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(PAMP) and an ant iIy&ATEIRIM NS SYSAENM-DREGTEOWACONERS i on provi des
novel fusion proteins conprising an isolated PAMP and an antigen such that
vaccination with these fusion proteins provides the two signals required for

native T 10 cell activatioq?thfcﬂpT@hgﬂ@gﬁhqngpf the present invention
0

provide an efficient way maki ng and using a single nolecule to induce a
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immunity to infectious agents. The two systens are i'nnate or natural
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mechani sm by whi ch. t he feco nize inf. ctlous agents. 2 P FER.ZO%S VWO
02109748 Y %@@1\7% 1§§3 usion proteins provides the two signals required for natve T-

10 cell activation. The novel vaccines of the present invention provide an efficient way = -
of making and using a single molecule to induce a robust T-cell immune response that
activates other aspects of the adaptive immune responses. The methods and
compositions of the present invention provide a powerful way of designing, producing
and using vaccines targeted to specific antigens, including antigens associated with

15  selected pathogens, tumors, allergens and other disease-related molecules.

BACKGROUND OF THE INVENTION
All articles, patents and other matenals referred to below are specifically
incorporated heremn by reference.
1. Immunity

20 Maulticellular organtsms have developed two general systems of tramunity to
infectious agents. The two systems are innate or natural immunity (also known as
“innate immunity”) and adaptive (acquired) or specific immunity. The major
difference between the two systems is the mechanism by which they recognize

mfectious agents.



The innate i mmune system uses a set of gernline-encoded receptors for the
recogni tion of conserved nol ecul ar patterns present in mcroorgdri &s))SThese
mol ecul ar _patterns occur in certain constituents of m croorgani sns

i ncl udi ng®© 1A% 68l ysacchari des, pepti dogl ycans, IipoteichBEE“ﬁ&Fﬂg?“
phosphati dyl chalines, 5 bacteria-specific proteins, including |ipoproteins,
bacterial DNAs, viral single and double-stranded RNAs, unnethyl ated

CpG DNAs, manmafsnafd ifm¥aé btem QbesOf 3861 o PARLELh&de@ethitRod): nge! | wal |
conponents. Such nol ecul ar patterns can also occur in other nolecul es such

as pl ant i.ds. r S i_nnat.e. i mun nitJjon are called
Pat hogenr 0@5‘7@303 0%?%?&“@?%%&?%{6 Sk %&Wﬁé‘)“”&f”ﬁ’é%ﬁ%ey 'fé;?egeproduced 10 by

m croorgani snms and not by the infected host organism (Janeway et al. (1989)
Col d Spr MRjeuaTPatiemmeccinia fertaipcapstitupnts of migroopsamsans Beluging| . (19 97)
Ca-r. Opin. [lininunol. 94: 4-9). The receptors of the innate i mMmune system
t hat recdpnpdesRAhndes, mpadedland, liRaditlerinadvés phodphitdy! ReoBptsor s ( PRRs) .
(Janeway et al. (1989) Cold Spring Harb. 15 Sv!np. Quant. Biol. 54: 1-13;

Medzhit 0% agkridlspedi 9 Brbleifd) ikoludiRd Hp(éérm%acte?ﬁl DA A, viralld188I8 ah@Cept ors vary
in structure and belong to several "different protein famlies. Some of
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e of Ror el BB S G PAS o e BRR0R I goner ot e

whi |l e ot hers co rece P
be

by PAMP _recognition. Menbers of these receptor famlies can, generally,

07 vt ded PATEORie i (o Ba SRS P CFEE BTG LR FEGPAETRG TR (Ehe pl asnm:
2) endocytic receptors expressed on i mmune-cell surfaces, and 3) signaling
r ecept or thaiamoleanesiac spplesisaiplowlst Aaesedrreeiief gulale wuntcEcegnition
intracellularly. (Medzhitov or al. (1997) Curr. Opin. nununol. 94: 4-9;
Fear on etaratallef Pa8hreibokenceePVRIecnlr Phiter2S(THEEPR00Mc (WY B2/ pkdDit4d

PCT/ US01/ 24228 Cel | ul ar PRRs are expressed on effector cells of the innate

i mune sxbgrtlﬁimoqrwﬁéryﬂh{am&%yt@ tl@died MREH IR RS (PIehes el @Nal9so) -
antigen-presenting cells (APC} in adaptive imunity. Such effector cells
i ncl ude, cbdﬁ S&[fﬁg %t)bl.slvmpt @gaﬁfpﬂi&jﬁgiiqpﬂﬂ%&i’z}ﬂtov et al. (1997) Curr. Opin.
Immunol. 94: 4-9).
The receptors of the innate inumune system that recognize PAMPs are called
Pattern Recognition Receptors (PRRs). (Janeway er al. (1989) Cold Spring Harb.
1S Svmp. Ouant. Biol. 54; 1-13; Medzhitov et al. (1997) Curr. Opin. Immunol. 94: 4-9).
These receptors vary in structure and belong to several different protein families.
Some of these receptors recognize PAMPs directly (e.g., CD14, DEC205, collectins),
while others (e.g., complement receptors) recognize the products generated by PAMP
recognition. Members of these receptor families can, generally, be divided into three
20 types: 1) humoral receptors circulating in the plasma; 2) endocytic receptors
expressed on tmune-cell surfaces, and 3) signaling receptors that can be expressed

either on the cell surface or intracellularly, (Medzhitov et al. (1997) Curr. Opin.

Immunol. 94: 4-9; Fearcn et al. {1996) Science 272: 50-3).



dendritic cells, B lynphocytes and surface epithelia. This expression
profile allows 5 PRRs to directly induce innate effector mechani syg,rrangdy
also to alrrﬁﬂég host organismto the presence of infectjous a enﬁé”by
i nduci ng 'R &%Pession of a set of endogenous signals, SUcKUHd~i28

i nfl ammat ory cytoki nes and chenoki nes, as discussed below This latter
function allows efficient nobilization of effector forces to conbat the
invaders. to ItieRRPRES e LHpeeREPRT G tbITUD BT S SHAR8 il Cdsylisienf ound only in
vertebrates, wuses two types of antigen receptors that are generated by

somatic ' rd.ng. .t ( e, 1 ndie i organi sm The
t wo type?lac g a‘&hgggsetﬁﬁrﬂé@%gp g??roﬁ?%?dz@ﬁgﬁ%gﬁ?sgﬁg@ge%@ gﬂ%&%&{ and the

i mrunogl oQul in receptor, (IgR), whjch are  expressed on two specialized cell
types, T2 wﬁd@gﬂf%wa§ac%@ﬁ?wwsh§%§}dea@t@é%%iwv&f9,. MAHRPRAEESI ficiti es
of these antigen receptors are generated at random during the maturation of
| ynmphocytdesdriiy dehle, B hooegssess aid sufaat epltigdine Thrseapreasige pritle all@msiom pai ri ng
of receptor subunits, and by a tenplate-independent addition of nucleotides
to the co®imgoHagiONsddts hAgde tiiectbeRESRAGRTEMA alReweMt gkkdses have
denonstrated that the innate i mune systemplays a 20 crucial role in the

control N 3 VI =t R tre radaRt iy 'm-g nd i nduction
of appro%%‘?%’%ggli Eogt?irgg%si&{ecgtogr re?%%r%ﬁ%ls% (Fea?%lﬁ%%?%r?ﬁs%gfggg%éﬁ%ci ence 272:
50-3; Medzhitov et al. 997),Cel |l 91: 295-8).. lndeed, it is now well

oot abl | SHER AR SR sy DR RER o ey 08T i naob by ST o
distinct signals: one is a sPeci fic 28 FEB 2005 WD 02/ 09748 PCT/ US01/ 24228
ant i geni &elpapt Taé latise Bgsiioey ey sfheerianobdiggiqnpd eferier Iaressttagowgkal | ed
co-stimulatory signal, B7, which is expressed on APCs and recogni zed by the
CD28 nol édwuineadeexpr essed on T-cells. (Lenschow et at. (1996) Annu. Rev.
linnaul rol. 14: 233-58). Activation of naive CDAT T-Iynphocytes requires

t hat 1pot h si gnaksairdshehspReiitd Rrbuddysged) vafich & feurB onplreedieBraté € expressed
on the same APC. If a naive CD4 T-cell recognizes the antigen in the

absence Qf.dA% (PlestirANAben bipiols &8 hreMdnbratia®ymatic mechanisms during

the development of each individual organism. The two types of antigen receptors are
the T-cell receptor (TCR) and the immunoglobulin receptor (IgR}, which are
expressed on two specialized cell types, T-lymphocytes and B-lymphocytes,

15 respectively. The specificities of these antigen receptors are generated at random
during the maturation of lymphocytes by the processes of somatic gene
rearrangement, random pairing of receptor subunits, and by a template-independent
addition of nucleotides to the coding regions during the rearrangement.

Recent studies have demonstrated that the innate immune system plays a

20  crucial role in the control of initiation of the adaptive immune response and 1n the
induction of appropriate cell effector responses. (Fearon et al. (1996) Science 272:
50-3; Medzhitov ef al. (1997} Cell 91: 295-8). Indeed, it is now well established that

the activation of naive T-lymphocytes requires two distinct signals: one 1s a specific

L)



apoptosis. Expression of B7 nolecules on APCs, therefore, controls whether
or not the naive CD4 T-lynphocytes will be activated. Since CD4 T-/deFArs2i%
control the ’qcti vation of CDS T-cells for cytotoxic functi Qns, and the
activati on DB ¥l s for 10 antibody production, the exprB8§SitGhtot2B7

nol ecul es determ nes whether or not an adaptive i mune response will be
activated. Recent studies have al so denonstrated that the innate inmune
system pl a¥%edic %gﬁﬂ%'r%&odﬁ)éeﬁﬁ hé Mercand iRloth iBH QY RABSBEARimATaRAT ON et at.
(1996) Science 272: 50-3° Medzhitov et at. (1997) Cell 91: 295-8)7 As

nent i oned_.earli.er . .i.-nna i e re Y i j.at.ed PRRs t hat
recogni zeSI%I%.w%%gfkﬁﬁeF%g&A%%v sf%g‘!’;@‘ﬁ‘%%g t?‘%su nglgg?“ e activation
of signaling pathways that control the expression of a variety of inducible
i mune r e%posed YJrhesils. @@PEFdﬁoﬁfgertqlre(lﬁ%@eé”%ﬁh%ﬁv- ntyae. §F bt sS)- necessary
for the activation of |ynphocytes, such as B7, cytokines and chenoki nes.

(NI edzhi t avtietioatf nit®97¢ Gelym@bry29eq8iresMheidivith eignels, thk spdcl®O7) Nat ur e
388: 394 20 397). Induction of B7 expression by PRR upon recognition of

PANI Pg t hitgiodg 6RUINeB 7 hblecsie! dkRepesich oditfClii® ARE aha Aflde @rsuTR31It hat only
T-cells specific for mcroorganismderived antigens are normally activat ed.

Thi s nmechapi sn - i I: ut_or.eacCl: | ynphocyt es
peci 1 o FortltPidRtetn ubhe (B0 Re BER SEL O o TS0l B ks Flisol Bazos
Receptors of the _jnnate i ne system t control the expr.ession of BY7
ol ebut eSS Gy EORTSEE HBDE HUCUEs 5 BEGh (EaRRre oBHOI RBHADE 00" ot al
(1997) Nature 388: 394-397; Rock et al. (1998) Proc. Natl. Acad. Sci. USA,
95: 588- 98 nanvyRddel leupkncyte Wl isgtivged henearPidyl selismio] thee recept or s
(TLRs), so called because 5 they are honol ogous to the Drosophila Toll
prot ei n whitizhtidrso i GV 8 Mwedls ot dytotnxicdonsioug nnd &le gpatvaesmdhg-cells Brrosophi | a
enbryos and in the imune response in adult flies. (Lerriaitre et al.
(1996)0 CekitindBy pRa3cisd) thel dxpParEida loif ®7 068K ST ke wTiRS orfidven been shown
to recogni ze P?uN Ps such as the bacterial products LPS,

adaptive immune response will be activated.

Recent studies have also demonsirated that the innate immune system plays a
crucial role in the control of B7 expression. (Fearon et al. (1996) Science 272: 50-3;

Medzhitov et al. (1997) Cell 91: 295-8). As mentioned earlier, innate nmmune
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recognition is mediated by PRRs that recogmize PAMPs. Recognition of PAMPs by
PRRs results in the activation of signaling pathways that control the expression of a
variety of inducible immune response genes, including the genes that encode signals
necessary for the activation of lymphocytes, such as B7, cytokines and chemokines.
(Medzhitov et al. (1997) Cell 91: 295-8; Medzhitov ef al. (1997) Nature 388: 394-
20 397). Induction of B7 expression by PRR upon recognition of PAMPs thus accounts
for self/nonself discrimination and ensures that only T-cells specific for
microorganism-denved antigens are normally activated. This mechanism normally

prevents activation of autoreactive lymphocytes specific for self-antigens.



pepti dogl ycan, and lipoprotein. (Schwandrzer et al. (1999) J Biol. Chem
274: 17406- 10 9; Yoshinura et al. (1999) J. In nu nol. 163: 1-5; A} BPrantkhs
et al. (1\% 9‘)3’“[?%' ence 285: 736-9). ?. Vaccine Devel opnent Vagg:ll nes. have

traditionally {€n used as a neans to prot ect agai nst di seaset>datsdly by

i nfecti ous agents. However, with the advancenent of vaccine technol ogy, 15
vacci nes have been used in additional applications that include, but are not

limted to, copideplorPbs dBAMALY @i sybteintiiat CORGYI BE le@preafiohof Wpne acti on,
and prevention or treatnent of tunors. The primary purpose of vaccines used

to protec) REALNSI %ftcﬁiiﬁgsq‘%geiré:eh@yb ﬁg&ltiﬂemhﬂﬁ{o@rfg‘?'ﬂ@7 to a

particul ar m croorgdnism re genera , vaccines are needed to i nduce

i cr oor gaNTE S 408 S PR e By e Al 4CG Set b AaP Sesietor abnor ma
cells. Division and differentiation of B- and T-Igirrphocyt es that have

surface rEespraseriorsdisdaigftpdhe smibvned Todltlikgarcpiera BLBshoe hatkddertysei ty and
menory. 5 2 8 FEB 2005 WO 02/ 09748 PCT/ US01/ 24228 I n order for a vaccine to
i nduce a peptediimod domtnter/eepgrisie, Tdl promst whidh fid idvolvel ®dofioinl owi ng
requirenents: 1) it nust include the specific antigen(s) or fragnent(s)

t her eof tfiatowhirdl faBednlt® tan@8bp0f Rt AGHHVE Tl reERINOW N1t
vaccination; 2) it nust present such antigens in a formthat can be

recogni ZeHﬁ%ﬁL&r@%ﬁ%@Hﬁﬁl@6%%%62??%-?3% hi;‘PI i ﬁa%s'rgﬁrg\%@tst‘&%l?ﬁ%%da“ on

prior to I ne recognition; ar _ i'va / present the
ot her | e D61 RROB OB GRLMED BT f 5 4F SFCBIONRES L6t af n suspensi ons
of attenuated or killed mcroorganisnms, such as viruses or bacteria,
i ncapabl epaptidpgiviensi pey Keapspisi. rfelewandrensf al 109N mBetiveber bifd: taHHdbl e of
counteracting the unnodified (or virulent) species when

10 9; Yoshimura et al. (1999) 1. fmmunol. 163: 1-5; Aliprantis et al. (1999) Science 283:
736-9).

2. Vaccine Development

Vaccines have traditionally been used as a means to protect against disease
caused by infectious agents. However, with the advancement of vaccine technology,
\Ixaccines have been used in additional applications that include, but are not limited to,
control of mammalian fertility, modulation of hormone action, and prevention or
treatment of fumors.

The primary purpose of vaccines used to protect against a disease is to induce
immunological memory to a particular microorganisim. More generally, vaccines are
20 needed to induce an immune response to specific antigens, whether they belong to a

microorganism or are expressed by tumor cells or other diseased or abnormal cells.

Division and differentiation of B- and T-lymphocytes that have surface receptors

specific for the antigen generate both specificity and memory.



inoculated into a host. Usage of the term has now been extended to_include
essentially any preparation intended for active i munol ogi c prophy axEs 2005
(e.g., prL tjons of killed mcrobes of virulent straing or livin

m crobes gﬁp'g"%@ejﬁuat ed (variant or nutant) strains; mcr O%Fgfl’,g”f’ﬁfﬁggl ,

pl ant, protozoan, or netazoan 15 derivatives or products; synthetic

vacci nes). Exanples of vaccines include, but are not limted to, cowpox

virus for inocy eibn®ragatslat isiEhdPOpoectl@nimuhox@bondeit niisERLAL t et anus,
whol e-i nacti vated bacteria to prevent whoopi ng cough (pertussis),

POl ysacoha g SO ol 1S Yol SARRYACARER: AREURLAradRthfigooMI nant

proteins to preven epatitis enu vaccrnes are usually
i mmunogeni.c, their .use_has bee limted beca their efficagy.generally
requires SHEH ?%,‘“@E?Eﬁq %Egekﬂgﬁﬂ%eﬁ E° BRMPREY ktﬂ%“@%%l"%‘f"“&fé‘%m flants of

virul ence. Mreover, the use of attenuated pathogens in 6 WO O2/ 09748 2 8
FFR 2005 nRESPERDLABL2RGGdaidfesn st gysbrieapetized bhihe mpinetsysten, ri sk
factors that in nost cases prevent their safe use in humans. The probl em
W t h synt bet, iadonmesisnes to depridetioatpher tohandund wcbdation; ey 3aitenwd t en

non-i nmunogeni ¢ or non-protective. The use of avail able adjuvants to

i ncrease Lhg QP W%@Me@nﬁéeﬁo ShBt NeLIE WiRek iD&$n findf BRNOt an
opti on because of unacceptable “side effects induced by the adjuvants

Chermsel ves;ee /A gl ANt S ASLI0S A5 @i gubst ance that i ncreases the
Yy of adm T

i mmunogeni Ci t xed anti géens. ough chem cal s such as alum are
of ten consi der;d to be ag{;uvants . the

, y are in effec <in to carriers and
are likely to SCRVEOSELGCPIgS FRpLap s Pﬁ‘é‘?ﬁs‘)‘g"ﬁﬁfl%te PORYEfng their
interaction with antigen-presenting cells. The best adjuvants are those
that ni ni Su¢mRarsaBFMPLHCHES FTBTS OF §atiPShinaepakie ol watusingeveramaeetion bymune
system Pure antigens do not induce an i nmune response because they fall

10 themselves, but capable of counteracting the unmodified (or virulent) species when
inoculated into a host. Usage of the term has now been extended to include
essentially any preparation intended for active immunologic prophylaxis (e.g.,
preparations of killed microbes of virulent strains or living microbes of attenuated
(variant or mutant) strains; microbial, fungal, plant, protozoan, or metazoan

15 denvatives or products; synthetic vaccines). Examples of vaccines include, but are
not limited to, cowpox virus for moculating against smallpox, tetanus toxoid to
prevent tetanus, whole-inactivated bacteria to prevent whooping cough (pertussis),
polysaccharide subunits to prevent streptococcal pneumonia, and recombinant
proteins to prevent hepatitis B.

20 Although attenunated vaccines are usually immunogenic, their use has been

limited because their efficacy generally requires specific, detailed knowledge of the

molecular determinants of virulence. Moreover, the use of attenuated pathogens in



to induce the costinulatory signal (e.,g% B7.1 or B72) necessary for
activation of |ynphocytes. Thus, a k(-,y mechani sm of adjuvant a(r:ré E:ﬁ E)@ [Eas
been attr\kg%ﬁg %o tlie 15 induction of costiml atory S|gnals b s g g\

or m crobi R constituents <carrying PWNI Ps that are CoTu‘tJ?‘ gi28
constituents of adjuvants, (Janeway et aL (1989) Cold Spring, Har b. Syinp.
Quant. BiolL, 54. 1-13). As discussed above, the recognition of these PAMPs

by PRRs iReeRSs hitBcmtanals  REGasSaHYKk FRlord Wh%&ét%a?&tp'ré&%ht @Bir (such as
B7) and differentiation (effector cytokines). -)0 Because adjuvants are

often us | Qe Ph@hafxcess of antigens and thus trigger an innate inmune,
response%glien %any cerFSXs that do not cone in contact with the target

antigen, this, non- eCIflC i nduction of t ne systemto produce
the signals tH&tr Fmr%ﬁluF‘Y'E t\“co" CHeES 04t eo‘ﬁ[’l@?haélﬁ g% e\ﬁé‘"? e response
produces an 7 WO 02/ 09748 2 8 FER 2005 PCT/ US01/24228 excessive

i nf | anatrorymnBspErEe of hat-prasdees Thanye of aveHeblradiuv s nincdjaiant s
clinically unsuitable. Alumis currently approved for use as a clinical

adj uvant ,imemengedifioughsynthahia sacehatis vaéryndtiani dpeidn dkddueaciundoesaitge it i s not
an innate imune stinulant and thus does not cause excessive inflammtion.

However , Smu%@ﬁgfsqugcgatbyltncgdjg@gthhgﬁgelu&e of an innate imune stinulant in
such a way as not to elicit éexcess infl armatlon could be far nore effective

t han vacci nes corg)en W?ﬁg&eﬁniﬁf&b&m thbeag A adj uvantClt O%h as alum

Fusi on of an 4n suc er| AT poprotein (BLP),
optim zes the st0|ch| ZCBjthetwo signhals a coordi hates their effect
on the saﬁ%“ﬁﬂ@m‘gﬁ‘b% ‘?%l Ay eleuah farterre e E%E‘?fbg 4% ©rifl ammat ory
responses that occur when antigens are m xed with adjuvants conprising

i nnat e i rediventst they hennsiioet éil\rlftioefa@@erﬁﬁ@d@reulﬂqemmra@*g%n$t@blhylncl n addition,
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10 antigens and/or promoting their interaction with antigen-presenting celis. The best
adjuvants are those that mimic the ability of microorganisms to activate the innate
immune system. Pure antigens do not induce an immune response because they fail
to mduce the costimulatory signal (e.g., B7.1 or B7.2) necessary for activation of
lymphocytes. Thus, a key mechanism of adjuvant activity has been attributed to the

[5  induction of costimulatory signals by microbial, or microbial-like, constituents
carrying PAMPs that are routine constituents of adjuvants. (Janeway et al. (1989}
Cold Spring Harb. Symp. Quant. Biol., 54. 1-13). As discussed above, the recognition
of these PAMPs by PRRs induces the signals necessary for lymphocyte activation
(such as B7} and differentiation {(effector cytokines).

20 Because adjuvants are ofen used in molar excess of antigens and thus trigger
an innate immune response in many cells that do not come in contact with the target
antigen, this non-specific induction of the innate immune system to produce the

signals that are required for activation of an adaptive immune response produces an



the chinmeric constructs of the present invention will prevent activation of
APCs that do not take up the antigen. Activation of such APCS i § WB
absence of (91353 and presentation of the target antigen can g

i nducti on"Of i mune responses, 15 which, again, is onepg?ﬂgﬂe'brbblens
Wi th commonly used innate immunity- stinulating adj uvants that prevents or
limts their use in humans. Notably, the <chineric constructs of the present

i nventi ong,gxhid ﬁﬂﬁﬁﬁm@&%@@stp'oﬁ%e mmﬁ&é@maﬁ%ftmﬁés%beﬁt sdiliémtOr properties
expected of a conventional vaccine supplenented with dj uvant, but the

chi er o GoRSH YRR R "8l DCUGSLA EXEESPLY Bl UL 8T AR G5, 29, £oAct] on as

is often i yana e vacel fie" ap roa &8t bed in

t he present i.nvention. mnjmzes_or ellmnates undesired side effects (e.qg.,

excessi vethopgl it AdrEalaiiply B%Pétf"‘g giicacy; DEFAMRT Hilt Pt Apdrngta duewse sipalagt not ent

and specific imune 8 28 FEB 2005 WO 02/097J8 PCT/ US01/ 04228 response, and

provi des adfthvdpdadsrot adise eretsiive itfhnvagtinn doveopra wicrige mhat tnnlebedof

antigens and adjuvants. 3. Alternative Vaccine Strategies |Immune Stinulating

Conpl exesthtQke bsgh BB aMaseh R StimulANE REsuhiaffidyads Ml to Siceekaxes (1 SCOVB) are
cage-like structures conprising Quil-A cholesterol, adjuvant active

saponi n ane %% Lo, ks, g, f’f‘eQHQ 1AW g L q!}gg E_% L i mune
responses P?)ch&to al . (1& ggié m’rugn}gf1 2 Lq'? g %{1‘8’ lgm th et al.
(1999) J tElnu ng % é‘iﬁ% 5536- COVES .ar e sy Lep% r epeat ed
b n st r SEPOR B e (RS RIS SR Gee Tl AR ARG paLNIE:
conpl exes all ow 10 the entry of antl gen into both NTHC | and | I processi ng
pat hways. bgokmsighdipeprogin (BiHooptymiven thiqighomeay o8 .ty ZjgnajssodVs have been
used with conjugates of nodified soluble proteins. (Reid (1992) Vaccine
10(9): 597cBd2ites Traseiacoopiexesedd X0 throduceiand Hie unyppetadespose, as woul d
be expected for such a vaccine. (Mdxrein et al. (1999) Methods 19: 94
10 inflammatory responses that occur when antigens are mixed with adjuvants
compiising innate immune stimulants to increase their immunogenicity. In addition,
the chimeric constructs of the present invention will prevent activation of APCs that
do not take up the antigen. Activation of such APCs in the absence of uptake and
presentation of the target antigen can lead to the induction of auteimmune responses,
15 which, again, is one of the probiems with commonly used innate immunity-
stimulating adjuvants that prevents or limits their use in humans. Notably, the
chimeric constructs of the present invention exhibit the essential immunological
characteristics or properties expected of a conventional vaccine supplemented with an
adjuvant, but the chimeric constnucts do not induce an excessive inflammatory
20 reaction as is often induced by an adjuvant. Thus, the vaccine approach described in

the present invention minimizes or eliminates undesired side effects (e.g., excessive

inflammatery reaction, autoimmunity) yet induces a very potent and specific iImmune



15 102). However, in contrast to the nolecules of the present invention,
| SCOMS are far nore conplex structures that present potenti al pqp@tpmﬁmpf
reproduci&i“%h%, nd dosing; nor do they contain conjugates Petmepp,ah'”
anti gen aRd "A"OAY. Since 1SCOMB do not specifically targeW:Abﬁgkﬁﬁgir use
can result in problens of toxicity 20 and a |lack of specificity. Miltiple
Antigeni ¢ Reconbi nant Vaccines. Various U S. patents disclose chineric
proteins &gibﬁb@,taha@r&fidm i RhBlcathEaM & ReRhbdSs MBS hitifesUge as
vacci nes. For exanple, Klein et al. were granted a famTy of patents (e.g.,
U.S. Patept.. 02409748 2 B FEB 2Mb  PCT/ US01/ 24228 No. 6, 033, 668;
6,017,539?3%?6%%?%%%; aﬁd 5,968, 776) which describe genes encodi ng
mul timeric hybrids conpri_sing an i munogenic region of a protein froma
first antigeﬁilﬁﬁﬁﬁﬂgg éﬁqqﬁ%ﬁﬁﬂﬁgﬁFc region froma second pathogen. Wile
the patents are focused on human Param .. fl uenzai Respi,ratory syncyti al
Vi rus protein opnper g 3% | fandJss ag Oadeined. i lyensnensiynetimdr e br oadl y
sel ected frombacterial and viral pathogens. Although the vaccines
cont enspl atceeh ks EFIOMEY atcagéli@e brsdions phiap@iing QualA, colgtenponent
peptides are all selected by virtue of their being antigens (i.e., being
recogni ze, WEMH d A-mgg I 1] O8O M t h PAXMS,

Qilj 4 ?‘acrlggs%onﬁzg@ Iﬂntsg}gdhﬁlne aBnf@He" c?!mgt%ﬁ)tg's??t%é’“.

and t hus vaccl nes are not S g to stinulate nnat e 1 nmune

system 10 Sinugalia ( .. Pate 5,114 713) _di.sgl.0ses vacci nes
consistiﬁﬂ“ﬂ?“”%@%¥§ﬁ%§hﬁwgﬁf{%QE%ﬁgéﬁﬁ%ﬂg”&f%%%%‘6$6§g§’§%¥€ﬁf%§ntodiuna
fal ci parum (P. falcéparung as uni versal T-ceII_e%itopes t hat can be coupl ed
to B-cel | {1&pPbpagrnaéttOhs> 0r 1a6e hride¥Siee deibireiar F3p6aichat hogeni ¢ agent s
(e.g., bacteria, viruses, fungi or parasites). These conbi ned pepti des can
be pr epar&thibystreeeronbiiffarent amess toTesdividhalivicaetedhtse Tovglidxeepllowpes are not
known to be PAMPs, and they act via the adaptive

10 the entry of antigen nto both MHC I and II processing pathways. (Mowat et al.

(1991) Immunol. 72: 317-322).

ISCOMS have been used with conjugates of modified soluble proteins. (Reid
(1992) Vaccine 10(9): 597-602). These complexes also produce a Thl type response,
as would be expected for such a vaccine. (Morein ef al. (1999) Methods 19: 94-

15 102).

However, in contrast 1o the molecules of the present invention, ISCOMS are |
far more complex structures that present potential problems of reproducibility and
dosing; nor do they contain conjugates between an antigen and a PAMP. Since
ISCOMS do not specifically target APCs their use can result in problems of toxicity

20 and alack of specificity.

Multinle Antigenic Recombinant Vaccines. Various U.S. patents disclose

chimeric proteins consisting of multiple antigenic peptides (MAPs) for use as

vaccines. For example, Klein et a/. were granted a family of patents (e.g., U.S. Patent



i mmune systemrather than the innate i mune system Russell-Jones et al.
(U.S. Patent No. 5,928,644) disclose T-cell epitopes derived froTHt;rE% hgsaT
protein of E._ coli that is used to produce hybrid nolecules to radise’inmune
responsesV2d4"A&® various targets to include parasites, softbt&'¥Htbrs 20
(e.g., LSH) and viruses. Thus, these constructs provide strategies for
increasing the conplexity of the antigenic nature of the vaccines, thereby
pronot i noNstd, 8N4 Bed 7359 FYb i Bb anddeRisi M8) IR EsEeSPONRE Sncodapever, the
epi topes are not known to be 10 28 FEB 2005 WD 02109748° PCI/ USOI/ 24228
PAVPs, a hey. ] he_. ' | systemr than the innate

i nmune sys{'l félnrg? B\ﬁfﬁﬁhsm}{% ﬁ%&%ﬁ%gg%gm%gﬁ&é%ﬂ%nnr\%ﬁﬁ Og%sp rﬁ%@%‘é@ya %rls% ferent in

i ntent, con.cepE‘, strategy and node of action fromthe present invention. 5
4. Over vi BWSEt k! RGPIPTVHOEFHESHIN TR aeeihpatiagidntWBIe Frdakdire|

vacci nes of the present invention conprise one or nore isolated PAI\ s in
conbi nat i on fywiuséd embunin RoermihntigBepiraifhes ey figlensispsedin dumbrs Mheci nes  of
the present invention can be any type of antigen (e.g., including but not

limted t@rst fnthogenadtiebnd @y 88 i@ BoadlyRRE ek Gth @dcenili BERSml
all ergy-related antigens, neural 10 defect-related antigens, cardiovascul ar

di sease 1 , Silactqe] ridl : i - :

di sease- %ig%gﬁéaﬁt?gé’nsﬁu k%ﬁcﬁlgoéﬁgg?&@é%%a C%rl%?g{ﬂ'e%%gﬁstl?lggﬁgms’gHbr yoni ¢
antigens and/or fetal antigen nd the |ike a crIes. of warious types of
vacci nes,t’\‘z‘\hf’%’ﬁo%eé‘ﬁpﬁﬁ%ﬁ? G%Lfééi??wdtthe‘“HPéQé‘il?FEm‘?%@i“@ﬁ?s éfselbﬁlt“evi ded in

Figure 1. In one preferred enbodi nent, the vaccines are reconbi nant

pr ot ei ns, '6PTUBARYcHRBRIPARER ) T35 flerned prsting el diesrb PHERA P §aap tbtsei ns,

which contain a PALVIiP (e.g., BLP or Flagellin) and one or nore antigens.
The basi cthe groepts Aonctgieggard ngstanflysitoninnge ansiumesksite present invention
is provided in Figure I. Upon adm nistration into human or ani mal subjects,

the vacci nes ofintifglia (U.S. Patent No. 5,114,713} discloses vaccines consisting of
peptides from the circumsporozoite protein of Plasmodium falciparum (P.
Jfaleiparum) as universal T-cell epitopes that can be coupled to B-cell epitopes, such
as surface proteins derived from pathogenic agents (2.g., bacteria, viruses, fungt or
parasites). These combined peptides can be prepared by recombinant means. These
15 umversal T-cell epitopes are not known to be PAMPs, and they act via the adaptive
immune system rather than the innate immune system.

Russell-Jones ef al. (U.S. Patent No. 5,928,644} disclose T-cell epitopes
derived from the TraT protein of £. coli that is used to produce hybrid molecules to
raise immune responses against various targets to include parasites, soluble factors

20 (e.g., LSH) and viruses. Thus, these constructs provide strategies for increasing the
complexity of the antigenic nature of the vaccines, thereby promoting strengthened or

multiple adaptive immune responses. However, the epitopes are not known to be

10



present invention will interact with APCs, such as dendritic cells and

macr ophages. 20 This interaction will have two consequences: First?7 8trgg 7005
PAMT porth%nu,%u he vaccine will interact with a PRR such as a TLR and
stinulate'a §ighal i ng pat hway, such as the NF--BB .JNK anBfBFSPh382H45t hways.
Second, due to the PAIVP's interaction with TLRs and/or ot her
pattern-recognition receptors, the reconbinant vaccine wll be 11 26 FEB

2005 VOO 09 748 tRCH MM 24508 L aksind E’yé(‘gér}ﬁ oSN fhb Enrfefd IngmBRd

macr ophages by phagocytosis, eudocytosis, rnacropi nocytosi s, depending
on the c«gb%@%{ype, the size of the reconbi nant vaccine, and the identity of
t he PAMP. “ACtivation of TLR-induced signaling pathways will lead to the

i nduction of 5 the expressjon of c tokines,dﬁ&ernqktnes, adhesi on

mol ecul es, and-1eS-8E AREFREBINCE HOFBEMSEe B ydBIiRPRtiPdNERh PSSR macr ophages
and, in sone cases, B-cells. Uptake of the vaccines will |lead to the
processi straeky tikmadt PHeties)rdm dedresent meePANWP and their presentation by
the MHC class-1 and MHC class-I11 nolecules. This will generate the two

si gnabs requi Med¥arviehel e Nat Vaeciads dlahe @rdseaeindntioa specific antigen
signal and 10 the co-stinulatory signal. In addition, chenokines induced by

the vaccine (dyg fos| RoAnN & bk aRthaARihthnER) o b 8GLHisbanal ve
T-cells to the EPC %ng cyto %neg,s I Ke 1ThL-l ?E |%ﬁ?\ﬁqﬁ; iﬁguce T- cel
differentjation into Th-1 effector cell.s, a result . Fobust. T-cel
mune. 1 G4O0RSE S TR WA B RRICHGS T PURIdbet Pl BRF aspect s
of the adaptive inmune responses, such as activation of antigen-specific B-
15 cel | s AR RFEEAbINEHEN CaPHFSAnY (tHe HlaEReR ot neldurs upBoipiBEehio | nvent i on
provide an efficient way to produce an inmmune response to one or nore
speci f i ¢ pattoggengated tivogens.ttheoathieed entigindea!ef fiecidehatimahd, ypeasdoci ated with
conventional vaccines. SUWARY OF THE | NVENTI ON 20 The present invention
rel anes geARt-adityd b&ti a6 aRBSvastlbN@idssohntiedek MBeumatoid arthritis-related

antigens, other diséase-related antigens, hormones, pregnancy-related antigens,

embryonic antigens and/or fetal antigens and the like). Examples of various types of

vaccines, which can be produced by the present invention, are provided in Figure 1.

In one preferred embodiment, the vaccines are recombinant proteins, or

15  recombinant hpoproteins, or recombinant glycoproteins, which contain a PAMP (e.g.,

BLP or Flagellin) and one or more antigens. The basic concept for preparing a fusion

protein of the present invention 1s provided in Figure 1.

Upon administration into human or animal subjects, the vaccines of the

present invention will interact with APCs, such as dendritic cells and macrophages.
20 This interaction will have two consequences: First, the PAMYP portion of the vaccine

will interact with a PRR such as a TLR and stimulate a signaling pathway, such as the

NF-xB, JNK and/or p38 pathways. Second, due to the PAMP’s interaction with

TLRs and/or other pattern-recognilion receptors, the recombinant vaccine will be

11



vacci nes and net hods of using vaccines. Mre specifically, the present

i nvention provides vaccines conprising an isol ated PANT-P, 7 8 FEQ 2005

i mmunostipulatory portion or inmunostimulatory derivative thereof 122”

02/ 09748 BEMF86T 24228 and an antigen or an i munogenic pBFTilSHI 28

i mrunogeni ¢ derivative thereof. An exanple of a preferred vaccine of the

present invention is a fusion protein conprising a PA P, inmnunostinulatory

portion otrkérr%smﬁaé ROy adtilYiBbhates bPBHERLREY, dllocRBlitagn or an

i mmnogenialc portion I{gi?lLl mmnogenlac ear’\é‘lgflﬁ ?vé’ t%@r eof . OgﬁT 1e’ vacci nes of the

present invention can conpsise gn AMP pepti de or rotein, including, but

not |ini tI&acr?BI}IOYM%SI?’&%P%%O%%E eB}eiSﬂﬁ?gcﬁ)} eaﬁ?ggmgﬁaﬁb‘bz\%lflgi ns and

| i popeptides, Flagellins, outer nmenbrane proteins (OWs), outer surface

prot ei ns andgpaden@paiitioPdMi.n conponents of the bacterial cell walls, and

ot her PRR Hounds. 10 One preferred PAM P of the present invention is BLP,

i ncl udi ng t he BkiFanenoddTed -mtutdiesi polivpephirdes eiil BaMtd Dehucpneét forth in

Figure 15. In addition to protein PAWPs, also useful in the vaccines of the

present i@yentibObAbRRAREd:ISheTOIRL] £HeQbn MNARR: MLLLInBa0MP. Anti gens

useful in the present “invention include, but are not [imted to, those 15

that are mcroorganisrn-relate and, ot her , di sease-relat t.igens,

ol ud! ng Bar oD ar e 57 mellPhdi T &t SFREFaeh b AP uREe

cancer-rel ated. The _antjgen conponent, of the vaccine can_be derived from

sources tHa G (i, P “&fi%fOHB%SH}SiC}%ﬂFe@“@S?(SbEJé%H the ﬁ“?%%%fhﬁrfungi,

yeast, protozoa, netazoa, tunors, malignant cells, plants, animls, hunmans,

al | er genspresvatarondy thn i tnglass-d agd pEHE cldes-IiTheleanes. gBns wikgeianifafogeni ¢

portions or imunogenic derivatives thereof can be conposed of peptides,

pol ypept i dessigritzlprepuiotdion she gltivatnt of redwesT -caliicop epdotfinataed sichel didke. The

various vaccines of the present invention include, but are not limted to:
10 the co-stimulatory signal. In addition, chemokines induced by the vaccine (due to

PAMP interaction with TLR) will recruit naive T-cells to the APC and cytokines, like

T1.-12, which will induce T-cell differentiation into Th-1 effector cells. As aresult, a

rebust T-cell immune response will be induced, which will in turn activate other

aspects of the adaptive immune responses, such as activation of antigen-specific B-
15  cells and macrophages.

Thus, the novel vaccines of the present invention provide an efficient way to
produce an Immune response to one or more specific antigens without the adverse
side effects normally associated with conventional vaccines.

SUMMARY OF THE INVENTION
20 The present invention relates generally to vaccines, methods of making
vaccines and methods of using vaccines.

More specifically, the present invention provides vaccines comprising an

1solated PAMP, immunostimulatory portion or immunestimulatory derivative thereof

12
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13 28 FEB 2005 WD 02/097-8 PCT/ US01/ 24228 1) one or nore PAMPS,

i mmunostinul atory portions or inmunostinulatory derivatives thereo N
conjugateg,tq1@9§ or nore antigens, inmmunogenic portions or . innqng it§ 280
derivatives FAeF&of, 2) a PAMM P/ antigen fusion protein cofpfV¥iGd Bne or
nmore PAVPs, 5 immunostinmulatory portions or inmunostinulatoryy derivatives
thereof, and one or nore antigens, inmmunogenic portions or imrunogenic

derivati v@s ohhafigRfor AANfhninc@ef® BbiioRbr #kidSsbnid AFHAAGS MFoPORKI ON OF
i mrunogeni ¢ derivative thereof, that conprises a | eader sequence fused to a

i pidati %ggﬂgﬁq%f%&%gﬁ L in SHNRERE Y REEHTOL alf1abn b téiHch{I&‘ﬁEsiBUsed to the

anti gen, nogeni ¢ porti on* or I mmunogeni c“derivatrve thereof.

The prese i hvention al S0 enconpasses such vaccines further conprising a
pharnacedgé bymﬁggéﬁP§§W8QU%ﬁgg%P§“WHEFEHWH F“Banﬁﬁpmﬂhﬁ?? g@&, al um

Mre specifically, the present invention provides fusion proteins conprising
one or nomegEANRE:, imimmmegest iprticat wnynporgdnonderoativerthenasdt i nul at ory
derivatives 15 thereof, and one or nore antigens, imrunogenic portions or

i unggeni ¢ deTHewatdiMesottthepeeént ikanbifdi @eipise anpP AMIE pEptiie@n protei ns of
the present invention can be conposed of am no acids, amno acid polyners,

pepti doglygans ﬂngJd?I&QB[lp &11Sited@Bne 'f&ll%!?{l]%h ' b gléptgdrb\g%}%&%?r sui tabl e

conponent. Oné prefefred PAMP to use in t el ns of the present

i ion s BLP, includir P ded, by the 20 i de of SEQ ID
o 5. pagdie G At SUETT Rk gebR RS tre

present invention, and is provided by (but not limted to)_ accession
nunber s PREOUOPTOESERISP sF0RE PIate cap@ommExy2hy epter 6ell abks.ag81 1i n) . Usef ul
antigen domain(s) in the fusion proteins of the present invention include,
but are nober PRRA(Ra@HS419748
10 One preferred PAMP of the present invention is BLP, including the BLP
encoded by the polypeptide of SEQ ID NO: 2, set forth in Figure 15. In addition to
protein PAMPs, also useful in the vaccines of the present invention are peptide
mimetics of any non-protein PAMP.
Antigens useful in the present invention include, but are not limited to, those
15  that are microorganism-related, and other disease-related antigens, including but not
limited to those that are allergen-related and cancer-related. The antigen component
of the vaccine can be derived from sources that include, but are not limited to,
bacteria, viruses, fungi, yeast, protozoa, metazoa, tumors, malignant cells, plants,
animals, humans, allergens, hormones and amyloid-$ peptide. The aﬁtigens,
20  immunogenic portions or immunogenic derivatives thereof can be composed of
peptides, polypeptides, lipoproteins, glycoproteins, mucoproteins and the like.

The various vaccines of the present invention include, but are not limited to:

13



28 FEB 2005 PCT/US01/2422 |limted to, Ea (a peptide antigen derived from
mouse WMHC class-11 [--E), listeriolysin, PSMA HV gpl20, Ra5G ang STHRIRIHS.
In one preferred enbodi ment, the fusion proteins of the present invention
i ncl ude a“&bhé¥fict conprising the followi ng conponents: BCT&&te2pepti de
that signals lipidation or glycosylation of the consensus 5 sequence, a

| i pi dation and/or glycosyl ati on consensus sequence, and antigen. Mre
specifically, ¢ j £t : i Qvent | y e a
constr ot sorgnsPhaioE PRV BuRkerl B A bnd SRR T
| eader p;PLide IS a‘H§i nal nPr | i pi dation.of the consensus.seguence and
wher ei n X¥aRYES teneofoCOYERICC 19 QNE&r JIN ALEENHdMIRIRSRIS POFOTF @hder pept i des
useful in the present invention include, 10 but are not limted to, those
sel ect ed nmpmogerac gepyaties thefecSEQ | D NO. 3 (shown in  Figure 15), SEQ ID NO
4 (shown in Figure 16), SEQID NO 5 (shown itn Figure 17), SEQID NO 6
(shown in Fi gune MBYPaREcSFRsid Meiﬂc@?mwz o driBee@ AVPs, | N anot her

enbodi ment, thé present invention provides also provides a fusion protein
conpr issi gzag' ) .2 [ gen... wher ej ! is a self
15 anﬁiggn. Og%gﬁgggﬂpgﬁnvggflonﬂ?%ﬁklggggfﬁgﬁéggggégﬁgg§£%?EQ%%onbinantly
produci n the .fusion proteins of the present invention. Thus, the present

i nvent i O%HBEEWP%I@& e RSP AR A é@&%ﬂg%%@m‘?tlé’%%‘lﬁf@?’r@da nucl eot i de
sequence encoding the chineric constructs of the present invention as well
as host cel | s Yranediedradtigen: Muponegsel Dosliontsi paRtncegpicdssiveivevect ors.  Any
cell that is capable of expressing the fusion proteins of the present

i nvent i onthersothat afahiprifsara lasier asjuandeossedctela lipiGueh drgdtcosglatibis 1 ncl ude, but
are not limted to, the cells of bacteria, yeast, insects, plants and

ani mal s. MaE@ s REe&ERBINATiORGRF FidkdioRAVRSH SMChHr ASinhitiodR esén el | 15 a
bacterial 15 1 r FEB Jffi wQ 0_'/09748

10 immunogenic derivative thereof.

The present invention also encompasses such vaccines further comprising a
phamaceutically acceptable carrier, including, but not limited to, alum.
More specifically, the present'in\rention provides fusion proteins comprising
one or more PAMPs, immunostimulatory portions or immunostimulatory dertvatives
15 thereof, and one or more antigens, immunogenic portions or immunogenic derivatives
thereof. The PAMP domains of the fusion proteins of the present mmvention can be
composed of amino acids, amino acid polymers, peptidoglycans, glycoproteins, and
lipoproteins or any other suitable component. One preferred PAMP to use in the
fusion profcins of the present invention is BLP, including the BLP encoded by the
20 polypeptide of SEQ ID NO: 2. Flagellin is another PAMP to use in the fusion
protemns of the present invention, and is provided by (but not limited to} accession
numbers P04949 (E. Coli Flagellin) and A24262 (Salmonella Flagellin), Useful

antigen domain(s) in the fusion proteins of the present invention inchude, but are not

14



PCT/ USOl / 24228 cell. Even nore preferably, the host cell is a bacterial cel
that can appropriately nodify (e.g., |ipidation, glycosylation) tgqq Fﬁl\/ﬁ%
domai n of \%Qﬁm‘idﬁd on protein when such nodification is nece‘ssar}zlf P
desirable.” The present invention also provides nethods of FRHY2HE® an
animal with 5 the vaccines of the present invention, where such nethods
include, but are not limted to, adm nistering a vaccine parenterally,

| Nt r avenostss toPEal(h Yeptitll £ oS BRASHIR 8SusOKHY LI RE BTG W faces. In
one preferred enboéi%e%t t he ani mal bei ng Schinateé S EE ﬁ%ﬁ%ﬁ§ The i mune

response b a LN uit abl e met hod including, 10 but not
limted tlcgjs,mé"r W@ﬁ%gﬁ’ﬁ%ﬂn&@ép PBT}B?“%H“@I %'gtboc{l?‘ﬁ[ﬁh&‘tﬁsgr} nat ur al
killer cell cytotoxicity assays, cell proliferation assays, immunoassays of
i mune celPsimgd thespipisat Brvenliep BKkiude e sepsirupbrorprsingyddifaf@ingnmuni ty. The
present invention also provides nethods of treating a patient susceptible
to an al | engicacutesploade peptidmthal digradpelipifaricachr redy b elatingofthy actdeneusof t he
present 13 invention and thereby stinulating the TLR-nedi ated signaling

pat hwasy. sEh€-rRE es@ftiai VaRNdraly kg QuksdREs SRiBRES 28 adiRat M@ea patient
susceptible to or suffering fromAl zheiner's di sease by admnistering a

vacci ne of_ .t . I A i.ch. the . e igen is a peptide

or protei il a‘é{ggaol@{’ g}%(ea@&\?\nnlrp ﬂ&gﬁggﬁgllbr?g?}é@elg?“sntgggelgap%c% ﬁ%ﬁh‘g‘ ut not limted

to anyl oi d- peg%i e. . 20 The gr?§§€% i nventign further, provides a nethod of
= respon

sti nul at | TRPEER ST SPOHTHRE™ AEBURTL SPEAR A1 'eatdid PERRASEB?  enhanci ng
the adaptive i nmune response to a foreign or self antigen which conprises
co- adni ni Sgraf fardipalapaveT ictdpnsiisus fegraicgand vhsedin Xaidenyenina&ids 8' 2/ 09' -i R
28 FEB 2005 PCT/ US01/ 24228
preferably serine. Examples of leader peptides useful in the present invention inciude,
10 but are not limited to, those selected from the peptides of SEQ ID NO: 3 (shown in
Figure 15), SEQ ID NO: 4 (shown in Figure 16), SEQ 1D NO: 5 (shown: in Figure 17),
SEQ ID NO: 6 (shown in Figure 18) and SEQ ID NO: 7 (shown in Figure 19).
In another embodiment, the present invention provides also provides a fusion
protein comprising an isolated PAMP and an antigen, wherein the antigen is a self-
15  antigen.
The present invention further provides methods of recombinantly producing
the fusion proteins of the present invention. Thus, the present invention provides
recombinant expression vectors comprising a nucleotide sequence encoding the
chimeric construcis of the present invention as well as host cells transformed with
20 such recombinant expression vectors. Any cell that is capable of expressing the
fusion proteins of the pres;ent mvention 1s suitable for use as a host cell. Such host

cells include, but are not limited to, the cells of bacteria, yeast, insects, plants and

animals. More preferably for certain PAMPs such as BLP, the host cell is a bacterial



The present invention also provides a vaccine which conprises a PAWMP
conjugated with a foreign or self antigen that stinulates an innate §mmreilh
response |“ n_i}‘g,a{pi mal and thereby enhances the adaptive inmune response to
a foreign'of "8t antigen but does not |ead to undesirabl @OTEESN3+:38
inflammation. 5 Additionally, the present invention provides a vaccine which
conprises a PAMP conjugated with a foreign or self antigen which, when

admi ni St efed Mnnork BAERBHL Al ACL b¥E@RRGn Tt absBpRRclNNal @ | e

response in an ani na t her eby enhances the adapti response to
a foreign or..self=antigen but does. n ta undesirable | evel s of

i nf | anmat PEAY %Og"'l'ﬁ%’df)‘g%% 5 coisﬂ%?ﬂ)iﬂb%%‘\{ﬁ%&d?%gioa 13 Slr‘?ﬂtpﬁ%tﬁmoehetnr eat nent
conprising the steps of administering to an individual a vaccine which
conpr i sesSushprdricaign]iupeacetiwpt desaaller ei gn or sel f antigen which stinul ates
an innate i mune response in an aninmal and thereby enhances the adaptive

i mrune r esponsEhd pregerft arengon elso pelvides anth@B ol htnadsss nohnilm@aditho

undesirabl e |l evel s of inflanmmation. 15 Additional enbodi ments of the present

i nventy ongwivhcihg Ftvd Sdserlt fndROSE wiskd B dndiibdshBe188d, bRf ataee liRged
preparation and vacci ne adm nistration. Such obvious ‘variations of the

present invention are %c Nt t ﬂi’ sent i.nve - BRI EF
DESCRI PTI %\fg@‘% R TR lE}g‘%‘lr;qe)M oo 6%0‘%%8%@ “%%5 5?9%’9%%%‘?%%& usi on
proteins accordin {o _E?ge resentf’i nventi on. Prggnu_t atli ons and conbi nati ons
of these YASITRUHEE BIrRESt IR AP SErifeed ?i?lé?fg?‘éﬂt & RBYRA! RGP E HBA AR {hods of
the present invention. 17 2 8 FEB 2005 WD 1)2109748 PCT/ US01/ 24228 Figure 2
shows a babimemut|ine for generating different reconbinant protein vaccines
containing different antigens and a signal to trigger the innate i mune
response ( PAMPIhe mamhnardspges cusbe epresentwc iy suidblfeshod ighalpe, of t he
central
10 but not limited to, direct measurement of peripheral blood tymphocytes, natural killer
cell cytotoxicity assays, cell proliferation assays, immunoassays of immune cells and
subsets, and skin tests for cell-mediated immunity.
The present invention alse provides methods of treating a patient susceptible
to an allergic response to an allergen by administering a vaccine of the present
15 invention and thereby sumulating the TLR-mediated signaling pathway.
The present invention also provides methods of treating a patient susceptible
to or suffering from Alzheimer’s disease by administering a vaccine of the present
invention in which the target antigen ts a peptide or protein associated with
Alzheimer’s disease, including but not limited to amyloid- peptide.
20 The present invention further provides a method of stimulating an innate
immune response in an animal and thereby enhancing the adaptive immiune response

to a foreign or self-antigen which comprises co-administering a PAMP with the

foreign or self antigen.
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portion of the vaccine. 5 Figure 3 shows the BLP/Ea construct. Figure 4
shows that BLPIEa activates NF-KB in dose-dependent nmanner. Fi gurebzsg E€W5
I L-6 product-99-Ry dendritic cells stinmulated with BLP/Ea. _Fiqure 6 sho
the induction of dendntic cell activation and vaccine anti effV>pYo'¢essing
and presentation by the MHC class-I1 pathway. 10 Figure 7 shows the

i munostimul atory effect of the chineric construct BLP/Ea on specific

T-cel I's in VitTig piguifediahavsplohrles hveedinof hicheofipkii®y d BAS@RSt ruct ,
BLPI Ea, on specific T- cell proliferation in vivo. Figure 9 shows that

CpG i nduced: B-.cal.l: i vali [ A5 . e~
W De6- det s o] G cel TE Ay RRe? Bt S AER TSl YRy ke i
TLR4-deficient cells derived from C57BL/1 OScCr mce; TLR 2 -/-, TLR2-
defi ci enta“caéllupgl.a“le—[itgwgyi‘ LREWES BHRHVE FIBURT FEReISesn 2Byt siiages during
CpG stinmulation and CpG DNNA-induced | kBa, degradation is nediated by a
si gnal i ngentigen patdowayodepbiodevesio aMppgs of miflguamatipt. shows that wil d-type and
B101ScCr dendritic cells, but not dendritic cells from MyD88"'- aninals
produce |L-12 stimylated with G _al,igonucl eot.ides. 18 28 FEB 2005 WO
027 09318 PCT/ USHRSRB g Meitire: oo SRS EESH G RERBHS 2l agel 111
fusions. Figure 13 shows induction of NF-KB in nmacrophages by Flagellin
fusi ons. PoEMFucsIatalyeisa freigB oa el eatisrni eIk adernisteredidgyar e 15 shows
SEQ I D NO 3.

therapeutically active dose, stimulates an innate immune response in an ammal and

thereby enhances the adaptive inumune response to a foreign or self-antigen but does

not lzad to undesirable levels of inflammation.

10 The present invention also provides a method of treatment comprising the
steps of administering to an individual a vaceine which comprises a PAMP
conjugated with a foreign or self antigen which stimlates an innate immune response
m an animal and thereby enhances the adaptive immune response to a foreign or self-

antigen but does not lead to undesirable levels of inflammation.

15 Additional embodiments of the present invention will be obvious to those
skilled in the art of vaccine preparation and vaccine administration. Such obvious
variations of the present invention are also contemplated by the present inventor.

BRIEF DESCRIPTION OF THE DRAWINGS
20 Ficure 1 shows examples of alternative fusion proteins according to the

present invention. Permutations and combinations of these fusion proteins can also be

prepared according to the methods of the present invention.
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5 Figure 16 shows SEQ ID NO 4. Figure 17 shows SEQ ID NO 5. Figure 18
shows SEQ ID NGO 6. Figure 19 shows SEQ ID NGO 7. Figure 20 shows? SEQglBy
NO 10. 1§ F%gHBE 21 shows SEQ ID NO 11. 19 2 8 FEB 2005 1A7002/09748

PCT/ US01/ 247 TAI LED DESCRI PTION OF THE | NVENTION 1. GER&farVBEdtription
The present invention discloses a novel strategy of vaccine design based on
the inventor's recent findings in the field of innate imunity. This

approach is nqtjgdreld gﬂow@caBmadmn&afo}b@x&ﬁrﬁn@d}}‘f&&ﬁﬁn@émbMP%ﬁaﬁc portions

or derivatives thereof (e m croofgani smrel at ed, aI ergen-rel ated or
t unor -rel ) oL ted .t ticular PAVP or
i nmunost i %ﬁ?&ts Comgrbl}ri??bf#fgé(& an& o ai%étsf%wx}l.lmattgﬁ’?er tgee ﬁ“%s "% hereof The

term "vacci ne" r ef , I.S used herein in a eneral sense to refer to
any t her &peapsed? &ﬁ\: )rmé)ﬂ”fg&éﬁg‘?l Iérrel?rﬁﬁﬁlfﬁﬁﬂ%ﬁ ‘%ﬁﬁﬁe"a?tlléﬁﬁp&@rﬁﬂﬁ’s‘?%“@ﬁ that 10
i ncludes the features of the -present invention. A nore detailed definition

of vacci mertios ofdhsedwwsrd el sewhere herein. The activation of an adaptive
i mrune response requires both the specific antigen or derivative thereof,

and assignal (FRegke jDMVStm@Bme bd}ﬁﬁﬁ@t the expression of B7 on the APCs.
The present i nvention combines, in a 5| ngl e chinmeric construct, 15 both

signal s requir d f oy ,the ive i.mmune responses -
si gnal recogni zE'él‘ b‘{/ﬂ%of‘i‘éS tb%%a&fﬁefb Vl%tess t% ﬂ&ﬁﬁf‘ep ?ﬂaﬂtam&ﬁq%%al
recogni zed by an antigen receptor (anti gen) According to the present
i nvention, neiligere ¥ A pAVES poduetie knddngakic qelisstimulated with BLP/Ea.

Figure 6 shows the induction of dendritic cell activation and vaccine antigen
processing and presentation by the MHC class-II pathway.
10 Figure 7 shows the immunostunulatory effect of the chimeric construct
BLP/Ex on specific T-cells in vitro.
Figure 8 shows the effect of the chimeric construct, BLP/Ew, on specific T-
cell prolifaration in vive.
Figure 9 shows that CpG-induced B-cell activation is dependent upon
15 MyDS8. MyD8S8 ", MyD88-deficient cells;, ICE - caspase-1-deficient cells;
B10/ScCr, TLR4-deficient cells derived from C57BL/10SeCr mice; TLR2 ™, TLR2-
deficient cells.
Figure 10 shows that IL-6 production by macrophages during CpG
stimutation and CpG-DNA-induced IkBa degradation is mediated by a signaling
20  pathway dependent on MyD88.
Figure 11 shows that wild-type and B10/ScCr dendntic cells, but not dendritic
cells from MyDSSJ' animals produce IL-12 when stumulated with CpG

oligonucieotides.
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consi st of a polypeptide. However, either the P AIP or the antigen, or both,
may be a 210 peptide or polypeptide. In one enbodi nent of the pres@atFrEn 205
i nventi On’wéﬁ"ﬁsﬁ?}@z{ nant DNA technol ogy may be utilized in the production of
chimeric constructs, for use in vaccines, when both the PAVS/UW/2HRS

i munogeni ¢ portion or derivative thereof, and the antigen, or an

i mmunostimul atory portion or derivative thereof, are pol ypeptides. 20 28 FEB
2085.. WD 02/ (R34 481 PEHHSRE( 24325 Mk S8 ALY alY i §EONDI nant techni ques may
also be utilized to produce a protein chineric construct when a peptide
mmetic is used in |jeu of, 3 n_on;ﬂ%r%ei n antigen, such as a polysaccharide
or a nucleic %Hr%}%s‘%lf‘ Jion i dyfoF B A HgRtophegesity Paeslin fusianseh as a

| i popol ysaccharide, CpG DNA, bacterial DNA, single or double-stranded 5
viral RATA, phBigphatd showsdfiBhiBnstivity poRIVER® @llaci ds and the |ike, for
exanpl e. The present invention contenplates in one enbodi nent the use of
BLP, the bact epii(,gl.e?y% s apg. proteins (O\i'), the outer surface
proteins A (GspA) o acteria, Flagellins and other DN A-encoded PAMPs in

t he reconbi nant. progducti o I ic constructs. These PALMPs are known to
inducg acti vat 'gﬁreoféj;}? Sﬁ@i@%%ne 10 response and therefore would be
particularly suitable for use in vaccine formulations. (Henderson et al.
(1996) M cr obiHeuredt showsediQ 824¥Q13.. Furthernore, BLP has been shown to be
recogni zed by TLRs. (Aliprantis et al. (1999) Science 285: 736-9). The
details of theFigppr thghvwarSE@E3d¥Obed using BLP as the PAMP domain of a
PANT/ anti gen fusion protein; however any inducers of the innate inmune
system are 15 ngad 1ystaepl Smabbevdor. such purpose in the present invention.

I n anot her enbodi nent, one or nore PAMP minetics is substituted in place of
a PAMP in a f“ﬁi?ﬁ%?ﬁ%o%s”ﬁ%‘?b?\lﬂ)m’@”“ on further provides nethods for

produci ng chi neric construct where either the PAVH or an
I mmunesti mul atory portion SOéQ?ﬁrI\l{éﬂa'H ve thereof, or the

19



20 antigen or an inmunogenic portion or derivative thereof, or both the PAW
and the antigen are non-protein. Cenerally, these nethods utl i zezem@m?@[ﬁl
means to %pghgg%te a PAWto an antigen thereby producing a non-prote
chimeric SOREPER " 21708 FEB 2005 W 02/ 09748 PCT/ US01/ 24358 UHE 35 hvent i on
further provides ways to exploit reconbi nant DNA technology in the
synthesis of the peptide vaccines. Many of the surface antigens present on

the pathogens of ipgangsiEVeESCREPTIEN GRTHE evieengedi ng by nucl eic

acids as they are not proteins (e.g., iipopolysaccharides) or possess |ow
protein conteqt(ggmgalngug %hpoglycans) The present invention contenplates
the use of peptide nunetlc or these surface antigens or an I mrunogeni c
protein or derjyvative, t hereof nd the use of gﬁgtlde m nmetics in vaccines.

As di scussed i G&I%%FEVWB%W%@S 2P OVE T Y5B% QENECTIR ASHITOSEDAR enpl at es

10 vaccines conprising chimeric constructs that conprise at |east one
anti gen, ¢ ingpntor mmnsoglrdiogpiorth éinldor intetd werninvey . t Higs epfroacnd nat | east one
PA., V4. P, or an imunogenic portion or derivative thereof. Thus, the present

i nventi ONiBREDITRAS pesicultd sl feSorGaInogtng pbitishoObr @ér@&aﬁh%m\é\&@f&a ene or nore
protein antigens are linked to one or nore protein PAMPs or a peptlde

m metic %m?oop A-Mf n?élgﬂcﬂﬁréﬁp‘lrny n-ltetl"ﬁe 91'31‘ r%f?tec@raﬂhehghp %'IOET?SXIlf marltted

i mmunogeni ci ty” an uces oh y a nD annatory r sponse
i nstances in onai n.of a targﬁ% antlgen has a

or a1 vel§ TolrHEretEraF feirRbh 1&%1%0%%0%%(4%%}%0? B5%ni ¢ because of

its small| size, that_antigen_or antigen_donmain can act as a hapten and can
be conblﬁ%ﬁ‘%@ﬁhWQW%ff%}dé?“cH?FF@rJ%ﬁF@%nF%“%ﬂéﬁ“Fﬂé%aﬂﬁﬁ”ﬂﬁP@ﬁUPar wei ght
of the combined nolecule will be high enough to evoke a strong i nmune
r esponse rafyainaty thh@paiic @émmunogenic or immumostimulatory composition that
10 includes the features of the present invention. A more detailed definition of vaccine 1s
disclosed elsewhere herein.
The activation of an adaptive immune response requires both the specific
antigen or derivative thereof, and a signal (e.g. PAMP) that can induce the expression
of B7 on the APCs. The present invention combines, in a single chimeric construct,
15 both signals required for the induction of the adaptive immune responses - a signal
recognized by the innate immune system (PAMP), and a signal recognized by an
antigen receptor {antigen).
According to the present invention, neither the PAMP nor the antigen need
consist of a polypeptide. However, cither the PAMP or the antigen, or both, may be a
20 peptide or polypeptide. In one embodiment of the present invention, recombinant
DNA technology may be utilized in the production of chimeric constructs, for use in

vaccines, when both the PAMP, or an immunogenic portion or derivative thereof, and

the antigen, or an immunostimulatory portion or derivative thereof, are polypeptides.

20



I n one enbodi nent of this invention, the antigen itself serves as the
carrier nmolecule. In another enbodinent of this invention, the PAMPFERAfES
as the cargier,mlecule. In W 112/09748 28 FEB 2005 PCT/ US01/ 24225 yet
anot her enbddi Ment, a hapten is combined, by either fusion &t EYFEGELT on,
with the PAMP or the antigen domain of the vaccine to elicit an anti body
response to the hapten. In yet another enbodi nent, which would, w thout

l'i mtationtehRtipslef @taBbRanivBeihifiie nii Lebab IWRH 9h broahed@bhbtant i gen and
PANI P are | ow, the PAMP and the antigen are conbined with a third nol ecul e
t hat serves. as j %ﬁ% ¥ AR, e € n.be keyhol e
| i nmpet he%ﬁgﬁﬁﬁ&éﬁgﬁy%? 'ﬁgﬁ nu iérrrleug,‘;l ggsg:rd ﬁ?élreh%ég{ﬁglégjﬁélgﬁf%?lgﬁlgptens t hat
are known to the artisan., I n yet, another odi nent, a fusi otein

Cont ai ne. SHFRARGBI T AHAE POR Ot RECH S <BARE GROR: BaPEREcB AT EPAP or a
PAMP minmetic, and a carrier protein or carrier peptide. Once again, such 10
carri er psoheisn lpenolyeadehyng, £(G-pet. badenddyA, angle aipuble-sirapdgdber  of
carrier proteins or carrier peptides for haptens that are known to the
artisaf. kaerfaasi pighsphaidybuldier:, hforaiohdigands and drtlilgeforepatipleeTheby usi ng
mul tiple antigen proteins and/or nultiple domains of the sanme antigen

protei n opQdn: thfch852088nt8RbI88 M RLOERLASNRANHE use SPBEPCOERLARBEIYNQS the
foregoing, are contenplated in this invention. Also 15 contenpl ated are

fusionprtin,nin_whib e rﬁiﬁr@%Pﬁ/P 0 %)P I LY r PAI P
muncti cs ?‘ns? g}bﬁ‘?:rlr“ é%tgl ].S(i th' &Iﬁ')g th\r/évi%t ﬁlq—r?u 6 E@ |eFI1S fg{Btg %E{q'?{se&él%ﬁ%%:’qu% erm ne
the optimal K ratio of PAl ntigen dompins to maximze. ipmunogenicity and
i m ze. P P AR SPIoRER GALES 2 L PP ERaHE O30 SRR ity T of or
to the adaptive imune system which involves two types of receptors
gener at ed Cwﬁg@ﬁaffhésm}é%%ﬁ’ﬁi&g&rﬁmm forigduch éceywnodriphinatfe Im@aas | ndi vi dual
organi sm As used herein, the "adaptive i mune systent refers to
10 response and therefore would be particularly suitable for use in vaccine formulations.
(Henderson et al. (1996) Microbiol. Rev. 60: 316-41). Furthermore, BLP has been
shown to be recognized by TLRs. (Alipranus ef al. (1999) Science 285: 736-9). The
details of the approach are desciibed using BLP as the PAMP domain of a
PAMP/antigen fusion protein; however any inducers of the innate imimune system are
15 equally applicable for such purpose in the present invention.
In another embodiment, one or more PAMP miimetics is substituted i place of
a PAMP in a fusion protein.
This mvention further provides methods for producing chimeric constructs
where either the PAMP or an immunostimulatory portion or derivative thereof, or the
20  antigen or an immunogenic portion or derivative thereof, or both the PAMP and the

antigen are non-protein. Generally, these methods utilize chemical means to

conjugate a PAMP to an antigen thereby producing a non-protein chimeric construct,



23 26 FEB 2005 WD 02/09748 PCT/ |: St] 11242 2'i both cellular and hunoral
imunity, inmmune recognition by the adaptive inmmune systemis nediggtredyisy
antigen receptors. "Adaptive inmune response” refers to a response involving
the charal®F"¢t¥cs of the "adaptive i mune systent descrPEEESaBOS 5
"Adapter nolecule" refers to a nolecule that can be transiently associ ated
with some TLRs, nediates imunostiznul ation by nol ecul es of the innate

| Lhs, mediat e ol ecul es of the innate
ol udes. but Lo eR T e by By b S RPN XML vy et

"All ergen” ,refers 1o.an antigen, .or ortion o derjivative of _antigen,
that 10 TFHBYeER S eP g Shesiise PN ST Ac8 ABIEES DisRR IS Wi d
polynmer" refers to proteins, or peptides, and other polymers conprising at
| east t waPakingaes efcinkesest prorddingspe amsaghle deensedigdly, nughis edids &Ubey assol yner s
contain either no non peptide bonds or one or nore non peptide bonds. As
used her eiohprotnofed.nEpopaigdatctarifed) yp epdseadewaiictedl dogomepd. ¢#des. 15 "Anti gen”
refers to a substance that is specifically recognized by the antigen
receptsor $e0fidddiadppti ve i mune system Thus, as used herein, the term
"antigen” "includes antigens, derivatives or portions of antigens that are

i nmunogeni ¢ anldn 'r%rt] I s derived from.an Pref erably,

e Org»%ﬂi‘é’ o en%{l 3 e o) t n eiii J gon% £5¢
the antigens usEd I FAE T BPREBERIRGE HIF USR OAPEPYAS SHMEES® Kt 58ns. Anti gens
that are sgl%r ticul ar I ér useful in the 20 present invention incl uge, but are
not |i mi tEHGONUSHBSR HhAEMERRESPEIRGERr deryeat theigp apd &i5-48Pht ed, or
di sease-related. "Antigenic determnant” refers to a region on an antigen at
whi ch a giepede maneti¢fen veeeept or bi nds. 24
As discussed in greater detail herein, the present invention contemplates
10 wvaccines comprising chinteric constructs that comprise at least one antigen, or an
immunogenic portion or derivative thereof, and at least one PAMP, or an
immunogenic portion or derivative thereof. Thus, the present invention encompasses
vaccines comprising fusion proteins where one or more protein antigens are linked to
one or more protein PAMPs or a peptide mimetic of a PAMP. Preferably, the fusion
15 protein has maximal immunogenictty and induces only a modest inflammatory
response.
In instances in which a target antigen, or a domain of a target antigen, has a
relatively low motecular weight and 1s not adequately immunogenic because of its
small size, that antigen or antigen domain can act as a hapten and can be combined
20  with a larger carrier molecule such that the molecular weight of the combined
molecule will be high encugh to evoks a strong immune response against the antigen.

In one embodiment of this invention, the antigen itself serves as the carrier molecule.

In another embodiment of this invention, the PAMP serves as the carrier molecule. In

[
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28 FEB 2005 WD 02/09748 PCT/ US01/ 24228 "Antigen-presenting cell"” or "APC' or
"professional antigen-presenting cell"™ or "professional APC' is a”EE""Of
t he irmun(gv xﬁ&gggthat functions in triggering an adaptive innune" 5Bdﬁ§e
by taki ng d%,- rdcessing and expressing antigens on its sHFTAC81283¢h
effector cells include, but are not |imted to, macrophages, dendritic 5
cells and B cells. "Antigen receptors” refers to the two types of antigen

recept or s v@fanbiter agiaBlinkat, o HIBWAS SorigeA, biRend- G8bh of 8G§RERIn(JER) and the
i munogl obulin receptor (I-R), which are expressed on two specialized cel

types, T- VAR - Les,. r iveby.. T ecreted form of
t he innung%ﬁggﬁ?fﬁ%ﬁ%%g%?gﬁﬂkégﬁgqﬁ%¥%$ggég?ggg%]éﬁ#%gﬁa%ﬁoiﬁéog%%cificities
of the anhi en_receptors are _generated at ., random durjng the_ maturation of
the |ynph @3?é§ﬂﬁﬁt@H@E6F6@8§@€§LBﬁu§bWEEMcWB€W€IHP%ﬁWPa remble r andom
pairing of receptor subunits, and by a tenpl ate-independent addition of

nucl eot i degen thetthelecoldi wgighegl mtisardigen agd PASME earioenteediP avCiieneri c
construct” refers to a construct conprising an antigen and a FAI'V , 15 or

P A DviP mitiRhiags cofiBmed Rithhehafkicgenl:ang shes BAM:Raa1e nt0emild, sehof
nol ecul es such as am no acids, am no acid polyners, nucleotides, nucleotide

POI YITBr S, o8 DRV ALE Se SAKROMUILALEROLKITEE Soy bf PhilfcriBhdicpol yrer s or

ot her synthetic or naturally occ s or chem cal polyners. As
used herein

a "chinmeric onstruct”" refers to construct erein the

anti gon | BolSslsF TSR SR B g1 3 oL dret i Lel SEP oo th & PA vi P
or PAMP m netic, which is conprised of either _the sane type of nolecule or
a di f f er efisionypseicht Corpiiae il AllgempERntsndpEay 23 YR E RESTIWLfian whi ch an
unni et hyl ated cytosine (C) residue occurs imediately 5 to a guanosine (Q
resi due. RAAMBeda RAéP mimt@pGnbDAiaRE pideif 24 £87idB8peptide. Once again, such

10 carmier profein can be keyhole limpet hemocyanin or any of a number of carrier
protems or carrier peptides for haptens that are known to the artisan. Increasing the
number of antigens or antigen epitopes, by using multiple antigen proteins and/or
multiple domains of the same antigen protein or of different antigen proteins and/or
some combination of the foregoing, are contemplated in this invention. Also
contemplated are fusion proteins in which the number of PAMPs or PAMP
denivatives or PAMP mimetics is increased. It is within the skill of the artisan to
determine the optimal ratio of PAMP to antigen domains to maximize
immunogenicity and minimize inflammatory response.

2, Definitions
20 “Adaptive immunity” refers to the adaptive immune system, which involves

two types of receptors generated by somatic mechanisms during the development of

each individual organism. As used herein, the “adaptive immune system’ refers to



28 FEB 2005 PCTIUS01/ 242218 refers to a synthetic CpG repeat, intact
bacterial DNA containing CoG notifs, or a CpG containing deri vati’m FER 2005

t her eof . L?_f i munostinulatory effect of CoG DNA on B-cells is nedi at"eo2
through a™fLRBAF i s dependent upon a "protein adapter moPEEHSEY24288
"Derivative" refers to any nol ecule or conpound that is structurally rel ated
to the nolecule or compound fromwhich it is derived. As used herein,

"deri vat i e ~ai tibﬁ'l‘ﬁ] gl i (o T ) 4.c " Domai n"
refers to%gh B‘?)lwlﬁjoirl:lqoé a?%r ot e."??”w th |te(srgc8\7v‘/%mfogﬁ tﬂlléo%ﬁilﬂﬁ‘é%%ﬂgn i nation of
domains in a si g{gl e g{gﬁ{ei,n determ nes its overall function. An 10 "antigen
dormmi n" cHRH S&Ld PYETLErBIP™S munogeni ¢ portion or derivative of an
antigen. A "PAl MP domai n" conprises a PAMP or a PAMP minetic or an

i munost i nul at ‘Ghdeppue thownerespense Vet do afesgoma v lving dhePAMPRaE I C |
"Fusion protein” and -'chinmeric protein"” both refer to any protein fusion

conpri si ngf thaVoadapti vmEm RNBistes skk@edthbbrom t he fol | owi ng group consi sting
of: 15 proteins, peptides, lipoproteins, |ipopeptides, glycoproteins,

gl ycopepti des,« %%9&19&&3@referwapfr%ie@&@maw&@bé H%isé.tﬂg’flaggo%tiaté&‘o of the

dormains are either from different species or enco Ifferent genes or

h that f t ' ' f d i t ad th dd '
S ot [ rsnceae BEFotiiae TRt dr e e G pRi el P R Bomai ne

resenbles a nol ecul e found in nature and the other does not 20 resenble that
same nol eVEFRL 2rhEedfshoviakiicondpredseinating| sddinisranale¢ide amchRes-gsh or  an
i munogeni ¢ portion or derivative thereof which has been nodified to contain
an am nosaci dmged)tee myelaith diffaregutions mankqSSt(Muwl¥Rs] ati onal nodi fication of
that amno acid sequence or a portion of that sequence, wherein, the
post -transl at i ‘oxigdrbanh vefkk{ foefh =82 MDP2 bolhidd d28FERZWT an antigen, that
10 induces an allergic or hypersensitive response,
“Amino acid polymer” refers to proteins, or peptides, and other polymers

comprising at least two amino acids linked by a peptide bond(s), wherein such

polvmers contain etther no noun-peptide bonds or one or more non-peptide bonds. As

used herein, “proteins” nclude polypeptides and oligopeptides.
15 “Antigen’” refers to a substance that is specifically recognized by the antigen

receptors of the adaptive immune system. Thus, as used herein, the term “antigen”

includes antigens, derivatives or portions of antigens that are immunogenic and

immunogenic molecuies derived from antigens. Preferably, the antigens used in the

present invention are isolated antigens. Antigens that are particularly useful in the
20  present invention include, but are not imited to, those that are pathogen-related,

allergen-related, or disease-related.

“Antigenic determinant” refers to a region on an antigen at which a given

antigen receptor binds.



PCT/t1SO 1/ 24228 sequence is a ligazxd for a PRR As yet another definition

of a fusion protein, in the foregoing sentence, the am no acid sequgRGER g5

t hat resul\&,é (li’,‘“‘ 7oost-t ransl ational nodification to forma ligand for a PRR
a"ts

can conpri Asensus sequence, or that amno acid sequdnige>dan2ont ai n

a | eader sequence and a consensus sequence. 5 "Hapten"=refers to a snall
nol ecul e that is not by itself imunogenic but can bind antigen receptors

and can conbi ne. Wit h_ r..qar[i | ecule .to  becone i nogenic. "In
associ ation wit ﬁ‘%rtgg? g? ssgtgtg]%a{: “’ﬁe\(}ér% Elngr nr%er%“IB%at]\ﬁIBgﬂent'%S%EU G'ngl
entities, whether alike or different, to forma nore conplex substance. 10
"I'n conbi Pat PERESHRA APET Bracallpidhg manuse svetar Spbiuaciensiip tegesresne (e. a.
coval ent) union between two chem cal entities, whether alike or different,
to form aadagre imonmuleezspsodestyamkiag uh, pronessostdndekpiteosiyg antafeas sntie t he
ability of a nolecule to activate either the adaptive inmune systemor the

i nnat e i NYUAR:S Sk R BfeASr 318 Gnd}dh s are ABL IERAS, mhPrddhBeRXadmRles of
nol ecul es that are capable of stinulating the adaptive ITmune system

wher eas P%I\ﬁssanq{ RAMP m netics are exanples of nolecules that are capable
of stifmulati ng %e innate i mune system As used herein, "activation" of

ei ther immne systemincludes the production of constituents of hunoral

and/ or cel | ul af T ERRUFFSERBS pEisEde odVRESI A ABRF TP AP Of thepdlaptive

i mmunostinul atory nolecule. 20 "Innate immunity" refers to the innate imune
syst em whinghine gpdtétkethe Aecell mdepien (M€ R yrard tiesinspgtoghdhulngespiorg R )of

germ ine- encoded receptors for the recognition of conserved nol ecul ar
patterns RERSEM ckpreBisdlonOnEaPEEMBed 2811 &/ ds FEBTN05y MYEh @B/ 09748

PCT/ USO01/ 24228 "I nnate in rnune response” refers to a response involving the
character ilj"srhf-yﬁc?typets, respectively. The secreted form of the immunoglobulin receptor is
10 referred to as antibody. The specificines of the antigen receptors are generated at
fandom during the maturation of the lymphocytes by the processes of somatic gene
rearrangement, random pairing of receptor subunits, and by a template-independent
addition of nucleotides to the coding regions during the rearrangement.
“Chimeric construct” refers to a constmct comprising an antigen and a PAMP,
15 or PAMP mimetic, wherein the antigen and the PAMP are comprised of molecules
such as amino acids, amino acid polymers, nucleotides, nucleotids polymers,
carbohydrates, carbohydrate polymers, lipids, lipid polymers or other synthetic or
naturally occurring chemicals or chemical polymers. As used herein, a “chimeric
construct” refers to constructs wherein the antigen is comprised of one type of
20 molecule in association with a PAMP or PAMP mimetic, which is comprised of either
the same type of molecule or a different type of molecule.

“CpG” refers to a dinucleotide in which an unmethylated cytosine (C) residue

occurs immediately 57 to a guanosine (G) residue. As used herein, “CpG-DNA”

i~
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the "innate i mune system described above. "lsolated" refers to a

subst ance, cell, tissue, or subcellular conponent that is separated from or
subst anti aj, Lfied with respect to a mixture or naturally 5 occQrRrApRgp)s
naterial.%hb%%@g%% refers to any chemical entity that |inksPehEStidmbcal

noiety to another chem cal noiety. Thus, sonething that chemcally or
physically connects a P IMP and an antigen is a |inker. Exanples of |inkers

include, hyfrabe éggfh_ehé ChiREpR; intLPERLER b{ég%%@:’%y%@%t e,&%i,a es

nucl eosi des, nucl éoti des, nucl eoti de phosphates, onuc

pol ynucl eqtides.. nucl eic acids 1.no. aci ds,. snal | tides ol ypepti des,
car bohydr g\ttpég SRR glagc(geﬁ‘a\ml‘ﬁeetgl?feﬁ’?gzg%ﬁﬁ%@@?@?&%@’%&ﬂd @B%Dﬁ%%ﬁ |i pi ds.
Addi ti onal_exanples of linkers are provided in the Detailed Description

Sel ect i on B-aglisusatedkéaddthrpugine Hotand isrdepardeshuparte ppiesentaptatvent i on al so
contenplates wusing a peptide bond or an amno acid or a peptide linker to
| i nk a polygepile’de PAW 15 and a pol ypeptide antigen. The present invention
further contenpl ates preparing such a |inked nol ecul e by reconbi nant DNA

procedyr es. A ket 50, 8158 LRSIEAN. 85y ARIRSY is SARLLRANIL L B erS to

an invasive, spreading tunor. croorgani s ers I ng organi sm
too snal | éeo be seen with the 20 naked eye, M croorgani sps include, but are
not limté ?18%8%‘1 P8 FPRPOHhgom ‘b@lg? Hibg‘%%‘,ed' r'?i“d’rsffgg‘ﬁﬁi“e n‘i‘?‘b"é’é‘,"e and al so
viruses. "M netic" refers to a nolecule that closely resenbles a second
mol ecul e ardudssaspidesiimnstios (egf ESMBmIMsHedi on as that of the second
mol ecul e. 28 28 FEB 2005 WO 02/ 09748 PCT/ US01/ 24228 "MNbiety" refers to one
of the conponenDopani’ sretlrs @ apbrtioulog 2 pWifieinevitthiey evafenctinor makly two noi eti es
in a single nolecule, there may be nore than two noleties in a
combination of domains in a single protein determines its overall function. An
10 “antigen domain” comprises an antigen or an immunogenic portion or derivative of an
antigen. A “PAMP domain™ comprises a PAMP or a PAMP mimetic or an
immunostimulatory portion or derivative of a PAMP or a PAMP mimetic.
“Fusion protein” and “chimenc protein” both refer to any protein fusion

comprising two or more domains selected from the following group consisting of:
15  proteins, peptides, lipoproteins, lipopeptides, glycoproteins, glycopeptides,

mucoproteins, mucopeptides, such that at lzast two of the domains are either from

different species or encoded by different genes or such that one of the two domains is

found 1n nature and the second domain is not known to be found in nature or such that

one of the two domains resembles a molecule found in nature and the other does not
20  resemble that same molecule. The term “fusion protein” also refers to an antigen or

an immunogenic portion or derivative thereof which has been modified to contain an

amino acid sequence that results in post-translational modification of that amino acid

sequence or a portion of that sequence, wherein the post-translationally modified
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single nolecule. "' Ml ecular pattern"” refers to a chem cal tructure or
nmotif that is typically a 5 conponent of m croorganisns, certalqggggﬁ ;
or gani sns, $H ‘%%%Ch is not typically produced by nornal hunan cel | Q@
ot her nor M "#Hi’ffal's cell's. Mol ecul ar patterns are found i"&T7GY1&6¥posed
of, the follow ng types of nolecules: |ipopolysaccharides, peptido-Iycans,
l'i potel choi c acids, phosphatidyl cholines, 1lpoprotoins, bacterial DNAs,
viral singl Y| ty e | s,
wi re- t hyl ﬁtﬁéﬁwﬁ%ﬂﬁs@f%ﬁﬁﬁs‘**S?é‘fndﬁ%%??%@@n%4? ot BERIAh RS Lga

and yeast cellomakl quonents nd the #lke 1 grote% %IHEFIC
const r uct "OTSFOIRGERIG G EF ﬁHEW?W% SPAUPRGd @r?%1§1npo Hen&onst r uct "
wherein either the antiolen or the PAMP or the PAINT mneticc, or two or
nmore of t Wexyiidagombst foam aiganidier aBRE qpvkymprise 4 Go1SPRRUR seqQITLAS S0 thaat ed

Moi ccul ar Pattern” or "PANP " refers to a nolecular pattern. found in a

M croor ganiédo i ssqatnddvalutnng a Wadehequshenaid « bimdssud sBiBncgan  trigger

an innate i mune response, Thus, as used hereln the term"PAMP" includes -~

any sugh m crobjgal.. ol ecular paf LeJ LA WadiS nB0S 1t5'.e'ﬂﬂ ReLi@3Egesoci at ed

with pathogenic nlcroorganlsns or mcrobes ~AS used ereln the term
"t PAMP" cluges 20 derlgatlﬁﬁ,g%_gprtlon oﬁ ; that is
i munost i P?“ﬁﬁ 0%&?‘ Fﬂﬁ%ﬂ i BTICWHFEFQE%UE%P &4"fr om any

PAMP. These structures, or derivatives thereof, are potential initiators of

i nnat e | mMdlglPEEFonses, and therefore, ligands for PRRs, including Tol

receptors and TLRs. "PA-W" are 29 WO 02/ 09748 28 FEB2005 PCT/ US01/24228

i mrunost i mul at Sinyasstciatcinuwels” telras toar Bvémsibhduriion bawecomposkaneil nol ecul es

i ncl udi ng, }

entities, whether alilee or different, fo form a more complex substance.

10 “In combination with” refers to either a reversible or irreversible (e.g.
covalent) union between two chemical entities, whether alike or different, to form a
more complex substance.

“Immunostimulatory” refers to the ability of a molecule to activate either the

adaptive immune system or the mnate imumune system. As used herein, “antigens”

—
LA

are examples of molecules that are capable of stimulating the adaptive immune
system, whereas PAMPs or PAMP muimetics are examples of molecules that are
capable of stimulating the innate immune system. As used herein, “activation” of
either immune system includes the production of constituents of humoral and/or
cellular immune responses that are reactive against the immunostimulatory molecule.
20 “Innate immunity” refers to the mnate immune system, which, unlike the
“adaptive immune system’’, uses a set of germiine-encoded receptors for the

recognition of conserved molecular pattems present in microorganisms.



but not limted to, |ipopolysaccharides; phosphatidyl choline; glycans,
including peptidoglycans; teichoic acids, including Iipoteichoicyagirgd9py

. : . . . . , ! 2 SHER I
pr ot ei ns, wc,l%gl ng |ipoproteins and |ipopeptides; outer mnmenbrane proteins
(OM Ps) , St &4t face 5 proteins (OSPs) and ot her proteinPEdrpdmamtd of the
bacterial cell walls and Flagellins; bacterial DNAs; single and
doubl e-stranded viral RNAs; unnethylated CpG DNAs; nmannans; nycobacteri al
menbr anes; poriRs; ' » riAal, ngal..celd wall
Component s, |1 noraacng t RedEmp Ry e b b R R S pavs. ar e
provi ded iﬂn A he et ai | ed Pesp i 8ti an section included herein. 10
" Pl MP/ ant e R UEEeY SIS 45 1 98R0%ht i gen and a P v P or P ALWL ninetic
that are covalently or noncovalently |inked. A conjugate may be conprised
of a protein Happtegr refitsitgasubsiangs, redntigsuot &isnbeAMErgognégdhat is
"PAWPlI anti gen fusion” or "PANT antigen chinmera" refers to any protein
fusi on f osspacktdietoveen sabsRAMAI19 HuRAMPwith MeipE6: taAGnRfurd Bt hatamlyl5 "Passive
immut izatlon" refers to the admnistration of antibodies or prined
| ynphogyt g&u}ﬂ]@ga{eﬂgj_vi dual in order to confer immunity. "P AVP m netic"
refers to a nolecule that, although it does not occur in mcroorganisns, is
anal ogous to a.PANT.in.that it can bin 0 PRR and such .binding can
trigger an i nna]lf:) FrmThes PELYSHE }uagex]g%ahﬁ%qr@ C@ﬁﬁucﬁgmé“%tt%ral ly 20
occurring noJecule or a partially or totally synthetic nolecule. As an
exanpl e, &MibergBemusp! maEtBf Thisyisprethgg, hat epemiceily caphysasatly OPEESs duch as
taxol, are PRR |ligands, have an imunostinulatory effect on the innate
i Mmune sySAdMR amihah ditigsn bheh hnkezrafxPAMRs ofilinketrs osludeKavtasahat letitad 1o, (2000) J.
Bi ol . Chein. 275(4): 2251-2254). 30 WO 02/09748 2 ~~ FER 2005
PCT/ US01/ 35rARiéB or HatlehfirBesoe, hiQbskRe aRlcthbtidey, nudiBRidd ®ikpisaté) a menber
of a famly of receptors of the innate i nmune systemthat, upon binding a

PAMP 2 oligonucleotides, polynucleotides, nucleic acids, amino acids, small peptides,

polypeptides, carbohydrates {e.g., monosacqharides, disacchandes, trisaccharides),
and lpids. Additional examples of linkers are provided in the Detatled Description
Selection included herein. Without limitation, the present invention also contemplates
using a peptide bond or an amino acid or a peptide linker to link a polypeptide PAMP
15 and a polypeptide antigen. The prasent invention further contemplates preparing such
a linked molecule by recombinant DNA procedures. A linker can also function as a
spacer.
“Malignant” refers to an invasive, spreading fumor.
“Microorganism” refers to a living organism too small to be seen with the
20  naked eye. Microorganisms include, but are not limited to bactera, fungi, protozoans,
microscopic algae, and also viruses.
“Mimetic” refers to a molecule that closely resembles a second molecule and

has a stmilar effect or function as that of the second molecule.
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i mrunosti mul atory portion or derivative thereof, can initiate an ippate

i mmune response. Menbers of this receptor fam I y are structurally dirt P efent
and bel ong, Qﬁ/ﬁ%,gfgzveral different protein famlies. Sone of these receptors
recogni ze P frectly Kni CD 14, DEC205, collectings),PGlit% 261 Rer s
conpl ement receptors) recogni ze the products generated by PAMP recognltlon.
Menbers of these receptor famlies can, generally, be divided 'i nto three

types 1) hU”DF‘ﬁﬂmét?’@?é'{'El@rﬁoﬁé6%‘3%1&15&1é"9p£ﬁeofaoﬂnﬁﬁa'gﬁlezwgﬁ

receptors -expressed on I mmune- ce surfaces, and 3 S|gnallng 10 receptors

ey R T T R e T

i ncluding cells that functl on as prof essional APCs in adaptive imnualty,
and al so &#nzleereiscwgch as surface epithelia that are the first to

encount er pathogens during. infection. PRRs may al so induce the expression
of a set of entinpénols peitgnilrsersseekhasicalnfthamrabomytif fac i tykicai®sa and
chenoki nes. Exanpl es of PRRs useful for the present invention include, but

arc not | iccﬁﬂtkl &tnt 8f nli¥Bofvah s NG ertainGtieyY PExANEGLS, BSt WRichds not"l‘{&ﬂ@;ﬂﬁj such as
col l ectins ( and cellul ar, such as macr ophage C-type lec

macr ophag g@g{llgs RLQ J%E%(OQF@; A t Hg[lnlsne rich
repeats (gmd I'i?m{ﬁraagge{]) ér%eﬂb rn&%E %ﬁf& 1%% C%glg) Més}%:%gaér receptors
(e. 9., macrophage scavenger g tors R(?ﬂ élg d axins
(6 0" G PEURPRUD: Bi GTOPET <SralfICHA UPts OpToEy4e: | Pg}st%ﬁtﬂ Sp, ¢ and
CD 18. 'Teptide mmetic" refers to a protein or peptide that closely
resenbl espeptisoalycprsotiopiviaholetsidsepmsuntids] ehodings. | mopetisiastbagientlunct i on to
t he non-protein nolecule. 31 NVO 02/09748 2 B FED 20-05 PCT/ USO 1/24228
Al t er nat i D&l As, vaapeptleded Mbnitiscackd RiéAs canganpiat eivaopolecyl e or
non-peptide nolecule that closely resenbles a peptide or protein and has a
simlap eth@ethyRied CpG-DNAs, mannans, and a variety of other bacterial, fungal and yeast

cell wall components and the like.

“Non-protein chimeric construct” or “non-protein chimera” refers to a
“chimeric construct” wherein either the antigen or the PAMP or the PAMP mimetic,
or two or more of them, is not an amine actd polymer.
15 “Pathogen-Associated Molecular Patterm™ or “PAMP” refers to a molecular

pattern found in a microorganism but not in humans, which, when 1t binds a PRR, can

trigger an innate immune response. Thus, as used herein, the term “PAMP” includes

any such microbial molecular pattern and is not limited to those associated with

pathogenic microorganisms or microbes. As used herein, the term “PAMP” includes

20  a PAMP, derivative or portion of a PAMP that is immunostimulatory, and any
immunostirmulatory molecule dertved from any PAMP. These structures, ot

derivatives thereof, are potential initiators of innate immune responses, and therefore,

ligands for PRRs, including Toll receptors and TLRs. “PAMPs™ are
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function to the peptide or protein. "Pharmaceutically acceptable carrier”
refers to a carrier that can be tolerated 5 by a recipient aninmal, 005
typically \a;W8¥BLk. "Protein chineric construct” refers to a chi_mer%%FEB J
construct wherein both the antigen and the PAVP or PAMP mi BelFeZrhé28ani no
acid polynmers. |I'D "Reconbinant” refers to genetic material that is produced
by splicing genes, C 17 n gene derivatives or other genetic material. As

used her eiifmunbee@TRtIARTctaleS Ghat 8feSflind &0 of Sdmboied RFAMICT:RsREQEESd from

reconbi nant genes (e..-' reconbinant proteiri). “Spacer" refers to any
chemi cal L LW dy; ~cheplical .noket.i es,t hat .seryes to
physi cal | ?/ﬂ {sigsptgIrrgﬂttgac[?hgpﬁé)}t'\fsggc@ﬁwﬁglﬁg%@gﬂs@ﬂ%gfsu.l",’ "’é’; Cgﬁsef?ﬁ?%&‘ “entity

pl aced betwee PAMP or PAMP mi ic:.and an antigen is a spacer. Exanples
of spacerP§P‘iKch&’1?¥Fd€?; fﬁﬁ@%rﬂ@dﬁdﬁgﬁ RPNl ProteRs.daclpdng
untranscri bed DNA between 15 two stretches of transcribed DNA), am no

aci ds, calipoprpthiat asl {mopgptidayprssapebrand soteis $@bfardutesyurfeea saccharr des)
and lipids. "Strong, imune response" refers to an i mmune response, induced

by thes> chidreihk cOSPESIEULkar pidiaih ddapoabasibf (e asRAE deNtweRidnd or greater
than the response induced by an antigen m xed with Conpletion, Freund' s

Adj uvant Ahins2Hact i CLl V8- JAL. n anmount of
J %gf,:,?h-n, ,gact%%ggﬁf).g ,ts%r%g% alrﬁﬁ cﬁiufbfec faYLSV@UPH'ﬁI\AE q.{ngﬁe?)h 198

an agent can produce a neasurab sitive effect
in a pati mapll-1ike receptor™ %L?rrefers to any of a.famly of
recept or @’HB‘\?@S’{WN%.*WCHE%T%& & r@?h@“ﬁsogﬁiﬁ?ﬁﬂﬁof ﬂ@‘F‘énogast er 14
oll protein. TLRs also refer to type 32 WO (12/09748 2 8 FEB 2005
PCT/ USOL 1 Pagtogal and fungal cell wall components, including those found in yeast. Additional

examples of PAMPs are provided in the Detailed Description section included herein.

10 “PAMP/antizgen conjugate” refers to an antigen and a PAMP or PAMP mimetic that
are covalently or noncovalently linked. A conjugate may be comprised of a protein
PAMP or antigen and a non-protein PAMP or antigen. .

“PAMP/antigen fusion” or “PAMP/antigen chimera” refers to any protein

fusion formed between a PAMP or PAMP mimetic and an antigen.

Ja—
N

“Passive immunization” refers to the administration of antibodies or primed
lymphocytes to an individual in order to confer immunity,

“PAMP mimetic” refers to a molecule that, although it does not occur in
microorganisms, is analogous to a PAMP in that it can bind to a PRR and such
binding can trigger an innate immune response. A PAMP mimetic can be a naturalty-
20 occurring molecule or a partially or totally synthetic molecule. As an example, and
not by way of limitation, certain plant alkaloids, such as taxol, are PRR ligands, have
an immunostimulatory effect on the innate immune system, and thus behave as PAMP

mimetics. (Kawasaki et al. (2000) J. Biol. Chem. 275(4). 2251-2254).
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| transrnenbrane signaling receptor proteins that are characterized by an
extracellular 1leucine-rich repeat domain and an intracellul ar don&ip ;
honol ogough,.{)g,fﬁﬁgg of the interleukin | receptor. The TLR famly i‘n‘t:f%@g,
but is not [imted to, nouse TLR2 and TLR4 and their honolfsdiediz4228
particularly in other species including humans. This 5 invention al so
defines Toll receptor proteins and TLRs wherein the nucleic acids encoding

such Protel ns ayeralot6askoRROULAOY SPERCHEE LSO oFREGLEY Bf o abl v, at

| east about 80% sequence identity, even nore prefera about 85%

sequence _jdentijt et ore preferably at |.east 90% sequence
i dentity, r%c% Eaﬁ%)%f{th%i&gﬁagrlw &1 Sﬁeg‘:tg?gﬁﬁ%}fu‘g@%@g%n% identity to the

nucl ei ¢ acid sequence encoding 10 the Tol| protein and the TLR proteins
TLR2, TLRAMEHAOTHRERIOBEPTEPE Opfler yolvT LiRredf aean ipitiaterangete iomune hi s i nventi on
al so contenpl ates Toll receptors and TLRs wherein the am no acid sequences
of such Todspomsec dftrobas afithisTieRsptbafamiptart sastualipdiffefffand eglosnce i dentity,
nore preferably, at |east about 80% sequence identity, even nore

pref erabl Yeveddi digasht ROQU r18RMeS SRMaNGBHhEAeM bt retsinisOE VIR LTiRLab! ¥ at
| east about 15 90% sequence identity, and nost preferably at |east” about 95%

sequence i dentd e 1.k F uences of, the Tol | otein and the

T TR YRR ke A L SRR SR s it orB] B G

proliferating cells |ackjng varyi.n d]}e/]gr ees, . hormal growth control. As
t

9 L0,V 9 €S, ¢
used her efl§, PO RS THCT L BA M reCo AT t MEmDersa£80sy TeosBiop E8PIIREr at i ng
“beni gn" tunors, to, at the other extrene, rapidly proliferating "malignant”
tunors t hatn, gggerelsibeeliyidedinge Burereilygbidp hegonal sxsaplers ciivakbeiraet theefers to a
conposition conprising an antigen, and optionally other ancillary
nmol ecul es pistie; pumdoseicakbcaphbs kxpressed cadmiminsicell ssiishs codposidnabns to a 33
WO 02/09748 5 28 FEB 2005 PCT/ US01/ 24228
10 receptors that can be expressed either on the cell surface or intracellnlarly. Cellular
PRRs may be expressed on effector ceils of the innate immune system, including cells
that function as professional APCs in adaptive immunity, and also on cells such as
surface epithelia that are the first to encounter pathogens during infection. PRRs may
also induce the expression of a set of endogenous signals, such as inflamimatory
15 cvtokines and chemokines. Examples of PRRs useful for the present invention
include, but are not limited to, the following: C-type lectins (e.g., humoral, such as
collectins (MBL), and cellular, such as macrophage C-type lectins, macrophage
mannose receptors, DEC203); proteins containing leucine-rich repeats (e.g., Toll
receptor and TLRs, CD14, RP103); scavenger receptors (e.g., macrophage scavenger
20  receptors, MARCO, W(C1); and pentraxins {e.g., C-reactive proteins, serum, amyloid
P, LBP, BPIP, CD11b,C and CD18.

“Peptide mimetic” refers to a protein or peptide that closely resembles a non-

protein molecule and has a similar effect or fimction to the non-pretein molecule.
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subject to stinmulate an i nmune response specifically against the antigen and
preferably to engender imunol ogical nenory that | eads to nounti ngz%f @n@%

i mmune  regpQRgsshoul d the subject encounter that antigen at some“futdr

ti me. Exanpl'eS of other ancillary nol ecul es are adjuvants, PoHPYH 2428
non-speci fic i mmunostinul atory nolecules, and other nolecules that inprove
t he pharnmacoki netic and/ or pharnacodynam ¢ properties of the antigen.
Convent i ongjtdriacivdlv 3G S r IS .hat causes a

di sease (suitably e %ﬁ%%ﬁﬂgﬁd ik éeﬂdsc‘dn(s)é’%ts‘;’g;n%}t"%g?% %%%??fp%g?hogeni c

or gani sm I , t ed..Qr gani sis uch as..attenuated viruses or
at t enuat eglﬁ%lggﬁee?%g?ﬁggérér%’%\ji%gegl%ﬁeggg‘% rﬁ”ﬂ%ﬁ“ {"H]ZI Slaogélgﬂgro‘?@ecgpr all 10 of
their abiljty.to grow in their natural host. There are now a range of

bi ot echnol J&i©R eé’élgﬁéépiﬁ‘éf‘é@ to producing vaccines. (See, e.g., W Bains
(1998) Biotechnology FromA to Z, Second Edition, Oxford University Press),
The various nePhassacenclallyaccdpitblaceriadrefkistd hedried thdt ben boldlaatedg: 1)
Viral vaccines consisting of genetically altered viruses. The viruses 15

can besengiyneRtekns enikPatnBibAY 2h@rhesM ess but can still replicate (al beit
inefficiently, sonmetinmes) in cultured animal cells. Another approach is to

cl one the gene Lein from.a pathogeni c. virus into an%ﬂ}u har m ess
virus, so that ft %.t'? 1%rcgﬁsngT'?c% %&S{%érpg f%fgresrt%a%v € Cl?ggn%cé rv"thgfeﬂni% eth%l ogi c
properties of the pa Mni virus but does not cause any di sease. Exanpl es
20 of the PHETEE: ’F&u’ Ref O0E, Mymetiaps apBRe pIRPERESYD, "al tered vaccini a
and adenoviruses used as rabies vaccines for distribution with neat bait,
and a vacci ni a Recembinentgirplets tegengiqpmeaduelabitde mogigred hinsmicarmizdngs.i on
proteins of rindepest virus of cattle; 34 WD 02/09745 2 8 E E B 2005
PCT/ USO1/ 242¢ 8ertjaticahantid deactiemheriial akciise hemtm St&iohibinek” bac tefedsa
genetically
10 to the products produced from recombinant genes (e.g. recombinant protemn).
“Spacer” refers to any chemical entity placed between two chemical moieties
that serves to physically separate the latter two moietics. Thus, a chemical entity
placed between a PAMP or PAMP mimetic and an antigen is a spacer. Examples of
spacers include, but are not limited to, aucleic acids (e.g. untranscribed DNA between '
15 two stretches of transcribed DNA), amino acids, carbohydrates (e.g.,
monosaccharides, disaccharides, trisaccharides), and lipids.
“Strong immune response” refers to an immune response, induced by the
chimeric construct, that has about the same intensity or greater than the response
induced by aun antigen mixed with Complete Freund’s Adjuvant (CFA).
20 "Therapeutically effective amount" refers to an amount of an agent (e.g., a
vaccine) that can produce a measurable positive effect in a patient.

“Toll-like receptor” (TLR) refers to any of a family of receptor proteins that

are homologous to the Drosophila melanogaster Toll protein. TLRs also refer to type

LN}
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engi neered to enhance their value as vacci nes when the bacteria are dead
(e.g.. E. coli vaccine for pins, bacterial vaccine for furunculosis in

sal mon) . ReGeARipant DNA techni ques can be used to delete 78 FER 200
pat hogenesi s-causing 5 genes in the bacteria or to engi neer’&eS32éi8cti ve
epitope froma pathogen into a safe bacterium 3) Bi opharnaceutica

vacci nes consi st of proteins, or portions of proteins, that are the sane as

t he prot ei hgarisiembWnk 8l enahitNakpof ?gﬁ%%h@dﬁ @l?zﬁﬁct@ﬂiz_ed‘@l do extibougan be

made by reconbi nant DNA met hods: 1 Mul tiple antigen peptides (MAPS) are

peptide v i-nes £ e, £ alul . u I | yl ysi ne
backbone)3E§%§bﬁf%§$gg€%§g?§gwacc?%%%dﬁ%ﬁ%@H§g1%%ﬁ@ggnéﬁgg%%oggﬁ% time; 5)
Pol yprot ei.n, vacci nes_consi st _of single protein nmade by genetic

engi neer i ngEGUERATETR rdh%?é&éﬁﬁmﬁgbppﬁégiBPHﬁP?h@mBWbéhP§ﬁ§eELRﬂnterest
form 15 part of a continuous pol ypeptide chain; and 6) Vaccines produced in
t r ans- geni apdplildift andttheir hempldgaen pedicabrll ondthenspepresvictieding hlunwac cThies (e. g.
vacci ne delivery by eating bananas). 3. Specific Enbodi nents A. Fusion

Proteiis 2@vehienplsosiefibed TolbRkE®Or b iddased TIRPakdre@hd heclbidexect ed
di scovery that vaccines conprising chinmeric constructs of a PAM? and an

antigen ( .eeng?dinII Qlﬁ)h];ﬂ[‘tlétieﬂﬁ habl 21 €hd aRhfH68) seﬁﬁgﬂ-c@ ii&enttiﬁg Oﬂﬁﬁ 2 %Péfél%lj 13/1, |aton al

i mmunol 0ogl Ca characteristics or properties " expecte a conve

;ggfz?goiﬂggggggﬁh&%ﬁéhégﬁggkgjhﬁéggi%@%ﬁ?gﬁﬁwghgf@ﬁﬁgggﬁﬁégg%%ﬁg%%g_finding

that BLPIEa | nduces activation of NF-KB and productjion of IL-6 in
macr oph agége“é]r‘iﬂ Y§omAFs Rreeerably at least about 90% sequence 1dentity, and most

preferably at least about 95% sequence identity to the nucleic acid sequence encoding
10 the Toll protein and the TLR proteins TLR2, TLR4 and other members of the TLR
family. In addition, this invention also contemplates Toll receptors and TLRs wherein
the amino acid sequences of such Toll receptors and TLRs have at least about 70%
sequence identity, more preferably, at least about 80% sequence identity, even more

preferably, at least about 85% sequence identity, yet more preferably at least about

—
N

90% sequence identity, and most preferably at least about 95% sequence identity to
the amino acid sequences of the Toll protein and the TLRs, TLR2, TL.LR4 and their
homologuss.

“Tumor’” refers to a mass of proliferating cells lacking, to varying degrees,
normal growth control. As used herein, “tumors” include, at one extreme, slowly
20 proliferating “benign” tumors, to, at the other extreme, rapidly proliferating
“malignant” tumors that aggressively invade neighboring tissues.

“Vaccine” refers to a composition comprising an antigen, and optionally other

ancillary molecules, the purpose of which 1s to administer such compositions to a
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cells, respectively, denpnstrating that the vaccine is capable of activating
the innate 1imune system The activity of BLP/Ea is conparable to that of
LPS, and 'ﬁorﬁ%o dye 5 to endotoxin contam nation, as denonstrated by ftiHe 2005
| ack of I'birti'oh by polynyxin B. In another aspect, the ptEgEHtl/H+Msenti on
is based on the finding that the BLP/Ea fusion protein induces nmaturation
of dendritic cells, as denonstrated by the . induction of the cell surface

expressi ongffect B2EQNSE bAUNALAL YdBLE %gkaﬁcéi%c%m%{)%ﬁ%ﬂhaén Dol |y, BLPIEa is

appropriately tar gete to t antrgen processi m res ation pat hway,
and a functional Fa tlde/ICcIas enera_ted This result
i's dem)nsté[ er[]%) %&d S AR AOLOZeS Hﬁmé’ﬁy gﬁﬂeﬁ%ﬁ? 2% l”ﬁloé ANGFURYRE Eq
pepti de conpl exed with M1C cl ass-U. Moreover, the present invention is
based on tKePasst pronkl iy subiseorepyaterihat @tloir’é&trsetmr@ttmanmw&&am&scxﬁrrpr| si ng
a BLPIEa chineric constrict activates antigen- specific T-cell responses in

vitro by stthentnaillengndeodics kid 2jeehls, abichvad hdPspebdic EeNeioatimihigyspeci fic
ligand (Ea, IEGH) -Lou the T-cell receptor. Furthernore, the results of

| muni Z"'at'ﬁﬂlﬂ&‘ilcﬁ‘aﬁ@omehﬂxo%cu%s%@at Mt D SRULL AN ALLGER spect fic T-cel |

responses denonstrate t at th e reconbi nant ‘vacci ne acti vates

ant i gen- sp&gi fic cel ses i n For ar.i son ce were

i muni zed W %{[Haclggynaéjﬂjtc pa%p 1§<S He&)#ﬁfl%?@oﬁ?@b gpagcﬁﬁjuwgﬁt (CFA). The
r econbi nant vaCC|ne of the present invention induced an jmmune response in
the mice tHEFSES %r%ﬁﬁ&?mﬁ%ﬁa‘#ﬁa@ e edtioiarcrgatsd ot ks dhisedar th CFA.

3 6 28 FEB2005 WD 02/09748 PCT/ US01/ 21228 The present invention is also
based on t et Sukgpdtsdgegicirgememr—ag thaattigen midionuatad enganismk, subkeas econbi nant
vacci nes that conprise the chineric constructs of
aftenuated viruses or attenuated bacteria, are manipulated so that they lose some or all
10 of their ability to grow in their natura! host. There are now a range of
biotechnological approaches used to producing vaccines. (See, e.g., W. Bains (1998)
Biotechnology F rom A to Z, Second Edition, Oxford University Press}. The van'oﬁs
methods include, but are not limited to, the following:
1} Viral vaccines consisting of genetically altered viruses. The viruses
15 can be engineered so that they are harmless but can still replicate (albeit
mefficiently, sometimes) in cultured animal cells. Another approach is to
clone the gene for a protein from a pathogenic virus into another, harmless
virus, so that that resulting, engineered virus has certain immunclogic
properties of the pathogenic virus but does not cause any disease. Examples
20 of the latter method inctude, but are not limited to, altered vaccinia and
adenoviruses used as rabies vaccines for distribution with meat bait, and a

vacclmia virus engineered to produce haemagglutinin and fusion proteins of

rindepest virus of cattle;
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the present invention induce a mnimal inflammatory reaction when conpared
to that 1induced by an adjuvant. However, as noted above, in spite of a
reduced i _éam‘r{atory 5 response, the vaccine unexpectedly induced & StEbAEH
i mune reg& N&8”*Fhus, the vaccine approach described in tHE/PHESeRs
invention mnimzes an undesired side effect (e.g., an excessive

i nflammatory reaction) yet induces a very potent and specific inmune

response. The preseni) ERYERLE 88 8k S0 RIS (sl GAREALELIR.£OTRY | S ng at

| east one antigen nol’ecul’e or antigen i'n and at |east one PA 1P or 10

PAMP m netic for use vacci nes. Preferabl. the fusion.protein has maxi mal
i munogenicity eélﬁﬁle?ﬁgﬁggggadﬁfe@’%r %‘&e@tvai:ﬂg‘?sam&}?;a?tg‘g #dead (€1 easi ng
the nunber of antigens or antigen epitopes, by using nultiple antigen
proteins and/ orE-cr-?ﬁl"‘tﬁp‘bnféf@cmﬁ:géct@ﬁalt"h@l@'afﬁ?éﬁmi\m@@‘ﬂs proteem. or of
different antigen proteins, and/or sonme conbination of the foregoing, are
contenpl at ed i rRéchindinany BNA cithnigied Smictubéditokizldih @athkgdnesiefcatidige arti san to
determne the optinmal ratio of PAMP to antigen nolecules to maxim ze

i mrunogeni ci ty anek ik BLASHObr GARLIOLr thbgrdidtilag (U Horh SRR, inthere are
several advantages of using a fusion systemfor the production”of

r econbi nant poi}ay% ticg%sum_Fi rst, heterol ogous proteins and peptides are
often degrade gﬂﬁaos? prot eases; this nmay be avoi ded, especially for small
peptides, by ?0 using a.gene fusjion expression %yste.m Second, general and
ef ficient purificatidnP'OORBHESUAGA VRSIEPLPRTFR AL Prttciaa e partions8fon partners.
The use of a fusion partner as an affinity handle allows rapid isolation of
t he recomnbi nantprpiejisi det artlihe shmdas the prgpindinfeferagriungal or bactpaalcnere, t he
reconbi nant product nay be localized to different 37 28 FED 2005

19%601) 2109748 PGHICS(h) I 2422SmeddmpardcombinantddNiatmathghd; be secreted; such
strategy could lead to facilitation of purification of the fusion partner

and/ orygli rected compgr t BRI LhASL QBiafs (Mepd Usd Qi idP SR that are

chemically attached (usually on a polylysine backbone), enabling several
vaccines to be delivered at the same time;

5} Polyprotein vaccines consist of a singie protein made by genetic
engineering so that the different peptides from the organisms of mterest form

15 part of a continuous polypeptide chain; and

6) Vaccines produced in transgemc plants that can be used as food to
provide oral vaccines {e.g., vaccine delivery by eating bananas).
3. Specific Embodiments

A. Fusion Proteins

20 The present invention is based in part on the unexpected discovery that
vaccines comprising chimeric constiucts of a PAMP and an antigen (e.g., the fusion
protein BLP/Ect) exhibit the essential immunological characteristics or properties

expected of a conventional vaccine supplemented with an adjuvant.
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Addi tionally, various nethods are available for chem cal or enzymatic 5

cl eavage of the fusion protein that provides efficient strategies gjtgopEg;biﬂ@ji n
t he desi re‘? gfl gavage product in large quantities. Frequent I(y enpl oyed ~
fusion systeng 4% the Staphyl ococcal protein A fusion sy ¥ng+ise
synthetic ZZ variant which have 1gG affinity and have been used for the
generation of antibodi es agai nst short peptides; the gl utathione

S-transferase ;]_H%Q Rspe¥e tﬂ%;%ré@?ﬂ ﬁl?ﬁrg&on% baded 23Be %H@g%@t;@aﬂmﬁa:s 10

gal act osi dase fusion‘ syste and trpE tusion sys nsura (1990)

Met hods & rvm 185: 61). _Sone of these tens are commercially avail abl e
as kits, ilTP‘FE%CE’HF%'aU%E% HFxB ﬁFfPfP?%%ﬁﬂ&zﬁ&ﬂﬁdﬁ%@%h%ﬁﬁﬁ@e@%méﬂ
instructions. The present invention also contenplates nodified fusion

protei ns haid, agpeaifelynidemoharating tiedt temetahe iotgpablbfofactiyatiathd @aste wher eby
one or nore specific netal- 15 binding or netal-chelating am no acid

residues afe, iRy QMICathe LY iRAM éiﬂﬁuxgﬁ%rﬁé&%‘le to ?{at SHPBE | Itk QB dent 0 the

fusion proteln sequence as a‘'tag. Optima the tusion partner, e.g., the
antigen or P sequence, is nodified tp contain the metal- chelating am no
2Ci At Sg. BRI RO GRr O AN bR Dedrdo BB s PTG oy  do.
nmetal -binding site if such nodifications could be achieved w thout 20
adversel yBeffecting a |igand-binding site, an active site, or other
functional sites, and/or destroying inportant tertiary structural

rel ationshi ps ilnatdRepdspt®] the piesenvambals tisadlbn theofindirg tlat dhel ati ng

resi dues nmay be identical or different, and can be selected fromthe group

consi sti ngaiReYss &l gﬁmﬂ lirthub S D8mrADRF HBLR1rid HNIOHsHemorrAEd FER20D5 WO
02/ 119748 PCT/ US01/ 24228 tryptophan, lysine, and glutamate, and are | ocated

t mn i ndj | at i .of h . d fusi teint
et al . " Sidarhee] Bl sElerap B e L bR Rk RRg ¢

nmet al - bi ndi ng/ chel ati ng residues are situated with reference to the overall
tertidPy <Syddieangts, BLPibeersrpgiopraphdeiiedte Meestitigez ersseridihyichel ation to
t he

presentation pathway, and a functional E« peptide/MHC class-II complex is

generated. This result is demonstrated by FACS analysis using an antibody specific
for the Ea peptide complexed with MHC class-IL.
Moreover, the present mvention 1s based on the surprising discovery that a
15 recombinant vaccine comprising a BLP/Ea chimeric constrict activates antigen-
specific T-cell responses in vitro by stimulating dendritic cell activation and
generating a specific ligand (Ea/MHC-II) for the T-cell receptor. Furthermore, the
resuls of immunization of mice with BLP/E« and the resultant antigen-specific T-cell
responses demonstrate that the recombinant vaccine activates antigen-specific T-cell
20  responses in vivo, For comparison, mice were immunized with Eq peptide mixed
with Complete Freund’s Adjuvant (CFA). The recombinant vaccine of the present
invention induced an immune response in the nuce that is stronger than that produced

by Ea peptide mixed with CFA.
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5 metal and to mnimze interference with the expression of the fusion
protein or with the protein's biological activity. A fusion sequégrce pfian
antigen, P/ and a tag may optionally contain a Iinker peptide. The |inker
pepti de nﬁ@ﬁﬁ“gé%arate a tag fromthe antigen sequence or PEﬁgﬁﬁﬁkﬁzs
sequence. |If the Linker peptide so used encodes a sequence that is 10

sel ectively cleavable or digestible by conventional chem cal or enzymatic

met hods, thenThbgrdsad k@il iSARAEALE B oMt end 8toRly fie fusion protein
after purification. For exanple, the selected cleavage site within the tag

may be an.enzynatic vage site. EX |l es _of. suitabl e.enzymati c .cl eavage
sites incFﬁa%X@?@%gWﬁ%ﬁ%nggyigg%agcgngﬁﬁgﬁggﬁgPﬁEm% ﬁﬂ?0?§@ﬁcg§ﬂ

ent er oki nase, Factor Xa, trypsin, coll agenase, and 15 thronbin.

Al t er nat i $heIPjeseRiaveRroRBGH es aimpl HaMmaEs Feaghgn pden campaed Splnf e of

cl eavage upon exposure to a selected chemcal (e.g., cyanagen brom de,

hydr oxy| amidnesd oy arl adjupddy.. HOweasragenaitd theeselspit efa cddeawhodlasintadomnabl es
separation of the tag fromthe antigen/ PAMP~ fusion protein. The

ant i gen/ PANbELsE Uslk @Bcdii OhRixPediBlly tRBeDL st2éh ObtrdbRedspdhsOUTHiSL @@ form free
fromany peptide fragnment to which it was previously |inked tor ease of
expr essi op, . Lfi i ! 1] I o L inte. a |inker
asef ul i nVERepbldhf B Hife AR Bl RN 2, i

i nvention. .39 LVO 02/09748. 2. H FEB 2005. PCT/ USQOL/ 24226 Any desired cl eavage
site, of WHLK&afy eé‘fe@mfﬁbvr?paffﬁnﬁt% Igpqon) ¥t 1’6‘%“’5% ad effyd?m‘%/rﬁiagg purpose. The
optional linker peptide in a fusion protein of the present invention m ght
serve a pErepOEaTBRlErCElvRAc tIHe Dersend By gniogfaly epadvnbeiosinrelcinas an exanypl e,
and not by 5 limtation, the linker peptide m ght be inserted between the
PANI P andcdrheriging kiglesst iboe prieseantolerulabt antigat dosberdnd dlgadr ardes¥M@toveen t he
two domains. In addition, the |inker

10 PAMP mimetic for use as vaccines. Preferably, the fusion protemn has maximal

mmmunogenicity and induces only a2 modest inflammatory response. Increasing the
number of antigens or antigen epitopes, by using multiple antigen proteins and/or
multiple domains of the same antigen protein or of different antigen proteins, and/or
some combination of the foregoing, are contemplated in this invention. It is within

15  the skill of the artisan to determine the optimal ratio of PAMP to antigen molecules to
maximize immunogenicity and minimize or control the inflammatory response.

There are several advantages of using a fusion system for the production of

recombinant polypeptides. First, heterologous proteins and peptides are often
degraded by host proteases; this may be avoided, especially for small peptides, by

20  using a gene fusion expression system. Second, general and efficient purification
schemes are established for several fusion partners. The use of a fusion partner as an
affinsty handle allows rapid isolation of the recombinant peptide. Third, by using

different fusion partners, the recombinant product may be localized to different

37



sequence m ght provide for post-translational nodification including, but

not limted to, e.g., phosphorylation sites, biotinylation sites, BalFfgtien
sites, carboxylation sites, lipidation sites, glycosylation sites and the
like. 10 MP &€ &hbodi ment, the fusion protein of this i nveeiiigncentai ns an
antigen sequence fused directly at its amno or carboxyl termnal end to
the sequence of a PANT. In another enbodi nment, the fusion protein of this

i nvention, conprising. an, antigen and,a PAWVP s ence,. i.s_f.used directly at
its ani noc%l?p%%;‘%rgi t F@g%%t‘?eﬁe&éﬁg’ S§h Wﬁ@ggéaﬁgﬁ‘tﬂ@ tB#a%ﬁ&asa’?O he resulting
fusion protein is a soluble cytoplasmc fusion 15 protein. fn another
enbodi nenPWiiGblon g therfusian oemes andior HEectebapnpatsenializative of thedusience

i nt erposed between the anti gen sequence and a PAMP sequence or sequence of
a tag. Thpstdinsion protein is also produced as a sol uble cytoplasmc
protein. B. Antigens As used herein, an "antigen" is any substance that

| nduces @ stat & lioReNSivalvid el AU RTITTHREARIPANBLVGRASS ol Ler any

| at ent period (norm ays to weeks In umans reacts in a

denonsirabl e way .wi th antibaodi es and/or i ne cel | f.the sensjtized
Subject | v og e tsiff PSRl afad SiarRY Gafeies de plais PEETHL ot
limted to, (1) mcrobial-related antigens, especially antigens of pathogens
such as 40lc3Na20 2 @D7YB [2g: AEBIEEES Fraagmtisonpleged fusbmsyptgeeare igngi  or
bacteria, or inmmunogenic nol ecules derived fromthem (2) "self' antigens,
col | ect i vBlaphylooprchispraogircal flisibasysant iagé s synidletid ZAgracieht whicbhtad FHhg nor nal
transpl antation antigens and/or tunor-related antigens, RR-Rh antigens and

antigens ghatagl 8hiStde 198d R khSRPG O of Andfdl dsGlh@Et Gk fepQied: kigsues or
body fluids; (3) allergen- related antigens such as those associated with

[ L, -al | € .+ 0. - |1 | . t, | t d
Gandery - BAARPT SREAFCRreE PBion JpR% inin PR CR8n B W BURE. ™ Crony

resi ns(?, food. (e. %1 shel | fish, peanuts, eggs, m | k products), drugs
1 galactostdase Tusion system; and the trpE fusion sysiem (Yansura (1990) Mefhods

Enzym. 185: 61). Some of these systems are commercially available as kits, including
vectors, purification components and detailed instructions.
The present invention also contemplates modified fusion proteins having
affinity for metal (metal ion) affinity matrices, whereby one or more specific metal-
15 binding or metal-chelating amino acid residues are mtroduced, by addition, deletion,
or substitution, into the fusion proiein sequence as a tag. Optimally, the fusion
partner, e.g., the antigen or PAMP sequence, 1s modified to contain the metal-
chelating amino acid tag; however the antigen or PAMP could also be altered to
provide a metal-binding site if such modifications could be achieved without
20  adversely effecting a ligand-binding site, an active site, or other functional sites,
and/or destroying important tertiary structural relationships in the protein. These
metal-binding or metal-chelating residues may be identical or different, and can be

selected from the group consisting of cysteine, histidine, aspartate, tyrosine,



(e.g., antibiotics, anesthetics) and (4) vaccines (e.g., flu vaccine).
Antigen processing and recognition of displayed peptldes by T- Iynp qc?ﬂ?ams
10 dependsyhi-Aé,ge part on the amino acid sequence of the antlgen ra

than the three- dimensional structure of the anti gen. Thus,PAHESHRAEYen
portion used in the vaccines of the present invention can contain epitopes
or specific domains of interest rather than the entire sequence. In fact,

the anti geRbepRas Li9AS 8l ShitenYRCHINES 1Rhtel @@td’écﬁﬁﬁmmdmg ?%ﬁ% 8
conpri se one or nore i m*runogem c pOI‘tI ons OI‘ derivatives o ?. anti gen

rather thag, A6 €01 i, &Je g A0 Yranghl Yl be acele Bl fhe presen

i nvention cah~con |re an 195Hsi ona
structure or a rtlo e anti enthat mai nt ai ns a t hree-di nensi onal

st ruct ur e T5¥9%n ﬂ?ﬁ 1BIn épéFﬂﬁ%ﬁﬁﬁhmﬁWBGKH%WiW@hﬁﬁ%ﬂﬁﬁéuhﬁmant|body
response by B-lynphocytes against a spatial epitope of the antigen. 20 1.
Pat hogen- Retmatldeltiant dtgenss o She didfid prexanpl msxiofizpahimgahehabatethe ant i gens

i nclude, but are not limted to, antigens selected fromthe group consisting

of vagci Ml Al kP BiniiiFdisterfoiddee Ywititht BeRERioH dfUBe ARMM NBtiSHKRMmA Vi rus,
feline | eukema vi rus avi an influenza, chicken pneunovirosis virus, canine

par vovi ru 8 YQE%%(‘AQL%MS 28 FEB 2005 PCT/ US01/ 24228 influenza, FHV,
Newcast | e sease rlfs Chi cken/ Pennsyl vani al 1 / 83 influenza vines,

i nfectious bronchitis virus n measl es virus, Rubella virus,
pseudor abi es, EFEE“rFEWFe‘@f%EI%QQN i’%&ﬁj B\ apmay JeeRelEoREER C.
tetani, Morbil livirus, Herpes Sinplex Virus type 1, Herpes Sinplex
Virus 5 tQge@epmmﬁh%yml@rné@aiedmadlusepdﬁémtabtﬁ@lmmnﬁle@n seqpigaed o1 s B
Virus, Hepatitis C Virus, Hepatitis E Virus, Respiratory Syncytial Virus,
Human Papithd e dgnese. Hhhéhnbmzapﬁﬂeu@mm$ahﬂnmehhaywhhi&ﬁeﬁia, Borreli a,
Chl arnvdi a, Bordetella, and Plasinodiurn and Toxopl asma, Cryptococcus,

St r ep{ @COGOUS veR APAMLRCRGEHS ible by conventional chemical or enzymatic methods,

then the tag can be separated from the rest of the fusion protein after purification. For
example, the selected cleavage site within the tag may be an enzymatic cleavage site. |
Examples of suitable enzymatic cleavage sites inclhude sites for cleavage by a
proteolytic enzyme, such as enterokinase, Factor Xa, trypsin, collagenase, and

15 thrombin. Alternatively, the cleavage site in the linker may be a site capable of
cleavage upon exposure to a selected chemical (e.g., cyanogen bromide,
hydroxylamine, or low pH}).

Cleavage at the selected cleavage site enables separation of the tag from the

antigen/PAMP fusion protein. The antigen/PAMP fusion protein may then be

20  obtained in purified form, free from any peptide fragment to which it was previously
linked for ease of expression or purification. The cleavage site, if inserted into a

linker useful in the fusion sequences of this mvention, does not limit this invention.
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Haenzophi |l us, Diptheria, Tetanus, Pertussis, Escherichia, Candida,
Aspergillus, 10 Entanpeba, G ardia, and Trypanasonza. 2. Cancer-lz?glap%%iﬁl

Ant i gens. \Tge, “ma.,t hods and conpositions of the present invention Bo be
used to prodlt® ¥ccines directed against tunor-associ at ed POVHBEIH2 BNt i gens
such as nel anona- associ ated anti gens, manmmary cancer-associ ated antigens,
col orectal cancer-associ ated antigens, prostate cancer-associ ated anti gens

IS and t heyl.i ke;... i folaGi . LU ' - ific
protein anﬁﬁg%%éreﬁg%%ug{"eﬁﬁg’ suc S;ﬁ/g%%iynes ior‘lx'f:rﬁ’tl e?g%’%agbgﬁ%?tt%wﬁr%ted to,
antigens selected fromthe group in the follow ng table. Cancer tv

eAnt i gens HFEEE at eprostate-specific antigen (PSA), prostate-specific
menbrane antigen SMA), Her-2neu, SPAS-1 Mel anomaTRP-2, tyrosinase, Ml an
Al Mart -1, gpl OJheRpGenaldabe; papidtan gdusitn pwideoBihepstseot Rveriinn wigesi n 2,
TATA el enent nodul atory factor 1, tunmor protein D52, WAGE D, I N&, H -55,

TG -1 antdsne@PQuirSise@tHaaeiorthe bk o AOLISD%Ee 4ide. W QRERBAAR 281 FiktBy2005
PCT/ US01/ 24228 TestiSVLKGE--1, HOM Mel -401S5X2, NY-ESO 1 Col orectal | EGFR,

VICL aiid NETG T G ne S Ba CURa ATy ar £ RGE AN T Ol
, y nmutated versions),
prevent or alleviate steric hindrance between the two domains. In addition, the linker
sequence might provide for post-translational modification including, but not limited
to, e.g., phosphorylation sites, biotinylation sites, suifation sites, carboxylation sites,
lipidation sites, glycosylation sites and the like.

10 In one embodiment, the fusion protein of this invention contains an antigen
sequence fused directly at its amino or carboxyl! terminal end to the sequence of a
PAMP. In another embodiment, the fusion protein of this invention, comprising an
antizen and a PAMP sequence, 1s fused directly at its amino or carboxyl terminal end
to the sequence of a tag. The resulting fusion protein is a soluble cytoplasmic fusion

15  protein. [ another embodiment, the fusion sequence further comprises a linker
sequence interposed between the antigen sequence and a PAMP sequence or sequence

of atag. This fusion protein 1s also produced as a soluble cytoplasmic protein.

B. Antiegens

As used herein, an “antigen” {s any substance that induces a state of sensitivity
20  and/or immune responsiveness after any latent period (nommally, days to weeks in
humans) and that reacts in a demonstrable way with antibodies and/or immune celis
of the sensitized subject in vivo or in vitro. Examples of antigens include, but are not

limited to, {1) microbial-related antigens, especially antigens of pathogens such as
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M scel | aneous tunor CDC27 (including the nutated form of the protein),
antigensthose hos hate isonerase In order for tumors to give rise tpprgg 205
prol i ferat\'k_.p%,/ﬂmg mal i gnant cells, they nust beconme vascul arized. "~
Strategies that prevent tunor vascul arization have the pot eifi/&$u184238r bei ng
t herapeutic. The nethods and conpositions of the present invention can also
be used to produce vaccines directed agai nst tunor vascul ari zati on. Exanpl es

of targetiABls B8BSol tSUCHr KARGINRR cHh RMASHLRES %ﬂ%@ﬁ%@'“ﬁgwm h

factors, vascular~ endothelial growth facfor receptors, blfast growth
factors and.fibrobl ast growth. factor r cept.ors .and the like. 10 3.

Al | er gen- I%g?% ng’dcoﬂﬁf X éﬁ%?mﬁﬂ%n?rﬁ%lh‘g‘asmghﬂ'%dg%%ggtCF@%%O“(B?m]Pﬁé‘OEP%lsent
invention can be used to prevent or treat all erpgii’{es and asthma. According to
the presdRISHFEHY asigenadsr twspeTgtied antigens. IR-Gamnticans od dntigtmsd t o one
or nore P_AMPs, producing a PAMP/ allergen chineric construct, and

adni ni st echatatterigichifeet petifiatto aneicuht talsgir tistues bhabdafiiigas) allngen- t he
nmet hods and conpositions of the present invention 15 can also be used to

construct :Macghmesent BRth MBYoSURRSSSSd Ahth ShBSi 8RN [l t HhSses CaSE, the
allergen is associated with or conmbined wth a PAW, including but’ not

limted t r, Fl l.Lin.. tha an initi.at hl res se.,upon bi ndi ng

to a TLR %Oﬁ!ﬁlﬁt %ﬁglcigb%%gfm%eﬁ%sa ng dltatr%g’r%rgiotcg’/up #lgng a@t‘ls,en? er*"g@{;eﬁp‘f]a@!%e{’ends to be

characterized b roduction and secr?ti on of cytokines, such as IL-12, that
1

proau ¢
elicit a §83-”é”é]|e%/’e¢6°*ﬁh¥eb2@)»rf@%‘bﬁﬁw%eSl]eH shl. PEHUEL €225 AtHierroftan: EmMes t ypi cal
T112 response that triggers B-cells to 43 28 FEB 2005 WO 02/ 09748
PCT/ US01/ 2422 8ntprieithscensisimetiod ghd il vanciBes (elge fbf vacgpicsal al | ergi ¢ and/ or
hyper sensitive responses, M 12 produced by dendritic cells md
rnacrophages upginigBYRcbisirt &@ recognition of displayed peptidss by T-lymphocytes
10 depends in large part on the amino acid sequence of the antigen rather than the three-

dimensional structure of the antigen. Thus, the antigen portion used in the vaccines of

the present invention can contain epifopes or specific domains of interest rather than

the entire sequence. In fact, the antigenic portions of the vaccines of the present

invention can COmprise one or more immunogenic porions or derivatives of the
15  antigen rather than the entire antigen. Additionally, the vaccine of the present

invention can contain an entire antigen with intact three-dimensional structure or a

portion of the antigen that maintains a three-dimensional structure of an antigenic

determinant, in order to produce an antibody response by B-lymphocytes against a

spatial epitope of the antigen.

20 1. Pathogen-Related Antigens. Specific examples of pathogen-related

antigens include, but are not limited to, antigens selected from the group consisting of
vaccinia, avipox virus, turkey influenza virus, bovine leukemia virus, feline leukemia

virus, avian influenza, chicken pneumovirosis virus, canine parvovirus, equine
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to their TLRs will direct T-cell differentiation Into Thl effector cells.
Cytol dnes produced by Th | cells, such as Interferon-gamm, mﬁlb ﬁ'%%ﬁ% t he
differentiation of LL 5 4 producing, Th2 cells nd would thus pre & &
product i of OY*'8i4t} bodi es of th,- isotype, Nvidch are respoR6THISEU2ERS
allergic responses. Specific exanples of allergen-related protein antigens
useful in the nethods and conpositions of the present invention include,

Qut are nakaldl Feh, N AEhEERLANsy L ARSI Al ligfiyas those

derived fromtrees such as Japanese cedar

Cryptoni er.i aj aponi ca rasses -am neae), such as orchard-grass

(Dacty, hs,mﬁae(‘}%‘/}ﬂpég’ 68?‘%\%@?’5%%@%@&5 fi Vs, Pé‘?j\ﬁ}@ééflr(l?l\rﬁi’rhﬁ‘b? a, Anbrosia
arre7nisiifoha); specific (Exanples of pollen allergens including the
Japanese &atarpseyordbess, BpstemgRars Vorog, IV, JI¥, EBV, 815y, BCWEY, Hamfzam i noL (19s'
))71. 7 7-86) and Cryi' ? (FEBSLette)-s(1988)239: 329-332), and the ragweed
al | er gens réad, alurps, MR virg, HdBeABBed Vaus ?-gbl,aHé%ﬁs ShAfBleR Vihst C. ;

al l ergens derived fromfun-1 (Aspei-gillus, =7 ndi da. Alternari a,

etc.):sal kefge m%rcyé%geofa{m figsydigd e PRGN, %Hs“ﬁﬁg@ms*@ go Ides

pt er onyssi 1ius, nna éb0|éesfa ae etc.; specific exanples of mte

al | ergens (i.ncl ydi n r.p L, Der L Der I Der p VH, r £ 1, Der f 11,
er * 11T M el Epis £k Reshtied ‘piisviel finisr Guman §8pi ok T¥EIm ar 1 i ni al
skin debris, feces and 20 hair (for exanple, the feline allergen Fel d 1);
al | ergens TR Y IR OV frecdiss &ersadiin Bagrelia cahlymydinr Benderdigl bt not hs,
butterflies, Chironom dae etc., poisons of the Vespidae, | 'Pi such as

Vespa mandéusinnidady afdddaglidseragyEmsptbegyss, SmepkcodrratSiasdfcoodss, beans,
cereals, 1:1 fruits, nuts and vegetables etc.); allergens derived from

parasi t es feHehhRs, DOMREND T8 aills APerYiesid 12408AR: 2 lakB, 2095 gillus,

10 Emamoeba, Giardia, and Trypanasoma.

2. Cancer-Related Antigens. The methods and compositions of the present

mveniton can also be used to produce vaccines directed against tumor-associated
protem antigens such as melanoma-associated antigens, mammary cancer-associated
antigens, colorectal cancer-associated antigens, prostate cancer-associated antigens
15 and the like.
Specific examples of tumor-related or tissue-specific protein antigens useful in

such vaccines include, but are not limited to, antigens selected from the group in the

following table.
Cancer type | Antigens
Prostate prostate-specific antigen (PSA), prostate-specific
.} membrane antigen (PSMA), Her-2neu, SPAS-1
Melanoma TRP-2, tyrosinase, Melan A/Mart-1, gp100, BAGE,
| GAGE, GM2 ganglioside
Breast Her2-neu, kinesin 2, TATA element modulatory factor 1,
tumor protein D32 MAGE D, ING2, HIP-55, TGF -1
anti-apoptotic factor, HOM-Mel-40/S8§X2 J
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PCT/ US01/ 24228 and nenat odes, for exanple, Anisakis); and protein or pepti de
based drugs (such as insulin). Many of these allergens are comira"}rgiFﬁ o
avai | abl ew(l) @Dq o4 her enbodi ment, prophylactic treatnent of chr

al | ergi es can’ acconpl i shed by the administration of a BFOIEIHIHEAVP, |na
preferred enbodi nent, 5 the PAMP of the prophylactic vaccine is an ON P,
nore preferably CBpA, and nost preferably BLP. Alternatively, Fl agel lin can

be used dsrkhe PAVP. 4. OURer \oh Eap S1AN MAER/S TS (ERREETP ated Tt hi s
i nventi on@qgfe&/@ﬁm nes diTe [ﬁﬁ%&bﬁdml gens—that—are—associateth with

di seases [qt her—than—cancet ast-hre—~As—ene—exarplte—of—many, and
not by |itHitati-on—an—ext raa@l%_gr)ﬂm@mmn ation of a protein cleavage

pr oduct fO"EméFh/I aid precursddlgPaeein, called "anmyl oid- 3 peptide", s
associ at edevkrehcanbers pat hogenedY$-ESO-A QMprc&ei'nsMHﬁtﬁmMqualmm,et al .,
Nat ure (2040) 408: 979-982; NpSgasspediala)l mutieddwersi(RH0ORFR08: 982- 985
Thus, the MRE4RREGISCRRASE I UCT | WIS T Andiiifny BRGhRERdThmE Bﬁtherp?&aﬁ rAvent i on
can incl L&ng%yl oi d- P pepti ql‘?moﬁh%ﬂﬁétg?sﬁhférﬁQ”a' ns of any oi d-'P peﬂtl de,

as the 15 anti gemnic portionof the construct, and—a—PA—WP-orPA-IP—m neti c.
Exanpl es of other diseases in which vaccines m ght be generated agai nst
sel f proteins sel f. peptides . are shown in the follow ng table

Di seaseAnt i gengn AUEH fHHIRE P SEEEE dP BRASE ARG BT Fmag] ‘F@Se@cx gt HLA-

DRg 1, HLA-DRI, HLA-DR6 B | proteins or fragnents thereof, chain genes); TCR
chai n sub-bgraupwgsc@dbridgl. aSt(‘dt@debyit];eefanhwricmn’aaséfatziaémeua\a:rtht getendal LFA-1);

| FNy; |L-10; TCR anal ogs; |gR anal ogs; 21-hydoxylase (for A ddrson's

di sease) ; fedisdidiseasia@he esehddomnd tohpattitsiogthe present invention can also

be used to produce vaccines directed against tumor vascularization. Examples of
targst antigens for such vaccines are vascular endothelial growth factors, vascular
endothelial growth factor receptars, fibroblast growth factors and fibroblast growth
factor receptors and the like.

10 3. Allercen-Related Antigens. The methods and compositions of the present

invention can be used to prevent or treat allergies and asthma. According to the
present invention, one or more protein allergens can be linked to one or more PAMPs,
producing a PAMP/allergen chimeric constrct, and administered to subjects that are
allergic to that antigen. Thus, the methods and compositions of the present invention
1S can also be used to construct vaccines that may suppress allergic reactions. In this
case, the allergen is associated with or combined with a PAMP, including but not
limited to BLP or Flagellin, that can initiate a Th1 response upon binding to a TLR.
Initiation of innate immunity via a TLR, for example, tends to be characterized by
production and secretion of cytokines, such as [1.-12, that elicit a so-called Thl

20  response in a subject, rather than the typical Th2 response that triggers B-cells to
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45 28 FEB 2005 WO 02/09748 Cardi ovascul ar di sease Di abetes Epil epsy

PCT/ US01/ 24228 ~hypoparat hyroi dism; tyrosinase (for vitili go) LDHZF?‘B‘?@GSW
gl ut anuc 3 JI?) 7decar boxylase (GAD);insulin B chain; PCI; A2, |IA-

GLMA- 38 NM DAY AN Ps PAMPs are discrete mol ecul ar st r uctRéFééswhatasar e
shared by a | arge group of m croorganisns. They are conserved products of
m crobi al nmetabolism which are 5 not subject to antigenic variability and

are disti f, e L., al, (1997 rrent QOpi nion
v mno%%%JCS%%?ﬁbp%?%% ﬂl%s%*%%%%@@of%?%‘l%rpn«fﬂa‘i SERTRERSE T o ot
limted to, the fgél §§%% &3 nDIecuIes Fl agel I i ng,

| i popol ysdcPRETS Y (“LH5 uceq adntyq ¢fillg and E%Hﬁ?lh%eédlpobrf’e%\é? REIGRAP) |

| i popol ysaccharides, finnbrial proteins, unnethylated CpG notifs, 10
bacterlali@»ﬂ@iTkﬁmbm%ds@Mé&d@bﬂﬁ&ﬁahaﬁ&ﬁs&)ﬁhhnﬁhsmwmﬁhlCmaﬂhEBSSOC|ated

proteins, heat shock proteins, glycoproteins, lipids, cell surface
pol ysaccharddlesd bgTyic aBBs, (sctgas IntapRRdii- daﬁﬁlﬂnﬁCﬁﬂﬁl)ylﬂcl@ﬂl@w@ﬂéhﬂéﬂonmL nes,
teichoic acids (e.g., Ilpotelch0|c aC|ds raycobacterial cel

conpongnt s/ ﬂ%&@ﬁ@"ﬁ}rﬁ% cORCHAN @lg kﬂug?&ﬁﬁt%rgﬁl(\ﬁe% dz)f an@idts ofnt‘ﬁﬂg%?ne pr ot ei ns

(OW), and outer s ace protein A erson et al (1996)

M crobial . %%/el ?%0?1 are respbnsM%d% }/crlggesgtlanseg.lgg?) Qurrent Qpinion in

Specific examples of allergen-related protein antigens useful in the methods
and compositions of the present invention include, but are not limited to: allergens
derived from pollen, such as those derived from frees such as Japanese cedar

10 (Cryptomeria, Cryptomeria japonica), grasses (Gramineae), such as orchard-grass
(Dactylis, Dactviis glomeraia), weeds such as ragweed (dmbrosia, Ambrosia
artemisiifolia); specific examples of pollen allergens including the Japanese cedar
pollen allergens Cry j 1 (J. Allergy Cline. Imnunol. (1983)71: 77-86) and Cryj 2
(FEBS Letters (1988) 239: 329-332), and the ragweed allergens Amb a .1, Amba .2,

15 Ambal3l, Ambald, Amballetc,; allergens denived from fungi (dspergifius,
Candida, Alternaria, etc.); allergens derived from mites (allergens from
Dermatophagoides pteronyssinus, Dermatophagoides farinae etc.; specific examples
of mite allergens including Der p I, Der p II, Der p 111, Der p VII, Der £1, Der £ 11, Der
fIII, Der f VII etc.); house dust; allergens derived from animal skin debris, feces and

20  hair (for example, the feline allergen Fel d I); allergens derived from insects (such as
scaly hair or scale of moths, butterflies, Chironomidae eic., poisons of the Vespidae,
such as Vespa mandarinia); food allergens (eggs, milk, meat, seafood, beans, cereals,

fruits, nuts and vegetables efc.); allergens denived from parasites (such as roundworm
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| munol ogy 9: 4-9). The preferred PAMPs of the present invention include
those that contain a DNA-encoded protein conponent, such as BLP, Zﬁi%r@&a
porin, OMLP, Flagellin and GspA, as these can be used as fusion P tnersTto
prepare the preferred enbodi nent of 46 WD 02/09748 2 P FE9 PAJ¢ss1/z4228

PCT/ USO01/ 24228 the invention, i.e., fusion proteins conprising a PA NP and
an antigen, preferably a self-antigen. One preferable PAMP for use in the
present i n@RkhRfbdes, BEEhgaa Bh:Pad i dd ian of the

i nnat e i mmune response (H@%e%ﬁ%ﬁ%? gﬂtlc.ﬁp[lé( 199%§®&Ug?g%?§ﬁ°%\é€élﬂe% 60: 316)
and has b sho ogni TLRS..P Lprantis et at. (1999)

Sci ence 2 g&@%wr&%ggtg S%?ﬁggé;dg%g?(ﬁ%p th?ﬁB’eaev(ﬁﬁlﬁbégmnstrat ed to induce
features of innate im’rungt / (Eaves-gyl es et at., (2001) J. fmmw iol.

166: 1248; Gewi rifiAngtheppm %Q@éflymyh actic frpRfBet ofryonigdfjergigs e#ehy
Presentation at Keystone Synposium keystone, CO 2001). Additionally, the
present i ragennplovhed byttehplranessater o vapioes P ApOY .t Irongrefgpadtesnbodifeidy pept i des
of PANIPs that are recognized by the innate i mune system for generating

vacci nés. tAsPUSER ohBEIrshhvidec bedcit is bh TOVR NthSreGire RMBSY OspA PRIdtheas of
P-A L\, Ps", "pans of PAMPsS" and "peptides of P A vlPs", all refer to an

| mmunosti b Akl 1 PAldfaiBP Cb LR BAVE: TRLECH Epa s, the PAVPS used in
t he vaccines of “the present rthvention can conprise an i munostinmul atory
portion or deriyvatjve.of the ;EAIJ\/PMlS r the{ 1 harh.t he entire PAMP, for
exanpl e E. Col I24RHERSFIsH OISR 1 EOPHUCHRIRHS 1 tip PAhAg YaPHReS

enbodi nent, the present invention contenpl ates peptide mnetics of

non- pr ot eiWeERVRE2INSATESEHS thilft peaciard Foihdseeratiddsnsfaceptisrangl ycans
are exanples of peptide minetics which can be used in the present

i nvent i on.andThehg®. pkegen<ainplearmary, epht@ipl latidgionsimextphalgdasel ecti on

nmet hods to identify peptide

10 accumulation of a protein cleavage product of B-amyloid precursor protein, called

“amyloid-f peptide”, is associated with the pathogenesis of Alzheimer’s disease.
(Janus er al., Natwre (2000) 408: 979-982; Morgan et al., Nature (2000} 408: 982-
985). Thus, the chimeric construct used in the vaccines of the present invention can
include amyloid-P peptide, or antigenic domains of amyloid-3 peptide, as the

15 antigenic portion of the construct, and a PAMP or PAMP mimetic. Examples of other
diseases in which vaccines might be generated against self proteins or self peptides

are shown in the following table.

Disease Antigens

Autoimmune diseases disease-linked HL A-alleles (e.g., HLA-
DRB1, HLA-DRI1, HLA-DR6 B!
proieins or fragments thereof]

chain genes); TCR cham sub-groups;
CD11a (leukocyte function-associated
antigen 1; LFA-1); IFNy; IL-10;TCR
analogs; IgR analogs; 21-hydoxylase (for
Addison’s disease); calcium sensing
receptor (for acquired
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iimetics of these non-protein PAMPs. For exanple, an antibody raised agai nst
a non-protein PAWcan be used to screen a phage |ibrary containi MR FER épgg_
random zed short-peptide sequences. Sel ected sequences are isolated an
assayed t3VQ&VEY ¥ ne 47 28 FEB 2005 WO U2/ 09748 PCT/ US01/ 028U T2S

useful ness as a protein derivative of a non-protein PAMP in the chineric

t, i nventi on conte

m mi cs on—PAW m-Aet-i-cs—i-A-whi-ch-—anal-egs-— o] i
subst i t ut &erdigyascRiar dWeass acid and/or péddli #ecpes| dues, _respectively, of a
pept i de- ¢dhnlgieds ng PANT or a protein PAgRitarhiw aibidaborptbedi nent, th
chinericiconstruct is a construct conpri(Gamy;pGn PehagnGONALA 2NTAaN
antigen. [The CpG or CpG DNA can be conjugategvtsos@ protein 10 or

nor!-prottein antigen. In addition, peptide mnetics of CpG or CpG DNA, that

t he present

mnic the structural, functional, antigenic or inmunogenic propertieg of
CpG can jher—protueced—ant-usetd—togenerate—a—an —ren—PANFW-where—P?1 VT i s
a CpU pef pilg : ﬂm uct . is_chineri st ruct

can be priaduced hy recanhinant DNA techni ques and the expressed fusilon
protein can be used in the 15 conpositions and net hods of the present
invention. D. ®Peppvds M netics This invention also includes a mnetic of
the three-dinensional structure of a PAMP or antigen. In particular, this

invention al so fAefpydesii et higsutRatrushRsehy ard 850AM & IR sroup of
t hr ee- di nensi onal structure of non-peptide PAMPs and anti gens. Such 20

Cid Py i ) bt : 1
ngpgcffve1§¥bg§H@%é%Cﬂ%$Eéggﬁégggggﬁﬁggég?g@#gﬁgfégggﬁg%%sgh%ggﬂgcononica

roduction, d eater . . s . : .
P % not subject to antigenic varability and are distinct from self-antigens. (Medzhitov e?

al. (1997} Current Opinion in Iinmunology 9: 4).

PAMPs can be composed of or found in, but are not limited to, the following
types of molecules: Flagellins, lipopolysaccharides {LPS), pdrins, lipid A-associated
proteins (LAP), lipopolysaccharides, fimbnal protemns, unmethylated CpG motifs,

10 bacterial DNAs, double-stranded viral RNAs, mannans, cell wall-associated proteins,
heat shock proteins, glycoproteins, lipids, cell surface polysaccharides, glycans (e.g.,
peptidoglycans), phosphatidyl cholines, teichoic acids (e.g., lipoteichoic acids),
mycobacterial cell wall cqmponentsfmembra_nes, bacterial lipoproteins (BLP), outer
membrane proteins (OMP), and outer surface protein A (Osp A). (Henderson et al.

15 (1996) Microbiol. Review 60: 316, Medzhitov et al. (1597) Current Opinion in
Immunology 9: 4-9).

The preferted PAMPs of the present invention include those that contain a
DNA-encoded protein component, such as BLP, Neisseria porin, OMP, Flagellin and
OspA, as these can be used as fusion partners 1o prepare the preferred embodiment of
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chem cal stability, enhanced pharnacol ogi cal properties (half-life,
absorption, 48 WO 02/09748 29 FEB 2005 PCT/LSO 1/2422K potency, efficacy,
and/ or al 6§,2[’(§&eci ficity (e.g., a broad-spectrum of biological 78FE5 %5
activities), and other advantages. Conversely, anal ogs of PAMYSHAHH23¥
antigen proteins can be synthesized such that one or both consists
partially or entirely of amno acid and /or peptide anal ogs. 5 Such anal ogs

can cont aife. B ak . [ j ' | ly-occurring
i o ac, o PRar G U oy SRR SR BE 30 Rt Bl o
limted to, D .am aci ds_.or ] aci ds, such as f3-al anjpne, ornithine or
canavani neg,“lfgﬁab?[hgg 5 %Sg‘:fa‘i%ﬁgw?%ﬂse ! P @TIRUA Y SIHOR H%bgﬁ tbecause

Al ternatively, analogs of PAlVIPs and/or antigens can be synthesized such
that one &L%ﬁtkwozﬁliﬁ@ ixiuge pefrvaiian pythsringas inehye wipage fdprdadwaal.ogs

cont ai ni ng non-pepti de bonds, many exanpl es of which are known in the art.
Such anal qgsodyayicprioni Bevigr 6at 36) ahé riCisden Shabi td be/rec@ARBATRATLR s

phar macol ogi cal properties (half-life, absorption, potency, efficacy, etc.)

and/or s al tabedispeal (1b99) yeidie 3s5: Aol AAGeRRSE! LM REOleALaed

activities) when conpared wth the natur y-occurring PA or antigen

as well as_other .advantages. .15 In e far e | at ed, nol ecul ar
structure?oé é‘c%éeéﬁife eqtéon%eaf%nﬁﬁny E}Vgﬁ:‘ng’ée{%atéW’é’flﬁf hts of protein
secondary structure. (see t’ﬁ@ exggpl e, Johnson et al., (1993) Peptide Turn
M metics, iR Brot'ed Iebﬁzy'(a Lphardityst: [P 22 hsicssm ofreserp@din gr s) Chapnan
and Hall). Such nol ecules are expected to permt nolecular interactions
simlar t&aenadrwaiundlasate CO200).anot her form anal ogs of peptides are
commonly used in the pharmaceutical industry as non-peptide drugs with

properties analQ@tisnatl9, hbesRemfineersivhjcegtmprpdsiddeivativBgs@tiby@artof
non- pepti de conpounds are also referred to as "peptide m netics" or

'(' Egggi)lgom(fr@%t&cfé of PERBENRREr{ IRB8)iz485y dhe XD B88ne SRrerd P510RneMBRET €t al.
vaceines. As used herein, the terms “fragments of PAMPs”, “portions of PAMPS”,
“parts of PAMPs” and “peptides of PAMPs”, all refer to an immunostimulatory part
of an entire PAMP molecule. Thus, the PAMPs used in the vaccines of the present
invention can compiise an immunostimulatory portion or derivative of the PAMP

15 rather than the entire PAMP, for example E. Coli murein lipoprotein amino acids 1 to
24,

In another embodiment, the present invention contemplates peptide mimetics
of non-protein PAMPs. Peptide mimetics of polysaccharides and peptidoglycans are
examples of peptide mimetics which can be used in the present invention. The

20  present invention contemplates using phage selection methods to 1dentify peptide
mimetics of these non-protein PAMPs. For example, an antibody raised against a

non-protein PAMP can be used to screen a phage library containing randomized

short-peptide sequences. Selected sequences are isolated and assayed to determine
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49 WD 02/ 09748 PCT/ US01/ 24228 ~ Trends Neurosci. 8. 392-396; Evans et at.
(1987) J .Fled. Chem 30: 1229-1239) and are usually devel oped Wﬂtﬂﬂtj@ﬁ aid
of conputerized nol ecul ar nodeling. Peptide nminetics that are structurally
sinilar t"PREYHptutically useful peptides may be used to PriHyda+ay
equi val ent therapeutic or prophylactic effect. Generally, 5 peptide mnetics
are structurally simlar to a paradi gm pol ypeptide (e.g., a polypeptide

that has anbi aedentaals AoRe! dotialiveBas Fg@gﬁ;@gj;wﬁﬁm@ dfdreriput have one

or nore peptide 1 nkages optionally rep age selected fromthe

group consistin . --CHLVH .. - -, -CH?-CPL--, -CHz cis and trans),
T ot Ty e preEgESiaRG B PFRUEE T RREED BYF (rO80) PHERIES
Pharmacol . Sci. 1: 463 10 468 (general review); Hudson et al. (1979) flit. J
Pep. Prot eﬁewrﬁ@gmm.acmwm%oqed%@wm CffiCH -); Spatola et al. (1986)
Life Sci. 38: 1243-1249 (-CH2-S); Hann (1982) J. Chem Soc. Perlin. Trans.

1: 307-314 (- CHnGt ancths eabddlrhéisthe pseBiUhedntieh cofdempl498Rkthd: Med. Cheri .
23: 1392-1398 (-COCH2-); Jennings-Wite et at. (1982) Tetrahedron Lett. 23:

2533 (-00CHR- ) | et at . | - 4401- 4404
(- 0|(4)°c:Hz i f&péer? 5@ Eﬂlﬁ%‘%@%‘ PL"f“f1 ﬁe @é?‘;ﬁ% Wﬁ%@%@%’g% EJfc%‘éfln-")lz‘fé‘‘fe]gac h of
which is i d_her ei | ). Labeling of. .peptide nineti
Lol 1y i e Seb S T St R RS gk 6ot Ror et SRS o rect 1y or

t hrough a spacer (e.g., an am de group), to non-interfering position(s) on
t he pepti desaerwetly.cofHeplaT-ecyronLE aeiaieta FAMERe structure-activity 20
data and nol ecul ar nodeling. Such non-interfering positions generally are
positions thatlndoothet ehbodiordnr, elet cloortiactstinct ik atchestnee comphieay IGp(s)

(e.1-., in the present exanple they are not contact points in PAVP-PRR
conpl exes) ot MmNed), ddeinR@RbéfeThdThBLd Cpat-nds bk bs estyseattde 4 hefapeut i c
effect. Derivitization (e.g., |abeling) of 50

10 ornon-protein antigen. In addition, peptide mimetics of CpG or CpG-DNA, that
mimic the structural, functional, antigenic or immunogenic properties of CpG, can be
produced and used to generate an antigen-PAMP (where PAMP is a CpG peptide
mimetic) protein chimeric construct. This chimeric construct can be produced by
recombinant DNA techniques and the expressed fusion protemn can be used in the
compositions and methods of the present mvention.

D. Peptide Mimetics

This invention also includes a mimetic of the three-dimensional structure of a
PAMP or antigen. In particular, this mmvention also includes peptides that closely
resemble the three-dimensional structure of non-peptide PAMPs and antigens. Such
20 peptides provide alternatives to non-polypeptide PAMPs or antigens, respectively, by
providing the advantages of, for example: more economical production, greater

chemical stability, enhanced phannmacological properties (half-life, absorption,
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WO 02/09748 2 B FEB 2005 PCT/ US01/ 24228 peptide mnetics should not
substantially interfere wwth the desired biological or pharnacol O??f@b e
activity of the peptide mnetic. PAM? peptide mmetics can be cons éH"by
struct ur e-PA%E®d ug design through repl acenent of anino &ETESIBY+BEgani ¢
noi eties. (Hughes (1980) Philos. 5 Trans. R Soc. Lond. 290: 387-394;
Hodgson (1991) Biotechnol. 9: 19-21; Suckling (1991) Sci. Prog. 75:
323-359). f 0 j It sa al ! 1.fyi ng am no
e T A P R B P A L e

Appr oaches_ t.hat . ca used. include the yeast two-hybrid nethod (Chien et
at . (1991)“\(6‘{%85)’ %%ac{]?tggrfoﬁ%%a‘?& Sci. US4 8S: 9578-9582) and using the phage
di splay nethod. The two-hybrid _nethod detects protein-protein interactions
in yeast. (Fi ellgrveisely; apaiogont eyl eadgn autigenguotping)can basyphesigsddiusp| ay

met hod detects the interaction between an imobilized protein and a protein
that is expatessedbah cohgsts pafiatie cobntphbgeansne heid anl dsdyedptidandnaldds3. (Arnberg
et al. (1993) Strategies 6: 2-4; Hogrefe et al. (1993) Gene 128: 119 15

126) . TFhesmcAghilogscaal doﬁt’éi_irpﬁéﬁ-hﬁt\é%ll?ﬂﬁ_clﬂ%ﬁa?ejnﬁﬁo 8608 Jrln@RrdIB occurring
protein-protein interactions and the idenfification of the sequences that

determ ne these.| 5O gg &Rt - ﬂﬁ" IJ ti-ga[ yRt hesi s are
known in the (grg%lhm(h %)%ée:é (‘%3‘355” B¥ nﬂigllﬁgIIEIJ %quéﬂg % Flg)gtq@yn%ﬁésliﬂs, Oxford
Uni versity Press; Jung (1997) Conbinatorial_ Peptide and Nonpept| de
Li brar i es:*MAHATEDOORIING GRS \iRFTESE P-2lgn s deimEhiey o faggvampsgms)thpikt.i de
Chem stry - A Practical Textbook, Springer Verlag). E. Flaaellin PAWMPs
Bact eri al rhiragelviaclasre kmada iophaodit. t Akersdivedy, mnalogpnHP aMPskind@el | i n, whi ch
i nduces expression of chenokine LL-8 and activation of N -F-KB in human and
mouse Si 28:ik&R 2989 synthesized such that one or both conststs partially or entirely of
10 pepude analogs containing neon-peptide bonds, many examples of which are known in

the art. Such analogs may provide greater chemical stability, enhanced

pharmacoiogical properties (half-life, absorption, potency, efficacy, etc.} and/or

altered specificity (e.g., a broad-spectrum of biological activities) when compared

with the naturally-occurring PAMP and/or antigen as well as other advantages.
15 In one form, the contemplated molecular structures are peptide-containing

molecules that mimic elements of protein secondary structure. (see, for example,

Johnson et al. (1993) Peptide Turn Mimetics, in Biotechnology and Pharmacy,

Pezzuto et al., (editors) Chapman and Hall). Such molecules are expected to permit

molecular interactions similar to the natural molecule.
20 In another form, analogs of peptides are commonly used in the pharmaceutical

industry as non-peptide drugs with properties analogous to those of a subject peptide.

These types of non-peptide compounds are also referred to as "peptide mimetics™ or

"peptidomimetics” (Fauchere (1986) Adv. Drug Res. 15, 29-69; Veber et al. (1985)
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WO 02R09758 PCT/ US01/ 24228 cells. Additionally Flagellin activates manmal i an

cells via a Toll-Lillie Receptor, TLR5. These Endings, as well as the fact
that Flagellin proteins are extremely conserved in bacteria, i n{]ig? gﬁ%éﬂﬂ'ﬁ hat
Fl agel | i n“i%“é“’géﬁ hogen- associ ated nol ecul ar pattern (Pl MBCHEE %081 d be

recogni zed by the innate i Mmune system Because Flagellin is a protein and a
PAMP, it is also be suitable for the generation of reconbinant fusion

vaccines. As,e865hR8081 o1 G'ngtﬁ?t@ggﬁ(})iﬂmkc}?@k%\ﬁz ?]@‘. ?’%ﬂﬁ%ﬁfﬂn& usi on

constructs were tested for their abi activate the an i nnate
I Mune system used .as read-ggt in the experinents

ctivation of NT-KB.was a
because i t&F &Y PPY‘%E’BT’&B%Lﬁ%@gioﬁa?%%wwd rolegidan MOdeI% ng of the Tol | 10
Li ke Receptors, and has been denonstrated to be a property of the
reconbi nant f udiephde wHastisethat @e suatiseily smies tydirepsutcally wabyentidss pr esent
invention al so contenpl ates conservative variants of naturally- occurring
protein P rinss ugedpd paaficetin PANPsiantahstapapiciot @raphpbictic sffedt. RANWPRIIvhat 15
recogni ze the correspondi ng PRRs. Such variants are exanpl es of PAW
M T UL ISCS . pep RCEABSET HBLIYGuMAY sk 21 2 bEGHHAS b AIARTS oL hat substi tute
one am no pagi d for another wthin one o? the fg%%} ngqg?oups: 1. Smal |
aliphatic,_nonpolay or_slightly polar residues: a, ,Ser. . r..Pro and Qy;
20 2. Pol anro,lyp ﬁgg%“t {h\:}g]‘la %h%? !bee Cgléglol"éﬁﬁtgsor ﬁﬁ‘r?%gﬁ\}lrgldfﬁﬁ%véw}:&% ,ha%%r i, GQu
and Gln; 3. Polar, positively charged residues: H's, Arc, and Lys; 4. Large
al i phat i c,°"RehpyIraprerids bri@ges mtonailpigplacedby ylinkagrpelspied Gova thazropp
0210' 1748 28 FEB 2005 PCT/ LSO 112-47?28 5. Aromatic residues: Phe, Tyr and
Ti p. consisting of: ~-CHaNH-, -CH:S-, -CHz-CHz-, -CH=CH- (cis and trans), -COCH:-, -
CH(OH)CHz-, ~-CH2S0- and the like. (Morley (1980) Trends Pharmacol. Sci. 1: 463-
10 468 (general review); Hudson et al. {1979) Inz. J. Pept. Protein Res.14: 177-185 (-
CH:NH-, CH2CHoz-); Spatola et al. (1986) Life Sci. 38: 1243-1249 (-CH:-S); Hann
(1982} J. Chem. Soc. Perkin Trans. 1. 307-314 (-CH-CH-, cis and irans); Almaquist ef
al. (1980) J. Med. Chem. 23: 1392-1398 (-COCHa:-); Jennings-White et al. {1982)
Terrahedron Lett. 23: 2533 (-COCH-z-); Holladay ef al. (1983) Tetrahedron Letr. 24:
15 4401-4404 (-C{OH)CH:-); and Hruby (1982} Life Sci. 31: 189-199 (-CHaS-); each of
which 1s incorporated herein by reference.).
Labeling of peptide mimetics usually mmvolves covalent attachment of one or
more labels, directly or through a spacer (e.g., an amide group), to non-interfering
position{s) on the peptide mimetic that are predicted by quantitative structure-activity
20  data and molecular modeling. Such non-interfering positions generally are positions
that do not form direct contacts with the macromolecule(s) (e.g., in the present

example they are not contact points in PAMP-PRR complexes) to which the peptide

mimetic binds to produce the therapeutic effect. Derivitization {e.g., labeling) of
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The types of substitutions selected may be based on the analysis of the
frequencies of amno acid substitutions anong the PAM Ps of di ffer?@tFEBZGﬂ‘w
species (6 al. Principles of Protein Structure, Springer-\Verlag,
1978, pp. algiwf@)??%n t he anal yses of 5 structure-formng po?’gh{lﬁﬁgf%”d’ével oped
by Chou and Fasman (Chou et a!. (1974) Biochem stry 13: 211; Schulz et al.
(1978) Principles in Protein Structure, Springer- Verlact, pp. 108-130), and

on the angkysdsSmehetsdhopabl sits¥ndatly BfRgrd Wil @istsd begyatared by Kyie
and Doolittle (Kyte et al. (1982) J. AMol. Biol. 157: 105-132). The present

i nvention ﬂﬁﬁ%@ﬁﬁ@%@‘%ﬁf%ﬁf??@&?i?ghﬁé%ﬁ&ari ants that do not 10 affect the

ability of 't he The present invention includes

P MPs with alt overal |l .charge, ,structure, hydrophobicitylhydrophilicity
properties pr og{@gg Wug U 8“@65%‘591“?15@35%’, i ﬁ@‘gf?'gfi‘sfiﬁ,d“é‘s%é‘ﬂneti on that
retain and,/or inprove the ability to bind to their receptor. Preferably,

t he nut at dgoPgivreplavgsicat of waigp a@z@@gr orvicseouetnt e(Hugber (10§ Mifas. preferabl y
at | east about 80% sequence 15 identity, even nore preferably, at |east
about 85%Feauensec.ifdeat 23y, 3Yyelddntloggsoprebenahbycatol | edst2 1aBotk 0%
sequence identity, and nost preferably at | east about 95% sequence identity
to its cornigsnanding,ws.d-5%ge) PAI VI P. Nunmerous nethods for determ ning
percent honol 6gy are“known in the art. Version 6.0 of the GAP conputer

programis avai4.,abl e fromthe University. of %Ig \(ﬁsc nsin CGenetjcs Conputer
Group and util illz esc{e? I Ogl‘f"l"%tﬁ%elﬁime\r{rlé:? ﬁ%ﬁ/%%lde 8¢ a@?“rﬁ' “a%&l%dﬁédch, as revised
by Smith and Waternman. SNeedI eman et al._ _(1970), J Mp!. Biol. 48: 443; Snmth
et at (19903ateRs thaidperedsoyrlecrsase papding o otfs 'St o dEPFSFER#r mi ni ng
percent identity are also known in the art, and a 53 WD 02/09748 2 8 FED
2005~ PCT/cusbe¢ hgAlzgluyde dheyqasidwivdtyirod nisgthadb{Ghien emd. FASDAwenfdet.er program
which is also available fiomthe University of Wsconsin CGenetics Conputer
G oup,10  Adcad. Sci. USA 83: 9578-9382) and using the phage display method. The two-hybrid

method detects protein-protein interactions in yeast. (Fields er el (1989) Nature 340:

245-246). The phage display method detects the interaction between an immobilized

protein and a protein that is expressed on the surface of phages such as lambda and

M13. (Amberg et al. (1993) Strategies 6: 2-4; Hogrefe ef al. (1993) Gene 128: 119-
15 126). These methods allow positive and negative selection for protein-protein

interactions and the identification of the sequences that determine these interactions.

Conventional methods of peptide synthesis are known in the art. (Jones

(1992) Amino Acid and Peptide Synthesis, Oxford University Press; Jung (1997)

Combinatorial Peptide and Nonpeptide Libranies: A Handbook, John Wiley;
20 Bodanszky et al. (1993) Peptide Chemistry - A Practical Textbook, Springer Verlag).

E. Flagellin PAMPs

Bactenal flagella are made up of the structural protein Flagellin, which

induces expression of chemokine I1.-8 and activation of NF-xB in human and mouse
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G Conbi nation Treatnents The present invention provides nethods of treating
subj ects conpnising 5 passively imunizing, an individual by adm nZ BEERING
anti bodi ey, {Erfgz}lvated immune |ID 1~ calls to a subject to_c¢

i-muni ty, "ahtt8di ni stering a vaccine conprisin., a fusion?r ’Hrh b the
present invention, preferably wherein the adm ni ster ed anti body or

activated imune cells are directed agai nst the sane antigen of the fusion

protein ofcals, AB@RM@QF}} Fﬁﬂel%%&ﬁa@‘%%ﬁﬁﬂfaﬁa&@@lsbﬁa segHankl ﬁlecep'ttﬂ ei t her
order or simultaneous.” This 10 conbi nation ther apy contenpl ates the use of

ei t her cl on; en f ant i bodi es
that are gﬁrec?i%ﬂ agiglggg H‘é“%aaﬁt ﬁgfﬁfg@agﬁggwl}ﬁ L%F&?v"f des Tri et hods
of treating subjects counprising assi vely Innun|2|ng an |nd|V|duaI by

admi r ust er’PR{SE) 3gecES, léiilcéfét“ilﬁﬁgp fagglin &&rﬁ&#@gelzzss@élar@ mglegulaybj ect to
confer immunity, and adm nistering a vaccine conprising a 15 chineric

const r uct peftemH@ApdRstbat woildbe ntdognizedbe tied innsth émankne nysé¢mr ed axi ti body or
activated i mMmune cells are preferably directed agai nst the sane antigen of
tile ghl meric.constr Such treatnments._can be sequential, jn either

or der, “or mﬁet"éﬁ?gti%ge T js& repiemt #k 3 BAMIhat iaplpobsirEshle &¢8° t he use of

eit her m)nocl onal or polyclonal antibodies that are directed agai nst the
anti gen ofgerdretiGANITeamnbinent 26ice haegendsc Acotrstmhectin tiEhExpnEgsestctibmvent i on

al so contenpl ates the use of a vaccine conprising a, chineric construct of
t he presenkiokn\aeRtieOsr fubios @btNiNalsivaste Wstdd far BRGARM ) keadiRrd thewher e such

second treatnent i's not an i mune-directed therapy. A non-limting 54 28
FEB 2005 VW, 924087 48ate immune system. Activation of NF-xB was used as a read-out in
the experiments because it is a critical pathway indicative of the triggering of the Toll-

10 Like Receptors, and has been demonstrated to be a property of the recombinant fusion

vaceines,

¥. Conservative Variants of PAMPs

The present invention also contemplates conservative variants of naturally-
occurring protein PAMPs, peptides of PAMPs, and peptide mimetics of PAMPs that
15 recognize the corresponding PRRs. Such variants are examples of PAMP mimetics.
The conservative variations include mutations that substitute one aminoe acid for

another within one of the following groups:

1. Small aliphatic, nonpelar or shghtly polar residues: Ala, Ser, Thr, Pro and

Gly;

-
=
2

. Polar, negatively charged residues and their amides: Asp, Asn, Glu and Gl

. Polar, positively charged residues: His, Arg and Lys;

a4

RN

. Large aliphatic, nonpolar residues: Met, Len, Ile, Val and Cys; and



PCT/ US01/ 24228 exanpl e of such conbi nation therapy is the conbination of a
vaccine conprising a fission protein of the present invention in 7 B FER 2005
conmbi natiqon with a chenotherapeutic agent, such as an anti-cancer oo
chenot her apRUtPt*hgent. A further non-liniting exanpl e of PSALHESHEF nation
therapy is the conbination of a vaccine conprising a fusion protein 5
construct of the present invention in conbination with an anti-angi oaenic

agent. A furt h?.%f&%ﬁk&é@&d&%%ﬁopm f% such conbi nation therapy is the

conbi nation of a vaccine conprising a fusion protein of the present

invention {n conbination.with radiatian therapy, such_.as an anti-cancer
radi ati on T%“eti'nifﬂ/‘?p sVé?tﬂﬁmfrﬁrs?lr‘ré?gﬁ%aﬁ'-k?q%rﬁs?cr%&eé%ﬁlﬁﬁ? é’fg'fe @Wﬂ%‘? on
therapy is the conbination of a vaccine conprising a fusion 10 protein of

t he presendminmaeistsubsithorsanpingdhe BAMEs M deilergetropecisuishale esaf gery to

remove or reduce vascul ar bl ockage. Al so contenplated in this invention is a
conbi nat i oPridiplaD6 EP ok Sotieue) Bpringdhanapelf7scomi ithi 6 onake mdyeont enpl at ed
inthis invention. Anon-limting exanple is a conbination of a vaccine

cont enpy at ﬁﬂgh@ﬁk@ﬂﬁﬂ%?éﬁ%ﬂﬂl%‘exjeﬁb targ?icmiaa@ F‘ﬁ&ﬁg} @m@%ﬁuﬁgiﬁvnot her apy

treatment an enot apy treat nt. In such co ation treat nts as can

be contenplated herein reat ent e .sequential .or Si It.ageous. The P
kMP domai nJB ‘(?ﬁﬁe’?:lﬁﬁ%?i”sglt’ﬁgcﬁgﬁtef gé(%&?gugpﬁegw W@&FW%PSPVH‘ portion
of the PAVP. Preferably, the fusion protein has nmaxi mal imunogenacity 20
and i nduce¥cHihiPRal 08 hiY) aditanghy 2o A drapiohicH SRHEME & PodRaY ti es m ght
be achieved, for exanple, by using two or nore different antigens, and/or
portions ofeveltiptd by Entic amt Podiige (land/eonl. b\ SGsindoinBid. tan0prié2topy of the
sanme antigen or portions of the sane antigen, and/or by a conbination of
both. Al ternati Ved presdritn@iti DE1€0 béntd8p kB o225 atVMOv A9 aBadbRdy US01/ 24228

different PAMPs, or portions of different PAMPs, and/or two or nore copies
of tNey  affect the ability of the PAMP to bind to its PRR. The present invention includes
PAMPs with altered overall charge, structure, hydrophobicity/hydrophilicity
properties produced by amino acid substitution, (nsection, or deletion that retain
and/or improve the ability to bind to their receptor. Preferably, the mutated PAMP
has at least about 70% sequence 1dantity, more preferably at least about 80% sequence
13 identity, even more preferably, at least about 85% sequence identity, yet more
preferably at least about 90% sequence identity, and most preferably at least about
95% sequence identity to its corresponding wild-type PAMP.
Numerous methods for determining percent homology are known 1n the art.
Version 6.0 of the GAP computer program is available from the University of
20  Wisconsin Genetics Computer Group and utilizes the alignment method of
Needleman and Wunsch, as revised by Smith and Waterman. (Needleman et al.

(1970) J. Mol. Biol. 48: 443; Smith et al. (1981) Adv. Appl. Math. 2: 482).

Numerous methods for determuining percent identity are also known in the art, and a
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sank PAMP, or portions of the sane P AMP, and or a conbination of both can
be wused. A further enbodi nent contenpl ates fusion proteins containing
nultiple _antigens, and/or portions of antigens, together with htiFthpile
PAMPs, andY@P*Bdttions 5 of P Ak2s. It is within the skill P6F/4H&2&2ti san to
determ ne the desirable ratio of PAMP to antigen domains to nmaxim ze

i nmunogenicity and mnimze inflamatory response. There are several

advant age sy Qe hlthod if 1LY REIN dRinutdSrREAAIERIANS Ao LEEBIPI NANt
pol ypepti des. First, heterol ogous protgl ns ‘and peptides are often 10

degr aded q%o};@&iétng{ré’rgi?}ggFWi?cLogisi% @gé%ggsggg%g%geggq especially for small

pepti des, sing a ‘géne ion *¥m Second, general and

efficient purifjcation schemes are established for several fusion partners.
The use of a f@i—e@&‘ﬁ@ﬂ&%@&i@iﬁaﬁaffi nity handl e allows rapid isolation
and purification of the reconbinant peptide. Third, by using different

fusi on part ner sChetphesentecoationgmbvideonetib dnefirdaeng edsgediz eedmpisiap di f f er ent
conpartnments or it mght be secreted; such strategy could lead to

faci l'i 5at iagsivd irRHihizingahi 198 viual Be adHBil @Rk PS8R B adl i 8ahed

conpartmental i zation of the fusion protein. "Additionally, various nethods

are avail for.c i cal, or enzymatic, .cleavage of the fusionprotein that
provi des g???%’iae%@egfﬁacto 183'1&111%511 b?r}flar?nl%égg'ejsgrvgacm?f)orﬁ%rﬁilf]ﬂ%Ilsrllmf ar ge
gquantities. Frequently enpl oyed fusi on systens include: the Staphyl ococcal
protein AHXYSE ﬂé%/%‘fféﬁﬁ[ Y PR F‘é‘?%faglé’t‘i" erotz npdramesterp EpHRNHI ch  have

lgG affinity and have been used for the generation of antibodi es agai nst
short pepeilggd iInphenaytalis arcdiorréedaigamand erms entigesiodthsfpstoamnro@m eh et al .
(1988" Gene 60); 56 WD n2!0974S 2BFEB2005 PCIT/ t' S01/24228 the
R- gal act oshdeageintusSucinirsasicaticaand sthentislpin dithsi @desyrsdianténéansuths( 1990)
Met hods Enz)yinn. 185 61). Some of these systems are commercially available
as Ki%®, combination therapy contemplates the use of either monoclonal or polyclonal '
antibodies that are directed against the antigen of the PAMP/antigen fusion.

The present invention provides methods of treating subjects comprising
passively immunizing an individual by administering antibodies or acttvated rmmune
cells to a subject to confer immunity, and administering a vaccing comprising a
chimeric construct of the present invention, wherein the administered antibody or
activared immmune cells are preferably directed against the same antigen of the
chimeric construct. Such freatments can be sequential, in either order, or
simuttaneous, This combination therapy contemplates the use of either monoclonal or
polyclonal antibodies that are directed against the antigen of the PAMP/antigen
20  chimeric construct.

The present invention also contemplates the use of a vaccine compnising a

chimeric construct of the present invention in combination with a second treatment

where such second treatment is not an Immune-directed therapy. A non-limiting
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including vectors, purification conponents and detailed instructions. The
present invention also contenplates nodified fusion proteins havion§EBEM5
affinity for netal ion affinity matrices, whereby one or nore specific

net al - bi ndfA§*B*8 met al - chel ating ani no acid residues are FPRTASHLEEAS by
addition, deletion, or substitution, into the fusion protein sequence as a
tag. Optimally, a fusion partner, either an antigen or a PAVMP donain, is
nodi fied tgQ i =G i am J: - sequence
of an antigg%%%%&%ﬂﬂ%@%%ggﬁﬁ?ﬂﬁ%ﬁ%ggg?kggtﬂgmg snggg%%&%%t fg%ﬂf% provi de a
netal-bindgn% site if..such n?difications coul d bﬁ aghievgd wi t hout

adver sel y &FPEEFTRY 04 BT Rt b FaRAY TSR maien xeth § ghegqracrapiitis pgent.
functional sites, and/or destroying inportant tertiary structural

rel at i onsh$4yss as an eiEcHIcsT ehamotirasativaselt- bi dipgnor imeteg exehelaei ng
residues may be identical or different, and can he selected fromthe group
consi st i ngsueh coysingiinethebdpstib dicn@mtaspan bah eacdiyy ashgresind ® fifsipt mphan,

| ysine, and glutamate, and are |located so to permt binding or chelation of
the expresspdrfdskan ﬁéé&h?{n@eﬁt?orﬁm%hﬂnatiﬂ $hdinn&ild otdienRreL el red

met al - bi nding residae. The netal -binding/chelating ré&si"dues~are situated
with refergnce to the. overall rtiary. structure.of the. fusion.protein to
maxi m ze bﬁlﬁ@iﬂ“rﬁbof]élhrgﬁ%i e&ﬁmpil)e ?%ng ﬁ%rfl%lpatéoﬁlgg?lgpﬁilsn[?lﬁlcglgblnﬁﬁ ey fé%)ence W th
t he expression of the fusion protein its 20 biol ogical activity. A fusion
sequence OFCERCSAPPGEAZ 2PANPY AFRICE Of 4§ Prersy’ BREItEHAR COmBBRE! IR | i nker
peptide. The |inker peptide m ght separate a tag fromthe antigen sequence
or the PANHRtisethsemyesudhfastahenhioakenr rggegtondeergpy.u¥ elch Bndwrew-brg@rgience
that is 57 28EEB2005 WD 02/ 09748 PCT/ US01/ 24228 sel ectively cl eavabl e or

di gesti bl ec:yhpCosrudnibi e BHapy Gahe smi@nZBIfiaCyaelnbedsyprisihpefudibe tag can
be separated Fronlthe rest of the fusion protein after purification. For

exanpl £ ! BS(cREbAAL BLsEh ARV AABath EomMhhIN iR S kR, BRA RRuARnPRZYMRLT C

cl eavage s :

remove or reduce vascular blockage.
Also contemplated in this invention is a combination of more than one other
therapeutic with a vaccine contemplated in this invenuon. A non-limiting example 1s
a combination of a vaccine contemplated in this invention in combination with
13 passive immunotherapy treatment and chemotherapy treatment.
In such combination treatments as can be contemplated herein, treatments can be
sequential or simultaneous.
The PAMP domatn can comprise the entire PAMP or an immunostintulatory
portion of the PAMP. Preferably, the fusion protein has maximal timmunogenicity
20  and induces minimal inflammatory response. Such desirable properties might be
achieved, for example, by using two or more different antigens, and/or portions of
different antigens, and/or by using more than one copy of the same antigen or portions

of the same antigen, and/or by a combination of both. Alternatively, two or more
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Exanpl es of suitable enzymatic cl eavage sites include sites for cleavage by
a 5 proteolytic enzyne, such as enterokinase, Factor Xa, trypsin, 'ngEngggh
col l agenase, thronbin and the like. Alternatively;, the cleavage site in the
li nker may"®&”%7& te capable of cl eavage upon exposure to PATER0&G¢EY

chem cal or condition, e. (7., cyanogen brom de, hydroxylamne, or |ow pH
or other chem cals or conditions known in the art. C eavage at the sel ected

cl eavage shitfﬁmﬁpgh%ﬁ% ﬁneggxﬁi%h%ﬁrg?éerénpﬁm@, 51D dufd€or [ﬁgrﬁacggieggg@% ANI P

fusion protern. e antl usion protern may t ained in

purified form_free froman eptid ivative to.which_ it was, previously
linmed for S8 Me%?‘&%‘&P%ﬁf@FSﬁ}F?f*S@%t@@Hf afﬂ%‘%bl}aé‘&%}z% odiGaBbej i nsert ed
into a tinker useful in the fusion sequences of this invention, does not
limt thisujedvénfurtber embgiimgasionéempplieniiaige psofems contaghng mutaply are known in
the art, may be used for this 15 purpose. Another use of |inker peptides

m ght be t midefigehd/et paviage opintidaas, asdettge withimultipler BERIPs WralrorfpoPe®sSi Ng so
as to facilitate peptide presentation on the surface of the PC.

Appr opr§ at gr £L 6@V aggs $ith&s il foibtﬁi: Eflﬁ?ﬁr hed i d t}h@ lﬁ@%ﬁg;&ﬁ%ﬂg pat the

fusion protein Is not cleaved untli IS internallze PC. Under

such circu ces,. 20,.such epti.de. cl eavage.site can .be.introduced via a
i nker bt bet PRt BATHRGS B CHET BER TS GaHe A BT AL AP Sant | gen
free of PAMP. Such directed cleavage could also be used particularly to
facilitate™PB@icti on within the APC of specific peptides that have been
identified as interacting with particular HLA hapl otypes. 58 L% O 112/01) 748
2PFEB2005 PCT/ ThkStJatel2v42P 8ivahtagenef usingl ayfusigh fif gsemnfor demepdistibnom a si ngl e
antigen or fromnore than one antigen m ght be separated by |inkers

cont ai ni NQreeh:ABMARG oI IDEdSH HifAthatNSs Lo PIrbORE InE Quhtlidare apgpr opri atel y

processed for presentation on the surface of the AgC. The optional I|inker
pepti dgy i Nad fH4§H9MoB! GbfiaBesOfhid BEy BE §8RMa, LEPLEAILB: Fhlbeptides, by
using a gene fusion expression system. Second, general and efficient purification
schemes are established for several fusion partners. The use of a fusion pariner as an
affinity handle allows rapid isolation and purification of the recombinant peptide.
Third, by using different fusion partners, the recombinant product may be localized to
15  different compartments or it might be secreted; such strategy could lead to facilitation
of purification of the fusion partner and/or directed compartmentatization of the
fusion protein.
Additionally, various methods are available for chemical or enzymatic
cleavage of the fusion protein that provides sfficient strategies to obtain the desired
20  peptide in large quantities. Frequently employed fusion systems include: the
Staphylococeal protein A fusion system and the synthetic ZZ variant, both of which

have IgG affintty and have been used for the generation of antibodies against short

peptides; the glutathione S-transferase fusion system (Smith ez al. (1988} Gene 60);
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5 serve a purpose other than the provision of a cleavage site, As an
exanple, and not by Ilimtation, the tinker peptide m ght be i nser:tazﬁg
between a PA MP donain and an antigen domain to prevent or allevi F%Pt &5 ¢
hi ndr ance YbR{HEEN t he two domains. I'n addition, the |inkerP(FéduweBersni ght
provi de for post-translational nodification including, but not limted to,
e.g., phospliorylatlorn sites, biotinylation sites, sulfation 10 sites,

car boxyl aty 0n .S : a'o bt ipidatio ites, the like. in
one errboditlrhrgﬁtg,s‘l ﬁ#%l%agés?&%&g&#r}gﬁ lenl’ Hn%#heﬁﬁﬁshlmﬁbé’ %tF%EY(S?‘Bﬁ%rgi(}"@g domai n of

an antigen or an_inmunogeni c portion ~fan antigen fused directly at its
amino or depésdroven s ). SpBews thepesdEEes He 6pmaarcipibpaailagly ds kits,

i mrunostinul atory portion of a PAM. In another enbodi ment, the fission
protei n ofintlhidisgivasterd, panficaihaibngosentbadiocdmiikdafistaiccBAM?, or an

i mmunostinul atory portion of a P Ally, or a sequence that can be

post - transt ati ongl | AP vkl esh 419 RiRdHOS8 rfAMed LTS HEGLinWhLRLY the domain
of an antigen, or "an i mrunogeni c portion of an antlgeﬁ. I'n yet “anot her

enbodi nent the fusjon tein of this invention contains donmi n of an
antigen oty RrRAYgaR PG T Bk or tie b RNRT Gelord ReeRE cRear PRIRSthe. domai n
of a PAvVT, or_ an_ 20 inmmunostiniulatory portion of a PA VEP, or a sequence
that can besipodiclating7e1ae peddFgres AsdRTP@r et Piprdsitte dalepa®r | n anot her
enbodi nent, the fusion protein of this invention, conprising an antigen and
a PANT sequbstgetjorn, sntb tisethsdinreetinseatenice s atAgndoptonaltaefosigh pararani nal end to
the sequence of a tag. The resulting fusion protein is a 59 WD 02/09748 28

FEB 2005 dAGI/ 4450024 328 Peaifalib@afky IsaRbESEE € §d4%4i0An RAGIEIBLal bl ADQL her
enbodi ment, the fusion sequence further conprises a |linker sequence

| nt er posed. el yaan, § e A0L0RN SEIUENGE 2D P BAP SEAVENCE, BT Heguence of

a tag. This fusion protein is also produced as a soluble ¢ytoplasmc

protel n] Saltlgi-edF‘sg %?0”3&9 g %eta-lli%(fr?cﬂr?glr Q8if such modifications could be achieved

without adversely affecting a ligand-binding site, an active site, or other functional
sites, and/or destroying important tertiary structural relationships in the protein.

These metal-binding or metal-chelating residues may be identical or different, and can
be selected from the group consisting of cysteine, histidine, aspartate, tyrosine,

15  tryptophan, lysine, and glutamate, aud are located so to permit binding or chelation of
the expressed fusion protein to a metal. Histidine is the preferred metal-binding
residue. The metal-binding/chelating residues are situated with reference to the
overall tertiary structure of the fusion protein to maximize binding/chelation to the
metal and to minimize interference with the expression of the fusion protein its

20  biological activity.

A fusion sequence of an antigen, PAMP and a tag, may optionally contain a
linker peptide. The linker peptide might separate a tag from the antigen sequence or

the PAMP sequence, If the linker peptide so used encodes a sequence that is



Protein PAMPs, protein antigens, and derivatives thereof can be generated
using standard peptide synthesis technology. Alternatively, reconmbipamEp ;)05
met hods can be used to generate nucleic acid nolecul es that encode proteln
PAMPs, prStQ&{H"78#nti gens and derivatives thereof. 10 Nucl eiP€T&édS+8Acodi ng
PAMP/ anti gen fusions (e.g., synthetic oligo- and polynucleotides) can
easily be synthesi zed by chem cal techniques, for exanple, the

phosphot r %ﬁ&&ﬁ%ﬂ@&%ﬂle‘)& dh@etsggllé%goﬁngénst%k cf]h(aénc a]'%:ng%zaaﬁgtnic %3%%3? Sgr

3185- 319 usi n

nucl ei ¢ agi ds, can dily be_prepared known t hods, .such as

synt hesi s 15P B¢ @P&d‘bgﬁﬁe%ﬂ%‘fﬁ EF%P?%‘@%@%P‘%F@? RUHIGBtien nB el ar
segnents of the nucleic acid encoding the PAMP/antigen fusion, followed by
| i gati on ofanygiegbnedtaod tldesgt sitbuiithth thhéag monpk et ennyucdtei demvidsinm| ecul e.
The present invention further provides reconbinant nucleic acid nol ecul es

that encogdeaRivRbasitadel 800 cRELRIsNSs infRidlSRE BLERLgeRy'd €conbi nant
nucleic 20 acid nolecule" refers to a nuclelc acid nDIecuIe that has been

subj eck ed {o?e rf@%ceg%k%d ag "én@%ol%nasi a4t 01 ha lgr'%ffgémoc% lag %r{asg,ﬁﬁr%r

r econbi naf ecu ar'e Hz anbrook et
al . (1989) ul ar d oni ng: A, Laboratar Manual , Cold Spring Har bor
Press). mﬁgﬂeeﬁ’é@w" 'é(c%tﬁl%?&e ﬁﬁdpi'?fc linker magdeasiissrpeiast 28 FEB 2005
PCT/USOl/24228 mol ecul es, a nucl eotide sequence that encodes a PAMP/ anti gen
f usi on i sclspeagabippn ekpwheajmta@e@n@d@hemaémemd@tm eg.,cymash bsayuences

and/ or vector sequences. The choice of vector and/or expression control

sequences hi@owhiaaling 8eicdf pHher othAMBERN il O&tohuBioankenead g ssequences of the
present invention is operably linked 5 depends directly, as is well known

in the art, Onctl%awg%e Qé?é’étecpél%% 82 elBBRs s@&rgﬁmgofm@w £bi ABXPT ession),
and the host cell e transforned.” A vector contenplated by t
10 antigen/PAMP fusion protein. The antigen/PAMP fusion proiein may then be
obtained in purified form, free from any peptide derivative to which it was previously
linked for ease of expression or purification. The cleavage site, if inserted into a
linker useful in the fusion sequences of this invention, does not limit this invention.
Any desired cleavage site, of which many are known in the art, may be used for this
13> purpose.
Amnother use of linker peptides might be to direct cleavage of the antigen in
intracellular processing so as to facilitate peptide presentation on the surface of the
APC. Appropriate cleavage sites might be mserted via linkers such that the fusion
protein is not cleaved until it is internalized by the APC. Under such circumstances,
20 such a peptide cleavage site can be introducead via a linker between the PAMP and the
antigen to generate intracellular antigen free of PAMP. Such directed cleavage could

also be used particularly to facilitate production within the APC of specific peptides

that have been identified as interacting with particular HLA haplotypes.
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present invention is at |east capable of directing the replication or
insertion into the host chronosone, and preferably al so expreSS| ﬁﬁ @
nucl eot i dQ gﬁgy)e@ce encoding a PAWMP/antigen fusion. 10 Expression g(])- 6P
el ements th used for regulating the expression of anPCOBEVERIYS | nked
protei n encodi ng sequence are known in the art and include, but are not
limted to, inducible pronoters, constitutive pronoters, secretion signals,

enhancer sm&mns&y | REEQAt ARRATLDBLAN $351ANd 8L D8I o IR kO fMn @he @.ﬁﬁse%h _
Preferably, an nduci bl e promoter that is feadily conirolled, stch as being

respon5| v 1 n, Ln. o e enb ment, the
vector %?ﬁ?ﬁ%%%@ B biers SR LRI S P T s BT ERE B ust on
will i ncI ude a. rokaryotl rep licon, cl eotide sequence having
the abil i ?RP“E‘RW&IT ?é’c‘tceaiﬁfl%m%i@tqi@ﬁlqnég? F‘SFﬁcéﬁgﬂﬁa‘?‘%@enance of the

reconbi nant nucleic acid nolecule intrachronmosomally in a prokaryotic host
cell, 20 such &k gptbmet erkiealpepiost inadlbion praeis fod tirmegeschemewntidn mBtich

replicons are well known in the art. In addition, vectors that include a

prokaryot gegvd @Euﬂp@wmnwm{ 8@ prochideer a clegene MBOSE aBREDHER] MY gONFers a
det ect abl e marker such as a drug resistance. Typi cal 61 2 8 FEB 2U05 WD

Q2! +19748); B6Tf LSl 2deefh S ﬁ%%foh be éwedﬁ?e%éehaanﬁ i Eﬁ‘/ se that -
confer resistance to a tet racyc | ne t ectors that
include a prokaryotic rep can urtglg JE’ otic or viral
promot o - BBRbREYER G SR o IR e e SOHBREY Y aRSO PGP SRYGHAR thans! at | on)
of 5 the PA- | Pl antigen fusion_in a bacterial host cell, such as F. coli. A
promot er dsditgen, hadyies sqayAnecoRtahd Prastdnenpos tiepdationzl FodifeelPre aci d sequence
that permits binding of RNA polynerase and transcription to occur. Pronoter
sequencesinchipat bid it whtitedbact er plalsphostasicaseest ppiticgalatiyn prayswdédionn pl asm d
vectors contai ning conveni ent
10 si=s, carboxyvlation sites, glycosylation sites, lipidation sites, and the like.
In ooz embodiment, the fusion protein of this invention contains a domaimn of
an antigen or an immunogenic portion of an antigen fused directly at its amino or
carboxyl terminal end to the domain of a PAMP or an immunostimulatory portion of a
PAMP. In another embodiment, the fusion protein of this invention contains a
135 domain of a PAMP, or an immunostimulatory portion of a PAMP, or a sequence that
can be post-translationally modified to produce a PAMP, inserted within the domain
of an antigen, or an immunogenic portion of an antigen. In yet another embodiment,
the fusion protein of this invention contains a domain of an antigen, or an
mmunogenic portion of an antigen, inserted within the domain of a PAMP, or an
20  mmmunostimulatory portion of a PAMP, or a sequence that can be post-translationally
modified to produce a PAMP. In another embodiment, the fusion protein of this

invention, comprising an antigen and a PAMP sequence, is fused directly at its amino

or carboxyl terminal end to the sequence of a tag. The resulting fusion protein is a



restriction sites for insertion of a nucleic acid segnent of the present

i nvention. 10 Typical of such vector plasmds are pT CS, puUC9, pB§§ ﬁ %ggS
pBR329 av%hl%ﬂbg from Biorad Laboratories (R chnond, CA), pPL an R
avai | abl e TTOm  Amershai n Pharmaci a Biotech, Piscataway, rﬁ%ﬁﬁ@§8|on
vectors conpatible with eukaryotic cells, preferably those conpatible with
vertebrate cells, can also be used to express nucleic acid nolecules 15

that cont apRibi é}w@ﬂl%hh%&@mem ﬁ%m&%ﬁ%@@ﬁn&t AN f?t?&é gusi on.

Eukaryotic cell expreSS|on vectors are wel |l known in't and are

avai l abl e ver urce such vect ors provide
conveni entf{uljes'}tcﬂ cpf]isgs aﬁl%céée‘% Pce Fﬁ%rg?%eﬁg’ﬁmy% ?}Fﬁe&%gp F%‘Hl%a%ck[eﬁnent

Typi cal of_ such vectors are pSVL and pKSV- 10 (Anmersham Pharmaci a Bi ot ech),
pBPV- 11pMEEMPISaEanAGPT BHEFRBIB Rdehnblis grden P iscilyo prodarct ATCC, #31255)
t he vector pCDMS described herein, and other |ike eukaryotic expression
vectors. Emkﬁmy@m®MaQMbbnﬁ&pression vectors used to construct the

reconbi nant nol ecul es of the present invention nay further include a

sel ect gbl e mar kgr pthdhbihsnt T2 hBo82/ 1) 974R 2P FEB2015 PCTItSIJ tt2 42-18
effective in a’eukaryotic cell, preferably a drug resistance sel ection

marker. A preferre si.stance mar 0se _expression
results in neoﬁfglungéggs é%anQPiES3QPd%nﬁ%“ﬁ§BFﬁg§ﬁ%§ GF?%ﬂéﬁerase (neo)
gene. (Southern et al é1982 J Afol. Anal. Genet. 1:327- 341)

Al t er nat | VEING Standardspepigs afttesivdpiErlgn BETtEgEnFeosnbEnagt §1§H}ﬂdét"éﬂ pl asnmi d,
and the two vectors are introduced by cotransfection of the host cell, and
sel ect ed By wed taugdnemtd mucthe apd esdpodethat dreodgpr tspr PAMPdpugethor t he

sel ectabl e marker. The present invention further provides host cells

t r ansf or meghtinérishind detedibies theagifd ol ecul e that encodes a PANW antigen fusion
protein of the present invention.

10 Nucleic acids encoding PAMP/antigen fustons (e.g., synthetic oligo- and

pelynucleotides) can easily be synthesized by chemical techniques, for example, the
phosphotriester method of Matieucci, et al. (1981) J. Am. Chem. Soc. 103: 3185-
3191) or using automated synthesis methods. In addition, larger nucleic acids can
readily be prepared by well known methods, such as synthesis of a group of
15 oligonucleotides that define vanious modular segments of the nucleic acid encoding
the PAMP/antigen fusion, followed by ligation of oligonucleotides to build the
complete nucleic acid molecule.
The present invention further provides recombinant nucleic acid molecules
that encode PAMP/antigen fusion proteins. As used herein, a “recombinant nucleic
20 acid molecule” refers to a nucleic acid molecule that has been subjected to molecular
manipulation in vitro. Methods for generating recombinant nucleic acid molecules
are well known in the art. (Sambrook ef al. (1989) Molecular Cloning: A Laboratory

Manual, Cold Spring Harbor Press). In the preferred recombinant nucleic acid
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10 The host cell can be either prokaryotic or eukaryotic. Eukaryotic cells
useful for expression of a PAMP/antigen fusion protein are not "m?t#el-dgq S8
| ong as trwoﬁg{] .,”LI ne is conpatible with cell culture nmethods and ¢
conpatible Wt e propagation of the expression vector &fd/ELHRESEi on of
the fusion protein. Preferred eukaryotic host cells include, but are not
limted to, yeast, insect and nmammalian cells, preferably 15 vertebrate

cel | s SuchnaRaliBoSuLROMIGSHRLRE thét%codseawfanhumﬁomg ghdastl ¢ cell

line. Any pro aryotl c host can be used to express a reconbin ucI eic acid

nol ecul e. T erred nr okar.yotic | n_enbodi nents where
the PAWP I rg%d[&?_l bo ?ré:'leﬁ;preé?é? SR %ﬁe%@%?%eaﬂ%&r\‘f\?%{ﬂ{ TGER S Ersi on protein in
a bacterial 20 cell |s preferred. Expression of the nucleic acid in a
bacterial cell Thefdojcs Oéé’ﬁt%mdéort%prféﬁ%f:@mmléwnwstp whighenree! aal

nodi fication of the protein portion of the |lipoprotein. Preferably, the
host cel | sPAkPéntigen fisronsstpodisg sequentestdi cheFpAweaninvegetod is Sipenblyeidged6 3 28
FEB 2005 WO 02/ 09749 PCT/ US01/ 24228 |i poprotein/antigen fusion) is the cell

that nati vehb¥ndQEueESs ideel kKRORE & ertObn RGundtidRePsi8p&kias aébtiﬂeg‘w fusion.
Transfornmation of appropriate cell hosts with nucleic acid nolecul és

encodi ng, n I t ,i.ny COM i shed
by wel | r&”ﬁéé #g[ %Bé %ﬁﬁ'{ ig?%g{olby e%@ﬁ’ﬁ%nﬂ‘%ﬁ? Eb E{t%ﬁf mand host
system errplo ed. Wth regard t nsfor tion. of. rokar otlc host cel | s,

el ectropor%?gl BhingAR 4P A1 ?%ﬁ??‘?&ﬁ %PHB@ edPRlE} 85&359%‘8%4%%% (See
e.g., Cohen et al. (t972) Pro.c Mad. Acad- Sci. ling USA 69:2110; M ardads
et al., Milsceranogingniang preferkalicisn winyesnaneila nuchoddspeanpnca-enching
Laboratorly, Cold Sprm-- Harbor, NY (19S2); Sanbrook et al. (1999))~ Wth
10 re~Yar ch PAMIYangkofusdd.on of verU-~brate cetts with vectors containing

r DNTAs,

10 Expression conirol elements that are used for regulating the expression of an
operably linked protein encoding sequence are known in the art and include, but are
not limiited to, inducible promoters, constitutive promoters, secretion signals,

enhancers, franscription terminators and other regulatory elements. Preferably, an

inducible promoter that 1s readily controlled, such as being responsive to a nutrient in -

—
h

the medium, 1s used.

In one embodiment, the vector containing a nucleic acid molecule encoding a
PAMP/antigen fusion will include a prokaryotic replicon, e.g., a nucleotide sequence
having the ability to direct autonomous replication and maintenance of the
recombinant nucleic acid molecule mtrachromosomally in a prokaryotic host cell,

20 such as a bacterial host cell, transformed therewith. Such replicons are well known in
the art. In addition, vectors that include a prokaryotic replicon may also include a

gene whose expression confers a detectable marker such as a drug resistance. Typical
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pic lectroporation, catiollic lipid or salt treatnment nethods are ty ally
enpl oyed. (See e.-., Gahamet al., Virology (1973) 52:456; Wl &R 2%‘3-
(1979) Noa,ofl\qu SAcad. Sci. U S A 76:1373-76)~ Successful lé t ransfornmed
cells, e g2 "C8*s that contain a nucleic acid mol ecul e tBCEASBHRHEE t he
PANP/antlgen fu5|ons of the present invent' n, can be identlfled by well 1
10 1 1 known techni ques. For exanple, cells resulting fromthe introduction

of a nucl GhGeriAGhe: féeis%eé EeRNGRdIHAG: ﬁQ@cd?&'éﬂ?é&ﬁ&ﬂ&% a}r}fﬁdlﬁgﬂ Ldie present

i nvention can be tloned t6 produce single colom es. hose

col oni es ¢an, 2 v sted, lysed and their nucleic acids content exam ned
for the prese he reconbi nant 20 nol ecute using a nethod such as that
descri bed by Sout hern (1975) (J. Alol. Biol. 98-. 503% or Berent et al.
(1995) (Bi ot eclYecters Bgbickide aruokpetanierlignngdn fad r feshdeepiokrryotiggsayed vi a
an i mmunol ogi cal nmethod 64 WO 02/09748 28 FEB 2005 PCT/ US01/ 24228 The
present i nuehtroontel aapdbdr o Hdioactide shaedphasion  wanspripthucimigranslaBAPsant | gen
fusion protein that uses one of the nucleic acid nol ecul es herein

descri bed thd PARRPNRKi3En ERIEIn 4 NRtRIaPHME LLIPRuS] 2B I SFO bR ek hei N
typically involves "t he follow ng steps. First, a nuclelc aC|d nol ecule is

obt &l ned” LORLsSNCANES) SBANPLANLA 861 (LSO BLALEL, S Bl Coact d

nDIecuIe S P Ren pre aced’ i'nan oper ap it abl e
control ences, as d scrlbed above. The expression unit | S used to

transfor BONTISHISE 2RE SRNSERPIOR & PFSths PEIRRLE SRALTRCPS Compatilew tinder

condl tions that allow the production of the PAMP/antigen fusion protein.
Opt i onal | yactemd hpgisiaomtypically provided in plasmid vectors containing convenient

restriction sites for insertion of a nucleic acid segment of the present invention.

10 Typical of such vector plasmids are pUCS, pUCS9, pBR322 and pBR329 available
from Biorad Laboratories (Richmond, CA}, pPL and pKK223 available from
Amersham Pharmacia Biotech, Piscataway, NJ.

Expression vectors compatible with eukaryotic cells, preferably those
compatible with vertebrate cells, can also be used to express nucleic acid molecules

15 that contain a nucleotide sequence that encodes a PAMP/antigen fusion. Eukaryotic
cell expression vectors are well known in the art and are available from several
commercial sources. Typically, such vectors provide convenient restriction sites for
insertion of the desired DNA segment. Typical of such vectors are pSVL and pKSV-
10 {Amersham Pharmacia Biotech), pBPV-1/pML24d (International Biotechnologies,

20 Inc), pTDT1 (ATCC, #31255), the vector pCDMS described herein, and other like
eukaryotic expression vectors.

Eukaryotic cell expression vectors used to construct the recombinant

molecules of the present invention may further includs a selectable marker that is
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10 protein is isolated fromthe nediumor fromthe cells; recovery and

purification of the fusion protein may not be necessary in sone inﬁsﬁgﬂzﬁs
where sone ir;rPuriti es may be tolerated. Each of the foregoing steps tbe

done in a VE'FEP¥of ways. For exanple, the desired codi ng@&iweness may be
obtained fromgenom c fragnents and used directly 1is in an appropriate
host. The construction of expression vectors that are operable in a variety

of hosts i sxae L usi_ng r | at.e._combination of replicons and
control se%ﬁ%ﬁggiﬁ.) ! iEe j‘cot%tdraﬁolr p%%ﬁ%@ﬁ@?@é fé*%‘g‘ra% %?e(])%%\?%?a(gg“sr; %nd
transformati on et hods are dependent on fhe type of host cell used to
express t h@fegeé??g AR oS Face FiAEhe 450 SPRF HRRSSieRPRATIPT BSUltndIEoPYER ar t i san
can readily adapt any host/expression 20 system known in the an for use with
t he nucl eofpidianss §geribesceiexsr phesphhzansimasedreqrasdea S catlRAMR/ dnt/P§an f usi on
protei n. Endonucl eases are nucl eases that are able to break internal

phosphodi egtigs/. Ahandsnas 1 BEN-3a1 NULIt&hsas, theogl Rl emalixpeml RSredenhucl eases
i nclude, but are not 65 WO 02/09748 28 FEB 2005 PCT/US01/24228 |limted to,

s1 endopucgnggg,%a;artéa@aglgﬁd, AN %5%%%%@{09; dik ALY APR, ccﬂﬁ%%gé&?&%{ﬁé Rase

(DNase 1), and resttiction endonucl eases. e cutting and ] ol ni ng processes

t hat | derli i_pul ati. ied out b ' 1 ed
oot ri ot o BHURET CREBU e GGy Shiae PRy 8ERte (TG ROM ng) . Sui t abl ¢

restriction endonucl ease 5 cleavage sites can, if not nornally avail able, be
added to tHECEbEMAEeEhe coding ide an excisable nucleic acid sequence to
insert into these sequence so as to provide an excisable nucleic acid
sequence to i nsEnd presand itvsaten furtet proyides hosiddilt rosformedtwiitct nwndeic
endonucl ease cl eavage sites may al so be inserted in the
acid molecule that encodes a PAMP/antigen fusion protein of the present invention.
10 The host cell can be either prokaryotic or eukaryotic. Eukaryotic cells useful for
expression of a PAMP/antigen fusion protein are not limited, so long as the cell line is
compatible with cell culture mathods and compatible with the propagation of the
expression vector and expression of the fusion protein. Preferred eukaryotic host cells
include, but are not Limited to, yeast, insect and mammalian cells, preferably
15 vertebrate cells such as those from a mouse, rat, monkey or human fibroblastic cell
line.
Any prokaryotic hosf can be used to express a recombinant nucleic acid
molecule. The preferred prokaryotic host is £. coli. In embodiments where the
PAMP is a lipoprotein, expression of the PAMP/antigen fusion protein in a bacterial
20 cellis preferred. Expression of the nucleic acid in a bacterial cell line is desirable to

ensure proper post-translational modification of the protein portion of the lipoprotein.

Preferably, the host cells selected for expression of the PAMP/antigen fusion (e.g.



nucl ei ¢ acid sequence encodi ng the PAMP/ antigen fusion protein. Preferably,
these 10 cl eavage sites are engi neered between nucl eoti de SEQUENCes p rrp ygc
encoding identical or 1~ 91 -7 different PAMPs; between identical or

di f f er ent Ydht¥éHs, or between nucleotide sequences encodPfig/tBAI/NDand
antigen. Appropriate cleavage sites well knowto those skilled in the art

i nclude, but are not limted to, the foll ovm' ng: EcoR, B= FI I B 71111,

Pvul , P| J A..:Au (T. A

Br own %%@%A)&U ehéj‘! on )%g he&ﬁﬁ%ﬁ%%t&‘ e&¥ P Bcf‘iiuc%eté%ﬁa ef‘? Bht Chap man &
Hal |, Cha ter :49-83). .r. Conjugates The present 'invention aI so includes

"conj ugat E@prﬁﬁﬂrgwtwﬂﬁi“il%‘é two or nore nolecules that are covalently
| i nked, or noncoval ently |inked but in association with 20 each other.
Thus, vacci nes Tofns{idrmapoe sbapropmeentdl bimsisneitudeci@Akeil/moletideneodjnggat es | D
such as, but not limted to, the follow ng: protein/nucleic aci dCG 1jugates,

nucl ei ¢ aa PANIPRELRESH ﬁi@i&h%%ﬁ:ﬁeseﬁyﬁkf%ﬁtﬁm%h@éoﬂﬁﬁ%ﬁé@o;ﬁ@bﬁ kﬁ@\@hugat es,
peptide-rriinmetic/ hucl ei c 1~ a i1d conjugates, nucleic acid/peptide

?ogﬁt'%cr?%%%%%ﬁ%'%ﬁ%@%ﬁﬁ aﬁe@t" HEpat T e

conj ugat es, %—é: poprof ei n/.protein coné&s?at es, protein conjugates,

CpG- DNAI pfestd iR t@&ﬁ%%@é‘c‘@s‘)f HpkarEr e '63115&#515‘8@/3&\1’(9?@?‘[4 SéléFFFEfﬁéﬁ“és and
mannanl protei n conjugates. To the extent that PAMPs identified in the
future arwchonpricsepically yaplogtheidee heni(sakn ef @/s6837) Bong Hgdt 4ed. Sci.

US4 €9:2110; Maniats ef al., Molecular Cloning: A Laboratory Manual, Cold Spring
Harbor Laboratory, Cold Spring Harbor, NY (1982); Sambrook et al. (1939)). With
10 resard to transformation of vertebrate cells with vectors containing tDNAS,
electroporation, cationic lipid or salt treatment methods are typically employed. (See
e.g., Graham et al., Virology (1973) 52:436; Wigler et al. (1979) Proc. Nat!. Acad.
Sci. U.S.A. 76:1373-76).
Successfully transformed cells, e.g., cells that contain 2 nucleic acid molecule
15 encoding the PAMP/antigen fusions of the present invention, can be identified by well
known techniques. For example, cells resulting from the introduction of a nucleic
acid molecule encoding the PAMP/antigen fusions of the present invention can be
cloned {o produce single colonies. Cells from those colonies can be harvested, lysed
and thewr nucleic acids content examined for the presence of the recombinant
20  molecule using a method such as that deseribed by Southem (1975) (J. Mol Biol. 98:
503), or Berent ef al. (1985) (Biotech. 3: 208) or the proteins produced from the cell

assayed via an immunological method.
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5 contai ning such chemcals in conbination with antigen donmains can al so be
contenpl ated. Methods for the conjugation of pol ypeptides, carbohydrates,
and | i pi dswﬁ'i th_DNA are well known to the artisan. See e.g., US. PatFFpNgg.
4,191, 668, 4680625, 5,162,515, 5,700,922, 5,786,461, 6, BETOOBE2+2and 1.
Cin. Invest. (1988) 82:1901-1907. 10 Non-protein PA s such as CpG or

CpG DNA, and |ipopol ysacchati des may be conjugated to protein or

non-prot ei N antrigeRsBYinCaMAE Ml gkoﬁ&’&hﬂétﬂ Yor iRt cifis@p! e, PAMPl antigen
p as’ PEG, ©p

conjugates may be linked throug ymers suc ol y-D-1ysine,

pol yvi nyl ., pol.yvinyl. | 1 idone,..i nununogl.obul.i n and copol yners
of D-1ysi r?gh\%%&bgeé’l @?léﬁipg%%@i){%g ué%snﬁnt?d%tﬂ?eowcgefc gﬂg @Awfééﬂjﬁr%ti gen 15 to
the polyner |inker may be achieved in any number of ways, typically

i nvol vi ng 9&wabedr Imgangrad fsms) tha RiodyC %fembmW9@m%'P@ﬂ8hps on the PANT
and antigen. Polypeptide PAMPs and antigens will contain amno acid side
chai ns suctvohss dm fodlpwirsstgenyl , or sul fhydryl groups that will serve as
sites for linking the PA2vIP and antigen to each other. Residues that have

such fancti onakigr QRSB REcREAEE §iRaidld Blaf ARG dENEP RN @focaRhdigen. Such
resi dues may be incorporated by solid phase synthesis techniques or

reconbi na .ec {'lqig ’ h %%ﬁ%ar | .kn in_th ptide
synt hesi s Bg]rt%lg'. §g %%I%Q%a?mfg 5 2 !pégf?%@lylﬂﬁl 7%@@ i fﬁﬁrfglel llr%?‘g%ee case of
car bohydrate or |ipid agnal ogs, functional am no and sul fhydryl = groups may
be i ncor pfarEET REPEFT] Y6t BHITERET LR Sh¢ P ol HerakES Spr i mary
am no groups may be incorporated by reaction with ethyl enediamne in the
presence .trafistema i ymtayahet erdingdrangiermed ey kst dwidrad mdamgoridetidmathasduced by
reaction of 5 cysteanhne di hydrochl oride foll owed by reduction with a
standard dilgutifd sledteibuciing PAg@nt gk figisi prodedr. Optsdiatip, hbéudded ymer | i nker
may al so be derivatived to contain
10 protein is isolated from the medium or from the cells; recovery and purification of the
fusion protein may not be necessary in some instances where some impurities may be
tolerated.
Each of the foregoing steps can be done in a variety of ways. For example, the

desired coding sequences may be obtained from genoniic fragments and used directly -
15  inan appropnate host. The construction of expression vectors that are operable 1 a

variety of hosts is accomplished using an appropriate combination of replicons and

control sequences. The control sequences, expression vectors, and transformation

methods are dependent on the type of host cell used to express the gene and were

discussed in detail earlier. A skilled artisan can readily adapt any host/expression
20 system known in the art for use with the nucleotide sequences described herein to

produce a PAMP/antigen fusion protein.

Endonucleases are nucleases that are able to break internal phosphodiester

bonds within a nucleic acid molecule. Examples of nucleases include, hut are not
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functional groups if it does not already possess appropriate functional
groups. Heterobifunctional crosslinkers, such as 7 R FER 2005
sul fosucci zni m dyl (4-i odoacetyl) am nobenzoate, which |link the epsil %x
amino gr o0 BH'"YKE D-1ysine residues of 10 copol ymers of D-HAGHESve 2811
D-glutarate to a sul #hydryl side chain froman amno term nal cysteine

resi due on the peptide to be coupled, are also useful to increase the ratio

e or A0S b ARIEROAPHE £l VABELIR,FOLI AL OVBNIDSRL T Very The

vacci nes o esent i1 nventron contain

i mmunost i tory porti.ons, or immiunostinulatory. derivatives thereof (e.g.,
a domi n%%%? 132’gldeﬁ9°qq{’eeqdﬂﬂ sP CUNRY HH JOIREPTOREsSET thebr e ant i gens,
i mrunogeni ¢ portions, or inmmunogenic derivatives thereof (e.g., a domain

r ecogni zedndsylic BN A gupinwasionmuereried stidny) snzBinae ealledPadfictomet i ¢, by
definition, has the ability to bind PRRs and initiate an innate inmmune

response, eNd@shtRess? 0ol enmitkpaddoiseNmgamiateSuibibld Rktsictipy eRddroRidefec| ude
PAMP mirnetics in place of PAMPs. Thus, the present invention contenpl ates

vacci nes eSSk hj ' f [ [ I antigen
dormi 1 and At g L8P AT LR birouSRar st e Al B 0 e AR kRS oos

PCT/ US01/ 24228 one sgeci fic enbodi ment, .the vacci nes.of the present

| nvent i onSEORPT Sesib BLPIEA TEEBR T Bict T CRHERre SFRELTOBIE | si ng t he
chimeric constructs of the present invention, can be fornulated according
to known WedtP§ds for preparing pharnmaceutical ly useful conpositions,
whereby the chineric constructs are conbined in a mxture with a

phar maceut i cal Lyazétiteptredtidionaendmarclecade ceapesistteomai siss didndeotetién the
"pharnmaceutically acceptable carrier” if its admnistration can be

tol er at edpfyelheidr LehdiceBhcRME thE PLARAP/2n 6 SAPRSIOh ipPReme PdSftaif@haet | ve
ingredient(s) accessible at the site where the action is
10 cleavage sites are engineered between nucleotide sequences encoding identical or
different PAMPs; between identical or different antigens, or between nucleotide
sequences encoding PAMP and antigen. Appropnate cleavage sites well know to
those skillad in the art include, but are not limited to, the following: EcoRl, BamH]I,
Bgifll, Pvul, Pvull, Hindlll, Hinfl, Sau3 A, Alul, Taql, Haell and Nofl. (T.A. Brown
15 (1996) Gene Cloning: An Introduction, Second Edition, Chapman & Hall, Chapter
4:49-83).
I. Conjugates
The ;ﬁresent invention also includes “conjugates” which comprise two or more
molecules that are covalently linked, or noncovalently linked but in association with
20  each other. Thus, vaccies of the present invention include PAMP/antigen conjugates
such as, but not limited to, the following: protein/nucleic acid conjugates, nucleic

acid/protein conjugates, nucleic acid/mucleic acid conjugates, peptide-mimetic/nucleic

acid conjugates, nucleic acid/peptide mimetic conjugates, peptide mimetic/peptide
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required. Sterile phosphate-buffered saline is one exanple of a
pharmaceutically 10 acceptable carrier. Other suitable carriers arg FER 70
wel | -knom&c?‘?,ﬂ;gp&se inthe art. (Ansel et al., Pharmaceutical Dos 'gf'e Foflis
and Drug V8/Y Systens, 5t1' Edition (Lea & Febiger 1980f:USEHARA¥ o
(ed.), Rem ngton's Pharmaceutical Sciences 18th Edition (Mack Publishing
Conpany 1990)). Exanples of several other excipients that can be
cont enpl ahesheA@Yodjied:stdBpopolar@iagitie/ Qtﬁﬁigrcgﬁjﬁgatgé,X&%E%teinﬂ&@ﬁol , and

p [

conbi nati ons thereof. The vaccines o sent ‘i hvention may further

contain auxi:| i : ing .or _.enulsifyjng agents, pH
bufferi ng9%2%@%5?%@1}0%g?QuQ#ggt(%g-b?\;&ﬂ er'e C?ﬂg%ﬁ%&“ﬁ%ﬁ%‘gt are not
limted to, .agents such as al&lm' ni uqr;p h%/droxi_de or phosphate (alum,

commonl y GRAeE/ RN GORHAE, g1d MARBIVHRICIR 6PRIRSATH- i 1D PR GslsARthat Bﬁa%%ﬁr ed
saline, to 20 enhance the effectiveness thereof. The chinmeric constructs of
t he presemnteniifiscemttho fitteanrrbeonsetdasd yoambembsmioa! classeg,ugajugatest o sol ubl e

i mmunogeni ¢ carrier nolecules. Suitable carrier nolecules include protein,

i ncl udi ngckayiRloguth BReticd1e IR onMRite Ant &ndoRlpfahhaftoRr ri er 69 28 FEB
2005 WD 02/ 99748 PCT/ US01/ 24228 protein. The chineric construct can be

conj ugat ed &t&nél'ﬂ?e carrier nolecule. using standard nethods. (Hancock et
al ., " Synt?"le5| ofl' Peptides for Use as I munogens,” in Methods in Mol ecul ar

Bi ol ogy: | mun em cal,, Prot.ocal s, son.(ed, es 23:3 Hymana Press
1992)). 5 Furtﬁ&%‘?gfﬁr ‘Pﬁ&‘)‘iﬂl-‘%"’g@ﬁ‘tod\?/’%g@ﬁ?‘i‘%ﬁ* %%?ﬂ*&ﬁgﬁ‘%se @égﬁp\zf’ég”dhe

conposi tion conprising a pharnmaceutically acceptable injectable vehicle.
The vacci B8\ e walkknosyeledig aftigde nddesrg-ntys- Bat. égﬁi"’nﬂ%b@f’éad‘»@?@a@@mventi onal
vehicles with or without other standard carriers, in the formof injectable
sol ut i ons5d62 SUSEPeT],B1s 5,78hgcaduea 00 rnd érSimi/ght:. K88 BEded- 190dm agent s
that elevate total inmune response in the

10 Non-protem PAMPs such as CpG or CpG-DNA, and lipopolysaccharides may
" be conjugated to protein or non-protein antigens by conventional technigues. For
example, PAMP/antigen conjugates may be linked through polymers such as PEG,

poly-D-lysine, polyvinyl alcohol, polyvinylpyrollidone, immunoglobulms, and

copolymers of D-lysine and D-glutamic acid. Conjugation of the PAMP and antigen

—
th

to the polymer linker may be achieved in any number of ways, typically involving one
or more crosshnking agents and functional groups on the PAMP and antigen.
Polypeptide PAMPs and antigens will contain amino acid side chains such as amino,
carbonyl, or sulfhydryl groups that will serve as sites for linking the PAMP and
antigen to each other. Residues that have such functional groups may be added to

20  etther the PAMP or antigen. Such residues may be incorporated by solid phase
synthesis techniques or recombinant techniques, both of which are well known in the

peptide synthesis arts.
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10 course of the inmmunization procedure. Liposones have been sugggq&g RS
suitable carriers. The insoluble salts of alumnum that is alumnum’
phosphat e _or alunlnun1hydrOX|de have been utilized as carriers in routine
clinical 8ppl¥'¢at’ ons in humans. Polynucl eotides and pol yBf&&SpEH%s and
wat er soluble carriers such as nurarnyl dipeptides have been 15 used.
Preparation of injectable vaccines of the present invention, includes m xing

the chinmeric cnsteiGlofMhidan awllﬂm&sd%c 51129%91%0 a{ I?‘ﬁg/agaThe

resultant mxture may be enul sif n a?ﬁannl nono o | ene or
squal ane vehicle., Four ol une al ene ck ualane are used
pgr part By“ 9%“\3%%?00‘;6}) %ﬁ%ﬂ?%‘é“ﬁéﬁﬁ%‘f?g?@asﬁﬁﬁlp %n&F {PIERHY vacci ne
conpositions are well-known to those of ordinary skill in the art. (Rota,

| muni zi nYLURgeEP AR T} agProstdied Skieactioany ity ethylenpdamReninihe presence

Phar maceuti cal Sciences, 18th Edition, Gennaro (ed.), (Mack Publi shing
Conpany 1@%ﬁ1mgﬁmoﬂnaﬁaydﬂ&4and sﬁ%?&y&&ﬁaﬁ@@&ﬁ%&&hﬁ/bﬁ@dtwﬁﬂﬂf/ 24228

Addi ti onal pharmaceutical carriers may be enployed to control the duration

of acti O&JEH(arrélé’@iﬁﬂj&ﬂB@hled@f&lWe@ﬁ@%ﬁ&tx%ﬁR’Jl! @&Mw &‘gﬂfﬂ&'re&&h@ﬁse

preparati ons can be” prepared through the use of polynmers to conpl ®ex or

d b h E bi b | ud
matri ces B CO”S@ %%%0%51% AR S o R

polyanhydrlde copol a stearic acid dither and sebacic acid.

( Sher woodit@gtigpal "’(%‘9@25)” ‘%P%'Wéé%ﬁ?f’@b’d’@;“ﬁeﬁ)appiwe fupgEORA EOWE- 1 el ease of the
chinmeric construct fromsuch a nmatrix depends upon the nol ecul ar wei ght of
the consHegotb;funhgorsuowntlingerst heheo nsifesuctinmmitni(#iedvacetmt)ri x, and the size
of dispersed particles. (Saltzman et al. (1989) Biophys.J. 55: 163;
Sherwood ghindbenzoSidpt@ich IRIBE b1 arlino Hbay pREeUDIIgah: RERGEcFOr N8 and

Drug Delivery Systens, 5th Edition (Lea &
10 copolymers of D-lysine and D-glutamate to a sulfhydryl side chamn from an amino
terminal cysteine residue on the peptide to be coupled, are also useful to increase the

ratio PAMPs or antigens in the conjugate.

J. Vaccine Formulation and Deliverv

The vaccines of the present invention contain one or more PAMPs,

15  immunostimulatory portions, or rmmunostimulatory derivatives thereof (e.g., a
domain recognized by the innate immune system), and one or more antigens,
immunogenic portions, or Immunogenic derivatives thereof {e.g., a domain
recognized by the adaptive immune system). Since a PAMP mimetic, by definition,
has the ability to bind PRRs and initiate an innate immune response, vaccine

20  formulations contemplated by this invention include PAMP mimetics i place of
PAMPs. Thus, the present invention contemplates vacciﬁes comprising chimeric

constructs including at least one antigen domain and at least one PAMP domain. In
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Febi ger 1990); and Gennaro (ed.), Rem ngton's Pharmaceutical Sciences, |8th
Edition (Mack Publishing Conpany 1990)). The chineric construct cap_al so be
conj ugated to polyethyl ene glycol (PEG to inprove stability and eiﬁéﬁa 00
bi oavai | abi4 ‘l"f'{j)Tfsi mes (e.g., Katre et al.; U'S. Patent 4, 786TA58)24235 The
vaccines of this invention nmay be adm ni stered parenterally. The usual

nodes of adm nistration of the vaccine are intramuscul ar, sub-cutaneous, and
intra- peg,| I i O 1L .St i ; by

cont | nuoue PPagy Snbeiqrt e W RERE K i SR CARE oTEBE V) o 2t so
been used_.to successfully deliver plasmd DNA for 20 inducing inmmunity

agai nst afSiCREFUEBI | ul ar pat hogen for which protection primarily depends on
type 1 CD8.sup. + T-cells. (Kaufmann et al. (1999) J Inmmure. 163(8):

4510- 4518) . 71TMX02{ne9 748:p28INERB: 2G0T IC POTYHUSE I 2d228s¢Bé mevention, can
transfer-nmedi ated vacci nati on nmet hods have becone a rapidly expanding field
and the coypesiulicdngcatiche poeaensthodiMenpiepiriad shaapptdugiati Pudetnit he
treatment of both noninfectious and infectious di seases and noni nfectious
di seases, -] i L Q i M g S i,ng such
vacci njgt i %dr?%régtH E’ggg?pl(’%eyeﬁe%gj.n?éﬂé‘%qgt é?%egbf(n%gggigéeqﬁé@é%gﬂg%her apy, In.
Goodman & .G linan' s, The Pharmacol ogi cal Basis of .. Therapeutics,. Ninth

i t1on,  CHEBEER EN e O A CRRIAERDdt S (e b AReracaethe pr esent
invention, particularly as regards use of Flagellin as a PAMP, may be

f or mul at e@céﬁabléémér‘éés AT 8 Ca 88 Ff{;}ﬁ‘@&dgb’ the veskpednf dhiiAle r esponse
at a nucosal surface. Thus, the vaccine conpositions nmay 10 be adm ni stered
t 0 nucosatorspsitaoesndyys the ectiexagpidesnt@psakssdric ertht sit¢ whemghs tetion)is r out es.

O her nodes of administration include suppositories and oral fornulations.
For suppogijhieéd. €teriBiphdeitaARndTaad EdiRkSs dRYedaRpldicies pRirhatkaleme gl ycol s or

10 acceptable carrier. Other suitable carriers are well-known to those in the art. (Ansel
et al., Pharmaceutical Dosage Forms and Drug Delivery Systems, 5™ Edition (Lea &
Febiger 1990); Gennaro (ed.), Remington’s Pharmaceutical Sciences 18th Edition
(Mack Publishing Company 1990)).

Examples of several other excipients that can be contemplated fnay include,

15 water, dextrose, glycerol, ethanol, and combinations thereof. The vaccines of the
present inveniion may further contain auxihary substances, such as wetting or
emulsifying agents, pH buffering agents, stabilizers or other carriers that include, but
are not limited to, agents such as aluminum hydroxide or phosphate (alum),
commonly used as a 0.05 to 0.1 percent solution in phosphate buffered saline, to

20  enhance the effectiveness thereof.

The chimeric constructs of the present invention can be used as vaccines by
conjugating to soluble immunogenic carrier molecules. Suitable carrier molecules

include protein, including keyhole limpet hemocyanin, which is a preferred carrier
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triglycerides. Oral fornulations may include normally enpl oyed incipients
such as pharnaceutical grades of saccharine, cellul ose and nagnegifuhf? J005
carbonate. These 15 conpositions can take the form of solutions,

suspensi o8 2{"3Hfets, pills, capsules, sustained rel ease PEFiEEI2GNs or
powders and contain about | to 95% of the chineric construct. The vacci nes
are adm nistered in a manner conpatible with the dosage fornulation, and in

such ano s il -he-the utical ly effectjve rot ective .and
immnoge#%}étegl()s’%ﬂgecgmg%é E%‘%ﬁﬁgta%??’t%ff’%?’g%%ﬁ?ﬁ c elrglyog?lm\}\i'\“fm%f course vary
dependi ng upon th patjent's age, weight, height, sex, general nedical

condi ti oﬁfanﬁi‘@\ﬂ‘ﬁg%dmaéa?cwféi?o‘r%/y,mheﬁlﬁé’fé)éﬁ &8ifeil eI HROACBY  and it s
severity, and the capacity of the individual's imune systemto synthesize
ant i bodi s Madhatlspn ddeicenlar Biwld symddinatredhdmupliro®2oR, MahEer(Ed I0fEpe\O 02109148
PCT/ US01/ 24228 response. Typically, it is desirable to provide the recipient

wth a dogagpggﬁngﬂa@reghjmy)i_c construct which is in the range of from about
| g agent/kg body weight of patient to 100 ng agent/kg body wei ght of

patient, alt h%eﬁn%r%}'\ﬁﬂee pPLschl iﬂbﬁ{tioﬁ%gﬁ‘t%ﬁutpiﬁﬁ%% \}:él%ebcgm duii, st ered.

Preci se quantities o active ingredient, r, epend on the

judgnment of the practitioner, Suitable dosage rang are readi
det er mi naBff@TBRS aE[R‘F"FeIUEBauYnaCPF%%ﬁF f-nl‘écﬁﬁﬁﬁﬁﬁmﬁg’ gri‘et"ﬁ%"lﬁ? rtll%f nanogr ams

of the chinmeric construct to grams of the chimeric construct, depending on
t he part irgedenr lnvgipstmeic be a@nsiwgrad incanenttoshydislangahof vitheubetheye
ingredient is nanograrns to mcrograns; nore preferably nanograns to

m | |i gr amsindaniccamist, ipried Rrabl iy détalit eslagoans: suepdikiohs grassdd«8ui t abl e
regimes for initial adm nistration and booster doses are also variable, but

may i ncl ude admigh: bk aki-a@aitns biatd AR daltowed iduns WRpeAdanthe
adm ni strations. The dosage nmay depend on the route of admnistration and

Wil ppar ycogﬁg%rfﬁ{eq%gﬁ ﬁmﬁjrg&d&te‘t he subject. The present invention .

enconpasses vacci nes contal ning anti gen and PAMPs

Liposomes have been suggested as suitable carriers. The ingoluble salts of
aluminum, that is aluminum phosphate or aluminmmn hydroxide, have been utilized as
carriets in routine clinical applications in humans. Polynucleotides and
polyelectrolytes and water soluble carmers such as muramyl dipeptides have been

15 used.

Preparation of injectable vaceines of the present invention, includes mixing
the chimeric construct with muramyl dipeptides or other carriers. The resultant
mixture may be emulsified in a mannide monooleate/squalene or squalane vehicle.
Four parts by volume of squalene and/or squalane are used per part by volume of

20  mannide monooleate. Methods of formulating vaccine compositions are well-known
to those of ordinary skili 1o the art. (Rola, Immunizing Agents and Diagnostic Skin
Antigens. In: Remington’s Pharmaceutical Sciences,18th Edition, Gennaro (ed.),

(Mack Publishing Company 1990) pages 1389-1404).
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1 froma single organism such as froma specific pathogen. The present

i nvention al so enconpasses vaccines that contain antigenic materiaf Fffadth
several different sources and/or PAM? material isolated fromsevera

di ff erent Y$OWWeE¥ Such conbined vaccines contain, for exahpFdsidhz’gyen and
PAMPs from various m croorganisns or fromvarious strains of the sane

m croorgani sm or from conbi nations of various 20 nicroorganisns For

purposes of th fu teins_are nistered to a
manmal in a th§?§@%3 Eﬂg?ﬁg%hg? 5 gI&%ﬁun?%p%y“égcgﬁgnbﬁggg?%i|o is said
to be admnistered.in a "therapeutlcall effective amount™” if the anount
adni ni st e¥EEN 0§ 2 ¥aFFIRRINR @e;appmplaop{;g@lmv@qujrg} TSP RreparpipRskniyer 4228
produce a nmeasurable positive effect in arecipient. In particular, a

vacci ne prwﬁadénbmﬂnmﬁuBMQfWMEaemﬁobmmphtboamﬂMQduneﬁcaomﬂskmiE@reffect in
arecipient if it invokes a measurable hunoral and/or cellular inmune

response &Armphe btiRehipaable. polﬁner@ﬁfcldd@lﬂﬂleﬁﬁeestdﬂp%ly'(éﬂ’i?l@hé Q@-vﬁ%’]'fa@émtle?t es a
desirabl e therapeutlcally effective anmobunt as one in which the vaccine

| nvokes ig, tIJﬂz?mE %a:ﬁky J:Hn%’ﬂjn? r'b%%%raﬁ'o QR HiQEr ancdeéebgéléamdmm”e

response VEI’SUS gen bU causes neither excesslive non-

speC|f|c nfla an, a ne r onse v us non-target
antlgens) ‘ﬁgﬁﬁ ﬁg @%ﬂ 5?@@*?@ i %Fﬁeﬁpenﬁ%Pg 3#5°hBEh t her apeuti ¢

t r eat ment and prophylactlc or preventatlve treatment. In one enbodi nment,

t he preseditmeny epnstont U0 spont enplatasndsipg thhmoticutd sseaht wadei nes to treat
patients in need thereof. The patients may be suffering from di seases such
as, but n@ksinidl) thednioQnt SANE esnsiratil eitigy the mBirAC hidihs stheEddPersadit 0 | mmune

di sease, neurol ogical disease, cardiovascul ar di sease, or a disease

associ at edh W ith @R&hheEglC(108RCALARYs. I sangt:- Nl ~eaRosi ATe flpoL NGB esent

i nventi on contenplates adnlnlsterlng the dlsclosed vacci nes to paSS|ver
i mun 5 tients nst |seas t,.not cancer,
aIIerHi %ﬁ¥§%¥?8@?ud|%2%¥%““g %ﬁ 53 I Pg%%g &&mﬁ&sease
cardi ovascul ar di sease, or dlseas

Febiger 1990); and Gennaro (ed.), Rernmvton s Pharmaceutical Sciences, 18th

Edition (Mack Publishing Company 1990)). The chuneric construct can also be

conjugated to polyethyvlene glycol (PEG) to improve stability and extend

bicavailability times (e.g., Katre et al.; U.S. Patent 4,766,106).

—
T

The vaccines of this mvention may be administered parenterally. The usual
modes of adminisiration of the vaccine are mtramuscular, sub-cutaneouns, and intra-
peritoneal injections. Moreover, the administration may be by continuous infusion or
by single or multiple boluses.

The gene gun has also been used to successfully deliver plasmid DNA for
20  inducing immunity against an intracellular pathogen for which protection primarily
depends on type 1 CD8.sup. + T-cells. (Kaufmann et al. (1999} J. Immur. 163(8):

4510-4518).
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associated wth an allergic reaction. In yet another enbodi nent the present
i nvention contenplates adm nistering the disclosed vaccines to i mmunize
patients against diseases in addition to those cited in the previ8&&3 2005
sentence YR "MP'TH the objective is to 20 rid the body of sPEBELFYEAH ecul es
or specific cells. Anon-limting exanple mght be the renoval or
prevention of deposition of plaque in cardiovascul ar di sease. K

T t t/ Enh f ity. 74 28 EE 005 WO 02109748 PCT/.US01/ 24228
The vacel noe. SrSETERN P i R ek lor reiogs B e B AR AL PR R £ of

animals, nore specifically mammal s, and even nore specifically humans (e.g.,
pat i ent s)itithandeieg comapabens Hihapicerri Mt eation maarhjablstodhe satrispt 6t goal in
the treatnent of patients diagnosed with, for exanple, cancer, inmmune

def i ci endyptibneymictons and enfections dogphealandndrisfestiend disdandse atclwivsg bitepr osy,
tubercul osis, shingles, warts, herpes, malaria, gingivitis, and

at her osclygf RSiited td M ARt RS SsiAk shdtevataRalife metlodt B BrLs et d:Ryention are
that they induce a  strong i mmune response against the target antigen with

2t of s T Cag L, RPARL G GhEREY €ThuRly ¥ The PBRoMP LA SIS PE ol

advant age_over ot her vaccine approaches, articularly with respect to

t ar get i ng-trePswygs, N fEH©N. fheriss W@W“hﬁﬂ@ other vaccine strategies, in
order to elicit a robust response against the self an tigen, strong

adj uvant s ar e Adtazoataiety, theeyacriss gf thei pieserties siivm, paficaarhats osgaaisdisean
increase the risk of autoinnmune disease. 15 As used herein,

"1 Munoemffi@pelRinds s P LMEY, sndybedbymiined aas dcliverahinef gamies dkSengdapaci ty to
respond to foreign antigens or other targeted antigens, such as those

associ at o AieANESlesp L N HRESUIRR AR, THGE 8RS G RUBRIoShiohsHpe cel s,
i ncreased activity and increased ability to detect and de.gt roy suc
anti qsns’beiararr}iﬁ(s)f?ﬂeed t%%lldc%s rsiurr}:gcgastbo, %trte)%z(fngphsey r(far%a Qrtoirgle(rl}ﬁfagasn‘ic)
routes, Other modes of administration include suppositories and oral formulations.
For supposttories, binders and carriers may include polyalkalene givcols or
triglycenndzs. Oral formulations may include normally employed incipients such as
pharmaceutical grades of saccharnne, cellulose and magnesium carbonate. These
15 compositions can take the form of solutions, suspensions, tablets, pills, capsules,
sustained release formulations or powders and contain about 1 to 95% of the chimeric
construct. The vaceines are administered in a manner compatible with the dosage
formulation, and in such amount as will be therapeutically effective, protective and
tmmunogenic dosages.
20 The quantity of vaccine employed will of course vary depending upon the
patient's age, weight, height, sex, general medical condition, previous medical history,

the condition being treated and 1ts severity, and the capacity of the indtvidual's

immune system to synthesize antibodies, and produce a cell-mediated immune

~]
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20 The strength of an inmmune response can be nmeasured by standard tests
including, but not linmited to, the follow ng: direct neasurement of f FER 2005
peri pheraw({/}lp({)g | ynphocytes by nmeans known to the art; natural killer cell
cyt ot oxi eVt ASSHys” (Provinciality et al. (1992) J. | munbtT/URRYH22455:
19-24), cell proliferation assays 75 28 FEB 2005 WO 02/ 09718 PCT/ US01/ 2122
(Vol | enwei der et at. (1992) J. ImmunoL Meth. 149: 133-135), inmunoassays of

| mmune C,exleép%neé!drﬁsi&ﬁg}. % it boehb1o88 pRIvidd the(d392) o QBbsakd of #R29- 174; ,
Rivoltini et at. "(19921) Can. ImTBnoI . Inmunot her. 34: 241-251); and skin
tests for,cell- nmediated ,itn i,nunit ang et, al . 9 ce s. 53:
1045 148075 TR EbRolhir i Behgs o FRT MR B aet AR MG RR RS g
the strength of the inmune system see, for exanple, Coligan et al. (Ed.)
(21000) Qutieerie PPstDezIngke Rodnivaghbs bearient/elthoush adpweyor asissslosaginy
statistically significant increase in the strength of inmmune response, as

measur ed Ryy ilbebabovmiiiest sPrecke qonsitteogthe Rihamcedidnhawevegsponse” or 10
"i mmunoenhancenent”. An increase in T-cells in S-phase of greater than 5

percent 185,058 hARALEMRDE L JrlidiTRLN otfule Al saLd QBaipfnhanced | mmune

response 0 i'ndicated by physical manifestati ons such as fever and
inflammat jon, .al.though _one .or. both of these manifestations m.ght not be
observed %?Wzrﬂpic E—veg%enf)%ﬂrlle th\/%{lé%ri"% ¢ y(?fe Oflﬁ]%e ?)rrd grs%jtrﬂanf)%ﬁ/agﬁtoifglﬁe. Enhanced
i mmune response is al so chargfgtgeri_zed, 15 by healing of system ¢ and | ocal

i nf ect i onSMISHHCPEHUEY P ERETBT Ol HpiiBIREICi Ganefi b Asrending o hGRFHEE i n tunor

size, alleviation of Sénﬁt ons of |eprosy, tuberculosis, nalaria, naphthous
ul cers, hengetdic Peaitrapapné tesaat nuse whthesacuye mgradiant ¢s naappesimssel erosi s, the
concomtants of AIDS such as Kaposi's sarconma, bronchial infections, and the
like, L.m¥anehme, Roediekinly 20othasoactiitiaes af mdeppfeaslyt i nvention can
be used to generate a chineric construct conprising one or nore antigens of
intergst @neRRGs ¥ miEenRADSab1A regimes for initial administration and booster
doses are also variable, but may include an initial administration followed by
subsequent administrations. The dosage may depend on the route of admimstration
and will vary according to the size of the subject.
The present invention encompasses vaccines containing antigen and PAMPs
13 from a single organism, such as from a specific pathogen. The present invention also
encompasses vaccines that contain antigenic material from several different sources
and/or PAMP matenal isolated from several different sources. Such combined
vaccines contain, for example, antigen and PAMPs from various microorganisms or
from various strains of the same microorganism, or from combinations of various
20  microorganisms.
For purposes of therapy, the antigen/PAMP fusion proteins are administered to

amammal in a therapeutically effective amount. A vaceine preparation is said to be

administered in a "therapeutically effective amount" if the amount administered is can

73



smal |, non-i nmunogeni c epitope tag (such as a His tag) can be added to
facilitate the purification of fusion protein expressed in bacterjifarFirg
conbi nation of antigen with 76 28 FEB 2005 WD 02/ 09748 PCT/ US01/ 24228 a RANO
such as BMP'B"HBagel Iin provides signals necessary for thBCEEPIYHEION of

t he antigen-specific adaptive and innate i mune responses. A | arge nunber of
differing fusion proteins conprising different conbinations of antgens and

PAVPs ca L FhLS i . ogy D1~ 1In-:0
5 or - con Uant T o eharB R RLHEL A CPORL APkl LSRRG PYa Ty any

antigen can be. us to nerat.e a vaccine by this approach ng the sane

t echnol odf) PRI Y ?égfél)ms%ﬁérb‘ﬁp geRre ﬁfégrae?cl.‘?iéé’,e %%CV&NWB}%@ e. Large
amounts of reconbi nant vacci ne product can be generated using a_0 bacterial
expr essi oRveles tepsasablegnatual anggn chBulpuimrhiedrespamss balbe éeqipiente Unt ur es usi ng
10 standard techni ques, The approach is thus extrenmely econom cal and cost

ef fi ci entpartidNldrethidaink vetlon, coh@egienantsivbRhéaepitRaile tffeacheropaogiuced and
purified from cultures of yeast or other eukaryotic cells including,

Wit howt 4tk Al he YASES n66LdsSn Al robRHEL b2 GEIL fumbRIThHERL ed_non-protein
vacci ne proo‘uct can also be produce emcally inrelatively |arge
case if the PAWMP a 15 the antigen can

anmount s. Tpif 1S agtei cuIS%rW tg}et . ntg he .
both be obtAt*h&H FEPAEVEIYS e A s h SR ar A S e e TSRt ®dur es  and
then conjugated together with relatively s' |le and efficient conjugation | MW
cheni st r YSPERIE dR RGN NOr AN AN QWEFH EIE SSRE RTUNIESUE BREIFERIEIZepEbt ei n
conponent and a non- protein conponent can be conveniently obtained by
preparing the {s oiwiherantpotremt ‘treatment” refers to both therapeutic treatment and
prophylactic or preventative treatment. In one embodiment, the present invention
10 contemplates using the disclosed vaccines to treat patients in need thereof. The

patients may be suffering from diseases such as, but not limited to, cancer, allergy,

intectious disease, autoimmune disease, neurological disease, cardiovascular disease,

or a disease assoclated with an allergic reaction. In another embodiment, the present

invention contemplates administering the disclosed vaccines to passively immunize
13 patients against diseases such as but not limited to, cancer, allergy, infectious disease,

autoimmune disease, neurological disease, cardiovascular disease, or disease

associated with an allergic reaction. In yet another embodiment the present invention

contemplates administering the disclosed vaccines to immunize patients against

diseases In addition to those cited in the previous sentence in which the objective is to
20  nd the body of specific meolecules or specific cells. A non-limiting example might be

the removal or prevention of deposition of plaque in cardiovascular disease.

K. Treatment/Enhancement of Immunity
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20 by reconbi nant neans and the non-protein conponent by chem cal neans and
then Iinking the two conponents with |inker chemistry well known i &§RRe2005
art, soni&wﬂﬁqpﬁ%ich is described herein. Additionally, since thq gptigens
and PAMPs 'Cofmt@il ated in this invention can be natural | Y OCEUAAG, they
can be purified fromtheir natural 77 WO 02/09748 2 P F F. f 7005

PCT/ US4l 1i 2422S sources and then |inked together chemcally. Both T-cell and

B-cel | anti gengneaitchfs oPBRGrésenORNSAhe aM BE GLdIBS <BNarchite RRRGAACHE Fusi on
of an antigen with a PAWP such as BLP or Flagellin optimzes the

st oi chi ongt; 0 i gﬁl§ 1Nl m.zin t excessive 5
iananna?§%§%F%§%%£§§%H%3ﬁﬁgh oé%%?@é Q%Pﬁﬁgﬁ%rgﬁkaﬁ%n an[#gghs are m xed
with adjuvants.to incre heir i nogenicity). Fusion._of an antigen with
& P Al VLPP IS oS RheTrel, SHUBEerEt P RETHB SRS AP TR vat od
response to the vaccine productively trigger the desired adaptive inmne

r esponse. trAgtrienatfipphent dsigotseARGEh, ifor axampsh sawer tlomunptakaernyd present ati on
10 of the antigen can |lead to the induction of autoi mune responses, which,

agai n,s i ssprieom®fcetriia toionlapEsystbhid IERINBNR! ptsedubdtuvan! shiddl@t prevents or
limts their use in humans. In a preferred enbodi ment, the fusion proteins

of the prg@gqqﬁgggggEﬁg%égﬁgﬁgghgﬁj@%%aﬁk& {1 Oor an immunogenic portion

t her eof whi chi been contaln an am no acid sequence
conprising a | eader sequence and.a cansensus seguence tg t results in the
post-translatiiﬁ%ﬁ£ﬁﬂﬁé?§@%g?3ﬁxﬂfbfﬁ “Hgﬁﬁﬁhgﬁgﬂgﬁﬁﬁiﬂg ﬁ“5F1 “b8rtion of
t hat sequence, wherein the post-translationally npdified sequence is a
| i gand f of TENSPRIVUIPHESDRBE 428! Bisttgamaticae Fiae B! Uadesissdt |inited to,
antigens that contain the bacterial |ipidation consensus sequence CXXN (SEQ
| D NO 1) mflahenapay 12€tnj & vesilasanimmabicsidnces of appefenabhiiyeaser Sneh a Nuner ous
| eader sequences are wel |
10 reduced side effect profile has a distinct advantage over other vaccine approaches,
particularly with respect to targeting of self antigens, because with many other
vaceline strategies, in order to elicit a robust response against the self antigen, strong
adjuvants are used and they result in excessive inflammation and can increase the risk
of autoimmune disease.
15 As used herein, “immunoenhancement” refers to any increase in an organism's
capacity to respond to foreign antigens or other targeted antigens, such as those
associated with cancer, which includes an increased number of immune cells,
increased activity and incrzased ability to detect and destroy such antigens, in those
cells primed to attack such anfigens.
20 The strength of an immune response can be measured by standard tests
including, but not limited to, the following: direct measurement of peripheral blood

Iymphocytes by means known to the art; natural killer cell cytotoxicity assays

(Provinciali er al. (1992) J. fmmunol. Meth. 155: 19-24), cell proliferation assays
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known in the art, but a preferred | eader sequence is described byzgq% E% st
20 amino acids of SEQID NO. 2, wherein the first 20 am no aci ds*of § GJSID
NO 2 are _set forth in set forth in SEQ 1D NO 3. Exanples of additional
sui t abl e PEH§EY ¥equences 78 WO (12/ 09748 2BFER2005 PCl / UPSHUPIBAI28 28 are
described in the Sequence Listing as SEQID NO 4-7. A preferred chineric
construct conprises a | eader sequence fused, in frame, to a sequence

conpri si “@\»’61%%%%?&%3? @loghy pi i gjng{%@ma%lf§3..%@§}a%%ﬁm%s gD NQ 1

further fused to an antigen eader sequence---CXXN-antigen). Although

this nodification of .the anti 5 ca eferred 2 fysio this

nodi fi cat f%ﬁu%eaﬁerﬁﬁgngéﬁ?s&??ggcgﬁ%ﬁgmﬁ ﬁggﬁn r‘E3f\zl;6\l,{'“" E)%?llﬁz’tlﬁé@ﬂ%e‘ﬂﬂt r oduci ng,
by rnutagenesis, a | eader sequence followed by the CXX sequence into DNA
encodi ng &iW2haer derinap!. ilnveneter. Bk grédsi brmdskia tegie faicellaricdiatedol ecul e
encodi ng this chuneric construct, in a bacterial host cell, produces a
subst r at eunfutst (FThanglkaet €r993) danet-aasess; 104mil03))ed\ve ah kecdlieadert @equence
fromthe 10 nodified antigen, and bacterial l|ipid transferases, which

l'ipi dage hﬁ%oﬁ?%@se@for%wa@@ﬁﬁé 08 sk R 0f the GRMRIHSH G & k. pi dation

consensus sequence he resultant” product 1s a chimefic construct or fusion
protein that i J.gand nd is _capable of sti at i both t he
Pinat e and B AR Uy BoBRL PP R Ao SRRR: Budrrebll Woh MR
chinmeric gﬁggtruct or fusion protein conprises additional polar or 15
charged a Sacids to increase the hydrophilicity of the chimeric construct
or fusion protein without altering the inmunogenic or inmunostimnulatory
properties of the stadecsdlysegnifisgnt instas wrthherengdsef inphivnrespensg sasbel | eved
that one of ordinary skill in the art can, using the precedi ng description
and the f alehamedigy thklabsts abisyie coxatmbeenhpicdd iméfine20sjone:"net hods of the

present invention. The follow ng working exanples, therefore, specifically
poi nt y@ut "t he, Rel SIS @MACHARAMSH af b6 PIRISNG £ RYEPHARR pefcht

has been achieved by the methods of this invention. Enhanced immune response is

also indicated by physical manifestations such as fever and inflammation, although

one or both of these manifestations might not be observed with the recombinant

vaccines of the present invention. Enhanced immune response is also characterized
15 by healing of systemic and local infections, and reduction of symptoms in disease,

e.g. decrease in tumor size, alieviation of symptoms of leprosy, tuberculosis, malana,

naphthous ulcers, herpetic and papillomatous warts, gingivitis, atherosclerosis, the

concomitants of AIDS such as Kaposi's sarcoma, bronchial infections, and the like.

1. Vaccine Production

20 The procedures of the present invention can be used to generate a chimeric
construct comprising one or more antigens of interest and one or more PAMPs. A
small, non-immunogenic epifope tag (such as a His tag) can be added to facilitate the

purification of fusion protein expressed in bacteria. The combination of antigen with
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illustrative only, and are not to be construed as limting in any way the
remai nder of 79 2~FEB2005 WD 021097-8 PCT/ USOL/2.4278 the di scl osurteFFRIMer
generic and spgci fic configurations will be apparent to those persons
skilled i WO'He?HPt. EXAMPLES Exanple 1. Mvdel Vaccine CasBetViit¥ an
Antigen Domain and a PAMP 5 Domain In order to produce a nodel vaccine
cassette of the present invention, we fused a pathogen-associated nol ecul ar

pattern (aPeaﬁb@)su&pastﬁEP%b@ua%%wqrsﬁqeg@ﬁfa@s ARLEA8P for thePactilhgon STt M P W

sel ected, BLP, is known to stimnulate innate i mune responses through the
receptor,_ Toll-|]i. e-rece tor-2 ;I'LR—}%I)H. .10 TQe protein sequence of the

bact eri alanflgedlésp?r‘%) léiaﬂ“f B JERG° e R e  cassette for fusion with an
antigen of interest is as follows: NH _ . i o

KTKLVLGAVI LGS [argsassnpuf SSinopiirary/profoonoraam s usdfeggnt combinations

AAKDDA. ARANQRLDNVATKYRK (SEQ I D NGO 2). The | eader sequence includes am no
aci d nunbdrnticdnbrpodBAMPE caa beoedlilyywrbant:2 @sofy 1SEQbiRard DNE te@inoblge fir st
cysteine (amno acid nunber 21 of SEQID NO 2) is lipidated in bacteria.

Thi s Isi pigabdepatioptheRieAnhant WD &ebkn ilthRagt eVirfialll Sneasedhicah bf or BLP
recognition by Toll and TLRs. The C-term nal |ysine (am no acid nunber 78 of

SEQ ID o : j - [ : r.eceni t vaccine,
because t °F%%)ﬂe§%?rr?e@ %%%&ggﬁ%ﬁgq@é@%ﬁgﬁ&%%hﬁég%gtr%hf]ﬁleo:’g'eg??dg)g lycan. 20 To
assist in ide%téi fication and purification of the antigen, a hexa-histidine

tag was BHGAHeEIEHOTN 1T HEY S8 nal of the protein. The final construct is

shown in Figure 3. 80 WO 02/1'1748 _
Large amounts of recombinant vaceine product can be generated using a

bacterial expression system. The product can be purified from bacterial cultures using
10 standard techniques, The approach is thus extremely economical and cost efficient.
Alternatively, recombinant vaccine product can be produced and punfied from
cultures of yeast or other eukaryotic cells including, without limitation, insect cells or
mammalian cells. Conjugated non-protein vaccine product can also be produced
chemically in relatively large amounts. This is particularly the case if the PAMP and
15  the antigen can both be obtained by relatively straightforward purification procedures
and then conjugated together with relatively simple and efficient conjugation
chemistry.
Alternatively, a chimeric construct confaining a protein component and a non-
protein component can be convenently obtained by preparing the protein component
20 by recombinant means and the non-protein component by chemical means and then
linking the two components with linker chemistiy well known in the art, some of
which is described herein. Additionally, since the antigens and PAMPs contemplated

in this invention can be naturally occurring, they can be purified from: their natural
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28 FEB 2005 PCT/US01/2-t228 The fusion protein was expressed in bacteria
and i nduced with PTG The protein was purified by |ysis and soni Fiﬂoﬂ(]Si n
8 M Urea, 20 m %Tri s, 20 M Nadl, 2% Triton-X-100, pH 8.0. The |'ysate Was
passed ov&P Y™ M O Sepharose ion exchange colum in t RET&RAE B¥ fer and
washed with 5 colum volunmes of 8 MUrea, 5 20 M Tris, 20 rnmM NaCl, 0.2%
Triton-X-100, pH S.D. The protein was eluted by salt gradient (20 rtzM NaCl

to 800 rrMpaChld thBRSinkby & EiaEtiansaNeBsH Tlent hid BddMantiboagunallot ting
using an antibody to the Histidine tag. These fractions wsre pooled and

passed over.a 2l .  picket rQse col um. The col unui was extensively
washed W&F%ﬁ}h&@e&%‘%gé Cllﬁe’rs:ab?q%igg%% %nu; vol unmes) and then washed with 5

colum vol unmes_10 of . phosphate buffer (20 nz cont ai ni ng 200 MM NaCl, 0.2%
Triton- X- 100, PxsionRf anandgss st 2 1 M8 spch ﬁ@%&lﬂ%’éﬂﬂm e fies eluted in
20 rn' M phosphate buffer, 200 ruvl NaC, O0.1%riton-X-100, 250 mM

i m dazol estainitiofnetrg bif trestwei gnadgtainmirestiads flerunvemetdedxoedsivei nnunobl ot ti ng.
Positive fractions were pool ed and di al yzed overni ght agai nst phosphate

buf f ersed sahihRRtEP HsBbAIRAGwRichBedit foBxAnPIeOwhdhgnifAIPhER MRsd 4kt hen

decont am nat ed of  any endotoxin by passage over a polynycin B colum, and

concent rg%d?ﬂ,ahﬁ t@gm@ggsg%ip%%o%ﬁbt N by centrifugation and tested by

i mrunobl ng and protein concentrati’on for protein content. Exanple 2.
Stinmulation of NTUPC% by BLPI Ea, mydel _ant.i i.Nn RAWcel I § .To test whether
the model ant iTg&l Lﬁnd“‘%‘f:"f“‘?ﬁ“]I‘%itr‘Tlgj *%%ﬁ&?h gﬁ%&dﬁ%ﬁ%ﬁ%ﬁﬁ&?%&t necessary
for an immune response, we assayed NF-xB activation in the RAW nouse
macr ophagaPeepdtiveiedenirespenicte thapmcgiag eruivetvdy $Eak shrgoared rdaptivie t hat
har bors an NF-tcB-dependent firefly luciferase gene. Stimulation of these
cel I s wi timmactresgpahes. sAofivaie:n KBskahatiRCq o the ablsente ofwyshkd arel gresecaseionhi ch i s
nmeasured in cell lysates 81 2 P, FEB R 20A5 14'0 02/ 099748 PCT/ US01/ 24228

10 ofthe antigen can lead to the induction of autoimmune responses, which, again, 15 one
of the problems with commonly used adjuvants that prevents or lirnits their use in
humans.

In a preferred embodiment, the fusion proteins of the present invention
comprise an antigen or an immunogenic portion thereof which has been modified to
contain an amino acid sequance comprising a leader sequence and a consensus
sequence, that results in the post-translational modification of the consensus sequence
or a portion of that sequence, wherein the post-translationally moedified sequence is a
ligand for a PRR. The modified antigens include, but are not limited to, antigens that
contain the bacteria] lipidation consensus sequence CXXN {(SEQ ID NO: 1), wherein
20 X is any amino acid, but preferably serine. Numerous leader sequences are well

kmown m the art, but a preferred leader sequence is described by the first 20 amino

acids of SEQ ID NO: 2, wherein the first 20 amino acids of SEQ ID NO: 2 are set

forth in set forth in SEQ ID NO: 3. Examples of additional suitable leader sequences
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by use of a lurninoneter. Cells were stinulated with the indicated anmounts
of BLPIEa left 5 hours and harvested for |uciferase measurenent. ?A?Fﬁﬂ 0
control, \ﬁAW) }{SJ*IS were stinmulated with LPS in the presencerqlgsd ’ap?se c(z,\ ?)f
pol yr nyxi Olﬁ"‘? ni"B), PmB i nacti vates endotoxin and as expé’ccte Whé s
activation of NF-KB activity in the LPS+PnB sanple is dimnished by 98%
BLPIEa also activates NF-KB in a dose-dependent manner as shown in Figure

4, howeveyr j-dcH8a4 ERE Sehhdh-PIR1H0ES SERAD N@"%‘ﬁ?b."@@&ef’eﬂ%d%hjn'f@ﬂcus to a

statistically significant degree. These results suggest that the activation

of NF-KB seen with BLPI i S .o due 10 ntam nation of the preparation

Wi th endotBariet hBoERmir 'S sibnr ek S P DA e S P ARl BRD Gt on of
IL-6 by Dendrjtic Cells In Vitro An effective vaccine nust be able to

st i mul at PgERg ipidatigeiqusenspryaag et UineQ HANGyr bwner Hed g aofigchest

whet her BLPI Ec coul d i nduce DC function, we tested the ability of bone

mar r ow defeigv Bdd8Getyoempeodlis ENHatigahl ehltishighnihia tnhehifi¢anown iof (e, anli§eiBone nar r ow
dendritic cells were isolated and grown for 5 days in culture in the

presence of pt%MGRF s Ahlsthn, BudRYeifice®dd SanRrRnlRBd att8shtahsiddONO0
celIs/well ina 96-well dish and treated with either Ea peptide (0.3 g/ml),

LPS (I - i : Aable to
stinul ate t?—%"rpb o?‘fgg?]?%trllé%ﬁ Iﬁﬁ?%i‘lg&?eﬁ)lfeas&gg eggﬁoéig&%ggﬁée\é? w ch ELI SA
Figure 5). 20 Exanpl,e 4. BLPIEc Stinulates turation_of |nmature Dendritic
Col P ToRARTEr T R A BEPA R Bt B TEte SDER P BECSUHC2Hd pr ocont ed

by dendritic cells, we stinulated dendritic cells with the vaccine and

t est ed t hepet@e cppims tnf duacex pressrlom pbaos7iad hasidekprpdci de bound to MHC
Class H Cultured bone 82 WO 02/09748 2 9 FE9 2005 PCT/US01/24228

mar r ow desubstede demdfor bacterca Ipkgesbs, dizaf s)zavette lsidenmsdabed fmrh thdEa pepti de or
BLPI Ea

10 modified antigen, and bacterial lipid transferases, which lipidate the sequence, or a
portion thereof, comprising the lipidation consensus sequence. The resultant product
is a chimeric construct or fusion protein that is a ligand for a PRR and is capable of

stimulating both the innate and adaptive immune systems. In an additional

embodiment, this chimeric construct or fusion protein comprises additional polar or

—
A

charged amino acids to increase the hydrophilicity of the chimenc construct or fusion
protein without altering the immunogenic or immunostimulatory properties of the
construct.

Without further description, 1t 1s believed that one of ordinary skill in the art
can, using the preceding description and the following illustrative examiples, practice
20  the methods of the present invention. The following working examples, therefore,
spetl:iﬁcally point out the preferred embodiments of the present invention, are

iltustrative only, and are not to be construed as limiting in any way the remainder of
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and were stained with an antibody to the B7.2 costinulatory nol ecul e and/ or
with Yae antibody which recogi zes Ea peptide bound to MHAC C asjsi FER 2005

Anal ysi s was performed by FACS (Figure 6). 5 Exanple 5. BLPIEa Mdel

Vacci ne SPUMi"at¥s Specific T-Cells In Vitro W next assalSHUMEHE¥ BLplEa
that was processed and presented by DC could stinmulate the proliferation of
antigen-specific T-cells in vitro. Bone nmarrow derived nouse DC were

i sol at ed @and:. dd ' teal ni %%Eg\&,] Q. cells/well.
Cells vvert‘g” gﬁ'ﬁf%d q‘t?)‘lfr(%ﬁﬁgdyés&ma g&{f%eérb:h?%g% \/\/egig&c%’:{)lare%? g}d{,?lg:i% washed,
and count ed thelr\). rgpl &%5% in 96-well dishes at 250,000 cells per well. Cells
were sti mRiFSRE et i above indicated antigens and left three days to
mature. After 3 days, the DC were resuspended and plated in a 96-well dish
at either 5,000 or 10,000 cells/ WNAMPEES®||s from|ynph nodes froma 1H3.1
TCR transgenic nouse (1H3.1 TCR is specific for the Ea peptide) were plated
on the DC at 100806 11dekl Vataird Casseat hdthverentl@btDdrodin Inday? B cul ture
then "pul sed" with 0.5C Iwell of 3H rhym dine. The cells were harvested 24
hours sl atggygpd i ncorporation of thymdine (T-cell proliferation) was
measured 1n cpm (Figure 7). 83 28 FEB 2005 WD 02/ 09748 PCT/ US01/ 24228
Exanple 5. BLP/Ea Activates Specific.T-cells Vivo To assess the ability
of the vacci ne}i}toédaetﬂgfoa‘:{ug“gngoggl:ﬁci%ne'lc-aésgﬁ Ok Qf%‘?ﬁs@gt ’illﬁent\lﬁrbg,e @%ﬂ?nj ected
the fusion protein into a nouse. Three mce were injected as follows: Muse
#Sanpl e i hpabpeenaspopizaprelFadE Epms(PANP Hogbp thaedonted APESI2n0gPD4 Ea
peptide 30[1 g in CFA*3.29x10 3 jBLP/Ec 100 g5.2x 10" 5 *Conplete Freund's
Adj uvant E«. The PAMP we selected, BLP, is known to stimulate innate immune responses

through the receptor, Toll-like-receptor-2 (TLR-2).

10 The protein sequence of the bacterial lipoprotein (BLP) used in the vaccine
cassette for fusion with an antigen of mterest is as follows:
MEKATKLVLGAVILGSTLLAGCSSNAKIDQLSSDVQTLNAKVDQLSNDVNAM
RSDVQAAKDDAARANQRLDNMATKYRK (SEQ ID NO: 2). The leader
sequence includes amino acid number 1 through amine acid pumber 20 of SEQ ID

15 NO: 2. The first cysteine (amino acid number 21 of SEQ ID NO: 2) is lipidated in
bacteria. This lipidation, which can only occur in bacteria, is essential for BLP
recognition by Toll and TLRs. The C-terminal [ysine (amino acid number 78 of SEQ
[ NO: 2) was mutated to increase the yield of a recombtnant vaccine, because this
lysine can fornm a covalent bond with the peptidoglycan.

20 To assist in identification and purification of the antigen, a hexa-histidine tag
was engmeered on the C-terminal of the protein. The final construct is shown in

Figure 3.
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The injected footpad of nouse #2 was considerably swollen for the duration
of the experinent, but the footpads of mce #1 and #3 appeared n(?rgn;afla.mg

After 6 m ce were euthani zed and the associ at ed [.oi.r Jynp
node msﬁé?’%@i@gd for a T-cell proliferation assay. T-ce'lsj(f@Lg“é?nlgzﬁl ated in

a 96-well plate at 400,000 cellslwell 10 and were restinulated with either
Ea peptide or wwth BLP/Ea at the indicated doses. Cells were let 48 hours

to begin prol ifiermaibeprotdlwdxiictdrdOn Bhdtkhn@ld inghcRHvin PG diTRe | n medi um
and harvested 10" hours later. Thym dine incorporation was neasured by

counting J.1..: t a- ) d | e rlr s Vg §i ne
Cassettep\lfm&?‘% \gﬁ p%lnlﬂggtgbgr%gﬁg%g{séo%f&%ﬁigﬂegl\{gﬁg?ﬁ%%n*g% ures’ set forth
above for, the prodycti f_the BLPI Ea nodel anti ,.a.,vaccine cassette

o Chean P SR 0Lpa SnTho Bt eb Pates Btetiel ML RS HBRFGITal | er gen RaSG
fromthe giant ragweed (Anbrosia tr fda). The am no acid sequence of RaSG

i s as folekdwsgze 8dlugs IFER 2005bUAR: 624 097 UsVHCT colsor prd2pgs MMEEENSRL F

1LUTSTI KA | GSTNEVDEI KQEDDGA.CYE GTNCGKVGEKY CCSPI GKYCVCYDSKAI CNK NCT (SEQ I D

NO 9F. Toensnimg 206id SatuoneeTolont Xi90ahH Sr@ercanidewhiisiattdwyt h the BLP
amno acid sequence (SEQID NGO 1) to generate the BLPI RaSG fusion protein.

The S resdh Lantef pnaRl AAD oAk ENpkACEs e sabh raengldting bont ext of an

| L-12 i nducfng signal, ere the PAMP'in this case is i ntroduced
into a subject, this vaccine. . wl| generate all enzspecific, T+ cell
" 65 ponses HFHAPU R 5T Rty FouPE T s i THESHRRCEE® HEE A8 Hhe
i nduction of IL- 12 by BLP in dendritic cells and nmacrophages. 10 Exanple 8,
Model Vad®f pesseh e¥ata 2y Haksl-22ar apoeupey al Wocdmen vasisniyubiMely prastediur es set
forth above for the production of the BLP/lia nobdel antigen, a vaccine
casset t e witlt the aameboffer @D abbaguamiioges) dnd therodedied vugi hepltme veboads

10 of phosphate buffer (20 mM) containing 200 mM NaCl, 0.2% Triton-X-100, 20 mM
midazole, pH 8.0. The purified protein was eluted 1 20 mM phosphate buffer, 200
mM NaCl, 0.1% Triton-X-100, 250 mM imidazole and fractions were again tested for
proiein by immunoblotting. Positive fractions were pooled and dialyzed overnight
against phosphate buffered saline containing 0.1% Triton-X-100. The sample was
then decontaminated of any endotoxin by passage over a polymyxin B column, and
concentrated in an Amicon concentrator by cenfrifugation and tested by

immunoblotting and protein concentration for protein content.

Example 2. Stimulation of NF-kB by BLP/Ec mode! antigen in RAW cells

To test whether the model antigen could stimulate signal transduction
20  pathways necessary for an immune response, we assayed NF-kB activation in the
RAW mouse macrophage cell line in vitro. 'We developed a stable RAW cell line that
harbors an NF-xB-dependent firefly luciferase gene. Stimulation of these cells with

activators of NF-kB leads to production of luciferase which is measured in cell lysates
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tunmor antigen, Tyrosinase-Related Protein 2 (TRP-2). The nucleic acid
sequence and correspondi ng am no acid sequence of TRP-2 is provi dédi FR BEQ
I D NO 10 . sk;vvp 15 in Figure 20) and SEQID NG | | (shown in_Fi’?gure 21),
respect i VBPY'Y*™ & region used for BLP fission includes nuBFEUEMUTRH nunber
840 through nucleic acid nunber 1040 of SEQ ID NO 10. The T-cell epitope
i ncl udes nucl eic acid nunber 945 through nucleic acid nunber 968 of SEQ ID

NO 10. AviRgi0R 1@hinbRRTAB:As WAl stiAN B8 wigaf (Rl dey¥asri Be construction
is shown 20 bel ow. LDLAKKSTHPDYVI TTOHW. GLLGPNGTQPQLANCSVYDFF VWALHYYS

VR. DTLLGR KAl (SEQ. 1D NQ. 12).. A T-cell epitope of SEQID NO 12 is
VYDFFWa!' (%%&%%H%S af%ﬂ"‘”ﬁ%%‘?%@‘?%“% 5 PCT/ US01/ 24278 Exanpl e
9 CpQ jlmjmasUnuj ti n The famly of TLRs has recently been identified as
an essential chipomsil. RAW pollsarwe shmututed el GRO i e frasepet ANdr osophi | a and
mammal i an organi sns (Hof frmann et al. (1999) Science 284:1313-1318; Imer et
al . (200Qpsdade bf pQPYxidvB CPoR)aPmBBink6tivdbes22 otoiroaeiphickpected thei s required
for the detection of fungal infection and the induction of the antifungal
pepti de dr | LLee: | 186, ;9%’» e nouse,
TLR2 gndddﬁ%%%fgﬁghgv\%h%@e lrlrg%ﬁegit@@é%g%fﬁgnd@gn gnge;ﬁtb rial EE’”g\l/ﬂgtnd LPS,
respectively (Takeuchi_et al. (1999) Inmunity 11:443;451%‘, The functions of
the ot her2l3Peithi¥niss of -h & DHYSOHIFREEA R RIATANY R [rolgrs 2RI Yshare 10
currently unknown, although it is expected that at |east sone of themare

i nvol ved trstmémvathel mBrisrenctecegiatd tha sasuive td a st@oétieally s\smbifysant he resul ts
descri bed here indicate that the i mmunostinulatory effect of CpG DNA on the
three typrgreef TREQS @s8IsGNatesafat GRMUCATAFRNIINTIG KBEELS witPBLP/E« is not

due to contamination of the preparation with endotoxin.

10 Example 3. BLP/Ee Model Vaccine Induces the Production of IL-6 by

Dendritic Cells iz Vitro

An effective vaccine must be able to stimulate dendritic cells (DC)to mature
and present antigen, To test whether BLP/Ew could induce DC function, we tested
the ability of bone marrow-derived DC to produnlze I1-6 after stimulation in vitro.

15  Bone marrow dendritic cells were isolated and grown for 5 days in culture in the
presence of 1% GM-CSF. After 5 days, cells were replated at 250,000 cells/well in a
96-wel! dish and treated with either Ea peptide (0.3ug/ml), LPS (1060ng/ml) + Ee
peptide (0.3pg/mD), or BLP/Ec.. BLP/Ew was able to stimulate IL-6 production in
these cells as measured in a sandwich ELISA (Figure 5).

20 Example 4. BLP/E« Stimulates Maturation of Immature Dendritic Cells

To determine whether BLP/E« vaccine can be processed and presented by
dendritic cells, we stimulated dendrtic cells with the vaccine and tested them for the

surface expression of B7.2 and Ea peptide bound 1o MHC Class II. Cultured bone
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macr ophages and B-cells -- is nediated by a WD88 si gnal i ng pat hway. M/D38
is 15 involved in signal transduction by the Toll and IL-]I receptOQHFEH?MS
fanilies.\J$§w®§ 4vities of the IL-1 famly of cytokines, includifig 11-1
and IL-18,"?8¥d¥endent on processing by caspase-1, but i ACAYSITHES
experinments described here, the absence of caspase-1 had no effect on
CpG DNA i'nduced cellul ar responses (Fantuzzi et al. (1999) J din.

Imi'lunol . o19rods-dddved 2 Méu&@@fsqg d‘ﬁ?ﬁt\&‘%‘é %%ﬁ%tea@qth%@g?&l{& drrﬁfxgw&d in the

UD.
recognition of CpG DNA and found at they are not, east based on the

assays provided herejin., W | | ev refore, that i S..recognized
by 5 Tol | SHAEEH VNG Mk P aakbati Tl P ey ol A B pr ooe
endogenous or transfectcd TLRI through TLR6 did 86 WD 02/09748 2 8 FE 8 2005
PCT/ US01/ X2 28tibwsty widshowdsusc OB GrEpAle(twand s hdwa Y. Swdpeswihg t hat sone
ot her nenber of the 'Coll famly may nedi ate CpG DNA recognition, Wile the
identity ebrfbhedigl FACSCERUAI6) hat is responsible for CoG DNA recognition
remai ns unknown at this point, the fact that CoG DNA requires 5
internalizatio Fefy ik W}.al.0 ( _deg i -1995) Nat ur e
374:54%-549; X%REE%fEhghﬁé{‘ 5 OMOL 157 2116=2122 cégaests t hat
the TLR that nediates the recognition may be expressed in an intracellular
conpart ment, sdthnad apxsxe] whethegREBdsnibat FrragesvrmdandgreepsddsaC Exanpl e)

d. G and-B-Coll Activation 10 B-cells fromthe indicated nouse strains were
purified foohsiphtenthbyproldorpibemé antigentdpecfic ChAll in Chd4 Bmd macywophages.

Non- adherent cells were cultured - in the presence or absence of different

amount s ofieStddmbadel MY wepSisBNed Bid plANHEATTIGCISAGERE-135 CMBERHE L NO. 8),
phosphorot hioate nodified) at 1 x 106 cells/m . After 48 h, the cells were

pul sed wi t?'?@,béd?‘]:éﬂl)&%if?i @glls(x%té ciui[tgedrf&% days and then the DC were collected,

(@] u.l

10 washed, and counted then replated in 96-well dishes at 250,000 cells per well. Cells
were stimulated with the above indicated antigens and left three days 1o mature. After
3 days, the DC were resuspended and plated in a 96-well dish at either 5,000 or
13,000 cells/well. T-cells from lymph nodes from a 1H3.1 TCR transgenic mouse
(1H3.1 TCR is specific for the Ex peptide)were plaied on the DC at 100,000

15 celly/well. Cells were left for 3 days in culture then “pulsed” with 0.5uCi/well of *H-
thymidine. The cells were harvested 24 hours later and incorporation of thymidine

(T-cell proliferation) was measured in cpm (Figure 7).
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15 well, NEN) for 16 h and processed for beta counting. Results shown in
Figure 9A are representative of three independent experinents. 28 FER 25
B- 1yr uphogyt 6%,,9&ri ved from caspase-1 knock-out nice proliferated in
response {(%) @%’ég§orrpar ably to wild type calls (Figure 9A), "SUGGRYI NY t hat
the effect of the. MyD38S deletion is not due to a defect in IL-1flL-18

medi ated signaling. This 20 result indicates that CpG DNA signals through

the receptors Bfamile STRUP/EgmdiyateBSpenfit $-dellon M avai | abl e MR-defi ci ent

nouse strains, the C57BLJIO0ScCr strain that carries a spontaneous del etion

of the TLRA gengadsBalihobibiiness @k vadch08)zeSabRnc®ecidB2-208RsBEAs8in Qur eshi at
al . f Exp. fed 1999, 189:615-625) and TLR2 knock-out 37 WD 02/ 09148 2 8 FE!

2df 5 PCrl;t, 801124 T qy l . Wﬂé - . 443-451), both
prolifer alt”;e[c?f In #%@otﬁgﬁ%n&ép?%&g}t?ngﬁ%oﬁm?of@]ﬁg%c% - ygi%(t:%il ’s (Figure 9A).
This resuLt, together with the normal responses of the caspase-1 deficient
cells, su%’d@%’?-ed that a menber(s) of the Tall fanmily other than TLR2 or
TLR4 is jnvolved in recognition of CoGDNA 5 Exanple 11. CpG and

B- cel | ExpMesssi®hn of D86 and. NRargilassectsthe CpG i n?ﬁcﬁdympbne@ssdt@h of CD86
and upregul ation of MHC clasg-11 nolecules on B-¢ells was tested to
det er mi npywhet her these processg eﬁfdgwggli@pgg by [ 1tdaeoMyD88 si gnal 1 ng
pat hway. | B- | ynphocytes from NMyDS8 knock-out mce and wld-type littermate
control mrce—as wett—as—those from TLRéA=deftcientoncerwere—10—stinul at ed
by CpG DNA. CD86 and MHC cl ad® RPUEEPPLE BT FAse e ﬁrﬂé;s\gf)on were anal yzed by
FACS. cells were preparedlas above and cultured at 3 x_'r_ﬂﬁ_c,ej_l.sj_n:l" with
or without 10 nmM CpG for 12 |BLRfE@iOQuge stinul af iPe¥ 10t he surface
expressipn of CD86 and MHC dlass U were anal yzed{by flow cytonzetry.
Resul ts, s@gﬁmeiemrﬁﬁpggd anflD represent gated B-cells. The shaded area
represents stinulated cells, whereas the

The inyected footpad of mouse #2 was considerably swollen for the duratton of

the experiment, but the footpads of mice #1 and #3 appeared normal. After 6 days,
the mice were euthanized and the associated draining lymph node was harvested for a
T-cell proliferation assay. T-cells were plated in a 9¢-well plate at 400,000 cells/well
10 and were restimulated with either Ee peptide or with BLP/Ew at the mdicated doses.
Cells were left 48 hours to begin proliferation, pulsed with 0.5uCi/well of *H-
Thymidine in medium and harvested 16 hours later. Thymidine incorporation was
measured by counting in a beta-plate reader (Figure 8).
Example 7. Model Vaccine Cassette with an Allergen-Related Antigen
15 Using the procedures set foith above for the production of the BLP/Ex model
antigen, a vacceine cassette with an allergen-related antigen is produced using the
pollen allergen Ra5G from the giant ragweed (Ambrosia trifida). The amino acid

sequence of Ra3G 1s as follows:
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unshaded arca represents untreated controls. As shown in Figure 913, CpG DNA
strongly induced expression of CD86 and MHC class-1T on B-cells frPH‘FER 105
wild-type and TLR4-deficieut mice. By contrast, this induction was =

conpl etely abrogated in MD38 deficient B-lynphocytes. 2 2 F E R 2005
WO 02/ 09?’%8 OISt 1 /2 228 Ex rt pk 12. C oting of S; ond%.'%ﬁi‘"ﬁ%ﬁg i

Al &Kk Elwllia Full-length Salnonella typhiinuriuin Flagellin and E coli
Flagellin were cloned fromthe respective genornic DNAs _and expressed as

r ccombi nASKINDF ML LASILIRS TEKAalGS TNEY PERKQELDCLEY e pHESEYGKYone, or as a
fusion protein with antigenic epitopes from oval bumn (SI XNPEICL),

t yr osi NnasECEPIBROY €VIC YIIRPRJCNK ofeT (SEQM NO:i9e BLl6 cells, or the
C--termnal fragnent of 1-Eu protein, which contains the Ea epitope. In
addition, all I i j j : - 0

6x- hi sti di ne rlg%e&gpﬂ%’gaag'?@lﬁﬂﬁ@%futﬁsﬁlg ?S%P% %Qf%ﬁggdﬁﬁggngﬁ a were |ysed
in a gentle |lysis R ntaining Trjton-X 100, . glycero i m dazol e,

NaCl , ancFC*Idrqegyeftfﬁggfiée[boﬁﬁaa%%%%Wéh%gﬁ’%%%ﬁfwﬁﬁé’tt?‘Bh f the proteins.
Fusion proteins were purified by passing filtered |ysates over a N ckel- NTA
agar ode ceulint feopibineet yeyciar plapesi the allgaines thecapdgd papn Byl # 81d8c@gnt ai ni ng

i mdazole. Purified proteins were eluted in 250mM i m dazol e, passed tw ce
over a 15ifehywhere heB AAdPumthis case gnBIR). cont am nati ng | i popol ysacchari de and
t hen dialyzed extensively overnight in PBS at 4C. The resulting purified

proteins were Weky ifiARtal infdsubficaitis REdAnd WY1 gnedife AiRfgelspteAST-a nMoOUt h.
Exanple 13 Flagellin In vitro Assays In vitro assays were perfornmed using

purified C'éhatgg,'oL,LéL t{q_é{sﬁhoo% SEQLAASH AR Ti?lore%yng&v\ﬁie to the induction of IL-

12 by BLP m dendritic cells and macrophages.

10 Exani ¢ 8. Mode! Vaccipe Cassette with a of- atéd Anfige
Using the procedures set forth above for the production of the BLP/Ex model
antigen, a vaccine cassette with a tumor-related antigen 1s produced using the modoi
tumnor antigen, Tyrosinase-Related Protein 2 (TRP-2). The nucleic acid sequence and
corresponding amino acid sequence of TRP-2 is provided in SEQ ID NO: 10 (shown
15 in Figurf,; 20) and SEQ D NO: 11 (shown in Figure 21), respectively. The region
used for BLP fusion includes nucleic acid number 840 through nucleic acid number
1040 of SEQ ID NO: 10. The T-cell epitope includes nucleic acid number 945
through nucleic acid number 968 of SEQ ID NO: 10,
A regton of the TRP-2 that can be used for the vaccine construction is shown
20  below:
LDLAKKSTHPDY VITTOQHWLGLLGPNGTQPQIANCSVYDFFVWLHY Y S
VRDTLLGPGRPYKAIDFSHQ (SEQ ID NO: 12).

A T-cell epitope of SEQ ID NO: 12 is VYDFFVWL (SEQ ID NO: 13),
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The human 293 cell he and the nmurine RAWcell line were stably transfected
wWith a reporter gene containing two copies of the fgK NF-K3 S|te dri vi ng
transcription 09 V WO 02/09748 28 FEB 2005 PCT/US01124228 of Céferilﬁf
(this construct is referred to as "pBxlxluc"). The resultin ceII Fhie
(293LUC @ WAYKB) were plated in 24-wel |l dishes and treafEXU3%VHth s | ater
with Flagellin fusion proteins or a control protein (lacZ) that was nade in
t he sane vector and purlfled exactly the sane way as the Flagelliu
proteins. Cellg]\ e S hours of treatment and were
tested for iuctt y dicate induction of NF-icB. The

Fl agel I'in prot g cant ced NE- K |nth| ssa articularly
in 293 cells \/ﬁ@féﬁ% .:{Fé[tf_cﬂ 6°°'btﬁ]56 e dgiiige 83%‘?1’55'5[{ Bgug?ﬂﬁ'ﬂﬁ {n Fi gures
12 and 13. It is believed that this induction was not due to contanination
by LPS sinmate inpmiuyenyecogniiodital bethtDrosipiii end memaelian atgaohms{HREWkBnCcel | s, and
293LUC cells 10 do not respond to LPS but do respond to Flagellin, as .

i ndi cat edyhy (D@ REente 20043 {13187 a1k 654 RO0®fClRCOMR, MidbBioAISIAYS
denonstrate that Flagellin fusion proteins retain their ability to

St MLt epobl b b, BEGRRLRS AR A2 UGR S AR PEHISL AR e generation

r econbi en fusion e purpose of

VaCCI natio I n F agel n Antl f usi on rot ei ns believed to
sti mul at emg‘?sCt bg“{‘gﬂlrﬁﬁ%ﬁg&?sgfﬁyﬁ? &Pt ﬂ{;({]‘%ﬁecﬂl Eg 9??écept ors,
whereas the antigen fused to Fla tin provides epitopes for recognition
by T and %%yﬁpﬂ?@@@@@zwmngﬁefﬁhO&Wdﬁﬂﬁd@tﬂcﬁﬂm 19pf bacteriher ophages
Adherent thioglycollate-elicited peritoneal exudate cc] Is (PLCs) fromthe

i ndi cat edpONusd IS, acspactwele(Takeahed oM POYimanent 1 ¢43-04011), Ter 24 h. The
rel ease of IL- 24 6 into the supernatant was anal yzed by specific

enzyme- | i R&Eﬁ‘ods@ﬁﬂ?@&@&ﬁﬁ@hbéﬁ%@me(@bkéﬁha%ﬂ RenARilian MRUSBmkltesGréronoc! onal
anti bodies. As CpG- DNA is al so known

10 currently unknown, although it is expected that at least some af them are involved in
innate inmune recognition as well,

Collactively, the results described here indicate that the immunostimulatory
effect of CpG-DINA on the three tvpes of professional antigen presenting cells- DC,
mecrophages and B-cells -- is mediated by a MyD88 signaling pathway. MyDg8 is
involved in signal transduction by the Toll and IL-1 receptor farnilies. The activities
of the IL-1 family of cytokines, including IL.-1 ancli IL-18, is dependent on processing
by caspase-1, but in all the experiments described here, the absence of caspase-1 had
no effect on CpG-DNA iInduced cellular responses (Fantuzzi ez al. (1999) J. Clin,
Immunol. 19:1-11).

20 We tested whether TLR2 and TLR4 are involved in the recogmition of CpG-
DNA and found that they are not, at least based on the assays provided herein. We
believe, therefore, that CpG-DNA is recognized by a Toll receptor other than TLR2

and TLR4, Cell lines that express endogenous or transfected TLR1 through TLR6 did



to have a pronounced stinulatory effect On ny~n or~p' gVp~.,1 C (StLn y f~ L.
It LLI(2.LrV, 1LR ~t/4 ~ ~L i AL (2000) Cur;'. Top. hlicrobiol” "hninunol.
247: 41-58; Lipford et al, (1998) Trends M crobiol. 6: 496 90 28 FERF 260y VO
02109748 PCT/ US01/ 24228 500; Stacey et al. (1996) J..Inmmunol. 157:
2116- 21220 28848 nduced expression of .I1L-6 by w ld-type ERANYHEE2%as

exam ned in deficient macrophages. Cells derived from caspase-1 hock-out

m ce, were used as a control for IL-1-nmediated induction of TL-6. The

productiq f..EL: 8. FRAr e 1.0 I .at | I abol i shed
W bee o1 Fospligt & GAGHENRIRE shOHERe Shb bRl LDl R TR LG of e
TLR4-deficient cells (Fi %ure 10A}‘. A i gonucl eotiides consisting of inverted
CpG  sequbtbBmy wesrdets - A*CEAY8t , and as expected did not induce
detectable anounts of IL-6 (Figuze.10A). Exanpph 15. CpOyDNA -1rk UC2d cB
a. Degrdati on WhiMéhalentity of thedlolhret¢pdor thetis waporsiblefortUpé&r-RELAB si gnal i ng
pathway is deficient in MyD88 -1- nacrophages. Peritoncal nacrophages were

sti mul at egdcydrlitfiod RitaiBNMImOkm kRBiARIR, HRTAN Mat CHO-DRA Quirst0, 60, and 90

m nutes and . 1ysed thereafter. For = each tinepoint, 30 ng total protein was

Trqure: efia Pl iy f AAMAAS SA0K RERARPL S NS ERRRSIN g
' vy oes SaeShed dragos e S T Bafnet e BeyPadid Gamablisr e wiih

del ayed kinetics, as is consistent with published observations (Kawai el al.
(1999) | rthe meaoighitiphimay h&expeadyed inanavisce! lulat ¢departesnt, Gpdd Nbe ldeé d not i nduce
fxB degradation in MyD88 -1- nacrophages (Figure 10B). Therefore, while
both LPS atidsafe Gitae NS bgi@bsotRr ough MyDS8, the signal i ng pat hways
initiated by these stinmuli are riot identical, reflecting a possibility
that differentgllRs i & i

10 B-cells from the indicated mouse strains were purified from spleen by
complement kill of CD4 ¥, CD8" and macrophages. Non-adherent cells were cultured
in the presence or absence of different amounts of stimulatiné CpG-DNA (5'-
TCCATGACGTTCCTGACGTT-3’ (SEQ ID NO. 8), phosphorothioate modified) at
1 x 10% cells/ml. Afier 48 h, the cells were pulsed with [*Hlthymidine (0.5uCi per-

15 well, NEN) for 16 h and processed for beta counting,

Results shown in Figure 9A. are representative of three independent
experiments. B-lymphocytes derived from caspase-1 knock-out mice proliferated in
response fo CpG comparably to wild type cells (Figure 9A), suggesting that the effect
of the MyD88 deletion is not due to a defect in IL-1/1L-18 mediatcld signaling. This

20  result indicates that CpG-DNA signals through the receptors of the Toll family. B-
cells fiom two available TLR-deficient mouse strains, the CS7BL/108¢Cr strain that
carties a spontancous deletion of the TLR4 gene (Poltorak ez al, (1998) Science

‘ 282:2085-2088; Qureshi et al, . Exp. Med.1999, 189:615-625) and TL.RZ knock-out

]
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but distinct signaling pathways. Exanple 16. CpG and FL-2 )'roductiot!l jn
Denclritie Cells 91 2 8 FEB 2001, WD 42/09748 PCT/ US01/ 24228 CpG DNA has
been shown to be a potent inducer of DC activation (Sparwasser ety gi|: B 2005
(1998) Eur. J. fnmmunol. 28: 2045-2054), DC play a pivotal role in §
initiati oWORMHE adaptive i nmune responses (Banchereau elPGIUSOUZES) Nature
392: 245--252). Upon interaction with m crobe-derived products (PAW) in
peri pheral 5 tissues, DC undergo devel opmental changes collectively referred

to as matura che, The

hal | mark &f" %ﬁ%ﬁ?ﬂgﬁa%%n(ﬁ% Ife"rtqm%l%dﬁ%g?%ﬁl)%a%ﬁ?ﬁ%ﬁﬂﬁd%@ eseng %8sion of
CD80 and CD86_ npl ecul es, as wel ration into | ynphoid tissues and
product i oRpEsiEardk fhrewildtme "égs (H_ELEQS’ BaARErefdategetenwith thegygmaNat ure 392:
245-252). W tested therefore, whether the 10 i nduction of DC nmaturation by
CpG DNA i mspmdesadiahle bysphirel W&ts&l@maig’gnged fet hveynbeNy)DEhe Tellani mal s
produce |IL-12 when stinulated with CpG oligonucleotides. WIld-type,

BI O ScCr, faé‘rﬁgz d&r8Rarr TLRE%FQ‘L@EE BMoRed m/!%r:@gmﬂé@m&@tﬁmm bone marrow
suspensi ons !tured for 5 days in DC Gow h” Medi um (RPML 5% FC + 1%
v 4)

DG | i geaacl eotides or
Ay TEs = -‘" stinul ation and

anal yzed for I - L1 A usin i c capt an ction

ant i bodi es. EQII‘WE Ws?lg“ iiﬁgﬁbémﬂuprﬁ a‘F‘?ﬂo‘i’ﬁdI\gg{gl ‘%Fsst ree

i ndependent | y perfor med experinments. Consistent with published reports,

CpG DNA i nuplsoalts 0@ 8 -edlbsreasitestedio deergearfting sheaf ULOE5$Q3 oy ndidtedby t he
wi |l d-type mce. However, no detectable 1L-12 was produced in response to CpG

stinul ati epM @@si@ﬁmﬁﬂm\mm B Wi clie® ElerOMEly DIEB GRodiFb@uniRe ddd . As _
expected, DC from TLR4-deficient mce produced wild-type levels of IL-12 in

response twﬁld% TN MR ddde, as well as those from TLRA4-deficient mice, were

10 stimulated by CpG-DNA. CD86 and MHC class -II cell surface expression were
- analyzed by FACS.
B-cells were prepared as above and cultured at 3 x 10% cells/mi with or without
10 mM CpG for 12 h. After the stimulation, the surface expression of CD86 and
MEIC class I were analyzed by flow cytemetry. Results, shown i Figure 9B,

15  represent gated B-cells. The shaded area represents stimyulated cells, whereas the
unshaded arca represents untreated controls. As shown in Figure 9B, CpG-DNA
strongly induced expression of CD86 and MHC class-I1 on B—ceﬂs from wild-type
and TLRA4-deficient mice. By contrast, this induction was completely abrogated in
MyD88 deficient B-lymphocytes.

20
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92 28 FEB 2005 WO U2/09748 PCT/USO1/ 24228 Exanple 17. CpG Ea Chineric
Construct A non-protein PAMP, CpG was conjugated to the characterized nouse
antigen, Ea, though a PEG polyner |inker and/or copolynmers of D-|$$8img 2emd
D gl utamgt ording to the nmethods described in C.T.S. _

6, 06, 00523020@3:8 5 DNA derivative, conprising Co&40 was tfs‘;]: Saogll\%ﬁse
non-protein PAMP. All articles, patents and other materials referred to

bel ow are specifically incorporated herein by reference, Wile this
invention has pegh,diiscEq i 2118 TORPRith &SP S fckbilia an8 sl nents, it is
apparent that ot her I I'S rnvenfron 10 array
be devised, by ..others skilled in the art without departing fromthe true
spirit anghg@s‘&e of the invention. The appended clains are intended to be
construed to include all such enbodi nents and equival ent variations. 93 28

FEB 2005 CLAI MBy (1 Yendfh K4S ARIPE Pk S Piufr RS $h B ARok PRLBHA % LA an

rnmmunostimul atory portion or inmunostimulatory derivalive thereof and an

antigen or._an, inmunogenic i,on_or i mupogenic .derivative thereof. 2. The
Tusi on pr BP0 e STPE e R ORI A AR S uah Bt @I PO M AL or oup

consi sti ng of peptides, proteins, |ipoproteins and g|_yCQFI‘ oteins. 3. The

f usi on5pr fagFWndY”ﬁxBYWeﬂ,ﬂWe?féfSﬁ@ﬁ@nmﬂi@&’éﬂpgﬁﬁﬁapl @FSHOPRA. 4. ' The
fusion protein of claim1l1, wherein the antigen is obtainable from sources

sel ect ed bralbmmine SHINFRKLY fisostdsnd podtelndTRER) doned TromasyrireBikfi ¢ellyeast ,
protozoa, nelazoa, tunors, nalignant cells, abnormal neural cells,

arthriti c o} 831@RSmind FaBR¥ETIHBFrotSS viich cothAR he BRNUpIBHS, [nhunans,
al | ergens, and hornones.

addition, all of the recombinant proteins contained a C-terminal 6x-histidine repeat to
aid in purfication.

10 Induced bacteria were lysed in a gentle tysis buffer containing Triton-X 100,
glycerol, imidazole, NaCl, and Tris, pH~=8.0 to maintain the native ca-:)nformation of
the proteins. Fusion proteins were purified by passing filiered lysates over a Nickel-
NTA agarose column followed by extensive washes in several buffers containing
imidazole. Purified proteins were eluted in 250mM imidazole, passed twice over 2

15 Polymyxin B column to remove contaminating lipopolysaccharide and then dialyzed
extensively oveniight in PBS at 4°C. The resulting purified proteins were very stable

and retain activity at 4°C for at least a month.

Fxample 13. Flagellin In vitro Agsays

In vitro assays were performed using purified Flagellin fusion proteins as

20 follows:

The hurman 293 cell line and the murine RAW cell line were stably transfected

with a reporter gene containing two copies of the Igk NF-kB site driving transcription



5. The fusion protein of claim1, wherein the antigen is mcrobe-related,
allergen-related or related to abnormal human or animal cells. Thé fusion
protein of claim1, wherein the PAMP and antigen are |inked by a chem cal
l'inker. 7. The fusion protein of claim1, wherein the fusion protgifliFFRutgsher
conpri sesWooR49BE nore addit=i onal PANT s or inmunosti nul CHAUBOPEA2RE ons or

. immunostinul atory derivatives thereof, and wherein the PAWPS,

i rnmmosti mJI atory portions or imunostinmuiatory derivatives of the fusion

prot ein SR hIAIGAYs Attt 8 OB Thy kAt Blighos Of ol aim 1,

wherein t e vaCC|ne er conprises one or ‘nore i ona antlgens or

i mmnogen rti rmau en vatiyves, t.hereof erein the
anti gens, %%ﬁﬁﬁﬁoﬁ’gﬁi%% rfga%&m ?‘ﬁ%ﬂéﬂfg‘ﬁ? ?Pddﬁafe\?g)td’ R I3 t“ﬂ f usi on
protein are either identi cal or different. 9. The fusion protein of claiml,
wher ei n tEbgﬂhalf@ﬁﬂmp}‘@@ilﬂrpffﬂmonﬁ@‘rpf@@ﬁm@i@é§hﬂt wiaemade fibthe symelivestonal PAVPS

or immunosti nul at o-sy portions or isnxnunastimnmulatory derivatives thereof,

and one ofndmirHficddstadtlyomhakandaivag antheMlagellpitRgeN Celligdatdsange fladk NMMunogeni ¢
derivatives thereof, and wherein the 94 28 FEB 2005 PAMPs, i nmunosti nul atory

portians gg. TTBAROSH bk QLY W8 icviRd f(}{'qéc;ifﬂmg'é%gf@?ﬁ&%tu g%y i gens

i munogeni ¢ portions or imunogenic derivatives - usion protein are
either i dentl cal rent usi on otein of claim1l, wherein
the fusi off ¥ ﬁhqﬁlﬂﬁ?@‘ P%W?‘&@gca%{i’én@?‘ce e‘%éﬁ‘ml%?ssﬁvot eins. 11. The
fusion protein of claim1l1, wherein the PAM? and the antigen are separated
by a spacpaticdlarly Tthad¥ Qéisa&rhemaaﬂei aongél prh&imaat nowtiere s sidven RANISs BLP. 13.
The fusion protein of claim].2, wherein BLP is the am no acid sequence of

12 and 13. It is believed that this induction was not duc to contamination by LPS

since polymyxin B did not inhibit the activation in RAW«B cells, and 253LUC cells

10 donot respond to LPS but do respond to Flagellin, as indicated by Figures 12 and 14,

The results of the In vitro assays demonstrate that Flagellin fusion proteins
retain their ability to stimulate Toll-Like Receplors and can therefore be used for the
generation of recombinant Flagellin- Antigen fusion proteins for the pﬁrpo se of
vaccination. In Flagellin-Antigen fusion proteins, Flagellin is belicved to stimulate

15  the ipnate immune system by triggering Toll-Like Receptors, whereas the antigen
fused ta F‘Iagellin provides epitopes for recognition by T and B lymphocytes.

Exam 4: CpG apd TL-6 Production in Macrophaees

Adherent thioglycollate-elicited peritonea! exudate cells (PECs) from the
indicated mouse strains were treated with different stimuli for 24 h, The release of I1.-

20 61nto the supemataﬁt was analyzed by specific enzyme-linked immunosorbent assay
(ELISA) using anti~mouse IL-6 monoclonal antibodies. As CpG-DNA is also known
to have a pronounced stimulatory effect on macrophages (Stacey ef al. (2000) Curr.

Top. Microbiol. Immunol. 247: 41-58; Lipford et al. (199R) Trends Microbiol. 6; 496-

90



SEQ ID NO 2. 14, The fusion protein of claim1l, wherein the antigen is
selected fromthe group consisting of atnyioid-P peptide, |i steriolysin,
H V gpl20 and p24, RaSG and TRP-2, EGFR, prostate- speci 5c anti gen? ¢ PSA)
prostate-speci c nmenbrane antigen (PSMA), Her-2neu, SPAS-1, TRP-1,

tyrosi na. WO OHBT¥n Adart-i, gp3 00, BAGE, GAGE, GV.12 garR§FUS8I#828 ki nesin
2, TATA elenment nodulatory factor 1, tunor protein; D52, MAGE D, _Z2,
1-11P-55, T uF-3 anti-apoptotic factor, MA GE-1,

HOM Mel - 4 ; Sﬁpg 3 D 1 Hhie [~ 201 S ; | ycoprotein
| NMUCI ang@%%%nﬁb nsggg??%éﬁlﬁ%'ﬁrclﬁg{%gggﬁ tée?éll%rsl'g?}er e,
iiL.A-DRBL, .aLA-DRI, 1 A 131, CDI i,.a,, LEA-1, |IFNy, TL-10,, TCR anal ogs,
| gk anal oés‘s%il‘“ﬂr??’%%‘il@? ) %%WMidﬁ}a@@d’éﬁﬁ%g?%mﬁﬁg@ LDL
receptor, glutamc acid d ecarboxylas e (GAD), insulin B chain, PCG1, IA-2.
| A-2b, GLfvn/saggsar dknopivnt mice, weph gsdd asiagnnipeldoelnl ehediated indictiopdr ei n t he
DAMP is a peptide mnetic of a non-protein PAMP and/or the antigen is a
peptide nimBt i Theprodustitir GHTOLEIYespnbé BETPG sBhuldtiS Wabcdnp@Rly 16. A fusion
protein conprising a | eader sequence, a consensus sequence, and an antigen

Sequenge, JRRE] b VOB S OVSRNRRSAIMRIE dhiinfli DEpad- gLYGOSYhAL I On or

i pi dali on consensus sequence. usion protein’o alm 16, wherein
t he conse S uence, is. tit . 8.,.9l ycosy] ation or a.lipigdation consensus
sequence. ﬁ‘gf"'“ ‘ef‘h%"l%dﬁ‘? Fat ﬂﬁp g?h%ﬂé&ﬁ‘?t}gféF°W§@P6P21&Vﬁge‘f§8¢§er sequence
signals post- trans|ational gl ycosylation or |ipidation of the consensus

sequence. SE@nENED scsnusdas aioentel, sndismxpestedidmet mdupredgieciddds peptide is
sel ected fromthe group consisting of

amounis of IL-6 (Figurel0A).
X 15. CpG-DNA- o atl
10 We next tested whether activation of the NF-xB signaling pathway is deficient

in MyD88 -/- macrophages. Pentoncal macrophages were stimulated with CpG-
DNA, or LPS as a2 control, for 0, 10, 20, 60, and 90 minutes and lysed thersafter. For
each timmepoint, 30 mg total protein was processed for SDS-PAGE and analyzed by
immunoblotting for IxBe: protein. (Figure 10B), Tn wild-type cells, both LPS and

15  CpG-DNA induced NF-«xB activation, as evidenced by the degradation of IxB protein
(Figure 10B). In MyD88 -/- macrophages, LPS still induced IxB degradation, albeit
with delayed kinetics, as is consistent with published observations (Kawai e/ al.
(1999) Inumunity 111 115-122). However, unlike LPS, CpG-DNA did not induce xB
degradation in MyD88 -/~ macrophages (Figure 10B). Therefore, while both LPS and

20  CpG-DNA signal throngh MyDR8S, the signaling pathways initiated by these stimuli
are not identical, reflecting a possibility that different TLRs can activate overlapping

but distinct sighaling pathways.

Example 16. CpG and I1.-2 Production jn Dendritic Cells

51



a) the amno acid sequence of SEQID NO-. 3; b) the am no acid sequence of
SEQ ID NO. 4; c) the amno acid sequence of SEQID NO 5; d) the am no acid
sequence of SEQ ID NO, 6; and e) the amino acid sequence of SEQ | DI RGER7005
20. The fusion protein of claim16, wherein the consensus sequence is CAN
(SEQ I D 3w40n2/0%)48 21. The fusion protein of claim17, wherRETiushgsZ8nsensus
sequence is C | (SECT ID NO 1). 22. The fusion protein of claim 16,
wherein the antigen is obt ai nabl e from sources selected fromthe group
consi sting of acte Vi ruses ast zoa, ., netazoa, tunors,
mal i gnant cel | }haél °ﬁ%ﬁli"°éffn@gﬂ"lasp°t%ﬂtf F‘Er“"é?q‘g%‘ftl}'ﬁg car di ovascul ar

| esi ons, plants anlnals humans, allergens, and hornmones. 2 .+ 1 The fusion
protein ofSmhwasverld ol (383 Furt hdnamtioly 2% 2043 2054)0BE play apébtal role in
allergen-related or related to abnormal human or animal cells. 24. A

reconbi napde iMeiGHOM oﬁﬁhmiﬂh !V@Qmﬂﬁfﬁk@ belRs (BiehetMgedNq1998) Niwpsr PIRI n of

claiml or claiml1l6. F F B 2005 25. A host ceII corrpr|S| ng the
reconbi na f. erein the
host cel |l %’S \ésﬁ’a %CT(‘%‘ m”CETlﬁ%JI% I%%m f‘f%&%{jﬁ?ﬁ%é up co %‘?’Hgﬁgf bacteri a,

yeast, . pl ants an| nd  in sect he host_cell of cl aim2S, wherein -«
the host &&TRs,1aC NECJS?BPY%ORWQEHC wae@lmvaérﬁw WASUPSERon28 The host

cell of claim25, wherein the host cell is a bacteria that |ipidates the
PAW 29. Bwmehbce: ofalp(l 88 cVag a3 T S DAS DX afreuhnllmeﬂqpfafﬂrwgatampm or an

the induction of cell sur.face expression of CD80 and CD86 molecules, as well as
migration into lymphoid tissues and production of cytokines such as [L-12
(Banchereau er al. (1998) Nature 392: 245-252). We tested therefore, whether the

10 induction of DC maturation by CpG-DNA is mediated by the MyD88 signaling
pathway. MyD88 -/- animals produce [L-12 when stimuléted with CpG
oligonucieotides. Wild-type, B10/ScCr, and MyD88 -/- bone marrow DC, were
prepared from bc;ne martow suspensions cultured for 5 days in DC Growth Medium
(RPMI 5% FC + 1% GM-CSF}) and stimulated with 10 mm CpG or 10 mm GpC

15  oligonucleotides or ieft untreated. Supematants were taken 24 h and 48 h after
stimulation and analyzed for IL-12 by ELISA using specific capture and detectilon
antibodies.

The resuits, shown in Figure 11, are from one of three independently

performed experiments. Consistent with published reports, CpG-DNA induced

20 secretion of large amounts of 1L-12 by DC from the wild-type mice. However, no
detectable [L-12 was produced in response to CpG stimulation by DC derived from
MyD8R knock-out mice (Figure 11). As expected, DC from TLR4-deficient mice

produced wild-type levels of IL-12 in response to CpG-DNA (Figure 11).
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i xnmunosti nmul atory portion or imunastixnul atory derivative thereof and an
antigen or an imrunogenic portion or. iaunogenic derivative thereof, said
met hod conprising culturing the cell of claim16 and isolating therfkysign
protein produced by the cell. 30. A vaccine conprising tbe fusion E)rOt ei n of
claim!| oVOM4WP16 and a pharmaceutically acceptabl e caF(.:I—)éF‘.)”%S‘i.S The
vacci ne of claim 30, wherein the antigen 'is associated wth disease. 32. The
vacci ne of claim 30, wherein the antigen is allergen-related or related to
abnor nal hunanEngﬁﬂiﬁalcﬁ(:ﬁ& Bhinnmic d’@ﬁﬁcci ne of claim 30, wherein the
antigen is a hor ; . craim 30, wherein the antigen is an
anyl oi d-p peptide. 35, .The vaccine of claim 30 erein the PAl .Pis a
peptide ,ime i RAH-BO E%tc@q’} WA Al ugEed ke gharactorizedmeussi m 30, wherei n
the anti gen is a peptide nirnetic of a non- proteoi antigen. 97 28 FEB 2005
37 Use of aatifensEonthprughei BEG bolyker bmkdr and/of opmindners phBelysineand B-carrier for
preparing a vacci-ne for immunizing an animal. 38. Use of a fusion protein of

claim1 Oraléﬁuaedac%oﬁggﬁgﬁ@ﬁ&ma& esgﬁﬁéd {8177, § 04t RIS RAE %G%W.i ne for

i mruni zi n@ a nanmal . e use o aim 38, wherein t is a human.

40. The u f. clgim37 or.38 erein the,vaccine.i par ent er at ,
intr avénoigq‘g ety afve chmpTising QP%W aérusf‘i)?s tgﬁﬂ?‘?‘f‘f’@’?‘ﬂfzﬁ? fq&‘ﬁé ‘usi ng
suppositories, or via the mucosal surfaces, The use of claim38, wherein the
antigen is anylQi ghidlcpSRtdneearothdd n dtSAINRESREG0 BADR L5 5cRBIRR -

incor;iorated herein by reference.

While this invention has been disclosed with reference to specific
embodimerits, it is apparent that other embodiments and vanations of this invention
10 may be devised by others skilled in the art without departing {rom the true spirit and

scope of the invention. The appended claims are intended to be construed to include

all such embodiments and equivalent variations.
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42. The use of claim 38, wherein the human is diagnosed with Al zheiner's

di sease. 43. Use of the fusion protein of claim1 or 16 for the preparation
of a vaccine for treating a subject, wherein the vaccine is for
~administration to a subject who had been adm nistered antibodies or
activated i mune cells, and wherein the antibodies or actfygEgdgsmmune
cells are directed against the antigen of the fusion protein. 44. The use
of claim 43, wherein the antibodies are nonoclonal. 45. Use of the fusion
protein of cl@iamMSor claim 16 and an agent selected fromthe group

consi sting of: chenot herapeutic agents and anti-angi ogenic agents for the
preparation of a vaccine for treating a subject. 46. The use of claim 45,
wherei n the chenot herapeutic agent is an anti-cancer agent. 98 47, Use of
the fusibn prifusion pofteis| camprisiogan 156 !aed P AM o EiFPeRIsEPUERoE  phar maceut i cal
conposition for.a [ : g%r@ i r.radiation. 48. A
fusion prot ei%@é‘r?%%l‘llﬁgﬁé‘h&iﬁs Iapgﬁ%%ogﬁ{d?%%ﬁh%ﬁfgg&n, - wherein the
antigen is aisghbognid geton didmmhbepfuisieonatpedieesl. of cl ai m 48, wherein the,
antigen is selected fromthe group consisting of anyl 0id-t3 peptide, TRP-2,
prost at ez, spemieffigongibicdest o RBA), whpteingbek LM He cdlédted Fomibagewant i gen

(PSMA), Her-2ney,, SPAS-1, TRP-1, lyrosinase, Mlon A/Mart-1, gpl00, BAGE,
GAGE, G\2 gerfPy 388 qErentlfe STHcs: %WE%WHTOWHWMOW factor 1, tunor

r in 2, | D, | . . I
prote 3[.)5 ’ Thlt\:mﬁl(s}zzbn ;:irotean%Zf’clalm 1, wheren the PAMP is a ligand for a PRR.
; 4, The fusion protein of claim 1, wherein the antigen is obtainable from sources
selected from the group consisting of bacteria, viruses, fungi, yeast, protozoa,
metazoa, tumors, melignant cells, abnormal neural cells, arthritic Jesions,

cardjovascular lesions, plants, animals, humans, allergens, and hormones.

5. The fusion protein of claim 1, wherein the antigen is microbe-related,

allergen-related or related to abnorma! buman or antmal cells.

6. The fusion protein of claim 1, wherein the PAMP and antigen are linked by a
chemjcal linker. '

7. The fasion protein'of claim 1, wherein the fusion protein further comprises
cne or more additional PAMPs or imppunostimulatory portions or
immvmostimulatery denivatives thereof, and wherein the PANMPs,

" immunostizulatory portions or immunostimulatory derivatives of the fusion

protein are either identical or different.

8. The fusion protein of claim 1, wherein the vaccine further comprises one or
more additional 2utigens or immunogenic pertions or immunogenic
derivatives thereof, and wherein the antigens, immmmogenic portions or

immunogenic derivatives of the fusion protein are either identical or different.

5. The fusion protein of claim 1, wherein the fusion protein further comprises
one or more additionz]l PAMPs or immunostimulatory portions or
immunostimulatory derivatives thereof, and one or more additional antigens or

Immunogenic portions or immunaogenic derivatives thereof, and wherein the
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H P-55, TG 1 anti-apoptotic factor, MAGE-i, HOW Mel - 401SSX2, NY-ESC- | EGFR,
CEA, MAGE D, Her-2neu, NY-ESO 1, glycoprotein MJC1 and MJCI O nucins, p53,
EGFR, CDC27, friosephosphate isonmerase, HLA-DREI, HLA-DR1, HLA-DR6 Bl, CD
la, LFA-1, 1FNy, 1L-10, TCR anal ogs, IgR anal ogs, 21- hydoxyl ase, cal cium
sensing receptor, lyrosinase, LDL receptor, glutarnic acid decaragé%gﬁﬁﬁ
(GAD), insulin 8 chain, PC1, 1A-2, [|A-2b, G.IM-38 and NVDA. 50,
fusion protein of claima48, wherein the DAMP is selected fromthe group
consi sting of peptides, proteins, |ipoproteins, and glycoproteins. 51. The
fusion protein of claim48, wherein the PAMP is a ligand for a PRR 52. The
fusion protein of claima48, wherein, the PAMP is |ipidated. 53. The fusion
protein of claim48, wherein the antigen is obtainable from sources
sel ect ed fr oRxnbMies, gnaupstonsiosy pordions ortimmmensstimubmdrygiednstves! | s, abnor nal

| esi ons, and cardi.ovascul ar | esions. 54. The fusion

neural cells arthrid}i

protein of cfharspias %ﬁ%r’—é’i‘ﬁfnf hEANGRGRA PPE o FPRYPP R YBFER2005 99 28 FEB
12005 abnor Ml REs SXthAETBbroth k. citheiBorti T @: fiieiean Protein of claim 48,
wherein the PAMP and antigen are linked by a chem cal |inker. 56. The

fusion ROt eirPe @fsidy |BHIEIAS 1@ Whddeib IR AUSE SRt REBLENJMddber conpri ses
one or nore additional PAWPs, and wherein the '
QL& OF MOTe Camer proteins.

11.  The fusion protein of claim 1, wherein the PAMP and the antigen zre

scparated by a spacer.
12.  The fusion proten of clairn 1, wherein the PAM? is BLP.
B K) The fusion protein of claim 12, wherein BLP is the amino acid sequence of

SEQID NO: 2.

14, The fusion prbtein of claim 1, wherein the antigen is sejected from the g;rbup
consisting of amyloid-B peptide, Nsteriolysin, HIV gp120 and p24, Ra5G and
TRP-2, EGFR, prostate-specific antigen (PSA), prostate-specific membrane
antigen (PSMA}, Her-2neu, SPAS-1, TRP-1, tyrosinzse, Melan A/Mart-1,
gp100, BAGE, GAGE, GM2 ganglioside, kinesin 2, TATA elemient
modulatory factor 1, tumor proteis 352, MAGE D, I¥G2, KIF-55, TGF-1
ant-apoptotic factor, MAGE-1, HOM-Mel-40/8832, NY-ESO-1EGFR, CEA,
MAGE D, Her-2nen, NY-ESO-1, plycoprotein MUCT an0d MUC10 mucins,
p53, EGFR, CDC27, inosephosphate isomerase, HLA-DRB1, HILA-DR1,
HLA-DR6 B1, CD11s, LFA-1, JFNy, I1.-10, TCR anzlogs, IgR analogs, 21-
hydoxylase, calcium sensing receplor, tyrosinase, LDL receptor, glutamic zcid
decarboxylase (GAD), msulin B chain, PC-1, [A-2, IA-2b, GLIM.A-38 and
NMDA.

15. The fusion protein of claim 1, wherein the PAMP is z peptide mimetic of a
non-protein PAMP and/or the antigen is a peptide mimetic of 2 non-protein

antigen.
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PAMPs are either identical or different. 57. The fusion protein of claim48,
wherein the fusion protein further conprises one or nore additional
antigens, and wherein the antigens are either identical or different. 58.
The fusion protein of claim48, wherein the fusion protein further
conprises one or nore additional PAMPS and one or nore additional aptfgens
and wherein the PAMPs, and/or the antigens, are either identical or
different. 59. The fusion protein of claim48, wherein the fusion protein
further conprises one or nore carrier proteins. 60. The fusion protein of
claim 48, wherein the FAMP and the antigen are separated by a spacer. 61.
The fusion protein of claim48., wherein the PAMP is a BLP, an OW, an OSP,
a Flagellin or a porin. 62. The fusion protein of claim®6l, wherein the
Pi-, MP ihg the BLbPproph efnhiamst IR RPtdQaRE] tonfANRRERA e, B | D NC. - 2. 63.
The fusion protein of claim48, wherein the PAMP is a peptide -mnetic of a
10 non- pr ot ei@Rt @ANFRuaRE whereihdhaprnstpsys egueactis pilicda ELRPHBID Gf a
non- protein %gltdiag&#w?eﬁmsg_%ﬁmg%ﬁa PAMP with a foreign or self antigen for

n o

the preparati a vaccihe for stimulating an innate i nmune response in

an aningl a er en i . ' ' e e to 100 a
forei gnqg!'r sgﬁ f E‘%hﬁ“ﬁ’é%ﬁ‘% OE@Q&FE%’ %}%}gﬁ%&%g{’ %}éﬁu%%&%ﬁggsﬁ%@? e innate i nmune
response i s ghtosyidiah eda byidatohicsatensny sepveneer nore of the Toll-1ike
Receptors. 66. The use of claim 65 wherein the animal is a manma;. 67. The
use of diRai mTE6 fwhempesteintolielamddfitwheesin tonlmadersegporsanial post-

transkatiopal glycosylation or lipidation of the consensus sequence.

19.  The fusion protein of claim 18, wherein the leader peptide is selected from the
group consisting of; -
a) the amino acid sequence of SEQ ID NO: 3
b) the amino acid sequence of SEQ ID NO: 4;
c) the amino acid sequence of SEQ ID NO: 5;
d)  the amino 2cid sequence of SEQ ID NO: §; 2nd
€} Lhé: amino acid sequence of SEQ ID NO: 7.
20. The fusion preiein of clzim 16, wherein the consensus seguence is
CXOON (SEQ ID NO: 1). |
21. The fu;iOn p_rotein. of ,ﬁlajm 17, wherein ﬂ.;e CODNSENSUS Sequence 1s

CXXN (SEQ ID NO: 1),

C 22, The fusion protein of claim 16, wherein the antigen is obtzinable from sources
selected from the groﬁp consisting of bacterig, viruses, fung, yeast, protozoa,
metazoa, hanors, malignant cells, abnommal neural cells, arthritic lesions,

cardiovascular lesicns, plants, amimals, humans, allergens, and hormones.

]
Lad

The fusion protein of claira 16, wherein the antigen is microbe-related,

allergen-rejated or related 10 abnormal human or animal cells,

24, A recombinant vector comprising nucleotides encoding the fusion protein of

claim 1 or claim 16.

96



enhanced by the activation of APCs by the activation of the one or nore
Toff-1ike Receptors. 58. The use of claim 67 wherein the antigen is of
bacteérial, viral, protozoan, rnetazoan, or fungal origin. 6a. The use of
cl aim 68 wherein the PAMP and antigen are fused to forma fusion 'Pﬁ?ﬁﬁ?ﬂ@'&
70. The use of claim69 wherein the DAMP is selected fromthe group
consisting of: bacteria! |ipoprotein, bacterial outer nenbrane protein,
bacterial outer surface protein, Flageltins, or porins. 71. The use of
claim 70 wherein the PAMP is selected fromthe group consisting cf:
Borrelia ospA, Borrelia ospB, Borrelia ospC, the |lipidated tetrapeptide cf
bacterial lipoprotein and Klebsiella onpA 72. The use of claim 71 wherein
the PAMP is the iipi dated ‘tetrapeptide of bacterial |ipoprotein,. 73. The
use of ckai fgkg) SRy g@@gegoﬂthgeatdr%fgﬁgﬁgged fromthe group

consi sting of arnyl 0|d 2 peptid , EGFR, prostate- specific antigen

- (PSA) , ost %ngb PAS-1, TRP-1,
t yr osi ngge %?gﬁﬁ%ﬁ% . ,%@&m@%b%ﬁ%&l,lg %@ahggéggg%wgm de, kinesin
2, TATA el etrengrournsbobiatng of Haaetigryedsy, planbpmipebtaed md62, MADE D, 1NG2,
ff!P—55, TC-F--i anti-epoptolic 12: tor, | ASE 1. HOMMI 2 8 F E.R 2005
101 40/ 38X2, 'IthEsS@H of dEGEER S, Shéceid\BkosDrellbier b2oietn wiNMhEr&dcesl, gl ycoprotein -
MJUC1 and %06%}#\% 3, EGFR CDC27, triosephosphate isonerase,

HLA- DRBL, HL BESAY -

28. The host cell of claim 25, wherein the host cell is a bacteria that lipidates the
~ PAMP. |

29. A rpethed bf pmducing a fusion prbtein comprising a 1”.e"&_lv,[P OF an
Immunostimulatory portion or uﬁmunost:mulatory denva ‘avc thereof and an -
antigen or an immunogenic portion or impunogenic derivative thereof, said
metbod comprising culturing the cell of claim 16 and isolsting the fusion
protein produced by the cell. i

30. A vaccine comprising the fusion protein of claim 1 or claim 16 and a

pharmacentically acceptable carmer.
. 31 The vaccine of claim 30, wherein the antipen is associzted with disease,

32. The vaccine of claim 30, whereln the antigen is zllergen-related or related 1o

abnormeal human or animal cells.

33. The vaccine of claim 30, wherein the antigen is a hormone.

34. The vaccine ¢f claim .30, wherein the antipen is an amyl.oid—ﬁ pephde.

35, The vaccine of claim 30, wherein the PAMP is a peptide wimete of a non-
protein PAMP. .

36. _ The vaccive of claim 30, wherein the antigen is 2 peptide mimetic of a non-

protein antigen.
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CDlia, | _FA-1, IFNy, IL-10, TOR anal ogs, |IgR anal ogs, 21 hydoxylase,

cal cium sensing receptor, tyrosinase, L.DL receptor, glulamc acid

decar boxyl ase (GAD), insulin B chain, PC1, 1A-2 |A-2b, G.I MA-38 and NVDA

74. The nethod of claim67, wherein the antigen is a self-antigen. 27;%@550%5
S /

use of claim 74 wherein the PAVP and antigen are fused to forma fu

proteipn. 76. The use of claim75 wherein the PAMP is selected fromthe
group tonsi stFRGIOF VHARLBPIE OF CREPrioPei'R, et t ra HISE6HY®  nenbr ane

protein, backgrieakoQUkgEqSsd s N \AGRiIRNOLRIUnFhRe8kNAS, or porins. 77- The
use of claim 76 whereinr the PAMP is selected fromthe group consisting of:
Borrelia ospA, Borrelia ospB, Borrelia ospC, the tipidated tetrapeptide of

bact erkal i rot eing: : i-el /8. £y claim77 wherein
the PAWP is p%g (i(?fi gijgnggﬂo{é‘ierfngﬁgb ﬁdgpo néjctée;?}?-%ﬁj#?g%%’ otein, 79- The
use of cl ai nt@Biewiar@epatites selduirgnbid ioemnunisng elregtetklf rom The group
consisting of arnyloid-fs peptide, TRP-2, EGFR, prostate- specific antigen
(PSA), prostate-specific nenbrane antigen (PSMA), Her-2neu, SPAS-1, TRP-1,
tyrosi gase, Nekarel Nardimlis, viRk&RiheSASIRMABAGENUMEMR. gaai gl i cside, kinesin 2,
TATA el ement nodul atory factor 1, tunor protein D52, MACE D, |IN&, MP-55,
TGF- 1 anti-apoptotic factor, MACE-1, HDI A- Mel - 461 SSX2, NY-ESQ | EGFR, CFA,

 MAGE DgoHer - ZReWseNf-cki@ 37 o 28 WHEPHh Sheel dbcMdCh 1 MGH) mucins, p53, EGFR
- CDC27, triosephosphate isonerase, HLA-DRB1, HLA-DR1, HL,-DR6 Bs, CDIa,
LFA-1, | FI VyIn{avepouy CROEN AFBYYSIr4leR cafR{[ggynisation using

supposilories, or via the mucosal surfaces,

41 - The use of claim 38, wherein the antigen is amyloid- peplide or

an immuonogenic portion thereaof.

42, Trie use of ciagim 38, wherein the human is diagnosed wilh

Alzheimers disease.

43. Use of the fusion prolein of claim 1 or 16 for the preparation of 3
vaccine for treating a subject, wherein {he vaccine is for
administration {0 & subject who hed been adminisiered anfibodies
or activated immune Ce!ls, and wherein the entibodies or
sctivated immune cells ere directed against the antigen of the

fusion protein.
44, The use of claim 43, wherein the antibodies zre monocional.
45, Use of the fusion proiein of claim 1 or claim 16 and an agent
selecled from the group consisting of. chemotherzpeutic egents

and anti-angiogenic agenis for the preparaiion of & vaccineg for

treating & subject.

46, The use of claim 45, wherein the chemotherzpeutic agent is an

anli-cancer agent,
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26FEP2005 102 28FEB2005 hydoxyl ase, cal ci um sensing receptor, tyrosinase,
LPL receptor, oiutamc acid decarboxyfase (GAD), insulin chain, Pr 1, 1A -2
| A-2b, GLIMA-38 and NVDA. 80. The use of claim69 wherein the fusipgnf,:gn%(ﬁi n

i s formybat edyabtd in@n RRAT RESHLE 884 Y RAE6H AR R RlbiyaBt s 81. The fusion

protein of claim48, wherein the antigen Is selected fromthe group of
anti gens conspbgimereoficaiampaicerdod kembaled itradmwent wdlet ors, vascul ar

endot helial growth fact or. receptors, fibroblast growh factors and

fibrobl ast gr oW 8cS¥®P8cept ors. 82. A vaccine which conprises a PAVP
conjugated with a foreign or self antigen that stinulates an.innate imune
response in an animl and thereby enhances the adaptive i mmune response to

a forei%§n or ASEPPI eI PO SIODEE SHRICT 6Ad R 67GRASK1BEBI e | evel ' s of

i nf I anmat i on. x@%reiﬁ‘u\’féﬁﬂi Wbl &y comBrRi ses a PAWP conjugated with a foreign
or self-antigen which, en adm ni stered at a therapeutically active dose,
stinulates an innate i nmune response in an aninmal and thereby enhances the

adapti ve, nMuRe I, 1.0 olgysY nself-antig does not lead to
ondesir bt e 1 aVg|'gogy Préie |°§%®i@n%§%’”b@e£@%9%§' A _C?(B&‘t_nj ugated with a
foreign or selifonatre geap ftonsisipreeplaamylgica? pyaucien@RiFez, bemd-at i ng an i nnate

i nmune response i.n_ _an anj and, therehy enhancing the adaptive immune’
response to &pFBIﬁ%FBQQ%}(%%}‘)f p%‘or.?ﬁtlaésﬁegﬁct TGt TF@%gPh%eQ 0 undesirable | evels
of - i nfl anmat i(PBMA)Y, Her-2neu, SPAS-1, TRP-1, tyrosinase, Melan A/Mart-1, :

gplO0, BAGE, GAGE, GM2 ganglioside, kinesin 2, TATA

element moduletory factor 1, tumor protein D52, MAGE D, ING2,

HIP-55, TGF-1 anli-gpoplotic factor, MAGE-1, HOM-Mel-

40/SSX2, NY-ESO-1EGFR, CEA, MAGE D, Her-2neu, NY-ESO-

1, alycoprotein MUC1T end MUC10 mucins, pb3, EGFR, CDC27,

iriosephosphezte isomergse, HLA-DRE1, HLA-DR1, HLA-DORG B,

CD1ia, LFA-1, IFNy, IL-10, TCR 2nsalogs, 1gR analogs, 21-

hydoxylase, calcium sensing receptor, tyrosinase, LDL receptor,

glutemic acio decarboxylase (GAD), insuln B chain, PC-1, 1A-2,

1A-2B, GLIMA-38 and NMDA. |

50. The fusion prolein of claim 48, wherein the PAMP is selecied
from the group consisting of peplides, proteins, lipoproleins, and

glycoproieins.

61, The fusion protein of claim 48, wherein the PAMP is g ligand for &
PRR.

52. The fusion profein of claim 48, wherein, the PAMP is lipidated.

53. The fusion protein of claim 48, wherein the antigen is cbtainable

from sources selecled from the group consisting of lumors,
malignant cells, abnormal neurzl ceils, arthritic lesions, and

cardiovascular lesions.

54 The fusion protein of claim 48, wherein the antigen is related 1o
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103 2 8 FEB 2005 wD 02/0974$% PCTI USI | 1/ 2422K SEQUENCE LI STI NG <110> YALR
W VERSI TY <120> | NNATE | MMUNE SYSTEM DI RECTED VACCI NES <130> 044571-5071- WO

<140> NOT YET ASSI GNED <141> 2001-07-31 <150> US 90/ 222,042 <151 %gg@ﬁ%ﬂ‘fgl

ig vereion 3.0 <210> 1 <211> 4 (C212> PRT <2 e
E§§”ﬁ¥5¥ﬁaf'%ﬁﬁ site <220b <221> VARI ANT _

c400> 1 Cys Xaa. Xaa Aan 1

X160, 13 X170-_Pat

Artificial

(3) z223> X~any am no acid, preterahl y serine

<210> 2 <211> 7B
55.

56.

57.

58.

59.

60.

B1.

B2.

63.

B4.

- The {usion protein of claim 48, wherein the PAMP and antigen

are linked by & chemical linker.

The fusion prblein of clzim 48, wherein the fusion protein further
comprises one or more additional PAMPs, and wherein the

PAMPSs are either identical or different.

The fusion protein of claim 48, wherein the fusion protein further
comprises one or more additicnal antigens, and wherein the

antigens are either identical or different.

The fusion proiein of claim 48, wherein the fusion protein further
comprises one or more additional PAMPs and one or more
sdaditional antigens and wherein the PAMPs, and/or the entigens,

zre eiiher identical or different.

The fusion protein of claim 48, wherein the fusion protein further

COMPrises one ¢r mare carrier prolens.

The fusion protein of claim 48, wherein the PAMP and the

antigen are separsled by a spacer.

The {usion prolein of cigim 48, wherein the PAMP is a BLP, &n
OMP, an OSSP, a Flagellin or 2 porin,

The fusion protein of ¢laim 61, wherein the PAMP is the BLP

which has the amino a¢id sequence of SEQ ID NO: 2.

The {usion protein of ciaim 48, wherein the PAMP is a peptide
mimetic of a TO'non-proiein PAMP sndlor the enligen is a2 peptide

mimetic of 8 non-protein antigen.

Use of 8 PAMP with & foreign or seli antigen for the preparation
of a vaccing Tor slimulsting an innate immune response in an

animeg! and thereby enhancing the adaplive immune response o
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<212> PRT <213> Escherichia coli <220> <221> m st feature
2 Met Lys Kla Thr Lys eu Val Leu Ay Ala Val |lie Let Ay Ser Thr 1 5 10 15
| 78FE02005 WD 02/097.18 PCTI U441/ 24278 Leu Lieu Ala Ay Cya Ser Ser Agr i

Ala Lyg Ile
Val Asp G n

Ala Thr Lys
Escberfehi a

66.

B7.

68.

71.

<223> SLP <400>

Lau Asrl BFER IS

Ser Ser 20 25 30 Asp Val G n Thy'
%e@é‘rmﬁx{% ©Jal 35 40 45 Asn Ala Met Arg Ser Asp Val Gn
Ala k la Lys Asp Asp Al a Ala Arg 50 55 60 Ala Asn G n Arg Lau Asp Asn Met

Tyr Arg Lys 6s 70 7S <210> 3 <211> 20 <212>

PrT <213>

€0t poe 2P oesn EL4o0Neseir 1BE IfrEdg UIPBUR EBPOBEPIY eader sequence.

stimulated by acliveting one or morg of the Toll-like Receptors.
The use of claim €5 wherein the animal is 8 mammal.

The use of claim &6 wherein the adaptive immune response is
enhanced by the activation of APCs by the activation of the one

or more Toli-like Receptors,

The use of claim 67 wherein the antigen is of taclenal, viral,

proiozoan, metazoan, or fungal ongin.

The use of claim 68 wherein the PAMP and anligen are fused to

form & fusion protein.

The use of claim 69 wherein the PAMP is selected from the
group consisting of: bacterial lipoprotein, bacterial outer
membrane prolein, bacteria! ouler surface protein, Flagellins, or

porins.

The use of cleim 70 wherein the PANMP is selecled from the
group consisting cf: Borrelis osph, Borreliz ospB, Borrelig ospC,
the lipidated telrapeptide cf bacienal lipoprotein end Kiebsiella
ompA.

The use of claim 71 wherein the PANP is the lipicated

tetrapeptide of bactenal lipoprolein,

The use of claim 70 wherein the seli-antigen is selecied irom the
group consisting of amyloid-A peptide, TRP-2, EGFR, prostate-
specific anligen {PSA), prostate-specific membrane antigen
(PSMA), Her-Zneu, SPAS-1, TRP-1, lyrosinase, Melan A/Man-1,
gpi00, BAGE, GAGE, GM2 gaeiglioside, kinesin 2, TATA
element modulgtory facior 1, lumor profein D52, MAGE D, ING2,
HIP-55, TGF.1 anti-apoptohc facior, MAGE.1, HOM-Mel-
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<400> 3 Met Lys Ala. Thr Lys Leu Val Leu Ay Ala Val Ile Leu Gy Ser Thr 1
510 is Leu Leu Ala Ay 20 <210> 4 <211> 20 <212> PRT 213> Erw ni a
anyivvora <220> <221> misc eature <223> 1LP | eader sequence <400> 4 Met

PR e R N e T b YN L

rarcescet c220pccr2aein MLECT Bedltir@1X@R8ms SLF, Ikt rC8€Gidence <400> 5 2 8 F

E R 2005 : \
triosephosphale isomersse, HLA-DRE1, HLA-DR?1, HLA-DRE B},
CDlig, LFA-1, IFNy, IL-10, TCR anzlogs, 1R analogs, 21-
hydoxylase, calcium sensing receplor, tyrosinase, LDL receplor,
glutamic acid decarboxylase {GAD), insulin B chain, PC-1, 1A-2
IA-2D, GLIMA-28 and NMDA.

74, The meihod of claim 67, wherein the antigen is a8 self-anligen.

75, The use of cleim 74 wherein the PAMP and anligen are fused (o
form a fusion protein.

78, The use of claim 75 wherein the PAMP is selecied from the
group consisting of: baclerial lipoprotein, bacterial outer
membrane protein, baclerial outer surfece protein, Flegellins, or
porins,

- 77. The use of claim 78 wheregin ihe PAMP s selected from the
group consisting of. Borrelia ospA, Borielia ospB, Borrelis ospC,
ihe lipideted tetrepeplide of bacienz| hipoprotein and Klebsielle
DIMpPA.

78. The use of claim 77 wherein the PAME is the lipideied
tetrepeptide of bacterial lipoprotein,

79. The use of claim 76 wherein the sefl-anligen is selecied from the

group consisting of amyloid-f peptide, TRP-2, EGFR, prosicie-
specific gnligen {(PSA), prostaie-specific membrane antigen
(PSMA), Her-2neu, SPAS-1, TRF-1, tyrosinase, Melen AfMart-1,
gp100, BAGE, GAGE, GMZ2 gaaiglicside, kinesin 2, TATA
elernent moduletory facior 1, fumor prolein D52, MAGE D, ING2,
P-55, TGF-1 anti-apoptotic facior, MAGE-, HOM-Mel-
40/55X2, NY-ESO-1EGFR, CEA, MAGE D, Her-Zneu, NY-ESO-
1, alycoprolein MUCY and MUC10 mucins, p52, EGFR, CDC27,
tricsephosphate isomerase, HLA-ORB1, HLA-DR1, HLA-ORé6 8,
CDHa, LFA-1, IFNy, IL-1C, TCR enelogs, }oR anslogs, 21-
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PCT/ USQL/ 24228 Met ?Lsn Arg Thr Lys Leu Val Leu Gy Ala Val Ile Leu Ay Ser
Hs 1510 15 Ser Ala Ay <210> 6 <211> 19 <212> PRT c213> Proceus
mrabilis <220> <221> nmisc feature <2Z3> 5LP | eader sequence <400> 6 Met
Lys Ala Lys Ile Val Leu Gy Ala Val Ile Leu Ala Ser 51y Lea 1 5 1Q 15 Leu
Ala Ay <210> 7 .e2l11> 16 <212> PRT <213 Borrelia burgdorferi _ 7%2& .
<221> m st feature <223> Quter surface protein A <4005 7 Met Lyo*“Ly B‘I’{WS
Lea Lau Gy Ile Ay Leulle Lea Ala L,eu Ille Ala 1 5 10 i5 <210> 8

80.

81.

a2

83.

84,

hydoxylase, calcium sensing receplor, tyrosinase, LDL receptor,
olutamic acid decarboxylase {GAD), insulin 8 chain, PC-1, 1A-2
1A-2b, GLIMA-38 and NMDA.

The use of claim 69 wherein the fusion protein is formulated with

a pharmaceutically acceptable adjuvant.

The fusion protein of claim 48, wherein the antigen is selected
from the group of antigens consisting of vascular endothelial
growth factors, vascular endothelial growth factor receptors,

fibroblast growth {aclors and fibroblast growth factor receptors.

A vaccine which comprises a PAMP conjugated with a foreign or
self antigen that stimulates an innale immune response in an
animal and thereby enhances the adaplive immune response to &
foreign or self-antigen but does not lead to undesireble levels of

inflammation.

A vaccine which compfises 2 PAMP conjugaled with 2 foreign or
self-antigen which, when administered at a therapeutically active
dose, stimulaies an innate immune response in an animel and
thereby enhances the adaptive immune response 1o a foreign or
self-antigen bul does not lead to undesirable levels of
inflammation.

Use of 8 PAMP conjugated with a foreign or self antigen for
preparning a vaccine for stimulating an innate immune response in
an animal and thereby enhancing the adaplive immune response
lo a foreign or self-antigen but not Ieédmg to undesirable levels of

inftammation.
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3 WD 02/ 09748 e21.3> 20 c212> DNA <213> Artificial <220> <223> CpG DNA
[400 8 Cccatgacgt tcctgacgtt 20 PCTILUSOL/ 24228 <210 9 <211> 73 Jtéé?>
PRT <213> Anbrosia trifida <220> [2217 m st feature <223> RaSG ra& 2005
pol | en al Weyi28em8 <400> 9 Met Lys Asn Il e Phe Met Leu Thr plgquwddiveshke Levi
Ile lle Thr Ser 1 5 10 15 Th: Ile s Ala lie cly Ser Thr An Qu Val Asp piu
Tie Lys Gn 20 25 30 du Asp Asgedieycd eusiGwe Tyr Gu Gy Thr An Lys Gy Lys
Val Gy 35 40 45 Lys Tyr Cys Cys Se.r Pro Ile Ay Lys Tyr Cys Val Cys Tyr
Asp Ser s0G165 YBOELEVERSITY e Cys Asn Lys Asn Cys Thr

<120> INNATE IMMUNE SYSTEM~DIRECTED VECCINES

<l30%  044574~-5071-WO
<140> NQT YET ASSIGNED

<14l 2001-07-31

<150> US 60/222,042
<151> 2000-07-31

«<l60> 13

<170 PatentIn version 3.0

<210> 1
<21ll> 4
212> PRT

«213> Artificial

220>

<223> lipidation gite

<220

<221> VARIANT

€222 {2)..4(3}

<223> X=any amino acid, preferably serine
<400> 1

Cys Xsa Xaa Asn
1

<210> 2
<Z21l> 78
<212> PRT

¢213> Eescherichia coli
<320

221> mizc_feature
<223> BLF

<400> 2

Met Lys Ala Thr Lys Leuw Val Leu Gly Ala Val Ile Leu @ly Ser Thr
1 3 14 15



155 70 <2107 10 <211> 2182 <212> DNA e213> Mus nuscul us <2207 <221> m st
feature <222> (405).,(1958) <223> Tyrosi nase- ?el at ed Ki naBe pr otk AFR 20
(TRp"2) 4 2 8 F B9, 2005 WO 02/09748 PC TI US01/ 24228 <220 e221> mgc
feature wi@am7{s945).1(968) <223> T-cell epitope <220> p2@Ys@qbwSC reconb
<222> (840) (1040) <223. Re-gion linked to SLP to form fusion protein <400>
10 gcagcat aat aagcagtatg gctggagcac tctgtaaatt aactcaatta gacagagcct 60
gatt t aacaa, qgangactdy corgepgelc Legt cahlas Aact gatold, agaggagett 120
cggatgaa. at taaatcagtg ttagttgttt gagtcacata aaattgcal g agcgtgtaca 180
catgtgcaca cgtgtaggct ctgtgattta ggtgggaatt ttgagaggag aggaaagggc

ksp Val Glu Thr Leu Asn Ala Lys Val Asp Gluo lLeu Ser Asn Asp Val

35 40 45

Asn Ala Met Arg Ser Asp Val Glp Ala Ala Lys Asp Aap Ala Ala Arg
50 55 60

Ala Asn Gln Arg Leu Asp Asn Met Ala Thr Lys Tyr Axrg Lya

g5 70 75
<210= 3

<21l1> 20

«212> PRT

<213> Escherichia <oll ‘
<220

<221l> wmisc_feature

<223> BLP leader assguence

400> 3

Met Lys ala Thr Lys Leu Val Leu Gly Ala Val Ile Leu Gly Ser Thr

i 5 10 13
Leu Leu Ala Gly
20
<Z10> 4
<211> 20
<212> PRT

<213> Erwinia amyloveora
<220

<221> migc_feature

223> BLP leader sgguence

400> 4

Met Asn Arg Thr Lys Leu Val Leu Gly BAla val Ile Leu Gly $er Thr

1 5 10 15
Leu Leuw Ala 3ly
20
<210> 5
<211> 19



240 tagaact aaa cccaaagaaa aggaaagaag agaagaggaa aggaaagaaa aaagaaaagg 300

caatttgagt gagtaaaggt tccagaactc
agaaaccagg tgggacgccg gccaggcctc
gggggct t cwogengygt t gt ct gyget gcg
cccgagtctg CatgaCCttg gatggcgtgc
ccgaggcaac,faacacet gt ggatttctag
cagacaccag accctggagt ggcccttata
ggccgagaaaz atst CHd:a8Ca GRYaLAlgea
gt ggacggct g caagttcggc tggaccggcc ccgactgtaa tcggaagaag ccggccatcc

aggagt ggaa
ccaat t aaga
gaart ct gct
t gaacaagga
agggcagggg
tccttcgaaa
aat gcacagg

gacaaggagt
aggcat gggc
cagagct cgg
at gct gcccg
gcagt gcgca
ccaggat gac
aaactttgct

t aagacggaa2itt ccatt cC ct gact gccc aggagaggga acagttcttg ggcgccttag
acct ggccaa gaagagtat c catccagact acgtgatcac cacgcaacac t gctggggc

28FE82005<¥3>02%
,tcgccaactgzgggcgég

<43 00>

1

leaddy sequencs

5

5

Ser Ala Gly

<210>

<211>

<2iZ>

<213

<220%

<221>

<223

<400

&
19
PRT

Protenus mirabilis

misc_ feature
BLP leadey pequence

&

10

f

aaagt cagac 350
cttgtgggat 242QR 005
gechcagshi/riz2890
cCCtgggtc 540
gaggt gcaaa 600
cgt gagcaat 4550
ggttataatt 720
780
840
900 5

Met Ren Arg Thr Lys Teu Val Leu Gly Ala Val Ile Leu Gly Ser His

15

Met Lys Ala Lys Ile val Leu Gly Ala Val Ile Leu Ala Ser Gly Leu

1

5

Leu Ala Gly

<210>

<21%>

<212>

<213>

<220>

<221l>

<223 >

<400

7

le

PRT

Borrelia burgdorferi

misc_feature

10

Outer gurface pratein A

7

15

Met Ly=z Lys Tyr Leu Leu Gly Ile Gly Leu Ile Leu Ala Leuw Ile= Ala

1

<210%

5

B

10

15

83LW/ET| US01124228 tgct cggacc caacgggacc cagccccaga
tat gacttttttg



960 tgtggctcca ttattattct gttcgagaca cattattagg tccaggacgc ccctataagg

ccattgattt ctctcaccaa
ggct ggaaag agaact ccag
act t t gcad¥0 8Yyfgatagaac
gacaagat ga cccaacgctg
gcgacagct izaggatgact ac
t gct gagaa9 aaacaaagta ggcagaaata
aagat t gcctzigbctmipccag aagtttgaca
gct _caggaa Cgcaccggaa gggtttgata
t gaacct t c¥Baactrgariiagact ccttcc
cagccaacgg ccctgtgttt gtggtectce
ggct gaagay ‘d3acaaccct tccacagatg
-acaaccgaat, gtataacatg gtccccttct

gggcct gecct
agact cactg
gagt gt gacg
att agt cg9a
aaccgccggg

t aaccgcagd ‘géaactt gyc tacaattacg
<400> 8
tceatgaegt ficctgacgtt
20
<210~ 9
<211l 73
«212> PBRT
«213> Ambrosia trifida
<2205
<221> misc_feature
<223> Ra5G ragwaed
<40Qd> 5
M2t Liys 2sn Ile Phe Met Leu
1 5
Thr Ile Lys Ala Ilsa Gly Ser
20
Glu Asp Bbsgp Oly Leu Cys Tyr
35
Lys Tyr Cys Cys Ser Pro Ile
S50 55
Lys Ala Ile Cys Asn Lys Rhon
55 70
=210> 10
<21ll> 2182
<212= DMNA
<213 Muz musculus
<220
221> misc_feature
«223> {405} .. (1l9s52)}
<d23>

Thr

ttgtcacgtg
gcaat gagtc
t gt gcacaga
act cgagatt
tcacactgtg
at gagaaact
gccctccectt
aagcagacgg
t gaat gggac
actcttttac
cctggcctca
t cccaccggt
ccgttgatct

pellan allergen

Thr Leu phe

10

Agn Glu
25

Glu
40

Gly Thr
Gly Lys Tyr

Cya Thr

Ile

Vali

Agn

Cys

gcacaggt ac
ctttgcgttg
Cgact ggctt
ctctacctgg
t aat ggaacc .
gccaacctta
cttccagaac
aacact ggac
caatgcrttg
agacgccacc
ggaact ggca
gact aat gag
gt cagaggaa

Leuw Ile 1le

Qlu Ile
0

Asp
Gly Lys
45

Val
60

Cys Tyr

Tyrosinase-R=lated Kinase Protein 2 (TRB-2)

1020

catctgttgt 1030
ccct act gga 7 B0
ggagcageis221200
gagattgtgt 1260

t at gaagggtt 1320
aaaaargtgc 1380
tctaccttca 1.440
tctcaagtca 1500
ccacactcag 1550
tttgatga.gt 1620
cccattggtc 16x0
gagctcctcc 1740

gaagct ccag

Thr
15

Gln
val Gly

Asp Ser



1800 tttggtccac aactctccca gtggtcattg gaatcctggg agccCtcgtc ttgctcttgg
ggttgctgge ttttcttcaa tacagaaggc ttcgcaaagg ctatgcgccc ttaatggaga

1860

caggt ctcag cagcaagaga tacacggagg aagcctagca tgct CCtacc tggcctgacc'Zﬁ@@@m%
t gggt agt awo@Zaar48t acac cgtcgetcat cttgagacag gtggaactct Ceagwgbgiigzs 2040

ctctttagta atgatgatga tgatgcctta gcaatgacaa ttatctctag ttgctgettt
02/ 09748 28,6£ED 2005 PCT/US( 11
catt oaccac ggtcaaagta aggtgtggct

<211> 537>
(181) (180

11

<223> T-cel .|
<222> (945)..{968)
<223» T-cell epitope
<220>
<22Z1> misc_recomb
<222> (840)..{10440)
<223>
400> 190
gcageataat aagraghtatg
&0
gatttaacaa ggaagactgg
12¢
cggatgaaat taaatcaghg
180
catgtgeaca cgtgtagget
240
Lagaactaaa cccaaagaaa
300
caatttgagt gagtaaaggt
150
agaaacecagg tgggacgcoced
420
gggggcttck gechgggttgt
489
cocgagtcetg catgagcctts
5449
ccgaggcaac waacatetgt
£00
cagacaccag accckhggagt
860
ggccgagaaa attcotteaac
720
gtagaggcetg caaghttcggc
780
taagacggaa tatccattec
840
acctggccaa gaagagtatce
200

epi t ope

gctggageac
cgagaagecks
ttagttgttt
ctgtgattta
aggaaagaag

teecagaactce

geoeaggecta’

ctgggctgey

gatggcgtgo

ggatthctag

ggceatiata

cggacatgea

tggacagges

ctgactgcce

catccagach

w242 feattXE <213> Mus nuscul u~

<220>

totgtaaakh

cecekecattaa

gagtcacata

ggtgggaatt

agaagaggaa

aggagtggaa

craattaaga

gaatitctget

tgaacaagaa

agggcragggy

toeottegaaa

aatgracagy

¢egactgtaa

aggagaggga

acgtgateoae

Region linked to BLP to form fusion proteln

aactcaatta

acckgatgte

aaattgcatyg

tegagaggyag

aggaaagaaa

gacaaggagt

ajggcatgyge

cagagcltogyg

atgctgcacg

gcagtgogca

coaggatgac

aaaccttgel

toggaagaag

gcagttetty

CaCgCaacac

gacagagceot

agaggagckt

agcgtgtaca

dggaaagggc

aa’agazaagy

aaagtcagac

cttgtbgggat

gcteagttto

colictgagte

gagqtgcaaa

cghgagezat

ggttaktaatt

¢cggccatog

ggcgoottay

tggetgggge

2100 5 WO

_J77S gcttactgta. cacagacaaa atgcttgggt
2160 agtatatgtg acctttgatt ag 2182 <210>
<220> e221 m sc feature

<222>



<221> m st recomb _222> (1415) .- (212) <223> P.eg:on linked to 13LP to
formfusion protein <400> 11 Met Gy Leu Val Gy Tip Ay Leu Leu eggé%ﬁm
Cys Leu fly Cys Ay 1 510 15 Ile Leu Len Arg Ala Arg Ala G n Ph F i;
Val Cye Map odbtmrsdcu 20 25 30 F4sp Ay Val Leu Aen Lys U pcfysoi@aes Pro Pro
Leu Gly Pro Qu Ala 35 40 45 Thr Asn Ile Cye Ay Phe Leu Gu Ay Arg Gy
Gn Cye Ala c3lu Val 50 55 60 dn Thr Asp Thr Arg Pro Trp Ser Ay Pro Tyr
I l'e Leu Algc8cdisldcClideggfe/@aduc8idn tASR-ASEy Aﬁgcﬁgléagd%c?f@:tego Arg Lys Phe
PhA Aon Areg Thr Cys Lys as 30 95 Cys Thr Gly An Phe Ala Ay Tyr An Cys Gy
Gy Cys Lys Phe Ay 100 105 110 Trp Thr 0ly Pro Asp Cys Asn Arg Lys Lys Pro

Ala lle

7iu Qln
Pro Asp

LergdeigrcAt ciptthifot] 20t Abaderatta-thigs tSeagdaeyc HaceM=ag@ N A u Arg

PfgolLeu Gy Ala 130 135 14C Leu.
Il'e Thr Thr

Tyr Val

PCTI USCHJEFﬁ?QEFttt ctetcaceaa
1080

ggectggaaag
1140

actbtgcaac
1200

gacaagatga
12690

gcgacagett
1320

tgetgagaag
1380

asgattgcot
1440

gcttcaggaa
1500

tgaaccttca
1360

cagocaacga
1620

ggctgaagayg
1680

acaaccgaat
1740

taaccgraga
LsQo0

ttbggtccac
1860

ggtigetgge
1820

cagghbcteag
1389

tgggtagtaa
2040

ctetttagta
2100

agaactccag

cgggaagaac

ccoaacgoty

ggatgactac

azacasagta

gtetoteocag

cgoactagaa

taacttgact

ccotgtgthl

aaacaaccock

gtataacaty

graacttgge

aactctotcea

tettettcaa

cagcaagaga

ctaatbiacac

agtgatgatga

Asp Lau Ala Lys Lys Sex Ile His

145 150 155 160 7 WO Qz/ 9748 2 8 FEB 20
gggectgcect ttgtcacgtg goacaggtac catektgtigt

agactcactyg
gagtgtgacg
attagtcgga
aiccgoogsyg
dgcagaaatra
aagttigaca
gggtttgata
cécthttcc
gtgghectoo
toracagatg
gheoectict
Cacaattacyg
gtggtcattg
tacagaagge
tacawggagg
¢gtegorcat

tgatgeckta

gcadtgagtc

tgtgcacaga

actocgagatt

teacactgtyg

atgagaaact

goocticoctt

aagcagacadyg

tgaatgggac

actcbhEtttae

cctggoccotea

tceccacoggt

cegtbgatet

gaatccotggy

Lthocgcaaagqg

aagcctagca

cttgagacag

geaatgacaa

ctitgegtty
cgactggetkt
ctetacctgg
taatgygaazc
gecaacctta
cttocagaac
aacactggac
éaatgccttg
agacgcocatyg
ggaactggca
gactaalgag
gtcagaggaa
agctitegte
ctatgegece
Egckcstace
gtggaactcr

ttatctetag

ccctactgga
ggagcagcaa
gagattgtgt
tacgaagghtt
anaaatgkge
tctaccteea
totcaagtea
coacactcag
Ertgatgaat
cocattnggtc
gagctctteoe
gaagctccag
ttgetettgyg
ttaatggaga
tggcctgacc
CiaQCStgtg

ttgctgettt



Gn
Al a
Val
Phe
220
230
245
Leu
Sex
Thr
Lys
Lys
Asn
Gn
Aea

Hs Trp Leu Qv Leu Leu Ay Pro AmMGay Thr Gn Pro dn Ile 165 170 175
Asn Cys Ser Val Tyr Asp Phe he Val Trp Leu H's Tyr Tyr Ser 180 l1la5 190
Arg Asp Thr Leu Leu Gy Pro Gy Arg Pro Tyr Lys Ala lie Asp 19332090 /8@5
Ser Hyaobosmssd y Pro Ala Phe Val Thr Trp Ilis Arg Tyr kisub@uesz10 215
Leu Trp Leu Qu Arg GQu Leu Gn Arg Leu Thr Ay Asn 3 .u Ser Phe 225

235 Zggﬁgu@g&ﬁe%a&g%clﬂ 252058 T E%é!c% *Uﬂtéi%gl-é{ gﬁ%gs%éc'd Qys Asp Val

250 Asp™ Trp Asp Pro Thr
2a0 265 270 Ile Ser Arg Asn Ser Arg Phe Ser Thr Trp Qu lle VaI Cys Asp

275 2P66t285cd adcAsBatSpgTyr Asn Arg Arg Val Thr Leu Cys Aare C31 y Thr
GQu 20 29S 300 Ay Leu Lcu Arg Arg Asn Lys Vial G? y Arg Asn Asn Qu
Leu Pro 305 310 315 320 Thr Leu Lys Asn Val @ n Asp Cys Lau Sex Leu G n
Phe Aspt®Ser 11325 330 335 Pro Pro Phe Phe G n Asn Sex Thr Phe Ser Phe Arg
Ala Leu Qua 340 34S 350 Ay Phe Asia Lys Ala Asp Ay 'rAr Leu Asp Ser
Val . KBt1*AnSltea 355 360 365 His Asn, Leu Ala H's Ser Pie Lau An Gy Thr

Al a Lou Pro I—%s 370 375 360
<212> PR

<213> Mus mugculus

<220

<221» wisc_feature

<222> (181)..(188)

<223s T-call epltope

<220

<221> misc_recomb

«222> {(lg¢8)..{212)

<223> Reglon linked to BLP to form fusion protein
<400 11

Mat Gly Leu Val Gly Trp Gly Leu Leu Leu Gly Cys Leu Gly Cysz Gly
1 5 14 15

Tle Leu Leu Arg Ala Axg Ala Gln Phe Pro Arg Val Cye Met Thr Lou
20 25 30

ARep Qly Val Leu Asn Lys Glu Cys Cys Pro Pro Leu Gly Pro Glu Ala
35 49 45

Thx Asn Ile Cys Gly Pha Leu Glu Gly Arg Gly Glun Cys Ala Qlu val
50 85 ad

Gln Thr Asp Thr Arg Pro Trp Ser Gly Pro Tyr Ile Leu Arg Asn Gln
65 0 75 a0

Asp Asp Axg Glu Gln Trp Pro Arg Lys Fhe Phe Agn Arg Thr Cys Lys
a5 30 55

Cys Thr Gly Asn Phe 2la Gly Tyx Asn Cyz Gly Gly CQys Lys Phe Gly
100 105 110

Trp Thr 8ly Pro Asp Cys Asn Arg Lys Lys Pro Rla Ile Leu Arg Arg
118 120 125

Ren Ile His Ser Leu Thr ala Gln Glu Arg Glu Gln Phe Leu Sly Ala
130 135 149

Leu RAep Law Ala Lys Lys Ser Ile His Pro Aep Tyr Val Ile Thr Thr
145 150 1558 lso



Ser
400
410
425
435
450
455
Leu
Lya

Al a
Al a
415
430
440
455
470
Leu

Gl.y Tyr Ala Pro Leu Net A u Thr Gly Leu Ser Ser

Ala Asn Asp Pro Val

Phe

Val

Val

Ile Phe Asp Qu Trp Leu Lys Arg Asn Asn Pro Sex'

Thr Asp Al
Trp Pro Gn GQu Leu Ala Pro lle Ay H s Aen Arg Met Tyr An %t#?@%
Wal o2PwoisPhe Phe pro Pro Val

445 Au Gn Leu Gy Tyr Asn Tyr Al a Val
460 Pro Val Trp Sew Thr
4% 48D 18 LeMOa D2 o) AA48c By BrbFBRN 237 T RETExSHLA 112, 4228 Phe Val
Leu Ay Leu LeusiAla Phe Leu G m7dyr Arg Arg Leui7#85 490 495 1 Arg

_ Lys Arg 500 505 510
Tyr Thr Gla &w CAkaFer5iEl 27 (s8p] PhacPig VaggTepc 2e@ HIPRIv< ZIBSeRLS r nus; ul us
<220>

180

val Ary Asp Thr
185

Phe S5er His Gln
210

Leu Trp Leu Glu

Ala Leu Pro Tyr

Cye Thr Asp Asp
60

td

Ila ser Arg Asn
275

Leu Asp Asp Tyr
230

Gly Leu Lew Rxg
305

Thr L=u Lys Asn

Fro Pra Phe Ph=

Gly Phes Asp Lys
355

His Asn Leu Ala
370

Ser Ala Ala Asn
ias

Ala XIle Phe Rsp
Trp Pro Gln Glu
420

Val Pre Fhe Phe
435

@dlu Gln Leu Gly
450

Bro Val Trp Sexr
%55

Leu

Trp
245

Trp

Asm

Arg

val

iz2s

Gln

Ala

His

Adp

Glu

405

Lieg

Thr

Ley

Pro

Glu
230

Asn

310

Asn

Asp

Sexr

Pro

390

Trp

Ala

Pro

Asn

The
470

Gly
Ala
215
Leu
Phe

Gly

Pha

Gly
Phe
175
val
Len

Pra

val

Thr Asn Au d u.

7 rhr

Pro

290

Phe

EGln

Ala

Ala

Sax

vVal

val

Cys

Thr

Thr

360

Lan

Phe

Lysg

Tle

Thr

440

Ala

148

Gly
Val
Arg
Thr
Ala
255

Thr

Thr

Phe
iacs

Ley

Asn

val

Arg

Gly

425

Asn

Val

val

Leu Ser Val

Arg

Thr

Len

Gly

250

Arg

Leu

Arg

Asn
410

His

Glu

Pro

Trp

“hr

235

Gln

Glu

Asn
315

Leu

Phe

Thr
L=u
395

Agn

AEn

Leu

Xl=2
475

Tyr

Hisz
220

-

Gly

aBn

Asp |

Ile

Asn

300

Agn

Gln

Arg

Gln

Afn

ieo

His

Pro

Arg

Leu

Ser
460

Gly

Asp Leu Ser
1 Ay

Lys
208
Axg

ABD

Glu

Val
285

Gly

Lys

AEBN

Val

365

Ala

Ser

Serx

Met

Phe

445

Glu

Ile

Val

Leu Hs Ser the Thr Asp 385 390 395

Leu PRRASREeH2THr Al a

130

Ala

Tyr

Glu

Cys

Pro

270

Cys

Thr

Lys

Blie

Ala

350

Met

Lau

W
=2
1]

Thr

Tyr

430

Leu

Glu

Lau

Ile

Hisas

Ser

Asp

255

Thr

Asp

Thy

Leu

Asp

335

Leu

Asn

Pro

Thr

Asp

415

Asn

Thy

Glu

Cly

Asp

Leu

Phe

240

val

Leu

Ser

Glu

Pro

320

Ser

Glu

Leay

Hisg

Asp

400

ala

Mat

Ala

Ala

Ala
480

AQu du Qu Ala

Ile Lau fly Ala



X221> SITE <222> (37) . , (44) <223> T-cell epftope <220> <221> ni st
feature <223> TP.P-2 <400> 12 Leu Asp Leu Ala Tlys Lys Se.: Ilo H42 Pro Asp
Tyr Val Ile Thr Thr 1 S 10 15 Gln His Trp Leu Ay Leu Leu Ay Pro /&stfﬂmhy
Thr G n ™og2ap748 11e 20 25 30 Ala Asn Cys. Ser Val. Tyx AR&F/PH&2RAR Val Trp
Lou H's Tyr Tyr Scr 35 40 45 Val Arg Asp Thr Lcu ueu Gy Pro Ay Arg Pro
Tyr Lys Aha vdierdAspeusSmeub81QeuPhan 881 phe SLddl D165 y€2EQ>arg 3eu<211> 8 <212>
PRT <213> Mius nuscul ugtes<220> <221> S| EB09 28FE92005 WO+02/ u9748 <222> (1)
(8) <223, T-cell apitope

Arg Lys Gly Tyr Ala Pro Leu Met Glu Thr Gly Leu Ser Ser Lys Arg

S00 505 310
Tyr Thr Qlu Glu Ala
515
<210> 12
<21ll> A8

<212> PRT

213> Mus muszulus
<220

<221» SITE

«222> (31 .. (43)
<223> T-cell epitope
220>

«221> migc_feature
<223>» TRP-2Z

<400> 12

Lau Asp Leu Ala Lys Lys Ser Ile His Pro Asp Tyr val Ils Thr Thr
1 5

Glao Hig Trp Leu Gly Leu Leu Gly Pro Agn Gly Thr @ln Pro Gln Ile
20 25 30

Ala Asn Cys Ser Val Tyx Asp Phe Phe Val Trp Leu His Tyr Tyr Ser
is 10 45

val Arg hsp Thr Leu Leuw Gly Pro Gly Arg Pro Tyr Lys Ala Ile Asp
50 55 60

Phe Ser dHis Gln
a5

<210> 13
«211l> B8
<212> BPBRT

«213> Mus musculus

<220

<221 GSITE



<400> 13 Val Tyr Asp P-he Phe Val Trp Leu PCTIIJSA /2-1228 10
7 8 FEB 2005
WO 02/09748 PCT/USOT/24228

<222> (1)..(8)
223> T-cell epitope
<400= 13

Val Tyr Asp Phe Phe Val Trp Leu
1 5

10



