? se¥Peffogeni t or
of the regonbimamventisys. For exarrple if the native progenltor of the
reconbi nant virus i s adenovirus t the viral vector be a chineric
adenovirus type 5 vﬁ'?ﬂoeté?ftaélvﬁh% cYﬁ%toE)‘FnaVIk?S %@%Bﬁ‘émsémh d fromtype 5

to the correspasbiah®@heN¥of EHmEE NBE redRibMANE Yfus H8Y BE ¥RRBetidlly exanpl e,
the fiber knob, shaft, and/or penton base in the 25 backbone of adenovirus

type 5 can be TMegiiad A5 mherans the Vil ypeiAbE FPanelFail nadifiegfAAL S kbone from

adenovi rus ser@fgpRtrbvifus, ABEheB shrpleX ViR, APphkAHas, |\léne§lh'k§ar\/EEu§iheveCt or also
conprlses one or nore heterolo ous antl gen_sequence and/ o

i mmuno- st nul aERferhalisdNEE) \‘A)ﬁLHScCPf V@P@matvrrés safe Vs vastpr @%ﬁf MRy &8t t hose in
the reconbi nangonvprisesa héi@ro-ﬂb%u’éﬁﬁﬁ@’d&(ﬂﬁﬁéé ! %%rﬁ@?vtﬁem veetoHRRg for

prevention or treatment of diseases t he nethod of treatment, the
adnmi ni st r at i onCURPrsEENOEes ABlIgRIREAUSNGa IRigh isfthe Famp o difierent froavihe on may be

for either " prQrﬂ@éh%ﬁéu&clearrletthﬁ@%Hohﬁ)lnanpvﬁd%ose When provi ded
prophylactically,” the reconmbinant virus Is provided in
Also optionally, the viral vector may be a chimeric vector modified

20 based on the native progenitor of the recombinant virus. For example, if the
native progenitor of the recombinant virus is adenovirus type 5, the viral vector
may be a chimeric adenovirus type 5 with certain regions of the backbone
changed from type 5 to the corresponding regions from other adenovirus
serotypes. For example, the fiber knob, shaft, and/or penton base in the

25 backbone of adenovirus type 5 can be replaced by the corresponding region(s)
of the backbone from adenovirus serotype 1-4, and 6-51.

Also optionally, the viral vector also comprises one or more
heterologous antigen sequence and/or immuno-stimulator sequence which are
the same or different from those in the recombinant virus.

30 The methods described above may be used for prevention or treatment
of diseases. In the method of treatment, the administration of the recombinant
viruses of the present invention may be for either “prophylactic” or “therapeutic”
purpose. When provided prophylactically, the recombinant virus is provided in
advance of any symptom. The prophylactic administration of the recombinant

35 virus serves to prevent or ameliorate any subsequent infection or disease.

When provided therapeutically, the recombinant virus is provided at (or after)
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advance of any synptom The prophylactic adm nistration of the reconbi nant
35 virus serves to prevent or aneliorate any subsequent infection or

di sease. wolwen3gpsovi ded t herapeutically, the reconbi nant WPCTas02/351p2 ovi ded
at (or after) 15 WD 03/038057 PCT/ US02/ 35112 the onset of a synptom of
infection or disease. Thus, the present invention nay be provided either

prior to the i Cl ;%W j se- Sj agent qr after the
initiation and orO%Eggtg%(ejs Si o(%ﬁt# W‘%@Oﬁlﬁg g%%ié%eﬁ ﬁnr%%dilhgg’é%se&anf’e'?q?nnot ed t hat
the i nn?vat |t vemap pe gaevides! ethet prorgo éfsaemtticipateellra)@osurma di‘seabe;oadsg!gerrpl oyed
in constructio ; S nces. . encodi ng

tunor - speci fi Cdiérﬁt ngﬁ%qh%&ﬁga%@? ﬁglﬂfégogﬁe)e&glgﬁtoﬁ3§Hﬁ%§§%%rc%seagﬁ'codi ng viral
antigen in any of tHhé riiedthaétriedonovetitesapdroadhes oé thendreseam inventionuaaynd

met hods of usi . ion.of tunor-specific antigens in the
host shouﬁd ellglg?%)ggp ﬁ%?é&&r’%ﬁﬁg'o eogﬁgﬂéeé VPS?'”%’ evoér‘ﬁx?'mfei’ %e%f‘f;%snts with
10 an i ncr easeehaodiig tomocapenific atiyedsopay atbstitute the gtigeeséduenceé mruni zat i on)
or to enhance tr nt _of ca r with other the eutics revention
of disease r eecrﬁjérgﬁg'ﬁcvirgg%'@?n&?%&ﬁﬁ%ﬁpﬁl&%ﬁiqéﬁp?mﬁ@f g@trs?‘?reb'(}%@ci nati on),
or as a tool tdrusenpanethbdeofiusiraethe sbmETIExpression of tunfurspeoific antigegs irhei r

ef fectiveness {E]n e{)%\di %Et'i ﬁn of. di ffuse tum)r? (treat.nment cp‘ test. bl i shed
di sease). In adgineebi CUiEelch SPEi BN epRRNSE AU RYETHRY AR RS el i ci t
an i nmunéO0r espamiherdased risipaft ¢adoer ddvalopirene(ilbg pe@@ntve invuniztiooyortté bei ng
transferred back to the tynmor, bearer .(i.e.,. the adoptive i ot her a )

Al so accordi ng® nﬁﬁ§heotlre#W&ma?fcﬁ?eceé%@'oqﬂﬁ%ﬁp?aw&lcﬁgprﬁ%‘?'ﬁﬁw Q'Fﬂ%se rrg%l%]od
m;y_ further Con‘m]gnirsrﬁce dif&rr‘pﬁg{ra'ry@rgéry wntﬁm_?_ﬁstdﬁe vhesiatiohy, of aé b@c;}di‘ﬂ? g _
adm ni stration_of the rec i t. virus. The haryest erum shoul d contain
ant i bodi es aga?’f??f‘dtﬂ?\een‘émg‘?rd’é?f(a@ In gweoﬁﬁﬂ'WOY'ﬂ%%}eﬁc&’gﬁ%ﬁﬁYﬁ‘ﬁf‘s Wi r us.

Optional Iy, theragebtigrtoftifuseUtunbey (treatfpnt sPestalsishéed tisgasv)! Irbauhition!

ant i bodi ag{@r\,i nst_ the fpﬁt h%%en fromthe h .s.% after the adm nistration of
the recofbi nant"® MRS oFtAR PFERPUHRYERYOR B1aY RliGH af SYMURR PSRARSHBAY can be
stored for cerpatient @t BeInhaseddx Vivd®idr @ béibg trapsfers@baci@thenipl e, a
heal t hy human vol un eerl?ég&g serve a% t he host and the serum or anti body

col | ect ed f r onP$ARY ¢h&p ¢ _ dve %ﬁ'@‘?ﬂ E‘?r@mé)d back to hinfherself or a
di fferent person | angb dcborditgddbhg bRk iaBBvedEmbbdimeRs oF tinedlods,hect i on of

the pathogen as prophylactic or therapeutic agent b eliciting passive
i mruni ty agai n@PRPHén%é@ﬁ%@e‘fﬂmRﬂ??i §9tp9 sg ﬁ%‘ttx‘ﬁﬁ%t@é"e&thﬁo non- human

ani mal and t heagfinisiabich Yemhé esbomibirimt ViRRdyTHeIradsst £dram shbeld contain

antibodies against the antigen(s) encoded by the recombinant virus.
Optionally, the method may further comprise: isolating antibody or antibodies
against the pathogen from the host after the administration of the recombinant
virus. The harvested serum or isolated antibody can be stored for certain

25 periods of time for further uses. For example, a healthy human volunteer can
serve as the host and the serum or antibody collected from him/her may be
administered back to him/herself or a different person later to in anticipation or
in the event of infection of the pathogen as prophylactic or therapeutic agent by
eliciting passive immunity against the pathogen. Optionally, the host may be a

30 non-human animal and the serum harvested or antibody isolated from the
animal immunized by the recombinant virus may be used as a prophylactic or
therapeutic agent to treat a human or non-human animal in anticipafion orin
the event of infection of the pathogen such as in the outbreak of biological
warfare.

35 It should be noted that modifications and changes can be made in the
DNA sequence of any of the above-described antigens and immuno-
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ani mal i mmuni zed by the reconbinant virus may be used as a prophylactic or
therapeutic agent to treat a human or non-hunman ani mal in anticipation or
in the ewen/sfosT nfecti on of the pathogen such as in thePomtuspra1Df

bi ol ogical warfare. 35 It should be noted that nodifications and changes
can be made in the DNA sequence of any of the above-described antigens and
i mmuno 16 WO 03/ 038057 PCT/ USQ2/ 35112 sti.nul ator.s incl.uded..in the

Feconsi nant viSILARG Rv0ee M ERoeraRLYTS AR Sl SRR (he mutant.
For exanpl e, veduilialgpee obthenautbot. Rdnexampleewildigsecodoad farrthe geme- can be
replaced with codans that are preferred. by the host to. be.i i zed, e.g.,
. The ST AT RarSReBY SRk pobE BBEye miftenBe pRINRETC,

i nvention. BRItEbehhbURIZEd) €0, @huhtdn. ATMEUBEStitg gutagts flwitkinithé sedpeadfe an
exanpl e og how, t 0 conF.trurﬁI a genetic 10 vaccine of the present invention.
Figure 1A i1 uSPPEISES ¥Rl e of a shuttle vector pLAd.Antigen carrying
mul tiple antigen genes such as Antigen 1 and Antigen 2 which can be

expressed froma CWl1le pronpter bicistroni i plicing
donor - acceptor mechani sm W'Fﬁ@%%ﬁﬁ'@*@%‘i@ﬂ@ﬂﬁggure 1 Billustrates
an exanpl e of a shuttle vector pRAd. Cytokines carrying nmultiple cytokine

genes such as IL-2, INF, and |L-8 1:genes whi ch can be expressed froma
CW1e pronoter bi ciBigheas tAdCyllupiratean exanmioal haw toocamsivct agfnelic site | RES

and a sphjci ng, fdanai #GRRLO ifBRGNI sm at the SD and SA sites. 20 Figure
1Cillustrates an exanple of constructing a genetic vaccine by ligating

with an adenoviral Bigokerdh illwstraies an exgmeletof etfhuttieyegier PhadiAntigan t he

shuttl e vector , ] : t 1 1 ki a
fragrent that Tags IR ERIAT SRR RS libart) SnAhsrs Bt TaaD

contai ns nul téxpressedfroki aEM)&rrremots bicisiionisally via Bisplicing denaraecentod- t ype GP
gene, which en Qﬁﬁ' gl ycoproteins (sGP and GP), contains
a RNA editing @?gna'%%%%%[)eéﬁgéSlﬂés'un-edi ted and edited nRNAs. The sGP

i s synthéS§ized fronFignraitB ilkdiraied anfRXamalecbf tarshude vestos pRAMEitokiesf r om an

:;ﬂisgeg em s( P t?%i'ywpliﬁelig?cﬁgjrﬁé\ie%%nw s&&easOFL-é, rfﬁF,sﬁvoelﬂ-éJéé-r{gs%?c?h' ceﬁli gure 2
be expressed from a CMV,, promoter bicistronically via an internal ribosomal
entry site IRES and a splicing donor-acceptor mechanism at the SD and SA
sites.

20 Figure 1C illustrates an example of constructing a genetic vaccine by
ligating with an adenoviral backbon with a fragment that is derived from the
shuttle vector pLAd.Antigen and contains multiple antigen genes and a
fragment that is derived from the shuttle vector pRAd.Cytokines and contains
multiple cytokine genes.

25 Figure 2 illustrates the wild-type GP gene, which encodes the two
forms of glycoproteins (sGP and GP), contains a RNA editing signal that
results in un-edited and edited mMRNAs. The sGP is synthesized from an un-
edited mRNA and the GP is synthesized from an edited mRNA (having an
insertion in one of the seven uridines). Figure 2 also depicts the modifications

30 made to the RNA to prevent the synthesis of sGP. The RNA editing site is
modified from UUU UUU U to UUC UUC UU. This modification removes the
editing signal and results in the mRNA coding only for the GP.

Figure 3 illustrates the modification of the immunosuppressive peptide
(1S) located in GP2. Figure 3A shows the wild type GP. Figure 3B shows GP

35 with the 10 amino acid deletion of the IS peptide. Figure 3C shows the IS
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30 nmade to the RNA to prevent the synthesis of sGP. The RNA editing site is
nodi fied fromUUU UUU U to UUC UUC UU. This nodification renoves the

edi ting swomalo3sast results in the nRNA coding only for theCersIHgw e 3
illustrates the nodification of the i Mmunosuppressive peptide (1S) |ocated
in GP2. Figure 3A shows the wild type GP. Figure 3B shows GP 35 with the

10 am no acid tiak] Whick s 40RE révarfeid ELgur SRy 17 WO
03/ 038057 PCT/ US02/ 35112 pdel,']ptri de. vxhio(cjﬁ'pi"gétg%{l ?‘?@g\r’%verseﬁ %Hééaum i cat ed.
Abbr evi at i ons: PgRide;dGs imuneippragsive psptidantivh Jsanspramtyanedgoaini de; TM

Transmenbr ane domai FigyuFdJuA 8fg ﬂP iftiafts, 'gllsdcgéﬁré%tsgd f Pﬂégt%?adr%gragﬁﬁd to

create a reconbi nant ~ adenoviral vector geneti c vacci ne % Epol a
virus. 5 Fi guradengyiralivecior aga genetictageing egeinst Bvolaliadl. EBO- GP carrying t he

GP gene of Ebol a vg; i t ct.or _pRAdI L2 carrying
the TL. 2 and IL.4 S'Eﬁi?sabﬁ‘i‘3’9%@5%5‘isﬁpﬂs{%reg"?ﬁé%fﬁ@@aﬁstC? pg 8)F CS’LPI a
reconbi nant adesnewf=iola viristeorantigen,iayata stgittenvemtte pRAdILD,4 baeihmpme Wi th a
fragnent that éﬁn@ﬁ[hg‘éﬁ from 10 the shuttle vector pLAd/ EBO GP and
contains the gene Rda fragment that is derived fromthe shuttle vector
pRAdI L2, 4 and cont driguréd 4B Aluatatet thelcorgtraetion dfiagecembinantladehévaiaes a conpl ex
adenovi r al vec] e of the present

an.exanmpl e of the eneti c.vacci [
i nvention. The e%Eo(gfﬁg I@?ﬁlr}% ar%)ﬂe&é)xléalitbgc bﬁ@%ﬁ“&@%ﬂnﬁnﬂ%tm@eﬂﬁ@%t er in
the El réQi on.th@lsbut@e vgeioepliAsd/EBOLGRedd kpntalrihy GRgbHAMnESHradhéeht are
expressed by tt}qﬁ i gES 3{3 uences. . JThis c?@:' uration allows for the
expressi on of 1AreSCHYER ETHING sufifievegtord and eomiping di-d anddL-f - 2 and
IL-4 is contrajdned. by a second CWie pronoter as a bi- cistronic cassette,

and foll owed by a cond_hi-ci,stronic, cassette that 20 expressed the two
subunits of 1L12 iffg'?HEe %ﬁ'”?té%}?%ﬂ cgipplexadenodial Ysetoasan @amplepighee 6 shows

rel ative titergenefic aaddireoshith@prisatintdnfoRNTThe EBSIalvitaPGP geAR Of m ce.
Figure 7. shows rel ati §e t‘%\t&ers of anti bodI:_\,/51 agai nst HV antigens in another
¥y & @iy §

group of 1 ce. SPECSERY e reppRier NiHhg Eddegieni dhe GRbaengcis iieligwed by
spl enocytes haruesiedM COFWHRGIre BRSUERIAS) WolIREBURHANIJR! THRCtOrS in
response to target cell stinmulation.
configuration allows for the expression of three proteins from a single mRNA.
Expression of [L-2 and IL-4 is controlled by a second CMVie promoter as a bi-
cistronic cassette, and followed by a second bi-cistronic cassette that

20 expressed the two subunits of IL12 in the E4 region by a SV40 early promoter.

Figure 6 shows relative titers of antibody against HIV antigens in a
group of mice.

Figure 7 shows relative titers of antibody against HIV antigens in
another group of mice.

25 Figure 8A-C show INF-y secretion from activated splenocytes
harvested from mice inoculated with adenoviral vectors in response to target
cell stimulation.

Figure 9 shows granzyme A secretion from activated splenocytes
harvested from mice inoculated with adenoviral vectors in response to target

30 cell stimulation.

Figure 10A shows relative titers of antibody against HBV surface
antigen in a group of mice. ,
Figure 10B shows relative titers of antibody against HBV surface

antigen in another group of mice.
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Figure 9 shows granzyne A secretion from activated spl enocytes harvested
frommce inoculated with adenoviral vectors in response to target 30 cell
stinul atiwp.03@8syaTe | OA shows relative titers of anti bodpcCagsonsitiHBY
surface antigen in a group of mce. Figure 10B shows relative titers of
anti body agai nst HBV surface antigen in another group of mce. 18 WO

03/ 038057 PCT/ USO2figukd 41AMhews SeldthR t8E1QWF ahfladl lay8inki BV Soff ardigbh body
agai nst HBV core antigen in a group of mce. Figure 11 B shows relative

titers of ant irb%éISPUQ Me HBV core antigen in another group of mce. 5

Figure 12A shows r t i cein
week 10 post-i m"runijt trF\gﬁBvahroﬁé$%QgV§E%§£%é%W8@§?SW§V%% ésrﬁlogv?; relative

titers of antirbaphergmoursel MicY. Gag in mice in week 14

post - i mmuni zat i on/ eqzﬁ%bgg%ﬁéﬁve"ﬂtéﬂé d%\gp%g@a%ﬁw@a%ﬁ hiE 13A

shows relative titers of anti mce | week 10
post - i muni zatdesk 1prbt-MHlBﬁﬁmmm9!@i—$}E/EPA@M3§° (BSB shows relative titers

of antibody agai ns H V ek.14 p i zation/lweek 3
post - boost wi ¢ AdFIRUTEARERRSYs E8fe fers T 2iccty Baane LT Gl BmBRAGr Any e
g y
A assays for seeka4bobliffn@lizateakvedk 3PosBbses ith MALET/EBACAT agd week 12/ 1,
13/ 2, 14/ 3 (prime/boost) post- 15 secondary inocul ation with Ad, 3C env.gag.

Fi gure 14B shovvs t IE&QWG§§HS§‘°WF relpiivegitens A patibody agaipst iy Gaginmaic in nj ce at
week 2, ?%tpo Hﬁ%ﬁﬁtlbﬂwwlﬂtﬁé@mﬁgﬂm‘@ gag. Figure 15A shows the
0

ELI SPOT results mce in serie 1 at week 13/2 post-prinme/boost
wi th Ad. 3C. env. gag FiglO'eFIBQtHY@WESBaE\I’ﬁ)WUSFStdﬁ@nELqCBmmS'eHl)rf ©ag fromicele f our

el o NI o o ST
a shuttle vector pRigleRAA-dhows rEéLg;sroethb@saniylmA Bwesls for shititrhieeaect or
PLAA- 3C. i guMESKa: P11 esTareRizgiahaed ek it o Badlp EHRaRSS) FoRE G
15 secondary inoculation with Ad.3C.env.gag.
Figure 14B shows the results of the granzyme A assays for serie 2
mice at week 2, 4, 6, 8 post-immunization with Ad.3C.env.gag.
Figure 15A shows the ELISPOT results for the four mice in serie 1 at
week 13/2 post-prime/boost with Ad.3C.env.gag.
20 Figure 15B shows the ELISPOT results for the four mice in serie 1 at
week 13/2 post-prime/boost with Ad.3C.env.rev.gag.
Figure 16A illustrates a shuttle vector pLAd-E.T.R.
Figure 16B illustrates a shuttle vector pRAd-ORF6-IL2.
Figure 17A illustrates a shuttle vector pRAd-ORF6-cmv- E"ACAT**-G.
25 Figure 17B illustrates a shuttie vector pLAd-3C.
Figure 18 illustrates a shuttle vector pRAd-E"ACAT*.T.R-G
Figure 19A illustrates a shuttle vector pLAd- E"AV; 2 AC AT.T.R-IL2.
Figure 19B illustrates a shuttle vector pRAd-ORF6-G.IL2.
Figure 20 illustrates a shuttle vector pLAJ-E™AC.T.R.N.
30 Figure 21 illustrates a shuttle vector pLAd-E™AC.N.
Figure 22 illustrates a shuttle vector pLAd-E™AC AT*.T,
Figure 23A illustrates a shuttle vector pLAd-E™AC.
Figure 23B illustrates a shuttle vector pRAJ-ORF6-E™AC.
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Figure 19A illustrates a shuttle vector pLAd- EmAV,,2 OC AT.T. R 1L2.

Figure 19B il lustrates a shuttle vector pRAd-ORF6-G |L2. Figure 20

illustratweoaosdesttl e vector pLAd-EMAC. T. R N. 30 Fi gure 2PCTiUShu3iNALes a

shuttle vector pLAd-EMAC.N. Figure 22 illustrates a shuttle vector

pLAd- EMAC AT300 T Figure 23A illustrates a shuttle vector pLAd-EMAC

Figure 23B il lustrates ezza%s_puttl e vector prAd- ORF6- EMAC, 19 WO 03/ 038057
e :

PCT/ US02/ 35112 Fi Hytples 2 progess ioF gnsliucing a FuHistrdR Ppeig by

multi-clade imsgpt by PCR Figure 25 illustrates a shuttle vector
pLAd-Em V3. Figure 26 illustrates a shuttle vector pLAd-Em 2xV3. 5 Figure
27A illustrates a dJrigute 25 Yestiates panitieorgabonplAddZaV3. Figure 27B il lustrates

a shuttle vector p - 4 i y hd ustrates a shuttle
vect or pRAd- ORF6- pwlé%“@&%{tﬁar gﬁg%e,é\vlqt(?ﬂ{s@rdg%*\}aé'shut tle vector
pRAd- ORF63 pl17. Fi gUrigu2siyA illlsistessa elsutte wdnion dRAJ-OBF6p17RAd- ORF6- pl 7sec.
10 Figure 28C il | ust. . tle vegctor - OREG-p Fi gure 29A
illustrates a shut ﬁ.é&}\?gzzztggwﬁ%‘%k%ﬁ ?ﬂﬁ%ﬁ%ﬁ _t&%&@?gé?%%ﬁgﬁ.rat es a
shuttl e vector pRAFighteRTllasitates Fblquttie veds: pRAIORFBLET/pR4MBUt t | e vect or

pRAd- ORF6- p24MB. Fi.qure 30A-B illustrate a proce f construction of Ad
15 Em 2xV3mi p17/ pzﬁgyre,;g%l}lgs%@i%%s@qtﬁl%gqqtqf@%g-éﬁggégg. of construction of

Ad- Em 2xV3nT p17MB.Fifin@eB fadrdid b bhathié dQorhrtRORsS-Pi7s6@nst ruct i on of
Ad- Em 2xV3ni p24MB. 20 Figure 33 illustrates a shuttle vector

pLAd- EMAEAT300. 2x vatigure 286 Husteataua phuttle vecderaRAd-ORE6tR1EMBect or

LAd- EMACAT99. 2xV3mg; i j i ti,e vector
BRAd- ORF6-G Pl . Fi gpd‘;’r%'%s%g’? 1"%@?%%3@&%@2%{5‘?{@0\?@? g?‘}zlé RAd- ORF6- G- PI .

Figure 37 ill ustratfdgure 29Bitlusttpteses slouttlSDESKINRABORF6M24eee 38 shows DNA
sequence encodi ng BAy( L3 Tlistht ™ Ehifnd ve iy iA4-BRES:p2am.
Figure 30A-B illustrate a process of construction of Ad-
15 E™.2xV3"/p17/p24MB.
Figure 31A-B illustrate a process of construction of Ad-
E™.2xV3"/p17MB.
Figure 32A-B illustrate a process of construction of Ad-
E™.2xV3"/p24MB.
20 Figure 33 illustrates a shuttle vector pLAd-E"ACAT®®.2xV3™.T.
Figure 34 illustrates a shuttle vector pLAd-E"ACAT®.2xV3™.T.R.
Figure 35 illustrates a shuttle vector pRAd-ORF6-G.PI.
Figure 36 illustrates a shuttle vector pRAd-ORF6-G-PI.
Figure 37 illustrates a cloning vector SD/SA1.2.3

25 Figure 38 shows DNA sequence encoding Env/Tat/Rev from HIV-1
strain BH10.
Figure 39 shows DNA sequence encoding a mutated IL-2 (IL-2AX).
Figure 40 shows DNA sequence encoding a modified Env (E"ACAT
(BH10).
30 Figure 41A shows DNA sequence encoding the full length HIV Gag.
Figure 41B shows amino acid sequence of the full length HIV Gag.
Figure 42 shows DNA sequence encoding Env, and full length Tat and
Rev.
Figure 43 shows DNA sequence encoding E"AV,; , AC AT.T.R.
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Figure 39 shows DNA sequence encoding a nmutated IL-2 (I1L-2AX). Figure 40
shows DNA sequence encoding a nodified Env (EmMACAT (BH10). 30 Figure 41A
shows DNAweaqgussese encoding the full length HV Gag. Fi gice/ust/Bishows
am no acid sequence of the full length HV Gag. Figure 42 shows DNA
sequence encoding Env, and full length Tat and Rev. Figure 43 shows DNA

sequence encodi ng R %@(F 3HE38@5Y RRET/ US02/ 35112
Fi gure 44 shows \e%ﬁér?ﬁ@végﬁc'\fg | r?se%%ﬁ\ . Qé{)N %‘;g'ur'e 45 shows DNA
sequence encodi ng Figite M5 shéwvg DNA stgushaaanddiingFedd@eNce encodi ng EnlCOT300

T Figure 47 shows_DNA enc ncodi ng Em Em [ 48 shows DNA
sequences of V3 Ioﬁwrﬁﬁgg{ﬁ\ﬁ%sﬁ?%‘w@ Phceding E Gtr?Fi gure 49A shows

DNA sequence encodijyiire 4mRHbivé BHARRGubREd ériollg BTWIEN - G ade V3 | oops.
Figure 49B shows am no acid sequence encoding a nodified Env. 10 including

mul ti-ci &de V3 | oopigured§shawsDNASIRINENEIRT Ysdoeiice cdateddime P f24 in
natural form . sgcreted form and menbrane bound form respectively. Figure
50B shows amino acid sequence of pl7/p24 in natural form_ secreted form
and menbr ane boundFigwed9Ashpws DNfesaauens: engpding mAdiEpdweY indMdéwquence

encodi ng pl7 |pn.n m secreted form and nenbrane bound form
respectively. h@ftgﬁ%%gg§go§%bm am no acid sequence of pl7 in natural form

secreted form andFigurbd8Beshbwsacifoaciy seqpspee ehewding a Riogified BB¥A shows DNA

sequence .encodi ng. p24 i.n, nat | form 20 secreted form and nenbrane
bound fglrom r&?@g i@%ltl?.lad%i\%@%p%ZB shows am no acid sequence of p24 in

natural form secFijurd 50Arshowa DiNArsatueac=eiamaing F107p84 in espeatforvel y. Fi gure
53A shows DNA se uence en%odi ng a mgdli?f;{ j enq lrEnve itpce}fudi ng multi-ciade V3
| oops, and Ta?.ecrg@ Jurd 5%%“@@8%’ Y 1!r% &R E¥GYence of a nodified Env
i ncl udi ng Figure 50B shows amino acid sequence of p17/p24 in natural form,
secreted form, and membrane bound form, respectively.
15 Figure 51A shows DNA sequence encoding p17 in natural form,
secreted form, and membrane bound form, respectively.
Figure 51B shows amino acid sequence of p17 in natural form,
secreted form, and membrane bound form, respectively.
Figure 52A shows DNA sequence encoding p24 in natural form,
20 secreted form, and membrane bound form, respectively.
Figure 52B shows amino acid sequence of p24 in natural form,
secreted form, and membrane bound form, respectively.
Figure 53A shows DNA sequence encoding a modified Env including
multi-clade V3 loops, and Tat.
25 Figure 53B shows'amino acid sequence of a modified Env including
multi-clade V3 loops, and Tat.
Figure 54A shows DNA sequence encoding a modified Env including
multi-clade V3 loops, Tat, and Rev.
Figure 54B shows amino acid sequence of a modified Env including
30 multi-clade V3 loops, Tat, and Rev.
Figure 55A shows DNA sequence encoding an HIV protease PI.
Figure 55B shows amino acid sequence of an HIV protease Pl.
Figure 56A shows DNA sequence encoding HIV Gag-Pl.

Figure 56B shows amino acid sequence of HIV Gag-Pl.
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mul ti-ciade V3 | oops, and Tat. Figure 54A shows DNA sequence encodi ng a
nodi fied Env including nulti-ciade V3 | oops, Tat, and Rev. Figure 54B
shows amwo taossdssequence of a nodified Env including 30Pemusoz/silazde V3

| oops, Tat, and Rev. Figure 55A shows DNA sequence encoding an H V protease
PI. Figure 55B shows am no acid sequence of an HIV protease PI Fi gure

cequence of H v CabieiFe 57 SROWTPGS s 1sicrslys Popt o RRRBINRD OF L

PCR priners fgadéd.oning V3 loops frommultiple H'V clades. Fl gure 58

|Ilustratesashuttle vetor u illustrates a
shuttle vector pRAFGHEEES @atr&psg—pﬁgvp UP%AE%N?'I:{E%P{F& $ a shuttle
vect or pRAd- ORF6- Gaﬁ@?é 59"—1Iu§’ﬂ*ét%s @hultleustiorpRAJDRINBGalePI-RT.

vect or pRAd- ORF6- Gag- g:glre 62 illustrates a rldfght shuttl e vector

pR-Ad. 5/ §5-6m Fi gﬁlgélr6§0§h’é teg arshyiile VeRBERAREREE 6P RPeri ¢ vectors

havi ng the indivi fy 4 - L pbstituted with

t he correspondi ng g@raynarﬁﬁfﬁgétg g&ﬁleﬁggtgfrrblf’%l g\ﬁg G;é@\F;\% 03/ 038057

PCT/ US02/ 35112 DEFIQUIEIZ[DES(EEEIIe@'EI rtght sifuttiHreqtonEENRI SRBSFRa- present i nventi on
provi des genetic v ccines ut t he

vacci nes and net hogégl{ﬂa ( rﬁp‘g i(\g'ﬁgd%a #I%ogj{mergggP%h%tu?Oéetbr’%ﬂagﬂbo a w de
range of pat hpgemiual domsine of t%mmwrmmsmbamutedswlth'ﬁhecgwndlngacci nes
are recaqnbi naHt benio?%gg'h Eses that are replication deficient and do not
cause mali gnafepaing 88¢" B8'°Be i muni zed. Vacci nati on using the
genetic vaccines of the present invention mmcs natural viral infection
in that the antigen(s) expressed by the cell infected by 10 the genetic
vaccine is presented to the host inmmune systemin its natural conformation
and by a "inside-out"” mechanism as conpared with the conventional

"out side-in" approach of vaccination using denatured protein or virus as a
vacci ne. The reconbinant virus is capable of expressing multiple
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pat hogeni ¢ antigens, m m cking natural pathogen infection. In particular,
15 mul tiple pathogenic antigens such as a conbination of an HV envel op
protein ‘Wow3mssdsstructural protein Gag, either wildtype ®@CTmspasi112 can be
expressed by the reconmbinant virus to elicit not only hunoral i|mune
response (i.e., production of antibody fromB cells, helper T cells, and

. and
ymphocytes (CTL) 20 di e AR ERae s REOG e TR YRR Cn” Uy Thor. e

pat hogenic antigen that is naturally expressed as an int Lacel : :J| ar ]Lor otein
can be nodified to secretable and rendered bound to the ce sur face,

t hus better presen't-r:l;)'ﬁé)r‘?sl%'E 'né(ﬁ?ti‘o@eq{o‘f'geﬁ%@%‘86@9@”?%%@‘@%?% In
addi tion, thecombbsitinfssiatiedingyne Vercinge BAY infetNGRCH MMM SRodie! ease hi gh

| evel s of. cyt gki.ne ther 25 mim cking the natural response of

. th by f K1 N A
the cell 5unde?g§'f‘?fé§£ec 'élﬁﬁ%%}ﬁ'y a09¢ ai Pathegania Yidiseahaciase aldt causi ng

pat hogeni ¢ ef pagisBerThidigertdichacciMsSdrakesbniBinartbehigh vigia @kt H& pat hogeni ¢
viral infection” i mmune system nounts a “strong | mune defense

,_the host y . . ! -
agai nst the aFﬁH“(j%tf?”d?ezbé;@ﬁf@éﬂB?/“?‘l‘fé‘”ﬁﬁﬂa’slgwcdém the hoshisr o trreynizerl.a sense,
the genetic vagcmation u§ih§tf¥€§e’?@ﬂ&y§aéﬁ(@é§tdf9ﬁe ﬁr%@@ﬁ(t'%ﬁv (oh 'nhr?l{cg sheep in
wol f's clothing", presenting the viral antigeh to induce a strong immune
response and {aralyiraldafigstionginttiprt tereantigentr) akpressetbys thehell infbeted pat hogens

woul d cagse Oﬂmetdlé?\ehé’géccé@ﬁé r&%ﬂf@@&@% hd4tiHHG %gﬁt%{fﬁgﬁr GSEQL invention

can not only be used vaccine to prevent I n _ S_tnﬂ ralpat hogen but
al so as a t hefelfeimationggdrity a tnsideeaut’ dieskariss, ascwopatedithitich t he 35

[ [ 123 7. PCT/ US02/ 35112 | n, one
enbod ment - a P e assioe e PpRACh S LLEh UERE i atie
response in aviissas a Matmh‘teedﬂ‘rwrebdambmiamm:JsTd1?graeleooﬁiﬁxpmtsinginl(ijunﬁ)le co(rjrpr | ses:
i . I to th i pant. virus an encodi ng a
Viral st genttauiC el aISons neti LB 8ge BRewen: wobaRrder o anti gen
eliciting an mmﬁplwatbsgmﬂmwt@bnsﬁmc&ﬂbsa@abrlnbhaﬁds‘r?ot\/étrfHIV @]We;(%gﬂ(ﬁ%g}f b;:/elt Ihz
i th Lral, antigen in_the host upon infection o
Fecomdi nant  viPLend skEAT SRR Gad: ot 4EFPE aE RS SO OPEESRE (o | he

reconbi nant vby the raosmeingmdling t@liditmMak DRy O FhRun¥RasBnsXRleessi on in
/ i %/he viral antigen. The reconbi nant

AN AL ST A LA
natural ly assacist&fular Fdspbhee PRpIbAIERY ey ¥tdxksST iyfhp‘hB@thé)?éTL)

20 directed specifically to these antigens. Further, the pathogenic antigen that is
naturally expressed as an intracellular protein can be modified to be
secretable and rendered bound to the cell surface, thus better presenting the
antigen to the body’s immune system. In addition, the cell infected by the
genetic vaccine may also release high levels of cytokine, thereby further

25 mimicking the natural response of the cell under stress induced by viral
infection and yet not causing pathogenic effects on the cells. Mistaken by
such a “signal of pathogenic viral infection”, the host immune system mounts a
strong immune defense against the antigen presented by the infected cell.
Therefore, in a sense, the genetic vaccine of the present invention behaves

30 like a “sheep in wolf’s clothing”, presenting the viral antigen to induce a strong
immune response and yet not causing the detrimental effects that the
pathogens would cause on the host. The recombinant viruses of the present
invention can not only be used as a vaccine to prevent infection of the

pathogen but also as a therapeutic agent to treat diseases associated with the
35 infection of the pathogen.
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I n anot her enbodi nent, a reconbinant virus is provided as a viral vaccine
for eliciting an i mmune response against nultiple antigens in a host

i nfect ed WQ 084088057 r us. The reconbi nant virus conprises: aPprarsat/3ity2 of
antigen 15 sequences heterol ogous to the benign virus, each encoding a
different viral antigen fromone or nore pathogenic viruses, expression of
the plurality of the antigen sequences eliciting an imune response

di rected agai nst t lieong grapodicgant, gépeomnkipprd oirnsisapyidedforglie#ng 3 ral anti gen

in the host umﬂuﬁé"rfe‘gﬁéﬁéépn%frmé mgeed?ézigwgﬂél\}h{]ﬁ TRE P8InbMUnt Virdd!S.  The

reconbi nant virus nay preferably plication-inconpetent and not
cause the nal cgnpiireg: amaotides sequence heterolpgoys iathedesgmpinameirgaeRdgeni c
virus(es) in n9§ The. i S LIS QVirgan be used to
i mruni ze the I;ﬁ(’gost' ag\ellllrar{%ﬁt'%&s\nﬂc)fﬁ%?aérﬁi;%qe&%a\ﬁlyg’d%b?eeér Ient&s:[{]ggllrér\lls of

pat hogenisc vi antiges dioidihg as imiHuUNe tespeinse diredied paaingtitihg Viest antigansand/pe 1,

her pessi npl ex _vj.rus._t / SRV , ir titis A
5 G b and El5ioFRuedPe e wi Aafaer i 4o hYSupb R Bptniotne Al ploRE

t unmer cul oses avdnibaaint Vins; and bn dmmsno-Shimulaéar sruerasthelerolgnes wfthehe present
invention is a rﬁ% nant virus. that. cont ai .nséﬁqgcl eic acid ﬁggﬁlences

onbi
encodi ng one &i° r‘r@n\&/?"F‘éﬁanda?ﬂqo g 2N iU e-SHMULR O WITOSGE e host is
i mruni zed by trieendseeomdricestic BfnvragenicRy of the viraliantigen.eThdyedohdirraat ombi nant
virus, the infection of the vi rés i%wa hoscé cel | I‘ESLfJ ts | M@g essi on of
the virdl ant VIS feRlicRtiqnsinprrareifpt i dars nal gayse.tbe fraligpangy d cell.
Si nce expr essh&dbcifted Weh He @Mth@HnidBRsiisthérnosen by a strong pronoter,
expession can be maintained at a high |evel. Upon rec i Zi ni%)t he | arge

anount viral anti g&rarhenpmiadimentys feEOBDIRGNE VIRESIE PEeY! @VE&st em nount s

a strong def ens&iol Biditidgh Minide RBporERMgalnderRRiple Afighds MH RSH057
PCT/ US02/ 35112 achi eving 1ong-lasting i munity against the g)at_hogenl C

virus from whindectedby therdiusa e gesomainane vryeeemesinsa el raiity & aWeaRi zat i on
W th vaggi nes s%ﬁ.géncéé ﬁfzfe%%q"édg% W@%éﬂ@?\é{r&’,‘@é@rﬁéﬂ%dm@ Pagbft Giralyeast or

i nsect cells, viral antTgen expressed from 5 the reconbinant virus of
the present i autgan foymiopetoemons patbegerie vinsesr edpressian ofdhe plyeity of the s

cont or mat i on 8P HE ARenESr S EAE AR AThE aRRLE B ERYs DA S B g e Nat! ve
gl ycosyl at ed iantidéns doaatels papreysiags theosral argigen irc thiel st weminéagdon ah i sol at ed

,P Lgt ein vacci e, i S iijtr‘?é tRAmbMLR: GRE. AR trecdibiSat VL9 ffay prefRRAN ed from
20 replication-incompetent and not cause the malignancy that is naturally
associated with the pathogenic virus(es) in the host.

The vaccines of the present invention can be used to immunize the
host against a wide variety and different strains of pathogenic viruses such as
HIV-1, HIV-2, herpes simplex virus type 1, herpessimplex virus type 2, Ebola

25 virus, Ebola virus, and hepatitis A, B, C, D, and E viruses, or pathogenic
bacteria such as bacillus tumerculoses and bacillus anthracis.

The recombinant vaccine of the present invention is a recombinant
virus that contains nucleic acid sequences encoding one or more viral
antigens in the viral genome. When a host is immunized by the recombinant

30 vaccine, i.e., infected by the recombinant virus, the infection of the virus in a
host cell results in expression of the viral antigen which is present on the
surface of the infected cell. Since expression of the viral antigen is driven by
a strong promoter, expession can be maintained at a high level. Upon
recognizing the large amount viral antigen on the cell surface, the host

35 immune system mounts a strong defense against the viral antigen, thereby
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10 outside of the host cell. This conventional "outside-in" approach often
does not generate strong, long-lasting i mune response, presumably due to
the altewedsastosygenicity of the vaccine and qui ck cl earamca/ush2/sh1€2 protein
vaccine by the immune scavenging cells. In contrast, the genetic vaccine

of the present i nventi on i.e., the 15 reconbi nant vi rus presents the
viral antigen i |de Qut" .mechan i t S expressed
after infect |38ﬁ%3 a‘&!l%’a]"?%ﬁht%’ a\ggpafstﬁeﬁa{rhog%n\é\)i fr%ﬁ W‘%I]' |s better

m mcs the na/trglrgaitlgpnmdmtveon and presentation of the viral antigen by the

pat hogeni ¢ virus usi eplic t|o incq t virus that

i ncapabl e of spr ea& WBareggNg‘éVUﬁﬂ‘ PR W |v§c?|ﬂ$%&?gared§ql?f§d p{(ﬁgmﬁr esent

i nvention dr aipidssad by bé&dn@@@agm mefelcﬁ&all@f th%l\,dﬁl @ft‘geﬁteaprteb@éd ey

pot ent i aI |y be generated usi n | ication- ve virus. For

exanpl e, vacdihEsopRiEat I‘S'FP% Ghyige ?@@ HP@W‘PPG’?“@ m'?%@\el’@é%fé‘ Y& t he host

celI's, which fagen MRRSEnRWR gnd hugieabn. o&o@téoe@@teqmvédméméy notGlobt and
event ual | y lead to cell death. 25 Moreover, conpared to the aé)%r oach of

usi ng at t enudbeaatbe Gonirreben of thenatusal viral antigieR@ndimiay ISPl maki ng t he
genetic vaccCidie, le fe6n R'I'e ria, Vé‘é’s@%? InQQct'o%IlémWheﬁ%fu@ﬁ anYafge@ation of a

| ar ge populatlon of peop ani mal s demand |arge ampunts of vacci nes.
For virul ent W‘IJtElms\@@C@a(t&ﬂnwfeCEb@I the@pﬁtuﬁmamﬂg%ﬂ\ls preapeiedd©al ©epr oduct i on

of attepyiar e¢, fliad BAREINGE: ! U'Fhlgg?rli\feﬂ\[;\(%ﬁeneodtgﬁg Y ot AbERMe Or eat

danger he “envi ronmen Ive VIrus
reconmbi nant wiot generfatetshmngrbsgimstlngvemun©reap@nsebe)r@&@@ﬁtﬂ)od@(@rté@s rrul tiple

econsi nant. VPGS PeRERL AR e AP A AFeEREYEER! STLBI g, | 5

pat hogeni c vibyuke uﬁmonedcﬂeegiagtce%rm ns of the sane pat hogenl Cc viruses, or
25 WD 03/038057 PCT/ U 02/3 112 fromdiff ﬁ}:lent a t@%%lﬂé Orﬁl]éil fferent k| nd
A 'S

of viruses, bacter&oBVaHAPEEePRLC Varhing of fig'ege fes 'of the present
inventipn to rb@ombmiamtmdstmesenwmemal ag@ensdyam'h'rsumalexﬂ’pmebmnmrmf Vi ruses
and ot her inf ectl ous agents. Since antigen seq ences are
rearranged i n'endaf e |'§|§¥Rre§/§erdaﬁfe§§ﬁ%% tﬂ?egréchfng) aFV'BJSt"é 9 al

reconbi nat i omqaf cdilke TBivhdtRl nFRkY eNs e5tuiad paritelicH endprepaithbgestithe vi rus i s
virtually elim nated. The genetic vaccine of the present invention also

preferably exf¥ekartigen by the pathogenic virus.
By using a replication incompetent virus that is incapable of spreading

20 beyond initially infected cells, the present invention dramatically reduces the
risk of side effects that may potentially be generated by using replication-
competent, live virus. For example, vaccines based on live vaccinia virus can
replicate in the host cells, which can impose a high level of stress on the host
cell and eventually lead to cell death.

25 Moreover, compared to the approach of using attenuated or inactive
virus as a vaccine, the process of making the genetic vaccine of the present
invention is much safer. Vaccination of a large population of people or
animals demand large amounts of vaccines. For virulent viruses such as
Ebola virus and HIV, large-scale production of attenuated or inactive virus

30 from the live virus can pose a great danger to the environment and people
who handle the live virus.

The recombinant virus of the present invention can be used to express
multiple antigen sequences simultaneously from the same viral vector. Thus,
the recombinant virus may encode multiple antigens from the same strain of

35 pathogenic virus, from different strains of the same pathogenic viruses, or

25



| ar ge anmount of imunuo-stinmulator, such as cytokine. In a natural process
of wviral infection, virus-infected cells display viral antigens on their
surface iwotob®38030 context of the WMHC-1 receptor, while vipcaluspasiiizl es are
di gested by the professional antigen-presenting cells which display
antigens in association wth MHC- Il receptors. In response to vira
infection, a full ran of cytokines apd . interferons are produced,
resulting in &% ?'ﬁﬁﬁ%ﬁam fré’HHQ'Efé'fqnltjk'aij of VIBLEENRACIeNR QHREraATteal  ant i gens.
At the sane, Imrsg@]am%_tmé&a@&inéﬁmﬁé’f)f&bhﬁnae%tibﬁrt@b@uEi&eé%ﬁn% Mgy new
infection. In vaccinations using isolated protein vaccines, tHe protein is

qui ckly cl ear 88285t 3 ROAAAREREUE ChVirgSRy dedherdnfectinpsiaggntshiSingsrtbesss, only
MHC |1 anti geindhisis BRI RuBRELY e FiftrdrBd P HEQELARDIENAASH e PONSE 1S
absent or_greatly dinmnished. As a result, little cellular Tesponse is
gener at ed and theilsk ofdpienfial espmbinatien ptibase vial sequanges tmpendrators,

co- expr essi on yafyq bﬁi@'vir??ki\ﬂlﬁfbllﬁ%ﬁmﬁﬂéﬂfi ne fromthe reconbinant virus of

the present invenfion effectively mmcs the natural response of the host
cell to viral infedhe@enbic prasiemfitrypresentimtangen atso préferabfuexpasss of t he

i nfected d j I - | at i t oki . Wth
the high ©ovel ool cethffu XS bIERIL ARG Tha e SRR o by

t he geneti c vatdiimfecticrheirtsefedtentaile digpityennaiventiggnden theit ©ltade it the nount a
t I h by r. | ti i i -l asti

imun ty0 Ada TSRS MG L sEROr LB el i aR ARt PR L acc ne

m m cs the natafesdional aaliganAfresénting cefls whighidRpEgHNtig¥hd MSissbditionacci ne
itself is a benj irus 30 that does, not have the detrinental effects of
t he pat hogeni &' ﬂ{ﬂﬁ Il RGPS, i [RSPORSR @c‘f'riab'ﬁ?%ﬁo% ap‘}‘ﬂlﬁ"i‘ﬂj?é’rﬁf&ywmﬁ such as
H 'V, i nfl uenzandintegerans ardghrobacad, Fasailtingsn Bs@bey AGMbAATHA@ cEIMRRT €SSi ng
effects on the host, due to the jmmuno-suppressing functions of

resumabl
t he gl ycopr ot E5REN3¢ 10 thﬁé/'r@ %’U'anﬁc@oq‘isﬁ@et BrasRupbs Ohenmepesglison, t he

viral ants genr&paiHenaereabam@héw fledivnt evaRHRLbSS Méinﬁ%is@%téosprgfe‘ﬁ{ erred to
have its pathogenic or immuno- 26 WO 03/ 038057 PCT/ US02/ 35112 suppressing

regi ons del et ¥d°CiNg$, Hesprptaln istayicklyedirared by frecimmeunsfscemengin@eliat i nventi on
behaves |ike @yrighesPptdded®chiyvAEf R8N préXeRBRBh 0BGk BRdYid @l antigen to
i nduce strong i mmune response "and yet not causi ng 8et rimental effects on
the host. 5 cytokine-releasing response is absent or greatly diminished. As a result, little
cellular response is generated and few “memory” cells are produced.
20 In comparison, co-expression of viral antigen and cytokine from the
recombinant virus of the present invention effectively mimics the natural
response of the host cell to viral infection by presenting the antigen on the
surface of the infected and producing large amount of immuno-modulating
cytokines. With the high levels of cytokine expressed from the host cells
25 infected by the genetic vaccine, the host immune system would be “tricked” to
mount a strong response to vaccine, thereby resulting in a longer-lasting
immunity.
Additionally, although vaccination with the genetic vaccine mimics the
natural viral infection of a pathogenic virus, the vaccine itself is a benign virus
30 that does not have the detrimental effects of the pathogenic virus. For
example, infection of a pathogenic virus such as HIV, influenza virus and
Ebola virus has profound immuno-suppressing effects on the host,
presumably due to the immuno-suppressing functions of the glycoproteins of
the virus. According to the present invention, the viral antigen sequence

35 carried by the genetic vaccine is preferred to have its pathogenic or immuno-
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1. The Cenetic Vaccines of the Present Invention The present invention is
directed to vaccines that mmc the features of a native pathogenic virus,
but w t howD 0alodsest i ng i mruno- suppressi on and pat hogeni ci PET/UShU3S1CAUSI NQ
the host to nmount an effective defense, while not 10 being in any actual
danger of infection. The genetic vaccines are replication inconpetent or

defective viruses into which on r nore seguences I one or
nore viral ar&UiPQEQSLS,'”Qr”éQ'P'?I%%?I?t@a iﬁ)%?&e'ﬂ??e%\é@%?%%g Vafc'?%ge@:é%g%sggbenone

non- essent i alinfdhibh beh ke W tieeplinvdifecating? presanting trexpkbastigent he

viral antigens and elicits a cell-nediated i ne r&st onsel ifﬂe Xi vo directed
15 agai nst t He iRdce §HABY HHAURR [9SRORSGRRULYEING FHE! ?8’8%‘? \theinth

enbodi ment, auLeeebi nant virus is provided for eliciting an immune

response in a host infected by the virus. The reconbi nant virus conprises:
an anti g&n sequence heterol ogous to the reconbinant virus that encodes a

viral antigen, fromkg, BaLBROGAEGNYS blfe BBERERVERNGT the viral 20 antigen

eliciting an I'nmune Tesponse directed against the viral antigen and cells
expressi ng t he vi rEleapresgrrinventions, ditestad tayaecines et Miskic 8ie eABIPHR by t he

reconbi nant virus; and an.i no-,St.i I ous to the

r ecombi nant v? PALERETOLRIGHES @‘Wfﬁ‘q%%@@ p AR Q%ﬁﬁﬁgéﬁéﬁéﬁ‘?essi on in

tzge host _enham?@gérht_&tyj 1o cagEng th'etr)ost)fdo mbentanredfective defense, Tihde Netonbi nant
virus Is replication-iInconpet ent. an S : cy

natural 1§ askeey Ky %‘it‘fﬂ d?ﬁger Sfﬂ%‘g@ﬂi g%gigreﬁg&f ggﬁ%ﬁgsﬁégrépm%gﬂ

reconbi nant vingsrpSmit SredeFennt Migseadntorvdictaoye o moe RISAlseagerass the native

progenitor is rendered replicatjon inconpetent. Fqr exanmle, .
replication-i %‘&%’@t%Ora[g%rﬁd/\'fﬁl!rajg',ge%@rﬁdD%@Eegd?tgﬁé% r{ﬁn%so? &ME virus, 30
retrovirus, hgsRese SbATBSSEHMI tHWS ifFECtW@g.CTRHE fecoimbirmntrayushexpussads the gener at e
the reconbinant virus by inserting the viral antigen . nIodtQ(ﬁ L egi on

non- essent i al vita) antigrasiaRdeRieis 2 P?'"B‘P_d’taF?éj PagIegeRRMSe T 14 dirged o f ore, it
i's prefgered LOaLtieanfRGITRURAIM eMiressnBBBNNGEnsIave the pat hol ogic

regi ons of the na?l ve progenitor of the benign virus but retains its
infectivity to thelrhaus embgdimenta/reggurapairpsisoypydad bor eli¢ling 4t ef er r ed

The recom; nalimUEERRHLAETh SAdRRrtaadol B UGS, TRE od e B (g | evel o
of antigen expompssiasnah hatiger sabuarceheternpaoub tuthgtreerminantidrus faine
encodes a viral antigen from a pathogenic virus, expression of the viral

20 antigen eliciting an immune response directed against the viral antigen and
cells expressing the viralantigen in the host upon infection of the host by the
recombinant virus; and an immuno-stimulator sequence heterologous to the
recombinant virus that encodes an immuno-stimulator whose expression in
the host enhances the immunogenicity of the viral antigen. The recombinant

25 virus is replication-incompetent and does not cause a malignancy naturally
associated with the pathogenic virus in the host.

The recombinant virus may be constructed from any virus as long as
the native progenitor is rendered replication incompetent. For example,
replication-incompetent adenovirus, adeno-associated virus, SV4Q0 virus,

30 retrovirus, herpes simplex virus or vaccinia virus may be used to generate the
recombinant virus by inserting the viral antigen into the region non-essential to
the infectivity of the recombinant virus. Therefore, it is preferred that the
recombinant virus does not have the pathologic regions of the native

progenitor of the benign virus but retains its infectivity to the host.
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5 system The antigen expressed by cells infected by adenovirus is
processed and displayed in the infected cells in a way that mmcs

pat hogen-wofoaossed? cells. This phase is believed to be vePgTiusppsiiant in
i nducing cellular imunity against infected cells, and is conpletely

| acki ng when conventional vaccination approaches are used. Further, the

reconbi nant adenovi r us 0 infect ndritic cells which are very potent
anti gen- presenting l%glqrégxﬁgljpmgpl,meq,ﬂﬁe F%&’maﬁgﬁ'{“sﬁ@r{%'ﬁa&%ﬂ'n&y al so
carry genes enwodipagent aaen®4druenhanci ng cytokines to further boost inmmunity.

Mor eover, the reconbi nant  adenovirus fr’gg¥ naturally infect airway and gut
epithelial cells id RIGFEHEINAY adeppuusiobine prrsenventien fary diset Bigni ver ed

through nasal |glsaf iigen akpresiaisthia@provite stBngddethliia@sh of e imerABDI nant
adenovirus of the present invention should be safe because it iIs

repl i cat i“on- i F¥YAPet BABN oL PESSRE 0y Golsintastsaraduguisicie pregpsrd
posi tioned i nghBQidplayelid thlinfedicd@BIOM Phvad ﬂ\%tﬁﬁ#ﬁf&@%bﬂﬁé@enﬂ?@cteg .
El;” E3 or E4 region of

i mruno-sti nul at or sequence ma%/ be positioned in the |
t he adenovi r u§ell20ThispPRasedHs belkeved topetvae ippeftantrie indoaipe dietwar immuniy

het erol 0gous aghineEiifecRRtHECHASolhBRdTHARs MRERbABfioigauence are

positioned in > El regi on of t enovi rus, where the
het er ol ogous &AtditaAsiONSEHeaches aredusedheurithrarthe retdmhinatt edesadguentsy ar e

expresseg fror Lk Sstroni I La an | rnal ribosomal entry
site or @l a amsf%ft%ﬁﬁgﬁcg%e#g%gczlcgégtvgmgn%g\éhger{?@ﬁsgé\‘ﬁ’g %)Uf)'r#e °bn of the
viral anti gen ths rechmbinantiadensvirmuay alsorcayry genes emtadaigl iegnung- a pr onot er

honol ogous to nat i .DI.O, i.tor. of the .reconbinant Vvirus.
AT or nagivel v hBEndiR L BaRER T oot ifnil FRERE Mo lScoBinant | ed by a
pronot er het endbomdrus nay ridgrahainfece apwagem garepithelidheslBOn hagand gmnt  vi r us.
For exanpl e, ropot er heter Iq&&us tg the native progenitor of the

0

he A
r econbi nant vir”}elﬁg Fatheyacans figyr wersH '_?fBP%'? NasRl §PRY or{o {N9e8YYtorot er
human cytsonegad aditiars tHédmpIinaDA@ImoRies bitthe PRIsEHt iInPEMITAIsAbuIdPM an virus
SV40 pronot er,aétoqus sar ﬁgs(rra virus LTR Fr onot er/ enhancer, the chicken

cyt opl asmi ¢ RSAEREFAPPH I 'EPICaARINGRAREISe 35 pronpters such as the

tetracycline-i nducitenhdeRMmRoas antigdh é@ueﬁé&%g% poSliONSPR/ 1Re EY 2E3 The

pat hogeni c virus may be_any pathogenic virus that causes pathogenic effects
or disease i nOhFhRIIOBQEHeRsIeAYRE, ThSBEUNE-sHfUIPrsegrence may be

positioned in the E1, E3 or E4 region of the adenovirus.

20 In a variation of the preferred embodiment, the heterologous antigen
sequence and the immuno-stimulator sequence are positioned in the E1, E3
or E4 region of the adenovirus, where the heterologous antigen sequence and
the immuno-stimulator sequence are expressed from a promoter bicistronically
via an internal ribosomal entry site or via a splicing donor-acceptor

25 mechanism.

The expression of the viral antigen or the immuno-stimulator may be
controlled by a promoter homologous to the native progenitor of the
recombinant virus. Alternatively, the expression of the viral antigen may be
controlled by a promoter heterologous to the native progenitor of the

30 recombinant virus. For example, the promoter heterologous to the native
progenitor of the recombinant virus may be a eukaryotic promoter such as
insulin promoter, human cytomegalovirus (CMV) promoter-and its early
promoter, simian virus SV40 promoter, Rous sarcoma virus LTR
promoter/enhancer, the chicken cytoplasmic p-actin promoter, and inducible

35 promoters such as the tetracycline-inducible promoter.
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ot her mammal s. Thus, the reconbi nant virus can be used as a vaccine for
protecting the host frominfection of the pathogenic virus. 5 1n a

vari at i ornwotoR@e3gpat hogeni ¢ virus nay be various strai ns of Polmesn2/35112

i mrunodeficiency virus (HV), such as HV-1 and H V-2. The viral antigen
may be a HV glycoprotein (or surface antigen) such as HV GP120 and GP41,
a capsid protein (or structural %rﬁot ein) such as H 'V P24 protein, or other

H V regul atory prdt'&iRf&1GRIF ULS y,be\ﬁr%y RENPIRBIF YhustRAt£8USes | n anot her

variation, theaprjgBei@Mests\Uridieal@ih DRodtRULHEOEAMYKT dSmestid@ininvdls 8F anti gen
may be an influenza gl ycoprotein such as influenza HAL, HA2 and NA In
anot her var i aOteh Manpealgat sy dif r©CoOMpPinantdRsssan Peaisgd @is UL cCimpdor vi r al

antigen may bera8:tHRGhe hebHFRR RGN P iheSpHth@fhicifsgen such as Ebola 15
GPl1 and GP2 protein. In yet another variation, the pathogenic virus may be

hepatiti® virus siith vagatipspiiea pateogrnic/irug may ff vaFious sirgins PhBUWRR al  ant i gen
may be a S“rfﬂﬁﬁun@ﬁ@fl&;ﬂaﬁ'&}ﬁﬁuﬁcﬂ-ﬂ@%ﬁﬁ% 84 PRk RaRaY 'Tﬁe'%iral%ntigen R=9r E
virus. For exanple, the Vviral antigén nmay be a surfacé antigén or core
protein of hepata HiVsgliRoprotain (susthfare anggemesushmab HIViERIZ0tand B4yref ace

antigen (SHBsAQ).: r t ' t] ,uit,he mddl e
hepatitis B s&rg%%é?o;% i(g’];ér?{w(c EE@SPX%‘)%%%Q% %QHR{ g%é%@ﬁa@?ﬁﬁ% I_I!:“l}/surface
ant i gen ( LHBsAgpulatdtyeproieirasl suehtaisgaih \fibgndRewopiotei@s. surface antigen or core
protein of hepati tils Ct i rus. ﬁucghas NS3, .NS4 and NS§ ant i ens . 25 I'n yet
anot her Vvari ation, 't Ae° é%’f‘f?&ﬁ' R G PRUISIRRG Vi M3y B8 Jitughes YussyHi& 1 i al
virus (RSV). ksl axigemwhay ddwn iRfensarghcopritéigeachmay infleetzzeHA Q) B&Dpr ot ei n
(G protein) or tgf: fusion protein (F-protein) of RSV, for which the
sequences are 2398} -abl e from GenBank. In yet another variation, the

pat hogeni c virus mayah&har WeaRes, teé FatheyenidVirnyd s bé HDY)a wireh TAe HSV-1 and
HSV-2. For exanple, the HSV viral antigen may be the glycoprotein D from

HSV-2. In yet VERIGHEEN M@y be3roRbole giyCOPoRIn ahturigen anlgehelc askYa ant i gen
or virals oncegengnfuPd Rstel® and E7 of human papilloma virus, or cellular
oncogenes such as nutated ras or p53. 29 WO 03/038057 PCT/US02/35112 It is
noted that, other Vi yelgdasypaaton. Blecrashogenisr virdamaydrrshenaditis wigs | v

such as hepatitis A, B, C, D or E virus. The viral antigen may be a surface
antigen or core protein of hepatitis A, B, C, D or E virus. For example, the
viral antigen may be a surface antigen or core protein of hepatitis B virus such

20 as the small hepatitis B surface antigen (SHBsAg) (also referred to as the
Australia antigen), the middle hepatitis B surface antigen (MHBsAg) and the
large hepatitis B surface antigen (LHBsAg). The viral antigen may also be a
surface antigen or core protein of hepatitis C virus such as NS3, NS4 and
NS5 antigens.

25 In yet another variation, the pathogenic virus may be a respiratory
syncytial virus (RSV). For example, the RSV viral antigen may be the
glycoprotein (G-protein) or the fusion protein (F-protein) of RSV, for which the
sequences are available from GenBank.

In yet another variation, the pathogenic virus may be a herpes simplex

30 virus (HSV) such as HSV-1 and HSV-2. For example, the HSV viral antigen
may be the glycoprotein D from HSV-2.

In yet another variation, the viral antigen may be a tumor antigen or
viral oncogene such as E6 and E7 of human papilloma virus, or cellular

oncogenes such as mutated ras or p53.
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available to those of skill in the art. Selection of the pathogenic virus
and the viral antigen is not a limting factor in this invention. The
viral antwoaen/ossy’ be a full-length antigenic viral protei ®RCorusaz/paati on 5
of the antigenic viral protein that contains the predom nant antigen,
neutralizing antigen, or epitope of the pathogenic virus. Alternatively,

ateast o stral haao Pk A ISERE R BRI E: MbER0an Bpl e LET

| east two strai I C VITUS. n-a varil a
viral anti genawmyblbeo thosedi Ekikth tantartgSelddian of eltmgeatcadrub morhtize

gl ycoprotein of the pathogepi ¢ virus .such that the viral antigen 1is
render ed non-Y'@h2RHsRAP naga Q[“@ngﬁc%rd HENE Y retains its antigenicity.

Such nodi fication pie Vike avliged maybe adoll-iengihugitigedielviehii protein or & partion
proteolytic cl|eavage site of th | ycopratein, and duplications and

r ear r angénent ofghe ?Pgﬁﬁﬂfb‘é'[?ﬂ)ﬁi’oéﬁgi?@ﬁg c\é@tafq-sgge PWW@?R{'Q@ gl ycoprotein. 15
The reconbi napd,iMlifiHg afligeh, BXBpIRHREST tRNpatABYLHIc SitdsMAIRFRtivE, thib Virgl

cyt oki ne-rel easi ng response of host cell upon viral infection and further

a /
augnent s i nMUARIIEBSHBIRNS the comgerved woioaf glysaproiRRsiRtessr dt REHPhe
reconbi nant VétFa‘i'rEs ofﬁh@shﬁ@éﬁ%‘obﬁfehmirﬁépr may preferably be a cytokine.
0 ude,

Exanpl es of cytokine inc ut are not limted to, interleukin-2,
interleukin 20 4, Inm eariagiokithe vpal anigen meybees Badified PRGN BRGR,
=y-intenferon Yof 34 | 06 LGIR A G ETR

gr anul oéét e- rr%qclzjf%gp E%@C%@ %@%"g{ﬁi"rﬁﬁ%k’%g@é*gc{%r (G CSF) . I_r?_ngé\%‘t her
enmbodi nent, aisrendered namfundtions aiss irebodrdeenend bulaelains ifsmatiganicithmune
response in aJhgst infecte ] i : j i 25

conpri ses: ansg 'it']&gﬁcgtgoéquéjﬁ@ée(w%e}% Qy%egrg@?)lﬂé_%egélgﬁée?@g@gé;%rioﬁégwgvi rus that
encodes a Vi r abaanje gerof tireoglycoppetemp ged deplicatiors, arekieagssgeanerdfof t he vi r al

antigen eliciting an i mune response ditect i.nst the viral antigen and
cells expressi%‘gq%éspefersﬁﬂlveQﬁP{i?%erﬁgPHStoFﬁ'er?g&O%ﬂ% 'ﬁ' i nfection of the host
by the 15econbi nantThy rédembirdht Aewoalsh BepressdshEnsimemninodtimtdator tomeimiec onbi nant
virus is prefer ab_Ig ‘ge . eFI icati ofn-igionl*,)et ent. ff\dgn - assggi ted virus,
SV40 virus, reYiPiguETeleasingraseansesehaioat coll YR YRl IRECRPRAVY M. The beni gn
virus nmay pregggaghty iavae rdponpatdipkogbiantiggh coexplessdefroatthere progeni t or

of the benign virus deleted but retains its inf ct'bvi tey tc% t he host. 30 WD
03/ 038057 PCTragempinssi yisus. The immuno-stimulator may pretera Iy be’a cyiokine.

Examples of cytokine include, but are not limited to, interleukin-2, interleukin-

20 4, interleukin-12, B- interferon, A-interferon, =y-interferon, granulocyte colony
stimulating factor (G-CSF), and granulocyte-macrophage colony stimulating
factor (GM-CSF).

In another embodiment, a recombinant virus is provided for eliciting an
immune response in a host infected by the virus. The recombinant virus

25 comprises: an antigen sequence heterologous to the recombinant virus that
encodes a viral antigen from a pathogenic virus, expression of the viral
antigen eliciting an immune response directed against the viral antigen and
cells expressing the viral antigen in the host upon infection of the host by the
recombinant virus.

30 According to this embodiment, the recombinant virus is preferably be
replication-incompetent adeno-associated virus, SV40 virus, retrovirus, herpes
simplex virus or vaccinia virus. The benign virus may preferably have the
pathologic regions of the native progenitor of the benign virus deleted but
retains its infectivity to the host.
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Optionally, the reconbinant virus includes an inmuno-stinul ator sequence
het erol ogous to the reconbi nant virus that encodes an i mmuno- stimnul ator
whose expwedlgi088057 n t he host enhances the i mmunogenicity @CTiUse2/33112 al
antigen. 5 The present invention also provides genetic vaccines that elicit
strong and |long-lasting i mune response to pathogenic bacteria. In one
enbodi nent, a reconbinant virus i.s provided as a genetic,bacieria vaccine
for eliciting an P y’rtggﬁ%(f?gg)'ri‘aﬁ‘té{" Dplufes %%?%'Bu%?fsvrﬂ@aﬁoéconbi nant
virus. The Viddlen88Rekoledoushs tieeenmbnant vitisrthst eneopisd sesnmandgl ural ity of
antigen 10 secwences het er ol ogous,_ to t he reconbi Bant Vi rus, ,e%ﬁ& encodi ng a
bacterial anSirgdator WHRPLCHAEFIRILIthe BasRtCOPRRCeSIRR MOUNAIFTFY R DS ural ity
of the bacter;a| anﬁé’letri.gen sequences eliciting an i mmune response directed
agai nst the bacterial antigen and cells expressing the bacterial antigen
in the hést upon i hhegrasent iByentionalsegyeviges genstic vaesibeihat et siieng The

recombi nant. Vi ARG BHERAR YsddRsd B SARbGR herd1oRTERet ent and ot

cause a malignancy natu y associ at _ t he pat hogenic bacteria in

t he host. Theemhodiowehiacrebabisantyingys pevidag ap ataengnpactphr vaqcing fohat
causes pat hogeni f. ' j Jbﬂ? HImRsarafid. | #se

t uber cul oses,g'@g‘g’ﬁ%'@%@t%&%@%ﬁﬁgﬁ‘?sg@@%c ttgezorretﬁiaa_burgdorferi t hat
causes the Lywiealg@ndinsedte rienombinasl \drus Thesppses: alplurglityOf antideen sequences

may encqde | ethal fagtor s cti Nt | r .t he
pat hogeﬂﬂ c batt®A"E>® ?teroi?ﬁ‘f&sﬁélﬁeor?\é&ﬂ@ﬂ é’é‘rqm?h@g‘[%éjéﬁ?‘bi%n@aéﬁ%n al so
provi des par ashtiggs fvamn ai patisodehtbagtdriaj éxpressianaef thegluraitgel the balgridimmune

response to pathogenic parasites. lLn one 25 i a_.r pnant virus
i s provided a@"@%ﬁ%?ﬁ%es\ﬁj@&m%@n1"8?1”8?f%ﬁptoﬁ%89%$$%ﬁgt$%§%%%@ ina
host i nf ect edghtigdnendoeils @Rpressibg theTtiztarat antijendmthe ost upor orfigntios e a
plurality of antlgen sequences heterohggous t virus, each

encodi ng” a patheshast &Y in tegemPineghyins, 6W@né'ﬂipﬁéﬁ%§,pr!%fg%%&s%q on of the

pluralitys of tdficARaiRtéhpetant drdibt SaGeEn fRfig®dricyinaturglly3dbsaciaiedmithe
response directed against the parasitic antigen and cells expressing the
parasi tic ant threpathpoaniebawderia gk hesif ecti on of the host by the

reconbi nant virus. TRekREBARINAR R VYU SRYpalhEdehicbdHekethab@luseat i on-
i nconpetent and not a cause nalignancy nat ural I)é associated with the
a

pat hogeni ¢ paatiogeniceffepis o giseaseppin a host, such as bacillus tuberculoses,
bacillus anthracis, and spirochete Borrelia burgdorferi that causes the Lyme
20 disease in animals. The plurality of antigen sequences may encode lethal
factors, protective antigen, edema factors of the pathogenic bacteria, or
combination thereof.
The present invention also provides parasites vaccines that elicit
strong and long-lasting immune response to pathogenic parasites. In one
25 embodiment, a recombinant virus is provided as a parasite vaccine for eliciting
an immune response in a host infected by the benign virus. The recombinant
virus comprises: a plurality of antigen sequences heterologous to the
recombinant virus, each encoding a parasitic antigen from a pathogenic
parasite, expression of the plurality of the parasitic antigen sequences eliciting
30 an immune response directed against the parasitic antigen and cells
expressing the parasitic antigen in the host upon infection of the host by the
recombinant virus. The recombinant virus may preferably be replication-
incompetent and not a cause malignancy naturally associated with the

pathogenic parasite in the host.
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WO 03/ 038057 PCT/ US02/ 35112 The pat hogenic parasite may be any pathogenic
parasite that causes pathogenic effects or diseases in a host, such as

mal ari a awo opiostoozoa such as Cryptosporidium Einmeria, HPSTArsnnasj2
Leucocyt ozoon, Pl asnodium Toxopl asma, Trichononas, Leishmani a,
Trypanosoma, G ardia, Babesia, and 5 Theileria. The plurality of antigen

sequences nay enco coat pr.otein attachnent proteins t he pat hogeni c
parasites, or conb?ﬁ%??@ﬂgg'?'ﬁg?@gﬁé m‘?%i)epe}né@@ﬂfoglgﬂ@e‘ﬁr?s&?qg?tsc%UB&OVi des
viral vacci negathbgénipefssnbr divtddeplirea hast, sgemnss malaribeandqsbdtorea $uoht her m mic
natural infectiqn of a natiye pathogenic i rus famd ir]:quce trong and

| ong- | asti ng ??ﬁ?rﬂ’ﬁgosrpgg Y & '%éﬂlﬁ‘aﬂ]g”%% )fgp(;pscy O£G0Yr ?%%@U'Hf t he

pat hogeni ¢ Vi Teoplasmd) gribesthonds L eislemania oTHy pEisona, CasraizhBabeYia, \dndus i s
provi ded as a_viral vacci ne"tyfggr eliciting an im*runggres onse in a host

i nf ect edSby t heigriaydheplia HHIPA SRAVRNER I WYAHTPPC £t RIOINSr al i ty of

antigen sequeamnim9fd?éiﬁg@%etp@;hobeﬁicrf@%ymbé,r@%m\bma%ns grfdbfencodi ng a
viral antigen froma pathogenic virus, 15 expression of the plurality of

the antigen sequent®®PEaspel inNVEMioRAISOrmfbYiges Yiea parrinesdhaiguesrit adiiit ~ t he
viral anti genamﬁe%{r@ RSP IPRIRth Bniie n¥uF infe@ithi 8MdiiDe HBMoREHE UPON
infection of the host by the reconbinant virus. The reconbinant virus may
pref erabl y bevirusAndiadugsrstiong @rgdenchiastnainiodnecrggBensg to yaripupdiains nat ural |y
associ at;gd wi LEi~V ' host. 20 According to the
enbodi m%ﬁt , th'gtyb‘%%%ﬁ@{aﬁ%gﬁ%lﬁ'gﬁ@n%@;}hggbgﬁy virus, preferably
replication-i nconpht@re erabedioent, asecomkinantagysisi piovded b ayjralsagcinevi r us,

retrovirus, hgr .S i . i.nj i T, r nbi nant virus
may al so pref gofgﬁ(ﬁg}éq]ga@@%#e{é L%?ﬂrg{edéi%gﬂsggﬁ%cxéség t eh\@%ﬁaﬁﬁ\gle progeni tor of
the Dbeni gn viecombihainetiad domprises:.a pluidity of @hdgen sedquentes héterologmus t@5 Al so

according to the enbodi nent. th | ural it f the _antige sequences may be
mul ti pl e copi &Ee FS?O'Pﬁ'Qa'%taVr'IEESa‘?ﬁcf'ge%ﬁog@%ae%égargpeﬂﬂﬁom %I%gﬁ]ogﬁ[?'?d%&sequences
t hat ]gli flfrsler rémf:emho?hetphﬁality bhthe andigératéquenoés tluttingrdmoidinmeiet , at | east
two of the plurality of the . antigen seguence re expressed froma
promoter bici E%SPBW%QFEWQ({;?QF%SR%‘%W%I ﬁE‘&reﬁ‘aﬁ”f‘?egB%WES'%ﬁ}%ﬂ‘@,te or via a
splicing donoan@fepapties hagepanirfdation Af LRy Mwk by de/recainblnaastiruswanef t he
plurality of the ant |ngen sequences are expressed fromn?agr onpter to forma

f usi on prot ei FECOMPYE l’fi&lbsr'H?%Bretf‘%faP'Mé)eéﬁB'g%f'%WPmPﬁ? SRBY G488 2vi r us
L lrjgé gﬁlr t Ofog]l?mtaﬁ%%rﬁ/ nafiAsily S6ciBlainGhe PEIREBhIEIRUS inttAe hBet. Nat i ve
20 According to the embodiment, the recombinant virus may be any virus,
preferably replication-incompetent adenovirus, adeno-associated virus, SV40
virus, retrovirus, herpes simplex virus or vaccinia virus. The recombinant virus
may also preferably have the pathologic regions of the native progenitor of the
benign virus deleted but retain its infectivity to the host.

25 Also according to the embodiment, the plurality of the antigen
sequences may be multiple copies of the same antigen sequence or multiple
antigen sequences that differ from each another.

In a variation of the embodiment, at least two of the plurality of the
antigen sequences are expressed from a promoter bicistronically via an

30 internal ribosomal entry site or via a splicing donor-acceptor mechanism.

Alternatively, at least two of the plurality of the antigen sequences are
expressed from a promoter to form a fusion protein.

Also according to the embodiment, the recombinant virus further
comprises at least one promoter heterologous to the native progenitor of the

35 recombinant virus that controls the expression of at least two of the plurality of
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35 reconbi nant virus that controls the expression of at |east tw of the
plurality of 32 WD 03/038057 PCT/US02/ 35112 the antigen sequences.

Exanpl es wb 084880pT onot er het erol ogous to the native progeqirtusn2/sfi1t he
reconbi nant virus include, but are not limted to, insulin pronmoter, CW
pronoter and its early pronoter, SV40 pronoter, Rous sarcoma virus LTR
pronot er/ enhapcer, the chicken_cytoplasmc R-actin 5 pronoter nd

i nduci bl e pr omaé\t'gegﬁegn“%e?'eg?‘%@?@? PEE{ iq{amgfeﬁlhgte&@%@e)tﬁhé [5\%5\’8
according to P#@»@eﬁifﬁrwitﬁ@ﬂétcombm@nmimrsaﬂ]dlmqe,@ﬁt amtricgemitsetp esass nay be a
conmbi nation of antigens fromat |east two strains of the pathogenic virus.
Optional Iy, tRETA® §M§f progroteAnddisiad SIRIAXEE P BeMReEdi®ithat i on of 10

antigens fromabohgafhs L R HohbRrekarRat HRgenkiendyidiasmic Bactigxanpl e, the
plurality of antigen sequences nay be a conbination of antigens fromH V-1,

HI V-2, hér pespeimgiererng indusiblepempiers svgheas toirapydineindysibtepremster; nf | uenza
virus, Marburg vir VAN’ i ; { arried by
nosqui t oes t hat ca}lﬁ}gsg a??@leogr}gathﬂtr? g@é@ﬁ‘é‘g&‘{lﬁ%é@ﬁﬁgﬁ% n@éﬁ’ghée , %S%é(:j
hepatitis 15mAy bB,a @miDpatimdofEntigenssiesm at least wargteirison thg pathegenibodi nent
the viral gengne of the reconbinant virus may further conprise one or nore
i muno- st i mul {6y sequences that is heterol ogous to the reconbi nant virus
and encodes an i mmOptiesdliyniheatwality whestigeaxgpgessiesmmaynbe heombiitienbiinces t he

i rmunogeni city of t%epvi al .20 igen. . For exanple,-the_i - stinmul at or
may be §6cyt o%f‘ﬁ‘?ée.”s gﬁﬁ{lgg"‘tz{\g? %{q%é&ﬁf?mgﬁg'civﬂg%fdeﬁorﬁg?m@rgg{h%ot linited
to, interleukphrdity bfdrtigbeskquentes maytierd esrkbinatich of(3vipeseirdra-ivi;1, k
-interferon, y-interferon, G CSF, and GwW CSF. Accordi ng.to.the variation,
the one or rm%’_é\/'?n?ﬁfﬁﬁs SimRlgN U HYPes cﬂ?é‘?ﬁ?e%mﬁéffv' qﬁ%ﬁg?'l 'Bf"ée“c?api es of the
sane i Mmuno- Stjng hVHrSirg SRASER R vidks, AfbdWLd (Pgroup BPURZeS chimedalor sequences
that differ fromeach other. Optionally, at |east two of the "
i muno- st i mul AtosAuikeagbaicEyseapcaRhaliis, yelloys teyer, prhdgngiinsidhepatitis
bi ci strqni cal lhygvEapagnd tyg{ 8@ ribosonmal entry site or via a splicing
donor - accept or "mechahism Alternatively, at |east two of the
i muno- sti nul at or $eguenien ofilie ebesiplest saivifal gAMRMP EbINGtrEFONRINEWr m a 30
fusion prot el g, gy Biher BOMBRGLoRGOALRAmMRALAAIGRMmbES thasgr ted [ nto
any non- essential region o e replication defective virus. In the case
of adenovi r us heterologous to the recombinant virus and encodes an immuno-stimulator
whose expression in the host enhances the immunogenicity of the viral
20 antigen. For example, the immuno-stimulator may be a cytokine. Examples
of the cytokine include, but are not limited to, interleukin-2, interleukin-4,
interleukin-12, p-interferon, A-interferon, y-interferon, G-CSF, and GM-CSF.
According to the variation, the one or more immuno-stimulator
sequences may be multiple copies of the same immuno-stimulator sequence
25 or multiple immuno-stimulator sequences that differ from each other.
Optionally, at least two of the immuno-stimulator sequences may be
expressed from a promoter bicistronically via an internal ribosomal entry site
or via a splicing donor-acceptor mechanism. Alternatively, at least two of the
immuno-stimulator sequences may be expressed from a promoter to form a
30 fusion protein.
The DNA sequence encoding viral antigen(s) is inserted into any non-
essential region of the replication defective virus. In the case of adenovirus,
for example, the nucleic acid is preferably inserted into the E1, E3 and/or E4

region of the adenovirus and most preferably into the E4 region. Because the
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for exanple, the nucleic acid is preferably inserted into the El, E3 and/or
E4 region of the adenovirus and nost preferably into the E4 region.
Because tWe 03830¥0D 03/ 038057 PCT/ US02/ 35112 ElI, E3 and E2CTA0psH1Are

avai lable as insertion sites, the present invention also contenplates
separate insertion of nore than one encodi ng sequence. |In the reconbi nant

eaencee of EASBaAR B reblons R EARNLLINIR R s diCineIFeeRl RileRiSH POL L O®

sequences of ¢ viral I'gens are opera el enent s
t hat direct taEosonignplaes eepmtﬂieseﬂimnoftmereetbén one eheodingbgenencaé  vi vo.
Ei t her honvol ogous QF thréer

equences can b enpl oyed.
Usef ul het er ol ogous con% @g@"ﬁr ceé;C%greég?é ﬂ}f tﬁﬁ@ﬁ?&@ 'PH%@@”’ tE'gri ved from
sequences encsdien’@dhm&teloade sequanced oo esal ditigend ae dpeedodinkedlait are not
limted t o) al ovi rLu onot er such .as 10, i nnedi at e
ar |y pr oot e o) BRI AD P o Biriing Sh e raudt nagie & e sigry e unor
virus LTR promerﬁuth@ﬂmmogws draie@srologb s AF0 BB sequiti¥b&Lan Be her pes
sinmplex virus promoter, and a retrovirus LTR pronoter. Preferably, any

strong consti €MPQEdpUssi bBeterglgoqys C@ﬁ@?'a%eiq%'ﬂ%ﬁslQ%‘I%@ﬂwfbﬂuﬁertmse anti gens
or cytokines. My ﬂPérﬁfséﬁ@éHc\ésteH@odhd AbstRh UFOHS gﬁfnés Cwarhmegm flgg, 15 early

pronmoter (CWIle). Figures 1A-1C illustrate a constructing a
reconbi nant  KHEHEV] hﬂn't%@t@Pyta@eaa@élﬂ@t(w\@a‘tf@ﬂﬂ@rélﬂCftafefhptCé&\ént

i nventi o Th‘ﬁnmé&%@@rﬁﬁﬂ&m@%‘??&ﬁéﬁ @%M\\/.?)CEQELO 8Eny E‘r%n%rt&'sﬁ'l%s nvention is

constructed by using or vectors carry mul tiple antigen
genes and nul ma\mr@amur@pt wmsdJFgmgmterFa@ejmnradertase pmmxﬁera shuttle

p 8= (PR 9E DR RSy Bro Bl 0 RRRSR O i, <t e
adenovi ral gelﬁ’wferabnc bogstiong h;mshterltme pongteremay babpenaépshatisked-td Rraland an
adenovtr ol PSR BN M oSl ACH T bR D ARFORILS e
encodi ngl5Ant i garty proanﬂerﬁ(@l\/i\gee).n 2 are placed under the transcripti onal
cites. The pl asm d SRS AR oURETe 3 Tecied breo s BoHED S6opBMgRitny | at i on
site, as well aasnduirakedoyditdsG @it Gatdigdlothe PréscAnFvanidinCThd i n- resi stance
gene for DNA propagation in bacteria.
recombinant adenoviral vector of the present invention is constructed by using
shuttle plasmids or vectors carrying multiple antigen genes and multiple
20 cytokine genes.
Figure 1A illustrates a shuttle plasmid (pLAd.Antigen) containing two
antigen genes, Antigen 1 and Antigen 2.. The shuttle plasmid pLAd.Antigen
contains the left end of the adenoviral genome including the left long terminal
repeats L-TR, and an adenoviral packaging signal (y). The E1 region of the
25 adenovirus is replaced by a multiple gene expression cassette and CMV,e
promoter.
Genes encoding Antigen 1 and Antigen 2 are placed under the
transcriptional control of the CMV,, promoter by a splicing mechanism at the
SD and SA sites. The plasmid pLAd.Antigen also contains a SV40
30 polyadenylation site, as well as prokaryotic replication origin and ampicillin-
resistance gene for DNA propagation in bacteria.
Figure 1B illustrates another shuttle plasmid (pRAd:Cytokines)
containing multiple cytokine genes such as IL-2, INF, and IL-8. The shuttle
plasmid pRAd.Cytokines contains the right end of the adenoviral genome
35 including the right long terminal repeats R-TR. Most of the E4 region (except
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Figure 1 Billustrates another shuttle plasm d-(pRAd: Cyt oki nes) cont ai ni ng
mul tiple cytokine genes such as IL-2, INF, and IL-8. The shuttle plasmd
pRAd. Cyt owDrva®3s898nt ai ns the right end of the adenoviral gecomso8d%i1incl udi ng
the right long termnal repeats R TR Mst of the E4 region (except 34 WO
03/ 038057 PCT/ US02/ 35112 orf6) is replaced by the cytoki ne genes.

Expressi on of I i Ih"rﬂﬂ%é h r e RLAL I rol of the
CW1le pronot eorrl%ﬁsgjégl%‘éleaﬁﬁ )Zfﬂ%a(% Or| sn(?tsnhﬁgxgﬁ%rei?ﬁgf'? géﬂogﬁglg%%@@aﬁd by a
splicing neghm!dbsmeatanshmtismla)wtr@ﬂof tisg CWielqu@r igrandnisruad. Cyt oki nleis al so
contai ns a boyi ne gro _hor - : i ite.c@s well as a
prokaryotic rréﬁf?@glﬁn\é\&%glréglﬁ%ﬂg b@/?ﬁ%’ihglﬁglﬁ%ﬂ?@%%ﬁtéﬁ%%%&gﬁe&?or DNA
propagat i on isitebaThe plaamidipRAd Sytuiirien atto @aéais/a bavinggrwvte hoenessenbl ed

fromthe_ two tl | asm ds LAd, Ant i n . i , Which
carries 1he I(gghlbé’ﬁg'afjg@ﬁ?t'on 8 %f Wl as écﬁ’gﬁ(%@%rt'glrg@?%%@@weg@%cti vely. The
shutt| e pl asmimdisicifif-rediddndngérgeior DA mBRpebaBph dkbaetsriaar e di gested with
restriction enzynes such ~as Xbal and EcoRl, res tively. il l.ustrated
in Figure 1 G, theT*Terréﬁﬂ‘BH'PénéﬂaeP8¥'bagﬁﬁp?fBe Soastsﬁg]%?eéiffforgﬁbe&snﬁwteght end
of adenovi r usifdneias tihaseAtyRn AL tRARL Oy tasiRe s svhidhldiriddthi defhanduight
pRAd. Cyt oki nes, are isolated and ligated to m ddl e section of the 15

. he :
adenovi ral geHthal the AdengYEAHANCIS. FEPREDBIEY) .-'Ih?h%‘uft ed%{?%ﬁ'séect or genome DNA
i's theny§ransi e &idendndpIAdc 8s atd e REPWAS festitBioklengyradLsunh of

c@skih
adenovirus. I'n the presence of EI proteins, the vector genone in which the
El has been s ¥had@nd&eoRbppsrestieehand be packaged into viral particle,

. Product ng the, ( RLARRLARRHETO b RholfsisQordodrio G ot erked 25 2

genetic vacci ne of e present 1 nvention. region which is preserved
in a native aatermghtead ofedenmirbs frotdheseciavof shuittetMesmigaddfisi Avdigenvi r al

o ogeni tor _of LRIk P8 ofidIGRER T P B RetiiF o e, O

progeni t or of VITUS: p enovirus. Figure 5
il lustrases asdepoqingllgenomedthgerienodrusdackimaedonst ruct ed by 25 using the

net hod descri bed ove T&i?%ﬁpdﬁnﬁﬁ\tei@ﬂ%?sgtlﬁﬁﬁ&jﬁﬁgfg?@ﬁwwggmCte}@e 5, 1is

t he vector backbon h? lr‘qaée okinés are 1nserted in
the El regi onthaif@eradstab Eanfropesofaidenevipise isthe presange tofi &1 @kbteispr onot er .

G Cor uti 1 hevagoporrene LRgch Butl bRSBRrL YRt Bl PaLE BRE R Chr L™
proteins packaged into viral particle, i.e. producing the recombinant adenoviral vector
20 that can be used as a genetic vaccine of the present invention. The E1 region
which is preserved in a native adenoviral genome but deleted from the
recombinant viral genome is an example of the pathologic region native to the
native progenitor of the recombinant virus: the wild type adenovirus.
Figure 5 illustrates an example of a genetic vaccine constructed by
25 using the method described above. The replication defective adenovirus, type
5, is the vector backbone into which viral antigen and cytokines are inserted in
the E1 region. The viral antigens are expressed using the CMVie promoter.
The gene for the viral antigen is followed by the gene encoding INF-y and GM-
CSF, utilizing 2 IRES sequences to achieve expression of the three proteins
30 from a single mMRNA. IL.2 and IL4 are controlled by a second CMV;, promoter
as a bi-cistronic cassette, followed by a second bi-cistronic cassette that
express the two subunits of IL12 in the E4 region. Those skilled in the art will
appreciate that the present invention is not limited to the structure discussed

above, but that alternative cytokines may be used alone or in combination with
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30 froma single nRNA. 1L2 and IL4 are controlled by a second CWle
pronoter as a bi-cistronic cassette, followed by a second bi-cistronic
cassett e wbhabt/3sexpress the two subunits of IL12 in the E4Pca&gison3siThose
skilled in the art will appreciate that the present invention is not
limted to the structure discussed above, but that alternative cytokines
may be used al one or in conbination with 35 03/ 038057 _PCT/ US02/ 35112
these and/ or BERRANEAPE BIiCREXOKIARR: %?tﬁ%ﬂs'f‘%%%%%w QbBEECof t hese

cyt oki nes ar ecglgafsd Sedidsbritdien el fonviving seeidn,on. 2. Oyt oki nes Co- Expressed
Wth Viral Antigens 5 The reconbinant virus of the present invention may

al so express an immuno-stinulator to mmc cytokine-rel easing response of

a host cell upon i {dkindd'¢6 fef)%%bs%acvvi‘mwgﬂi\nﬁg@@nt i mune_response to
the viral antigen co- expressed fromthe reconbi nant virus. The

i mruno- sbi nul at or g rdpemiinanit Mimmefdhé aresenignegntiorintry aleo £xpresean sti nul at e

the immne syglgm, rﬁﬁ &r goﬁﬁ%ﬁﬁg:cpt%ﬂke\fél%b’ né‘?é/spﬁﬁl 3 a ﬂgfl cBli ypyh tiple

cytokines in any co Fnat i ve Y, e cytokines nmay be
expressed by wial éfédton anddurthecoghiendimmune esponsedelthe eradntigert d:tre host by

using other techn h as_ deljvery ked

i njection of 8 Sﬁ%ﬁﬁs%? eeﬁeﬁémbﬁgﬁfn)ﬂﬁ%é de 'gi/r}'? %%M@‘l @%g]bg%ﬂ‘t are not
linmited to, i Mremdcmmhanelag cytﬂaﬁnélttﬁ&lrﬂheukﬁmuléte thatremleekysterd, The

interl egbl n-12, R- erferon

nterferqr - |nterferon, nul ocyt e
col ony sti nul Eﬁcpﬁﬁ"\a&ii"fﬂs ey e%dje Qé}?oord?@ﬁ%? g}gﬁ?k'ges e P oﬁ?ﬁ'&%@%g Bi ony
stimul ating fagsmatieVntdiiple ciskinks ney b@rapregmagzlmw@tr@mm,\e mol ecul es
particularly useful in the vaccines of the mven{ o? ) theg %Ha
pl ei tropi c metACAMBINENt WAYS ereifliveled Il h%bb%H%{B%o %‘fﬁa'lqi“?? HPS ntensity
of the Imnedélﬁéaﬁmﬁaké&'bﬂk\lm@sﬁmaé Br Pfeas oNa)dRinapiorgid. nes or
endocrines, but are IargE paracrine hornones produced in nature by

| ynphocyt es and noRseypEs of pgokjae inchisieepyt arg pat '!@F%t'OCWQﬂ@PHB" refers to a
menber qk the; ¢l ASRIN mtBﬁéﬂkﬁL@sin%ﬁ E’l@lﬁmQdﬁﬁn%ﬁ@FonaR?ntBFer%HC$d by cells of

the i mmune systemand’ regu ate or ul'ate an I mrune response.
Such regul at i overteson,granulowite bolony stemiating factoo (G10% ) carld graedpeltted i nmune

response and Hé% Oﬁﬂgge gﬁ@%@ﬁr’n&lﬁ i fac olngﬁfé&_c_tor function of T cells, B

cells, NK cel esenting cells or other inmune
systemcells. Cyt o@ytmkmealaee myrpumqulmwwquemlm pesticoranyl ysedgriothe ns

having a vaccines of the invention as they are pleitropic mediators that modulate and
20 shape the quality and intensity of the immune response. Cytokines are
occasionally autocrines or endocrines, but are largely paracrine hormones
produced in nature by lymphocytes and monocytes.
As used herein, the term “cytokine” refers to a member of the class of
proteins or peptides that are produced by cells of the immune system and that
25 regulate or modulate an immune response. Such regulation can occur within
the humoral or the cell mediated immune response and includes modulation of
the effector function of T cells, B cells, NK cells, macrophages, antigen-
presenting cells or other immune system cells.
Cytokines are typically small proteins or glycoproteins having a
30 molecular mass of less than about 30 kDa. As used herein the term cytokine
encompasses those cytokines secreted by lyphocytes and other cell types
(often designated as lymphokines) as well as cytokines secreted by
monocytes and macrophages and other cell types (often designated as
monokines). As used herein, the term cytokine encompasses those cytokines

35 secreted by lymphocytes and other cell types as well as cyotkines secreted by
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30 nol ecul ar mass of | ess than about 30 kDa. As used herein the term
cytoki ne enconpasses those cytokines secreted by |yphocytes and ot her cel
types (oWoDan/0ssesT gnat ed as | ynphoki nes) as well as cyt okipeggiserasiel ed by
nonocyt es and macrophages and ot her cell types (often designated as

nonoki nes). As used herein, the tern1cytokine enconpasses those cytoki nes
35 secreted by | ynphocytes and ot her, cell cyot ki nes

pes wel | as
secreted by BeNAYHFHTIBAYPPRRISSISE L L£EY ¥yq’?§n§§9t@§‘%§ﬁ%‘“ﬁ%orophages and

other cell tMH&%eJt'ﬂ% lﬁt@ﬂéﬂk%g gkémgs iLogludes -8, h@-8l lll_tﬁI Iu@uklmsn,z guch as
IL-2, IL-4, I[-10, I[-11, IL-12, [IL- jch are

mol ecul es secﬁataéd “b}}SI whikb a(a weleckigs spereiaskhv I9um@§tthattm@a§}y %t and
di f f erenti ati gg ool e/l ARIbALon Y e BIPERISEAY RGRL SstoARAIR uman

proi nf | ammat ory cytokl nes such as |L- TNF-a and The term
cyt oki neSal sohima u@wlammmowpzytﬁme@ Sgﬁlbaﬁﬂ- fackNra aﬁﬁd' A pd¥et i cul ar,

col ony sti m“t% rh'agt I(fﬁ%ta?go |n§l %BE&@’HC rto\NW# tdr@dnd %rpgfncélar granul ocyt e
col ony stinulating tactor granu yte crop age colony stimulating

factor. 10 Th@lanyytsihnui@mgdactofmwhtase:wmq@ému@tm fagtorat, @ranulgeysccur ri ng
CyLokine o SR AR dhg I RRaaEb b SRR e RS At g o 2cTd

sequence si nfd acid dence-si'm
pref erably 70fa86% am no aci d sequence, and nost preferably 75- 95% ani no

vt okt ndl 15 Thus, The orbkneertEaBanE RedCarthf dthital 1buFE 8%,

naturally occwdannmvemnoacmqbenmum vilstetit] ateimbracid seguehee bi ol ogi cal
function of the %//t oki ne.

m nor. nodj fic n Jgama
interferon thaMiFEYn®e- 68§§t/089"’](’t 4%’%‘%‘@?8 i I?['tyﬁﬁeﬁ?rﬂ&%/?gggg‘?i nition of
gamma i nterf esfmo a&@%ueﬁ@@léﬂd&ﬁéétgfae@@w TBoshelanhies atie segserider ough
site-directed nutagenesis, can 20 be accidental such as through

mut at i on. TheSIW'éﬂ“ért(Pﬁt?%%ﬂUSRWl@fsa aptgrally ogcurfing CEOKINg._ 12~ or y- interferon,

f3-int eﬁEef on, ﬁ&seﬁtf@ﬁﬁ@ers@é{b@%ﬁ limited n%d%&h&fs  a ADRINBEdUAMG her eof .
I nterl eukin-2 |s a | ynphoki ne produced by hhﬁglﬁ’@ cells and is active in
o

control | ing t#eaueagacange nase wihsnet é‘PSWOH@QJ IS BslQN O'heth, K A,
25 Ann. Rev. tyrngﬁ'Ql orzex %%ﬁoﬁéggﬂatlo% l&?ﬁlaﬁh'ﬁ%ﬂeﬁ@%nhﬁéﬂ%@rhtﬁo been

ascribed to | I nc ud| e activation M nato, N et al.
J. Exp. Med. dasiey lﬁSEfOnﬂ(‘th‘aU yitkindhe ﬂ@flr@ttanﬁjlgamn@ﬁwmtﬁrfeé@n TRASEi si on in

large granul af modifications can be deliberate, as through site-directed mutagenesis, or can
20 be accidental such as through mutation. The preferred cytokines are IL-2, IL-
8, IL-12, or y- interferon, p-interferon, A-interferon, GM-CSF, or G-CSF ora
combination thereof.
interleukin-2 is a lymphokine produced by helper T cells and is active
in controlling the magnitude and type of the immune response. Smith, K. A.,
25 Ann. Rev. Immunol. 2, 319-333 (1984). Other functions have also been
ascribed to IL-2 including the activation of NK cells (Minato, N. et al., J. Exp.
Med. 154, 750 (1983)) and the stimulation of cell division in large granular
lymphocytes and B cells. Tsudo, M. et al.. J. Exp. Med. 160, 612-616 (1984).
Studies in mice and humans have demonstrated that deficient immune
30 responsiveness both in vivo and in vitro can be augmented by IL-2. For
example, exogenous IL-2 can restore the immune response in
cyclophosphamide-induced immunosuppressed mice (Merluzzi, V. J. et al.
Cancer Res. 41, 850-853 (1981)) and athymic (nude) mice. Wagner, H. etal.
Nature 284, 278-80 (1982). Furthermore, IL-2 can restore responsiveness of

35 lymphocytes from patients with various immunodeficiency states such as
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| ynphocytes and B cells. Tsudo, M et al.. J. Exp. Med. 160, 612-616
(1984). Studies in mce and humans have denonstrated that deficient inmune
30 resporaDwane®s7 both in vivo and in vitro can be augnented/usy2/sila2. For
exanpl e, exogenous |IL-2 can restore the immune response in

cycl ophospham de-i nduced i mmunosuppressed mce (Merluzzi, et al.

Cancer Res. n y H et al.
Nat ure 284, 2%%0 Q%P?@%%PFW %r E{Ir/lor%egﬁ Eﬁﬁrf(rg@%”}@q (ralgf’\rqg'ggiéu%‘})Veness of
35 | ynphocyt eFhkrgemep &drinsurtre (Wokdta)VBrdt alProenNavodedd. @oerus/A 82,&@®=B2 such as
37 WD 03/0380 [ U 02/ 35 p d ca e et at.
Cancer | m"runo?zs?@g’%r 143N g.llf@wﬁ' T 'é 32?%5@9 5@? 30573 Q?eﬁ@mm% T. et al.
Proc. Natl. A¢ade bSéi cloh’&d\aﬁase(ﬁi’enlgd (1985)) and human (Taniguchi, T. et
at. Nature, 302, 305-307 19833})§&I L-2 have been cl oned and sequenced 5

Interl eukin-4 is alntegykin-dds 2 J<@ll dadyestfactopihahacts agandpnducianéaGien f act or
on resting B %Irbemgaec@nsBagsldcéha.fff@rteemﬂoﬁtféﬁ& Jrﬂncésoé Badeﬂ (g?&/vtﬁ B cell

growth factors. Sevenusar, E. . I'muno 1987). The gene
for human | Liacterss Sevenusasdt.dtusd Anmusel( énfe 2 (1_9&?) "ﬁ1e genafor Proc. Natl .

Acad. Sl UBodi 2061 20A% 280N sdudrked 21 LS 2 o 8P 9RRL Xeinacaet er | zod

het erodi neri ¢ cytokine that has a nole ar welght o
conposed of dl%uIUS/déiitﬂﬂ@de@ﬁE(ﬂQ@i and 35 kDa subunits. It is produced by

anti gen esenting geptors on
activated T, B and “I\Iﬁb ?fé&? E@%&FQB&E&%B@&%F n?e{?rci C%)W]I%rm%nr{o

148: 3125- 3132 nﬁdl@@ﬂé)r,we;@geif 75kDaand I:etoraposedl aftdisuffisietromdad 40 kDa ah@55- 1962
(1996)). It h ver effects.in 1 ance roliferation of T
ol 15 mnd N cBiiEe Sbfini | Bk el @9y driFert hesfPORT &ls sHOfot or o “hac
cells, and naconapdpgess, ) bindiiotrecaptort ohfstitatpd crdBetnldcnllK aeu(i (Desahl esser
extent, TNF-a_a ,_and 4) vat f TH cells Trinchieri, G,
et al., Bl ool %84?%% 'WWOP&%"@% r?ﬂ%%é?ﬁ ) VO8R! Shdwkt flo 'He an

i mport ants 20 ¢@EfnBLI &4 985- 0@620(1996%6&%@,@@\/&@ cfilctsGheln@Rg (ikemedrdet al .
Eur. J. Immunol. 24:2271-2278 (19 g and |l eads to increased producti on of

| g&a anti bodlpé‘%ilferﬁﬂons@fr_ﬁﬁ@'tsl\%}dr'}”% cells, 2dncregpedheytolytic agtivitigaef T cells,

152:1047- 1056 l\(Klge(?I@%and%%H@bﬂagesTB) Mﬂuctﬁf‘n GlIEN- EEb%dchtlo dHMB Y lessefS: 823- 829
(1995); Sher, A, cad. Sci., 795:202-207 (1996)

Buchanan, J. MxienstTNA-oandi@M- QSﬁnand|4) actiatiglof D1 ¢ops (Tledsyi, Qusttzger, D.
W et al., Eur al. é/oo!jr%w%% 48277‘ &%éﬁ) Jll?ﬁé h(a%%%gd )shown to be an important
20 costimulator of proliferation in Th1 clones (Kennedy et al., Eur. J. Immunol.
24:2271-2278 (1994)) and leads to increased production of IgG2a antibodies
in serum (Morris, S. C., et al., J. Immunol. 152:1047-1056 (1994 ); Germann,
T. M., etal., Eur. J. Immunol., 25:823-829 (1995); Sher, A., et al., Ann. N.Y.
Acad. Sci., 795:202-207 (1996); Buchanan, J. M., et al., Int. Immunol., 7:1519-
25 1528 (1995); Metzger, D. W. et al., Eur. J. Imunol., 27:1958-1965 (1997)).
Administration of IL-12 can also temporarily decrease production of IgG1
antibodies (Morris, S. C., et al., J. Immunol. 152:1047-1056 (1994); McKnight,
A. J., J. Immunol. 152:2172-2179 (1994); Buchanan, J. M., et al., Int.
Immunol., 7:1519-1528 (1995)), indicating suppression of the Th2 response.
30 The purification and cloning of IL-12 are disclosed in WO 92/05256and WO
90/05147, and in EP 322,827 (identified as "CLMF"). All of the above effects
were observed in adult animals.
Interferons (IFNs) are relatively small, species-specific, single chain
polypeptides, produced by hostian cells in response to exposure to a variety
35 of inducers such as viruses, polypeptides, mitogens and the like. They exhibit
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Adm ni stration of IL-12 can also tenporarily decrease production of [gGl
anti bodies (Muxrris, S. C, et at., J. Immunol. 152:1047-1056 (1994);

McKni ght ,wOA3/038057 J. | mmunol . 152:2172-2179 (1994); Buchamam/US02/332 et

al., Int. Imunol., 7:1519-1528 (1995)), indicating suppression of the Th2
response. 30 The purification and cloning of IL-12 are disclosed in V\D f
92/ 05256and i tified as "CLVE"). o]

t he above ef ¥\gg e %%Q’YO"BZ%E’\%@&%%@ gagﬁ@ﬁb ”leﬁtaé‘ﬂraé?ot%re? Ns) are
relatively smfgreatmwewsstpempémm agiﬂntsgheh@bmtml opcdnceepid d@muspr oduced by

viruses, pol youRr PARERTRBeGsTl R iaret el EHRf LY, ool 58880 0o 08057

PCT/ US02/ 3511Derymckiev ok alatuana?7, 09©k1gaey)atl-lun@rﬁntbrﬂei’6ﬁ$@é@%Up@ﬁ%t?ﬁ
properties and are, therefore, reat interest as therapeutic agents in

the control off re%ﬁ@«@%%a%ﬁeﬁmtaegce' R OFigigANcANIgenigits emisdyTeran Desrryt er et
., Lancet 1 ) r
?3980) ;i.ncauma e?%%gfegﬂﬁolﬁge%éf@ ﬁﬁ?ﬁ)%ﬂ?g @Eﬁ% éBN{aa s%g&gﬁ on their

cel | ul ar ori gformared eaoi ggmlplhavejoeeademlepef(mmre(doeuﬂ{ercrgﬂ)eS\)anaﬂJa interferon

fibrobl d f f h gro
gabergeeﬁsézz/e?gpeé' 'gﬁ eerrgpzsré)lg%%m %e?lélqnz/e% ch%"g%gh h??]?@?‘s Oone?g algsoug

T cel | deri vedffogth eauheinhigd rdapsngy. 01fr@tm6|ec@éfpecﬁﬁ§te@mqéds\edu&wnﬁ response.
The nol ecul e Frormt es the production of 10 |m*runo%| Io bulin by activated B
r

cel I's stifmul ateguapdiebylintyactvaies Brelly simglatedayithintgriegkinRe rdaiegferanhe

expr essi on of afé‘,b%{&@%%‘%ﬁégkﬁﬁegéfoﬁaﬁﬁl%% aﬁl |a§t1§€ﬂ CQE éhat ed wWth
viral antigens to stinulate ytotOX|cTce uman
y-interferon ﬁ&@ct?é@ihwﬂbdlrﬁtaeﬂgmoﬁqm@meﬂotowéﬁmeﬂs Thegenemr kI\lat ure
295, 503-508 I 0 Leu ocyte

i nterferons) ﬁé@gﬁ& wgtéﬁ%rlé g%’lglb%%g ?ﬁ%gé%{%géﬁ‘ §%yer£) Q@% Coded by at
| east 14 di ffele&me 29§eﬁteassmagabput 16 alleles. Sone of these al pha
interfer n protein been shown to have antivjral, antigrowth

and i mn} or egul at o@%eglcaﬁ@ﬁ ‘f‘?é@mr@é@'wén@”” apLEUKarylg intgrferong)n -~ Rev.

Bi ochem , 56: zcaﬂp.ﬁsb%?a)mndefeba@t 3dﬂﬁbﬁ#ﬂ€s§éc¢eseemz&%mycﬁt |HTRD dHePdR
|nterferons has been est abl i human cancers and viral diseases. For

exanpl e, recofBiFsAd FRRUAP '%'ﬁ% S@mpwfg]e@ﬁ@]pj@ infeffRro) YRtRIngPeciasN
al pha-2c), cehhvd heésh Qﬁfvx&nvt@dwa'vgfaﬁfnfn%'l QRtigrohhh afd Wﬁuﬁ@rbgtﬂﬁ@ry nterferon

derived from | eukocytes (IFN al pha-n3) are currently
activities. See, e.g., Pestka et al Ann. Rev. Biochem., 56:727 (1987). The
20 therapeutic efficacy of human alpha interferons has been established for

human cancers and viral diseases. For example, recombinant interferons
(IFN alpha-2a, IFN alpha-2b, IFN alpha-2c), cell-line derived interferon (IFN
alpha-n1) and interferon derived from leukocytes (IFN alpha-n3) are currently
used for the treatment of Condyloma acuminata, hepatitis (Weck et al., Am. J.
25 Med., 85(Suppl 2A):159 (1988); Korenman et al., Annal. Intern. Med.,
114.:629 (1991); Friedman-Kien et al., JAMA, 259:533 (1988)), for the
regression of some malignancies (Baron et al., JAMA, 266:1375 (1991)), for
the treatment of AIDS related Kaposi's sarcoma (Physicians Desk Reference,
47th edit., eds. Medical Economics Data, Montvale, N.J., p. 2194 and 2006
30 (1993)) and are currently being considered for the treatment of human
acquired immunodeficiency syndrome (AIDS) either alone or in combination
with other antiviral agents (Hirsch, Am. J. Med., 85(Suppl 2A):182 (1988)).
B-interferon has been shown to be a glycoprotein by chemical

measurement of its carbohydrate content. It has one N-glycosidyl attachment
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used for the treatnent of Condyl oma acum nate, hepatitis (Wck et al., Am
J. 25 Med., 85(Suppl 2A):159 (1988); Korenman et al., Anna!. Intern. Med.,
114.: 629 W0o93a3805Fri edman-Kien et al., JAMA, 259:533 (1988LCr/ushpssithe

regression of sone malignancies (Baron et al., JAVMA, 266: 1375 (1991)), for
the treatnment of AIDS rel ated Kaposi's sarcoma (Physicians Desk Reference,

47th edit., eds. i.cal FE i Dat 4, . | 194 and 2006
30 (1693)} " andTa /% KU Rede o0 dVaih Bt Tl abdr o7 HeE: kalbhdreash "huran
acqui red i mumaahégienyrfayhieene (BAURSY 188 ervanl thoggofiotimudhasbi nat i on

with other antiviral agents (H rsch, Am J. Med., 85(Suppl 2A):182 (1988)).
R-interferon Kaewhabaultheinds of pegass yhichdmrkst & heparRahymiadamotebagifi-enent  of

its carbohydr t i

057 05057 perTIELIPILE s bion SRBuR tn%%%@?b%ﬂp?@?@%g{a?fggsﬁé'a%.fmgci .73,
520 (1976); Eitskntiggnicity]biologipatiaqivityramdrophoblaity €F flanigucRies).al., unrg) , 421
(1982)). Even o] ch i d I Si whi ch
make up the cgtr' gﬁ@grﬁf éuér%i %ntdyébP?hg@Y\?rh? Fe%r?#iljer':t(%‘ﬁgy|kc'\!tu B%g's%%teae'ﬂ%?ﬁg% t hat

t he car bohydr abe brindtcgdiisfibroblastsdgnirabthallengdband sordains gboutcliobyamibd ol ogi cal

activity or hydraop icit T.. Tani hi_ et al .. supras,.E -Kniggt, Jr.,
supra; and E %'%ﬁj?gﬁf'g S%P‘.Jé{né;%a‘)flg! %It—e{%(lﬁ@q ISS@B}!\@) .P'eégteg@li ﬁ(’%"rsr (ZJF("@ "B'can be

i nduced in fi lgoebla@sd. sB,gioN ScaboehalBengg2)and cont ai ns about 165 am no
acids. The sequence_of "-interferon is know. Fiers et . Phil os. Trnas.
R “Soc Mond. . B, GAIGISF 83 Sl Bpodant g yetirioaindntonioyt ok ne
important in tdagdiRidanat itdmhdanecdpisrs oheienafitic G818 ht stifiufedd thesd EellRi Nds
receptors on dendritic cells and stinulates these cells to mature, present

antigen, and {0 MRIrRaPreeent 20E0¢n anganRte nale E&pls Pdrtiacelsyferesm of hi ghl y
efficient ant 's?&@r‘npdf?ﬁ%w gmg%eﬁﬁédt@e?ms%rntiﬁ@eé Yy 'M%r%ﬁﬁﬁjgﬁ@ahﬁbentiﬁe

I
periphery, dendritic mgrate to |ynphoid organs and present antigens
15 to T cel | s therperihensdendritigrmellg syigrptededyinphnid ewans agd @regentRidigens t hei r

ability {0 inferags whdd @ﬁér#t\éﬁggﬁﬁapn%sgnﬁ@leﬁﬁs a?@@niﬁlgé ftheir ability to

antigen-presenting capacity o itrc S may due 1n part to their
uni que |ife cyudemchwih Betie nadweel celisx pinegsitent aptigempresentingt eapeityaefi bi | ity

e b o e R S B g SRS S e B T
(1985). G anulespnession off amjor siistocdngiatinitjtyf@otpbex ¢l@&sa3Hd Il molegelesfind he
hemat opoi eti ¢ ar gt b3 AbSued! Tt SubRte SPARRYN BM-BYERL kil aRbRGS: that
20 et al., Science 228:810-815 (1985).
Granulocyte colony stimulating factor (G-CSF) is one of the
hematopoietic growth factors, also called colony stimulating factors, that
stimulate committed progenitor cells to proliferate and to form colonies of
differentiating blood cells. G-CSF preferentially stimulates the growth and
25  development of neutrophils, and is useful for treating in neutropenic states.
Welte et at., PNAS-USA 82: 1526-1530 (1985); Souza et at., Science 232: 61-
65 (1986) and Gabrilove, J. Seminars in Hematology 26: (2) 1-14 (1989). G-
CSF increases the number of circulating granulocytes and has been reported
to ameliorate infection in sepsis models. G-CSF administration also inhibits
30 the release of tumor necrosis factor (TNF), a cytokine important to tissue injury
during sepsis and rejection. See, e.g., Wendel et al., J. Immunol., 149:918-
924 (1992). The ¢cDNAs for human (Nagata et al., Nature 319;415, 1986) and
mouse G-CSF (Tsuchiya et al., PNAS 83, 7633, 1986) have been isolated,

permitting further structural and biological characterization of G-CSF.
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stinmulate conmtted progenitor cells to proliferate and to form col oni es of
differentiating blood cells. GCSF preferentially stinulates the growh and
25 devel opowawn3ses7 neutrophils, and is useful for treatingPCh/useussiopeni c
states. Welte et at., PNAS-USA 82: 1526-1530 (1985); Souza et at., Science
232: 61- 65 (1986) and Gabrilove, J. Sem nars in Hematol ogy26: (2) 1-14

(1989). G CSF increases the nunber circul ating granul ocytes and has
been reported to éWrEPmB?%teé‘dP%?%‘lsl%ﬁsiﬁdS%%3@'%’8 ad plegresgones

adm ni strati ot al BailieeIsLTArfcadPehBtids/ x@sf)eesnm UeD). e INsisprodiebar (TNF),
a cytokine inportant to tissue injury during sepsis and rejection. See,

e.g., Wendel &V figroblasts, magiopiges, EQ@BQWhOUéﬂtS(qlmbellawséms for human
(Nagata et al epltmfay&ﬁls%%%uéﬂﬂé exﬂa?’e%@ongﬁéjduc%f*@@m&e M&g@ﬁé‘%@r‘n Ao al.

PNAS 83, 7633, 1986 ave been isol ate permtti ng er s ructural and
bi ol ogi cdl  chaf faur exonsandiivedntraradsrated On\ay UBIOBBOSHEMEEN US0 2/ 35112 I n

Bai 11 eror's. et qr S B S5 RRoE o fRAAIBEGR BAER s dERRRUEN By by
fibroblasts, mwemespdthgesiting iodho Hrins@bEoBEESWIRNA eordotdisibh abdingfdra and
epi t h?' I al Ce' Lcﬁeﬂ%q 177 atnnﬁo §é$§ ?ﬁ@b@u@r g@}&%’?(ggtpéa (5fnlﬁlr4 ﬁg@ﬁggene

conprised 5 o TBU xRS AhA T ve PhET Revent een.
Transcri pti on Naatahetsatl, BMBO gi508TE-681 & SBRNAT s Exmasnydnisedh of $740armmer enti al |y
processed, resultin Qne. v ion cqodjing for a
Dot n bk 17308 bath iha R65e e gt Lol &7 BBt SV St o
acids. Nagat &-eBFas speddd$rods-Riachved sbéhlthalABEN hurhBe d-esmisonpri sed of 174

amino 10 acids has been found to have the greatest specific in vivo
bi ol ogi cal ac@fpynistereddo @gpthes hayseirl 3s AraUses EARINEWE ModkeY: stflatnefihen human

GCSF is admn@hﬁ’é;ﬂﬂlqguI@déﬁl%@@tuf‘@lfmt@@sF\/IO%I%C& ASPRATNYSL 84 (BIB40R 38T MONkey,
sustained neutro ocytosis is elicited. Moore et at. PNAS-USA 84:

7134-7138 (198‘9@) 15 The present invention provides an effective nmeans for
enhanci ng the immqa rgo NP R Entd 6r8ﬁd§§)sﬁbfféﬁwfe%%r%%@é’ﬁh‘a%ﬁp
geni c

pol ypeptides of reconblinant viruses hou orei gn an
pol ypepti de cémmbee igspansé to ma@peaﬁ@fm@gmantlmmpm@wmﬂﬁdmvfent ion, the

vacci ne s pal &o(f‘r'lﬂ rltanb?e%f LJhll'tho[} ¥ﬁ§%r§§ﬁ ﬁﬁ%ﬂ@ﬁoléﬁ)t@% % b% #ée(ﬂnd :[he

Ebol a virus, SI FCe These Vit uses hade a Ive ost's
i mrune syst emin ffleevaceioe iofithel mesdrs inveetion, tiseadcinefio paitiouary asdfulom agai nst
hepatitis B ar\]/gcccl:né/s' ar\guasmst the HIV virus and the Ebola virus, since these viruses have a

20 negative effect on the host's immune system. The vaccine is also very useful

for immunization against hepatitis B and C virus.

3. Genetic Vaccines Against HIV Infection
The genetic vaccine of the present invention also addresses the need
25 for an efficient vaccine against the HIV virus. According to the present
invention the genetic vaccine may be a recombinant benign virus in which the
viral genome carries one or more antigens from HIV, such as HIV
glycoproteins (e.g. GP120 and GP41) or capsid proteins (e.g. P24).
Sequences of these HIV antigens may be modified such as deletion of the
30 immunosuppressive regions of the HIV glycoproteins.
The HIV virus causes the disease known as Acquired Immune
Deficiency Syndrome (AIDS). AIDS has been described as a modern plague
since its first description in 1981, it has claimed over 60,000 victims, and
accounted for over 32,000 deaths in the United States alone. The disease is

35 characterized by a long aysmptomatic period followed by a progressive
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3. Cenetic Vaccines Against H V Infection The genetic vaccine of the
present invention al so addresses the need 25 for an efficient vaccine
agai nst tWwe obfo380os7 rus. According to the present inventiolrCrhsoyzselic
vacci ne may be a reconbi nant benign virus in which the viral genone
carries one or nore antigens fromHYV, such as HV glycoproteins (e.g

GP120 and GP41) or capsid proteins 24 Sequence hese Hi V.
anti gens nay #9erp@tien ebthedemuas Sd%tfgg\ageﬁh g"ctﬁ"é”%'UOFWﬁi BPfessi ve

regi ons of thﬁru'é"rﬁéﬁ‘ebh%ﬂplb%@|nﬂﬁfec@@ﬁndﬁln&uéﬂbE@k&.v@@ﬂme S/@@rs(ﬂieﬁﬁése known as
Acqui red I mmune Deéficiency Syndrone (AIDS). AlIDS has been described as a

moder n pl aguesynyitoroe appeart and ugiete frugtimeactioh theodiaeasethag 8t 11 b telld over
60, 000 vi cti ”ﬁan@ﬂﬂen@%@%ﬁ} @l‘ﬂmoan(Psy@é lﬁ&té@QnGj%db‘ﬁe bﬂnffebﬁwd&hé@d Stat es
al one. The disease is a

racterized by a |ong aysnptomatic period
fol | owedSby awipe might seingento £ontact @it HeE®HHY Pads USHos, Iocheckfsgdier at i on of

the | mmune. sysleiBRhotifa e oldRim RIS AL §ilbe BBrifods!s may T enaln

| atent in inf Vi 've or nore years before synptons
appear, and thus, Tmth\,fwernsrpaetrownstFﬁbu&illtsgasetlmrastlgr@ﬂ istRNAevitiegh t . Many

Aneri cans nay_un i n i nf e ers 5 who
Ao TRl LA PRI A Sloh BRI ghger s
personal , SocRHA a@fn:bsee:tmmﬂiate fomlpactrlansd:np&blﬁ)ﬁ) NI, wbe:hemcﬂtaiyzm byrae Hi V
virus is a retroviru its ieri encodes
Uhe T nt 99 mat | SO ca0pe EverssgrrRatiase. ToRNARulbpldegtys GOl o1 o he
RNA acts as anﬁcfl’efﬂ%ljm@eft% m&é@&atbdarnsme ot ONA as DiNAvirak. WhenSpdromrB/I yzedhby
an 10 enzyne called reverse transcr ase. oduced .enters the
cel | nuci eus@&iivaied: he rP%‘OY'ﬁE @@ﬂvﬁéh&&fﬁt@rlsﬁgbw W%@gg HPAUS us. when
properly act RKIN(%H‘E&MI%@M NHiddredesr rgshsBirohsthelcam ¢ biduedingnd

transl ated to produce containing virions, which are then released from

the cell by aPGeR#ing process. 15 Wen an i ndi vi dual becomes infected with

HV, thgsvirus prefgean uﬁbeual%efcaﬁ]@%fé&e@mﬁihwethé vRuPprckérentiaay cl ass of
white blood cells, called T4 [|ynphocytes, which are characterlzed by the

presence of aattadhes g@am@@@ter&@pﬁgpulg@@Iﬁ@fﬁof@[ﬁme brpekeelignclieddfood celis play
an integral I | conponents
[ RhPnbBALD Sunid BRI BEY bl 4IEPIEOB Abfatedhisuthed

of both the | mmune response. of the
del et eri ous efmbéer tayinedICD4 aphase white blood cells play an mtegral role in the

immune system, functioning as critical components of both the humoral and
20 cellular immune response. Much of the deleterious effect of HIV can be
attributed to the functional depression or destruction of T4 lymphocytes.

The intact HIV virion is roughly spherical and is approximately110 nm
in diameter. The virion has an outer membrane covered with spike-like
structures made up of glycoprotein, gp160/120. In addition, there exists a

25 transmembrane protein termed gp41. Inside the virion are two structural
proteins: an outer shell composed of the phosphoprotein, p17, and an inner
nucleoid or central core made up of the phosphoprotein, p24. The viral RNA
is present inside the core along with two copies of the reverse transcriptase
enzyme, p66/51, which is necessary for the synthesis of viral DNA from the

30 RNA template. The HIV RNA genome encodes three major structural genes:
gag, pol and env, which are flanked at either end by long terminal repeat
(LTR) sequences. The gag gene codes for the group-specific core proteins,
p55, p39, p24, p17 and p15. The pol genes code for the reverse
transcriptase, p66/p51, and the protease, p31. The env genes encode the

35 outer envelope glycoprotein, gp120, and its precursor, gp160, and the
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attributed to the functional depression or destruction of T4 |ynphocytes.
The intact HHV virion is roughly spherical and is approximtely) 10 nm in
di amet er .wOha/084067 on has an out er nenbrane covered w th spCrarsh/bsai2
structures made up of glycoprotein, gpl60/120. In addition, there exists a
25 transnenbrane protein ternmed gp4l. Inside the virion are two structural

proteins: an outer shell conposed of the phosphoprotein, pl7, and an inner
nucl eoid or CEHF‘T"H?mE@I“@ gikﬁ:ggml%ﬁi”oqp@hgoﬂ%ogf;‘ﬁﬁﬁgw%f%ﬁ'a tﬂgﬁ%' e viral RNA
i's present inghfbid,parkarelyahebiy Yeids. inadaias, aserefaré Ree beeeseRs,

transcri ptase enzyne, p66/51, which is necessary for the %_nt_heeil s of
viral DNA frofPt$Erehbrries Efhovingses, whish are/ciaea yehsadn Bapssdrionahpee naj or

structural geﬂﬁﬁsnaticg%greg_@@ﬁoﬁ@éeﬁéb@e MiérGdirudfufal ipktBikg d TRE eptilehaly end by
|l ong term nal repeat (LTR) sequences. The agp%ene codes for the
Fﬁaﬂner

group- spéci f i gerene hps spwihesn segagncegzgee 7l A¥pdure B9 3: 27 198R). genes
code for the (A@Ycﬂri%ﬁlcggfo?ﬁéﬁh%féﬁ@ﬁfref@r@ﬁ{:@.m’ and the protease, p31l. The
e e

env genes enco t outer envel ope glycoprotein, gpl20, and its
precursor, gpl 60, dhdHYenvagps\oradsn ®3806en PATNSIRYP d8scribed, andhenenbr ane

0l ycopr ot ei n, apd) oo SAR KRl L5 HENES RN 1 deRbaRor o YarbaPLe:

particul arly € env genes. ion, there are five 0 genes, not
shared by ot héllV skdingare krews). 9¢8 Mgerar 8. el dlhéumanved ixoiuses andbAES:1 pt i onal
or trans|atignal requlation or. encode other structural proteins. The
onti e HO s asamlafin i dreits SEEGRabe SneRlip iR e b 1, oy o

313: 277 (1985 pnjamydigtionaSLatttopoLas thnhwy, ®1.M. @por efBicesntegentbef H V

envel ope protein has been extensively described, and the amnmino acid and
RNA sequences VaiRusHhtiasHaivile mie PEsictdq orangode Riteing pf 844 19 880:3MiA] ar e

known. See M/gEiis. ExteRbivalgiycobHamih Jfakd BMY bHRARoRPSlyHYotem dtlkl(ihﬁA conpi | ation
and anal ysis of nucleic aci'd and am no acid sequences, Los anps Nat i onal

Laborat ory, Le¥ntApsisrpEduseaap {ot@byut tiRilegaitogeheBichis algaieoniaiosto@i ns of
HV are pyedi gf fh‘ét%@/ %ﬁ%%’@dﬁt %Fe'cfé%&ﬁfnf@é@d Eéﬁlsﬁ@p@@f‘fﬂﬁns gcids. Extensive

gl ycosylation o V precursor yprotein during synthesis produces
gpl 60 (about hoetrknére@al tundeigoak glyhosyatiansdthtthe Golgi eppdratus 15 of the env

gene product detec in.infe C f r Jners and
under goes gl ycosyl gﬁg(geﬁﬁ%‘)ﬁél ﬁ"gaqréoﬁg%pﬁgg%ﬂ%&sggqﬁgﬁoﬁ@ﬁ?%gﬁdorrai ns of
gpl60 i ncl udesSigrst peptidegVariabte diarsr thosugh SwhichlenpeppaskeCD¥aimdalg e r egi ons

1 through 5 \A@ité:sh(e?gn.?ﬂmpﬁ ,Sﬁp@%s%ﬁd@/‘i‘iuﬁ"g’, and Asp*"), Proteolytic processing site

20 (also called the cleavage site between gp120 and gp41), Fusion domain,
Leucine zipper motif, transmembrane domain, and Lentivirus lytic peptides
(LLP) 1 and 2. Although the nucleotide and amino acid sequences of gp120
and the numbering thereof from various isolates and strains of HIV may differ,
the region encoding the functional domains can be readily identified by the

25 teaching in Luciw (1996) in “Fundamental Virology”, 3 ed., eds., Fields et al.,
Lippincott-Raven Publishers, Philadelphia, Chapter 27, pp. 845-916.

The signal peptide at the N-terminus of the Env precursor gp160
directs ribosomes translating the nascent protein to the endoplasmic
reticulum; an intracellular proteinase removes this signal peptide during Env

30 gp biogenesis. The Env precursor gp160 is cleaved at the processing site by a
cellular protease to produce gp120 (designated SU subunit) and gp41
(designated TM subunit). Gp120 contains most of the external, surface-
exposed, domains of the envelope glycoprotein complex. Gp41 contains a
transmembrane domain and remains in a trimeric configuration, and it

35 interacts with gp120 in a non-covalent manner. The subunits of gp41 include:
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sites (e.qg., Thr257, Trp427, Asp368/ 3 u370, and As P457), Proteolytic
processing site 20 (also called the cl eavage site between gpl20 and gp4l),
Fusi on dowaion/038052uci ne zi pper notif, transmenbrane domai RCTArSA2/83mt i vi r us
| ytic peptides (LLP) 1 and 2. Although the nucleotide and am no acid
sequences of gpl20 and the nunbering thereof fromvarious isolates and

. fH ffor  the : Jomai
be roadi Ly | obaron Sl g ug SRR B G BE LR ) et el
Virol ogy", 3rdLBdanddd®2, Fields et aI Li ppi ncott-Raven Publ i shers,

Phi | adel hra Chapt L - . Th signal . tiide at the, N-term nus
of the Elrcr)v precurger‘rﬁ &&ﬁzgggbﬁfg)ﬁ%%rp\beo\zaéﬁé rFQ'Qﬁ@EH?ﬁﬁgCOPﬁ@Vﬂ%scent
protein to theegamk)pTr&sva'r-bler(M)idomblmmandmohsemaﬂ:&t)lddnaa’ns)bmrﬁllzoaaﬁi@ regg\(/)es
this sig pe e, durin n precursor ap IS
cl eaved at th@Bﬁ?'é%deﬂ“sqo ‘BQ%FQ%GW"%?‘C@M?BF&@%?‘%@%@ & gp120
(desi g]rrat ﬁd Sldsssrﬂedlmntahysﬁrtd egpdbpe bﬂ)@éih gé@léﬂéegM ?éi{éﬂrﬂuh)an 90120 contai ns
nost of the external,. surface- expos 0 e_envel ope

gl ycoprotein HBWHP%%f'CGS&iVE%FQé}%@ Bredtcr'%'?’%ﬁ’rg;arﬂyﬂﬁ'ﬁé eRBPRASINand remai ns in
atrimeric coeﬁhﬁw@amvar@m telgioR®”, UNVrs|1a61:570Ms8& 9pl20 in a non-coval ent
manner. The subunl ts of gg i nclude; 43 WO 03/ 038057 PCT/ US02/ 35112

Fusi on peptide, Led€PSR1ZY Fialaculg qansistypicnpolyRanigasats i (dmialione.TV) , LLPL
and LLP2g Them@lﬂ:%%@eﬂé%‘r%l& n‘f&mééi' tﬂﬁN-fthYer di?éds?% i6n [PHERASe Had Si X

conserved regions. The variable (V) domalins an conserved domai ns of
gpl20 are 5 &pedent '@Q'eétélé‘bwmgﬁboﬁtbemféewdﬁﬁ@nlﬁoaﬁ(lﬁ)rdalbﬁs MVbble positiensal .

(1987) " Comubi A8 /sRySHARRENT Dot 19BYAhOREABEL DeSAURAGA O sever

human i mmunodert i ci ency Vi rus |so ‘anti géenic epitopes in
conserved and ot 43 phthlecappegyimatsty, 24JN Ileed)glycﬁylaﬁmsEﬁé‘sBln tHdeptg120 nol ecul e

modi 1 ed by NeTRIEnr omaBhde Al aPrar H LS P henhite B i ol ar
wei ght df the camiberomdt@wstr\@ ammp@mml slidkttotiens, Hisertipos ahd daletroma‘ the 18
of the appr xR SARER e s R BTy o e bHoR o8 sequence
are conmmon t ovamdbrlgyoﬂ:ém/esze(meﬁcemlec'ﬁm ffunp&fe\Wrrbabk/ﬁaIWwSDé@rt@mt ain
BAUHBLRIT RPN A W AN T Sl
viral receptor CD4 and to interact with gp41 to induce fusion of the viral and
20 host cell membranes.
The HIV virus attaches to host cells by an interaction of the envelope
glycoproteins with a cell surface receptor. It appears that when HIV makes
contact with a T4 cell, gp120 interacts with the CD4 receptor. Recently, the
crystal structure of the core domain of HIV-1 gp120 (strain HXB-2, a clade B
25 virus) has been solved by complexing the protein with a fragment of human
CD and an antigen-binding fragment from a virus-neutralizing antibody that
blocks chemokine-receptor binding. Kwong et al. (1998) “Structure of an HIV
ap120 envelope glycoprotein in complex with the CD4 receptor and a
neutralizing human antibody”, Nature 393:648-659. These studies revealed
30 that the gp120 core has a unique molecular structure that comprises two |
domains—an “inner domain” (which faces gp41) and an “outer” domain (which
is mostly exposed on the surface of the oligomeric envelope glycoprotein
complex). The two gp120 domains are separated by a “bridging sheet” that is
not part of either domain. Binding to CD4 causes a conformational change in

35 gp120 which exposes the bridging sheet and may move the inner and outer
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variability between gpl20 nol ecules fromthe various viral isolates.
Despite this variation, all gpl20 sequences preserve the virus's ability
to bind twothessosiral receptor CD4 and to interact wth gpdir/usez/ssdice
fusion of the viral and 20 host cell nenbranes. The HIV virus attaches to
host cells by an int eraction of the envelope glycoproteins with a cell

surface recep og{ew ela?l%?cgé%cﬁ SRk WEAs E%Mf at rﬁeﬁt(ﬁ?ﬁe with a T4 cell,

gpl20 interac receptor. Recently, crystal structure of
the core dorrajarbomfydtdte/mblegqullezﬁvr(maraladdwm; ap129 @&ﬁée@@%‘e\ﬂtﬂﬂs) has been

sol ved by co l ex) ngw%mﬁec e| d tWtﬁQlo%a tﬁﬁQﬁ&Qﬁrthjs@é’% %fy@%}@”d an

ant i gen- bi ndi gTa\drlla Wl wedtTalt zi ng ant I bl ocks
chenoki ne- re%@é@fle@tmrdeﬂgext&vmhgwt@mmleplt()ném@)gp’&Or ucture of an H'V gpl20

envel ope_gl ycoproteipn in compl.ex with t trali zi

uman.ant Pogdy e Labroiss R e bohe phle T frREERt B Thet e

QPLﬁgrcggﬁa Pﬁc%r@eﬁ]rbmrﬁ@f@cm grueinlab tiiandkineeretbptorscergnOGRE). pon domai ns- an
I C aces "

exposed on tH@”‘gﬁ!ﬁ tatbe r@FeRtWef’a/‘%rd@ﬁ%ePg)r’ tﬁ9¥|r@|§é‘vog§%bspt&18f'gfs dv‘(’:'t(?)]rrpn})il)y

The two gplzothg%gﬁh{é%\tﬁ‘é@eéﬁcpﬂfeah@&d@ye@fthbR/Ir@egemtgrsﬁhemféctbdi\aeu|s not part

of either domain. Binding to causes conformat nal chan%ggl n 35 gpl20

whi ch exposeswhéie tig IFEW%'Qt'%rh@feRNéHHO NHRYIHEE G )ézredat?YJeéﬁ 44 \\O

03/ 0380?@ PCT. #é%ﬁég ?ge gﬂmwﬁmawérﬁéuh\mﬁe%eﬂaﬁblalbxlitafbrm fdr som® al so found
t hat nost of the car | eCul es which are added to Fﬁzo are added

to the outer mdmmmonyeansl guring whierstise g infacted ipAixiduals 2aBWAPIOMRLE vi rus uses

car bohydrat e (R 120. 5
(30120 not onlv S'#fh% %'@gq%% r Eﬁté@karece\gﬁgiébgﬁ?iogfb?gsrpgmﬂlgf/

coreceptors ssn;dprmlm1Be¢rBilW|duainlbﬁeﬁﬁR|SH%C€}Pé \epe HresORROriYNISECR5) . Upon

bi nding to thefr toSrOC %“?L h Rps§ceptor, the viral envelope is then fused
with the cell e I nner core of the virus enters the infected
cell where the trHnrmtererpbmobmeoifomeB\Hn\ht/aﬁcmemflAhﬁppwen’fu@v@féloﬁaa al yzed by

o o Sonb SRR AR R IR R R 2 G |
Ier?isggP;[ ggagwﬁeﬁtlronlﬁu@wr The E‘ecbhmman: tgsus cs)crir_iml!ses amciritigen 86qwGsi ng vi r al
o AT 1, TAPREEEPRR S AUt den' A Vs cept D1 €
immunodeficiency virus (HIV), expression of the HIV antigen eliciting an
20 immune response directed against the HIV antigen and cells expressing the
HIV antigen in a host upon infection of the host by the recombinant virus; and
an immuno-stimulator sequence heterologous to the recombinant virus that
encodes an immuno-stimulator whose expression in the host enhances the
immunogenicity of the HIV antigen. In a preferred embodiment, the
25 recombinant virus is replication-incompetent and does not cause a malignancy
naturally associated with HIV in the host. The recombinant virus isusedas a
genetic vaccine to be administered to a host to induce or elicit strong and
long-lasting immunity against HIV infection.
In comparison with other approaches for developing HIV vaccine using
30 denatured or attenuated HIV virion, the approach of the present invention
should be safer and more efficient in eliciting strong immune response but not
creating risks of reactivation of HIV, probably through recombination with the
wild type HIV infecting the host.
According to the present invention, the HIV antigen expressed by the

35 genetic vaccine may be any antigen derived from a HIV virus, such as HIV
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15 I n one enbodi nent of the HV vaccine of the present invention, a

reconbi nant virus is provided for eliciting strong i mmune response agai nst

i nf ecti orwofo3iBs¥s7 The reconbi nant virus conprises: an ant PGEISSEsIENCE

het er ol ogous to the reconbi nant virus that encodes an antigen from human

i mmunodeficiency virus (H V), expression of the HV antigen eliciting an 20
i mune response directed against the HV antigen and cells expressing the

HI V antigen i RU4AqSp80re(fRGAIT; FPoEELG Y PEYMEREdIRYEESINY RIREINS clBrARIRGht Vi r us;

and an i mmungs gV SIHREYroleROHENEE HRELRHiIRAAY e Srobil&s be TRV RAE Vi rus
that encodes an i muno-stimul ator whose expression in the host enhances

the i mmunogeRidi asgpt20 2l gl dreimpdas. of Y £apsid peeteiadndudr dubaiet , t he 25

reconbi nant vi; i i QN | t

i gnancy niHELIFERAES orife BT RERFRH o PRE JRROEBlodteU TR
virus i s5usedPasb’d bygbeeralencadar pretepee PR: dthvinaiuse eapsid pwteinhiddt t o i nduce
or elicit str ngs | i i it i.ns | Nod-RfieGgti,on. In
conpari son w ?@q’&f(g'gr(pdaﬁp&oﬁ@g ?’%&r%@}% %%'l%%%oﬁilet\t/a\,;'@égzﬁé?\?f&l'ng 30
denat ured or a6i1866aB68. HkdMmplesiodniral rdpalztpryrpratemsdficlades bopt eeerat | nvent i on
shoul d be safer and nore efficient in eliciting str i ne response but
not creati ngﬁ’r‘“ftgckg) Be W%‘g’éﬁ Q/‘l&ﬁ?%ﬂ{aafj "RY 4ENG5y g%ta%]@g‘%ﬁr%)?%"ﬁ?%ggnbi nati on
with the w | girdiepeyib Yroteiheaidlude, bikear8@st limifrrorneé peduststdiehepsgsent
invention, the HV antigen expressed by the 35 genetic vaccine nay be any

d
anti gen der i veaNe:RIrh @raipageariiy, PRLEpVesse IpnpcrinBser 63) coers?
PCT/ US02/ 3511 'nﬁe@%s%%%b%fa‘?ﬁ;ﬁ@so@ Vel é&ggé,&yprdfem@%wm, B r@feeSSOry

proteins. Exanples of H'V surface protein include, but are limted to the
products of t haitethio hemsodustref the vipPRO/PENG U nefEeany|\és Vof, Xy capsi d
protein incl “%u Utnygre limted to the products of the gag gene such as
t he cl eavage products of the 5 Pr559a9 by the viral encoded protease PR
the mature capsid proneembodiment, IV )Nef orot¢ip 2y, s asNbe(iiV)gntipan and p6.

rer e oo <! BhaebdS PR by B0 PR AR Pt
tat and rev gesesncéancadidg Rev (e.frx tepled seqienceiat pbsiborz§1eE2-528 fer ns i ncl ude,
PR, po1 (1 evErbD SrekmercFAacE var etrhr i iables L ARG g 7
Exanpl es of Vipeahscpeae®saiy véutet ei ns i nclude, but are not |imted to the
products of the vi flﬁ axgtaér é/n%édir\r/lgrlet, ﬁ?\gRre]s];)roqgiHen%y s\gr\fle’ aé/me’ Hlvpa)%’tigen
20 expressed by the recombinant virus of the present invention. For example,
sequence encoding Rev (e.g., the rev1 sequence at position 5969-6044 and
the rev2 sequence at position 8369-8643 for pNL4-3 strain of HIV) may be
inserted into the vector.
In yet another embodiment, full length HIV Gag protein may serve as
25 the HIV antigen expressed by the recombinant virus of the present invention.
For example, sequence encoding full length Gag (e.g., the gag sequence at
position 112-1650 for BH10 strain of HIV and at position 790-2292 for pNL4-3
strain of HIV) may be inserted into the vector.
Alternatively, capsid protein from HIV Gag protein (e.g. p24 CA) may
30 serve as the HIV antigen expressed by the recombinant virus of the present
invention. For example, sequence encoding p24CA (e.g., the sequence at
position 1186-1878 for BH10 strain of HIV and at position 508-1200 for pNL4-

3 strain of HIV) may be inserted into the vector.
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Vpu and Nef. In one enbodinent, HV Nef protein may serve as the HV
antigen 15 expressed by the reconbi nant virus of the present invention.

For exanpwe,03/03quence encodi ng Nef (e.g., the nef sequen®eTatSOpsHiILi ON
8152-8523 for BH10 strain of HI'V and at position 8787-9407 for pNL4-3
strain of HHV) may be inserted into the vector. In another enbodinent, HV

Rev protein nay serve as the H 'V antigen 20 exgressed bﬁ t he reconbi nant
virus of the presehftyatapether EWPO@B\G”EQ%E%?”“@ FROFRSECLREHM ng Rev (e. g.,

the revl sequeRembianP@fid it ABrirPork dle@ngend HBAIQY 2FSESURIAE thé POSi tion
8369- 8643 for pNL4-3 strain of H V) may be in@grted into the vector. In

yet anot her egbitaginigderivadfrom thenlgi\hpiafein.Gag protein may serve as 25 the
H 'V antigen expres ' tn Ndifi A t 8tnavheent i on.
For exanpl e, sequezﬁégo@%%{?ﬁﬂé%ﬁﬁﬁpfﬁﬁ’d{]#n&%‘o%?g&g atgﬁgégag al%lequence at

posi ti on5112- asshtofdaletBldt Mutate & eertsin rICWNERHOT &NV jo sendesit npedurcionalf or
pNL4-3 strai . [l i t. tor. Al ternatively,
capsid protei %"?&%%“Eﬁ’ﬁ@{‘gsq‘@ :[)r?@ll%r?t ‘%@08.@% E%A@‘éﬁ}’ﬁ%m%@l sr_gfrrve as the HV
anti gen expr essadplbythtpeoteelyticyhionessingvsiteus Eofv ridnebe delstadt or mutatedtto on.  For
exanpl e, sequence. encodi 4 . t it 186- 1878
or BHi0 st raldiCar f Ao aido KEAat B Bt BaSuRe s el dBatcr 1 vy
may Ee [ nfrte)r'éﬁdglineh’@. ﬁbletimeot wutatidh MA) lﬁ)e?.g@ﬁéd BﬂITqutEE\féZI 35112 In yet

anot her odi nent e HV antigen expr.ess t he rec bnant _virus is
deri ved @r om irﬁﬁs’ﬁﬁi‘)ér@@ﬁénﬂr"é&ﬂﬁ%@'c &gﬁa'&eﬁ?ﬁ%‘@sqqﬁ‘@s tﬁﬁﬁ%éﬂaita%iri ved

fromthe Env prpieidmaifs CCbibagdlte thidwiletype Einveine, muatid Ercairoeirs or

nmut agenesis may be 5 used to delete or nutate in certain on(s) of Env
to render it ABPHIE0AY ?6@9&103‘1&'%06@%‘”%“@[”&‘}%éﬂt?@ "H'«S’ﬂﬁ’%hﬁg{hﬁ epi t opes

for its natur glfe@8MHeidsy anfBking@%piIoREE by HIEInAtsTLRRERKES oPthegRsasi Ng site of
Env may be deleted or nutated to render it resistant to cl eavage by

cel lul ar pr ot dgsteudtion freoRRts PG S¥§I8Mgp41  fragments. Del etion or
mutati onsmy al so kg e@impie dyiRitpetiViErR, i B RBAFBATH RBFohSWAPR! asm ¢
domai ns of gp4l such as the TM"LLP-1 and , LLP-2 domai ns. Conpared to the
wild type EnvWitdiweran120seamencegram 810 sspmafdiiand cantedidg EaV.riadk of bei ng
i ncor por at ed bﬂ& Red c\%fng ste)ﬂf?@néég\éaﬁ rB%tdigested with restriction enzymes EcoR |
and Xho | to produce a fragment starting from nucleotide 5101 and ending at
nucleotide 8252. The cytosolic domain of Env can be removed by deleting
20 nucleotides from the coding sequence at position 7848-8150 for BH10 strain,
and 8610-8785 for pNL4-3 strain of HIV. The cleavage site of Env can be
removed by deleting 12 nucleotides encoding amino acid sequence REKR at
position 7101-7112 for BH10 strain, and 7736-7747 for pNL4-3 strain of HIV.
Also according to this embodiment, the modified Env protein may
25 contain deletions in the regions that do not contain neutralizing epitopes. For
example, the V1 and V5 domains of gp120 may be deleted without sacrificing
the natural antigenicity of gp120. Portions of the V2 and V3 domains of
gp120 that do not contain neutralizing epitopes may also be deleted.
Although the principle neutralizing domain (PND) has been found in the V3
30 domain, V2 and C4 domains of gp120 have also been found to contain
neutralizing epitopes. Among various strains or clades of HIV, the amino acid
sequences of the neutralizing epitopes may be variable. However, it has been
found that the amount of variation is highly constrained. Thus, the sequences

not containing the neutralizing epitopes should be readily determined.
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infects the host and being exploited by HV in its furtherance of the goal:
destruction the host's immune system 15 For exanple, wildtype H 'V Env can
be nodi f iwo oBn3goe fol | ow ng ways. W I dtype gpl 20 sequen@eTfusonsBit 0
strain of HV and containing Env, Tat, and Rev codi ng sequences can be
digested with restriction enzynmes EcoR I and Xho Ito produce a fragnent

starting from nucleatlide %égé%@ge%ﬂ%d;]@ gg r%ql&pbpga\; gs, $ggg,ete5h£ cytosolic

domai n of Env can be Te eleti cleotides fromthe coding
sequence at pmsitibh G967-H082 SdrEH tostrapHENJA602:6673 fameNlgbI stram@s Hi\or  pNL4- 3

strain of H\, The cleav [ 0 2 ing 12

nucl eot i des e%%ﬁpﬁ%ea?ﬁ(ﬁgf\é%f%iﬁ%neéfuéﬁg%a%@%&ea%égg?[gﬁogﬁ%ﬁ%112 for

BHI O strain, fanBHTT36ain/4d 6700-pMN640B phL4-&istraof of iV, Qytwoalccording to this
enbodi nent, the nodified. Env tei.n . 25 nt ai | et 1 i.n: 1 he

regi ons 1hat SFIUREE ’H’rﬂdﬁgﬂmﬁ@&ﬁ @Qpivﬁé'ogﬁiof Egggafqp%?e@g%(ﬂg%&og%he V1 and
V5 donei ns of5@le12A ferEHIE stisheamilos0X-6ras fos puL4-Bistiamgof HiMe nat ur al

tigenicity of gpl20. Portj f the V2 and V3, dommi f, . 0 that d
ot cant ai n’ neut 1 ahHeFHl SbpETNETHESH BFEEERE RoRET BRI B S e

princi pl e neytd akiBiridofdRAR0 WhidANGhtdi@soeembreuskbciel varabMlv3andomai n, V2
and C4 domai ns of gpl20 have also been found to. contai Q‘ﬁ?%qg@al i zing

epi t opes. AnDRRSOREASGEdQnRIAsnEoLexaRIRiRdRe BV pftgen; Y id sequences

of the TG’Utraédb%hft?goﬁt@in‘ir%o\?ﬁ\Yﬁaé{nh@@4‘6@ﬁiaﬁfﬁ|, 6r VERHE G domdind1ashdbeen  found

that the anount of variation is highly constrained. Thus, the sequences

not cont ai ni nigcatien ofeeuiralizing eritopps iNope Y 3IrmAIR ispae!l o Jt RASRGER ned. 47

WO 03/ 038057 / - , seadiopstey1l regi on of
Env can be deﬁgga—éh@g%egtg%?z Igogﬂgggﬁﬁgg%nga@?%?%ﬁgﬁ ain, ar?d 6602- 6673 for

PNL4- 3 strai nbativee wsid@sdiddrane 298cudi brgvaen legiit JROGNAEAD, eaPePReliel et ed at
position 6060, 6%9éti%%gési%q“oﬁéﬁtgflo% b@gﬂwﬁ%%@fn@lgggzrééﬁﬁeue}%w? $rglRi n of

H V. Optional I@/, uence enco an ons of Env can be
del eted16t pos$st,i166, 1609688618k YDdoBah@nstresitines 42tiasbe32 87beCor pNL4- 3

oo ey b oot G Gl S Ve o0 HHRARSRE ey efor nan
variable (V) Ragl/HumacResevineds (E)118d68i ns. For exanple, the HV antigen
domai ns. The- 1 ocalh Pt FERERPT RS A gL e R RS el el
known. It hasyReest the present invention may be a modified Env protein that contains
20 deletions and/or mutations in the glycosylation sites. The gp120 of HIV-1
contains 24 potential sites for N-linked glycosylation (Asn-X-Ser/Thr); about 13
of the 24 glycosylation motifs are conserved in the different viral isolates.
Analysis of HIV-1 Env gp proteins has demonstrated that 17 of 24 potential
glycosylation sites are modified with carbohydrate side chains. Mizuochi et al.
25 (1990) J. Biol. Chem. 265:8519-8524; and Leonard et al. (1990) J. Biol.
Chem. 265:10373-10382. Because of the extensive glycosylation of Env gp
proteins, very few regions of the peptide backbone of gp120 protrude from the
carbohydrate mass. Some of the glycosylation sites have been found in non-
neutralizing epitopes that dilute the immunity against true neutralizing epitopes
30 or serve as decoy epitopes. Thus, deletion or mutation of these glycosylation
sites may enhance immunity of the antigen by unmasking the true neutralizing
epitopes.
In another embodiment, the different HIV antigens may be expressed
by the same recombinant virus of the present invention. For example, both

35 Env, Tat and Rev proteins may be expressed from the same promoter such as
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found that neutralizing epitopes in the V2 and C4 domains are | ocated

bet ween resi dues 163 and 200 and between about 420 and 440, respectively.

I n addi tiwn,0308®5tdues for antibody binding al so include resirdises3sitd, 174,
177, 15 181, 183, 187, 188 in the V2 dormain and residues 429 and 432 in the
C4 domains. Bernman et al. (1999) V'rology 265:1-9; and Bernman (1998) AlDS

. 15 d he H V ant
xpr ossed by PHeY SABRBIANIHE Vo o SR ooBreCieR I bR Ry bo a

modi fied Env mptiosally, HMGagqmditélnnsltw il egrigiimer aedhitedrok mbdllﬂél@ in tpe
gl ycosyl ation_sites. 120 of HI V- ont ai ns otential sites for
N-1inked glycé¥¥ 90?? J&gﬁ E@%@é‘}hﬂ]@y alsggﬁﬁxpi%ssegﬁoé)qq@rﬂ hptherddYi at i on
notifs are CO@&@% uch atsfae]vdwéffaefdemv Wdrﬂierltﬁ@éeaﬁﬁﬁantlgéﬁélh%‘?'bé of HIV-1
Env gp proteins has dempnstrated that 17 of 24 potenti al 2géglcosyl ation

sites are nodiekpeased togetgf WBHM'&@@%@%#QK&)S(G M k2o h12,dNF 4l andéﬁ (1990)
J. Biol. ChemGl\ﬁ@%lé)gig %@g@%‘%@ﬂgxc{ogﬁeﬁl%@%arﬂé re*ﬁ?ﬂ@nt \]n]ralgla&[)r em

265: 10373- 10382 nsive glycosylation o
proteins, very fewFoegkamgeoghetseguermesietdeoding kisdmiy aiﬁlgglpSLerGypeot r ude from

the car bOhydrr%teﬂemﬁ E1$88‘3R§E aglgﬁﬁl?(le\)(r?ﬁ\zgc cﬁta'nﬂ%géfetsggd Hg%e ?I@I@n found in

non- neutralizing epitopes I Muni ai nst
neutrali zi ng epily ppm&x)t@()/l@a reteoviral sxslicidgccmyloeandeptmmedﬁhmsm alehd¢RESN or

nmut ati o of t hes C en ac f the antigen
by unnmaskl ng {H ec‘ﬁ?&' %’ Oi%t gpfg%eﬁgencgép%e gmynp- %‘{"f’\tQFS @%%g%il ment, the

di fferent Hi Viresettedéns E4aggibe ofter esseaderoyirdivectoaard eagggéydrfmm virus of
the present invepti For exanple, bo at and Rev proteins may
be expressed F‘P8ﬁ1.ef ﬁ&'\’s‘%ﬁf@ Pd?'@ﬁ?ﬁ’&a & HV'éai SEP@%&’%P@%@W PCT/ US02/ 35112
a CW early phatBbsismvdrandREStHmedHanha&im.spl i ci ng donor - accept or mechani sm
Optional ly, HIVGaan{/Jroteln eit in full length gr a truncated or

modi fied form (e.g! @ﬁ?@f@rﬁmgmﬁ%iﬁ? seg,lﬁncgpggo%%g Bigil¥andgen Byet her

with other H Yhe RitbinGRBRt B A% Eia¥ent Iifen@Bfl isREMosaib Bhigdn thhhese H V
antigens may be 5 expressed together with the i muno-stinulator(s) (e.g.,

|L-2, IL-12, FCREaips sgadencesriron) diffgrest pighias.dsolatas angioeclades eisHiMy t he sane
r econbi nant viyfdesy S RAin ofﬁwlsapf@mw%olaiéaerm%ﬁ%g%ﬁauaﬁwébﬁ gythe HV

antigens may be inserted into El region an adenoviral vector and

expressed frogharadenzedand given arayeiy namen(ead-r M\ 641)r Blecayse itig
donor - accept o, . RENAALRMALIVA Aot 5 Fsolates are exactly the same. A group of

20 related HIV isolates are classified according to their degree of genetic
similarity such as of their envelop proteins. There are currently two groups of
HIV-1 isolates, M and O. The M group consists of at least 9 clades (also
called subtypes), A through I. The O group may consist of a similar number of
clades. Clades are genetically distinct but are all infectious. It is believed that

25 by using a mosaic HIV antigen in the design of the genetic vaccine of the
present invention the vaccine produced should have an enhanced ability to
stimulate the production of anti-HIV antibodies and HIV-specific cytotoxic T
lymphocytes (CTLs) against a wider spectrum of “wild type” HIV strains.

In one embodiment, the mosaic HIV antigen in the recombinant virus

30 contains antigens from multiple clades of HIV-1, including clade A (Accession
No: HIV-1 92UG037WHO.0108HED), B (Accession No: pNL4-3), C
(Accession No: HIV-1 92BR025WHO.109HED), D (Accession No: HIV-1
92UG024.2), E (Accession No: HIV-1 93TH976.17), F (Accession No: HIV-1
93BR020.17), and G (Accession No: HIV-1 92RU131.9). Optionally, multiple

35 repeats of restriction fragments of HIV antigen (e.g., Ava | fragments) from
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10 nmechani sm The sequences encodi ng the i mmno-stinulators may be inserted
into E4 region of the same adenoviral vector and expressed from another
CW ear | ywproofost0eT via a retroviral splicing donor-accept ®CT/usezbam sm or
an | RES nmechanism In yet another enbodinent, the sequence encoding the H'V
antigen in 15 the reconbinant virus of the present invention is a nosaic

G adas of v Mo BeS YARARRCA hEF- a0 HEhedly 8T biH Pl

i ndi vi dual (amqsg'@ll'dt/@jn,tige@har acterized and given a strain nane (e.g., t :\/N
LAI). B ft e ity of HV, not t IS e re exactly
the) sarrg?axsgrgup g? r %@%’%e%PW?@SF@f @éyé’PeCOB\PA@%%?‘ﬂOZ‘heS/é?mﬁ ng to
thei r degree of mykipketdladessisithé ardshie Hkl\!(zimtigsn.f)optichﬁllgl\//,l rew;@igg@qgﬁm?\ﬂel ns.

Th cur A of,  H'V-1 isolatges, an . The group
coﬁgss? ;%of uat[ys?feg%(IF 6@?@%3@@&@%@8% @Vlsgweﬁ%?H&s)a!C AViantigyh 1. The 0
group may congitsmatifelyg HIV mintigensfromb etultipie clad@demn VEaades 1868 gaeeki cal |y

di stinct but ar I '?f cihous. 1t is believed that 25 by using a npsaic
H V antigen i ﬁoﬁhca‘#e%l@ﬁ'%?) NRLSYUREF e P8RIF Al gntigate  present | nVﬁntl on
the vaccine producket sgtienhhy, BanensaryerMaRced Pabidchbysddtensd b t he
prod\ljcti on o1l‘o anti -ﬂ%mant liq%/b%di es ;gnd H V-specific CS tqgltegx% CH&#dﬁfgcrrphocyt es

(CTLs) agai nsBMEORHEFeASEES PUYLLOLLLRI-PlH-Q4 HaF MBI BERARINE. 9] Inraydyee

enbodi g0t , t heddWiBahé rddoMbiitink Gikd) cbAstkRg reconbi nant virus 30 contains
antigens frommnultiple clades of H V-1, including dade A (Accession No:

H V-1 92UGD37WHO. ONGRGEISr embodiseaiistop srpsris: HiYNIMigs) cotaing And&rssi on No:

H V-1 92BR025 i QBRLRLMPAsE LGS EDR Y é\ﬁs{iﬁwbéﬁﬁ%ﬁ% 13%%/85 fréprf?ceSSi on

No: HIV-1 93TH976.17), F (Accession No: _
(Accessi on Nodiffefept straipRisciates pnd/opelpdesadt ylV vinubes. pFer e3Gmpap&at s of

i i f ¢ | . . ne from 49 WO
057 0a805 7 por SRR Mo Q0 irdl LB faf be By bith VAR bgheRl: 7 1S
gener at 85an effen clastecC obimel @ groupds geerktea amsiaigleﬂv dﬁﬁgemx\agflmtirgﬁloa@g ;
i I . .to the V3 10 of multiple ades as
the mosarc H O asAEAESERBSREC SMaed s iFLs vlryiss 89S Fon 1 rom
nul tipl e cl adedivitayinseoter asord, HeeseGHiccar idcagHizgamd kil Mrg&rdeas i vel y, HIV

antigens from t] cl s wWih V1 and V2 | oops deleted fromd ade B
( pNL4- 3) matyrms7]tcagrzl’\l/e(§]l @'ﬁf%%ﬁ%@{w&m&’?f anti gen.

Alternatively, the recombinant virus may express a plurality of HIV

20 antigens, each of which is an antigen from a different strain, isolate or clade of
HIV. For example, env genes from different clades of HIV can be cloned into
the recombinant virus and expressed in tandem to produces various Env
proteins from these clades in the host cells. It is believed that expressing
various Env proteins from different strains, isolates or clades of HIV in the

25 host cells should enhance the ability of the genetic vaccine of the present
invention to stimulate the production of anti-HIV antibodies and HIV-specific
cytotoxic T lymphocytes (CTLs) against a wider spectrum of “wild type” HIV
strains. The host vaccinated with such a vaccine would be able to be
immunized from infection of various strains of HIV.

30 By using the genetic vaccine of the present invention, individuals not
infected by HIV may be immunized against HIV. For HIV-infected individuals
the vaccine may also be used bbost their immune response and help fight
against this virulent virus. Since the genetic vaccine can express high level of
antigens and/or a variety of HIV glycoproteins and capsid proteins

35 simultaneously, the vaccinated individuals should be immunized against
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Yet optionally, a human gene Thy-1 GPA anchor sequence encoding amno acid
sequence SWLLLLLLSLSLLQATDFMSL [SEQ ID NO 9] nay be 10 added to the
reconbi nawo 03i088a57 construct . I n anot her enbodi nent, the nmpsaAESIMN1ANt i gen
contains an Env protein which conprises variable and constant domai ns of
gpl120 derived from different strains, isolates and/or clades of HV
viruses. For exa(gtﬁgﬁl V2 domain from ade B of the M group may be m xed

with V3 and CYapg#asiiains of HiIVesyan agid V! Bf‘d ) A&dﬁi?ﬁalﬂyosﬁ‘éﬂ@reat e a nosaic

HI'V antigen. \pastidwddciz &h expRds Wightalds vt Efloighe oS e RPsi gen may
stinmulate CILs with cross-d ade activity. I'n another word, these CTLs can

recogni ze and FR§AONSE & @%tﬁr%élr‘?'ﬁnfeﬂ%é“tee@qws\ﬁnm%"ﬁanéPé@lﬁUQﬂ ades.
Al ternativelygeh va%m@badmt HIY SRSuIATBY sRSRY %ﬁloﬁgwééﬁha'ﬂqteaébw HV 20

anti gens, eacho which is an antigen froma ferent Strain, isolate or
d ade of 5 H v.achevingzaditgilang I@mungéﬁ@@mstrtbmdﬁaﬂh/emres}t cl ades of HIV can be
cloned into the reconbinant virus and expressed in tandemto produces

various Env proteins fromthese clades in the host cells. It is believed
t hat expressidg v&denstic \Emcir[aso%gainst Hematitidififuseent strains, isolates or

G ades of HHVin t 25 h II | d enhance bility of the
genetic vacci ne of H?‘ﬁegeﬁﬁgééﬁm (ﬁ\}i%gfegﬁ% Bvesf"[tloprﬁ?sgtae(]%f%é ¥r§dntﬁze[di on of
anti-H V anti Bodiresffieient \HICVrnsmgelnEt htepectlyzt or¢s Gudh bynpﬂmm;tﬁes 001y BS)

agai nst wi der sEgect rumof "w The host vacci nat ed

el o o g B a o 8 e e AT oS ey el YR Tia BV BS var t aus

strains of H W rea@nmanltsmﬁgrt\h@sg@mtmqwamlg@ﬁomé chfeshesMoré nvent i on,
i ndi vidual s not _ infecte H V may be i muni zed agai nst H V. For

HI V-i nf ect ed i%’?HQ‘%ﬂSofﬂ%{Pé‘%ecpﬁBt'sv‘é{%r NrAsol¥FapEPtpias éﬁé&oﬁdﬁ@%e'rtsrﬁl”ﬁel nrune

response and hebatitls k. SEtRieRsds éﬂhésé’HlWérﬁ@bné’h’fa‘»}%e mbdfigd sl ag:enetl c
vacci ne can express high | evel of antlﬁwns and/or "a variety of

gl ycopr ot ei ns G&IRYOB Ap¥iePaIneaasiGreatess &f el hepalibuglygorrelrBs\wicci nat ed

i ndi vidupd s shgplhiBfsi Mruni zed agai nst 50 WO 03/ 038057 PCT/ US02/ 35112
various strains of H'V, such as HV-1 and H V-2. Additionally, since the
genetic vacci ne cann éﬁlﬁlﬁ@@é the gpeombinans vists Qe Rriesert inentipRican PRe body' s

e o T Tl T AT
achi evi ng a | inepalitisriy)is cavaed by thegldepaiitis BhvisisdgBY). yHBVrigigstimated to have
infected 400 million people throughout the world, making HBV one of the most
20 common humanpathogens. Hepatocellular carcinomas (HCC), one of the
most common cancers afflicting humans, is primarily caused by chronic HBV
infection.
HBV is a mostly double-stranded DNA virus in the Hepadnaviridae
family. The HBV genome is unigue in the world of viruses due to its compact
25 form, use of overlapping reading frames, and dependence on a reverse-
transcriptase step, though the virion contains primarily DNA. The HBV
genome has four genes: pol, env, pre-core and X that respectively encode
the viral DNA polymerase, envelope protein, pre-core protein (which is
processed to viral capsid) and protein X. The function of protein X is not clear
30 but it may be involved in the activation of host cell genes and the development
of cancer.
The diagnosis of HBV infection is generally made on the basis of
serology. Virtually all individuals infected with HBV will have detectable serum
hepatitis surface antigens (HBsAg). Despite notable successes of vaccines

35 against HBV infection, it is still an on-going task. A review on modern hepatitis
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4. Genetic Vaccines Against Hepatitis Viruses The genetic vaccine of the
present invention al so addresses the need for an efficient vacci ne against
hepatiti swoios3ses7 such as hepatitis A, B, C, D, 10 and EPCITruse®3i112
According to the present invention the genetic vaccine may be a reconbi nant
benign virus in which the viral genone carries one or nore antigens froma

hepatitis vi rusgmgéjq?%@%g#\?n%ﬁfgpk& re?e'?& %gr[%agﬁgitf(gd in@fe the hepatitis

virus. Sequené§ |ge such as del etion of
t he pat hogenigddiggom TheQfantbe pheped, Maylegh?@ibpseﬂ elsoYirat Hagatio aegr ot ei ns.

I'n particular, the reconbi nant virus of the nt vent used
as a vaccine Lt"f?ﬁ@‘f‘?ﬁﬂ?Pz\éyEi‘smﬁi \‘)ﬁ dé]ﬁ”éa%gjaf‘népgltigiﬁﬁﬁgﬁ 9 E H?eg‘?\?@n Vi r al
hepatitis B igoqmaem M. tioesliematirirfepBtive antsLi B eaddBPracsedings oht ed t o
have i nfect ed 400 m [ 11 on people throughout the world, makin |% HBV one of

t he nost520 dbentBRO0 hﬁa@@@@ﬁ@gmﬁ@&um@sﬁ% BcR1 ellinger.c2rM; Lesnarsa one of
the most Com@ﬂgﬁmn&e@}fﬂ WihitdnRadRRkss, | S pAédmméM@tﬁ@sénby chronic

HBV infection tl'y doubl e-stranded DNA virus in the
Hepadnavi ri daaverttiami the. virFrentigBl mpyriene sircgrandgen PhearB@ BN of viruses

due to its Cq%g)%ﬂls BaRub gﬁéﬂ ad'fte s%allcﬂé?'é\ lt?so@'sﬂlgacfeeél’ﬁiﬁﬂﬁ $HBERS) (2B

dependence on'd reverse transcriptase e virion contains
pri rrarl |y DNA'efe'Ffmi tbil\s’ thgéueMuaraiélgélm)utheg“elldé@ hqp@tltls %ﬁvl’fafiﬂ@lt@éﬂe and X

t hat eCt' ﬂ?h% ar% gi rfBgéX e%S(E HB l ope protein,

pre- cor prot g8 0 Vi r capsi and protein X The
function of prot elnnt}gens ofdiffecdret aypeS OF biBlV, sticmas/Abien itypedl vad Americhe

activation of ho t cell nes and .t he de eI t r d| agnosi s
of HBV i nfect¥BR/ ?aﬁé’r‘?e&&’lrﬁ?eﬁ&éﬁh%??cf’w ﬁ{s)\lq@%g? eﬁéte'ﬁgﬁ(ﬁ)%y Tt ual Igy al |

i ndi vi dual s i @fipedcctpus bhHBBVTHE HBV@vfec@Iemﬁ;ana(bIBeAg)aouhe chesparttigen' s sur f ace
anti gens (HBsA . Despite not abl % ﬁuccess vac i,nes 3% ﬁrﬂ?e ﬂ?'t' HBV
Ay SRS

i nfection, AgY MaY RELXBRESSS heyiggom lqag YR Q rtlh%r(?é tis
WO 03/ 0?[§057 g’ggg{&gg,?dr%éa@bmgmpqmg4ﬂgm® ng a nunber of key

references, may be found in the Eddl eston May 12,

1990. See al so Vi r BT $x5adie.tthe SaGHENCes @%90@95’85@8 eﬁ%\égﬁtl@ns[méy B enst ag,

J. L., and Hoptoagy f?lto B4 oFiE4 rE88n of & HBEnovRBetdr ahll @Rprekseéd fréb284) and
Viral Hepatitis and Liver Disease, Proceedings of

CMV early promoter via a retroviral splicing donor-acceptor mechanism or an
IRES mechanism. Further, these HBV antigens may be expressed in
20 combination with one or more immuno-stimulators such as IL-2, IFN-y and
GMCSF in single or multiple copies. Sequences encoding these cytokines
may be inserted into E4 or E1 region that is not occupied by the antigen
sequences and expressed from another CMV early promoter via a retroviral
splicing donor-acceptor mechanism or an IRES mechanism.
25 Specific combinations of inserts include, but are not limited to, HBsAg
+ HBcAg; HBsAg + HBcAg + IL-2; HBsAg + HBCAg + IFN-y + GMCSF; and
HBsAg + [FN-y + [FN-y + GMCSF.
The sequences encoding the immuno-stimulators may be inserted into
E4 region of the same adenoviral vector and expressed from another MV
30 early promoter via a retroviral splicing donor-acceptor mechanism or an IRES
mechanism.
Also according to the present invention, the viral antigen may be a
surface antigen or core protein of hepatitis C virus such as NS3, NS4 and

NS5 antigens.
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5 the 1990 International Synposium eds F. B. Hollinger, S. M Lenon and H.
Margolis, published by Wllianms and WI kins. According to the present

i nvent i orwotoh®3805T al antigen may be a surface antigen or e®@cmaspr/atie: n of
hepatitis B virus such as the small hepatitis B surface antigen (SHBsAQ)
(also referred to as the Australia antigen), the mddle hepatitis B

surface antigen 10 (MIBsAg) and the |arge hepatjitjs B surface antigen
(LHBsAg) . Antigens F%f eHT gr%qﬂuep%@se%:ggpg\qﬁe Egyha’ﬁ@e_ 55@' pe C and
Arerica typeifsertBBINOE 1€ E4RERE dP¥nidden6\RGPTdbteraHd akpFdisedio el icit imune
response to these types of HBV. The HBV surface antigen (HBsAg) or the

HBY. Tt : . (
core antigen SPREEIRY OMaFoBRINEkpR B4l one Ry MoRe MBEMBIMEALTS, PYAissIt- t he
present inventi pnqo, llifﬁ-ysﬁlﬁ%ﬁbgwn hglebrfiiidasaied (HBsAg + HBCAg). For
exanpl e, the sequences encoding nultiple HBV antigens may be inserted into
El or E4 Xegi on of Specilideamvinations/ipcitide, bwh dreoxqidioiteddo.f roma CW early

pronoter via a retrovwhk,gl,: I, GdoN cceptor mechanismor an |RES
mechani sm Furt her,(ﬂtl_rll%gé/w'é&}b?r?t-?\évg(ﬁg%n%?’ be expressed in 20 conbination

with one or nore irf@&uooest HOWL ators such as I1L-2, IFNy and GMCSF in
single or nmultipl er(g)%ﬁ)é\??&i %Eggﬁca%g_s encodi ng these cytokines my be

inserted into E4 o I's not occupied by the antigen
sequences and expr ¢4sedVH2onE4dRraddner IICRY early pronoter via a retroviral

splicing donor-accegpt chanismor an | RES ism 25 Specific
conbi nati%ns of i ng&"?évir%d Eﬂlé",c%%f’ ”a(rg-é’ 'Egry W@gﬁ 3¢, HBsAg + HBCAg;
HBsAg + HBCAg + | L@y ntBeA0s 1 HROAY + 1L bRNFK.++ (BVESF;, and  HBsAg + I FN-y +

| FN-y + GMCSF. The sequences encodi ng the inmuno-stinulators nay be
inserted into E4 region of the sanme adenoviral vector and expressed from

anot her CW 30 ear, Vi 1 j teal I Gl O(Hzr_lﬁ pt or
mechani sm or an | ¥n@é§ﬂ§ﬁ|€édﬁ%\ﬁb%’ gnéj Itg(}:J gérléd‘lgf?i] pé'ggt'%elg%rgg@%n i \Q/jgnti on,
the viral antiHf2hEfrapdie, &.9. Sivefcapiesan HVERe@xdVRE,onay geree es theofirahepatitis C

For oxani e anwennRate FEEmebns ifs, R depy 2 ke 8 S noer ted i nt o
El or E4 regi eombfnation attkoogior alory marhomo-stiriulatops sichers ILeanAtiIENY or in
conbi nati on vviatng G(?\I;I'SSlgrin gi%l% &%‘E‘r't?p?é gégigslfl ators such as |L-

Specific combinations include, but are not limited to,

(1) E2-5xHVR + E1;

20 (2) E2-5xHVR + E1 + IL-2;
(3) E2-5xHVR + E1 + core + IL-2;
(4) E2-5xHVR + E1 + core + IL-2 + IFN-y + GMCSF; and

(5) E2-5xHVR + E1 + core + IL-2 +IL-12.

25 By using the genetic vaccine of the present invention, non-hepatitis-
infected individuals may be immunized against hepatitis virus. For hepatitis
virus-infected individuals the vaccine may also be used boost their inmune
response and help fight against the hepatitis virus. Since the genetic vaccine
can express high level of antigens and/or a variety of hepatitis glycoproteins

30 and coreproteins simultaneously, the vaccinated individuals should be
immunized against various strains and/or types of hepatitis virus, such as
hepatitis A, B, C, D, and E virus. Additionally, since the genetic vaccine can
express high levels of cytokines to mimic the body’s response to natural viral

infection, the body’s immune response to such a genetic vaccine against
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2, IL-12, IFNy and GUCSF in single or multiple copies. 5 Specific
conbi nations include, but are not limted to, (1) HCV w |l dtype E2 +

wi | dt ype WO;030205tore of HCV;, (3) HCV E2 + EIl + core; (4) PEOWSER3SH1EL +
core + IL-2; 10 (5 HCV E2 + EI + core + IL-2 + IFNy + GMCSF; and

(6) HCVE2+E1 + core + IL-2 + IFNy + |IL-12. I n another enbodi ment, mnulti

copi es of hypervari abl e regions R) of . H 5E!I%and E2, e, g., five copies
of HVR (5xHVR'®P 9SBQF@@eﬁrOPH@%W?@"ai@Qa%r aghievinga P%g%g)i nant virus,
and nay be exph@esigtadditiehdRepdiitis ORI nation with one or nore

| mmuno-stimulators such as IL-2, IL-12, IFNNy and GMCSF in single or

mul tiple copies. Specific conbinations include, but are not limted to,

(1) E2-5xHVR 5 El ; GietidvaeamesMRinstEbota Vhud: (3) E2-5xHVR + El + core +
IL-2; (4) E2-5xHVR + EIl + core +1L-2 + [FNy + GVUCSF; and (5) E2-5xHVR +

El + coré@ + |L-2 +iThepenetiwvagingif e prieserjémention also ciddeessés thecqagedesent

I nvention, noRs L LS AL . LadLyi I i | I nst
nepati ti s vir s paniphiachlio 8606 ho ekl RS EBRk s ARBIAE I 1
al so be used bpasent inkeitionithergereticrvaspive swydec tesbmbfriaghberigaiingt int he

hepatitis vir ' t ' CCi r i.gh lLevel of

anlto I gens and/ g’rﬁ mg%/%&?%lt@%%%h%%yaet%i% So?ﬁ@ggﬁﬁ@%n%ﬁﬁoﬁ %%O%r{%péhﬁlsepr ot ei ns

si mul t aneousl yuch &eglyecmoteatsdd.gi. GiH1vandiL@GP3) @‘fEudlaivibfshSéam’engieéedtr@gai Rst 5
various strai nd/.or types of titis virus, _such as epatitis A B,
G o oy £ EPaB AR 1B e o AR o AR el of B R es UEBRS NG pr o5
high | evels ﬁfe%&tgﬂddﬂ@soth@"p’ﬁtmﬁgéntchegibﬁﬁwtﬁre]@ﬁ)l@ﬂﬁs:tO natural vi ralt 5"3
i nfection, the body's, imune response to such a genetic vaccine agains

WO 03/ 038057 PCT/ USB9IP3413% OrFF‘e?J‘patB?t"?°§E @MVW%@%PWM@%HW&H@-& asting,

t hereby achi eviongli# rhtef&#-upQB90%. TUBARESH, KeRIRiAMAtIndche MeeRA ] jti17-ovi rus. 5.

Genetic Vaccines Agai nst Ebola Virus 5 The genetic vaccine of the present
i nvention al sé&'${Qdr ¥iclws of Feolgadrys infection are subjected to a horrible

15 hemorrhagic diseases which kills in a matter of days. The natural reservoir of
the virus remains unknown, as do the specifics of pathogenesis of the
infection. The virus has a very specific tropism for liver cells and cells of the
reticuloendothelial system, such as macrophages. Massive destruction of the
liver is hallmark feature of the disease.

20 Although Ebola virus infection is rare, there is concern by public health
officials about the potential for the disease to become an international
epidemic as the Ebola virus is easily transmitted through human contact and
is extremely contagious. Outbreaks like those that have recently occurred in
Africa could happen in industrialized countries due to the rapid and extensive

25 nature of modern travel. Recent cases of Ebola virus infection in Africa send
strong warnings to be prepared for the outbreaks of this extremely dangerous
infectious disease. In addition, Ebola virus has a terrifying potential if used as
a biological weapon by terrorist nations or organizations. As in most cases of
viral infection, the best approach to prevent an outbreak of Ebola virus is

30 through vaccination. However, currently there is no effective vaccine nor
treatment available against Ebola virus infection.

Ebola viruses are enveloped, negative strand RNA viruses, which
belong to the family Filoviridae. There are three strains of filoviruses: Ebola,
Marburg and Reston. The Ebola virus can enter the body a number of

35 different ways such as an opening through which air is taken in because the
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for an efficient vaccine against the deadly virus, Ebola virus. According
to the present invention the genetic vaccine may be a recombi nant benign
virus in waliossoshe viral genone carries one or nore anti gemashz/siniEbol a
hepatitis, such as glycoproteins (e.g. GP1 and GP2) of Ebola virus.
Sequences of these 10 Ebol a antigens may be nodified such as del eti on of
t he | nmunosuppr essi J

e .reqi A i f
Vitus, Ebor a s e fevel pE PO Rt Fl R e a0 AER e B BRRCR i na i th
?19r7rggtalvl t%/_gr@tc@feafggu?tﬁa)s_kﬂﬂ%gh]?hnsten, KM, Ann Intern Med 91(1):117-9
. Mictins o virus in ti j i
henor rhagi ¢ di seasE® %’fﬁ%ﬁgr‘lﬁ rI‘ﬁ‘slsa Pﬁﬁaéﬂ?‘?‘rsg W‘bég'iotsﬁgtﬂ%geﬁ% urggg?lblrgsé?voi r
?L f et(:: '[]iGO\r/ll rEll_ﬁgéQﬁ@@ﬂ’éﬁﬂdfﬁ%ﬂﬁ@ins@mdh@gpmeinsmetrixfdrc&imwﬁmMis of the
. virus has a_ver t r opi f |
of the 7 eti qurcERsBIRATP RNy RN Lot RV Rage BEBm St R ¢S
destruction of MEB%«M:?_@B (i@gd)a{Ah’th@Khé ol prsteidb, thbendélspase. 20 Al t hough

Ebola virus infectionis rare, there is concern b ubl i t fficial
about the potgynopsteing (GPhexigfiia &ue orms, %é%ﬁ@d&’ﬁ/q%ﬁﬁé?iﬂé&?'gﬁgba{]@ﬁ deIm'CIcaa:

the Ebola vir i i I; i i
extremely con g%‘:‘%l‘]%ﬂgﬂah‘%x@‘r‘@gﬁr?@"? &@fﬁ&%%ﬁ Hﬁ?egfgiﬂlfw%échfred in
Africa coul d ddifpygerSanchendust al. aPiogdticAnant S/ é’ss-dué’?’(@:e@ﬁg‘-fré 98- and

ext ensi 25 ture . of, nodern vel ga%?de \Juus i nfection
in Afri Xé sedglﬁ‘ogpﬁélﬁ%t%ﬁ%ﬁmﬁﬁgé? 03%8{5\6 %{%g%@bé) oﬁorﬁélgggﬁb%rhéégfs of this
1g'axtrse][TE! y dangstireubindingfspetificitiss, duggestieg that trajblay differambeles initheis has a
errifying potential .if used as, _a_bipl ogi : Lo ti

or o gani 2at | e Rk nfEon c Jue Sedr R EBroHRAREPY ind fickiieBhe 15 20
to prevent anfoauishn®akized akthsbaetedriyshe mf@ded belsudhmapploiy@aviedn. However ,

currently there is no effective vaccg ne tre tgglﬁk(éeavai | abl e agai nst
. negative strand RNA

Ebol a virus i sHROESSEN. thehepimmyngystent @Pagﬁx@ G5l

vi ruses swhi chyoBe5ON@3uT {besy)ank mayfehavad & daeoy Bhsioe tae einishpzticist r ai ns
of filoviruses: Ebola, rburg and Reston. The Ebol a th S can enter the
body a nunber toogscape fofrf rgudializing 8tRAGS, &@C%WG&WQHP%‘S%#%%B?{%M ch air is

taken in becays ettﬁ@radﬁ@e}ﬂ@tméﬁ)éﬂ?%@f RET6 SRR AREICRes frdrh tise Ranar r avel on

airborne partrcles and it can al so enter the body through any opening in
the skin, suchursyowsfELORNErUBIINg INEELPD h?ésreéeﬂ@f%ﬂ?ég}?e il enone t hat

encodes al | them were specific to the sGP, and only a few bound weakly to GP.

20 Maruyama, T., et al., J Infect Dis, 179 Suppl 1:5235-9 (1999), Maruyama, T.,
et al., J Virol, 73(7):6024-30 (1999). Although the exact mechanism by which
the sGP may suppress the immune system is not clearly understood, the large
amounts of sGP synthesized in the early phase of the infection are probably
responsible for the inhibition of neutrophil infiltration of the infected sites

25 (Yang, Z., et al., Science 279(5353):1034-7 (1998)) and the absence of
humoral immune response in Ebola virus infected patients. Baize, S, etal,
Nat Med, 5(4):423-6 (1999). This protein may also act o over-activate many
types of immune cells which can lead to massive intravascular apoptosis -
essentially a shut-down of the immune system. Baize, S., et al., Nat Med,

30 5(4):423-6 (1999). The importance of the sGP to the Ebola virus life-cycle is
also suggested by the fact it is present in all Ebola virus strains examined to
date. Feldmann, H.; et al., Arch Virol Suppl, 15:159-69 (1999).

The membrane glycoproteins are responsible for the attachment and
penetration of the virions into target cells by mediating receptor binding and

35 viral-cellular membrane fusion. Wool-Lewis, et al., J. Virol, 72(4):3155-60
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the viral structural proteins (nucleoprotein, matrix proteins VP24 and
VP40), 5 non-structural proteins (VP30, VP35) and viral polynerase. Peters,
C. J., WeswOo0dodgedt 64(1):36-8 (1996). Anong the viral profPernsp2/siie2

envel ope glycoproteins (GP) exist in two forns, a secreted glycoprotein
(50-70 kDa) and a transrrenbrane gl ycoprotein (130-170 kDa) generated by

transcription a e Proc_Nat/ Acad Sci A,
93(8) : 3602- 7 ?Ji‘?f'éggq 0 Sheh hgy(;’ﬂ’z { ?@0? &%0736? 1S E&‘ﬁysff‘fﬁrsémtggﬁz%‘?ﬁ%o aci d
honol ogy, they éwa@ pegtncﬁet pr@@djrs@ﬂ A d]'éh\/%@ftﬁ/'(felhﬂ!alt Sy MeSUAGADT cABepdAt they
play different_ roles in the course of viral infection. The secreted

gl ycoprot ei n B3P hestwaysatyretasmenait and GRA. s%%@@%@%ﬂaW%d by the

infected cell shrobh H%Ysulmo@bo?ﬂdrhﬁk ééhd @H%‘Hé’r%ﬁo?&j ﬁwhﬁ’e DPsiimdfBFERE System
(Yang, Z., et al., Science 15 ép 53):1034-7 (1998)) and %Qserve as a

decoy to Sl | O\EYt%féaﬂﬁmﬂﬂTéer%ﬁ fT’\&)I met"b @@Ha;%af,rbrwf@él?@(&)@ﬁﬂ 2ant i bodi es,
since the two %b'd(]sl\/lglfa?lﬁ:e%lcﬂa(/w]yeta?hﬁ‘?@c NQPAéaoa‘Sqé 'LE%.Q‘.,%({;@)*ZB%@ ysis of
i es ol"a

nonocl onal ant'i rom the human’ survivors 0 I'fus Zaire
i nfection has (t¢88alTbd prdiatlytihadcaage sr’rapsocranngoseﬂ of #icimasiecaminsei fic to the

GP, d | k 2 T. t | J,I nfect
Do 176 Qunpresb ELASHAE RN 1o g N HIEEBY B Rurolings, firughza, afa' M ©°
73(7): 6024- 30 pdSpyinesh gt e M(EB/OEH@H@,M&MDQ‘IMBQ’{EQ% eGP my

re t he | ne systemis e ar ge anounts o
SGP syntHesi zGlFaVAYE Rl et 'f‘}%t'\%ﬂ’f%@t'Fﬁ'f?q\éP%r”EﬁjBB'a&

responsi bl e f @bnfreme\zymes lmatt icRave Greaftrétenitul of mflléiAzaliiugss. ofattére Wnf ect ed
sites 25 (Yang, Sci ence 279 1034-7 §1998)) and t he

Sbsence of | sl iocHein It O YPNPY St At B bhogit | ont 3.
Bai ze, S., et 2&5{1)115@&1%@) |§(aéa|t|6@%tﬁ>|a(\;h&%%P mHys‘ha%QESHnﬁuoﬁﬁy al so act

to over-activate nany es of i|mmune cel can | ead to nassive
i ntravascul ar r@@fbpﬂﬁm@‘me@@twmlrﬁhlnfgﬁh@n Wﬁbtfetﬂb%ﬂ' afd infieenzamune system

Bai ze, ébol - Irogro%%?e cyc s%Rhorfﬁzl\)V 4431, 6/\/7{)/1/9/8:2% E-Bhg% facgfy@)@? of the sGP

to the e Is "al'so suggest It”is present
in all Ebol a Hecassestnesibreneeba@mdrgles play cdtmaérole%ahdmatmg \Arﬁus inféctiah. , Arch

R T e TR T T
nediating r ecelpémrehheld'rmngr}aarget%r weutedliziog laintib @dies agdins iee fnusl on.
R TREC N e TS e WL
synt hesized asost is their ability to suppress the host immune system. Serologic analysis of
patients who died of the Ebola virus infection showed no signs of humoral or
cellular immune responses. Baize, S., et al., Nat Med, 5(4):423-6 (1999). In
contrast, antibodies against viral proteins and virus-specific T-cell activities
were detected in a few survivors. Baize, S., et al., Nat Med, 5(4):423-6
25 (1999). Although the immunosuppressive mechanisms are yet to be
understood, it is probable that the high levels of sGP and the
immunosuppressive peptide in the GP are to blame for the absence of
humoral and cellular immune responses in Ebola virus-infected patients.
The proteins that are responsible for the initial inflection of Ebola virus
30 are the viral glycoproteins. Therefore, they are the target for neutralizing
antibodies. However, Ebola virus has evolved “tricks” to prevent or delay the
host immune response until it is too late to recover from the infection.
Conventional approaches in producing vaccines against Ebola virus are likely
to be ineffective for the following reasons: (1) viral glycoproteins produced in

35 bacteria, yeast or insect cells are not properly glycosylated and therefore do
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a single peptide precursor and cleaved by cellular enzynes (furin or
cathepsin B) into the two mature forms, GP1 and GP2. The two GPs remnain
associ at edlo ogfessosgh a di sul fi de bond |inkage and renain amrcharsez3sm t he
viral nenbrane 5 by a transnmenbrane (TM domain. Ito H, et at., J. Virol,
73(10):8907-12 (1999); Mal ashkevich, V.N., et at., Proc Natl Acad Sci

Us A, 96(6)@%@%\2@ %\e t£ gagngléemg oﬂﬁgbﬁﬁy&b‘?\a 2?1%\68 e{llrﬁ'\sisetobs conposed of

4-5 basi c am esl at are ose found in the GPs
of retrovir USdangerfduue@beprcmmded mawmwnmaesn ircstivaied-visus vascingl

Biochim e, 7603 4 AATa%% bEBRAhen e ySloRB RBE VBB RrsRaTY 2 for

viral infecti sanme enzynes that
cleave GPs ofihé gtdteins rausl tﬁérefdiélauernIhalrmnhgesﬂsty Garten, W, et at.

Bi ochi
2118?1; m1§0 ;68932&‘) !23}‘%7@%63%%“8 eﬂ‘e”éﬁj&ﬁgl‘g&\%ﬁﬂ%’”@‘“ﬁﬁ;ﬁ g?\%"r"@\ga'{ag‘gﬁ%

nmechani sm of \pRehathhieg\Wutlc dofsesticoaing wnklor hetre aniigels oaﬁntoian;nmaenza 15
gl ycoprotei ns. Wi ssenﬁ

| )
Because nenbr%@féri%@[]rﬂ!ﬁ%%‘d&%e%npﬁggpr%badilog/g% E{%@% Vié‘fﬁ ﬁﬂﬁ%‘g 9 (1999).

infection angsahgeals, LRRaRRIPRORAGemBaHKel ns exposed on the surface of
the virions, they are t he primary targets for neutral b'@bngrﬁ [l]tl bodi es
]

agai nst the virus. Toagepetia YascipedpareGospingnt BERIOR ViFys W cgigRe t hem
lethal g the e?chtR/‘é%? |dc%mtpré?én‘i aﬁ@'tﬂéréﬁéré 8 u%éBle@Qﬁ sfﬁé@dm@&ieybrﬁﬁmne system

Ser ol ogi ¢ ana patients who died he Ebol a virus_infection
showed no si glnmauyf mfﬁﬁmﬁ@ﬂllsorFOT@éaﬂan%? r@Qﬁ'ﬂiﬁh’@rﬁ@gBWébvaoB@?z"ét 8., et

at., Nat Med, Q/r%% & ifedns %%?Qs hl{gﬁ'lev%BrbtfrE?s%Fa vn%ﬂéht@éﬁ'e&ﬁre%g@h #éita Vi ral

protel ns and Us- specl activities were detected in a few
survivors. Baperd cﬁtwoer ma)re weslest, enestithosgia Fbataiing! DBIQIMSIT/E.NOAl t hough t he

i mmnpsuppreSflé]vtgq ”ECha\ééﬂgﬁ%Pe%Sm%ﬁ%nfHru*%%néh'aﬂerSt ood, it is probable that

t he high | evel I munosuppressi ve peptide in the GP are to
bl ame fgs t he absemcmottier elnmmmnaaént&»ﬁtheoewnmbarthemmnlmlmaféww'{d&es i n Ebol a

VI rus- i nf ected g%sl,;%\r;{nlsélgmoi;@ ! Ot EI ;@)O\ﬁ yl}'l{Saé’nl?lgéf?Ss pﬂ@h%‘ﬁeé}%{)ofahe initial

inflection of© copr otel ns erefore, they
are the targe{infsintigens sl préiembly Ebtblalwdss esveldfmnglyenprotBinelaadior r us has

TR A T R R e
FLgd]‘jg: Pngﬁggriﬁ?oﬁgalg bp rgté;iﬂasla Tﬁerf.E@ol@mﬂJé GRelnyl s(?mglgmpruiem‘smel ve for
yeast or naecoddents dar@yber FRERRYTS S5 JEBLIRIPBIE-ANa UIPe BLE do bs
retain most of their natural antigenicity, since they are expressed, folded,
glycosylated, and targeted to the cellular membrane inside the cells that can
be productively infected by the Ebola virus. The modifications are carried out
using standard molecular genetic manipulation techniques such as restriction
25 digests and polymerase chain reaction.
A preferred modification of the Ebola virus envelope glycoprotein
destroys the infective function of the Ebola virus GP. Any modification that
destroys the infective function of Ebola virus can be used, but preferably the
modification is a five amino acid deletion in the cleavage site of the GP. See
30 Example 1. This cleavage site is composed of five basic amino acid residues,
RRTRR, at position 501 from the start of the open reading frame. This
deletion may be introduced into the Ebola virus GP cDNA using PCR
amplification, which is performed by methods well known in the art.
Another preferred modification of the Ebola virus viral genome

35 prevents synthesis of the sGP. Any modification that prevents synthesis may
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WO 03/ 038057 PCT/ US02/ 35112 not have the true antigenicity of the viral
proteins; (2) Ebola virus is too dangerous to be produced in |arge anounts
as an i nawoDiosassea? vi rus vacci ne; and (3) procedures of i n&cmivsayssg t he
virus often destroy the conformation of the proteins, and therefore alter
their antigenicity. 5 A preferred embodi nent of the present invention is a

reconbi nant viral  vaccine h elc aci.ds. encodin n nor e
anti gens of EbSIeéPRf?yreGs 'J}efﬁ@%fﬁ‘gt qc\'%HBg' WE?CF%ﬁP a&@ﬂ'g%ﬁ‘@}'\%f ormation of
t he Ebol a vi r ggiting 8ité fidnnguUULEUZaiseCsUCRI, Sésex@vgdlé abl e t hrough GenBank.

The genetic vaccine is a reconbi nant beni % virus which is replication 10
def ective or i ncomPBPESE PEARMehBPEficRtion;te Bogleafws a8tigen 43 ditg beyond

initially infgrds@t velcings ifiHim@oBIPhEssive flSP@éHﬂdB%BatétﬁﬁWQ r e MACCi ne of
the present Invention nediates high |eve f Ebola viral antigen

expr essi &n f oPeplideyBpiifdy lasptechal aprinGragids 6RERA9. Ajemamiwagid egleliad vi r al
prot e NS _haveyBiech it ARk s3BlCREAE 1 BRBRP. NARDNNI &% fyRFHON. 15 I

anot her enbodi ment of e invention reco ant virus exXpresses one
or nmore nodi fiSeaerEbi@lraotw$teyeeﬁeﬂuagérﬁyphcm@d ndee Flasde Bodlhis futtherus ant i gens

are pref erabl {%Hﬁp& fna\f}:g% @gﬁ%ﬁé&?ﬁ%@hﬁsﬁ@é%ﬁb BFso%‘c%eres srmunogi cal 1y

active parts er éor. coproteins aré m)lfled GP and sGP
gl ycopr ot ei nsanfigeniddyol a virus GP and sGP gl ycoproteins are 20 nodified to

destroy thel r path ic,and [.omunosu ssive functi ons, but retain nost
of "t het rihat ur ot anfrgen BresAVEPREBPRGES HOistih Bl &fiey JitaghS oF
gl ycosyl at ed, damétivas lﬁﬂwé%ubl@oﬁdﬁﬁs@ﬁlehuéﬁendmn‘igrm l/ln,ﬁ; aheigbh@) okthkes t hat

can be productlve infected b he Eb ir dificatigns are
carried but BEshE reieRean hemtetitse BB Al Baambt PR srERR  ques such
as restricti om&&mdéug@@taelanq‘h@@htﬁmrea@ﬂas@b@tanngew@tm@nhav% 4 sifepsd ed
nodi fi cation of the Ebola virus envel ope gI%/co protein destraoys the

infective fun@fMnacd seqenesoyed sl plice ”@ﬂ”“%@?pﬂﬁﬁsfﬂi@a{??‘ﬁﬁ”w ola dest r oys

the infegti Vevfrl!rbﬂ&ﬁtlg%ﬁ(sQfarﬁbé}b%oﬁélﬂé'r%dCf@fﬁbtn@ﬁallb’iﬁ%lemg Iﬁra%@lbﬁm y the
nodi fication is a five amno acid deletion in e cl eavage site of the GP.

See 30 Exanpl &agmerisiof the blijengh gpres 3t enpdepodions of i Ulenoth ami no aci d
resi dues, R%%ln?ﬁaypé@é bb gg%sggété‘dr qme%@@ragfrféms by &rh&d%rge ofeffgh ng f rane.

Thi s deletlonmralbelntro Into a virus usi ng
anpl i ficationpe ecwhlplselcuétﬁfemlh@djewhwbtrmwth/eﬂuolwwn‘uaem(h)eaadt Anot her

preferred modifd caidePfunbishdraqlidiisus viral genome

20 Vaccination of an individual with the vaccines of the present invention
results in entrance of adenoviral particles into cells and expression of Ebola
virus antigen(s), such as the envelope glycoproteins, and the immune-
stimulating cytokines. The expression of Ebola virus antigen(s) in cells
induces strong and persistent immune responses as if an infection has

25 occurred. The genetic vaccine has all of the immunogenicity of a natural
infection, including expression of the natural viral proteins and long-lasting
antigen stimulation, but does not have the pathogenicity of a true viral
infection. In the vaccines of the present invention, the immunosuppressive
mechanisms of Ebola virus are disabled, the antigens occur in their natural

30 forms and are associated with the cell membrane, and immune stimulation
lasts for weeks. The effects of this novel vaccine are long lasting and provide
high rates of protection against Ebola virus infection.

The present invention is also directed to a method of immunizing a

human against Ebola virus infection comprising administering the vaccines
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35 prevents synthesis of the sG. Any nodification that prevents synthesis
may 57 WO 03/038057 PCT/ US02/ 35112 be enployed. Preferably the

nodi fi catworn3iossodi rected to altering the RNA editing sitecrusn/guitJuuu t o
UUCUUCUU. See exanple 1. Another preferred nodification to Ebola virus
antigen used in the present vaccines is imunosuppressive (1S) peptide

| ocated in G22. 1S 5 Ly &0103fpinths085- 609.
A ten am no ?IE(?@Ia@tOVShTﬁggﬁgﬁmgﬁl%r{oadgi?%@ﬁ@%gféggoa?(ghrmvgs its function.
Second, each dagkfiowd td these biSliqueiptthalbeattht fidids.s rever sed and dupli cated. See
Figure 2. This further nsure t hat ed and
al so increases it<$Y YHRY rﬂe&e va ﬁleﬁﬁ?‘%gggghtqﬁ\é&?éggﬁﬁ’o‘dg%%gé nt to
those skillegd lﬁm’idifﬁze@régaﬁrinbmar\ﬁraSI Sinsedite gereticwatdivesarexiréss nucl eot i de

sequences encodi ng Ebol a_ virus nt| eption can be
produced whiligh '&V?'@P??ﬂ@e&ﬁﬁﬁ‘g 04 @i ”gé(cfﬁ@ 88pr8$em{)ﬂ§'%ﬁ%i Orfi'el& tr|g‘treot ein. The
al tered expreggefaRatin@RaiSs shewd bawamanized tagalﬁslt va&nuyetrans Bbslequence, yet

still elicit inmuneresponses that react with | a VI Lus.a tigen(s), and
are consi der e@ruﬁuﬁéﬂiﬂ@'ﬂ\%lh’: aiges the asnelc V??F'%‘Eﬁ“t?’@ﬁess ighils ﬁPE of the
full-length e%h@?r%lﬁfbotﬂg%oBﬁ’E tdpoRsOto fhdieral witdl 1Hf@¢l©hﬁheﬂ!fod§/el n may al so
be constructe ese

ments” may encode a protein or e ge whi ch
elicits antiHodiune reppasisereseeh doeRetichAEING %Q?@Séﬁpplﬁé’ﬂf(@gh are

ConS T de{§d. " Wb PRl RALA, GEy Aiefrh LT thudy dgaitirirual wi th the

vacci ne resent. rnvention " results in entrance of adenoviral

particl es i ntEba®bings.and expression of Ebola virus antigen(s), such as the
envel ope gl ycoproteins, and the i mune- stinulating cytokines. The
expression of Ebola virus antigen(s) in cells induces strong and

persi stent inglune Faspdatasand Routemofi Administeatiomas 25 occurred. The genetic

expressi on of the TR GPSPURFaRopAbPaPALesaRd HTereir R Ron T 1e! 1O
stimul agson, Mp@ﬁ@thé@bc&lﬁé«é) ddveriped bogenbod B)phafm@cautlcaélyw r aI
oL v ofasberbAGS chuenrS rgaT el TR B TN RR o201
30 forms and Qé@c@%&h@rﬁé(ﬁ%o‘%mdﬁdﬁoﬁ@lv\}atémmihfaanreg s@ménsmm.ufﬁsnstl mul ati on
| asts for weeks. The effects of this novel vacel 0 g and
provi de hi ghmiegedtharings conslitippia Ihgiieh i NBISEFS, tg 3ty ?ﬂcg%t I“ F‘elP
life. These constituents may be salt, pH buffers, stabilizers (such as sklmmed
20 . milk or casein hydrolysate), emulsifiers, and preservatives.
An adjuvant may be included in the pharmaceutical composition to
augment the immune response to the viral antigen expressed from the
recombinant virus. Examples of the adjuvant include, but are not limited to,
muramyl dipeptide, aluminum hydroxide, saponin, polyanions, anamphipatic
25 substances, bacillus Calmette-Guerin (BCG), endotoxin lipopolysaccharides,
keyhole limpet hemocyanin (GKLH), interleukin-2 (IL-2), granulocyte-
macrophage colony-stimulating factor (GM-CSF) and cytoxan, a
chemotherapeutic agent which is believed to reduce tumor-induced
suppression when given in low doses.
30 The present invention also provides kits for enhancing the immunity of
a host to a pathogen. These kits may include any one ore more vaccines
according to the present invention in combination with a composition for
delivering the vaccine to a host and/or a device, such as a syringe, for

delivering the vaccine to a host.
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The present invention is also directed to a nethod of inmunizing a hunan
agai nst Ebola virus infection conprising adm nistering the vaccines 58 WO
03/ 03805WDB@3hks882/ 35112 descri bed above. The techni ques PCorusazsiimt st eri ng
t hese vaccines to humans are known to those skilled in the health fields.
By using the genetic vaccine of the present i nvention, individuals my be
i nmuni zed agai nst aol a virus netic v ine c express 5 high
| evel s of antigens d¢89n839gF§@93 gF”BY%ﬁ@BF@P@e mﬁﬁﬁ?&ﬁébusly, t he
vacci nat ed i ndjowvehitiehal sdiosl inimbeizationutheed: gg@remtepearemmatsfraﬂmﬁmEbol a
virus. Additionall srncg t he genetrc Wﬁ ex r%ss hi gh IeveIs of
cyt okines to A MARIGTEEMpaLplewithdas drsase BFFH%RR%P"Q.'W i HPJEE ANl t he
body's i Mmune e ReRRNsRichIRy ar&hv@neerhetaneaunvaﬁrﬁrnﬁrﬁuﬁg@m@gten&bol a virus
shoul d be 10 strong and Iong-lastrng, t hereby achieving a

ng
i muni ty 5aga| ﬁ%@or@trr@anfeersroaraﬁnﬁ%car@ q:@fr%feétsinéﬁh%ﬁﬂt'@lﬂé‘df‘@*sw%f“duce

Admi ni strat i onmtgitp esfRdng eraéw bﬁmreﬂ%é By kiR StRSgdrt ArRRbaREAY! | cal
conposition 15 conpri sr&%’t e vacci ne descri bed above, and a

phar maceut i calsugh visdeaideaia wrus, Hsriepatitis Ai BrC, DrangkvipiseAnd é&¢l|r|user
Addi tional Iy tfe¥a66d N rﬂ@r}{ty i@hsth Cf%(ﬂéttﬂe Btrﬁ%’ieé)éﬁ?mﬂ@ﬂit‘l’év ePgs & wat er

cont ai ni ng suspensi on, ten m xe constftuents in order to
i ncrease the atlf@tevtiqryaftmcrammatm aohylafed ﬂ0|a‘neunV$heeeteddjumant uents may be

sal t, pHpuifers, Wacbrﬁgro§(§r(e§djr§§erﬁ%\%mlmg #4 gwnlfblr?%nt%ﬁg'r@a

hydr ol ysate), emul siti ers Servatives. An 'B&™ nel uded
in the phar nactaﬂdnmarlstea:eﬂmmstomrefe]sablaa@mﬂm subgect, vimame/ r esponse to the

e e 0o BRI AR SRS R O Rlh WERET Ofiou
hydr oxi de, sarminirmstrqaminyamirdmsbutaneamﬂhinpem tag wﬁr&nﬁmbslmmﬁ%r,acb@lj | | us
oo o s PO 3 9B YRS, S et B

col ony- st3 nul abuteg)ffaaﬁﬁmra(t@% CRb)itead adiinmst@ition mayqimmmrﬁécﬁrreutr c agent
which is believed to reduce Cfurmr-r nduc%wsupgr essi on when given in | ow

doses. 30 The J5FEREMY afivsiasGepR"ding &PRR e PANYICBICHAHE tHBE t he
immunity of  amhRgizet @gainkeaMPHRtesiFE@B6dKditeSof FMettitml ude any one ore nore

vacci nes according to the present invention in conbination with a
conposition for he route of administration can be particularly important in influencing
the nature of induced immunity, and the degree of protection. For example,

20 while parenteral administration may only activate a systemic immune
response, whereas the oral route provides, in addition, mucosal immune
response. The ability of the recombinant viruses of the present invention to
elicit a mucosal immunity renders its application important in mucosally and
sexually transmitted infection.

25 Doses or effective amounts of the recombinant virus may depend on
factors such as the condition, the selected viral or bacterial antigen, the age,
weight and health of the host, and may vary among hosts. In general, one
skilled in the art understands that the amount of virus particles to be
administered depends, for example, on the number of times the vaccine is

30 administered and the level of response desired.

The appropriate titer of the recombinant virus of the present invention
to be administered to an individual is the titer that can modulate an immune
response against the viral or bacterial antigen and elicits antibodies against
the pathogenic virus or bacteria from which the antigen is derived. An

35 effective titer can be determined using an assay for determining the activity of
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delivering the vaccine to a host and/or a device, such as a syringe, for
delivering the vaccine to a host. 59 WD 03/038057 PCT/ US02/ 35112 The
vacci ne awomB@sseg’to the i nvention can be adm ni stered i nPaTASNY&N11 onal
active i mruni zati on schene: single or repeated admnistration in a manner
conpatible with the dosage fornulation, and in such anount as will be

prophyl actically effective e. the anmount of immunizing antigen or
r econbi nant m%mBWﬁW%W&M%W@Q@pWﬁF%@Q|qf|§1ec\F?@C%§.‘ﬁtt‘P g&'”ﬂ'ﬁtﬁiﬁa'\/\n | |

i nduce i mmunigt iy hﬁnhme%@%b%e@@ﬁth@ﬂ&ﬁaWuélﬁ@w@ﬁiRWﬁﬂ Wyo/i rus or

bacteria, such V|ruI ent” Ebola virus, HV, hepatitis AL B, C, D, and E
virus, and badlaghosfic assbys. cmrcﬂz@mplm@nfwlacﬁcawaffﬁ@wea@nowor desetion of a

significant |eyel of bdrﬁlé'lrﬁtaﬂgﬁ&\ﬁrﬂs%ﬂ rqrﬁ%é‘rﬁ'ldﬂ'\/@flhfr{] 8%@%% rta\f?g@Bf

unvacci nat ed human. € vaccine o resen ention, I
reconbi nént vifmoomsabouwhy00 betosabouhi G tnbpeshline saluhmtontpmmfgemabér;tralohmrran

subject, via a phar u acc abI e s.of, _adm.nistration. The
rout es of ﬁfﬁ?@te}bﬂjpﬁﬁ% %%I)?@ %l PH”%B?' @fﬂ VEHS/F@ W gnﬁfscul ar,
intratrac heal plasitPDNRARRMHS ard urHeraﬂlaﬁad) ugipat basiRisiakion lsefk dteferred
intranucusal |y, oral and parental 15 route of adm ni st ration. Routes of

adni ni st rat i ofosRLANGE. cHMbHgREIMaY be thecsametpr pEMINgRNLRAstB@pendi ng upon t he
type of the p%r‘ﬂggﬁﬁ'ﬂr s\drfitYsay Be Q§S|rédrmléﬂérztﬁ%nﬁ%f'?ééon%?l‘?aﬁt%uzﬁﬁs' red body

site of protection e route of adm nistration can particularly
i mpor t ank0 i n_iprMdgeri ithyboastiag phesh @s eAmparad éedei infInnnyng dese- t Ake degr ee of

protection. Fapsexam|8cyiumtbi¥d [&oR® Vo%ﬂ{ GHA of%‘br’é’s?ﬁtﬁﬁ\yérﬂen @y only

activate a syst em C | mune response, eas the oral route pr oVi des in
addi ti on, nucditdted hyane dep@mihseon thieeunéhiel ohayeqtﬁnstlh@ofrfbemﬁucnant vi ruses

of the present, ﬁb‘?ﬁ%dt%ﬁuéé’nd fle 'q%rﬁcu?ar'ﬂfﬁﬁﬁé‘il) né@?é@ft%%erafc{ﬁ%g'é 43 i3

appllcatlonlrrpo innuc sexua ytra sm ection.
Doses or effea\milvecc@mrmedtbeytbésklm anisambi nant virus may depend on factors
such as ]:gm condition, the selected viral or bacterial antigen, the age,
wei ght and health of the host, and may vary anong hosts. In general, one

skilled in the art Mmﬁed§bﬁﬁdﬁartdmg tﬁdllfmrﬂmwlbf #Host toBatpaytns! es to be
adm ni st ered depends for on the nu of tines the vaccine is

30 admini stered andh ?rPéeqeé‘\trE‘Ivg;gtfonr%%‘b@ﬁg'@ea@lﬁﬂ?%ﬁ forreRhangeddti ate titer of
t he reconbi naphmuhitysf 8fhobh® JtisERAL with Y EdcBMbinant viruses described

above.

20 In one embodiment, the method is provided for enhancing the
immunity of a host to a pathogenic virus. The method comprises:
administering to the host a recombinant virus in an amount effective to induce
an immune response. The recombinant virus comprises: an antigen
sequence heterologous to the benign virus and encoding a viral antigen from

25 a pathogenic virus, expression of the viral antigen eliciting an immune
response directed against the viral antigen and cells expressing the viral
antigen in the host upon infection of the host by the recombinant virus; and an
immuno-stimulator sequence heterologous to the benign virus that encodes
an immuno-stimulator whose expression in the host enhances the

30 immunogenicity of the viral antigen. The recombinant virus may preferably be
replication-incompetent and not cause a malignancy naturally associated with
the pathogenic virus in the host. '

The recombinant virus may be administered to the host via any
pharmaceutically acceptable route of administration. The recombinant virus

35 may be administered to the host via a route of inframuscular, intratracheal,
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to be administered to an individual is the titer that can nodul ate an

i nmune response against the viral or bacterial antigen and elicits

ant i bodi ewoagassest t he pathogenic virus or bacteria frompaftiush2/siie2 anti gen
is derived. An 35 effective titer can be determ ned using an assay for
determning the activity of 60 WD 03/038057 PCT/ US02/ 35112 innunoeffector
cells follomﬁn%§§dn1n|strat|on of the vaccine to the individual or

moni tori ng t helRspieRepysdMERNasgk iIntRdemal BimMucasally: ieftp! RiRdARd Pﬁrem%

di agnosti c assg¥misirs@én.exanpl e, a prophylactically effective anount or dose
of a reconbi nant adenovirus of the present invention may be in the range of
5 from about 100 | Intanodiss@mbrgimentod mefiadde peyided fehimipiizng phgst

concentrat | ONSgaifst da%?g?eb]%@uwm%&mpiéém&e@ tﬁStL@wft %fth%Qnd’l&hbS (pfu)

virus/m . Wen DNA vectors are used g per
admi ni st fat i oia\SilrSJ mﬂ@uqﬂ ebpensedo th&)wltlpbfﬂjélgeﬂmeng@thWQﬁ@”ﬁﬁ% sanme for

pri mng and_ boRTHARG B A4 HIRS Rkl VIR 1D BEBLACSHdld Riuguant ! Y

of reconbi nant Vviruse oosti'ng phase as conpared to
the initial pan rmmgnedmona'eheThejrmembmaahkusmmpuaes)fa plaralityeof entigarant vi r us

of the present |nvent S t p e i que
charact eri st i t&HUGNCEHe® tsaoﬂ(%qo&lg t(g&h% rgg%’ﬁﬁlﬂs 'iagvfgérbﬁs&an 'Rg%e& @%F H Pcul ar

i nmunol ogl c efxlmehtngem fioem atbioe viede pa&ogsmcwﬂhdesre)qmgsmm’edf thy ptunaitg ki | | ed
artisan. \Ej/b ds of Enhancll g@ the | muni ta/ éﬁ' I—t% t to thogens
The preégnt |ﬂfv AN erh?%%eﬁp?ﬁl?tf 93, GRS PP R R EF éatgﬁ'é]s Pimuni ty of
a hOSETb tg pat mfmaﬂﬁgeﬁ érﬂj ((éjéne exgmgh%mm?nra\rbnmsnd&smsﬁm@dn irdbetion. of20 In
one enbodi nent, the nethod i rovided for e t he it

host to a pat HEJwst Y mqrﬁgom%ﬁgnwtuﬁog' Eé‘?ﬁﬂm Lk V'rg%maﬁlpéeffgn%ﬁ’gb%o the
host a reconmbidyaedtionlinétinpeiearamo bhuss hadnarey fhat isnthuaslly assotarade
response. The reconbinant virus conprises: an antigen sequence

het er ol ogous W8N thfePaieegefrc Viruses) in@edwsbdi ng a viral antigen from 25 a

pat hogenjisc virus, @g%ﬁaﬁ@' 02 r8forhthifartivirad nRYHIBebnidriseidnen nffle | MTUNE
response direct ed alnst the viral antigen and cells expressing the viral

antigen in thiénmere-stimpyatar seewarices heteralpgousde thaipcomdinest WrHsithaint vi r us;
and an i mungg sl Ul gt ﬂfun%equﬁJ’zagGr WS ered Pé?s%kbﬁ ih hd 1S5t BRRAERS id US t hat

encodes an immuno-sti se expre S|on in the host enhances the
immunogenicity of the viral antigen.

In yet another embodiment, a method is provided for immunizing a
20 host against a pathogenic virus by using multiple genetic vaccines or viruses.
Multiple recombinant viruses may carry different antigens in each recombinant
virus. The multiple recombinant viruses may be administered simultaneously
or step-wise to the host.
The method comprises: administering to a host a first and second
25 recombinant viruses in an amount effective to induce an immune response,
wherein antibodies are produced. The first recombinant benign virus
comprises: an antigen sequence heterologous to the first recombinant virus
that encodes a viral antigen from a pathogenic virus, expression of the viral
antigen eliciting an immune response directed against the viral antigen and
30 cells expressing the viral antigen in the host upon infection of the host by the
recombinant virus. The second recombinant virus comprises: an immuno-
stimulator sequence heterologous to the second recombinant virus that
encodes an immuno-stimulator whose expression in the host enhances the

immunogenicity of the viral antigen. The first and second recombinant viruses
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30 i nmunogenicity of the viral antigen. The reconbi nant virus may
preferably be replication-inconpetent and not cause a nalignancy naturally
associ at eaOwBH58051 he pat hogenic virus in the host. The re®cwhiSazsR11Yi r us
may be adm nistered to the host via any pharnmaceutically acceptable route
of adm nistration. The reconbinant virus 35 may be adm nistered to the

n . . . .
peT/ Uso2/ 35119 aitbk bETHREA A nehbaRN! HNRR saubg il ritedy |
rectal, gr gl ffredgia‘@d;wiﬂﬁhe patlh:t;a?istv‘rrm indhe hbst. an(r)]t her enbodi nent, ha rr:st hold
is provide [ izin ost .. , ; i

ant Pgexls that eli g&%‘éo cﬁ?%ﬂ’gtﬁgﬁﬂ] OSWSQ%%’ER?égﬁ%?ﬁggﬁgﬁﬁwg(&?'ﬁé@gﬁ@éﬂ%o thhetI Pre

mul tiﬁg! e antiggnBe anef avehigd vmﬂsnbises repgictioni-iat@mpetgnttaaienberuspst  a

reconbi nant viyus.in an anpunt ective to ipduce . an inmun esponse. The
r econmbi nmant ﬁqeﬂg'aéé%?ﬁegé@‘.‘s’a?’\%ﬁou‘?%fﬁi rtef;owfusa ?ﬁp‘j@ﬁ'mé}%ﬂ&?cg@hﬁet er ol ogous
to the reC?EhJiy{LgWeNezruB@n R BiepHaing (fﬂEQ' f/iflﬁlﬁii\lla_c\tinraiﬂgrua?t [ ﬁen from one
or nore pathogenic viruses, expression of the pluralit of the antigen
sequences el i @piqnaly.feth Hsfint %@é&&%reﬁpmewﬁaﬁw&@ﬁ» Hﬁé tierfép"%}'?réfl ant iggen

and cel | s expr&sapdientfRnylifdl A8 b RAally) chBof irsArstisdcBh@ct i on of  the
host by the reconbi nant virus. The reconbi nant virus may preferably be

repl i cati on- i"Re@npiEaRhrugAsiMay Dedacrebingtiagramdiusandithe stheaigy kel y
associ ajed Wethnbign bpgeRiys. virus(es) in the host. 15 Optionally, the

reconbi nant virus nmay al so conprise one or nore inmmuno-stimulator
sequences het er ol dgogsanatherembedioant Aarmihed iswpsoviged for enbarng the

i mmuno- sti nul, . ressi j 3 o nogenicity
of the viral IS heSt B ERh A, MO o Bp e e or

i mruni zi ng a tAe hoeisa rexgaibirsnt wrysaartogrendranererimmupy-stigiufegorsuThepl e geneti c
vaccines or viruses. . Ml tinpl j i LLferent
antigens in e"&E‘ﬁmE'é‘é‘B%ﬁuﬁaﬁl. y g%%&(gm%'ﬂég&ﬁrnuq\{ﬁngIégésreg?éﬁ%ﬁ%dynatb%%'r iJ'{ses may
be admi nf st ergtiqilantHeareonisihgnt wius sbepriséssene @ ridre antigen sdduennes hod

Viruses in anCHSIHEUSH BETPORT BT R I ST AE P eupSbBs N RAe
anti bodi es arepaabgend Exphssibh of the @tigebieficstanbiemigie resparse direcpdi ses:  an
antigen sequeggcaeinsq%ﬁee gr?tlig% Oal#\%! cte S terereésiir{gstthera%%ggr? %nntﬁgko\s/ti quosn infection
of the host by the recombinant virus. The recombinant virus is preferably
20 replication-incompetent and does not cause a malignancy naturally associated
with the pathogen in the host. The pathogen may be a pathogenic virus such
as HiV, hepatitis virus and Ebola virus, a pathogenic bacteria or parasite.
According to this embodiment, the immuno-stimulator may be any
molecule that enhances the immunogenicity of the antigen expressed by the
25 cell infected by the recombinant virus. Preferably, the immuno-stimulator is a
cytokine, including, but not limited to interleukin-2, interleukin-8, interleukin-12,
B- interferon, A-interferon, y-interferon, granulocyte colony stimulating factor,

granulocyte-macrophage colony stimulating factor, and combinations thereof.

30 The cytokine may be administered into the host in a form of purified
protein. Alternatively, the cytokine may be administered in a form of
expression vector that expresses the coding sequence of the cytokine upon
transfecting or transducing the cells of the host.

According to any of the above embodiments of the methods, the

35 method may further comprise: administering to the host the recombinant virus
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that encodes a viral antigen from a pathogenic virus, expression of the
viral antigen eliciting an i nmune response directed agai nst the viral
antigen awo 03038981 | s expressing the viral antigen in the REItUSOPBI112
infection of the host by the reconbinant virus. The second reconbi nant
virus conprises: an inmuno- stinulator sequence heterol ogous to the second

reconbi nant virus .that ncodes an immng- timul at or whose e ession in
the host  enhaRBel 1 REost e HIBHERESPPYSeor SHRE Brosle IBaRaIaR WIRHRST (ot and
second recombirgitbivArt ¥EESis prefbBB3¢dNateed sBEhLRea(s36 tdderaraynths ef er abl y

be replication-inconpetent and not_cause nalignancy naturally associated
with the pathd§8nihe Rrimans inopulption. nsinsurgsustaiiadNighylevals of RISRARRNL , t he

first and secagdins@rRIEROMaNIin ¥ifitdGous PatRBn s thO HisBalRE) @iis¥d byS, such as
replication-inconpetent adenovirus, adeno- associ ated virus, SV40 virus,

5
retrovirds, hérpeiongfie B3thogen:d may bmbelpt tore-adpinisten ebPastali ne

Encephal i tis ({EENMHidHR A8 Ho¥al FadUli iMtbRaR, for GRbBRAbAYe oMY Selehf first
P e

and second reconbi nant viruses may be replication- I nconpetent adenovirus.
Al so opti onal lygarsorid@edgecarmkingntivius administereddn thedwostsr inamtnizationgday may be
reconbi nant a ' : MIET]S inia virus.
In yet anot he?ggﬁ%%%ﬁﬁe@%{b?dgﬁﬁ%ﬁﬁﬁgﬁ{q}gﬁ%ﬁ%@?lﬁﬁ VP§$8(gﬁrmanC| ﬂ‘g’%ﬁe i nmunity
of a host to aripathiogawmizafies. net hod conprises: admnistering to the host a

reconbi t virus an ' - St . | hant
virus nmay be any o?lﬁ%&géﬁwe{n@n#f%%%\%sé es@b?@gé’ fa %%{hgﬁ‘}%q@
particul ar, t hethatoabifuréer comprise: administedyy oribe bostreoplasmiutt vegton tledquences

het er ol ogous to the ,reconbin vi,rus that code, aone, or I ntigens from
t he pat hogen. eﬁﬁ%‘i]eés"é?SﬁmeOF?’ﬁ{@r%{H@PE%‘?{@%Sgtﬂﬁggéwoﬁwgggggﬁ se directed
agai nst the amédopsoinandires! Tise paphridRIctty id preferaibly geukaryotihplabarit upon
infection of the host b thhg reconbi nant, virus. The reconbinant virus is
preferably 20 SXRSEFICAVPEAT AL BYRSeSER N AMIAFHEY URBR treatfeetion ofdhs epllsncy

nat ural | y5 ass@einatieydt, Wi th the pathogen in the host. The pat hogen may be a
pat hogenic virus such as H'V, hepatitis virus and Ebol a virus,

pat hogeni ¢ bact er | &% 2G88FdiRg foanyef dep aPoye arabadiments oh i rﬁﬁtr'?f)‘,js’ttﬁ%

| mmuno-sti mul %&ﬁomywm@momgﬁé&%hmteaﬁ% fRNABNesS s&dntERgmRGRAHCI ty Of
the antigen expressed by the 5 cell infected by the reconbi nant virus.

Preferably, tN8Us ienRensSt Bs irMuaedesRapsy apgiop ka minimiza eeytializgg ellects @t 1 ni t ed
to interleuki fsZpodidtifid Alley &l or MEFELSMIhdht Yuses.

20 Optionally, the second recombinant virus comprises a second antigen
sequence from a second pathogen that is different from the first antigen
sequence comprised in the first recombinant virus administered in the primary
immunization. Preferably, the second antigen sequence encodes the same
type of antigen as that encoded by the first antigen sequence but from a

25 different strain, serotype, or subtype/clade of the same pathogen.
Alternatively, the second antigen may be a different type of antigen compared
to the first antigen, for example, the first antigen being a surface protein and
second antigen being a core protein of the same or different pathogen.

Also according to any of the above embodiments of the methods, the

30 method may further comprise: administering to the host a viral vector prior to,
concurrently, or post the administration of any of the above embodiment of the
recombinant virus to minimize neutralizing effects of the host's immune
system on the recombinant virus. Preferably, the viral vector is administered

post the administration of the recombinant virus.
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3- interferon, 2-interferon, -y-interferon, granul ocyte colony stinulating
factor, granul ocyte-macrophage colony stinmulating factor, and conbi nati ons
t her eof . 80 03hasosyt oki ne may be admi nistered into the hostCrrusa2/szanm of
purified protein. Alternatively, the cytokine my be adm nistered in a
formof expression vector that expresses the codi ng sequence of the

cyt oki ne upon tragsfecting or transducing the cells of the host. According
to any of the abov gﬁ‘{fﬂwe%%f@ycﬂ‘e%ﬁé'ahéqgﬂ@%?'?qr% SRATRBANEYSE ur t her

conprise: adn FirskemplRy tHeovitahgedi®rshay be tHeb i @itnoVinidispe 63AYE) 03/ 038057
PCT/ US02/ 35112  agai,n to boost the imune response. Such a booster
i nocul ati on wMEr§asdhe reeopTianhMruss Agenetically eredifigd Ad% onduct ed sever al

weeks to several moptibRallyatiesliral R tdHMHAPGS the Rk}l dfR a gEPelidd@yr € sust ai ned
high levels of protection against infection or "an efficacious treatnent of
the di sease(snadiigdedrupihadis afiEierans Aeeyperd tirataregbinant virugay obe hel pful to
re-admini ster e&é‘rﬁpl@?@r%trééombiHWWiré@Ha?ﬂbet{lgémﬁicglﬂﬁrﬁoéﬁie(ﬁ gy whrerég@.t erval s,
for exanple, once every several years. The recortbi nant virus adm ni stered
in the boost ethd vifalmecion is die widiypeef arieegengtiealygnestified adenowinl veetom t he

reconbi nant vi 1 o | j LM 7 3 b SO
according to g%';/éig% d‘{[h%@%%gg’eﬁﬁﬂ%’g?‘%%%&%%é net ﬁf)’d&l,is t t%&%ﬁaﬁ‘![ hod may
further conpr other saitspes siseovergd vod/fohelabsiied ateslakorfaliwitkiottioe s¢cdpetof encodes
t he samng or ditH(efiﬁ(/ tonantigen(s) as that (or those) encoded by the

reconbi nant virus. e plasmd vector is preferably a eukaryotic plasmd

expressi on vect or Fhaexawge ehs escontbéinam tvirgeis (ssrecompbinaht Adt éeapidingn of t he
cells 15 in the host., Al so according to,any .of the aboye enbadi nents of
The metods. PHE oF RRrsBACTIAES B Ay oS ACRF VIR TRE bost a
second reconbiveéot may alsudet Drdzomdinahheddnovineeiceipgnse ﬁamé/dbltiiffeﬁerm nimze
neutralizing effects of the host's | n stem on e reconpi nant
viruses. 20 CﬁP{'Qﬁ?QIE\ertﬂP%'"%WHmP@%?ﬁga'?f_e(ﬁ” 88" yBﬁﬂ?igsebsrBBa second
anti gen 1s5sequaageAdy,ora12, AeSSBAd palie Miththadrodype Ebthlic BMelidveatt he fir st
antigen sequence conprised in the first reconbinant virus adm nistered in

the primary PERYRMEAPIeSFONs digirainognes Ard BisEense imRuUnegenidyiéice encodes
the same typa@inantidrdtifdfhid beief, aneiREad Mn-Adevddibisdanatt ddRRiskREyence but
froma 25 different strain, serot ype, or subt y?_e/ cl ade of the sane
pat hogen. to mice first and the levels of anti-adenovirus antibody are measured by
ELISA 3 weeks after the injection. The recombinant Ad5 encoding a
20 heterologous antigen (e.g., HBV core protein) is then administered to the mice
4-5 weeks after the primary injection. The levels of antibody against the
heterologous antigen (e.g., the HBV core protein) can be measured 4-5 weeks
after the secondary injection.
Also optionally, the viral vector may be a different virus from the
25 recombinant virus. For example, the recombinant virus may be a genetically
modified Ad5 whereas the viral vector is a genetically modified AAV, SV40
virus, retrovirus, herpes simplex virus, Alpha virus, Venezuelan Equine
Encephalitis (VEE) virus or vaccinia virus. The viral vector may or may not
comprise a heterologou antigen sequence. Preferably, the viral vector may
30 comprise another antigen sequence which is the same or different from the
antigen sequence carried by the recombinant virus.
Also optionally, the viral vector may be a chimeric vector modified
based on the native progenitor of the recombinant virus. For example, if the
native progenitor of the recombinant virus is adenovirus type 5, the viral vector

35 may be a chimeric adenovirus type 5 with certain regions of the backbone
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Alternatively, the second antigen may be a different type of antigen
conpared to the first antigen, for exanple, the first antigen being a
surface pwotogiossoand second anti gen being a core protein @CTUse2/3ANE Or
di fferent pathogen. Al so according to any of the above enbodi ments of the
nmet hods, the 30 nmethod may further conprise: administering to the host a

viral vector t r.entl r. post. the admnistration of any of
t he above enbggé@gad fPo t)&)%@% té% %?P fjr@ rPojang ﬁ'o'ﬁ‘l efagenAdSy al i zi ng
effects of theefbpess Thmappeoas:yl% believad tdBe bEvATERIdbABhekhilidSof ts ef er ably,
the viral vect.g ni strati on of the

dm ni stered St e ad
reconbi nant vi r%:e bfs%(g 'W)Wbﬁ? 8?,@@5‘?&@&?){]@6?/% P Wit{ge\¢ofrasrapsidor may be
the native progeof asthefserbtgpe. etmﬁhﬁdyamawo shé?péy BIBtRg 4 fiftd r al

ect or be t e dt enov rus wher eas the recomnmbi nant
x. rus |rsn§a geNgt ?%%5“1 'P(}I“ﬁ'ﬁgﬁq% Qﬂ%&.’iﬁﬁl"\gﬁhet‘\ﬁ’é fippr BNAREE Ay ofray be
the wildtype esmpletel @ﬁm{a«tﬁ@inléhotr%r@%ﬁbt%@& éﬁeh%heh% drowd Iﬁ“FIJLﬁ’Eem

serotype of the reconmbi nant virus. For ‘exa reconbi nant™ vi rus nay
be a geneti caP?y? AgHishitilg vRar ARAGES5-Gnhis cx@nstalucta@tque rémladehibevibedt ype of
or a genetica peel ar ot her ha Ad5, for
exanpl e, sero'tégyoe 1- 4dcd \ﬁﬂ%ﬁgﬁw’%’gél sTﬁlngﬁglg hHg v%%{oﬁg?n b%PB di scover ed
and/ or cl assi Mtl@a Iefasherttiavedorf ald theiAddi iackbenesioqeacafte abﬂmﬁéﬂ% Adlfa\/entl on.

For exanpgle, {dg,r econmbinant virus is a reconbinant Ad5 encoding one or
nore heterol ogous anti gens and/ or an inmunostinmul ator while the viral

vector may al so beUp to datenbil ﬂanmtymdﬁmmmammealmﬂ@metb@@nwmﬂéﬂaﬁdfferent
i fferent serot (e.g., Ad2,

anti gens and/ gf, j nost i mulat oy , but _of . 9.,

15 Ad4, Ad9, %&'f%gﬁ"&égg@ﬁroﬂaﬁﬁf’m [éﬁ%H ﬁ@@%SP%%‘S@BMW% ei%e”ﬁéﬂ?eved to
enhance expr etva- etequroa‘:dfss doh@u%gﬁdifﬂ&ru@@datfﬂﬁérﬂa@ﬂwé MEMBRGRNILIAP! the
vacci nes. erlf e non- Ad5 vector can be

admi ni st er ed tge(; kﬁ¥k3:ef°k(?v¥ b%'ﬂ “i"ﬂ'éa "%ﬂ/ kindigg of thecrentn hase RGP body are
neasur edsby mblifSAo &vM@Qr‘f&a@ﬁinﬁfeth@oh ’M@Eéll'Bst'?facg h@erL%ﬁ n?lnl k tﬁ

encodi ng a 20 heterologous antig ? core prot
adni ni st ered €H-tMigrokiok 87:3p48; ﬁ%‘bﬁ@ eifal.el 994)e). Expridey. 1%9}‘91@& Hnangrhe | evel s

of anti body ageisboblievibeberobpaaus, ANHMER(faleddia YR COTe protel

can be nmeasured 4- ter the secondary in so optionally,
the viral vect&p8Ha{81e Ehajaddneviss fikarisicorfsidened tmebea crucial mediator for

high efficiency binding to target cells. Subgroup C, Ad5 fiber uses the

20 coxsackievirus and adenovirus receptor (CAR) to mediate the high affinity
binding. Nemerow (1999) Mol. Biol. Rev. 63:725-734. In CAR—deficient cells,
Adb attachment occurs at much lower efficiency through alternative pathways
involving interactions between the fiber and the MHC class | heavy chain
a2 domain or between the penton and cellular integrins. Bergelson et al.

25 (1997) Science 275:1320-1323.

The adenovirus fiber can be divided into three domains. The
conserved N-terminal tail contains the sequences responsible for association
with the penton base. De Long et al. (1999) J. Clin. Microbiol. 37:3940. The
rod-like fiber shafts contains number of repeats ranging from 6 to 23 form the

30 P sheets. Davison et al. (1999) J. Virol. 73:4513. The C-terminal contains
globular knob domains, which both fiber shaft and knob are involved in the
primary receptor interaction. Huang et al. (1996) J. Virol. 70:4502.

According to the present invention, for example, the fiber knob (i.e
the head), shaft, and/or penton base (i.e., the tail) in the backbone of

35 adenovirus type 5 can be replaced by the corresponding region(s) of the

b
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25 reconbi nant virus. For exanple, the reconbinant virus may be a
genetically nodified Ad5 whereas the viral vector is a genetically

nodi fi ed WOW3/0BYE0 virus, retrovirus, herpes sinplex viresST/Aopba1yirus,
Venezuel an Equi ne Encephalitis (VEE) virus or vaccinia virus. The viral
vector may or may not conprise a heterol ogou anti gen sequence. Preferably,
the viral vector nay 30 caonprise anot her anti%en sequence which is the sane

or different fREFRATRSTOM ALV SHOOMEE-EaaNd &g hiause 63 SREWD VIS vi r us.

Al 'so opti onal lgfpddfifents bRthe\@ih&ic VR rPRadng HeREl U ind®dhéhgg based
on the native iBroge_mtor of the reconbinant” virus. For exanple, If the
nati ve progenifiPerregionsisabstideigatithahe coiresponfing slgaeds of Asi3Byfiber Bgianhe vir al
vector 35 may BRida601 #HBMkh BRAVOTHS fi Bn W - Iadhe@ipes of the
backbone. 65 v 607 mags Peep ERRLIIHE [hoeyan i Ao KRk Ra R A? o

cor r esporidi ng coegsrmsling e fearnenotieeserotypa of adenayirypeisce e knoppr oach i s
believed to b LRISUIS 3 i.ng when only a
portion of t hgdoﬂgl}:lrﬁ%ob%g Wt R%Iﬁ%”@ﬁertﬁéé%%ﬁﬁﬁggnghé&%?mghot her serotype.
Thi s nmay be acconplfoskraimple, thenscorlgitamyiras shautecbmbinanAdd encdajng ncl udi ng

Ad5 fiber DNA an 15 chj ' rtially. or c | etely with
t hat from anot 82)@29%(%5?%2&8#&%0%&@9% %@é/ O%‘A@ﬁ@d&]"sﬁwué’%w*a'gq@%, a right
shut t| e vect orchpieriddiral Batdimmaysals® bs tarracdreivingrat Adbeerrceging diee drae br ber

region of, Ad5 with thgt of Al e vecfﬁ or. _can pe conbi ned

_ ; CﬂBS This ri %ﬁ tshutttl

with a 8t sEUIEeY QREEe: 2 PRIMAYBOHTIBIEHRULTG VI b LPUOR P Rer i ¢ AdS
10dve<C:|p or g (lij_aTd?nd\ﬂltl_ @,ofagfmt@b@@mfa,th A@_dFﬁAa@/,idAdJlsz, haseahegasoylent i f ihed
an ivided i si X _subgroups. fraom o F. e adenovirus entry into the
colls is a  tuplchs seroBPEtaloR iRellevechiy sanss R TSRTaR MR EB0IGS
nenbrane vi a tihg ifsteadd iRMfuroeRicity ef thevwaekikss. i TH wdripinisZmdlieanuRn bi ndi ng
of the penton base RG 15 notifs to _a_\/&a33 and avl5 integrins on the cell
surface. De LOR§oBEamAYiNg GEG9 be adrginistereqd fopissifigit and fhaslgxels okanti-ust o et

al . (19949 J. dp@antifRfly atd hiehd®ed bYLElrI‘gA 48hedks afteA$8MjedionViAkher
69: 2257-2263; and Mathias et al. (1994) J. Virol. 68:6811-6814.
adenovi rus fi besomignaymsiccdseeprtinderR bet bayiag a dber regien frosm diffaregh

effi cl ency. bi ndidithd udBRR (EIA®, aBUTBOMPsdSss AR LiviRtioheas dde, 20

coxsacki evi rus and adenoviru eceptor ( iate the high affinity
bi ndi ng. Nemeruoe ¢£09egks\afier B pimarRénjectieon: 12s-q@is of amtip@y: ausinsti ent cel | s,

AdS at t achmentGeEul e Aealtich 4 8WREKEELhEREXHBRAHRRIGH, t ernati ve pat hways

20 The methods described above may be used for prevention or

The

treatment of diseases. In the method of treatment, the administration of the
recombinant viruses of the present invention may be for either “prophylactic”
or “therapeutic” purpose. When provided prophylactically, the recombinant
virus is provided in advance of any symptom. The prophylactic administration

25 . of the recombinant virus serves to prevent or ameliorate any subsequent
infection or disease. When provided therapeutically, the recombinant virus is
provided at (or after) the onset of a symptom of infection or disease. Thus,
the present invention may be provided either prior to the anticipated exposure
to a disease-causing agent or after the initiation and/or progression of the

30 infection or disease.

It is noted that the innovative approaches of the present invention may
also be employed in the construction of cancer vaccines. For example,
sequences encoding tumor-specific antigens may substitute the antigen
sequence encoding viral antigen in any of the above embodiments of the

35 recombinant virus and methods of using the same. Expression of tumor-
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involving interactions between the fiber and the MHC class | heavy chain a2
domai n or between the penton and cellular integrins. Bergelson et al. 25
(1997) Scwerwsm3g3b: 1320- 1323. The adenovirus fiber can bePdirxisdzssiint o
three domains. The conserved N-termnal tail contains the sequences
responsi ble for association wth the penton base. De Long et al. (1999) J.
Gin. Mcrobig f.ibher.shafts contains nunber of

repeats rangi nbeﬁlﬁ%ﬁ%%% mz@gfhgrrsm %J*&%ﬁ”ﬁpﬁﬂfé%'{'@“fﬁa@?ewﬁg al . (1999) J.
Virol. 73: 4519reveht@or0ntrananhsawthcammmeased gsm&rwbacerldmblotdmm (rlté, Whlt ch both
th or interaction.
Lljgﬁgrg ZPa;It : a?%@%\ll n@ %\{'%)7%%2!59353”% Egﬁf&gﬁ@g&fe?t?wgceﬁw@egmen nvent i on,
for exarrpl e, thesagauties, freaintion oédnseaetehemh\e@:%b aﬂ‘éhéiﬁrharyad”ﬂﬂéé}p Hapt on base
adenovirus type can be replaced by

i K
E Ihe ébr r &s pony%ﬁté} t g(‘}ﬁ'?gg rgf Ortar?ea toé’gto\%p@@(ﬁ Wqﬁ@f LUsap vige,1thps

backbone f romrmdemogrtrramfmn@én,e@g m'lerédlcéf'l&h 8 dtuseLgerEwetsdipwe vari ous
enbodi nents of imeric vectors having the individual donmins of the

Ad5 fiber r e@?%ﬁ'?*@a 5isePpe) B adatian.(the qdéé)ééﬂﬁjﬁ)rﬁgerdommnh@n ofyAd35 fi ber
region.  Pref eligtinyimnidi@ fe59dhsdGiraigatisht tﬁg@%%gf?ﬁ{cea ? W@ﬁ or t%dgelhil swapped

with the 5 correspondi ng one from anot her NOVI T us nce the
knob donain F@”% I"‘i’%@%‘% tpdhQBingreaeer i, thé@dppwe-lmﬂqmnaarmy&r action. For
exanpl e,jot he reconfisatboMing4s sh§ ofth: Hm%gﬁ fh8 M dlfogLOthe OF More

het gPoI ogous ant| ger?s an%l/ org an n?rmur?ostl rrumor ? g %CF? ric viral
vector may al 9698 raay bEbabeomapriserbFvestingdienyn friom ’d;arinesmftetﬂhejl ff er ent

anti gens and’ g REATHRSTLA O . SRR LB LA PR

adenovirus of different serotype
Ad40). Such antbediesyageinsbihatantigen(s) emiodedbgltha)reenrlnaimeﬁt @ner essi on of the

bel 1 of . an Adar Uy BRYaRe TR AR ey bemBloc AR PolGRimes SalEedid st anc

the | evdPs ofagainst tnﬁpmﬁgemiromd%gmtafteemwdadnlbuaézﬁglot‘?ﬁkt]élrhéaogf.ﬁglag{]EIeL e£ he

roar on from i or Bt FEgETed SRt AnToRR  Thadirsh st fencoran adas) i s

t hen adnmi ni stperads obtimbdor faither ubes. %e&mrﬁﬁlé&dhédlmgmh?ﬁ%r\bbldn'fﬂe‘?%hon The
be nea weeks after the

secondary | nj S04 B TS R et s5E B 8erich e Bomdymier msudet o
preventi on oradministered back to him/herself or a different person later to in anticipation or
20 in the event of infection of the pathogen as prophylactic or therapeutic agent
by eliciting passive immunity against the pathogen. Optionally, the host may
be a non-human animal and the serum harvested or antibody isolated from
the animal immunized by the recombinant virus may be used as a prophylactic
or therapeutic agent to treat a human or non-human animal in anticipation or
25 in the event of infection of the pathogen such as in the outbreak of biological
warfare.
It should be noted that modifications and changes can be made in the
DNA sequence of any of the above-described antigens and immuno-
stimulators included in the recombinant virus and still maintain functional
30 equivalence of the mutant. For example, wildtype codons for the above-
described antigens can be replaced with codons that are preferred by the host
to be immunized, e.g., a human. Synthetic polynucleotide can be made to
include the preferred codons for the “humanized” antigens. Such a
humanization process may be advantageous in that by using the preferred

35 codons, translation efficiency of the antigens expressed by the recombinant
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treatnment of diseases. In the nethod of treatnent, the adm nistration of
the reconbinant viruses of the present invention nay be for either
"prophyl aw0i08/03808T "t her apeutic" purpose. Wien provi ded prophyshastiizal |y,
the reconbinant virus is provided in advance of any synptom The

prophyl actic adm nistration 25 of the reconbinant virus serves to prevent

or aneliorate_any subsequent . infection or. disease. en .provi ded

t her apeut i cal IVWQI?EHEQ‘? é'gBﬁB?WEYHWDWVPGSW?'Qh '”ptFEﬂ/?eHbr(?Sﬁilyg'n(qﬂgh%{fl?V@ll% oft he onset
of a synpt om elimordl @atiiod BeliflardinARiAs @espbbss in thE Aot egiedTithd A@RLI on may be
provi ded either (ﬁ,ri r to tt}e a_nt_i?hié)at ed exposure to a di sease-causing
agent or af t edesHef Mytpaisitghwithy S@PE@? r§PLBANEREOBO i nf ection or

di sease. It is not &thidddd pfdRediires PorndyfuAeNeange %n,Qnga?i&?aﬁdiesent_
invention may also be enployed in the constructi on of cancer vaccines. For

exanpl e, 3 seq@EFERRNAAYD ATEATIBHBYLIS BEeIrHarceamt BerBanugciugpsertute the
anti gen Seq“%ﬂﬁ;ﬁieﬁ@ﬁ%ﬂh@tﬂynﬁ! 'Shn AR tedRAigligs é@’m&%e%ﬁmﬁ@ﬁ@taﬁ%&d' ments of
the 35 reconbinant virus and nmethods of using the sane. pressi on of
turmor- 67 WO 03] gelbungersiooddy peepns skidewkinithe ertamragjising the ptasenhost shoul d
elicit specifig h# gm?'tsg A I i i 1.t h an

i ncreased ri sk&gb%ﬁl@g{OQ%evé op?ftrrrg%]ntm%i'ﬁ%@éa’g{aggé;nr#%tﬁ?ﬁjmﬁrﬂ#éati on) or to
enhance t he t visalogsmicrobiotegyc molesiilah botdgeandtreeomaipeantiNA tgoheigeas i on of

di sease jf.ecur(.k er primr rger [ i,C. Maccination),
or as a 1toool @Hfé‘ﬁﬁfﬁﬁ'ﬁt" Eg]en%mﬁb%t#&’gﬁ Wuel(s?\é?%/ie\)@? thﬁ@lfy"’}lﬁ rtr%erlggriaﬁ ®their
ef fecti veness $ee egalambtactinetdl. dMdldoutae Qlaminy: SA (dboestbryevidniedl, D&t abl i shed

di sease). In di.tion,. the t hods of, th resent jnyention elicit an
o) ospondibtitg: A e dealKingech S0 L RGow b PBh iR be ng

transferred bagkthesisiReGIH Y. ); PRBeRY Adid HPbriditdien A ORAMES &1 STRIG@RSIer apy) . 10
Al so according to_any of the above enbodi nents of the nethods, the nethod

may further c&Apr CoBENtRIiQ: TiRaSTPiomPRd drnsiagon B tHamees S. tliggins,

adm ni stysat i ogq@f ctihent &S ip,?,;yam@' kM Siro/ MEESELEE uld contain
anti bodi es agai nst thr(]a anﬁ@’en S) er?coygg ggit}ﬁj; recdnan%ﬂmB\s'/Pl?us.

Opti onal |y, t frieldssansbid. Mekiniparédser conprise: isolating antibody or

anti bodi es 15 agai . I{éqﬂﬁ : r Lok stration
of the reconbi nant &ﬁéif@@g{"@%e aé%vérgeiﬂgg\%@%q@%ﬁ%}@}%@@ﬁ%ﬁ;nﬁﬁ}%ﬁfb y can be
stored for cemithout, hpeevardisiitioly the r@medneréior t her uses. For exanple, a
heal t hy human vol unteer can serve as the host and the serum or anti body
coll ected from hi mher nay be
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adm ni stered back to hinmherself or a different person later to in
anticipation or 20 in the event of infection of the pathogen as

pr ophyl acwpo®308806her apeuti c agent by eliciting passive i PeEUSOy3AFAI nst

t he pathogen. Optionally, the host may be a non-human animal and the serum
harvested or antibody isolated from the animal inmmunized by the

reconbi nant virus nay be used as a pro%}aéﬁc or therapeutic agent to
treat a human or non-human animal in an on or 25 in the event of

i nfection of the pathogen such as in the outbreak of biological warfare

It should be noted_that npdifications and ch n be made in the
sequence of any othﬂ%g)HQWWeora F$%d8 d%ﬁ?rfbﬁéﬂgq@ﬁﬁaﬁerﬂ?u"‘h@ @‘ﬁehul ators
included in tfendticewaodiheanthe\présemt mmént&inl édam&wmcmsg)a&wgmmbes?o

equi val ence of the nutant. For exa Wi | e codons for the above-

descri bed antT@%ﬂ%”%ﬁﬁ’aﬁgn‘? %@%@Qd’”\ﬂntwe@&ﬂ'fﬁ*é’e?tﬁé’("'”éf@dﬂ'tegfaé*'g%’!f by the

host to be la@ﬂ%uz%t R shthogen nmma (eﬁyfﬁbh%t\hﬁlspl%ﬁéﬂﬁ‘s‘|Bexﬂﬁ}s%d¢ﬂ0%be made
to include the preferre for t humani zed" antigens. Suc

hunani zat i on ippIEakistaiRe %@”@‘d%h@(é@éﬁ%rs'“ﬂﬁm@mﬁilﬁ/ he recarijnale preferred 35
codons, trans e reconbi nant
So 0 baf banot ol alsh cafRe nitinid g?%gmdcggmgﬁwﬁ@gﬁ?ﬁ‘%y 1trﬁoér oved, whi ch
in turn can r@sambingnat ﬁd%ﬂ@ww isveplisatan-ingompetent butdtib retaiak pderavirehmune
respons$ in L hey @r)?,st of the above- described nutants fall within the
scope of the pr ese |nvent| on. Standard procedures for endonucl ease

di gestion, |igati olisamted theit eemeth:pmgciesiasaiastaotba“rpaitmn&mmviﬁunesaccor dance
with the manu t ti \ ; ni ques
are not descrlif)%&%wgﬁ é?rggl g;pl)és{)ns%ruc{é% k{w&un\ggfgrtd(% %@Y'get&%éas skilled
in the art. Pfroﬂm/mg|snglaripmqed3$eruescnbedemlemmbalpwoys, unl ess ot herw se

i ndi cat ed, conventional nethods of virology, m crobiology, nolecular

bi ol ogy and reconbi nant DNA techni ques 10 within the skill of the art. Such
techni ques are expl ained fully in the literature. See e.g. Sanbrook, et

al . Mol ecul ar, C on | abor at or DNA doning: A Practi caI

Appr oach, vol 1+ #PR?WAV@?‘HOEPQQH%} E/E@L%E\QB%CI eotide Synthesis (N G at,
ed.); Nucl el ¢ Aci dEhmbaincbnz@éﬂtﬁ@ geReticiRicBiAg adaifst ﬂz’b&gw&s an@ﬁ’l%th»od@”rent
Edition); Transcription and Translation (B. Haines & S. Hi ggins, 15 eds.

Current Editi@ipeir Fonsaston are dascdhasyp detsicesdalioon, vol. 1 & 11 (B. N
Fields and D. M Kni pe, eds.)

20 1) Genetic modification of the Ebola virus membrane glycoproteins

The modifications are carried out using standard molecular genetic
manipulation techniques, such as restriction enzyme digests and polymerase
chain reaction (PCR).

25 The glycoproteins of Ebola virus are modified to produce the optimal
antigen for Ebola virus vaccine. Two modified forms of the GP proteins are
constructed to have inactivated immunosuppressive and infectious
mechanisms, but retain full natural antigenicity of the wild-type glycoproteins.
The mRNA editing signal is deleted to prevent the production of the secreted

30 glycoprotein (sGP), which is immunosuppressive; and (2) the proteolytic
cleavage site of the glycoprotein precursor is deleted to prevent the formation
of the functional glycoproteins (GP1 and GP2). Sanchez, A., et al., Proc Nat/
Acad Sci U.S.A. 93(8):3602-7 (1996). In one form the immunosuppressive
peptide region is deleted to prevent its function, and in the other form, the

35 immunosuppressive peptide motif is split in order to destroy its function, but
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The follow ng exanples are provided to illustrate the present invention

w t hout, however limting the sanme thereto. 69 WO 03/038057 PCT/ US02/ 35112
EXAMPLES wWba3sfsdospwi ng procedures are described to illustParasepsfiin make a
genetic vaccine of the present invention against various pathogenic
viruses. 5 The genetic vaccine is based on an adenoviral vector with

nodi fi ed anti gens derived fromthe pathogenic virus (e.g., Ebola virus,
Hepatitis B vretals itaimmuNRyeni¢itys dineeel sieps praduee gifesib/ei and saixaktisens.

Addi ti onal | Y idr %&k i nant adenovirus also carries nultiple genes

encodi ng varlous cy Ines. The reconbi nant adenovirus is

replication-i nconp&hernvéape glycoproteisdGR3 ohtherfdhola wrus are symthegzedasy. It is

not ed that genetl her. j i teri d
bar asi tes. ny B diHEERSEr N B34 BRI RIS Sy P g B o @ o
{/ ol | owi ng si nbi/arcepmlecgﬁhyn@s(ﬂdesdmu’[gatdarispodet\/a)idhkohel Bwet 45 Aroc Betiet i c
Ebol & vi e aAGRSCHIdSA SPODRST - LETEeRy oavb SRl S R AR, &1 as
follows. 20 ljoredRirm@tiowei thie Gty optdieinEBAd theviclddSe B tHes fagien

gl ycoproteins The nodifications are carried out using standard nol ecul ar

genetic mani PaPis IpRted ahiiedurd STMIBuT Al the Clagyegs Bts: o2l di gests and

pol ynerase c roRAS 4r@MinddSdRhteddm m gl g@mﬁé@tsééhs BhorElak @ Vi rus are
nodified to praggﬁ%e t he og?l n%a? eantlo o ( Vi rrSs (\)/acc%%e

nodi fi edOf or mpegrodimer ¢SGR 60 diGHR? '&Wég b&@r@fﬂﬂftﬂﬁ%‘dﬂosﬁﬁwzr fRabt ?'vat ed

| mrunosuppr essi y 186 I I
antigenicity g’f Vﬁ{%@)lé& ?ﬁaégg )yzﬁ%r F&emp%%&é%ﬁ%e%ﬁéttlh?l%@ s(lyrgr;ﬁal is

del eted to pr eueeins eRpogedaniuibe ivoal mémbnaae%cfam, @dd agoregpgesiplederei n (sGP),
Scaor oo AR AR OB G R IAE,” 11
functional gl yeotplizing ardibo@Bs. and GP2). Sanchez, A, et al., Proc Natl
poad, SO S 508 RS MRk BRI B PR S
the 35 i MUNOSSEUIRSRRTRAPESEQ (ENDDH ) at sosition 501 frorotitkestatisitelebtheoy i ts
function, but open reading frame. The Ebola virus glycoprotein cleavage site is similar to
the conserved sequences found in glycoproteins of other viruses, such as in
the envelope protein of RSV or MuLV. We have previously shown that
20 deletions or point mutations at these basic amino acid residues can block
cleavage and render the glycoproteins non-functional in RSV. Dong, J.Y, et
al., J. Virol 66(2):865-74 (1992).
To destroy the infective functions of the Ebola virus glycoprotein, the
five basic amino acid residues in the cleavage site are deleted. This deletion
25 is introduced into the Ebola virus GP cDNA using PCR amplification.
Alternatively, the cleavage site can be altered, such as by site specific
mutation resulting in elimination of cleavage.
Another important feature of the Ebola virus is that two forms of
glycoproteins are synthesized from a single gene, a secreted from (sGP) and
30 a membrane-bound form (GP). The two forms are generated as a result of an
alternative RNA editing event at a sequence of seven uridines (at location
1020-1028 from the start site), which is highly conserved among all four Ebola
virus subtypes. Sanchez, A, et al., Proc Natl Acad Sci U.S.A. 93(8):3602-7
(1996). The sGP is synthesized from un-edited mRNA and likely has

35 immunosuppressive functions. The GP is synthesized from an edited mRNA
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70 WO 03/038057 PCT/US02/35112 retain its inmmunogenicity. These steps
produce effective and safe antigens for the vaccine. The envel ope

gl ycopr otwprng/0§s@P) of the Ebola virus are synthesized as PaT4disnybdi2
precursor protein and cleaved into the two subunits (GP1 and GP2) 5 by a

cel lular enzynme (furin) duri ng transport Vol chkov, V.E., et al., Proc Natl
Acad Sci U S A, . 0):5762- 1998 Thi s prot I, tic cleavage is
essenti al fo@ngﬂgé—i}g é? rInBrp]os&p eV ’WF'%“%)IVFO% gYHeesizRd ffHB apel ease of

the fusion pegiéd@RNICRitEMsakioh toke dRthBisBUS fditde THieRNAGRIitRt €. The
mat ur e gI ycoprotel nfs are incorporated into virions as triners each

mononer is a PAUSRStREIrYEPEIT epdisdna tgpslatipm Retempcandreadingiftraneond) .
Sanchez, A., @lat@hcodesthe ¥biBletZirshsnitidade Gl e8&bteiniEpH! ycopr ot ei ns of

Ebol a vi rus are the major proteins ex%h_)sed on the viral® nenbrane surface,
and are rPesponsi bl dofsevent Hietsyathests afisirs thenRiNg eidﬁln@ siie & medified fromher ef or e,

they are a pr I i oprotein
cl eavage si telt{@%%ugéggg Ib%?l%g&gggucg%%g o aé‘?g% Qgs”ﬁues%ﬁ [SEQ I D
NO 10]) at p@giﬂtfﬁﬂ@ﬁt FOUeReOMAATAASRAISEQID &lQuH] ahe AAGHNGARREQEDf r ane.
The Ebola vir n r conserved
sequences foun %1%%%?& gﬁlggﬁo\gﬁgg (Zeégc\ﬁrfp&gtgés’gtk@dl(ghBas P%I t he envel ope
protei n of RSWMRNAdncsde\wHhe &EMteguivalest o thhedited fomtn vaD -deffaerié shii), or poi nt

mut ati o at i Lhd..residue n bl ock cl e and render
the gl y(r:@pr ot éﬁﬁ?’non ngiﬁéQﬂgﬁ&q)gﬁ]@pg%oﬁs,S%Te@nlrge amglre& %ﬁ rol

66(2): 865-74 umn)e [TEQ de NO: G, ttLheréveﬁtgcthexbeejs‘lhlrtgztofmeﬁbolyﬂﬂeralgbm a virus
| ycoprotein, the ve Si C.am no i d resi vage site are
ge?/et gd. Thi s SIS et&ﬂe sgétcb of ﬁ‘ﬁtst”i)lﬂf g)nég%c% Q"Q/‘f"?‘ﬁgc &DNA usi ng

PCR anpl i fi catieletion eﬂ drey matd wling artdwiertﬁée(azf)afgﬁnesmﬂmgarrhben@hbﬁuémd, such as
i tion resultin Anot her

by site speci on re; in elimnation of cleavage.

i nport ant feaf)tﬁ?‘éS 'gpal ???é'oﬂb% 'ég@im@dgn iFlOYrR# two forns of gl ycoproteins
are syntjgesi zed framhid ﬁio@g.bencgﬁﬂgyf bé irftRel8sLHtd fh%@doﬁ)us%op?of?elﬁ
menbr ane- bound form ( he two Torns are generated as resul an

al ternative R é‘@ltf’larf@fl%t@@rﬁf t'ﬁ%'”&“‘ﬁéﬁﬂé@f@ésw (|§emldﬁﬁ@@t¢fb@ QE’;@ I ocat i on
1020-1028 frO'T‘héﬁ@péﬁtﬁfetmét*ft@%mo%ocgbé §(?d"f8rm %(e(‘s”?l\ﬂ?ﬁeﬁ%dr&@@gng all four

Ebola virus subtypes. Sanchez, Pro U S A
93(8):3602-7 conserved in filoviruses and has a hlgh degree of homologywith a motif in the
glycoproteins of oncogenic retroviruses that has been shown to be
20 immunosuppressive. Volchkov, V.E., et al., FEBS Lett 305(3):181-4 (1992);
Will, C., et al., J. Virol 67(3):1203-10 (1993); Mitani, M., et al., Proc Nat! Acad
Sci U.S.A. 84(1):237-40 (1987); Gatot, J.S., et al., J. Biol Chem
273(21):12870-80 (1998); Denner, J., et al., J Acquir Immune Defic Syndr
Hum Retrovirol 12(5):442-50 (1996). First, a ten amino acid deletion is
25 introduced in the core region of the motif (between amino acid 590-600) to
remove its function. Second, each half of the motif is reversed and duplicated
to destroy function and increase antigenicity. It is believed that antibodies
against the IS peptide may inhibit the immunosuppressive function of the
Ebola viruses during an infection. The basic strategy of this modification is
30 diagrammed in Figures 3A-3C.

As illustrated in Figures 3A-3C, modification of the
immunosuppressive peptide (IS) is made on the GP2 gene. Figure 3A
illustrates the wild type GP. Figure 3B illustrates GP with the 10 amino acid
deletion of the IS peptide. Figure 3C illustrates the IS peptide, which is split,

35 reversed and duplicated.
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(1996). The sGP is synthesized fromun-edited nRNA and |ikely has 35

i munosuppressive functions. The GP is synthesized froman edited nRNA 71
WO 03/ 038Wb03@E8DA1US02/ 35112 and |ikely has i nmunosuppr es®Crashussiti ons.
The GP is synthesized froman edited mMRNA with insertion in one of the
seven uridines. This RNA editing causes a franme-shift and results in a

t | ati f th d di f
{r anamebr ane. gl y Ut SR A i) ohes ERE okl By SRR A B R P
RNA editing siré ﬁom&HdeélJlﬁdlmmmsdmdslNU [ SE@y @té\l@th@}atunal UUCUUCUU [ SEQ

ID NGO 3]. In the c h quence EQ I D NGO 4]
and AAGAAGAAE‘P@?"F@\I%I@ gweseﬂgg%g%f% enﬁﬁs arﬁﬁ’a? |E cﬁ%:fé %gaccorrpl i shes
two things: (ghligéidin tlﬁ@b@@ﬁ:ur@@(‘cﬁﬂ% @’@h&nthﬂi\%n%’n bgsinsthEdotntirdso t he edited
formvmth-lfrarre shift); ndué‘S UUlfUUUq\égE k aodesthe
sane anifo acid r@\“&lﬁ@%”%es@ff@@ L{ 9%“631%?(;% DE ?’¥ t he

possi bi lity QbqghisHdeSianRe. Yﬁ@hﬂﬁﬁled&tp@@qmm at&meﬁtcroehbahntoislasrhﬁ si X
uridines. The additional editing would cause deletion of. 0ﬁm)re uri di ne

and further (veglors eei@inigilNA ﬁ@meﬁltfen%‘@é%bﬁf%rrﬁ fricienteXPeeszioniof tesPi on i s
diagramed | n dhoifsan dalish ExprdioRAldofiBLA I6GaitBtor® thecemasiced nto the

Ebol a virus glycoprotein relating to a deletion of the inmnosuppressive
(1S) pepti de mebresd i$ detempined Wéranserpiéﬁtnﬁfﬁétlm ﬁ)ffH%%‘i"’r%?:”aﬁ?ﬂ%iaB@S 6009,
formthe, star [ NdidrRY bhtboRiResaiin has a high
degree hor?t['?fag)zgg)oy Wegéﬂm% anﬁ ycﬂc})i ot.el ns of c?ncogenl C
retroviruses hypanmhmﬂlzlad@qumla@mum an@en%ormg&%ae@md@ la%ﬁ@hkov

V.E., et al S Let 0 8 J. Virol
67(3): 1203- 1d‘"FhE’§§§ faqt(ﬁ %%g’%ﬁ]e (%Ffp)(qj'%%%scenwr\é‘{s’ r‘%?ecwe ci US A
84(1):237-40 (1987) Gat ot , et at., J. Biol Chem 273(21) 12870- 80
(1998); Denne _ i e l;srowrol
12(5) : 442-50 %)199 ' G A oduced in
the cor gsregitpsat rﬁédnbf@em@m@éls(obekmeﬂomnfme m@dlﬁbcﬁﬁﬂelﬁmﬂls 6Bs renove its
function. Second, each half of the nmotif is reversed and duplicated to
destroy function and increase antigenicity. It is believed that antibodies
against the IS peprnéi@admxéslommemrbsérhmwemmm@ﬁup@rresanuleamwmgmn of the
Ebol a viruses during an infection. basi c S&g%t %X of this m)dlflcatlon
is 30 diagrantig i fTY Beriied aRtigrns ()isE 013 Vst g?;tdr&tpégm@ﬂ g8

nodi fi cation ghudih@mune defense against the Ebola virus. The preferred benign virus is

20 a replication-defective adenovirus. These vectors are an excellent choice for
vaccine expression, for several reasons. First, adenoviral vectors direct high
levels of antigen expression that provides strong stimulation of the immune
system. Second, the antigen that they express is processed and displayed in
the transduced cells in a way that mimics pathogen-infected cells. This phase

25 is believed to be very important in inducing cellular immunity against infected
cells, and is completely lacking when conventional vaccination approaches
are used. Third, adenoviral vectors infect dendritic cells which are very potent
antigen-presenting cells. Diao, J. et al., Gene Ther 6(5):845-53 (1999);
Zhong, L., et al., Eur J Immunol 29(3):964-72 (1999); Wan, Y., etal., Int J

30 Oncol 14(4):771-6 (1999), Wan, Y., et al., Hum Gene Ther 8(11):1355-63
(1997). Fourth, these vectors can be engineered to carry immunoenhancing
cytokine genes to further boost immunity. Fifth, adenoviruses naturally infect
airway and gut epithelial cells in humans, and therefore the vaccine may be
delivered through nasal spray or oral ingestion. And finally, the adenoviral

35 vectors of this invention are safe because they are replication-defective
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i mmunosuppressi ve peptide (IS) is nmade on the GP2 gene. Figure 3A
illustrates the wild type GP. Figure 3B illustrates GP with the 10 am no
acid delwDioon3sns7the 1S peptide. Figure 3C illustrates tReTIUSOpaqLL de,
which is split, 35 reversed and duplicated. 72 WO 03/038057 PCT/ US02/ 35112
Wth these nodifications, Ebola virus glycoproteins are generated that are
non-functional , not |m"runo?w8ﬁre55| ve 150Met they retain the natural

e

antigenicity gndigye bggadise gh&lpses! QudtcéB/dase) isdnicelirigla herr at e

antigens in t'@@né’@fé?é;ﬂﬁéiu@ifast G@h@f;@é@’é&d'HﬂV@MI' 9”Clﬂr9#qhx@§tt105 '2218026“3 S
DNA sequences of the resulting altered enes are confirne sequence
rh% rnﬁdg

anal ysi's. The (S fBancP. gletjubligesens éhe h)?ﬁ@ﬁé@qmt%cég gectors
contai ning DN ehetRilm RGOS d00 o8] IGAE EPIRSILAEs Rlvd figge G i N

hosti an cel | s. pression an correc on e cel | menbr ane
i s det er i ned sbiglyt usealsn enifitatyrracrsfte tot provent@bmidednecabds. 293 cel s and 10

anal yzed by Vester I usi.ng .pol vcl on odi e from

hyper i nmuni zed eqU|Dr %\Peg 0?'%31%81%?8? ﬁy%%rﬁégalgé(ggﬁqque,sng{ltsﬁt%@p & | abel ed

with horse radestbrsﬂaamupdmenmhtﬁ{e)geoes ot ngglglemn”Lech?gSmsr Espeahiptel v. 2)

Construction qQf eries, of | i.cation-defecti eaeowr cC

Chat  medi ate frord@sensrir il Bass G nififcaom et EpR s The

vacci nes of tbﬁtugﬁr@&ﬂ@tsmgwe@mmeravucttbhozmrtlaerr@mgﬁi@e haninn@eiigduciéon.us to
rick the host into_nounting a

carry no ant i f Ebola virus to
Cobust | inine MEMGHEE) aaEs side it S T RUPASRERGEIB TR gn vir s

is 20 a repl iefables hedabrplibYen S0@MEEhT HSmbInARH. of efbRINEs Bh&arthepsce! | ent
choi ce for vaccine expression, for several reasons. First, adenoviral

vectors di r ecPYiPganselsiion dinfsctignk wille ol hieese69rs hat provi des st rong
stinulation of t hedﬁ%lﬁ‘&l%%ﬁf%@é‘%ﬂ%@ﬁﬁ%d&é\@ d@d&érﬁ@@lﬁﬁahhetbeyhg)(pr ess is

processed and displayed in he transduced s In awa at mmcs
pat hogen- i nf ec¢bdi &eioring aﬂhbélflpﬁl%és)%c'pse(bmw thedeift+eod K)lé1 vegign) iofifier t ant i n

| nduct ngycel | ulito TR bko 3RS L6 b ARSHIGre 380 SOEPPRLERG! Y

| acki ng when conven vacc Ion a
adenoviral vedt asbuttlafvector ﬂeMEBD—@Pcmhb$LM!EBDmvaopMMe left

ti - ti | Di T 5): 845- 1999
Thong. 17" ot M S eiade o Bnode 4w s T Bog S g RRFEE Rl It 3
30 Oncol 14( 4bn@?ﬁe§dénb99&)pac¥§’g“lng Yignalef. @enes'd'ﬂﬁb@@@@y@hﬁés Sfchlds 1355- 63

(1997). Fourth, these vectors can be engineered to carry i munoenhanci ng
IL-2 and IL-4 are inserted into E4 region of the adenovirus vector using the

20 shuttle vector pRAd (Figure 4A, right side), resulting in a shuttle vector
pRAdIL2,4. The pRAdIL2,4 contains the right end of the adenoviral genome
including the right long terminal repeats R-TR.

To construct an adenoviral vector carrying the GP gene only, the
shutile vector pLAJ/EBO-GP is digested with appropriate restriction enzymes

25 such as Xba I. The fragment containing the GP gene is ligated o an
adenoviral backbone and pRAd vector.

To construct an adenoviral vector carrying both the GP gene in the E1
region and cytokine genes in the E4 region, both pLAd/EBO-GP and pRAdIL2,
4 are linearized and ligated to the backbone of the adenovirus (Figure 4B).

30 To generate recombinant adenoviral vectors, the ligated vector
genome is transfected into 293 cells, in which only the correctly ligated
genome with the two adenoviral terminal repeats can replicate and generate '
infectious viral particles. Human 293 cells (Graham et al., J. Gen. Virol., 36:
59-72 (1977)), available from the ATCC under Accession No.: CRL1573), has

35 adenovirus E1a and E1b genes stably integrated in its genome. The 293 cells
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cyt oki ne genes to further boost imunity. Fifth, adenoviruses naturally
infect airway and gut epithelial cells in humans, and therefore the

vacci ne s oB@3808el i vered t hrough nasal spray or oral i ngestiusn2/3Aan
finally, the adenoviral 35 vectors of this invention are safe because they
are replication-defective 73 WO 03/038057 PCT/US02/ 35112 andhave been

Unerapy st oci<UaD CEhERG. SR E1yqoReief ifovrs Fig ué Bherl loBeB 1t . ,215° 6

(1997); Bel | ane végtoethackbone. Hiine fBeal @edibenasSiE1)E3Sa@partid I jeleBdwnder, R C.

et al., Hum Gene Ther5(5):615-39 994) .. | ndeed, -even |live, viruses have
been 5 saf el 08y ﬁeﬁﬂ‘?ﬁ(t? fnt%ﬁ%ﬁﬁ’cé‘%inPg')"tt%rgﬁg‘é?ilén{rﬁ(e,@ﬁﬁB V'%E)Yec%c?rgThi s

Vect or - const rggg binhfiey 2P defis ahs putifRichyt Wiresshatilgationdoogdie@x chlogidéor s t hat
express nmultiple genes or .regul atory, nechani sns. For. exanple, . the vector
construct is 9RdeNteo T«g?@r(ﬁé@g@{ﬂ e sleter 53%?@&%@8&@%@@&@8?%0

antigens in anhsiniddiRus pERICRXip) @fbPhfdcAo bf 2dBéelignhance the i mmune

i nduction. 10 Alternatively, antigens and cytokines are placed in separate
vectors. This enables the manipulation of different conbinations of

cyt oki nes andjant i [§&B8ninMYorCait e deiones d hafRpbliOMcciet h two or three
vectors. Construction of the adenoviral vectors is diagranmed in Figure 4.
The cDNA encoding a nodified GP(s) is cloned into the left-end (El region)
of the ;45 adenovi ' hutibtem¥ertifint Bhfdivaitigyre 4A left
si de), }%sul ting iAn'P@ @tﬁﬁ?ﬁ%ﬁ%gﬁlﬂo@ LAét%éeeBt&GD ?he pLAd/‘é GP vector
cont ai ns t he dngibbdiesdavelbpachio resfemseite tie yeoioere ThaebsaYiingasetton af t | ong
termnal repeats .L-T i i i es

encodi ng cyt Jﬁ*rﬂ\@?' ¥%ﬂra§§teﬁ]{'1ﬁb%ﬂz§n§g%{d-adzp é;?’fgh)?]%ger r@gg@g%% 4Vﬁrﬁ§gi on of

t he adenovi r ussteatt Gectosi angl gdukadifg séllst xipeessingt@hG pRAPFLUFpryptaies Have ri ght

side), resulting in a shuttle vectaor RAdI L2 4. . The. d tains the
ri ght end of qeﬁ% RIFEN dlarerd anldr?(?? G%ﬁ“h“&*%'%" arvgg,%}%%?écfagﬁﬁ‘nm
repeat s8R TR veboreoASttUCH Glat aArrias arPoya s absivgs ganecay d yopoget ibais&l gene only,
the shuttle vector pLAd/ EBO-GP is di gesteg W t h ap{)r op%g?te, I’E$|£l’l ction
enzymes 25 stvE! etousenptructiggpressigentia MewRiae Py Ot e Fae'dns G519 i gat ed

to an adenovi5@3%,%?%&%{?:2&@@5@%%#\6%@ @éﬁtorF@Slﬁm@smraL@AGe\ﬁo@denovi ral

vect or carrying gene in the EIl  region and cytokine genes in
t he E4 regi onpadiagihg sEihinEBOIcBenetatpRmilovpal vegtos perticles wathitheeBb@lAd | i gat ed

to the backbone ofp |G AAGNRENSI &b diEh:
20

4) Determination of which modified GP antigen provides better

production of neutralizing antibodies in animal models

The adenoviral vaccine vectors carrying the two GP variants are tested
25 for their ability to induce an immune response to the Ebola virus GP in CD-1
mice (Charles River Laboratories; outbred stock of Swiss mice from
Rockefeller Institute). Specifically, the neutralizing antibody titers and cytolytic
T-lymphocyte (CTL) activities to the Ebola virus GP antigens induced by the
GP variants with and without the IS motif are compared. Three groups of 30
30 8-week old mice are injected subcutaneously with 10° ip of adenoviral vectors
expressing GP variant 1 (with IS peptide deleted), GP variant 2 (with 1S
peptide split and inverted) and B-Galactosidase (control vector), respectively.
Six mice from each group are sacrificed (by CO, asphyxiation and cervical
dislocation) at 1, 2, 4, 8 and 16 weeks post-vaccination, and their blood and
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30 To generate reconbi nant adenoviral vectors, the |ligated vector genone
is transfected into 293 cells, in which only the correctly ligated genone
wi th the waw3askesoviral term nal repeats can replicate an®Cyarser/aiie2
infectious viral particles. Human 293 cells (G ahamet al., J. Gen. Virol.,
36: 59-72 (1977)), available fromthe ATCC under Accession No.: CRL1573),
has 35 adenovirus El a and nes_stably integra N1 & enone. The
293 cells 7&9\%”§§f@§%83fegdﬂ 3§ﬂ§e ageJBB‘er%ﬁ aque %H%l al El gene
of adenovi r ug4hakriftee DEAR lﬂl@l‘ﬁi@dvnﬁé@mlmh@m\z@ﬂdﬁmmrﬁm{ﬁ(bone The fi nal
vector has El, E3 and partial E4 deleted and can Onléergg,%hl cate in 293

cell's, but not in Rramgaice fieqted with &heeriteliGal vecier 45 Mfied in
293 cel s anq rgliésféfqﬁe %ctb'rl .hfe%ﬁ&ngwe'tév«@ﬁtnk@@ dn SEAFEAMLE X gEe 5

gradi ent s. vectors are determned by serial dilutions and

count i ngs of aoannmeetermms tiveneinbereand e af vet-,qtorrtrﬁnééwas#mﬂﬁ ap93 cells. 3)
Det erm nati on _af t tHefn i itro
assay is used’af'8”%ﬁ§|ﬁ|{b% rﬁ%ﬁ@%ﬁ@f@g@ur{ﬁ%d?ﬂﬁ@u éta%lr;gﬁts | odél:ﬁgg

devel oped i n toespomie the degme\AﬁmmltrmLon'DrﬁeamammlE\eba ® thegitrophilsy et r ovi r al
vector systemwhich is based.on virus system
Vectors and gaR¥aeiafsse g}lopgcyé?(splggcs)g?q tﬁ@%ﬁé@%@?p&ﬁ@%ns have been
extensi vely char a(ﬂr‘;@”blfmdvmmm&ammHMS assyey fenteial @FHending packagi ng 15
vector construct that carries a t.0 orter is used.
A novelO vect%ﬁ‘%egﬁ%fj?‘ﬂ‘gta %&rbc}aéggﬁ ?&ﬂ@?ﬁﬁg ga% a%t{eﬁg Ebol a virus
GP |ks co- trfa(?bgltmgé@d\/v\%n GLhkbhg\)R t@abl r/elgmraaﬁe e 60T): 896510!3:([19?}5)1 n at ESAtG;]PO_
packagi ng ce i ne ich generates re o rticle e
ool a” vi'rus \an sk RaNoret Bbe GmehatdPoRRuRrSI 8T befifalagtiny)

Det erm nati on,@Qfe g@%%‘aﬁagiéd @Pm@ﬁ‘t@rﬂm@'t%mf@&ws de@ﬁntp@t Ry Ebdi Giflict i on of

neutral i zi ng antl ies 1h ani'mal nod The ade iral vaccine vectors
carrying the @R@S@’dwmtbfﬁﬂ@vw@’e@f@ét(@@m bewis opt 8c'heh Yirohf 4#k3190Pq nduce an

i mune respo nﬁ%g%ﬁ Pég-? H%b&k@aﬁérgHé viEo} Iﬁ‘asﬁ?%e']n inBhiSR d MRUARsusiEiengh

Laboratéles WSS m ce from Roc efeller Institute).
Speci fi cal |y, cdrtentrgtidnsalExpresgioa o ﬁkgadnptawdaesesn mfiected cell lysates serveés nphocyt e

W TR and w t HeRen RS aRdts fediele e AEu ! TR el Epettrt 3940 o' veek
old mce are jgjfehRE MO EROIRCRN FéotordiHalle BBEN hButPdlizagdraHavis hidasuest or s
using a very sensitive fluorogenic substrate (Galacto-Light kit J) and a
20 fluorescence plate reader. Anti-GP serum-neutralized infection rates are
compared to infection rates in the absence of serum and in the presence of
non-GP activated serum.
Cytotoxic lymphocytes (CTLs) are extracted from mouse spleen as
previously described. Van Ginkel, F.W., et al., Hum Gene Ther 1995;
25 6(7):895-903; Dong, J.Y., et al., Hum Gene Ther 1996;7(3):319-31. They are
mixed with a constant number of detached LnCaP cells (prostate carcinoma
cells of epithelial origin) transduced with an adenoviral vector carrying an
unmodified Ebola virus GP protein. Ratios of effector: target cells of 10:1, 3:1,
and 1:1 are used. The cells are seeded into 96-well plates, and 24 hour later
30 all unattached cells (which include all of the effector CTLs and dead or dying
LnCaP cells) are removed, and the remaining viable (adherent) cells are
quantitated by the MTT (3-(4,5-dimethyithiazol-20-yl) 2,5-diphenyl tetrazolium
bromide) cleavage assay. This assay has been employed in detecting the
lymphocyte cytotoxic activity (Ni, J., et al., J Clin Lab Anal 1996;1 0(1).42-52)
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expressing GP variant 1 (with IS peptide deleted), GP variant 2 (with IS
peptide split and inverted) and R-Gal act osi dase (control vector),

respect i WeDW3/03885% mi ce from each group are sacrificed (bpCC@BOAZHMYXi ati on
and cervical dislocation) at 1, 2, 4, 8 and 16 weeks post-vacci nation, and
their blood and 75 V\D 03/ 038057 PCT/ US02/ 35112 spleens are harvested. In

addition, 6 mce are ] salln r 2 days
later to pr oﬁ”@éoﬂ?@ir Pﬁ)rf %%85?&8?{}“’6 FPom rﬁ? geqngﬂci?g%{]é @ﬁt‘?\ﬁ th the
control R Galrefitpand pssiie sectl ons from the sites of the vector
injection are taken, fixed, and stained with the X-gal 5 solution to
determ ne the nunber and type of vector-transduced cells at various
time-points pgst - i pfRfHol&hankig dahtibho6f mbpR! y®ikihest ai ni ng i sperformed to
determ ne the’'degree o‘r rnfilTtrati on_ of varl ous | m‘rune cel | s (neutrophils,
macr ophages, fecty og¢ths 3Gy of toe ABS del i very. Sera from
vacci nated aninmals is assayed for tot aI GP- bi nd| ng 10 anti bodies using a
standard 96-wel| plate ELI SA protocol, as has been described. Van G nkel,
F.W, et at., Hum Geawmertes gifedsst @1@3/369_'9953 vectefgpedipioddener. w, et al .

J Irmunol 15 fi i n_laen_sgra i's

anal yzed by %{%%?S egrq{?ﬁ? %SL%% g‘\ec‘{}{ﬁghéﬁadgﬁ é\};ﬂ?@ﬁsf gltjéhrzaSE%gi a virus

GP- pseudot ypewFFﬁbnd@M-@SRnemsed iniady,-caehicgtokiae imsepargteinglensd or the

72(4):3155-60 1 Hel | bat ed
i valh ous GRS T sosRbrarTinS SoRbIBLRE pld Eer i ha veebis PR 0% ©
infected cel lfrdn e @&t@ere’h@@dm@&iramnitl@discaIftenrmiurtoleeharmMgeﬂ‘eczss ofg activity

of the serum (the | ower the R-gal ctivit - vectors
have been neuffiiduakeyfokiifs (?rg‘%{e%\%k? ?it'onﬁﬁé%attug e\ggﬁgl % 'E%§'§$Wﬁ%I uor ogeni ¢
substrate (Ga&edrenkbahy tid &ytdlin@aad meaﬁbcfdrldzefrﬁagmmttgleas eThetides . Anti-GP
serumneutralized infection rates are eﬁp & { E %}lon rates in the
absence of se@fLﬁﬁ"&ﬁ@“F"hOQ'?Fea@r@é@%%d G el t'ﬁ'@t g "§8fim Oyt ot oxi ¢

| ymphocy es @l %fe‘?s %rf@ﬁfs‘?t%d‘u[é?éﬂ WMNS@cmsﬁﬁﬂomSmaﬁbrewm@usl

descri be et at., Hum Gene Ther ﬁ]?e 6(7):895-903;

Dong, J. Y., edlffatent Cﬂglﬁﬂé@%@r%ﬁ@@ vedors: 7T(h3’559§§@er§'19” mxed with a
constant numb rf"‘&fg%je HirfbsGRd e TR l@v%lsl@f of
epi t heli al or:&%ﬁeﬁ# gﬁgns ucéﬁmﬁ&%h%r{&{w ;. > '

an adenoviral vector carryi an
unnodi fi ed Ebalh’rabodlasushmnpiheu@umlomv?@ctﬂm@ﬂﬂé’& mmurﬂ'fé(r@@tm& €'s of
10:1, 3:1, Egola Vlrugre used. The cells are seeded into 96-well plates, and
24 hour | ater
20 After determining the best-performing modified GP variant, the extent

that the immune response elicited by it is enhanced by co-delivery to the

immunization site of vectors carrying various cytokines is analyzed.
interleukin-2, either by itself or in combination with IL-4 or IL-12, has been
demonstrated to strongly enhance the activation and proliferation of cytotoxic

25 T-cells, natural killer (NK) cells and B-cells. Michael, B.N., etal., Cell Immunol
1994;158(1);105-15; Bruserud, O., et al.,Eur J. Haematol 1992;48(4);,221-7,
Jacobsen, S.E., et al., Res Immunol 1995;146(7-8).506-14; Wolf, S.F., et al.,
Res Immunol 1995;146(7-8);486-9; Tepper, R.l., Res Immunol
1993;144(8):633-7; O'Garra A., et al., Res Immunol 1003;144(8).620-5;

30 Ohe, Y., et al., Int J Cancer 1993;53(3):432-7; Delespesse, G., et al., Res
Immunol 1995;146(7-8):461-6. [36-43]. INF-y stimulates the humoral immune
response and increases the permeability of the blood vessel walls at the site
of its secretion (Chensue, S.W., et al., J Immunol 154(11):5969-76 (1995);
Szente, B(.E., et al., Biochem Biophys Res Commun 203(3):1645-54 (1994);

35 Adams, R.B., et al., J. Immunol 150(6):2356-63(1993)), while Gm-CSF

77



30 all unattached cells (which include all of the effector CTLs and dead or
dying LnCaP cells) are renoved, and the renaining viable (adherent) cells
are quarwptoawssdsby the MIT (3-(4, 5-di net hyl t hi azol - 20-yl pCZ(Goddshenyl
tetrazolium brom de) cleavage assay. This assay has been enployed in
detecting the |ynphocyte cytotoxic activity (N, J., et al., J Clin Lab

Anal 1996; 10(1 4 03/ 038057 PCT/ US02/ 35112 and conp

favorably wit ﬁ%?‘ﬁie %i%ﬂ %@@gg &S ARd P iERRraiessiR APCHite ;he S'tleé?fl ability
and speed. 5) tHdEEEA0ENBaHEY, ng\ fétratptmﬁ)ﬁ§ndﬁham4ééd/6ghﬁzgzy)tﬂm@ﬁ®9§ .and their
effects on the efficacy of th enetic vaccines To augnent t fects of

the vaccine, dag&6re Hl/‘HPe’dH@’é’ﬁ@/ STAxASIBA 99%); Ehan essettaheChung
i mrunoenhanci pg,GyiPkhes Ch%“? 18% 3ble? 95#_%4 IL12, INF-y, and GWCSF is

used. Initially, each cytokine is sepa ately cloned or the 10 cytokines are
cloned i@ various Songionps PHIZBiwees cktimite\dre aljected suhcsitaepasipivih af rom t he

vectors encodi u?@&f@xﬁng'oq%’bsselgagd y egﬁ{}/& nCISir;l'ﬁf‘r’g( ect \Rﬁ%ﬁf ;ndi/\e“c?g?l

cyt oki nes or e|r onbln trons are’'s u

encodi ng t he the fokewieg aediotdrddyRGahnddb2 rAd- mg/lun,eaxcamwgems\d Fey and ers  of
serum ant i bodi s :fsj_:orrpared, as well as the tine it takes to reach 15
effective tit ' mani mal s i nocul ated with vaccines in conbination with

different cyt okl neswmrc@smnmgaofs@mp Sre JARHCPAREANARRIIStal bow &
det ermi nation of whether inmunoenhanci ng cyt oki nes induce hi gher | evel s of

anti bodilfs, sABMEEKS PRECEHIDGEIR Erampleet. Aiviysisy of teialoChis PefafiRAtpinggai nst
the Ebola vi Eugsa %@u%l‘iz‘ﬁ{g Q&F\/W g‘d&bé‘@d@ﬁn@%ffe‘rﬁ@rﬁlﬂrtﬁ%}@Bmf‘Qﬁ“ECEC?d GP

vari ant, the extent he i'mmune Tesponse elicit IS enhanced by
co-delivery t&R H’ﬁ?UdPWﬁﬁﬁW&t&l\’ir@W%tw@ tb‘feC\t'é@t—@lcgllscaﬂﬁﬁhtt@R@ﬂ'l—ous cyt oki nes

s anal yzed abihid GiHdied oyGhikhgsoRYn it o b DR GABENBIC AR Ut N | L4

or IL-12, has beeh denbnst r strongly enhance t activafion and
proliferati ontF@lﬂSWﬁthlpcﬁ EBOﬁE@Dn@ruchas desdribkd il Exanipigy. deivels ocdnd

3 cel 15 Shghos i oo e SPShu 330 4984 gy & vt o0
| munol 1995 taB(Er@|:aB68ys14n sulefcasSs, Fheseatssays ¢an diEMQlummemNeéBQS
L80UT_9): 49 Rl RSy ors ol PO e O S B2,
53(3):432-7;, beliespessssiorGeyelebf aytokinéedelivered using Adenovirus vectors and

how they correlate with the development of the immune response.

20 After the individual cytokines are analyzed, those that performed best
are tested in combinations. Four groups of 30 8-week old mice are injected
subcutaneously with a mixture of 5x10* i.p. of the selected GP variant vector
and 5x10* i.p. of up to 3 selected cytokine-expressing vectors (if fewer than 3
cytokine vectors are used, i.p. counts are made up with Ad--Gal vector). Six

25 mice from each group are sacrificed at weeks 1, 2, 4, 8 and 16, and analyzed
as described above.

To verify the robust and reproducible nature of the immune response
to the GP vector and multiple cytokines in different species, the experiment as
described above is reproduced in rabbits. Five groups of six white New

30 Zealand rabbits are injected into the thigh muscle with one of the following
vector combinations: the Ad-B-Gal vector (10° ip), the selected GP vector (2.5
x 10° ip plus 7.5x10° ip of Ad-B-Gal), and three cytokine vector combinations
(2.5x10° of each cytokine vector) plus the GP vector (2.5x10° ip), as described
above. The animals are bled 2 days prior to vaccination (pre-immune bleed)

35 and then according to the schedule described above. 5 to 10 ml of blood will
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| mmuno/ 1995; 146(7-8):461-6. [36-43]. INF-y stinmulates the hunoral inmune
response and increases the perneability of the bl ood vessel walls at the
site of WD9398806Et i on (Chensue, S W, et at., J Imunol PEF(BLY/3HIH9- 76
(1995); Szente, B.E., et at. Bi ochem Bi ophys Res Commun 203(3):1645-54
(Grlr??:lsl?: 35 Adanms, R B., et al. . I'munol 150(6):2356-63(1993)), while

7 SO r ophages
and ot her p\r/\t)l8 g@@g@g%ﬁ% LIJ\o ﬁ%%isﬁ % geﬁ&ﬁ‘%ﬁé%ﬁsﬁ g%tf?%lﬁtsﬁg@a{@c p get
al ., Ilrnmn?p;nmceraaeeladt@ye)ZQ(Z) 111-9 (1995); Dale, D.C., et al., AmJ
Hemat ol 57(1):7-1 1998 Zha H Tsa Chih
77(10): 32-6 (199 3%395%‘?5‘9& @B‘& fo e byaReas “n%eggh zh‘rogg‘lyﬁﬁ%ct ed
subcut aneguslr,y%bﬂ mbdas itmis yosgibledhatIxdiDithmymeosystdnes wﬂiltetzeedto@P varl ant
vect or 5x104 n n cto Ad-1L2,
o A R P, SlnecE o, et Bt BBl M o g L
group are Sacttohfdld‘gi_’,ﬁbxmﬁb@tmbyhadtaatanb m&se%yt&n@@@ndlﬂeu&fécé&t@l@ as
described in Exa n sis of t t al. GIS {_' ?Fg usi ELI'S
noutral | 2i ng Al rePRE etpindh e faned oSHEr FesielgvoRsS or ERo
GP pseudot ypeslmic! ihaihied higRfver oft dquivafepel. lieledesiah), sped@dsisgatific GP CTL
activity is perforned by m xi ng spl een-extracted Ls with target LnCaP

cel I's transdgEienspithessrvainegrandieqtiajeed aad gleaed e e afepRuimhl e 4.

Level s gf 15/e¥t%‘?é QMﬁe?Yééélﬁt RGEntioR thspesRUMGBIR GhdMhdbanty statiegl by ELISA
usi ng avail able comrercial assays. In some cases, these assays can

di stingui sh between hunan and murine versions of t he sane cyt oki ne,

provi ding di rsct infngOREL HANeHOBNLNS, ESRISHSIdRbENRh S Bfe GICRKIANES

del i vered using AueHOVTrus VECT OT S and nowm@y COT T €l ate W th the

devel oprment of tha Ngiing S 4 gathpg Aieng® stuidie g aiid nes are
anal yzed, those t pﬁQ st are tested i n conbi natl ons. Four
groups of 30 8-we i %% QFS jected subcutaneously vvlth a m xture of

5x104 i1p. of the selected GP vari ant vector and 5x104 i.p. of up to 3
oo ot e Oy K1 e gt U GRS o BV WA S e 05 1
group are Sthe fihgla@drsidn mﬂaksvadcméveeiors&ramﬂtslrﬁctednc'rhesmb(ympldx as descri bed
e LD e SRSk AT LSOl Bk Fofghdiey e respone
experi ment asgntigens into target cells using a single vector. Dose-titer analysis in mice and
20 rabbits are conducted to identify the lowest dose required to generate
maximallevels of immune responses. Different routes of vaccine
administration, such as intramuscular and intravenous injection, oral ingestion
and nasal sprays are compared. For safety studies, dose escalation
experiments in mice and rabbits are conducted until toxicity is observed or
25 until levels ten times the effective dose have been reached. Finally, additional

safety and pathogen challenge experiments are conducted in primates.
2. Genetic Vaccine Against HIV
Specific embodiments of the genetic vaccines against HIV and

30 methads of their construction are described in detail as follows.

A Construction of replication-defective adenoviral vaccines against HIV

1) Ad-ET.RIL2
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descri bed above is reproduced in rabbits. Five groups of six white New 30

Zeal and rabbits are injected into the thigh nuscle wth one of the

f ol | owi ngwOwams89s7 conbi nati ons: the Ad-R-Gal vector (106 ipp)/usphiasisel ect ed
GP vector (2.5 x 105 ip plus 7.5x105 ip of Ad-R-Gal), and three cytokine

vector conbinations (2.5x105 of each cytokine vector) plus the GP vector

(2.5x105 ip), as descrlibed . prior to
vacci nation (pre- %ﬁﬁﬁ?@%‘f%é@?‘g ?d %3%%@8%8 ﬁ'r?gé‘f@ ct%ﬁrg%éélﬂgdul e
descri bed ab@é@uerﬁ:eé@orlrﬁult‘rﬂ)leG-ﬂVlahthglihsvaJdlngEnV\D'aOBérﬁ:BB%EroMé @sa2/ 35112
be extracted, es SISI fornmed i m.Jar fashion to
that of nic “h%&lg%> AE‘&%‘ e XB@&P'ﬂaqg}ea‘HW i H9E)3 8Q H’ES are
Uslefj Ihn ”DUSQ@@dpargwgbdrdntrlam&ﬁl ( by olrrtotérs iese lhlcﬁfférbat:]reglbasr)fihmmne syst ens
W ave a non 5 identica to es to those However,
a hi gh degr e@dgRovilgbyefitefgy Niskesian 'gZﬁA% tﬁ%ﬁ@%‘%ﬁ?&%[&‘é‘géfﬂ@k nes and
their recept @xsressiBAéf BHiRlthe Wpsl dn8G&s snd 9B iMMRAGIsIRISorys2nmdiioman or

ot her hosti an cytokl nes in mce indicate a high |evel of equivalency. If

necessary, sS8bARGR igRINOTRRICItY e EP GHENRIrA YREGECe ASTKINELYcan be obt ai ned
and cloned i ’éfxg Jﬁrﬂ@ntﬁpd'%ﬂé%fefs%hte%% ’tﬂ’ecﬁé% §e6{font & RIPDOMI vieBreeRt i on for

speci es-t ar get cytokine activity studies. &) Optim zing the efficiency
and rates of caaablmoéshcattrigcmrom humeral dBETUAE resrense shafivelsmgalst BY and

pat hogeﬂ) chal I ﬁﬁg’% studies in non-primate and prinmate ani mal nodel s 15
After determning the best conbinations of the cytokines and antigens, the
final version of tThe adeoovira vegor, M= ARYILZoweS ﬁgmtwtedwmtmﬁ%x

recombi nant adegﬂ,\(&egh%ggl\éﬁ? c;[o%t?ucqlﬂé'tﬁ’eeéd SRBLNBELABSaBin SN AR

anti gens intgt. SII’] er anaIyS|s in
m ce and 20 rc@lsmnesi indetati@bdue.t BdeftyoEcdlémmdlyesthmlohdmgmerxu&em hiYeui red to

generate nmaxi mi n of vacci ne
admi ni strati o S%’g%&@\/l 1n? gﬂt}/ﬁ ‘%\8 :%(?J ﬁ?slr%é% é)e“z Fi’brnjﬁ 'CL I on or al
i ngestipn al‘éﬂlcﬁ@éeﬁ\knlcﬁmeaym/eam% graBpdiué tengFogp 420 ehy gpt tidfiidenglose
escal ati on experi nts o bits are conducted unt toxicity is
observed or % t?@%‘lﬂg %tﬁ ‘“falgié%ealtgﬁ\é “é:‘\‘sf'%%et e\?ént(?gé%geﬁta‘?ﬁéjl (Eéen r eached.
Finally, addlrégleﬂ)ad;f thé afj@ﬁcmar@bn@mélwa ghiattib eager exqtrigne atshugice
conducted in prinmate 2. etic Vacci ne Agai nst HV
vector pLAd ‘E.TR (Flgure 16A). DNA sequence of this EcoRI/Xhol restriction
fragment [SEQ ID NO: 14] is shown in Figure 38.
20 The sequence encoding IL-2 (with a silent mutation CTA to CTT at
amino acid position 79 to delete the Xbal site) was inserted into E4 region of
the adenoviral genome using a shuttle vector, resulting in a shuttle vector
pRAdJ-ORF6-IL2 (Figure 16B). DNA sequence encoding this mutated IL-2 (IL-
2AX) [SEQ ID NO: 15] is shown in Figure 39.
25 Both pLAd-E.T.R and pRAd-OFR6-IL2 were linearized using
appropriate restriction enzymes such as Xba | and EcoRI and ligated to the
backbone of the adenovirus (Figure 4B), resulting in the recombinant

adenoviral vector Ad-E.T.R/IL2.

30 2)  Ad-3C/ETACAT*-G
Another adenoviral vector, Ad-3C/E"ACAT*®-G, was constructed to
carry coding sequences for multiple HIV antigens including a modified Env
(gp160) with deletion of the cleavage site between gp120 and gp41 and the
cytosolic domain and Gag proteins, and three different cytokines (IL-2 with
35 silent mutation CTA to CTT at amino acid position 79 to delete the Xbal site,
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Speci fic enbodi ments of the genetic vaccines against HV and 30 nethods of
their construction are described in detail as follows. A Construction of
replicatiwo-odessesti ve adenoviral vaccines against HV 1) pAGABIT3RiI L2 79
WO 03/038057 PCT/US02/ 35112 An adenoviral vector, Ad-E. T.R/I1L2, was
constructed to carry codi ng sequences for rrul tiple HV antigens including

Env, Tat, and Rev proteins, and interl e t
Expr esei on ofINFreahf AT 4 S 1Eers boprasion o 6e [ abiRoR ol by

pronoters | oggh %gtgkl'ﬂegfjsf é%%f‘é’lélg%@ﬁt’r&@% B préfBters RESRAVH Hﬁeré(@ﬁég%ns Thl s

design is believ o ensure high | evel expression of both th
viral anti germfthmad@nfe'lriamﬁ@m Jhisregsignds bPEQVQdé‘P\HetaB'e tgrﬁﬂé'ﬁr@eh'g oth the

i mrunogeni ci t r g | data
presented in Iié}ﬁ é'%SS'sec ?éétlrrl] tﬁ% \ﬁllyi}%g] enow ratﬁg\%\@tug?ré S;u@ﬁ%g({ar%gﬁ?z@of

eliciting st r@ﬂgnbemmmahogamamy@f thesaenowiral vaegingrafs shey Bt HI vV - 10
antigens. The adenovi

strategi es <experima a(g%%ﬁ 58 dHted rﬁ%g{m&t@eﬁr@n 8 SdSANFHI \%‘c&ﬁvq’s usi ng

constructing the adenoviral vaccines
agai nst Ebol acapablaasofmmtmlgastwngdmﬂnoral idenerid reawﬁ@ in Bpimss ggaimd &t/ Xhol
restriction fragnent fromH V-1 strain BHIO (H V-1 or HTLV-111B, dade B
Accessi on No:2MWE5B%4), which 15 encodes wil dtype envel ope gpl 60 (fuII ,

length gp 120 and ppéthdendvishll vdcRnghdr3CHE AR E-T avasasuasfrudted Lisingt h wi | d
type Rev, was inserted into the left end é% i.on) of the adenoviral
genorme U8i ng strajegies pigigeiorthpse for SAMSITUGH a?cgeﬂgi"felléacq}?ae@ﬁﬂa"}? Ad-E. T.R

(Ng' gure 11i6§) Sﬁ%‘évﬁ@&é@Bé&r@fedﬁrhuétaﬁggﬂe/ iy T @etsehGahcerironi Hagment [ SEQ I D

owmn In F 20 Th
i1 ent mut at | SICBAIOGNEFRCaRes BAYHBI L HOBBMA PO PIY- VS t he Xbal
site) was ins Eﬁ"lgd't&ﬁgle% h%%@h@éhc‘ég enE:&ﬁng’iﬂ@ @é’é\faéb SGGRFQEER%EQQDGI shuttle

vector, resul 'n-a's l'e 'vector pRA gure 168) DNA
sequence encoUJOngﬂ$n®dﬁdtbaﬁleldlepﬂ_dezat(n®1“02ﬂ>‘(5)1{@E@4‘ W@Cy@ﬁ‘i‘q s shown in

rigure 39 2580LR ol dmido Balh 1B (Bl ivg rilieleBiidd BORiteA 78601 NG

appropri |on enzynes suc and ligated to the
backbone of t BeS(B)demmmenualoO@Mgh tiee g@)uence sotadinga ifyll |@'B9$h (ago B At

adenoviral vegt of AdE TaTEd kiiond Bt e 48nB5tat g8h&ME 38y @ shuttie vector.

DNA sequence of this modified Env (ETACAT (BH10) [SEQ ID NO: 16] and
that of the full length Gag [SEQ ID NO: 17] (amino acid sequence of which is

20 SEQ ID NO: 18, Figure 41B ) are shown in Figures 40 and 41A, respectively.

These two HIV antigens are expressed separately from a CMV
promoter via a retroviral splicing donor (SD) and acceptor (SA) mechanism at
two splicing acceptor sites, SAq, and SA.. To facilitate efficient cloning of
various gene fragments, a cloning vector SD/SA1.2.3 was constructed to

25 include a retroviral SD site and multiple retroviral SA sites, SA4, SAz, SA; and
SA. In this example, the SD and SA sites were derived from Moloney murine
leukemia virus (MMLV) and their sequences are shown below:

SD site (MMLV nt 204-210): AGGTAAG [SEQ ID NO: 72]; and

SA4 site (MMLV nt 560-568): CTGCTGCAG [SEQ ID NO: 73].

30 Each of the SD site, and the SA;, SA,, SA; and SA; (SA+.4) sites which share
the same sequence was inserted into the multiple cloning site of a cloning
vector pSP73 by using standard PCR mutagenesis. As illustrated in Figure
37, SA; was inserted immediately downstream from 3D site, followed by SA,,
SAs and SAs. To test the levels of expression of multiple genes via the SD/SA

35 mechanism, the GFP (green fluorescence protein) gene was inserted between
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Anot her adenoviral vector, Ad-3C/ EmMACAT300-G was constructed to carry
codi ng sequences for nmultiple H'V antigens including a nodified Env

(gp160) wwotemadosri on of the cleavage site between gpl20 aod/ugpbsiand t he
cytosolic domain and Gag proteins, and three different cytokines (IL-2 with
35 silent nutation CTAto CIT at amino acid position 79 to del ete the Xbal

ector  ExpreSUGR 874 She MM gSRsenAL BAA 9% o ndbe Ficidpar at of y

control | ed by eppegoibels/elon#iae foir dickiet®ni:.4.egi ons  of the adenoviral
vector. This design is believed to be able to ensure high |evel expression
of both the viral &NA gequenserienspdinanMfeA seandizramere ingaded ito theenhance

| munogeni ¢i t WdinglRRIREENENH b %fft’é’?’(‘sc‘[b.d@ﬁa, S f@?%ch%ivlegﬁ(pf%%irgﬁﬂﬁe ¢ data

presented in the next section, this adenoviral “vector cap

eliciting strdAgonya® digesiemhitie=cobdbandbsholrangdriherfthgmantadangtiniby V.  ant i gens.
The adenovi r algm - g‘é&‘é] - c tructed usi 10
strategies si = %?%ﬁ_%mtﬁ%%@% of congl?o(r)a'f?%ﬁ\%gowﬁg&él n\é?\?qurarles{')g'&'innes

agai nst  Ebol aRAdrOBRFesne EEACKEY -GriFidrirai TApSvate Bidt&t ckpatiifer sequence
fromH V-1 strain BHLQ that _enéodes Env/ gpl 60 (nucleotide position
5580- 7850) waSXPEEENG CHIEr PRGBS ASShona helgyneir e retieddl 85/S%e cl eavage site

( REKR [ SEQ | Dmddfhanidrhivér8 A&l dad @;,\gj fRtdfR s’:}Fat&B,Si tion 7101-7112) and the
i ds

cytosolic 15 domain of 100 ami no acids in |ength ('encpded_by nucl eoti de at
posi ti on07850- 815@pauaRrestanepding NyHiipleimmuRGetingdaioens inslusingobinith f ul |

| ength Gag, i ki i : gjnpn vi ral
genome usi ng g%zﬁttﬁﬁTtgtI%Q%%?S H’yﬁi&tgﬁ%ﬁé&%ﬁs% ’[rﬁn% aﬁéé%‘\ﬁlé%ﬁ%% ( Et ACOT
(BH10) [ SEQ | Ibskided néd Edrrdgion batheafdenheral gehorhenging aGhgtteSEGQorD NO. 17]

(am no 2ct d s Oy ilel A FER R sdBa Bl AR Bl o1

in Figures 40 an respecti ve Xpressed
separatel y fromnot@Wa apetoutésplicing donoe(Sm)\dndadccsbi (SA)gnabpamicm(s3D) and

accept or, ( SA) chanismat  t splicing a pt sjtes, SAl, and SA2. To
facilitate ef %*Iq%? 8‘?1]{(:"19 FHERGT S es’gﬁ“ dsaﬁéﬁgﬁ ?é@ﬁ@%ﬁ%yeéowreﬂww vect or
SO/ SAL. 2. 3 wass desiyplatadCplext-80 (Bigut¢fmide a retroviral SD site and nultiple

retroviral SA sites, SAl, SA2, SA3 and 9A4. In this exanple, the SD and SA
sites were deri vedBPHORRMIORTE CE MEAT ek and ALAG-BGsverRInsarizadd t hei r

? g‘]qyegﬁgs ar e ysing Wpp R restRetiint EnA MM Yudt a2 B2 240 Ecmﬁﬁgaieﬁg D N

the backbone of the adenovirus (Figure 4B), resulting in the recombinant
20 adenoviral vector Ad-3C/E™ACAT*-G.

3)  Ad-3C/ETACAT®.T.R-G
Yet another adenoviral vector, Ad-3C/E™ACAT®.T.R-G, was
constructed to carry coding sequences for multiple HIV antigens from strain
25 PNL4-3 (Accession No: M19921) including a modified Env (gp160 with
deletion of the cleavage site and the cytoplasmic domain of 33 amino acids in
length), full length Rev and Gag proteins, and three different cytokines (IL-2
with silent mutation CTA to CTT at amino acid position 79 to delete the Xbal
site, INF-y, and GMCSF) in the same vector. Expression of the HIV antigens
30 and the cytokines is separately controlled by promoters located in different
regions of the adenoviral vector. This design is believed to be able to ensure
high level expression of both the viral antigens and the immuno-stimulators
and to enhance immunogenicity of the adenoviral vaccine. As shown by

experimental data presented in the next section, this adenoviral vector is
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SA14 site (MWV nt 560-568): CTGCTGCAG [SEQ ID NO 73]. 30 Each of the SD
site, and the SAl, SA2, SA3 and SA4 (SA -4) sites which share the sane
sequence wa3iswerted into the multiple cloning site of aPclrarsongsiivect or
pSP73 by using standard PCR nutagenesis. As illustrated in Figure 37, SAl
was inserted i medi ately downstream from SD site, followed by SA2, SA3 and

SA4. To test L Of ression.of nultiple genes via the SO/ SA 35

nmechani sm thégwg%@gﬁgfﬁ?@ﬁg gg@QWE@“’BPB? é?ﬁ‘?gnﬁee'ﬂ@%@siaﬁ%@?ttféw bet ween
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encodi ng mul tj i ~&hd ) - tng ll-2.(with si |l ent
mut atl on causha By ERs b PAGE P ankils Uitb Rl oyt Mool ¢
i nserted i nt on@leotilgiaposition ReSaGEdmN embthgend tenysiong vathslequétaesvect or .
promoter v a SRl ol 5o Bl erlses TRER AR BB e ocnant sm
at 15 three sihleirighhgna(emrygom) sf thesadeBdviral Gé2omansinGAdhutteescsiodt t | e vect or
produced is desig e LAd= 3C (Figure 17B). Both - ORF6- cnv-
Enz CAT300G and pLAﬁﬁ‘%s&d\REereQQI|\f? 'é??%@@ ewgq%ad éﬁ%%%&p*g?’ﬁ &&MVriction
enzynes such pniier via anetrdsraRiplieind doh@a(Sed ah@ actdfo @Rl hRRRaMEM e

vect or

adenovirus (Fjgure 4B), resultjng_.in_the reconmbi nant 20 adenovi r al
Ad- 3C/ E" ACAT@%%‘% %?"05%9 akGerRey %t?ﬁc%e@i.\zr.aﬂdéﬁvet'r hgsbutevealaep®deRd vect or,
Ad- 3C/ ETBCATIR.dbsinSied WA d-EPASATRIGLRE (Fiyarsy BRA SRUEROR! for
multiple H'V antigens fromstrain 25 pNL4-3 (%ccesss%%gH : g'égl)
i ncl udi ng a nbgirediipddriy, eggifeblengthimaiend ReyiSER IPANO:c19 vetgevnsint e and t he
cytopl asm c dgjgBid49f j no.aci i f engt h and Gag
proteins, and IItg{’%r ee dP@e@n@ﬂggggﬁ#@geﬁ%@gm full Iéﬂdth bag(:from ﬁR}’

strain BH10 [SEQ ID NO: 17] are shown in Figures 41A and 41B,

respectively.

20 The shuttle vectors, pRAd-ETACAT®.T.R.-G and pLAd-3C (Figure
17B) were linearized using appropriate restriction enzymes such as Xba | and
EcoRl and ligated to the backbone of the adenovirus (Figure 4B), resulting in

the recombinant adenoviral vector Ad-3C/EMACAT® . T.R.-G.

25 4) Ad-E"AV; » AC AT®. T.R-IL2/G.IL2
Yet another adenoviral vector, Ad-E"AV, , AC AT®.T.R/G.IL2, was

constructed to carry coding sequences for multiple HIV antigens from HIV-1
strain pNL4-3. The sequence from HIV-1 strain pNL4-3 that encodes
Env/gp160 (nucleotide position 6221-8686) was modified to delete the

30 sequences encoding the V1 and V2 loops at position 6602-6796 nt and insert
nucleotide sequence GGA GCT GGT [SEQ ID NO: 12] that encodes amino
acid sequence GAG [SEQ ID NO: 13]. This HIV Env/gp160 was also modified
to delete the cleavage site encoded by nucleotide at position 7736-7747 (AC)

and the 33-aa cytosolic domain encoded by nucleotide at position 8687-8785
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with silent mutation CTA to CIT at amno acid position 79 to delete the
Xbal site, INF-y, and GMCSF) in the sane vector. Expression of the HV
ant i gens W0 oatsBoshe cytokines is separately controll ed byPprarso/ays2 | ocat ed
in different regions of the adenoviral vector. This design is believed to
be able to ensure high I evel expression of both the viral antigens and the

I mmuno-sti mul atgQrs,, and. enhance i mmunogenj ci e i ral

vacci ne. As éﬁtv\% %‘9”9 é")'ébgi?? ﬁ%%egf:esd%rg%?dﬂﬁgfg@ﬁe[néﬁl l?%\/ {é}gnﬁ&%@?ﬁ)&% on, this
adenoviral vegddified 5nBRadRsEDRRIMHE IECIAUBOR/3h] 3f theapehbdradf el iciting
strong hunoral inmmune response in animals against H YV antigens. The

adenovi ral veeNeMe YSNGTAIHOEDY. PNA [AURAGS gorrsinaBedpelising  strategi es
simlar to th(@?%\éf Ac Sgg‘fgﬁ@&@th%]ﬁQ%ﬁ'&Vﬁ [AtigiAFg3. nes agai nst 5 Ebol a

virus as described in ove. Briefly, the sequence fromH V-1
strai n pNL4- 3 t hatAdsitoodis IEAWilp belertmudhkwt ¢atsed byideledian 2 Xha 8686) was

nodi fied to del t i [ 1@ oded by
nucl cot i de ot Boal e G I K 25 TS T ol R e M e by

nucl eot i de atBqio#id modifi8® &rv an8H)-2iane bxprgsded sepdratdlg fromed 8MY Wi t h sequences
10 encoding full Jength Tat., Rey,. and fromH YV in Bl - ,
inserted int (prorpH{gr P’%&Eel—rgﬁ'aal@EW"P%@?%G)?Q@a?‘ﬁ%%&&%i@/i&f@@%&sﬁgk using a
shuttl e vect aio spildies 8cddptsraitel, \6ArndBAES Al Thexghutrsedts epaiuatelsy from a
CW pronoter via a retrovir donaor D) .and acceptor (SA)

( _ i ral sglicing ) IgS
mechani 5n at designatedAd EngVaceeptioh-Rab2 8d9ueal9%802  and SA3. The shuttle

vect or produced i i @F{M (T ; i i DNA
sequencg encodi ng%de@rqg%s?r?éebgh@ﬂb ang%;gl?ﬁ?t @gtﬁﬁ?ﬁcgaﬁa%”%\%foéEQ | D NO

19] is shown Xbe ' SteghNA SEQ IDNOQ: 5 28dGee e HI\GAGTaindd 1Mt IAZ ful | | engt h
Gag fromHV r aj gﬁg | P%Eh IGER f#1A and 41B,
respectivel y.16§8’ @h‘g‘ S u??l['\gﬁ\?g Rg@nséé%dﬁgn%& 9. blﬂlg.g-a%eaﬁgrapLAd%C
(Figure 17B)ganeme usingeashuttid vestbngrhaspriop praieins pesexiressedrseppiayeies such as
Xba | a EcoRl | i , . e, of ' Fi gure 4B),
Fesul t1 0y i n Teha Y SaMhERYEE Gy RR SRR ARG 2
4) Ad- E'nAV1, RedanAhBat tWoRplitiag cddpor\sites vt drer Sagd eimvshudtle wagtdror |
Ad- EmMAVL, 2 AC AT99. T.RFG 1 L2 S r ed t rry codi ng sequences
For mul t1 pl o HPCERS enenet AR PO I THRr TofF
Both pLAd-cmv- E™AV; » AC AT.T.R-G and pRAd-ORF6-G.IL2 were
linearized using appropriate restriction enzymes and ligated to the backbone

20 of the adenovirus (Figure 4B), resulting in the recombinant adenoviral vector

Ad-E™AV,, AC AT.T.R-G/G.IL2.

5) Ad-E"AC.T.R.N/G.IL2
Yet another adenoviral vector, Ad-E"AC.T.R.N/G.IL2, was constructed
25 to carry coding sequences for multiple HIV antigens from HIV-1 strain BH10.
The sequence from HIV-1 strain BH10 that encodes full length Env/gp160
(nucleotide position 5580-8150), Tat, Rev, and Nef was modified by deleting
the sequence encoding the cleavage site of Env and inserting a Spel
restriction site. DNA sequence of this insert [SEQ ID NO: 21] is shown in
30 Figure 44, and was inserted into the left end (E1 region) of the adenoviral
genome using a shuttle vector, resulting in a shuttle vector pLAd-E"AC.T.R.N
(Figure 20).
Both pLAd-E™AC.T.R.N and pRAd-ORF6-G.IL2 (Figure 19B) were

linearized using appropriate restriction enzymes and ligated to the backbone
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strain pNL4-3. The sequence fromH V-1 strain pNL4-3 that encodes

Env/ gpl 60 (nucl eotide position 6221-8686) was nodified to delete the 30
sequenceswongosiosy the VI and V2 | oops at position 6602- 6Pe&/usn2/ava i nsert
nucl eoti de sequence GGA GCT GGT [SEQ ID NO 12] that encodes am no acid
sequence GAG [SEQ ID NO 13]. This H'V Env/gpl60 was also nodified to

delete the cle ge,Site e oded y nucl eotjde at position 7736-7747 (AC)
and the 33- aaogéieo%qﬂ”iolf"‘ffo ogeuting Ind g recomiirani edepevirel wastaeg7- 8785
83 WD 03/ 0380%4- @g@_hﬁ@@&@ﬁ_@Z (AT99). Along with the sequences encodi ng
full length Rev (R) and Tat (T), the nodified env was inserted into the

| eft end (E1 region) of the adenoviral genone using a shuttle vector. DNA

sequence enco th mMAV1, 2 AC AT.T.R) [SEQ ID NGO 201 is shown
in Figure 43. %Ié Addqlr&telEo%gﬁ,/b IQ"I;;L 2 (with a silent nmutation caused by

del etion 5f Xba | mbmth@%%@ré@ebi@r ABE" X SI/GMSE IR Eodsiisied Ram from
the nodified env. ,oth the nodified Env and I L-2 are expressed separately

froma CW pFafbEefing seauences rswmyitple &Y peiigrpsdonpH-ssjraiaHtkcept or  (SA)

mechani sm at  TheRe§ibrde fdin APE-ARLAIN BHiEhat é@éooe§¢ulﬁé13_ét§/§1v/m%os huttle
vector produced is 10 desi gnated gLAd- EmAV1 AC AT (Figure 19A).

Sequences enc&wcﬂﬁ?t'ﬂﬁws' i 55891% 9, evith W%ﬂ%ﬁoméem@d’éﬂte@e‘()n of Xba
| site, R et Wels nJr@iﬁéi‘ﬂim%thﬁgrtﬂ%%l}énjcegeﬁ PHitYiddbod ifs 1020

DNA SEQ I D NO 17) were 1nserted I nto enov ra genone
usi ng a 1§huttI0éE0‘ec'Ea§|andﬂ@efséﬂd inserting eednes rQﬁ’fF@tIQRpl‘t@S@N& ssgpance el y 15 from

2 QW pr omt efinef (e B ARG FiRIIE as( SRLyB0hRRET R el S

mechani sm at t acce sites e vector
produced is défi @'nh(tEddeglaA&iemE@dQ\dNuﬁl génage esid@Bshufietviaciol Adsulting: EmAVL, 2

AC AT.T. R G and r | i n rized using appropriate
restriction eH‘z@EJéRAfH%HBC"Pf %‘t% %Qﬁ '\?ﬁéglﬂﬁ one 20 of the adenovirus

(Figure 4B), resul BoRgpiAd-ENgCMNeSOMBRAATRESENEY (Eighre/ ffH)Aere Ad- EMAVL, 2 AC
AT. T.RGGIL2. 5) Ad-EmiC. T.R NG 1L2 Yet anot her adenow ral vect or,

Ad- EmMAC.1P. R Niitgarized ugiag e@amlatecneétmctl%enzumanﬂ ligaigidrg thecbankhors f or

multiple HV %Pfh'egﬁ)‘%a{nﬁ% Mu\[e (Ja%n ’t QIIL:anVgFlHJtﬁ éef-gnﬁn rﬁa%ggg ikl rsaotlF': X;]

strain BHLO that enco nucl eo e poSI
5580- 8150), TaAO;ER&N/@HR. Nef was nodi fi ed by del eting

7)) Ad-ETACAT**.T/G.IL2
20 Yet another adenoviral vector, Ad-E™AC AT*®.T/G.IL2, was
constructed to carry coding sequences for multiple HIV antigens from HIV-1
strain BH10. The sequence from HIV-1 strain BH10 that encodes full length
Env/gp160 (nucleotide position 5580-8150) was modified by deleting the
sequence encoding the cleavage site and a 300 nt sequence encoding the
25 cytosolic domain, but still including sequence for full length Tat (T). DNA
sequence of this insert [SEQ ID NO: 23] is shown in Figure 46, and was
inserted into the left end (E1 region) of the adenoviral genome using a shuttle
vector, resulting in a shuttle vector pLAd-E™AC AT*®.T (Figure 22).
Both pLAd-E™AC AT*®.T and pRAd-ORF6-G.IL2 (Figure 19B) were
30 linearized using appropriate restriction enzymes and ligated to the backbone
of the adenovirus (Figure 4B), resulting in the recombinant adeneviral vector
Ad-E™AC AT*®.T/G.IL2.

8) Ad-E"AC/E"AC
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t he sequence encodi ng the cl eavage site of Env and inserting a Spel
restriction site. DNA sequence of this insert [SEQID NGO 21] is shown in
30 Fi gur ewod3/038087 was i nserted into the left end (El regi ea)/ush2/sd1e2
adenoviral genone using a shuttle vector, resulting in a shuttle vector
pLAd- EMAC. T. R N (Fi gure 20). Both pLAd-EmAC. T. R N and pRAd- ORF6- G 1L2

(Figure 19B) were i nearized in stricti e mes and
ligated to the baclﬁﬁ@ﬁ@ eQﬁSWSVH%I ‘%ﬁ%#%ﬁ@d&?é’%ﬁﬁ?” FCt‘f}ﬁ@/adenovi rus
(Figure 4B), ﬂ’g%bbm@@egﬂeﬁdé@ fER@EdpRE I aaceifed Em) frore¢igr stith EMAC. T. R
NGIlL2. 6) Ad-Enzl C N

1.2 5 Yet anoth denovir v to ,
Ad- E' AC. N/ G 1810 VHEGWF%&’P WVo! St@é‘?ﬁy 65’&‘? ﬁ@cggﬁjfé'ﬁgeé@ Ror multiple
HI 'V antigens I fyskoh 8680-880, SRECERIMEK bAkBeldLidhch) $lagai N BH10
t hat encodes éfﬁ]a@g?%%ﬂééé%ﬂbglao (%ucl e?ti de positi or?65580)8150 W th

precedi n KoZBdikedpeaeleting fl“&tsequ{@%ﬁe engadingidhe clg2vagsditti &Nby del eting the
sequences encod) pg:d 5ﬁh§'nﬁf’%l‘ﬁ%@%rﬁ) el 190: ﬁ]\(s sHn Wﬂ%ﬁ%VM apd inserting

a Spel restriction sit sequence of hi's i nsert DNO 22] is
shown in Fi gwas mserteathdtwﬁae lefheread fﬁédegmboﬁth@adﬁw\ﬂrae@@m ugiRgidon) of the

adenoviral geno h b huttl e vector
pLAd- EMAC. N R gﬁ’vﬁcﬁg’esﬂg?ﬁ ’b%%&”\{ﬁecnﬁ‘%‘?\ﬁ ZMJE Fé@ @gq{,y% 24, (Figure 19B)
were 15 |ineari zedrisbRg seapéwe@bamgehsé mo@me@Enemzvmys[s&mu NQated to the

backbone of the adenovirus ( ure 4B), resulting in the reconbjnant
adenovi @&l veidl vies algp ippetted 'RWOG%* faggon gj)thga\ad@ovmgjgp@@mews@gﬁ_zz NUIHE et

anot her _adenaiiahl ool s il Aor BRAORHGE L e 288t T uct ed to carry

codi ng sequences for H'V anti1gens from strain BHL0. The
sequence from H V-EothtplLAIdFE"B}Glﬁhd hlaAd@RﬁﬁdE'gA@ wiere lir@agized Uﬂng// gpl 60

I d
encadi ng.  he e RIR 1egoR At o et Y p EhhBR e BT O

domai n, but sEiddre g redibgy FEH b esentieint buéhovirengictor FatETAQ/.E'IAGA  sequence
of this insert [SEQ ID NO 23] is shown in Figure 46, and was inserted

into thé3left end (El region) of the adenoviral genone using a shuttle
vect or, resulé)l ng hf e 2kl e vector pLAd-EtAC AT300 T (Figure 22).

Yet another adenoviral vector, Ad-E™.V3"/G.IL-2, was constructed to
carry coding sequences for madified HIV-1 Env having multi-clade V3 loops
and Gag, and IL-2. Sequences encoding V3 loop from clade B, A, C, D, E, F,
20 and G within Group M of HIV-1 are shown in Figure 48. As shown in Figure
48, for clade B (HIV-1 strain BH10) DNA sequence encoding V3 loop, nt 885-
992 [SEQ ID NO: 25], was chosen. In this particular embodiment, for clade A
(HIV-1 strain 192UG037WHO.01083hED) DNA sequence encoding V3 loop,
nt 888-992 [SEQ ID NO: 26], was chosen. For clade C (HIV-1 strain
25 192BR025WHO.01093hED) DNA sequence encading V3 loop, nt 876-980
[SEQ ID NO: 27], was chosen. For clade D (HIV-1 strain 192UG024.2) DNA
sequence encoding V3 loop, nt 888-989 [SEQ ID NO: 28], was chosen. For
clade E (HIV-1 strain 193TH976.17) DNA sequence encoding V3 loop, nt 894-
998 [SEQ ID NO: 29], was chosen. For clade F (HIV-1 strain 193BR020.17)
30 DNA sequence encoding V3 loop, nt 888-992 [SEQ 1D NO: 30], was chosen.
For clade G (HIV-1 strain 192RU131.9) DNA sequence encoding V3 loop, nt
885-989 [SEQ ID NO: 31], was chosen.
The DNA sequences encoding V3 loops from HIV clade A, C, D, E, F,
and G were ligated by PCR to form a single fragment containing multiclade V3
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Bot h pLAd- Et AC AT300 T and pRAd-ORF6-G IL2 (Figure 19B) were 30 |inearized
using appropriate restriction enzymes and ligated to the backbone of the
adenovi r \wO(0Biogaese 4B), resulting in the reconbi nant aden@e¢irnesb2/sdact or

Ad- Et AC AT300 T/G I1L2. 8) Ad-EnmdC/ E'' (r)C 85 WO 03/038057 PCT/ US02/ 35112
Yet anot her adenovi raI vect or, Ad-EmMAC/ EmAC, was constructed to carry

codi ng sequences f

i.es..of | f BH10.
The sequence 13RS m "VeT &t ﬁg? A gﬁfﬁaﬂﬂg&s frgﬂé@y?@r{&@ gqr%/?léde%ér\% Spl 60
((jn:JcIt eot i flﬁ peRdtinh FRyurd $0- é‘&nﬁ@e VBn@memfl iHIY caiedX isseigady cetainad irbtheodi fi ed by
el eting e sequence encodin e cle f the
nodi fi ed Env P 8&19'16[9 ok 129ﬂ12|% th? d%gpﬁﬁ rgmfﬁ%oée@gﬁ&cﬁg rted into
the left endd Ford Reb@s afdr \IBo@dea04s BAl genome usi ng a shuttle vector,
resul ti 359 in a shuttle vector pLAd-EMAC (Figure 23A) DNA seguence

encodi ng® t he nodi fAigdrepd/illystiaecy prasees qu)gﬂ@erat@g,t%l]ga\;@égmg\tlglgde}( erted into
E4 regi on of ) I ti

Shut t e veot A B CReR a i PRIEaLThg g“é‘a%”““?““"&ﬁ’?%'&%ma"’ndﬁ% e
pRAd- ORF6- Ernfgbmeloécllada@arASzlﬁuﬁtm&dvg Flmp'pr%ea@he thegene éeRBRNEBNzYymes and

reconbi nant | JHERGUP H5 Su G TR BORTR oy dARIE B R, |7, Ve,
223_t her adenowdnma#nany@mgiﬁ?dbgmﬁl_l M’sjlpngﬁeset_eﬁpmmd acdmevarsecpriyders disteddn r y

i ng equen es ifie avin |t - ade V3 | oops and
Gag, an fgugg en?ééa"&t dCP‘h%e 8\5%6%?8%‘%'0%3”@' A C D E F 20
ng vam 'ahlg G’BOl(.Ial \I\//I (if !{—H V-dengtHLﬁ(e)ShOVVMP(chﬁi‘gmne 48. As shown in Figure

, for ade -1 strain _ se e._encodi ng V3 | oop, nt 885-
992 [SEQ ID NO. 25], was cho%"é‘ﬁaﬁ?‘% mtoé}%ﬂ@ﬁ?’gﬁ eeflddi ment, for G ade A
(HI'V-1 strain 192UG()37V\HO. 0188315 DN %emwangia; encoding V3 | oop, nt

888-992 [SEQ ID NGO 26], was chosen. For d ade C (HIV-1 strain 25
192BRO25WHO. 01093hED) DNA sef§Uuéh€¥c!@hcodi ng V3 | oop, nt 876-980 [SEQ ID

NO ~ 27] swas chosefy, glfapﬂ%@lﬂﬁeﬁ%&dﬂg\/vélo%gr@'oﬂe%%%@a@dw sequence

encodi ng V3 | oop, nt 888 9 [ SEQ , was chosen. For dade E
(HI V-1 strai rarbdsTHsing. AGR. BmewmﬂertbeP&Ec@f@ﬂ%@tsvscwﬁaﬂaV%ﬁOPS@ﬁ

clade A and C were mixed together, ligated and amplified by PCR using the
primers 1 and 4 as shown in Figure 24, procuding an A/C fragment. Similarly,
a PCR product encoding the ligated V3 loops of clade D and E was generated

20 using primers 5 and 8, producing a D/E fragment; and clade F and G using
primers 9 and 12 (Figure 24), producing a F/G fragment.

Still referring to Figure 24, the A/C and D/E fragments were ligated by
PCR using primers 1 and 8 and cloned into a vector at EcoRIl and BamHI
sites. The F/G fragment was restriction digested with BamH1 and Xbal and

25 fused with the sequence A/C/D/E to generate the multi-clade sequence
ACDEFG (V3™).

To generate two repeats of the multi-clade ACDEFG sequence, the
final PCR product encoding the multi-clade ACDEFG sequence was restriction
digested with Aval (at primer 1 and 12) and re-ligated head-to-tail, yielding the

30 two repeat multiclade sequence 2x V3™. The DNA sequence encoding V3™ or
2x V3™ was then inserted after the sequence encoding V3 loop of clade B in a
construct encoding gp120 which was modified as follows.

DNA sequence encoding Env (nt 5580-8150) from HIV strain BH10
(clade B) was madified by a) deleting the sequence encoding the cleavage

35 site (nt 7101-7112); b) deleting V1 and V2 loops (nt 5961-6161) and inserting
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998 [SEQ ID NO 29], was chosen. For Qade F (H V-1 strain 193BR020.17) 30
DNA sequence encodi ng V3 |loop, nt 888-992 [SEQ ID NO 30], was chosen. For
d ade G (WOW3A3®WST ai n 192RU131. 9) DNA sequence encodi ng VEBCITamsp2/33112
885-989 [SEQ I D NO 31], was chosen. The DNA sequences encodi ng V3 | oops
fromHYV dade A, C, D E F, and Gwere ligated by PCRto forma single

fragnment containing nulticlade V3 86 WD 03/038057 PCT/US02/ 35112 | oops.
Primers for cPUFAPRES $RVENEEEHHES TIFEMTRIIP %g%ﬁ@tﬁPWQﬁsﬁ@goare

listed in Figueg s'éaue@en@ﬂe éequueh M.@,e%ﬁ#ﬂg ﬁelrﬁunﬁlcra%@dz@ |66?;5‘t ained in
t he backbone of H'V-1 t he cl oned V3 loops fromGade A C, D, E F,

and G were in§¢3 t)éeqwt@ratwsuﬂ@@at OF72PRdE) FEPlasing gRileransmaniane at e a
f d
process for Q%Bﬁa@mél,éa@eh@@wlm Q%Iﬂl(%\n@%rtéeglhéﬁ'@e é/&ogkrffaod?gc %@ng\@ O ade B

subsequent cl oning construct enc

As illustrat em%mlFﬁmLQMSL%@AWFMﬁb[SﬁfgéDNQ@}EW saspienet ng t he

envel ope V3 | i vidually
anplified by %@ﬁo r‘f'g?{nh?rgt)é@??j g{ﬁfﬁs [rjtqi&%r[%g] EQ%EPSI@&%?@%@%"ICE% ed in 10

Fi gure 57. Pamainbtie SEG B NOha3,RIuey4dRIds shavit ind=igoatel 490, agd wa&tenatur e: 94 C
for 1 mn; annealing:,5 for \30,sec: and extension: for |
min: tor 20 cyepaed M e Bl el BB  RIbER A Rt R e s

| i gated w th vactot, hesultirgiing SRCRe \Jé@for@xamme\/s"tdﬁagm&%products encodi ng V3

| oops of ~dade A and C werg m xed togegher, ated and anplified by PCR

using th€ pri rrersBP”th'quIEaé/:*sf?é\ﬂ/rPR @REQT%' (Figyre d98) Mg™an A/ C
fragment. Si mih&friz¥d usﬁg%%rdﬂfn@%&tn@mpgi%e%%d'Ii'ggt%rdqg B4 BBﬁe of G ade

D and E was generated 20 using prinmers 5 and 8, producing a fragnent;
and d ade F aﬁﬁtf@a@nﬁyrusm%eé% ragigltinipin tie graoebinpnt agemmuawegtcm FI G
fragnent. Stil énefgmgﬂg to Figure 24, the AAC and D' E fragnents were

| i gated by Péﬁ using primers | and 8 and cloned into a vector at EcoR and
BanH| sites The F/ G fragnent was restriction digested with BanHlL and Xbal

ACDEFG (3t ) Toho SO A of The mul ti- G ade ACDEFG sequance. -
t he To increase the expression level of the multi-clade V3 loops, the

sequnece encoding two repeats of V3™ sequence (2xV3™, constructed above)

was inserted into the sequence encoding the modified Env described in

section 9) above. The resulting shuttle vector is designated pLAd-E™.2xV3™

20 and is shown in Figure 26.

11)  Shuttle Vectors encoding p17 and/or p24
In nature the Prb5 Gag protein can be processed into four different

proteins, p17MA, p24CA, p7NC, and p6. The p17MA protein remains

25 associated with the inner side of the lipid envelope, and plays an important
role in anchoring of envelope to the viral particle. The p24CA protein of all
retroviruses contains a major homology region (MHR) that is required for
efficient viral replication and particle production. Elispot data obtained
implicates that p17MA (or p17) and p24CA (or p24) may have contributed

30 significantly the specific CTL response in the Pr55 gag protein in peptide
mapping experiments. According to the present invention, these HIV
structural proteins are expressed by the recombinant virus to elicit specific
CTL response to HIV infection. Further, these structure proteins can be
modified to include a signal peptide (e.g., the HIV gp120 signal peptide

35 encoded by SEQ ID NO: 74:
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final PCR product encoding the multi-d ade ACDEFG sequence was restriction
digested with Aval (at priner | and 12) and re-ligated head-to-tail,

yi el di ng Wwbe38sBoso repeat multiclade sequence 2x V3m TheCDNA0EsIjuENCe
encoding V3' or 2x V3"' was then inserted after the sequence encoding V3
| oop of Gade Bin a construct encoding gpl20 which was nodified as

: di E t 5580-8150) f H'V strain BHLO
(G ade B) was HOURPIBAOBY P P F H0uE Ega BRee= BAGU-AR Ot e BBay age
“nserting 87 VD03 03B0ST BCT/ 00, 38110 Tuie] ot TaE  Coouance CGA GCT GaT
i i 87 . nucl eoti de sequence
I[gsnganng 1\2/]\%391%@@3%9{8*85@5{/&%HﬁeCf%Pﬁ'Ssé‘eréﬁﬁ% eynesiqingEeymamingne 13] ; ¢)

i nserting theanthdringtdontttn 189, tROBIV GY8MraseftRBGRe JonRASéidoaBd Bg 6572; and
d) repl acjj ng %‘% transpenbrane donai n sequence with a GPI anchor sequence

encodi ng >gl yc EpH&E 'yl 5 inositol, SWLLLLLSLSLLQATDFMSL [SEQ I D NO
9]. DNA t i T I m no
] seque ﬂﬁﬂcat@vﬂ?gﬁb%’%g%@éﬁﬁgg%%gﬂa%g?ﬁgﬁtttﬁtég@a g%&%gté%@éﬁ#?ﬁgé

aci d sequence of ifgure 4 Figure
49A, and was CR¢Raatatcaceaitatcattteagpesaacelisecagiiccaegagn) tathe ishereteddnowi r al

enonme usin I t ' L1 r pLAd- Em V3m
?Fi gure 25).g ?Bﬁ]%g{[ll}]/ Fﬁﬁﬁﬁﬁ%@{gﬂo@ﬁ%ﬁpﬂ%t%@alEthl%@ '{E:@g}reg 19B) were
linearized usiMejRipRe bpundamdiohdestier preisents dine ke sntiged tbrtlﬁﬁbcmy’st (r)rbft he t
backbon of Ir Fi o i in e _reconbi nan
adenovi ?gl vei@gyﬁgiﬁéﬂi Tlger?% éj[] %{i&mﬁ&g EB‘W@W&??F@“%%’EOSP%LAd- Em 2xV3m To
i ncrease the #wpreegsndiy ltethel motant drgigenlthan hleaddve/anligeppshicit v sequnece

encodi ng two V3., sequence (2xV3m constructed above) was
inserted int o{rg‘g‘g@&s@ggéeryg%”&ncodi ng the nodified Env described in section

9) above. The resuhdengiimhstittiieventet were somitsicaad edcpdeeprcsd@m 20 and
nature the pr SS0ERRERoR U H2ar ! B R dtite 0N KATPrEEAL  pr of ef ns.
P17MA, [ZA4CA, fopmiNeacreted fon altefnbfie Bowideformr enai ns 25 associ alt gdi \r/]\n th
e ner o192 Of BB aasRereAr e T B e R ) St
retroviruses grI¥HYWISH FiglieG0ANCHPEPBNAING Sndfo MHIREqlREs [SEQ RINidLd for
37-39], Figure 50B) and were each inserted into E4 region of the adenoviral
genome using a shuttle vector, resulting in shuttle vector pRAd-ORF6-p17/24
20 (natural form, Figure 27A), pRAd-ORF6-p17/24sec (secreted form, Figure
27B), and pRAd-ORF6-p17/24MB (membrane-bound form, Figure 27C),
respectively.
DNA sequences of p17 in the three forms [SEQ ID NOs: 40-42] are
shown in Figure 51A (corresponding amino acid sequences [SEQ ID NOs: 43-
25 48], Figure 51B) and were each inserted into E4 region of the adenoviral
genome using a shuttle vector, resulting in shuttle vector pRAd-ORF6-p17
(natural form, Figure 28A), pRAd-ORF6-p17sec (secreted form, Figure 28B),
and pRAd-ORF6-p17MB (membrane-bound form, Figure 28C), respectively.
DNA sequences of p24 in the three forms [SEQ ID NOs: 46-48] are
30 shown in Figure 52A (corresponding amino acid sequences [SEQ ID NOs: 49-
51], Figure 52B) and were each inserted into E4 region of the adenoviral
genome using a shuttle vector, resulting in shuttle vector pRAd-ORF6-p24
(natural form, Figure 29A), pRAd-ORF6-p24sec (secreted form, Figure 29B),
and pRAd-ORF6-p24MB (membrane-bound form, Figure 29C), respectively.
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efficient viral replication and particle production. Elispot data obtained
inplicates that pl7MA (or pl7) and p24CA (or p24) may have contri buted 30
si gni fi cawolog/osde87 speci fic CTL response in the Pr55 gag proraisn2/siipepti de
mappi ng experinments. According to the present invention, these HYV
structural proteins are expressed by the reconbinant virus to elicit

specific CTL respgnse to H.V..nfection. . Fur ture proteins
can be nodified Pﬁ"q ﬁ@rcgagdg%dﬁgﬁtlep\%&qr%86'1(’%{”8’[.6?%%%28é’%'ﬁ/”épl 20 si gnal
peptide 35 ejemied hy ORBindomiDway4o g8Berdid HBIR3BHBE FPCI¢AIBHIB5112

at gagagt gaaggagaaat at cagcact t gt ggagat t ggagat accatgctccttggga

t gt t gat gat ct gt 9@@')/638%3%@30%7@%3%3@% %&%@"ﬁﬂ%@g@ggtl on of these

i ntracel | ul arepsRbiRbRMSadYoliRg vestbect ed cel |'s. Moreover, by adding a

menbrane anchoring domain (e.g, the HV gp4l transnmenbrane domai n encoded
by 5 SE@ID NO 75:

ttattcataat gaj 89t ag@eogsl/bugl Aagist aagaat agt ttttgct gtactttct gt agt gaat agagt t
agg cagggatattcaccattatcgt tcagacccaoctcccaatcccgag%% to the secreted

. ga)
form of the H V prioueis30ABdhisiatedhe cpesirudion gt 3 (REPICHENpARNGVRAL s
rendered nenbr ' . i t\/ o the
body's 10 i ng;&ﬁgoqugggﬁgw\ﬁgfgg%nn&%bﬁ%ﬁ @ﬁg&ﬁr@?@gﬂé;&%@r}ﬁgﬁ@ﬁ ronger
i Munogeni ci tand @ /@4 immemnbraastioged farhrarAg ilestiated ndigunes gA-Bvi ch are

trapped_intracel | ularl ym enoyi,ral shuttle.v 1 cted to
encode the prmge'ngéa@%‘ﬁtogim%\,’e %f?’owgﬂj E@%@é %ﬁ%pﬁ%&é?ﬁﬁéﬁ t hree
di fferent forgsyomat yaahilslst theovatosgonetietigure 276) dereimenaped boumnd f or m
DNA sequences of pl7/p24 in the three forns %AD : 3@%} are shown
in Fi gure S50AECQRYY ardsBAtIasyiciaR ARZ RSP LIpalaigd ?%E‘N%%Pbe e 37-39],
Fi gure 50B) NG s, $8&NirgNS 81d REomBinanEdddnegiraNedtor Age adenoviral — genome
using a shuttlTe vector, resulting in shuttle vector pRAd-ORF6-pl7/24 20

(natural fornE BKGaI/p1 24y B. pRAd- ORF6- p17/ 24sec (secreted form Figure
27B), a g pRAd- ORF6- p17/ 24MB (menbr ane- bound form Figure 270),
respectively. DNA sequences of pl7 in the three forns [SEQ I D NGs: 40-42]
are shown in18 guAd-B1IXVBEM7&Bondi ng anmi no aci d sequences [ SEQ | D NCs:

43- 25 45], Figur eF|5g%JreBg 3PAB MRS RELohIREAbA St b M QriEind R 3ueRovihl t he

adenovi r al
vector encoding modified Env containing two copies of multi-clade V3 loops

and p17 in membrane-bound form. As illustrated in Figures 31A-B, pLAd-

20 E™ 2xV3™ (details of the vector shown in Figure 26) and pRAd-ORF6-p17MB
(details of the vector shown in Figure 28C) were linearized using EcoR1 and
Xba1 restriction enzymes and ligated to the backbone of the adenovirus,
resulting in the recombinant adenoviral vector Ad-E™.2xV3"/p17MB.

25 14)  Ad-E".2xV3"/p24MB
Figures 32A-B illustrate the construction of a recombinant adenoviral
vector encoding modified Env containing two copies of multi-clade V3 loops
and p24 in membrane-bound form. As illustrated in Figures 32A-B, pLAd-
E™2xV3™ (details of the vector shown in Figure 26) and pRAd-ORF6-p24MB
30 (details of the vector shown in Figure 29C) were linearized using EcoR1 and
Xba1 restriction enzymes and ligated to the backbone of the adenovirus,

resulting in the recombinant adenoviral vector Ad-E™.2xV3"/p24MB.

15)  Ad-E"ACAT®.2xV3".T./p17/24sec
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genone using a shuttle vector, resulting in shuttle vector pRAd- ORF6-pl7
(natural form Figure 28A), pRAd- ORF6-pl 7sec (secreted form Figure 28B),
and pRAd-vwBR8ARIFMB (nenbr ane-bound form Figure 28C), re®pediSoyailyz DNA
sequences of p24 in the three forns [SEQ ID NGs: 46-48] are 30 shown in

Fi gure 52A (corresponding am no acid sequences [SEQ ID NGs: 49- 51], Figure

52B) and were each i 4 eg}.o f the a viral enone usi ng
a shuttle vector, rde'\fsﬁu%"“%g"% rglFKcé) Aot Fg\gt}%{fgtﬁ?g Eﬁic‘”gé{—% !’.bjé)%i) a(‘ag?t?r al form
FuRgA gr (elezz gA) 24pmmm}fpﬂn§w sfasie Btetlesad modfiedbg 4y Bcld@i) tthe s@ladence VO

ne- boun respective
03/ 038057 PCTM@E‘? a"?ﬁ%sg‘ih‘g 7@%51%@5‘1’48@&9\419 G V31 20RsuAL 1 uct ed
above can be &eabbnet) dn lasarm@nmtaémrde%quet(QGQ%@T@@r R flenwar i ety of
reconbi nant g oviral vectors. The foll ar ust a few exanpl es of
such reconbi ﬁ ﬁﬁata%necr‘?gﬁ POYNQ ALY sequense %G b%@ '\}9(\7’333@1) wSQWWQA\N/B Fi gur es
30A-B i || ust r absies bethe ongfi-cladt VB 106 (aveeytélém'eﬁéé]ét &&%ﬂ Zz apfect or
encodi ng nodi m)&% Env_cont ai ni ng two ca(gl es of multi- Toops an

pl7/p24 in me ﬁ@%@ﬁﬁdtoﬁ%‘-‘rﬁo%”lofﬂ @m&t%w%w@% éG:ﬂCQO@dBy 10
pLAd- Em 2xV3m(elestric & pebitibhesset 160), W‘@e%d?en%é %ggd rv?@h.samd.ﬂgé\%nwﬁ'

pl7/24MB (details of the vector shown in Fi I'Tnear rzed using
EcoR and XbalSHFRE N%ﬁ?bﬂh%ﬁww@muengapéwhm netaEQuamme of the

adenovi rgs, [

Em 2xV3nd p17/ 2?% i FS% hw’ i ?'bg'igg né”l%@g%‘?de@ S tf”l“i’ Rhrate the
construction Eﬁgl%)pétf@rﬂﬁenamalademmelusmg a srmd:ttewec&mpr@dulﬂgg moglshitsl Env
cont ai ni ng t 3bol ade, V3 | and pl7 in nmenbrane-bound
form As ill \1/1\2 c(r%at ed #%Hl e%&)glie 'Q%Ef\*?f?zo Em 2xV3m (details of the
vector shown in Fi eumqom@)emwﬁwcv@ﬁﬁsarm AR ORI I 24 (R Ot OF

shown in Figure 28C) were |linearized using EcoR Xba triction
enzynes and | £ (Bxeyeipeatizedpysingnimsonsiate reétr@ﬂ@mewwms andlmtdcthorlkyel n the

reconbi nant  agenByhé Bt thhibRbVIAR - (EiFur YBT-BAANE in e febbmbiaRm 2xVan p24Me
adenoviral vector Ad-EMACAT>®.2xV3™.T./p17/24sec.

16)  Ad-E"ACAT*.2xV3™.T./p17/24MB
Both pLAd-E"ACAT*®.2xV3™.T (Figure 33) and pRAd-ORF6-
20 p17/24MB (Figure 27C) were linearized using appropriate restriction enzymes
and ligated to the backbone of the adenovirus (Figure 4B), resulting in the

recombinant adenoviral vector Ad-EMACAT®®.2xV3™.T./p17/24MB.

17)  Ad-E"ACAT®.2xV3™.T.R/p17/24sec

25 DNA sequence encoding Env (including Tat1 (nt 5189-5403), Rev1 (nt
5328-5403), Tat2 (7734-7779) and Rev2 (7734-8008)) from HIV strain BH10
was modified by a) deleting the sequence encoding the cleavage site (nt
7101-7112); b) deleting V1 and V2 loops (nt 5961-6161) and inserting
nucleotide sequence GGA GCT GGT [SEQ ID NO: 12] that encodes amino

30 acid sequence GAG [SEQ ID NO: 13]J; ¢) inserting two copies of the multi-
clade V3 loop (2xV3™) sequence at position nt 6572; and d) deleting the
cytosolic domain of 33 amino acids in length (nt‘8687-8785). DNA sequence
encoding this modified Env [SEQ ID NO: 54] (the amino acid sequence of
which is SEQ ID NO: 55, Figure 54B) is shown in Figure 54A, and was
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Figures 32A-B illustrate the construction of a reconbi nant adenovir al
vector encoding nodified Env containing two copies of nmulti-clade V3 |oops
and p24 iwormenitoane- bound form As illustrated in Fi guresP82ASE/3FILAd-

Em 2xV3m (details of the vector shown in Figure 26) and pRAd- ORF6-p24MB 30
(details of the vector shown in Figure 29C) were |inearized using EcoR and

Xbal tricti d ligated tq.the b b ] i ,
Kooul ting | nisrRef et kA Ed TaPoLet e Sea A R Bl s BERER 1 5, °
Ad- EMACAT300.RuM3 Mes iy thH SiRevedst pRIGST Q3808 LxRET/TUISQRiIGGR144). DNA

sequence encoding Env (including Tatl (nt 5189- 540%) and Tat2 (7734-7779))
fromH V strain Bih rhAdRoACATed-26Y3 a) - R EPRAG- QRS- bedredFiad iR odi ng t he

cl eavage sit A i i : ; 1-6161)
and inserti n327#]&&%‘%%W%%&é%é’ﬁ@ﬁ)%g@&ﬁgf&r@@ S%@@[%E\é%le%)%ﬁl%%gé@%? ﬁ1t%ﬁat
encodes aM nmaakbshessfqhe adendeiGs [BEard 4B)IN@sulkidy in te rengebingnig two copi es
of the nmulti-clade V3 | oo 3 . SEAH osition nt 6572; and d)
del eting t he adgneye! N%Ctabgﬁ%n%ﬁéﬁﬁé@%gmﬂﬁ%éz}izége?n | engt h (encoded by

nucl eoti de at position 7850-8150). DNA sequence encoding this nodified Env
[SEQ ID NGO 52] (the am no acid sequence of which is SEQ 1D NO 53, 10
Fi gure 53B) i%8)shoAhET ACET qux¥3EIK/pafa4MBs i nserted into the left end (El

regi on) of the ad vi ral J i 3 ulting in a
Shatt1e “vestor piAl EMRBAII00 2B B ik S R RS EracaTs00
2xV3m Tignd QRARARE GFigdre 2Ac)eeeré fingari-ed uding)appeoreiatd restictiareenzysiasg
appropriate restriction enzynes an igated tao the

| 5 bagckb f th
adenovi r us (Fﬁf&ﬁ%te@ﬂth?@%i‘:ﬁmﬂﬁ@fﬂﬁﬁl oM %ﬁﬁp%’dﬁéﬂﬁw lrc[)‘[ah(?e\c/)ect o(ra

Ad-El L CAT3 y 7 ) AGETNGATIRAR ZMRE. T./p 17/ 24MB
Both pLAd- Eodeesna %°¢%é§§§?éd£fcgnd PRAD- ORE6 20 pi7/ 24MB (Fi gur e

27C) were linearized using appropriate restriction enzynes and ligated to
t he backbone th OVob i 4B), resulting in the reconbinant
adenovi r al ve@or &%ﬁﬁ&é‘fmg%‘(éxb%ﬁ./pl?/ 24MB. 17) Ad- EndCAT 89. 2xV3m
T. Rip 13/ 24se c 25¢4tdA rigspaeaed Epot taig ifdivaté ithet lspdeifigrebidns of ttie

5189-5403), Revl t 5328-5403), Tat2 (7734-77 d Rev2 (7734-8008
fromH V )st raé%g B'E‘?E@” W%}’sp‘%a'pf‘%@%ﬁt%?)e%&' %‘E’ﬁ'@g iq?@) r@zﬁggorgsggﬁéﬁlggk )

_ encodi ng t he
cl eavage sit gnfilinized with the adenoviral vectors of the present invention. To facilitate

efficient expression of p17MA and p24CA by the adenoviral vector, DNA
sequence encoding the protease (Pl, DNA SEQ ID NO: 56, Figure 55A;
20 amino acid SEQ ID NO: 57, Figure 55B) from the pol region of HIV strain
BH10 was inserted into a region downstream from the sequence encoding
Gag in a shuttle vector pRAd-ORF6-G.P! (Figure 35). As illustrated in Figure
35, Gag and Pl are expressed separately from a CMV promoter via a retroviral
splicing donor (SD) and acceptor (SA) mechanism at two splicing acceptor
25 sites, SA; and SA,/ SAs.
Both pLAJ-EMACAT®®.2xV3™.T (Figure 33) and pRAJ-ORF6/G.PI
(Figure 35) were linearized using appropriate restriction enzymes and ligated
to the backbone of the adenovirus (Figure 4B), resulting in the recombinant
adenoviral vector Ad-ETACAT . 2xv3™.T/G.Pl.
30
20)  Ad-E"ACAT™.2xV3".T/G-PI
Alternatively, the HIV protease Pl was expressed as a fusion protein
with Gag by inserting a C residue at position nt1410 to allow pol to be read
within the same reading frame of gag. DNA [SEQ ID NO: 58] and amino acid
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7101-7112); b) deleting VI and V2 |oops (nt 5961-6161) and inserting

nucl eoti de sequence GGA GCT GGI [SEQ I D NO 12] that encodes am no 30 acid
sequence VWAG3SAEY | D NO. 13]; c) inserting two copi es of the/usnt/s3112 cl ade
V3 I oop (2xV3m sequence at position nt 6572; and d) deleting the
cytosolic domain of 33 amno acids in length (nt 8687-8785). DNA sequence

encoding this iki v [SEQ I D.NO .54] (the am no acjd sequence of
whi ch is SEQ ﬂ%gﬂtg" @,@FS{‘HG@%%% mgsG%‘%i%W{ﬂS'iOH PERIGINAEC SAMWN Ihd was 91 WO
03/ 038057 PCTFighias 36ALAd S68s esdpedtivent 0Ad Nestt=pdd inamgureds, g pr)piof t he

adenoviral genone usi n% a shuttle _vector, resulting in a shuttle vector
pLAd- EMACAT306 ™ ©RXPERTSP Fﬁr%HLﬁﬁaé“%ﬁMV BemRtes Wi Inthe AemeseadinirameT. R and

PRAd- ORF6- p17Résesultirigi it vedidPls d&ighatdd8apRAGD RISd/Agp1appr opri at e
restriction enzynes and "Eﬁtégd 1o the 5 backbone of the adenovirus

(Figure #B), resul BofiypiAid AEC odB hahFiawent3) end IPRASEO BF6/G-PI

Ad- EMACAT99. 2 T. 7] 24 : a .89, 2x\V3m_ T.. 17/ 24NB
Bot h pLAd- Emﬁﬁéﬁg 9e32?2@@%#%%?3’8?”8%S@ﬁ@nﬂﬁ%ﬁﬁ’“my Sﬁf?/"@%@ (Fi gure
270) were | i néathededkosieno thppdepoviras ¢Figast 4B ) tdsaning Mz ihaascombifant gated to

t he backbone of the adenovjrus. (Figure 45) resulting in the reconbinant
adenovi r al ve@gwovﬁaﬁmg.@i 3t AR I GTFANB. 19) Ad- EmMACA7" 300. 2xV3m

T/ G Pl 15 Peptide mapping and Elispot data indicate that specific regions
of the _Gag protein rrg,yglay significant roles in eliciting CTL response in
ani mal s 19 muRiized PRACHORREGRGETdVT ral vectors of the present invention. To

facilitate effici r I iral
vector, DNA se ue%?:uét\ iér??:]gﬁ?%Sﬁﬂ@gp@%}g@ggéé?@%%péééﬁﬁ%%%G Fi gure
55A; 20 ami no(RBifepnske papregpn si7HIVistpin BHE6 Bpsfinsentetirdo pokgiorgi on of HI V
strain BH O i i reai . treamfrom.ithe guence
encodi ng Gagw‘ﬁ”éé%émﬁﬁeth%‘%ﬂ%r”cg%hg&?ﬁ@ggé%? s?ﬁtladpgt%gg{?ﬁk

il lustrated | PRFcgBa@PI-BT, (Figage 88) A illastet@kiprrigeecs; epgraiccPRT sem a CW
pronoter,.via a retroviral _splici onor (S% and acceptor (SA) nechani sm
at two <plici %Drg%sc’egpstegﬁraéglygriopb%, ARTOIOMEr gfH2 regRyiralspliging donor (SD)

pPLAd- EMACAT308n@ %568ptok (ER) aecRarish adfvb §iteiy ob&dtsr Sles, SK| oM §A35) were

| i neari zed using appropriate restriction enzynes and ligated to the

backbone of tHe%*adenovirus (Figure 4B), resulting in the reconbi nant
The right shuttle vector pRAd-ORF6-Gag/PI-RT can be combined with

any of the left shuttle vector (pLAd) described above to generate a

20 recombinant adenoviral vector.

22) pRAdJ-ORF6-Gag-PI-RT

Alternatively, PI-RT was expressed as a fusion protein with Gag by
inserting a C residue at position nt1410 to allow po/ to be read within the same

25 reading frame of gag. As illustrated in Figure 59, Gag and PI-RT are

expressed from the same CMV promoter within the same reading frame. The
resulting shuttle vector is designated as pRAd-ORF6-Gag-PI-RT.

The right shuttle vector pRAd-ORF6-Gag-PI-RT can be combined with
any of the left shuttle vector (pLAd) described above to generate a

30 recombinant adenoviral vector.

23)  pRAd-ORF6-Gag/Pol
DNA sequence encoding the HIV enzymes PI, RT and IN from the po/

region of HIV strain BH10 was inserted into a region downstream from the
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adenoviral vector Ad-Em ACAT300.2xV3m T/ G PI. 30 20) Ad- EMACAT?0.2XV3m
T/GPlI Alternatively, the HV protease PI was expressed as a fusion protein
with Gag W9 oBf3sesting a C residue at position nt1410 to alPicowsppssiin be
read wthin the sane reading frame of gag. DNA [SEQ ID NO 58] and am no
acid 92 WD 03/038057 PCT/US02/ 35112 [SEQ ID NO 59] sequences of the

Gag- Pl fusion I - i.n.Fl.gures 56A B, ectively. As
T ust rated | SoprgeerRineatln s YRR AR IE R d s a Do
pronot er withiks illld]ﬁresedr}ﬂ Figa %mgdgﬁaim{i(g'ﬁg@ej\agﬁ%éd asdg.?qng,yrﬂo(ﬁﬁ\/gﬁﬁ gr 3|3;5
desi t ed d- ORF6/ G-Pl.. 5 Both pLAd-E"! 00 2X

aﬁzl ggd?mggfﬂq\@wom%‘ﬂ?é refggviraesRiicing glenen &Y andiaseeripniSdpr i ate .
restriction enmcngsisand tho ggicrty adcBplohsitddackbang safs $Ae adenovirus (Figure
4B), resylting in Ll_he reconbi nant adenoviral vector

Ad- Er ACAP300. 2xV3m'#f @9pi shufiis vepjornRAe-CRFE-Gaad? ticarbemmbintegueitice encodi ng
the protease QR bf dadeft SRS GedibABERE) dsEifed 4680k th;gﬁ]ér%Ebea pol region of

H 'V strain BHLO was inserted into a region downstr romthe sequence

encodi ng Gag T9fCRbéARN pRenavial aClgsRAD- ORF6- Gag/ Pl - RT (Figure 58). As
illustrated in Figure 58, Gag and PI-RT are 15 expressed separately froma
CW pronoter via a retroviral splicing donor (SD) and acceptor (SA)
mechani sm at E&b spRAGIORF&Gaept@r sites, SA, and SA2/ SA3. The right

RA - P| - be copgbined with any of the left
:P\ﬂt E : g Iéggt 8; (ppL%Hgﬁgg\é%ﬁ%éh’aggéégg?e@eﬁse%g‘? éﬁneprgygﬂbwlﬂé?;@ Ynant
adenovi ral veiserting a22yesidRidat@RBioGayHRD-6All M pertodkiresd Withil?!tlzjePé'aMtQS
ool £ on nt T algcltd BAERr sy " idraatin Kiputs 1o ShefRol b6 xRNy f 1 ame
of gag. As iIfrumtth@bgmeiwﬁbmm&eﬁﬁiihim@NﬂsFéiad@ R O R3GMAfrom the

sane CW pronoter within the sanme readin r amne. resul ting %huttle

f
vector is desPyftR é%Ct%rsisﬁRﬂanQﬁFtQSWF‘Pgﬁ@Gagr@O'ri ght shuttle vector
PRAd- ORI6- Gag- P! - Rfné aBhihusRchR SRMIIBRFE4gPol R bb hpftiine vect or

(pLAd) described above to generate a _
any of the left shutfle vector (pLAd) described above to generate a

recombinant adenoviral vector.

B. Immune responses of animals to the adenoviral vaccine against HIV

20 antigens
Experimental mice were inoculated with the adoviral vaccine

constructed above, Ad.tat.env.IL2 (also designated as “Ad-E.T.R/IL2” as
described above, section A, subsection 1)), to elicit immune response to the
HIV antigens expressed by this vector. Immunogenicity of the adenoviral
25 vector was determined by measuring titers of antibody against HIV tat and
env.
Figures 6 and 7 show the immunogenicity of Ad.tat.env.IL2 against the
HIV Env protein in two groups of mice, respectively. These groups of
C57BL/6 mice (supplied by Charles River Laboratories. Wilmington, MA) were
30 injected intramuscularly with 107 pfu Ad.tat.env.IL2 on different dates as
indicated in the figures. Blood (about 150-500 pl for each animal) was
collected from four animals every two weeks following inoculation and serum
was prepared. At 77 days post-inoculation, these mice were re-challenged
with an additional 10’ pfu of Ad.tat.env.IL2. Blood was collected from three
35 animals every day following secondary challenge. Titers of antibody elicited

94



30 reconbi nant adenoviral vector. 23) pRAd- ORF6- Gag/ Pol DNA sequence
encodi ng the HV enzynes PI, RT and INfromthe pol region of HV strain
BH10 was wo/088867 i nto a regi on downstream fromthe 93 WOPQ3/UBBB8ET2

PCT/ US02/ 35112 sequence encoding Gag in a shuttle vector pRAd- ORF6- Gag/ Pol
(Figure 60). As illustrated in Figure 60, Gag and PO are expressed g
separately froma onpter via a retroviral s ci ng donor (SD) an
acgeptor (SA) ag%éﬁw‘gﬂ? SRV e HiGteTHe bR EbShY fgﬁ"ﬂsééd fé%aanhé“ SA2/ SAS3.
5 The right slifeétbe Heeatcen yalRRd- ORF6- Gag/ Pol can be conbined with any of

the left shuttle vector (pLAd) described above to generate a reconbi nant
adenovi ral vect or. Boigfly.Jyesiescettee Heba pelis 'Tf?cmdt‘é'ﬂhg@ fatany.ILpyprenas

expressed as ?rép\é%d)é's Rfll@\%/@' Pie}i‘éEQIIS@@&eWeCﬂeH%ﬁ{htAd"'%t%n\(/:Iereagc &due at
posi tion ntI4 Oto allow pol to be read with he sane reading frame of

gag. As 9 | ustuirdeity of mf.egmre(w o2 BWVF’@QhHI%'F%RQﬁME‘g@wn Hebm t he same
CW pronot er %I‘J\hé‘re e%?é@aﬁc?%g‘é&fgéﬁﬁga rblaﬁﬁrttﬁSﬁéddthlH&j 16 Hkble vector

i s designated as pRAd- ORFb- Ga e vector

pRAd- ORF6- Gag-1P Admt-b@cleafrﬁbipﬁmtamWas o@tg;neﬁbst cantiifegingsheitysbtes aéct or
(pLAd) descri e Q

| mmune responls%gglmg?(0 (‘%li ﬂ %E S%te% e%]rg\%:ﬂ g% @3@@%@@&%&9 %/ FZO
anti gens ExpeEi_I&anlatesmSiandwd ELismasdeays ecrevpéfforhiee tacmsasusd ODABE bhe

const ructed abhqv, L | sp desi "Ad-E. T. R/ I L2" as
descri bg@ abO\If/hceé fegae@ﬂgtéﬁg%\\% tge%si@f'ﬁ%(?&f}gﬁm?g' %q@f‘a €ing Wefbnse t o
the HV anti ganslatxiiessedlibiyg ddaisstiies tnetin of ﬂ"rmDDgB(letmszéJE)ret he
adenoviral 25, vector was determ ned by nmeasuring titers of antibody agai nst

HV tat and SAVUINERYAN$EE6 and 7 show t he i munogeni city of Ad.tat.env.|L2
agai nst the HV Epng shbwh(m Fllgulﬁe 6\hedhieEpsic®in hiscRoup REPEFdAdIRIuneThese
groups of C57BL/6 m ce plied by Charles R ver Laboratories.

W | mi ngt on, MESPRBFES tagh ‘? hﬁ%é‘f‘@f”ﬁﬁ?‘?’%ﬂ?ﬁ%m’Hﬁ%ﬂQNPV'Fﬁ'qutObf u
Ad. tat. esv. | LAqdas: Hvf l[.@r\ﬁim th@@ﬁgﬁésﬁﬁter bngitiB8a e dodiRstiHO dhtigiiERactRlPod
(about 150- 50?n ellbcfu?zlz %335 pgsr}llrﬁu ation. The second inoculation with Ad.tat.env.IL2
boosted the immune reponse again and very high titers were achieved within
about 5 days of the second inoculation.
As shown in Figure 7, the three mice in this group also had strong

20 immune responses to the HIV antigens expressed by the adenoviral vector
Ad.tat.env.IL2, with the highest titer of antibody against HIV antigens reached
in about 70 days post inoculation. The second inoculation with Ad.tat.env.IL2
boosted the immune reponse again and very high titers were achieved within
about 5 days of the second inoculation.

25 Figures 12 A-B show the antibody production elicited by the
recombinant adenoviral vectors Ad.3C.env.gag (also designated as “Ad-
3C/EMACAT*®-G” as described above, section A, subsection 2)) in mice.
C57BL/6 mice were injected intramuscularly with 107 pfu Ad.3C.env.gag. At 77
days post-inoculation, these mice were re-challenged with an additional 10’

30 pfu Ad.3C.env.gag. Relative antibody titers of these mice were determined by
ELISA against purified recombinant Gag (obtained from the NiH AIDS

“Research and Reference Reagent Program, Bethesda, MD) at week 10 post-
immunization (or prime) (Figure 12A) and week 14 post-prime/week 3 post-
boost (Figure 12B). As shown in Figures 12A and 12B, the mice inoculated

35 with Ad.3C.env.gag had strong immune responses to the HIV antigen Gag.
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collected fromfour animals every two weeks follow ng inocul ation and serum
was prepared. At 77 days post-inocul ation, these mce were re-chall enged

wi th an awdiosiosseal 107 pfu of Ad.tat.env.I1L2. Bl ood was ceCramsosssiiz om
three 35 animals every day follow ng secondary challenge. Titers of
antibody elicited 94 WO 03/038057 PCT/US02/ 35112 against HV tat and env

wer e determ ned by | SA Lnst .tat.env.11.2- infected HeLa cell

| ysates. Briefly, I%&Fgggﬁbtsﬁ8wﬁﬁ?§nﬁ%q({;’spr?‘hfcé@? gtcitgdty ey t at . env. I L2
were prepar edecsnifiedrt @denovilel dectarh 1481, IBERY. VRt BR0 WebnARdtatagny. | L2 at
a5 mltiplici Hf . infection (MJ) of 20. Fourty-eight hours post

i nfection, HePYEd4ATs -\rE” RaFoEsbEd ahAr insegtipieAdeubsention Hhinfraicet hat
contai ned 1 %CH7BlL ®hficelife ifedd&$inmg ’ t i_.hed by
centri fu%i ng the_l ysat gs .a? Irﬁ%_S, O%H gﬁéﬁ.ﬁ%rrl '@@@%&%é%‘?%&%re di |l uted
to 10 pgPnl f 6 7€8ays Restiraquintion, these icepherees-chStemgddmith Bl SWiitiassiays wer e
performed to Hg rey $64% .sera . Lve titers of antibody
agai nst HV tat agﬁrqd@denv' g?B%?%?g %\é?tﬁe écrgllbgu gt{egédgfttbé’ eo'tnﬁﬁlvi’ef?ng agai nst
the mean of t Hetegnnsd byfELSAsgaipsierecombinantzarifiot Gagrat.webk 19f@en i n Fi gure

6, the three @ Ln. thi - h ong i e esponses_to the HV

anti gens expr@@gﬁk%&ﬂyﬁzp%gﬁ@\'ﬁu?glﬁ&3?‘2?"’6%}1‘%\@95{&?("&‘?{\9’9?'&,poﬁﬁ'th t he

hi ghest titer bobstaFigubod§BRYES statwiHh Figures d8RsridersE) a6k mids iabitted2 days

post i nﬁéul ati QQQQT second i noculation with Ad.tat.env.|IL2 boosted the
i

i mmune réponsd’ -SRGTRY AP adgirone frapyngegsponses ke HY enligen about 5
days of the se@agnd inoculation. As shown in Figure 7, the three mce in
this group also had strong 20 inmune responses to the H'V antigens
expressed by the adenoviral vector Ad.tat.env.IL2, with the highest titer

of antibody agai nshctia¥oRBf EE6RRICTEHMBRGVtENEARIVY ik BuEBY SRS the .
i nocul ation. The second I nocul’ation w_ : : : he i mmune
reponse agai n24Palg ghagainglryvgatigenschi eved within about 5 days of
t he secqnpd inoculation. 25 Figures 12 A-B show the anti body production
elicited by the reconbinant adenoviral vectors Ad.3C. env.gag (al so

desi gnat ed as " Ad- Agization goataioric &' lymphoeyses ([CTed by bomenizstent witnthA,
subsection 2))4d ] : i ce Lnjected intranmuscularly with
107 pfu Ad. BC%%énr{\;).v 8%'3502{{‘ ggé%gg%ﬁp%@@_é‘;ﬁ%@g% a?ta%rr?g QYHISLY %Woce wer e

r e- chal | engedindepdndant askdiys:i ami&Ny B83ay and a granzyme A assay. The IFNy and

granzyme assays were designed to detect antigen-specific activation of T-

20 cells. IFNy is secreted by activated CTL and Ty1 helper T cells which function
specifically in the cellular immune pathway. Granzyme A is also secreted by
activated CTL. The basic approach is to incubate splenocytes with target cells

that express antigens of interest and look for secretion of IFNy or granzyme A

into the medium.

25
1) IFNy assay
This assay is a modification of the standard *'Cr-release Iytic assay
(Current Protocols in Immunology, Coligan et al., eds.) except that the target
cells are not radiolabeled prior to incubation with the splenocytes. Detailed
30 procedures for this assay are described in Di Fabio et al. (1994) “Quantitation

of human influenza virus-specific cytotoxic T lymphocytes: correlation of
cytotoxicity and increased numbers of IFN-gamma-(or IFNy-) broducing CD8+
T cells” Int. Immunol. 6:11-9. Briefly, about 1x10° splenocytes were incubated

with 10° target cells (e.g., infected with appropriate viruses carrying the target
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30 pfu Ad. 3C.env.gag. Relative antibody titers of these mce were

determ ned by ELI SA against purified reconbinant Gag (obtained fromthe
NI H Al DS wBeseasosh and Ref erence Reagent Program Bet hesd&CTNSp2/at1imeek 10
post- inmunization (or prime) (Figure 12A) and week 14 post-prinme/ week 3
post- boost (Figure 12B). As shown in Figures 12A and 12B, the mce

i nocul ated 35 with Ad.3C. env.ga trong | ne... OnS to the HV
anti gen Gag. arﬁ'ge\?@"(5§%§§gﬁgbyﬂ?’%ﬁ'$@gbélé@f%fr%aﬁ?tgg§€FS%A§§7S ow t he

anti body prodpgl @8 nfddsarddes) BYIShIeont 26 hbiediant. adenoviral vectors

Ad. 3C.env.rev.gag (al so desi_gz_at ed as "Ad- 3C/EMACLT99. T. R-G' as descri bed
above in section Abctyaieet¢Bningyiceinpcyiaied wit @I.%@OYH %% i nj ected

i ntranmuscul arly.. v CrrBiBG i

post -i nocul até%ﬁﬂtmégt?%&%e% a\%gdrez re- chlsaﬂ{%%g]g I\E\P?ﬁssﬁl deg;(’ila’griﬁ?(%eidor}al 107 pfu
Ad. 3C. en§. r evalgmg. BReflpttivelye &57Bbidpiceiviase injested indgmuppulariwite10’det er mi ned

by ELI SA agai nst I pa (I man ni zation (or
prine) (Fi gur@fﬁ&%ggﬁn@h‘%ere%le%%[g\@égﬂ%&?gntgﬁmﬁrﬁggj%glgt - Iggsat Fi gure 13(B) .
As shown in FirgelpeistsliBdicated il Bigurée$@A+@. ceplemmytdsaverd ativaigd by

Ad. 3C. env.rev. gag had straong, i ne responses. tq th VaRt i . Gag. C
Activation of'”g&%‘%)‘(‘f'% éﬁ%%% 9%3%96(%@?63%%2%%@0%%%@% 't heg
?denﬁw r?I v?géﬁas@gsmaimc_ibéﬁn_\dnﬁa@tédgﬁnsﬁd&tMt/HMtAmycﬁeveryeﬁeroxi cT
ynmphocyt es ] by i mruni zation with the denovi ral vacci ne, agai nst H'V
ant i gengowas $HEH HafAse 2BV aiRY ?’Fﬂ;e'i%tesi"‘f?ﬂ%wg‘ﬁ'ﬁ" g&'giﬁl\&a’ﬂ%‘) W8Esay and a
granzyme A asg@a¥ndiddisd Lirdesairly sBE@03Y e BeSAYSuMeTR dRsmdnanby o det ect
antigen-specitic activation of T 20 cells. IFNy is secreted by activated

CTL and TOhheEblégCR?i@eﬁvséeijﬁnﬁ%ﬂﬂiiﬁjMH)- specifically in the cellular
i mrune pat hway. i i basi
ﬁ@@i‘é@&ﬁ‘-d Sl ?@rcé@ﬁrﬁﬁéf%rsgﬁé %hei%’fw{)ds’rﬂtofﬂ:hg@ecre-{&? asi c

approach is to inc € splenocytes at' express
anti gens of iintetheshedind dveothefperiod ettirae iranying frofRMy8 oeekg postyne A into the

T T 3 e e e BT PR R S,
eds.) except jhafedobfiet BF BRI four mice harvested 4 weeks post inoculation with
Ad.tat.env.IL2. In contrast, little increase in IFNy secretion occurred when the
splenocytes were incubated with B16-F1 cells infected with an adenoviral
vector expressing non-specifc protein B-Gal (Ad.lacZ) or uninfected B16-F1
20 cells.
Secrection of IFNy increased more in the splenocytes of mice
harvested 6 weeks post inoculation as shown in Figure 8B. Noticeably, there
was near 100% increase in secrection of IFNy in splenocytes of mouse 5
(Figure 8B).
25 Secrection of IFNy increased more dramatically in the splenocytes of
mice harvested 8 weeks post inoculation as shown in Figure 8C. There was
more than 300% increase in secrection of IFNy in splenocytes of mouse 11
(Figure 8C).
These results demonstrate that strong humoral immune responses
30 against HIV, such as induction of high titer antibody and activation of CTL
specifically targeting HIV antigens, have been achieved by inoculating animals
with the adenoviral vaccine expressing both HIV viral antigens and an
immuno-stimulator such as IL-2. The immune responses resemble those

during a recovering of viral infection diseases. These results tend to show
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cells are not radiol abeled prior to incubation with the spl enocytes.
Detail ed 30 procedures for this assay are described in DI Fabio et al.
(1994) " Quarwsiossasi on of human i nfluenza virus-specific cPCotusk2/asiT2

| ynphocytes: correlation of cytotoxicity and increased nunbers of

| FN- ganma- (or | FNy-) producing CD8+ T cells” Int. Imunol. 6:11-9.

Briefl b 105 |1
Ce- 0. nt ectbe 0F DS BRRRR Sy G PR e iled Tyl VB vy
03/ 038057 PCIAERR [Eid grbat pramigressy efn‘nm@oasolaabmesfmmmmhshoémpi HVCel I s were

i ncubated for 4h at 37C. |IFNy was neasured by ELISA from 25 pl nedi um
Activation of CTL in mce inoculated wth the adenoviral vaccine against

HI 'V antigens mas dghappyméacseyy usi ng the | FNy assay descri bed 5 above.
Briefly, twelve C57BL16 nice were |nkected intra Oil arleép\ém 107 pfu
Ad. tat. ehv. 1L2. SFF@BAINAGasSRAIMGE SEERMGdHRI 2 A egiiRAd@muie he ti e

points indi C%r\%ddés?nﬂ:écﬁHrlfe?ﬁz%ﬁapQ@@b Q\WHeyIdéﬁemrﬁaaﬁgng@beawt@ﬁbn jsncubat i on
wi th B16-F1 cell a nmel anoma cell line fr ATCC No: CRL-6323)

that had beerinhihifeétbse@olmvwﬁ piateinBARPCH Nzﬂ Aéaaddﬁy %%0%??%1%95 10
stinmulation, Aeliy ﬁﬁjeﬁpc\ls Wﬁ%ﬁe%@e@éﬁ%ﬁ wWistimBdficdtibnGstlal s 1 nfect ed

W th thelndlca V|ruses secretion 1 nto the nedium was determ ned
by ELISA (R&[Do@yeltdmsnbev! inniSarpoet al., (1RBY). "Cmowpé’slymh@yéwﬁﬁpg@ﬁ&:@nt

i ncreas » &uer the period

of ti rre?fangl %%gﬁerag%%gtl é—Pﬁ {MS ﬁ&fn?fggl noc lg(ta% Qﬁaﬂ‘%ng'ﬂ%m)z in Figure 8A
secretion of 34ONbs7HI68eased significantly in splenocytes of the four mce

harvest ed 4 weeks ost in ast,
little increase in rlalgmnggbkées%&% %ﬁ%@regg&l%wﬁﬁmh%rgé%ﬂc@ eéé wer e
i ncubated wi tfar Bhg-dsdagebitrsthierfokmiieg exdeptiorss @rimnyme redecratieatip theex pr essi ng

non-specifc protein R CGal gélAd | acZ) or upi nfect ]TG F1 20A cells.
Secrection of MPHNG WakHeiaganeHBY @nleﬁz¥ 'Cséfﬂsé}‘lo@ LA YANHEA WELS vest ed 6

vweeks pest i n@guhahéPhy é&c@@%’thb%ldﬁe%ﬂ@@tnﬁ@ dubeg meelﬁiébyphéﬁéeifehe was near
100% i ncrease 1 n secrection of in enocgt es of (Figure 8B).

25 Secrect i onesttignEN\gne H'&'F@fﬂéﬂZWéV‘(ﬂs iped ap e %"ﬂOlﬂrH@??B?yé"ﬁ%cyt es of
m ce harvest ed & ueeksnResthd &%%t@ttbqrb@ ﬁl"kf?\‘éfhdu'ﬁ Figure 8C. There was

more than 300961 Ncrease in secr £ction of in spl enoc¥t £s of npuse 11

Briefly, about 1x10° activated splenocytes and about 1x10° target cells
were incubated together as for the IFNy assays. Granzyme A activity was

20 determined by combining 20 pl medium with 180 pi reaction mixture (0.2 mM
BLT (N-a—benzyloxycarbonyl-L-lysinethiobenzyl ester, Sigma, St. Louis, MO),
0.22 mM DTNB (5,5'-dithio-bis(2-nitrobenzoicacid, Sigma, St. Louis, MO)) in
96-well plates and incubating at room temperature. Absorbance at 405 nm
was monitored over a period of several hours. Slopes of enzyme activity were

25 determined for the linear phase of the reaction and converted to units of
enzyme.

Figure 9 shows increases in the amount of granzyme A secreted into
the medium for splenocytes of mice harvested 8 weeks post inoculation. As
shown in Figure 9, secretion of granzyme A increased significantly in

30 splenocytes of the four mice harvested 8 weeks post inoculation with
Ad.tat.env.IL2. In contrast, much less granzyme A secretion occurred when
the splenocytes were incubated with B16-F1 cells infected with an adenoviral
vector expressing non-specifc protein B-Gal (Ad.lacZ), an adenoviral vector

expressing both hepatitis B surface antigen and IL-2 (Ad.HBsAg/IL2) or
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(Figure 8C). These results denonstrate that strong hunoral i mmune responses
30 against HV, such as induction of high titer antibody and activation of
CTL specwbDiosabdoy7 t argeti ng H V anti gens, have been achi ewed/usy2/ssiorul ati ng
animals wth the adenoviral vaccine expressing both HV viral antigens and
an inmmuno-stinulator such as IL-2. The imrune responses resenbl e those

during a recoverjn Vi d| S hese results tend to show
97 WO 03/ 03803’7‘“#5@,%/1?%@,/:1253%2%@?{%43/'lt 3&@%?%0’\{%{@8%85 ANYMERS pr esent
i nvention t hagedredtiosn ARisdisplenyiyted noﬂlﬂélﬁ@ted)WItthedaWeeeéllspr oni ses as

ef fi caci ous vaccines for humans agai nst Hl me A assay,5 G anzyne
A assay was per f or Fgure dtAghaws s ee s %B?fsra@)aymﬁg‘rﬁéy s f%ﬁ@”?%%cri bed in

Deitz et al. ﬁq%%oé%)va le,quhegemmﬁe.eateanﬁqugamgw&mntsagl @8t-iirBnuniiZaiibRi t ed by
poliovirus protein A" Proc. Natl Sci. 97: 1I§790 13795. The granzyne

A assay descr awéweelﬁ 1 Eiél, f13/2¢t 4/§I(Pflfﬂﬁl@OaSthﬁ‘éﬁtTSie@%q%Y\'nQPU'at'Oer@i ocol

descri bed in: %@; (1989) "Cytolytic T- Iyrrphocyte response to 10
i sol ated cl ass 1 %rot eins and influenza peptides"” Nature (London)

340: 157-159. G anzfigurd\1ABshpws e esplts oidhegtrizymedwh$Rays fefiSeEes Br ocedur es
as for IFNy assaéggvp@é?élt he%c;é@gll wa@gd ‘?ﬁ(c‘ffa% ék z,q aéﬁérﬁg;t A secretion

into the nedH enzy mat C “assay. ts of granzyne A
were 15 det er mmesizéjonositcAd aCieny.gage sl ope of activity during the linear

phase of the reactjon. One unit of granzyne A was fine S s anount of
enzynme equired tih%%en’i?él"f Pﬁ@'@%@f‘t‘%’?%ﬁe&riﬂ%@ S%ayo' ?ﬁt Briefly,
about 1x105 agbivab GNSsaNOsyHiregemotktaliothat $xdPadtianget ofa®Tl s were
i ncubated together as for the | FNy assays. GranzP/ma A activi t%u%/as

n (0.2 mM

det er mi ned by Sees¥isiaHY F?@Q@G‘Qd'r”vr?é@%'?ﬁ W@$ Indygest By INogWalindmIGe Wi

BLT (N-a-benz %’;ﬁ [aRenY b 8landIndMfundt - Louis, MJ),
0.22 nmv DTNB %g 5" - F\%Iﬁbgétﬁxg}ééﬁr?lﬂﬁ)y benzoi cagt?%etn g,n m;] Stun Loui s, I\/D)) in

96-wel | pl at estimulatdrsucibas il-né 5he$ﬁf@ﬁv|i9e@+ﬁéﬁ%ﬁﬂﬂﬁéheRﬁg‘ﬁrﬂb%\tﬁﬁ%g%et@% nm
was monitored, Qyero aprB\?l?%(ﬁ’gY e 58 &L%veﬂﬁ?’ﬁ ﬁﬁld%@ﬁ%&nﬁ%@%!ﬁ?&&@&é vity

were 25 deter i hed I near ase 0 e reaction and converted to
units of enzyamnd%lfguhlanenSMﬂABS’tlHi‘ér eases in the anount of granzyme A
secreted into

3) ELISPOT Assay
ELISPOT assays were performed to determine CTL activation in mice
20 inoculated with the recombinant adenoviral vectors, Ad.3C.env.gag and
Ad.3C.env.gag.rev. C57BL/6 mice were inoculated with 107 pfu
Ad.3C.env.gag or Ad.3C.env.gag.rev. Mice were sacrificed at two-week
intervals and splenocytes were prepared (see Current Protocols in
Immunology, Coligan et al. eds.). At week 11, mice were inoculated with a
25 second dose of 107 pfu of Ad.3C.env.gag or Ad.3C.env.gag.rev. 2 X 10°
splenocytes were incubated with 4 x 10* MC57G cells (ATCC #CRL-2295) that
had been infected with vaccinia viruses expressing either Env, Gag, or Rev, in
96-well, mouse IFNy, ELISPOT plates (R&D Systems, Minneapolis, MN) for
30h. Non-specific activation was monitored following the addition of 4 pg/ml
30 PHA (Sigma, St. Louis, MO) instead of antigen-expressing cells.
IFNy spots were visualized as per the kit instructions and counted. Wild type
and recombinant vaccinia viruses were obtained from the NIH AIDS Research
and Reference Reagent Program, Bethesda, MD.
Figures 15A shows the ELISPOT results for the four mice in serie1 at

35 week 13/2 post-prime/boost with Ad.3C.env.gag. Figures 15B shows the
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the nmedium for splenocytes of mce harvested 8 weeks post inocul ation. As
shown in Figure 9, secretion of granzyne A increased significantly in 30
spl enocytwe 0af03g0he four m ce harvested 8 weeks post i noculPariusn2/sdith
Ad.tat.env.l1L2. In contrast, nuch | ess granzyme A secretion occurred when
t he spl enocytes were incubated vvith B16-F1 cells infected with an

d iral f t Ad, lacZ), an
Senovi ral verliPORKS IR ToIfe BB Re racriel ot Booh P2 AOHARMEROSNY | - 2
(Ad. HBsAg/ | L2)itarAd8C AR B/, §a3 OfiesBGE4 LS A7dickd rat irdmunkesdrest b with cel l's.

Simlarly, there is |ittle spontaneous granzyme A secrection in_these

spl enocyt es ndie 9enalisypeeinGs efihe peesent @é@nt@&'m@lcemsaeﬁeaqw/&t'%evﬁw he

resul ts of theggnaMmaNNeas assays for series 1 mnmice at various time points
i ndi cat ed |ncPuding week 4, 6, 8 post-imunization 5 and week 12/1, 13/2,
14/ 3 (pr |5‘re/ boost) post-secondary inoculation with Ad.3C env.gag. Figure
14B shows the gresul series 2 mce at
various tinme p0| nt gﬁﬁmng}&ﬁﬁﬂgéﬁ@q%ﬂ%g%@% 6, 8 post- immunization
wi th Ad. 3C. env. gag Enlibdirheste of teudeanstic gatcinenaghinsy hasatmg B Vimusgmanzynme A

et rvat s onof Tepods bt Batberis B e U G ERTRRINAGE S hucea by

i noculating mce with the adenow ral vacci ne expressing both HV viral

anti gens, and sI L-2. These results al so support
the bel i &f ch?th : ediug,adeBhvisal Vagines iy i nvention
hol d great pr oepbsts Bsingf fi caci ous vaccines for humans agai nst H V. 3)

ELI SPOT Assay ELI SPOT assays were perfornmed to determ ne CIL activation in
mce 20 inoculated with the reconbi nant adenoviral vectors, Ad.3C. env.gag

and Ad. 3C. env.gag T%Vadéﬁ@%?d#/v@ct@‘rscﬁdW@\g N2 &Hb Ada9B YA d. mzlwzrepfu
Ad. 3C. env. gag or Ad. 3C. en vg? rev. Mce were sacrificed at two-week
&C

interval s and CQ%‘?"@H’E%VP&@ %‘%é@%”?@%@r@fﬁpéms Ui IEAYIORR
| munol ogy, Fld HBV%?’eén é;%(weekg)liesp@b% irPthbaRd Rickg, Wi th a

25 second dose o 07 pfu of ag or . env.gag.rev. 2 x 105
spl enocyt es \AM%SW%Q@@HCW'@W”@%UK'OZ? @k?@)?‘@%élspwamﬁg@rﬂ@mfe&%) t hat
had been i nf ey, e Winblbr(RRGERIONY ok RESxErREIRS M drafbhfifth. FAN deGRH: OF Rev.,

in

is believed to be able to ensure high level expression of both the viral antigens
and the immuno-stimulator IL-2 and to enhance immunogenicity of the
20 adenoviral vaccine. As shown by experimental data presented in the next
section, both of these two adenoviral vectors are capable of eliciting strong
and long-lasting immune responses in animals against hepatitis B antigens.
These two adenoviral vectors, Ad.HBsAg.IL2 and Ad.HBcAg.IL2, were
constructed using strategies similar to those for constructing the adenoviral

25 vaccines against Ebola virus as described in detail above.

a) Ad.HBSsAQ.IL2

Briefly, full length HBsAg (with a silent mutation caused by deletion of

Xba | site) was inserted into the left end (E1 region) of the adenoviral genome
30 using a shuttle vector pLAd (Figure 4A, left side), resulting in a shuttle vector
pLAd-CMV-HBsAg.

The sequence encoding IL-2 (with a silent mutation caused by deletion
of Xba [ site) was inserted into E4 region of the adenoviral genome using the
shuttle vector pRAd (Figure 4A, right side), resulting in a shuttle vector pRAd-

35 CMV-IL2.
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96-wel I, nouse | FNy, ELI SPOT plates (R&D Systens, M nneapolis, M) for
30h. Non-specific activation was nonitored follow ng the addition of 4
pg/ M 30 WBA3p®ogra, St. Louis, MD instead of antigen-expCedasongsicel | s.
| FNy spots were visualized as per the kit instructions and counted. WIld
type and reconbi nant vaccinia viruses were obtained fromthe N H Al DS

-Research and Reference rogr.a Bet hesda, MD. Figures 15A shows
the ELI SPOT resul t ?‘ﬁb?“%‘ﬁ@%%s% 2 P%]Aé'ef'\"gﬁ'-zawereé@%@@ usNQ

post - pri me/ boapproptidte réstridonesnzygag sufti 841XBS | ARPBESHRVEd IR@1R%o W 03/ 038057
PCT/ US02/ 35115 k%SP%r%%ults f@:r_ the four mce in seriel at week 13/2
post - pri me/ boG8EFRRNEIPT Aif aSnoMius Elaya4B)eadlting iadhe recombinanat e t hat

i muni zati on afemdvirel Victdt deblypa@anel HBsAf ol nes of the present invention

i nduced strong activation of CIL against HV Gag. 5 3. Cenetic Vacci ne

Agai nst ﬁepati tis B Virus Enbodi mrents of the genetic vacci ne agai nst
hepatitis B vipyus aggypdkfpeds of their construction are described in
detail as follows. 10 1) "Construction of replication-defective adenoviral
vacci nes agai nst B&p#t isengerBesiencsdimuill deregtioiBsag (witch allent nAdatidds Ag. | L2

and Ad. HBcAg. t ry.t odi ng_sequenc for a
hepatitis B sgérlfggg\é@;%'?t%gnﬁ @%%ﬁ@é@ﬁ%&@ W%W?@qaﬁ?r&?éﬂtoﬁﬁﬁcw) ,
Eleipggzt i vel yl. |eﬁrﬁ_rldHE1sagien)/@dh@adeMabg@zgmmmim?Iﬁlhm%_vd;cedétb;e;sl_lpsyri n- 2t -

- s a i nc an res a pronoter different fromtha
for exp\rl@ssi ngﬁ?lﬁ% 4/’#3%?5'?3? i@é .ga’f’ﬁﬁ%%raﬁgprie?%g??%@@'ytf@”be able to
ensure hi gh | avetheregpasemoter o Patravitd epMing@dord (S e acﬁ;’éﬁto?'(@

i mmuno-stimulator IL-2 g@?ﬁtp enhance i nmunogenicity of the 20 adenoviral

vaccine. As sHEHPHES &P sRiCiRgAcceripLsitopeSBnardiSAn” Threshitite veoierct i on, bot h
of these two pdanced kalesiAsicar: ALCOEIBAC HBEAGIS lHg strong and

| ong-l asting I mmung responses in animals against hepatitis B antigens.
These two adenovi r aPAYRISES £8COGiRT MEKinle Impringritimutatedcingiubing, IL-Rewith

const uased Us WM RAFALESCS LT LkRIof 8 KPP SRR EMRREG e
a) Ad. HBsAg. | ingenid ietd 54 réqivn of tbagtiandiBalgenomd iy thiel shnttliengtiiri on caused
by del etion O;ERAd (Figure 4A, right side). These three immuno-stimulators are expressed
separately from another CMV promoter via a retroviral splicing donor (SD) and
acceptor (SA) mechanism at three splicing acceptor sites, SA;, SA,, and SAs.
20 The shuttle vector produced is designated pRAd-CMV-SD/SA-IL2-SA,- INFy-
SA;-GMCSF.
Both pLAd-CMV-SD/SA;-HBsAg-SA,-HbcAg and pRAd-CMV-SD/SA4-
IL2-SA2- INFy-SAs-GMCSF were linearized using appropriate restriction
enzymes such as Xba | and EcoRI and ligated to the backbone of the
25 adenovirus (Figure 4B), resulting in the recombinant adenoviral vector
designated Ad.HBcAg.IL2.

2) Immune responses of animals to the adenoviral vaccines against HBV
antigens

30
Experimental mice were inoculated with the adoviral vaccine
constructed above, Ad.HBsAg.IL2 and Ad.HBcAg.IL2, to elicit immune
response to the hepatitis B surface antigen and core antigen expressed by

these two vectors, respectively. Immunogenicity of these adenoviral vectors
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Xba | site) was inserted into the left end (El region) of the adenoviral
genome 30 using a shuttle vector pLAd (Figure 4A, left side), resulting in
a shutt| eveesnssos7 pLAd- CW- HBsAg. The sequence encodi ng | B€C2/uSoe/3311a si | ent
nut ation caused by deletion of Xba | site) was inserted into E4 region of
t he adenoviral genone using the shuttle vect oawp/RjAﬁz(Fllg(u)rS\gé\é/ (rjlsg(r)lt57

i resul t| i .shuttle vect d-. 35 - :

gc# )U’SOZI 3511%%8%@6\?& %ﬂ(‘/ﬁﬁ%&%@@ﬁ? ?JFPR&S'(%WQPE‘Q’C RS20 PR EREAG.ed usi ng
appropriate resspecipelyon enzymes such as Xba | and EcoR and ligated to the
backbone of the adenovirus (Figure 4B), resulting in the reconbi nant
adenoviral vector designated Ad. HBsAg.IL2. 5 a) Ad.HBcAg.1L2 Briefly,

sequences encafi ngHBY $urkeBGh #B?m,q bhibA q,itérgnt_ nmut at i on caused by
deﬂetion of ng | site) and fuh?l enEt@a’EHBcAé were inserted into the left

end (El Pegion) of “OhbMigrdivrieaRivge habrsatesps gV imingtan MA)wece mljeqb?md 10

Fi 4A, | k : ; . nad. rom
GOt her W b e B R R L ERPBIR Wceptor (s
mechani sm at %9 sPpii0ci g Oadoepl ob xsior eand 55a105pft \VBAL. Fihee dDAtshbesvect or

roduced i s dgsi v Cn - Ag- SA2- HbcAg. S nces encodi ng
gul tiple i mmﬁ%rg@?%ﬁgﬁﬁgs% A%gﬁé%dﬁﬁémﬁﬁéaf%ﬁﬁﬁserfg%év %ﬁ?&gﬁ?mrﬂﬁ%t! on
caused by del @Dbldatedfwiﬂ(b‘axl10§iamcé5,x1IO|F\IEfLy,SerEnh iG&E&Fm%@tﬂr@mngﬁ@%}:_ed I nt 2AE4
regi on t he A . n sing the, shutt ect Qr | i gure ,
ri ght side). q’ﬂg%é;?%éhp'éa%'glgﬁ%ﬁég-sﬁ?‘?’?rﬁﬁeaﬁa@"ée gP%L@ﬁ%QQQEWﬁg%ﬁar ately from
anot her CW pmeesdred fofl seraxhaeested ifofl mieelinsouRGed@MRAx{Bhdando® grcept or

(SA) nechani sgeat thre tor sites, SAl, SA2, and SA3. 20 The

i ci ng accerg
shuttle vecto %‘%Guﬁ?&g'ﬁ?{ésaé%‘? HesdilpiRad- BU9- SOy sA, - 1 L2- SA2- | NFy-

SAS- WS, Both pLAgnidiuihSdatiRsfers Shid RaAaoanslamiBdy SibfeddySAL-
| L2- SA2- | NFy- SA3- GMCSF e |linearized using appropriatée restriction

enzynes such é@%ﬁ%”—%rﬁiﬁ%&@@”"a@'@qw Bemesch painl wias solieatdd from 25
adenovi 18s ( FingiirfizeétFhice'&eH toedks ahBReffF RER bR e AASB0Y /e8! vector

desi gnat ed Ad. HBcAg. | L2. .
incubated at room temperature for 2-3 h to allow for clotting. The blood was
then chilled overnight at 4°C to shrink the clot. Unclotted liquid was
transferred to a clean tube and centrifuged at 2000 x g for 5 min. The
supernatant was transferred to another clean tube. Sodium azide (NaNs) was
20 added to 0.05% as a preservative. Small aliquots were kept at 4°C for short-
term storage. Long-term storage was at -80°C.

Relative anti-HBsAg titers were determined by ELISA against
recombinant HBsAg purified from yeast (from Aldevron, LLC, Fargo, ND). As
shown in Figure 10A, the mice in group 1 had increasingly strong immune

25 responses to HBsAg expressed by the adenoviral vector, Ad.HBsAg.IL2,
within 8 weeks post inoculation. This vector with a titer as low as 5 x 10° pfu
was sufficient to elicit high levels of antibody specifically against HBsAg.

Figure 10B shows the immunogenicity of Ad.HBsAg.IL2 with higher
titers. As shown in Figure 10B, immunogenicity of Ad.HBsAg.IL2 increased

30 dramatically as the titer of the adenoviral vector was increased from 1 x 107
pfu to 1x 10° pfu.

These results demonstrate that the adenoviral vector expressing both
hepatitis B surface antigen and IL-2 can induce strong immune response
specifically targeting the viral antigen in mice inoculated with this vector.

35 These results also support the belief that the genetic vaccines provided by the
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2) Immune responses of aninmals to the adenoviral vaccines agai nst HBV
antigens 30 Experinental mce were inoculated with the adoviral vaccine
constructwo oalsses7 Ad. HBsAg. | L2 and Ad. HBcAg. | L2, to eli ciPCTiusnusd12
response to the hepatitis B surface antigen and core antigen expressed by
these two vectors, respectively. Imunogenicity of these adenoviral vectors
101 WO 03/038057 PCT/ US02/ 35112 was detern ned by neasuring titers of

ant i bodi es agpieasnt iMEAign Aatd gpimjomises op effiGagiony vaggingHor BUMERE e anti gen

(HBsAg) anti blvggé’métiﬁe%ﬁﬁs%% L mice (Charles River Laboratories,

W I m ngton, were'1njecte intramuscularly with several different
concentrations of Ad.HBsAg.|L2: 100, 1x106, 1x107, 1x108, 5 x 105, 5 x

106, and 5 x %27 p;_}é\)/Mrg%ntiﬁﬁwﬁéég&%ggﬁerg he relative Anti-HBsAg

antibody tite measured Tor” sera veste rommce inoculated with 1 x
105 and 5 x 105 pf GrofgerafBa7BLéAmITeEhsieseRivat LatasatbOes]iVWilmiedtoh; BBY. Fi gure

10B shows the relative Anti-Hb antj hady. t | S sur, for ra

har vest ed fr offffi 'E@CF%B d rﬁv%%’? tVH{F‘liZ“%?gféﬂr@%éi’é%ﬁ%a‘aﬂ df?f%reerngﬂﬂzg. each
rreasurgrrent V\@%dij;j\h/uéledllebtetﬁﬁﬂnd ; f&ﬁaﬁ&ﬁ@yeeerymowlebas fo?levl\)/migtimwlabibnthel
Anti - HosAg anti bo elicite Ad. HBsAg. | L 00 0 150- 500

from eachgani Aad S?\%ﬁ‘ ve$ P@@?@F}Ifﬁt(ﬂ%\ A_'ayg (gfﬁﬂﬁ’gﬁ’f&}" q'é@@bé‘ﬁﬂ% vveeEs) and
serum was prepghad 4, BiRE 1485 pbRGHRAIREN ahick Wik teBRAlAbsd Ritheh 2-3 h to
allow for clotting. The blood was then chilled overnight at 4C to shrink
the clotl0 Unckdditienal [1xtRiidu wisss. Bloadwpecplartediramdhieganingds exerd de¥nt ri f uged

at 2000 x g f . a i her cl ean
Fube. Sodi m SRR S oD A o g L A e B PP Ve, S
al i quot s wer eagaipst racomignanirHB¢AY purified frons Eoedigérom Grgnicen mitgnatiaigé was at

-80C. Relative anti - titers were determ ned by ELI SA agai nst
r econbi nant HEECAgle&%%faA%db‘)T rom yeast (from Al devron, LLC, Fargo, ND). As

shown in Figure | OAs shbenia Eigure 1gApmize In haulpi hitacestsinggmynusiterresgpnsemune 25

Bt nN e N R INT BT

pfu was suffiagiHBYAJ. L2eWite tHe higigdst liky ef sntibbdaayaibsidyBsqeeathedinl y agai nst

FBsAg. about 28 days post inoculation. The second inoculation with Ad.HBcAg.IL2
boosted the immune reponse again and very high titers were achieved within
about 3 days of the second inoculation.

20 As shown in Figure 11B, mice in group 4 also had strong immune
response to the hepatitis core antigen HBcAg expressed by the adenoviral
vector Ad.HBcAg.IL2, with the high titer of antibody against HBcAg reached in
about 34 days post inoculation. The second inoculation with Ad.HBcAg.IL2
boosted the immune reponse again and very high titers were achieved within

25 about 3 days of the second inoculation.

These results demonstrate that the adenoviral vector expressing both
hepatitis B core antigen and IL-2 can also induce strong immune response
specifically targeting the viral antigen in mice inoculated with this vector.
These results once again support the belief that the genetic vaccines provided

30 by the present invention hold great promises as efficacious vaccines for

humans against hepatitis B virus.
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Fi gure 10B shows the i munogenicity of Ad. HBsAg.lL2 with higher titers. As
shown in Figure 10B, i munogenicity of Ad.HBsAg.|L2 increased 30

dramat i caWwby3@as3soshe titer of the adenoviral vector was i neceaseu3fiiom 1 X
107 pfu to 1 x 10% pfu. These results denonstrate that the adenoviral
vector expressing both hepatitis B surface antigen and |IL-2 can induce
strong i nmune response specifically tciégeti ng the viral antigen in mce

i noculated with this vector. 35 These MBts al so support the belief that
t he genetic vaccines provided by the 102 WO 03/038057 PCT/ US02/ 35112
present invention kK ; om ses as efficacious vaccines for humans
agai nst hepatitis 59(‘,%'%@%%‘3&55\/ core antigen (HBcAg) antibody titers 5

G oups of C57BL/6 mice (Charles River Laboratories, WIlmngton, MA) were

i njected d ntragmuscyl ar i 0.7 Ad. HBcAg. 1 L2 on different dates.

Bl ood vvas§ col ﬁect ez\ %Péﬁbygh{]a%%%qsggoi@épwgtm weeks follow ng inoculation
and serum was prepanddlV sdgu&icedancadinGaatilvantigen wxerckdidbh oftheS3divdays (G oup
4, Figure 11 B),post-jnocul ation, mce were re-challenged with an 10

2ddi t Ponal - 1x BDUBY by PR TaR e SReBRg TS St Eat MRBHT FroasArra every
day fol | owi nggsiasondaly aabigér mroeest Apbn pestitioh iof &1e &S byl@teer m ned by ELI SA
agai nst reconbi nant HBcAg purified fromE. coli (from Chem con

| nt er nat i onal M®¢9 ’.‘a}nt?ggr%‘g‘{hrluﬁy CA). As shown in Figure 11A, mice in group
3 had stypong i nmune response 15 to the hepatitis core antigen HBCAg
expressed by the adenoviral vector Ad.HBcAg.lIL2, with the highest titer of
anti body agai Ast HBEAJEFUBRIRYY JdgNOVIlE @f Claiin dayBersistheireembingniton. The
second i nocul ahbRwyiAYs idrepcdiBRALdntRterROOSt €d the immune reponse again and
very high titers were achieved wthin about 3 days of the second

i nocul ation. 20 As shown in Figure 11 B, mce in group 4 also had strong

i nmune resporse t [ﬂﬁfﬂ A tgen by ..t he

adenovi r al vgbtorqﬂgﬁﬁéc gﬁ%qf%dagmg\?éljgtoﬁgbhﬁghwﬁ%@?thg?ﬁg%ﬁﬁg%dg%ggai nst
HBcAg r elidched antigeradfddlv-Bar Idd42. post inocul ati on. The second inocul ation
wi th Ad. HBcAg. |1 L2 boosted the i mune reponse again and very high titers

were achieved within 25 about 3 days of the second inocul ation. These
resul ts denondt r at @helaconthirardderoevimalof cleon dr wherpinethe iHig anbtgdn is an

antigen of HIV strain BH10 or pNL4-3.

20 5. The recombinant adenovirus of claim 1, wherein the HIV antigen is an
antigen of HIV clade A, B, C, D, E, F, or G.

0. The recombinant adenovirus of claim 1, wherein the HIV antigen is an
HIV glycoprotein or surface antigen.

25
7. The recombinant adenovirus of claim 6, wherein the HIV glycoprotein

is an HIV envelope protein.

8. The recombinant adenovirus of claim 7, wherein the HIV envelope
30 protein is a wild type or mutant gp160, gp120, or gp41.

9. The recombinant adenovirus of claim 7, wherein the cleavage site of

the HIV envelope protein is inactivated by mutation.
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hepatitis B core antigen and |IL-2 can al so i nduce strong i nmune response
specifically targeting the viral antigen in mce inoculated with this
vector. Wbase3sesults once again support the belief that PChaSgesatl c
vacci nes provided 30 by the present invention hold great prom ses as

ef fi caci ous vaccines for humans against hepatitis B virus. 103 WO

03/ 038057 PCT/US02/35112 CLAIMS What is clainmed is: 5 1. A reconbi nant
adenovi rus cofri sTherecambinagt adefinvites obeieioT Hﬂ“edﬁnliﬂ‘ﬁlcéﬁfm'@@n expr essi on

of Lhe Hiv  agkbase d%maﬁm&fthﬁmhme BORIOKI doiiegl 1 CI LI NG an | mmune

response directe agai nst the H'V antigen in ost upon infection of the
host by the reconbi nant adenovirus. 10 2. The reconbi nant adenovirus of

e e 1 L Dfie [RERE R AhenARGEBL LT i ER Pl teaagegRet ent . 3

The reconbi nant” adenovitus V antigen'1s an 15
anti gen 6f H ¥rdtherCHénvtiral ctosdiitedonedonbihaddly eadenpe praisin @éfe délafiech 1,
wherein the HV antigen is an antigen of HV strain BH10 or pNL4-3. 20 5.
The reconbi nant adenovirus of claim 1, wherein the H'V antigen is an
antigen of H ¥2G attRe ﬁecoB]blr@mt E;)derE)ers obclaith 7 Gvhefbie thetidibivedot  adenovi rus
of claim1, wherein the ant i oprotein ol face
antigen. 25 7PrOIFR IS QG5B ﬁé{ Igefq%gel%qte%/ rg[nyéﬁ% I MPET PR rfgn%{ H VvV

gl ycoprotei n Sgg leblb.Vléﬁﬂﬁ,eQ@Qa,QQ,(Efﬁlaﬁd 28, The reconbi nant adenovi rus of
claim7, wherein the HV envelope 30 proteinis a wld type or nutant gpl
60, gpld8, or gp4l. 9. The reconbinant adenovirus of claim7, wherein the

cl eavage siteq9f {he rddoniitebaefoRiobetiain 7, \A/Hﬂ#éhltﬁéﬂ-mﬂs@cweiﬂwéatl on. 104
WO 03/038057 PCT/ US02/ 35112 10. The reconbi nant adenovirus of claim?7,
wher ei n t he ciurherenpegdes an HIV protein selected from the group consisting of RT, PR,

Tat, Vif, Nef, and Rev.

15 14. The recombinant adenovirus of claim 7, wherein the HIV antigen is a

modified HIV envelope protein that includes multiclade variable loops.

15.  The recombinant adenovirus of claim 14, wherein the multiclade
variable loops are V3 loops from at least two HIV clades.

20
16.  The recombinant adenovirus of claim 15, wherein the at least two HIV
clades are selected from the group consisting of clade A, B, C, D, E, F,and G
of group M of HIV-1 isolates.

25 17. The recombinant adenovirus of claim '15, wherein the V3 loops are
encoded by polynucleotides selected from the group consisting of SEQ ID
NOs: 25, 26, 27, 28, 29, 30, and 31.

18. The recombinant adenovirus of claim 14, wherein the modified HIV
30 envelope protein that includes multiclade variable loops is encoded by a
polynucleotide selected from the group consisting of SEQ ID NOs: 32, 52, and

54.

19. The recombinant adenovirus of claim 1, further comprising:
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cytosolic domain of the HV envel ope protein is deleted. 11. The

reconbi nant adenovirus of claim?7, wherein both the cleavage site 5 and

t he C-terwDmalo3soyt osol ic domai n of the H 'V envel ope prot eiPaTarse2/salet ed.

12. The reconbi nant adenovirus of claim7, wherein the HV envelop protein
is encoded by a pol ynucl eoti de selected fromthe group consisting of SEQ

I D NGs: 14, 16, 20, 21, 22, 23, and 24. 10 13. The reconbi nant adenovirus
of claim7, whereiaPpphauskdtidecanseding a siginal Reptidenibatiesilitetesihe speretien n

| ected f L SE P : ; , d Rev. 15
T4, “The reconl HEATY o072l Pt B e Epomiant lehpy{Re: Focn Te. a
nodi fied H V envel ope protein that includes nmulticlade variable |oops. 15.
Th nbi d ' . i 4 er e i . i abl
oops are V3. P9ops ie ieotbrios Sua o pr e fodridn B S ehusd @l 20 ©

adenovi r ds of acHA gp1X) sigh@ipeptidd.he at | east two HIV clades are sel ected
fromthe group consisting of Qade AL B, C D E F, and G of group M of
H V-1 isolates. 25 17. The reconbi nant adenovirus of claim 15, wherein the
V? | oops ar e 2encotird rdupnipiianhudéreirusiesclsiel €@ tverckréinaine sihealgreptige sonsi sti ng
of SEQID NGs: 25, .26 8,29, 30, and 31. 18. The reconbi nant

adenovi rus of elaqogiembyéEmll\é.gﬂ he nmodified HV 30 envel ope protein that
i ncludes nulticlade variable |oops is encoded by a polynucl eotide sel ected
fromthe group consisting of SEEID_N@: 32, 52, and 54, - 19. The

reconbi ént ag%ﬂnoviTF‘@léeQS’f“bé’?%ﬁt anovrys PhelRim: brig el GPPTEHE: Wo 03/ 038057

PCT/ US02/ 35112  a Q(Ho%U@IbSﬁHe!Qﬁ:oﬁm@%irﬂ&n@ra?\iegd?@horﬁ}ftﬁédrﬁﬁnttmt facilitates
the secretion of the HV antigen by a cell infected by the reconbi nant

adenovi ruse. pandemsHbed¥ ertgembaunsda i syripced ageiinfeated byies ei n t he si gnal

peptide is 5 gRdhvwlgnal peptide. 21. The reconbi nant adenovirus
of claim19, \rﬁ']bgrrwgin;ént Ee&s:bl gnal peptide is encoded by SEQ ID NO 74. 10

22. The reconbi nant adenovirus of claim1, further conpri sing:
15 23. The recombinant adenovirus of claim 22, wherein the membrane-

anchoring domain is an HIV gp41 transmembrane domain.

24.  The recombinant adenovirus of claim 22, wherein the membrane-
anchoring domain is encoded by SEQ ID NO: 75.

20
25. The recombinant adenovirus of claim 1, wherein the HIV antigen is an

HIV structural protein.

26. The recombinant adenovirus of claim 25, wherein the HIV structural

25 protein is a wild type HIV Gag.

27. The recombinant adenovirus of claim 25, wherein the HIV structural

protein is a proteolytic fragment of HIV Gag.

30 28. The recombinant adenovirus of claim 27, wherein the proteolytic
fragment of HIV Gag is selected from the group consisting of p17/24, p17 and
p24. ‘ ‘

29.  The recombinant adenovirus of claim 27, wherein the proteolytic

35 fragment of HIV Gag is in a natural, secreted or membrane bound form.
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a pol ynucl eoti de encodi ng an nmenbr ane-anchori ng domain that renders the
H V antigen bound to the surface of a cell infected by the reconbi nant
adenovi r Uwe.03038028. The reconbi nant adenovirus of clai m 22CTser/sim t he
menbr ane- anchoring domain is an H 'V gp4l transnenbrane domain. 24. The
reconbi nant adenovirus of claim 22, wherein the nenbrane- anchoring domain
is encoded by SEQ ID NO 75. 20 25. The reconbi nant adenovirus of claiml1,
wherein the H'V antigen is an H 'V structural protein. 26. The reconbi nant

adenovi rus of 30] ai FhaBecomtnaitadehevitds bf slamiiey WiidreindRe gfcﬁé&i}tl& is awld
type HV Gag. . 27. Tthefséec,onbl n@n adenovirus of claim 25, wherein the HV
structural piBYBeRt §'{30 i See ?‘{/PY%ppwabﬁ%ﬁtdeoﬂ’e'%tW frem thesgropg.  The

reconbi nant agemmitingus SEQ [ ROK 2435086 41,11t hie 47 avelydd c  fragment of
H'V Gag is selected fromthe group consisting of pl7/24, pl7 and p24. 29.
The recorbi nant adenovirus of claim 27, wherein the proteolytic 35

fragment of HBY Gagnht SedomiindttbbERbvirus BF EISITY, RFthEENFfgoound form 106
W0 031 038057 BT Uons e tbfovus BF BB 1, R bAhe o0l | o m 27,

wher ei n t he pr ot eoPypoiveucleetigmennodisg aseld!Vi groteasedean bYV severdeynucl eot i de
sel ected fromibh&igfRdp consisting of SEQ I D NGs: 34, 35, 36, 40, 41, 42,
46, 47, and 48. 5 31. The reconbi nant adenovirus of claim1, further
conprising: a polynucl eotide encoding an H'V protease or an H V reverse

transcrijpt aseq, 10 T . L nar j f.claim 31 erein the
pol ynucllgot i de2 en?ﬁ%l{%%%glr%ﬁ?%g%@ﬂégggalg@yggﬁ%eN@e 8%'?’"‘5‘%?0%%

reconbi nant adesolng arsHOf prokersmiSIEQIDEN@i 56.t he HI V antigen is HV Gag. 15
34. The reconbi nant adenovirus of claim 33, wherein the protease is
expressed as a fusion protein with the H 'V Gag.

33. The recombinant adenovirus of claim 31, wherein the HIV antigen is
HIV Gag.

15
34. The recombinant adenovirus of claim 33, wherein the protease is

expressed as a fusion protein with the HIV Gag.

35. The recombinant adenovirus of claim 33, wherein the protease is

20 expressed separately from a promoter different from that for the HIV Gag.

306. The recombinant adenovirus of claim 33, wherein the protease is
expressed as a separate protein from the same promoter for the HIV Gag via
an IRES or splicing donor/acceptor mechanism.
25
37. The recombinant adenovirus of claim 1, further comprising:
a polynucleotide encoding a fusion protein of HIV protease and HIV
reverse transcriptase.

30 38. The recombinant adenovirus of claim 37, wherein the HIV antigen is
HIV Gag.

39. The recombinant adenovirus of claim 38, wherein the fusion protein of
HIV protease and HIV reverse transcriptase is expressed as a fusion protein

35 with the HIV Gag.

107



35. The reconbi nant adenovirus of claim 33, wherein the protease is 20
expressed separately froma pronoter different fromthat for the HV Gag.
36. The rwomnisseant adenovirus of claim 33, wherein the pPoTA®Rs®3i1$2
expressed as a separate protein fromthe sane pronoter for the HV Gag via
an | RES or splicing donor/acceptor mechanism 25 37. The reconbi nant
adenovirus of claiml, further conprising: a polynucleotide encoding a
fusion protein of HV protease and H'V reverse transcriptase. 30 38. The

reconmbi nant adenovimhdgecdmisihantBdBroviMRart @jain BBEWhENinARE FGesh bdteid by Gag.

39. The recon‘g_hnant adenovj rus of claim 38, wherein the fusion protein of
H V prot ease aHY PrIiGesend B fevansedianperipiasy is cunippearseapagately fiomsa on prot ei n
35 with the Hio¥f@r dikBrenyoR3hAF8PHE IJﬁQ'@ééSOZI 35112 40. The reconbi nant
adenovirus of claim 38, wherein the fusion protein of HV protease and HV
reverse transcriptase is expressed separately froma pronoter different

fromthat for g4he HiV r@cﬂnbi%rﬂ]aﬂle@g\grurs%?gm @Q%rll_frgvﬁ“uncﬂgifﬁs'i’cﬁ] é)rfote?A g m 38,

wherein the fusion protein o rotease and reverse transcriptase
is expressed &HYarojegserandH\peverse trahseiptadeds sapresgrdommd eepdrate t he H V Gag

[ S [Pfel] [ 2 .Th nmbi
adenovi rus of PTaR O e SHpoRERER he TS LI hn IRESPr ol BeCoding &

fusi on prot ei dooér/adceptor oteehgmsmH V' reverse transcriptase and H V

i ntegrasg. 43.,,The i.nant. _adenovirus of .claim42, wherein the HV

ant i gensli%s 182 V@Eg%p'ﬁﬁ"ﬁ@%%@ﬂr%io Sm eld#é’ﬁh% SIS | ai m 43, wherein
the fusion proteinagfolyndcMofdoteasing dHudiohegretefeoftHilRsetebss, agg and H V
integrase is expressed as a Baﬂh\gpm rotein with the HV Gag. 20 45. The

r econbi nant a&%‘%&%ﬁ FSCpptage 3 8%%in the fusion protein of HV
protease, HV reverse transcriptase and HV integrase is expressed

43. The recombinant adenovirus of claim 42, wherein the HIV antigen is
15 HIV Gag.

44, The recombinant adenovirus of claim 43, wherein the fusion protein of
HIV protease, HIV reverse transcriptase and HIV integrase is expressed as a
fusion protein with the HIV Gag.

20
45, The recombinant adenovirus of claim 43, wherein the fusion protein of
HIV protease, HIV reverse transcriptase and HIV integrase is expressed
separately from a promoter different from that for the HIV Gag.

25 46. The recombinant adenovirus of claim 43, wherein the fusion protein of
HIV protease, HIV reverse transcriptase and HIV integrase is expressed as a
separate protein from the same promoter for the HIV Gag via an IRES or

splicing donor/acceptor mechanism.

47. The recombinant adenovirus of claim 1, further comprising:

30 an immuno-stimulator sequence heterologous to adenovirus and
encoding an immuno-stimulator whose expression in the host enhances the
immunogenicity of the HIV antigen.
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separately froma pronoter different fromthat for the HV Gag. 25 46. The
reconbi nant adenovirus of claim43, wherein the fusion protein of HYV

pr ot ease,wHlo¥o0sseger se transcri ptase and H V integrase i s exprissyssdias a
separate protein fromthe sanme pronoter for the HV Gag via an | RES or
splicing donor/acceptor nmechanism 47. The reconbi nant adenovirus of claim
1, further conprising: 30 an inmmuno-stinul ator sequence heterol ogous to
adenovi rus and® enbﬁgirﬁﬁo%n?q{ﬁﬁi%@‘%@ﬁuF'é’t%f”%vw&r@”éﬁ%m\éﬁwnicﬁ it he host
enhances t he pbﬁ%ﬂi@ﬂiﬁﬂh@Eﬁy?T%f)n bh@etddénanfusama. the fnIK-SRh 038957

PCT/ US02/ 35112 48. The reconbi nant adenovirus of claim47, wherein the HYV
sequence is pBYRNCEIRAOSIPNEAdN te Fd oD ofthe RAenQYEHS Vi rus and t he

i mmuno-stinmul ator sequence is positioned in the E4 region of the
adenovirus. 5 49. The reconbi nant adenovirus_of claim 47, wherein both the
H V sequence 4fd t ABeiresAmRinattiafaneitine of lgimAéevhkarein positioned in the El

or E4 region of th%oﬁﬂﬁ,@%‘!/rsé&er%@%n@rtﬁeﬁﬁrﬁﬂﬁ(ﬁﬁgw%{oﬁ)%ql}é}\%e%%m promot er
bicistronically via an | nternal[| ribosomal entry site or 'via a splicing
donor - accept oPosiERNRsHN e E1©@r 56 .regiae of theadenavrus, andawevexpuessed frohmi m 47,
wherein the e i - ige he | -stinul.ator is
controll ed by%ﬁ@%ﬁ@ﬁ%’fmﬁ?%ﬁ%\%?vb %fata?rﬁ%t”pg%don%}éﬁgx?ﬁ%ggﬂg\?i rus of

cl ai m 47, whesplicing ¢anosapeedei oechaismhe 15 H V antigen or the

i mmuno- sty mul ator is controlled by a non-adenoviral pronoter. 52. The
reconbi nant adenovirus of claimb51, wherein the non-adenoviral pronoter is
sel ected frombbhe Fheugcortbisirs bidegowiriis Gvbfaipr oToVtesTein TV BxRBsdisroomher |
retrovirus LTR.progoter, and chicke toplasm ¢ R-actin pronoter. 53. The
r econbi nant aggﬁawgreﬁ‘so%?e (pHRe-gt ,mﬁ%ﬁe“ﬁ‘%ﬂ%ﬂ’%ﬁ%”%ﬁ?#ﬁﬁ@?ﬁ- is a
cytokine. 25 54. The reconbi nant adenovirus of claim53, wherein the
cytokine is ggfl eci_sd fr?rFB't h 8rou_ copsi sting of interleukin-2

i nt er| euki n- 42T nt &PF EefiAMRinans adenovirys of elaimy/ . Whareip dhe exrsassign pither f er on,
granul oqyt e ceinoaitigen druh&nmano-s@Abigtor issdtRtrflaby #aYh-2u8RGiraphage col ony
stimulating factor. 30 55. The reconbi nant adenovirus of claim47, wherein
t he i muno-  Promoter.

52, The recombinant adenovirus of claim 51, wherein the non-adenoviral
promoter is selected from the group consisting of CMV promoter, SV40

20 promoter, retrovirus LTR promoter, and chicken cytoplasmic B-actin promoter.

53. The recombinant adenovirus of claim 47, wherein the immuno-

stimulator is a cytokine.

25 54, The recombinant adenovirus of claim 53, wherein the cytokine is
selected from the group consisting of interleukin-2, interleukin-4, interleukin-
12, B~ interferon, A-interferon, y-interferon, granulocyte colony stimulating

factor, and granulocyte-macrophage colony stimulating factor.

30 55. The recombinant adenovirus of claim 47, wherein the immuno-

stimulator is a combination of different cytokines.

56. The recombinant adenovirus of claim 55, wherein the combination of
cytokines are expressed from the same promoter but as separate proteins via
35 an IRES mechanism or a retroviral splicing donor/acceptor mechanism.
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stimulator is a conmbination of different cytokines. 56. The reconbi nant
adenovirus of claimb55, wherein the conbination of cytokines are expressed
from t he warm/opgosnot er but as separate proteins via 35 amCrRE®/sEachani sm
or aretroviral splicing donor/acceptor nmechanism 109 WO 03/ 038057

PCT/ USO02/ 35112 57. A reconbi nant adenovirus conprising: a first HYV
sequence encoding a first HV antigen, expression of which 1is under the
transcriptional control of a first pronoter; and 5 a second H'V sequence

encodi ng a segend N'rgcf’rﬂﬁpgﬂréde%ﬂ isPf: Which is under the

transcriptional contr a secon ter 805| tioned in a different
region than the fi a§rrst¢+l\dr$equzenceeemaélggnacfmstd-rll tamé%n rexpresaPnéedivd HI v

sequences el 'Jn'd'égth%ntrd {&ﬁ%w&l@% ﬁ% agaj nst the first and

second HI V antigens upon | gigno st by the reconbi nant
virus. 58. The r ecersbcmadel\bm@nbe ascasfingcd agenns HIViendigenn, rexphessios@bmbi nant

adenovirus 1 o bRRId A0S FSGTPRAELEan R o0e solBA 6RO R b g s R Y T U, o

cl ai m 57, whel secon ns are e sanme. 60. The
reconbi nant adiéemnt regoothaecltase firsdbgronvdier ei n t he f| rst and second HI V
antigens are different t adenovir Us of .cl ai

wherein the first 8¥pr§§%8rhBP&’ﬁlf\rﬁqé\Wlsﬁg(ﬁpd @Rpﬁe%ﬁ(}c%%%' '5'8@”6?]8{“@ 62.

The reconbi napds adgél@wedtetsagﬁmstltm fitsband ml Glmvfah&gédis\bpﬁm\ﬂ&ﬂeﬁm of25nrb
protein is a w pe or ant 160, gpl 20, or gp4l. 63. The reconbi nant
adenovi r'ds of & %#ﬁﬁhe Wﬁ@ﬁ“ I”ﬁ”?‘gg’scl eavage site of the HV envel ope
protein is inactivated by mutation. 30 64. The reconbi nant adenovirus of
claim62, wherein the Cternmnal cytosolic domain of the H'V envel ope

protein is dePBt edThesecompinard agapeiaaeC! dadha( Wirfelrthe regombRNt wher ei n
both the cl eaga&%\,,rgggseregr&t,bn.@,cg {@[éﬁt_nal cytosolic domain of the HV

envel ope protein are 35 deleted. 1 WO 03/ 038057 PCT/ US02/ 35112
15 59. The recombinant adenovirus of claim 57, wherein the first and second

HIV antigens are the same.

60. The recombinant adenovirus of claim 57, wherein the first and second
HIV antigens are different.

20
61.  The recombinant adenovirus of claim 57, wherein the first or second

HIV antigen is an HIV envelope protein.

62. The recombinant adenovirus of claim 61, wherein the HIV envelope

25 protein is a wild type or mutant gp160, gp120, or gp41.

63. The recombinant adenovirus of claim 62, wherein the cleavage site of

the HIV envelope protein is inactivated by mutation.

30 64. The recombinant adenovirus of claim 62, wherein the C-terminal

cytosolic domain of the HIV envelope protein is deleted.

65. The recombinant adenovirus of claim 62, wherein both the cleavage
site and the C-terminal cytosolic domain of the HIV envelope protein are
35 deleted.
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66. The reconbi nant adenovirus of claim®6l, wherein the first or second HV
sequence further encodes an H'V protein selected fromthe group consisting
of RT, PRyvODaw3soyif, Nef, and Rev. 5 67. The reconbi nant @danse?/siis2 of
claim57, wherein the first or second HV antigen is a nodified HV

envel ope protein that includes nmulticlade variable |oops. 10 68. The
reconbi nant adenovirus of claim®67, wherein the nulticlade variable |oops
are V3 loops fromat |least two H V clades. 69. The reconbi nant adenovi rus
of cl ai m 68, asher gihe rebembihahtesishoting dflicMim 61 adbsrear thesiedt@c secbridr om t he
group consi st i of ade A, B, C D F.. and G .15 of group Mof H V-1

i sol at es. 70."'\“[11%8%‘%'&?35&9%{] ”CQQ%%Q/W\E@O&?'” EPEFiRAdEM &]’?eq?@‘i'% the V3 | oops
are encoded daysiplgystuet, eer, i TR svis M cireidRéy. om t he group consisting of SEQ
ID NOs: 25, 26, 27, 28, 29, 30, and 31. 20 71. The reconbi nant adenovirus
of claim57, further conprising: a polynucl eotide encoding a signal peptide

that facilitafes tihe reeshBhbMbdeRbvifdeilcldimB7owheearnd firdt\r s8ddrgen by a
cell infected by the reconbi nant adenoviruse. 25 72. The reconbi nant

adenovi rus offl¥[aatigeryts a frdiied filY ravalorRmeNotele phaf ineludes mitidade gp120 si gnal
peptide. 73. \Ihgnk bi nant adenovirus of claim71, wherein the signal
peptide is 30 enco by SEQ ID NO 74. 74. The reconbi nant adenovirus of
claimb57, further conprising: a polynucl eotide encodi ng an

menbr ang; anchari n Ly r . [ 7 V antigen
bound tfc?)yt hergs%mfg@%qg?érgb'@gﬁtaqeﬁ?ggﬁe C‘%ﬁ 6&@%@%%‘%@‘&@%% adenovi ruse.
111 WD 03/ 038a6ablPEI/pgsne M353adis frors at Iehet tweddMislatiest adenovirus of claim
74, wherein the nenbrane- anchoring domain is an H 'V gp4l transnmenbrane
domain. 5 76. The reconbi nant adenovirus of claim 74, wherein the nenbrane-
anchoring dorési n iThearcadbidablyadshQyins diClaim®8, wherein the at least two HIV

clades are selected from the group consisting of clade A, B, C, D, E, F,and G
15 of group M of HIV-1 isolates.

70. The recombinant adenovirus of claim 68, wherein the V3 loops are
encoded by polynucleotides selected from the group consisting of SEQ ID
NOs: 25, 26, 27, 28, 29, 30, and 31.

20
71. The recombinant adenovirus of claim 57, further comprising:

a polynucleotide encoding a signal peptide that facilitates the secretion
of the first or second HIV antigen by a cell infected by the recombinant
adenoviruse.

25

72. The recombinant adenovirus of claim 71, wherein the signal peptide is

an HIV gp120 signal peptide.

73. The recombinant adenovirus of claim 71, wherein the signal peptide is
30 encoded by SEQ ID NO: 74.

74. The recombinant adenovirus of claim 57, further comprising:
a polynucleotide encoding an membrane-anchoring domain that
renders the first or second HIV antigen bound to the surface of a cell infected

35 by the recombinant adenoviruse.
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77. The reconbi nant adenovirus of claim57, wherein the first and second

H 'V antigen is an H 'V structural protein. 10 78. The reconbi nant adenovirus
of clai mwo,03mssesein the H 'V structural protein is a w | acrysezsity2 Gag.

79. The reconbi nant adenovirus of claim77, wherein the HV structural 15
protein is a proteolytic fragnent of HV Gag. 80. The reconbi nant
adenovirus of claim 77, wherein the proteolytic fragnent of HV Gag is
selected fromthe group consisting of pl7/24, pl7 and p24. 20 81. The

reconbi nant aggenoviThysecmisihitBdédovildBoFf Blhitn Vv iSrehaRrs Wenfbradd-agment  of
HYV Gag is in a natural, secreted or nenbrane bound form 82. The

reconbi nant adBFINEEOMSN 513 R\VRA\ireeseembrane gemaieol ytic 25 fragment of
Gag is encoded by a polynucl eotide selected fromthe group consisting of
SEQ I D NGs: 34, 35, 36, 40, 41, 42, 46, 47, and 48. 83. The reconbi nant
adenovirds of 7B ai mheTecamkinans adeeemius of Hgim 74, wurgindbe membieneancodi ng an
H V prot ease. ir RGEb W of claim83, wherein the
pol ynucl eot i dgﬁ&e(ﬁ@(g)(ﬂgﬂgalgﬁ HI VH%!?%‘% ggggﬂﬁ\g@sg% ID NO 56. 112 WO 03/038057
PCT/ US02/ 35112 85. The reconbi nant adenovirus of claimb57, wherein the
first HV antbgen - e . . . , i nd the
second HV an!t7 ?'genTlhg r‘gm%vé"?écﬁ{ %g%r?%vr"%nhfl Qé&nﬁﬁ\ﬁﬂsbt\ffahgﬁﬁngf gréf%%]c&n . 5 86.
The reconbi nahtlV adiégenvis eodildfstrottaraipBBeinwher ein wi | dt ype or nutant HV
structurI%I protein is wildtype Gag or a proteolytic fragnment of Gag. 87.
The reconbi nant adenovirus of claim57, wherein both the first and second
H V anti gen aie. a Whedéoopebimant adérmotrusibi/cleiny &F apreerginaheHN sthkt@8l The

r econbi nant adertlovi.rus.lgf p%J_a”&r’%S?, wherein both the first and second HV
antigen are aPWTRISHYISYATYNE2d4 v structural protein. 89. The

reconbi nant adenovirus of claimb57, further conprising: 15 an

i mmuno- sti nul %or ﬁquenc ‘het er ol ov%ous t 0. adenovi rus. and
) € recombinant adenovirus of claim 77, wherein the HIV structural

15 protein is a proteolytic fragment of HIV Gag.

80. The recombinant adenovirus of claim 77, wherein the proteolytic

fragment of HIV Gag is selected from the group consisting of p17/24, p17 and

p24.
20
81.  The recombinant adenovirus of claim 77, wherein the proteolytic
fragment of HIV Gag is in a natural, secreted or membrane bound form.
82. The recombinant adenovirus of claim 77, wherein the proteolytic
25 fragment of Gag is encoded by a polynucleotide selected from the group
consisting of SEQ ID NOs: 34, 35, 36, 40, 41, 42, 46, 47, and 48.
83. The recombinant adenovirus of claim 77, further comprising:
a polynucleotide encoding an HIV protease.
30

84, The recombinant adenovirus of claim 83, wherein the polynucleotide
encoding an HIV protease is SEQ ID NO: 56.
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encodi ng an i nmuno-sti nul ator whose expression in the host enhances the
i munogenicity of the first or second HV antigen. 90. The reconbi nant
adenovi r \wo®B/ogdoaT m 89, wherein the first or second 20 HPUT4msquatice and
t he i muno-stimul ator sequence are expressed fromthe sane pronoter
bicistronically via an internal ribosomal entry site or via a splicing
donor - acceptor mechani sm 91. The reconbi nant_adenovirus of claim 89,
wher ei n t he i 8funoThesecombinaniadenquiug ot Glaigk p hevhegoin the first BRGAMIGeANt

adenovi rus of; cmnat},&elor r‘N[]t%h?Hﬂ/ éml&dét&!stenpaha thefé-'éc%ﬁaerﬁv hf?&R@th% group

consi sting of int eukin-2, 1 nterleukin-4, interleukin- I nterferon,
2-interferon, W!}dfb’mQFW?&MHI\QET&MW&W@HEOI ony stimulating 30 factor, and
gr anul ocyt e- rracrophage colony stinulating factor. 93. The reconbi nant
adenovirus of claim57, wherein the first or second pronoter is an
adenovi r &l pr 86mt el he Id@MNN0DBA0SBDSTS POTIAIEEZ/Vv@Erdin wil@type'ﬁnmutwﬁonbi nant

o adenovi ral e Tl P RylhiaR i 5fe Bl HRIRanBRBPbE i 7, o4
wherein the non-adenow ral 5 pronoter is selected from t he gr oup

consi sting of onot er tr,ovirus ter, and
chi cken cyt op?@% @B?{r%cmqma&yaaﬁch Rjjrus oé@an’mr%z Wréecf?)'ﬂg) f %@H vi rus of

claim 57, whesetondtHi¥ dntigst agyr DwiMitgpe bsmutant Hheeflelsggproteimf the adenovirus
and the 1§econd pronoter is positioned in 10 the E4 region of the
adenovi r 97. A nethod for enhancing the immunity of a host to HV

infection, cespri hagscoabmdht atigidvids boclhie5NagterainboktbthelRg@ARI nant
adenovi rus congrl Si nga 15 a first HV sequence encoding a first HV
f

anti gen, expr8e@ngiigrantiagn amwdwev%mv 8@§H|\b§trl{qiilérakﬁ>rpgedn r econbi nant
adenovirus eliciting an i nmune response directed against the first HYV
antigen in a host upon infection of the host by the reconbi nant

adenovi rus. 28998. T EeqesiaNt gfleravisrobdainyh e feither£@mpisiggeri ng to the

host a qseconbi nanén‘?’rﬁﬁﬂﬁéﬂsﬁh’\ﬁﬁa{& sB lﬁérfb'é%@?rbl'&bb n%(nlr and
S asa

intratracheally, subcutaneou tran 'y, intradernally, rectally,
orally or par engagingan munmetlm@amwme eXpiEsaigyin thhéﬁ%tlemh’ah@esrtbeonbi nant

adenovirus f urrﬁrnﬁﬁogenicity of the first or second HIV antigen.

90. The recombinant adenovirus of claim 89, wherein the first or second
20 HIV sequence and the immuno-stimulator sequence are expressed from the
same promoter bicistronically via an internal ribosomal entry site or via a

splicing donor-acceptor mechanism.

1. The recombinant adenovirus of claim 89, wherein the immuno-

25 stimulator is a cytokine.

92. The recombinant adenovirus of claim 91, wherein the cytokine is
selected from the group consisting of interleukin-2, interleukin-4, interleukin-
12, B- interferon, A-interferon, y-interferon, granulocyte colony stimulating

30 factor, and granulocyte-macrophage colony stimulating factor.

93. The recombinant adenovirus of claim 57, wherein the first or second

promoter is an adenoviral promoter.
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25 conprises one or nore inmuno-stimnul ator sequences heterol ogous to
adenovi rus that encodes an i nmuno-sti nul ator whose expression in the host
enhances wbe3sjosassnogeni city of the HV antigen. 100. The merhusd2/afiizl ai m
97, further conprising: 30 admi nistering to the host an immuno-stinul ator.
101. The nethod of claim 100, wherein the i muno-stimnmulator is a cytokine
sel ected from.the group consisting of interleukin-2, interleukin-4,

R-

interl eukin- 92, he FRcoMGiRast adengvifa of glatsm 57 yWhereiBrthe fitsh or 38C8AHI ocyt e

col ony sti nul a%jnme,a;g nbA%ldehevidNBrogiasiul ocyt e- macr ophage col ony stinul ating
factor. 114 03/ 038057 PCT/ US02/ 35112 102. The method of claim 97,

further conprising: admnistering to the host a second reconbi nant

adenovirus of ofi ff?ﬁé?éconﬁ%ﬁé?ﬁlé@@néxﬂﬁ%ot/@lgﬁn o4, Wﬁ&e%ﬂﬁéhoﬁ%ﬁ@ﬁ@ir@ﬁgt

adenovi rus and conpri sing a secon sequence encoding a second H'V
ant i gen, Sexpr eesnaier isfselected feue hedrelvcendistige of BMY pemniero BY40 econbi nant
adenovirus el |.¢jt] o i L nd HV
antigen in a REnER by TYRPRERRERE AER BRIz el R e

adenovirus. 10 103. The nethod of claim 102, wherein the serotype of the

first reconbi pant denovi.rus i § adenovirus rot ype .and the serotype of
t he second rgg‘onbﬂﬁ%ﬁ?”&@é%iaa%mﬁ'rgsQtﬁ@@ 52 @?%Eﬂnttﬁééf'@} B @YHsi sting of
adenovi rus sgerit¥Ieediofd itk &dénbvirdSaridthe sEoendipidiaderas pesiserivdlin2, wherein
the first HV_an %ger_l encodeg by the first reconbinant adenovirus is the
sanme as ne sgheo'% agiap PP gEAMEBded by the second reconbi nant
adenovirus. 105. The nethod of claim 102, wherein the first H 'V antigen
encoded by the_ 20 first reconbi nant adenovirus is different fromthe
second H V anffgenAdnelpaddor anprangieg teciammenity obahoskietHMdefgelia us. 106. The
met hod of cl apghdfdng:Wherein the second reconbi nant adenovirus has the
sane adenovira ackgoone as the first one except that the fiber region 25
of the second recoatiningieringdioribe hpsis first recombinpet adenoyigysotoppisingan t hat i n

the first reconbi Qefi'?%t l—ﬁg"sggﬁ’éﬁc‘ésencégﬁg a &t l-ﬁﬁ?/ta{h‘ﬁger‘?,fex Pe%}s%hjo(? g Wherein

t he second reconbi nant adenovi rus s the sane adénovira ackbone as the
first one excést Hi\hantigemebykthelirst B&ositaiant adengams eficitigsan olonwien of t he

fiber region Pgsp%rh]ge 8?&?&93658&@& APk antigen in a host upon infection of the

host by the recombinant adenovirus.

20 98. The method of claim 97, wherein administering to the host a
recombinant adenovirus is performed intramuscularly, intratracheally,

subcutaneously, intranasally, intradermally, rectally, orally or parentally.

99. The method of claim 97, wherein the recombinant adenovirus further
25 comprises one or more immuno-stimulator sequences heterologous to
adenovirus that encodes an immuno-stimulator whose expression in the host

enhances the immunogenicity of the HIV antigen.

100. The method of claim 97, further comprising:
30 administering to the host an immuno-stimulator.

101. The method of claim 100, wherein the immuno-stimulator is a cytokine
selected from the group consisting of interleukin-2, interleukin-4, interleukin-
12, B- interferon, A-interferon, y-interferon, granulocyte colony stimulating

35 factor, and granulocyte-macrophage colony stimulating factor.
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adenovirus is of different serotype than the corresponding one in the first
recombi nant adenovirus. 115 WO 03/038057 PCT/ US02/ 35112 108. The net hod of
cl ai m 102vowhess®sh t he second reconbi nant adenovirus i s a@airniser/ayier to the
host at | east one week post the administration of the first reconbi nant
adenovirus. 5 109. The nethod of claim 97, further conprising: harvesting
serumfromthe host after the adm nistration of the first reconbinant
adenovirus. 110. The nethod of claim 109, wherein the host is a human or a

non- human  1Qopri MAkenethdd of difiien 9B tidebrebmprisingy 109, further conpri sing:
storing the serumfor at least 12 houréq@nd thlgejn a{dm' ni steri serumto
pary

th
the host or anot h@@npysiering asthe post arieCongRERIN 12eRpvIp of glr%qetn t he

other host i $eaBeMBn Batdf BRFirstHeB&AbIAEN MERIeAovilkBndTdvenpreingod of cl ai m 97,
further conprising: isolating antibody agai nst cm?/fi rst HV antigen from
the host5 after theé sezonaity fea4anseiehROYRd 8156C37¢ St FHISRLPIPERS Wlnovi r us;

and then admtl?(%ﬁéc%rnm-ﬂvtéf'ﬁg bi BrecbRd Rpimbiiart Baémeirud erditinglad. A met hod

of enhanci ng e Imunity of a host to HV infection, COTT?I’I sing: 25
adni ni st er i ngmoing esponse diseeted sadNHHhe saerkoVIVaNdides if? NSFIAROR first H Vv

sequence encqrqp[e@t%nﬂ?fﬁth‘%ﬁé?tlﬂa,\{hgpécjogf%an%gémgn of which is under the

transcriptional Co rst pronoter; and a second H V sequence
encodi ng a second H V antigen, expression of which is under the

transcrjptiongl, contral : Ik il Q. ci T ferent
region Hian t@g f %?t'%%tﬁgérg? 8@%2%?@@%%%%?%?8%9?% w%ﬁg@%néglg%ﬂt' H Vv
sequences el igiehbvigisds ademavires seretyperts @ndithestrotypaghihesiecon@ first and

T M L T T

serotype 1-4 and 6-51.

15 104. The method of claim 102, wherein the first HIV antigen encoded by the
first recombinant adenovirus is the same as the second HIV antigen encoded

by the second recombinant adenovirus.

105. The method of claim 102, wherein the first HIV antigen encoded by the
20 first recombinant adenovirus is different from the second HIV antigen encoded

by the second recombinant adenovirus.

106. The method of claim 102, wherein the second recombinant adenovirus
has the same adenoviral backbone as the first one except that the fiber region
25 of the second recombinant adenovirus is of different serotype than that in the

first recombinant adenovirus.

107. The method of claim 102, wherein the second recombinant adenovirus
has the same adenoviral backbone as the first one except that the knob,

30 shaft, or penton base domain of the fiber region of the second recombinant
adenovirus is of different serotype than the corresponding one in the first

recombinant adenovirus.
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WO 03/ 038057 PCT/ US02/ 35112 admnistering to the host the reconbi nant
adenovirus at |east once again after the initial admnistration of the
reconbi nawo oaasgeevi rus. 116. A net hod for enhancing the i memrsoy3zfi2 a host
to infection of a first 5 and second pathogenic virus, conprising:

adm nistering to the host a first reconbi nant adenovirus conprising a

first antige equence heterqlo 0 native adenovirus and encoding a
Flrst i ran 18R IR et BhE=RP R whBrstE blareeB0f PRt Be R a5t "The
first viral anidramBterbd td the Hdst sttlesig onBINeRAPosELe AAWINistEatiohiot i Nng an

i mmune response di rectagg g]O against the first viral antigen in a host upon
i nfection of MFHETHRINEY 2PRROFUBst  reconbi nant adenovi rus: and

adm nistering to the host a second reconbi nant adenovirus' conprising a

second anti gen _sequence heterol ogﬁus to native adenovirus and encoding a
second WA ral 188t i g8 MetBad Phel2igbe ol A CRBRERNS: virus, expression of the 15

second viral anti 48R ding SeufARsthd REBRENABLRARDANINUF 1Rl frsi L1 ng an

i mune response directed against the second viral antigen in a host upon

i nfection of reepenbtesnt aggneWaisi i rst reconbi nant adenovirus. 117. The net hod
of claim 116, wherein admnistering to the host the first or 20 second
reconbi nant adenovirus is performed intramuscularly, intratracheally,
subcut aneousIy0. i Atheanetbad bf¢laimt @& oérerein ke hqsé{staigmry,an 6F ainpy-hgman
parenta{d y. J‘);] ataNe method of claim 116, wherein the serotype of the first
reconbi hant "adenovirus is adenovirus serotype 5, and the serotype of the
second 25 reconbi nant adenovirus is selected fromthe group consisting of

the Tirst vindl anpeghaiefabada oo der FBRelBhdConni nant. atenovirus (s the

sane as the secondtatingahe astungfon atieasidichouBartly t he second reconbi nant
adenovirus. -120. _The net hﬁd of, ¢ erein first viral antigen

. laim1 h
encoded by the fith&} adaigingdhe s%%’?h@bﬁ?ﬂ\é\gioéaﬁp?‘%séﬁgﬁt fromthe second

viral amigen encoded by the second reconbi nant adenovirus. 35 117 WO
SRR STk S g LB AR
except that tfugndni fehateegi on
113. The method of claim 97, further comprising:
isolating antibody against the first HIV antigen from the host after the
20 administration of the first recombinant adenovirus; and

then administering the antibody to host or another host.

114. A method of enhancing the immunity of a host to HIV infection,
comprising:
25 administering to the host a recombinant adenovirus comprising
a first HIV sequence encoding a first HIV antigen, expression of which
is under the transcriptional control of a first promoter; and
a second HIV sequence encoding a second HIV antigen, expression of
which is under the transcriptional control of a second promoter positioned in a
30 different region than the first promoter,
expression of the first and second HIV sequences eliciting an immune
response directed against the first and second HIV antigens upon infection of

the host by the recombinant virus.
35 115. The method of claim 114, further comprising:
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of the second reconbi nant adenovirus is of different serotype than that in
the first reconbinant adenovirus. 5 122. The nethod of claim 116, wherein
t he secorwOri@masebl nant adenovi rus has the sane adenovir alpCvaskbsme2 as t he
first one except that the knob, shaft, or penton base domain of the fiber
region of the second reconbinant adenovirus is of different serotype than
the corresponding one in the fir

e . 1n. st. .10 recqnbi nant adenayjrus. 123. The
met hod of claim 1@@@%@%@Wthﬁ@Oéfet%%ﬁ%FOf@EQﬂ%PH%‘EV'%{aé‘K'S@F"rWs?% has the
same adenovi LghinbaekRrNAitiasadiRistrbion ofane resadifant haéndviras.knob  domai n of
the fiber regiron of the second reconbi nant adenovirus is of 15 different

serotype than the corresponding one in the first reconbi nant adenovirus.

124. The methqd ofy ﬁhﬂo@fé@@'haweﬁb%é‘irﬁrﬁ@ﬂ@%@%sf fOARkLGRBLa AdENOVirus s

adm ni stered t'0 the host I'east "one week "post the administration of the
20 first5 recandisneond patbogeriic wgis, CIBPNSTME et hod of claim 116, wherein the

first or second reconhlagnl ) ASRGN FiFrdcSnifRhi S@iRas RGAPRMPAL . 126,

The nmethod of cla erernt Irst reconbinant virus further 25
conpri ses a tindtmdtigen seprnse jeendegdustie nativyadanovisunhand ercoginervliist us and

encoding a third viral anti f he. fir , NaF-\A jo& Vi rus.
127 "the. et MU BU0ER L0 haare AR TLS {SprebioR S At Rl apaalch
sequences ar &yaps fitst asveehbirmant bderdviran diid@hgoan iEMnuregiesponse difgetedat i ve 30
progenitor of the first reconbi nant adenovi.r r i 128. The
met hod 8 cl A%EbEe fﬁ\te‘ﬂ"é‘f?f‘qi%ﬁﬁ 8 NPt UReg 'rt“lél‘s’t?oc? (gfﬁﬁ?ééﬁws%%&ﬁces are
expressed bi Gesdrhsipamaldeyiolasust bed same pronoter. 118 WO 03/ 038057

PCT/ US02/ 35112 129. The nethod of  claim128, wherei flrst. and second

anti gen sequencesad&'ﬂ'@s@k'ﬁgi%g@d‘oﬁf%isgf‘? @8%?93(}%%&%%0'?”&&@@%&5?% bosomal

entry site ory sddoRd@nifed Sédqiende Reler@6§ARRIO hatechdenoss and&tcodifige met hod

of claim 116, wherein the first reconbi nant virus further .coir)}ﬂhl ses a third
i

anti gen s_equ@&@onﬁé/ifélr%]ﬁ_égiblﬁ@”lfBeﬁSP‘P%D%{B%Q?d\'ﬁ YIS SHUCSULYIRG a third
viral apti gen fromidantfid 69 1 sc26@RtoRMBifAESd VWIS BiGitingrh

immune response directed against the second viral antigen in a host upon

infection of the host by the first recombinant adenovirus.

117. The method of claim 116, wherein administering to the host the first or
20 second recombinant adenovirus is performed intramuscularly, intratracheally,

subcutaneously, intranasally, intradermally, rectally, orally or parentally.

118. The method of claim 116, wherein the serotype of the first recombinant
adenovirus is adenovirus serotype 5, and the serotype of the second
25 recombinant adenovirus is selected from the group consisting of adenovirus

serotype 1-4 and 6-51.

119.  The method of claim 116, wherein the first viral antigen encoded by the
first recombinant adenovirus is the same as the second viral antigen encoded

30 by the second recombinant adenovirus.

120. The method of claim 116, wherein the first viral antigen encoded by the
first recombinant adenovirus is different from the second viral antigen
encoded by the second recombinant adenovirus.
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t he second reconbinant virus further conprises a fourth antigen 10

sequence heterol ogous to native adenovirus and encoding a fourth viral

anti gen fwormswssestirst or second pathogenic virus. 131. TieTnsSphadinf cl ai m

130, wherein the first and third antigen sequences are positioned in the

El and E3 or E4 region of the native 15 progenitor of the first reconbi nant

adenovi r us, r?SﬂectLvel - and the second and fourth antigen sequence are
the Ene

positioned in hegsolyFlaimy! 10 Yingrein e seganeh ERGOVDINANG MNAVEHS of t he

second reconbhaatie ANV T0VFal JRRBGHE 43Pk Yirst ohd2xcdftehaBh & aserdbgighai m 131,
wherein the first and third antigen 20 sequences are expressed

bi ci st roni cal P{thgypecnrd ecpmbiaphpd@novires istdh diffasens serotyprithpa dhatin #et i gen

sequences ar efigxRIcBEbRthnPheédvilgdi cal ly by the sane pronoter, 133. The
met hod of claim 132, wherein the bicistronic expression is via an 25

i nternal >ribosomal entry site or via a splicing donor-acceptor mechani sm

134. The neth of i 1 i\ . ogeni c
viruses are tﬁgz'saﬁg%ﬂ%%h%? CI%?%?’H%%O@%%%?@%f@%ﬁ@?g?%]o&ﬂgpfi rst
and t he seconbaptierssgenadenovirallsekbenesasothe fiirst opareceptpatisiue kdb, di f f er ent

subtype or d g o?é@ntom%s%%gﬁ&fthglﬁﬁé%éi%ﬁ’of e%egkgg%c%ﬁﬂrjr{@ft and the

second pat hogeni ¢ rruses are eren €s 0 35 119 WO
03/ 038057 PCTAUSORIrGS k1¢r diffe3@nt sEnatypee thaadhe toredspiondihd ®neuwhdredirst t he first
and the %econgﬁﬁh%ﬁ?ni c viruses are different viruses. 138. The net hod
of cl ai r%‘n 116, | ?ﬂ%ncfvi'rf”%'t or second pathogenic virus 5 is a human

i mmunodeficiency virus. 139. The nethod of claim 138, wherein the first or

second viral i i s .an |V surface, .core/ capsid, regulatory, enzyne or
accessory pr o?‘gé'ng?%"ﬁlﬁ?d 9’1;%3' ﬁ@o?ﬁ’ 8?9"2;&15%Cg&g,rec\m@,u%nﬁa%?{@x/frw styor
second viral pagigeaneadarRveaimRdkbdriead the figlt o exeRitsdtithdkedp H V gpl20,
gp4l, Gag, pl7, g_24, II?Z' p7, pl, p6, Tat, Rev, PR RT, IN, Vif, Vpr, Vpx,
Vpu and Nef. $ameaingid HrHPFIBIIGN OF hei saceA® recpmbINGNh aderoviris §ofor  second

pat hogenisc Vi Higerent Sefobypenthhi @Z@rEspbisding e intHE firRrdRfhsiark! ai m 141,

wherein the first or second viral antigen is a
adenovirus.

124. The method of claim 116, wherein the second recombinant adenovirus
is administered to the host at least one week post the administration of the

20 first recombinant adenovirus.
125.  The method of claim 116, wherein the first or second recombinant

adenovirus is replication-incompetent.

126. The method of claim 116, wherein the first recombinant virus further
25 comprises a third antigen sequence heterologous to native adenovirus and

encoding a third viral antigen from the first or second pathogenic virus.
127. The method of claim 126, wherein the first and third antigen
sequences are positioned in the E1 and E3 or E4 region of the native

30 progenitor of the first recombinant adenovirus, respectively.

128. The method of claim 126, wherein the first and third antigen

sequences are expressed bicistronically by the same promoter.

118



gl ycoprotein of the influenza virus. 20 143. The nethod of claim 142,
wherein the first or second viral antigen is influenza glycoprotein HAL,
HA2 or NAVOD443803he net hod of claim 116, wherein the firs®PCoruseszamz

pat hogenic virus is Ebola virus. 25 145. The method of claim 144, wherein
the first or second viral antigen is an Ebola glycoprotein. 146. The

retnod o el g 148 BRLTRIOAF A et I She g o, %0, 012

second viral sagtergpes are;emresdﬁddimastmmﬁaﬁpaap&n idteprad rieosomdl 20tr'Veitd8f 038057
PCT/ US02/ 35112 _148. The al m 116, wherein the first or second
pat hogeni c viv H%SFR@"}%‘?QJ\S’F%C%H? 3§|smrhe nmet hod of claim 148, wherein
the first or second viral antigen is a 5 Marburg glycoprotein. 150. The

met hod q im1 t he t qQr second viral antigenis a

Mar bur g 5Lucl 388ap3%& YB?fEP(iPEC'alj_Tb1Iléj PNei&R met hod of claim 116, wherein the
first or second paﬁénm@emc@mwrfans\nruSSfumﬁérct\ompmSes aaard érrhgeﬁetzdjlmc@f claim

151, wherein the first or second viral antigen is bovi rus 0g}ﬁ{]ﬁ}oprot ei n.

15 153. The metaielagexs o native agdenoviHe pag gnegsiing ¢ third W@ tigendr ogeni ¢

virus is hepgdtiol 58cod pithogkatt W‘{]Qearmet hod of claim 153, wherein the
hepatitis virus is hepatitis A B, C, Dor E virus. 155. The nethod of

clai m 153, wherei i ﬁ%C%dr@@O"@?'”%@d’HHﬁfl{ﬁhﬁéPO’ﬁﬁft’ﬁeéeanfOPgh ag{iggnace antigen or
core prafeingghy aﬁétér‘o guywhbﬁwe%%@novm@ aﬁetehes'd. Bg,s aGb@HNikpS>, wherein

the first or secon V|ra ant| gen is Ag, or LHBsAg of
hepatitis B wantigen frtheﬁﬁéommd D@thQB@pMFQSS wherein the first or
second viral antigen is a surface antigen or core protein of hepatitis C
Vi rus.

131. The method of claim 130, wherein the first and third antigen

sequences are positioned in the E1 and E3 or E4 region of the native
15 progenitor of the first recombinant adenovirus, respectively; and the second
and fourth antigen sequence are positioned in the E1 and E3 or E4 region of

the native progenitor of the second recombinant adenovirus, respectively.

132. The method of claim 131, wherein the first and third antigen
20 sequences are expressed bicistronically by the same promoter, or the second
and fourth antigen sequences are expressed bicistronically by the same

promoter,

133. The method of claim 132, wherein the bicistronic expression is via an

25 internal ribosomal entry site or via a splicing donor-acceptor mechanism.

134. The method of claim 116, wherein the first and the second pathogenic

viruses are the same.

30 135. The method of claim 116, wherein the first and the second pathogenic

viruses are of the same type but of different subtype or clade.
136. The method of claim 116, wherein the first and the second pathogenic
viruses are different types of the same virus.
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30 158. The nethod of claim 157, wherein the first or second viral antigen
is NS3, NS4 or NS5 antigen of hepatitis C virus. 159. The nethod of claim
116, wherwor3wss®sfirst or second pat hogenic virus is respCTAiS0r/3518yncyti al
virus. 35 121 WD 03/038057 PCT/US02/35112 160. The nethod of claim 159,
wherein the first or second viral antigen is a glycoprotein or a fusion

protein of re |aI Vi u od of clgim116,
wherei n the fﬁ gﬁeébeg%%ﬁ g4 Wngan eﬁ?ﬂf}WJ'fﬁénﬁéEﬁ‘oé%C@ﬂrP& icrus. 5
162. The net hmdjgefsacéaiff@remmrusdger ein the first or second pathogenic virus

is herpes sinplex virus type-1 or type-2. 163. The nethod of claim 161,
wherein the first or second viral antigen is 10 glycoprotein D from herpes

si mpl ex vi rus188.peTRe mkdod a'ff‘tﬁanﬁﬁelﬂboﬂh@lfelrﬁt’hé'ﬁﬁét1—)1§ecdmﬁfa%d'g1_etnhﬁnﬁjbrSt or

second pgthogenlc virus is human papilloma virus. 15 165 he net hod of
clai m 164, whisrehymamEnmypedefigenee¥isd viral antigen is E6 or E7 of human
papill oma virus. 166. The nmet hod of claim 116, wherein the first or second
viral antigen is a_full-length antigenic viral protein or a portion of the
ant i geni c_vi r 4$9-pr shemethaskef clain 1S&nwheied thadirgosdeeandadnal anfigegéman

neutralizing aptigeRe %reﬁ%géle,%gﬁ’lgtotr@eeﬁ%@gora95es§8rg/3%ﬁt891at hogeni ¢ virus.

167. The method of clarm rern't Irst viral antigen is
a nodified antigen that is mutated froma glycoprotein of the first or

second 35 patﬁ1 eml'ﬁe Wa’ﬁrtﬁb% St twﬁ@r%lnf‘hﬁl?so%f séce%%q}ﬂg}/ér[tl ntigen is

render ed non- unc Ional as a vira onent SN igenicity.
168. The net herle@ed &oai the B6AUP msbmg\othh’mmfgp@t Gmg pﬂ?fp2r4$p20r second

viral antigen 4 ngl d t te t|c eavage site of the 30
gl ycoprotein, pybg] ggp &lltt:a%\?oﬁn@mélﬂ’r\ég%rpi H nosuppr essi ve
peptide regions of the glycoprotein. 169. The net hod of claim 116, wherein
the first or ?ﬂ?omﬂhé (ran%%wn% %rlglm 1al ? <\a/r|e|rn tﬁefflysrttopgéco%% ar’cﬁosgee%lc v}rﬁg

15 is influenza virus.

142.  The method of claim 141, wherein the first or second viral antigen is a

glycoprotein of the influenza virus.

20 ' 143. The method of claim 142, wherein the first or second viral antigen is
influenza glycoprotein HA1, HA2 or NA.

144.  The method of claim 116, wherein the first or second pathogenic virus
is Ebola virus.

25
145. The method of claim 144, wherein the first or second viral antigen is an

Ebola glycoprotein.

146. The method of claim 145, wherein the first or second viral antigen is
30 Ebola GP1 or GP2 protein.

147. The method of claim 146, wherein the first or second viral antigen is an

Ebola nucleocapsid protein.
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WO 03/ 038057 PCT/ US02/ 35112 an i mruno-stinul ator sequence that is

het erol ogous to native adenovirus and encodes an i muno-stimnmulator. 170.
The net howooB/osdoar m 169, wherein the i muno-stinmul ator i sPaTASHDEIIME. 5
171. The nethod of claim 170, wherein the cytokine is selected fromthe

group consisting of interleukin-2, interleukin-4, interleukin-12, R

interf , 2= f - 1.nt , | t il ati
factor . and dlnulBestenonateeBh il Harang RS PRt VY T2 e
met hod of cl & Pkl vifug.t her conprising: harvesting serumfromthe host

after the admnistration of the first and second reconbi nant adenovi rus.
15 173. The nethod of claim 172, wherein the host is a hunan or a non-hunman

primte. 174.448he mRthado@bf abini Mad Wherdiktid bt 6QWRbAEG Ving antigdroisiang t he
serumfor at |east 12 hour; and 20 then adm nistering the serumto the host
or anot Her héarburgziycoprieifet hod of claim 174, wherein the other host is a
human or a non- human primte. 176. The nethod of claim 116, further
conprising: 25 isolating antibody against the first or second viral antigen
from t he host150af tTée meibodahflains 14hwhereia the first o5 sesend vigp! SBEIRMIS Peconbi nant

adenovi rus; el 4ng the antibody to host or another host.
oy R BIE

177. The net ho alm erein the host or the other host is a 30
human or a non-human prinate. 123

10 151. The method of claim 116, wherein the first or second pathogenic virus

is Arbovirus.

152. The method of claim 151, wherein the first or second viral antigen is
Arbovirus glycoprotein.

15
153. The method of claim 116, wherein the first or second pathogenic virus

is hepatitis virus.

154. The method of claim 153, wherein the hepatitis virus is hepatitis A, B,
20 C, D or E virus.

155. The method of claim 153, wherein the first or second viral antigen is

surface antigen or core protein of hepatitis B virus.

156. The method of claim 155, wherein the first or second viral antigen is
25 SHBsAg, MHBsAg, or LHBsAg of hepatitis B virus.

157. The method of claim 153, wherein the first or second viral antigen is a

surface antigen or core protein of hepatitis C virus.

30 158. The method of claim 157, wherein the first or second viral antigen is
NS3, NS4 or NS5 antigen of hepatitis C virus.

159. The method of claim 116, wherein the first or second pathogenic virus
is respiratory syncytial virus.
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160.  The method of claim 159, wherein the first or second viral antigen is a

glycoprotein or a fusion protein of respiratory syncytial virus

161. The method of claim 116, wherein the first or second pathogenic virus

is herpes simplex virus.

162. The method of claim 161, wherein the first or second pathogenic virus

is herpes simplex virus type-1 or type-2.

163. The method of claim 161, wherein the first or second viral antigen is

glycoprotein D from herpes simplex virus type-2.

164. The method of claim 116, wherein the first or second pathogenic virus

is human papilloma virus.

165. The method of claim 164, wherein the first or second viral antigen is

E6 or E7 of human papilloma virus.

166. The method of claim 116, wherein the first or second viral antigen is a
full-length antigenic viral protein or a portion of the antigenic viral protein that
contains the predominant antigen, neutralizing antigen, or epitope of the first

or second pathogenic virus.

167. The method of claim 116, wherein the first or second viral antigen is a
modified antigen that is mutated from a glycoprotein of the first or second
pathogenic virus such that the first or second viral antigen is rendered non-

functional as a viral component but retains its antigenicity.

168. The method of claim 167, wherein the modification of first or second
viral antigen includes deletions in the proteolytic cleavage site of the
glycoprotein, and duplications and rearrangement of immunosuppressive

peptide regions of the glycoprotein.

169. The method of claim 116, wherein the first or second recombinant

adenovirus further comprises:
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an immuno-stimulator sequence that is heterologous to native

adenovirus and encodes an immuno-stimulator.

170.  The method of claim 169, wherein the immuno-stimulator is a cytokine.

171.  The method of claim 170, wherein the cytokine is selected from the
group consisting of interleukin-2, interleukin-4, interleukin-12, - interferon, A-
interferon, y-interferon, granulocyte colony stimulating factor, and granulocyte-

macrophage colony stimulating factor.

172.  The method of claim 116, further comprising:
harvesting serum from the host after the administration of the first and

second recombinant adenovirus.

173.  The method of claim 172, wherein the host is 2 human or a non-human

primate.

174.  The method of claim 172, further comprising:
storing the serum for at least 12 hour; and

then administering the serum to the host or another host.

175.  The method of claim 174, wherein the other host is a human or a non-
human primate.
176. The method of claim 116, further comprising:

isolating antibody against the first or second viral antigen from the host
after the administration of the first and second recombinant adenovirus; and

then administering the antibody to host or another host.

177. The method of claim 176, wherein the host or the other host is a

human or a non-human primate.
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