, ;e3ei F&<i C223,77;6; T&- 3 ,1 UL 2003 WO 00/ 32625 PCT/ US99/28755 - 1 HBV
CORE ANTI GEN PARTI CLES W TH MULTI PLE | MMUNOGENI C COVPONENTS ATTACHED VI A
PEPTI DE LI GANDS TECHNI CAL FI ELD OF THE | NVENTI ON 5 Thi s-i3ndéintZ8n rel at es
to hepatitis B virus ("HBV') core antigen particles that are characterized
by nultiple i munogen specificities. Mre particularly, the invention
rel ates to MBYU6% antigen particles conprising i munog@R¥US¥BFBpes, or
other 10 related structures, crosslinked thereto by |igands which are HBV
capsi d- bi ndi ng pepti des that selectively bind to HBV core protein. Such

particles may delivery systens for a diverse range of
i nmunogeni ¢ ewm@H@Eﬁmmﬂwwluding t he HBV capsi d- bi ndi ng peptides, 15 which
advant ageousl it and interfere with HBV viral assenbly by
bl ocki ng t he int €®%®Y on bet ween HBV core protein and HBV surface proteins.
M xtures of different inmunogens, HBV dapsi d-bi nding peptide |igands, or
both may be crosslinked to the same HBV 20 core particle. Such resulting

i conponent or nultlwalent HBV core particles may be advant ageously used

mul
in therapeu.WMMMﬂW'Hﬂﬂg ylactic vaccines and conpositions, as well as in
di agnostic and net hods using them WO 00/32625 - 3 JUL 2003

PCT/ US99/ 28755 1«4+ BACKGROUND OF THE | NVENTI ON

HBV CORE ANTIGEN PARTICLES
WITH MULTIPLE IMMUNOGENIC
COMPONENTS ATTACHED VIA PEPTIDE TLIGANDS

TECHNICAL FIELD OF THE INVENTION

5 This invention relates to hepatitis B wvirus
(“HBV”) core antigen particles that are characterized
by multiple immunogen specificities. More
particularly, the invention relates to HBV core antigen
particles comprising immunogens, epitopes, or other

10 related structures, crosslinked thereto by ligands
which are HBV capsid-binding peptides that selectively
bind to HBV core protein. Such particles may be used
as delivery systems for a diverse range of immunogenic
epitopes, including the HBV capsid-binding peptides,

15 which advantageously also inhibit and interfere with
HBV viral assembly by blocking the interaction between
HBV core protein and HBV surface proteins. Mixtures of
different immunogens, HBV capsid-binding peptide
ligands, or both, may be crosslinked to the same HBV

20 core particle. Such resulting multicomponent or
multivalent HBV core particles may be advantageously
used in therapeutic and prophylactic vaccines and
compositions, as well as in diagnostic compositions and
methods using them.



The, front-line of clinical inmunotherapeutic reginens includes patient

i muni zati ons agai nst infectious pathogens and other health-threatening 5
agents. Despite the plethora of imunization agents, inoe@ avi @8 may
afford, at best, partial immunity, requiring frequent re-inmunizations.
Such is the case for various conventional nonoval ent or polyval ent

vacci nes. AWM @0#@5 anong such vaccines, the nunber of 10 P&THEPAESEFent

i nocul ants capable of eliciting inmmunity against a variety of imunogens is
limted. Furthernore, antigenic variation anong pathogens may limt the
efficacy of conventional vaccines. Due_tg® such obstacles, efforts have
focused 15 on net hodol ogi es for enhanci ng the i nmune system response to

gi ven i mmunogens. To that end, i mrunogenic conjugates have been produced by
| i nki ng i mmuunogens to hepat i (BASKBROUNMSOF "THRBVINVENTEONbarti cl es (al so
referred to as nucl eocapsi ds or nucl eocapsid shells), in efforts 20 to
enhance the i nmunogeni ci thpeofrene-linsked rhbuherjenmmuhpobghandidigper ati on

of T cell dependegtméaiyl fﬁc@.ﬁ[ﬂss'WJ%Qd@Hﬁuﬁfiﬂl@dﬁa@bﬁlﬁ§t HBV core
antlgen See, for _exanple, United St tes atent Wé}l 527 and R Urich et

al ., "Core PartiBf8StIfUSHOREPPEFRS @ ’as hesd r38LERt % or ei gn

Epi topes Adv. a¥ents. Rmp,ltEOth@mle}.%rBZof lﬁﬂxﬁjnlzlamhlancagbnﬁnmnogeni city
of epi topes of nt S S p hed. vi.a.h vi ral
particle-form nE rg% eélr?lé% m%kafP ing 518 F’% paartol(r%tll éﬁ‘q‘%’gl%y ‘naturally
occurring viral rpauum% freapreny m}lpm@pelzntmrm eﬁambl és HeE\we suasfeace

antigen, and On%oi”vM&@th@@hﬁlcﬁiéﬁﬁlo%vhﬂér@EC“o%t poP¢eatihf ed States
patent 5,965, 140. As evident from such efforts, prot ei ns of HBV have been

used as pl at f or NECEEReHr eS8t PREP i TARToGHAR BFCTHiSSr edPet BURRF i9fmune

system 3 1DUL s2068e a3/ 3362518&"5/ USPan28 7565 eliithepaimtursity virus is a
bl ood- borne vi rusg lﬁg{rpé(lv%qugt !Jm“ln Eﬂéaiéyllqﬁ%tél e-stranded DNA
genome, carrying Four exten3|v y over gplng open readlng franes,

consi sting of aRurhheymanusol ebtagetis VBréshpeh siMRRY e tABYERDITER DI Ot ei n

("HBCAg"), viralipolyimd aseiandy Vi f %on%‘ﬁ\tléh'éi Q#H’tdﬁ@llegy a nembranous
envel ope containi ng HBV surface antigens ("HBsAg"). The viral envel ope

contains three different ,PYutor8peh PsdgFrigte & Cirt}énhBP’St Ep#ised ong (L),
medi um (M 110G aod ﬁ@ﬂd&ddc(l&)g,le\ahf@fl ahane iagcomaonmeaebayytéer m nal region
but have different am n terl@errlu mnadﬁomerr\lg fr,Pm vartl a%lde us of |n|ct| ation
triplets at di f fePBht® %m %W t?"u M 9E0Rt i nudus open f ead grrame. The
| ong pol ypepti d@oonug@teﬁaé@wﬁdbye@mdsncgdlsyohrﬁﬂelgsm.mmlgn@g@zs ded S
regions. It is BQ%aPi@géJCﬁ varuEh?‘ @) r%oEéaSéf‘tglcflre%”Qa@QQ £orpieses the
pre-S1 domain of 108 am no acid qn e Vi rﬁ% subt ype)

1 th
at its amino terf ﬁﬁsnu‘flcﬂclcé'ﬁéag%yoﬁ H’élcﬁr%c@g h‘g 81‘) 55% ami 1 Wi ds, and
the short 2Q@@oltyppephamies (thepdhypepidrde) tyegf othefl i2%edamman@yxrds . The
medi um | ength p S d at its
am no term nus ;E%%F?G%dﬂge (Oyﬁmg@gg%foﬁe)cmggr%%g] élecsgégl 3%{% de, which
is the nost abuﬁaéﬁpelf“éﬁrrﬁ desRSMER AN Y O(fnﬁﬁvtﬁ‘ér% FreGio6H - Tﬁ%erprf@rZS S

regions are bel |eQHﬁl§léP m{@édaetaw@rﬁa&réhtr@t@mmzbmahlde ab1esgenbly and
attachnent to th% FﬁSt cel | ant than the Mand L

Form of HBsAg 15 fher vi GRS PAAK:SECLE FRPBBE i) QHayPat B2
nongl ycosyl d%d foor Rer¢ign Brisspent, wwolw 3Ppoflame ope

Protein in Hepatibigg),B \@I{Hé%dggs%m%y .9¢ td ad. jgci. USA, 88, pp.
1059-63 (199i); V. B%uss et al osotgetra:ns a%\l?oné%klteratl on in

Transmenbr ane’ TEPGREEFE JtaHERaPi PPN BORrogshedr Fka EM%PG‘p@lP%t ein", EMBO

e 13, lpp 227%a7916199):ni3% ArBeidoyr dbhipetsahg at’ l1de8ti i cation and
em ca

portion of a naturally occurring viral particle forming
30 protein, for example HBV surface antigen, and one or
more epitopic sites of interest. See United States
patent 5,965,140. As evident from such efforts,
proteins of HBV have been used as platforms for

presenting immunogens of interest to the immune system.



- 3 JUL 2003 WO 001 32625 PCT/ US99/ 28755 - 4 Synthesis of a Host Cel
Receptor Binding Site on Hepatitis B Virus", Cell, 46, pp. 429-36 (1986);

K. Ueda et al., "Three Envel ope Proteins of Hepatitis B Virus: lLarge S,
Mddle S and Major S Proteins Needed 5 for the Formati on 3odV
Particles", ~. Virol., 65, pp. 3521-29 (1991)]. Specific_interactions

bet ween t heV@a¥&625sur f ace of the core and the inner surfBEEUSP2VE: envel ope
are likely to guide correct assenbly of the virus and stabilize the
resulting particle 10 HBV core protein can be expressed efficiently in E
co,li [M Pasek et al., "Hepatitis B Virjus Genes and Their Expression in E.
coli", Nature, 282, pp. 575-79 (1979)], where it assenbles into icosahedral
shells of two sizes containing either 1BO (T=3) or 240 15 (T=9) subunits
[R A Crowther et al., Ha';thBe:DisranmmrallsStar bébodebafnedHepatisti s B Virus
Core Particles l.ec pp. 943-50
(1999)]. The su ?{s@lg uasl?ttler%%uM %gggﬁdsgﬁdeéj éé? forms a spike
whi ch protrudesgemﬁn@@ Fhérkém@f dearoextersisiedlvl OVeKs] FRP g1 OPeBN

cryom croscopy mlln@agea@é@cmlsmgtlﬁg e Lf ihher Tméde sl swas recently

made at 7.9~_resol ution f es of nopre th 000 individual particles
[ B. Bottcher5etcoé‘f9r,ls'lﬁgt{a 4?3}& 8he PR HEFdI ggfﬁgt e ‘CdP¢e Protein of 25

Hepatitis B Vi ruslymerBsecténdrnvi@ayodNar oscopuphdeNabyr e, ned@®Fanpps 88- 91
(1997)]. This r&%logg I:Ex’?tafﬂhqlgohBVh& Vc)éeo%pltt&g?nghgl%g \e/ml)ich was | argely

a-helical and quite unli revi-ous vVir capsi ach di nmer
spi ke was for ngﬁl%y’léaéaﬁlﬁv%lfoﬂeoﬁgn’éaw |t€§lee3élﬁ§?¥%ﬁws bugne from each

monomer in the @fed Bdt:fé?d"@rarﬁtlgéh pfd&%bs, dohrg CD)n,W%éthma'M)
Vsuallzati]gn of a4HeI|§[al%§Plhe %nthe atitis \/rusCaS|d by
t'iré” 8

Cryoel ect r oh® MEDSEEFY" (3 B pp.© °§4c?]i}§@f‘755] SIRiR8hber i ng
schenme whi ch supsriompbsédhéhe drfifeceati ahid3 Jequnénce an timg ffebd [ Bott cher

et 2l 199 placede useddUn 2003, Lhe il Bununadomnagt,sregi on of

the )3BV core protein around amno acid
"Rntigeni.c Detwitiimast SORRHPURNSC OPBRaTeDdE T $§3MA- Core Ant~.gen and E

Antigen from Hepatitis 8rVerusig podypdptde @3poRppegOfiRle Lh888}s: M
S~liberg et racter|$at|on of a, Li near.,w, nd] ng Site for a

Monocl onal . lgnt‘?%é%ﬁf %& KBD&ETTZ 7S B BNt i ¢&ntS B¢ WEeANGitxef .. 33, pp.
24952 (1991)], wite temirepreddire fspinkeand\gemtps iwhEcbhe ndiebistl HHV vi r al

assenb~. y i ncl uge, 14088 | Balobind Loalhe,COr anLboasg of JBYyt her eby

bl oGk~. ng the intexacti.on between rot I ns surface
proteins. Such Y1\ éalbé‘;b’ﬁebl%fdllﬁ@ pBBRY d@W@%e%HW byntpe T pat ent

gppl ! gatiI IOn Wg%é-%&zl%oaa@lnl@f MsRaml@Mgoacf%{wl &gdwhéayhortSel gctl on of
ept| e Z ors 0, -~ (] nvo ~re 1.I ex rqQt el n
AcSembl i e SASSOTIRTATE! ({ e CBPECARTY S Re8 CARE T GBI o Pt i ti s 8
Virus", P o Na ®he Am@iiumstengﬂﬁsmol%ﬁpppde 2004098p €0 00E)), h@ﬁetsach

capsi dbi , ndi ng PRI ABonl R L GRMKGRS 488 GLORS Thi bRt [ kg gor e anti gen
of HBV [8 Battcher et al., "Peptides that Block Hepatitis H Virus

Assenbl y: Anal y5&9iOThy WeETeRT c%éoﬁ?lywté’j@ﬂegpéc ntf TEn&Ps&t i on”, O J.,
17, pp. 6639- 95abur(dH36)fokm, ékmswsltls be appargt sf regidhe chh%cb@sure to

fol I ow, HBV,, [gap i d- bi ndi ngeptcfa de fe advant a?gouglgl used as |igands
for construcC HBVC6r 87 &n |genepar % 6 Tharactefi ze ytnhe ability to
el i cit enhancedb¢mminigalespotasy ta@dsﬂhgdi@hlmntnﬁpt tpé ehdstmaeddens. AMENDED

SHEET The S form :1s more abundant than the M and L forms of
HBsAg in the virus, and occurs in both glycosylated and
nonglycosylated forms [V. Bruss and D. Ganem, “The Role

30 of Envelope Protein in Hepatitis B Virus Assembly”,
Proc. Natl. Acad. Sci. USA, 88, pp. 1059-63 (1991); V.

Bruss et al., “Post-translational Alteration in

Transmembrane Topology of Hepatitis B Virus Large
Envelope Prctein”, EMBO J., 13, pp. 2273-79 (1994);
35 A.R. Neurath et al., “Identification and Chemical



1 - 3 JU. 2003 5A ~xSCLC SURE QF ~I ~E 21' TO The present invention
addre9ses the problens referred to aboQe by providing HBV core antigen
particles which elicit enhanced i munogeniCity to one or gngﬁ onent

i mmunogens. Such mul ticoi apox~ent or multival ent HBV' cOr J tﬁ@gp
part~.cl.es conprise izmunogens, epi,topes, or other related structures,
Cross7.i nkewo 04/3625t o t hr ough |i gands which are peptides PEHYSYY7ELt | vel vy
bind to HBV care antigen particles, in addition to i.a~unogeni c donai ns or
epitopes attached to AMENDED SHEEP = 3 JUL 2003 WD 00l 32625

PCT/ US99/ 28755 - 6 or inserted into the HBV core antigen pol ypeptide via
genetic mani pul ati on of the codi ng sequence or by pol ypeptide synthesis.
Such particles may be used as delivery systens for a diverse range of

i mrunogeni ¢ 5 epintbpess ohHd wdisngCehe R&EépnapsBdn&ﬂmgﬁsn;epeptides whi ch

t hensel ves, '”Q%%aklﬂ %JEWEQEEeﬁGCEiIh élr@5 a§§e %) byKbIocklng t he
t

interaction be core protern an SUFTace protelns The
resul ting mul tiltsipehient - or“ﬂhﬂeﬁlﬁév%#ﬁP64§V0@@FéSp%ﬁtHQﬂ&&é “kBlyBbe 10

advant ageousl y wised ;i Ratherapenite anthid MpRYk-ast oG Reaqand
conposi tions, as well as diagnostic cogy osi.tions and nethods 55|ng t hem

The present P NV iTOR  Ba%RHt SEsPINe RS IRT Xt uteslidldi f £Rr ent
i mmunogens, HB\trcapsbd-he ndn%g)l!i pepéd i d |1gaed5¢tmnsbm>teltweén tiee

crosslinked to dhe, s? nts Og cPaLt Qhﬁi égmhﬁg fﬂéuffic%lgglghgartlcles

that are effici®en T °Ce re 1 mrmunol ogi cal |y
mul ti val ent. 1Tﬂn¥eL§p§|ﬁ§$e#%ﬁﬂMYgéﬁpg%gﬁﬁuqqnyeéél@SQﬁﬂbkM|Oﬁth@e t he

proliferation ofirus and stabilize the resulting particle

10 HBV core protein can be expressed efficiently
in E. coli [M. Pasek et al., “Hepatitis B Virus Genes
and Their Expression in E. coli”, Nature, 282, pp.
575-79 (1979)], where it assembles into icosahedral
shells of two sizes containing either 180 (T=3) or 240

15 (T=4) subunits [R.A. Crowther et al., “Three-
Dimensional Structure of Hepatitis B Virus Core
Particles Determined by Electron Microscopy”, Cell, 77,
pp. 943-50 (1994)}. The subunits are clustered as
dimers and each dimer forms a spike which protrudes on

20 the surface of the shell. Using electron
cryomicroscopy and image processing, a map of the T=4
shell was recently made at 7.4A resolution from images
of more than 6000 individual particles [B. Bottcher et
al., “Determination of the Fold of the Core Protein of

25 Hepatitis B Virus by Electron Cryomicroscopy”, Nature,
386, pp. B8-~91 (1997)]. This revealed the fold of the
polypeptide chain, which was largely o—helical and
quite unlike previcusly solved viral capsids. Each
dimer spike was formed by a pair of long a-helical

30 hairpins, one from each monomer in the dimer [Bottcher
et al. (1997); J.F. Conway et al., “Wisualization of a
4-Helix Bundle in the Hepatitis B Virus Capsid by Cryo-
electron Microscopy”, Nature, 386, pp. 91-94 (1997)].
A numbering scheme which superimposed the amino acid

35 sequence con the fold [Bottcher et al. (1997)] placed



. 20 multiple B cell clones of differing specificity. BRI EF DESCRI PTI ON OF
THE DRAW NGS Figure 1 depicts the structure of an HBV core antigen particle
conprising various capsid binding i munogens. A "capsid binding i munogen”
conprises at 25 | east one HBV capsi d-binding peptide corp@ngmpt y gd at | east
one i nmunogeni ¢ conponent. Each capsid bindi ng i mmunogen is I|n ed to the
HBV core antigen particle through an HE* capsi d- bi ndi ng peptide. Figure 2
is a table sunmarizing various HBV 30 core antigen fusion proteins which
may al so seneengiox HenuBydonipanthiiegdanpaft the 80 QMﬁcHrOEﬂ%L%rQ%nogens

may be | i nked ¢ hrauah Eocaps sepidd a8 Ret i desy N\gen‘%%%&ﬁ@ﬁ?a‘izts~3 Ju

2009 PCT/ PTI ON OF THE ON I n_order that the
i nvent i on #rt funatdonsilhBanadls bn Gere %rwezmrﬁms‘% S3GLIERLFR | owi ng

detail ed dﬁ‘%a[d:ml'so@ e r88F, f@rtjh rol, Aggpr gh nordaavre (2obog} ngnt of this

i nvention xt ures nore than one t of _i nrmunogen one, or nore

types of HEALlhawd @Uolar%dv nQCRRKFAG th 45 &ﬁﬁsc’fmﬁ‘/ Iti‘é‘e&rog%f‘md‘&‘édsﬁf the sane
HBV core pggd iLhRnodibaanahhyehdy Hy Hbglaelﬁwrescdzfe hheigewe, 1P, i nmunogen

may be |inked to one t eof HVcapS| in d. crosslinked to
vari ous po¥edi-SHdqdn t ﬁa"ﬁ?ar(tlg b"a? I\%r ttﬁgeoﬁg&@ tEB¢ SRS val ent

HBVf c;)r;a ant i gen pamgigﬁltgswngmrﬂimgli_togmw ﬁlrm@ﬁs_e@blyan@hJidqrﬁul arly f
usefu or _J ndugi.n [ s to a co [ n n e use o
FBV capst dEIHRI T L BREPAES. FB |SRE PRESAOBCRE Y BSERRY OIS Y gon
particle p’etnenmmoadbamlemgmv pozseptataiorg and HBUt sueficoyi ng
cont or nat i Sreye e Seb 8y Gapel-FIRNERE Pori e SEQTHHEEEASE sp i
t he HBV capSt cﬁammgppépcaﬂéom|Wﬂ8@r/§.88é8ucmdtireﬁ&kDyha:n andrFbnent

[ rmunogensMﬂllayll e fy %EEOWI—Eg'/ 5%?3‘% fn?t c],_aguso(%t JIR%IQ%?I netional

mat eri al resul t, |gen partjcle e s an enhanced

i mmune rest‘F%Jé’f’c% ding §°5‘Bﬁ9§n%#‘"ﬁt€i%rﬁﬁég@h%15ﬂ‘hé¥s@f0@rietlom LFS tpimsm ble to
achi eve desd¥edrid&iaRaubi Bn@lgdHORFY HaEAE O &f TGSt Npf & ocul ati ons

2o 5 50 ol SR ISty Rap ey AaBgbhes o %%%L‘B'wcaommq gan” Stered
particle thindingh peBY{idepsHERE FERMKGAP ePs & dc%os?d—a@.nme&ﬁté St ey ati on of
;);n(;nsjg(r)]tgensamgreql Vg )&B'Vn [EI z&ttcc%nf or Eraaion “%?neptr:l.% LY tha@stocrkesu' t, the

Hepatitis B Virus Assembly: Analysis by Cryomlcroscopy,

Mutagane513 and Transfection”, EMBQ J., 17, Pp. 6839-45

(193%8)1].

As will be apparent from the disclosure to follow,

HBV capsid~binding peptides may be advantageously used as

ligands for constructing HBV ecore antigen particles

Characterized by the ability to elicit enhanced immupe

responses to single or multiple immunogens.

AMENDED SHEET



- 3.a a ~ ~uu~ WO 001 32625 PCT/ US991 28755 - 8 invention allows inclusion
i n one vaccine or conposition, conbinations of imunogens useful to elicit
a broad spectrumof inmunity or treatnment in a given indejg E|2
Tnmmunoaens | nmunogens whi ch nmay be |inked to HBV capsid binding peptides
and thus, incorporated into HBV core antjgen particles, ‘i nclude any

nol ecul e contai ning one 10 or nore innﬂﬁ@rogic, I nmmunogeni ¢ or antigenic

epi t opes. Such epitopes may be |i , .CO r TR , single, or mxed in
nature. More particularly, i -5 from any agent
capable of eliciting an inmune, response. 15 .Such ag€€ts i agyde, but are

not limted to, anti J&xs Prasent QhaEy RES®S piBE R FSy copr ot ei ns,
anti bodi es, ré’lf'éiMM:d; r@@mé_nb?,pmmcﬁid@mpeabbde?mmmmgwﬂﬂ;g mmc an
antigen or anfigenic determ nant, po epti.des, gl ycopept.i.des

car bohydr at E‘%idgl‘?]g’d's’ﬁc a8 ,%@F&Fé(pfe‘@ﬁé Yabe “on i‘S%rﬂchee&"P&?geﬁﬁd

pol ynucl eot fdfenodefngino@eieh oyt idapdrnent! ber gebsivabedh HEW cemdot oxi ns.
Such agents _also include.those tarqgeted to or derived from.variqus

pat hogeni ¢ ABEHIEH RARH C1E328oUPT{RE JpRngensecePhERR 1 & ATGF, phages,
prot ozoa andepdisd strActhres; usessscikede thekrebyi thsasgh i liglandisnghbakan

i mmunodeficiency type 1.and type 2, vi.ruses ,and ell-leukem a virus:

her pesvi rusgzs-é1 %?R:%‘(%ss ﬁ&geggg?%ve % %ﬁ&dlgﬁnga?y‘b%r? MYF$Es, varicella
30 zoster vpxusieslesxtimmagdiovon usesiremadobpat ei deatns W wpsitopas
orthonyxovigg§§5he§qﬁp as influenza A, influenza B and i nfluenza C viruses;
par anyxovi ruses, such as respiratory syncytial virus, neasles-like viruses,
munps virus and parai nfluenza viruses; 35 hepadnaviruses, such as hepatitis
B viruses; ..~3 ,S~fl. 200% '4V0 00l 32625 PCf/US99/ 28755 _ g _
flaviviruses, such as hepatitis C virus, hepatitis A virus, hepatitis E
virus, yellow fever virus, dengue virus and tick-borne encephalitis

vi ruses; picornaviruses, such as enteroviruses, rhinoviruses, 5 foot and
nout h di sease viruses and polionyelitis virus; togaviruses, such as rubella
virus; rhabdovirus, such as rabies virus; adenoviruses, ebol aviruses;
bacul ovi ruses; hant avi ruses; papovavi rusessuch as papil | omavi ruses;

parvovi ruses; DNA viruses; RNA

AMENDED SHEET



10 viruses; RNA tunor viruses, such as oncoviruses; and poxviruses, such as
vaccinia virus. In addition, immunogens nmay be those which are targeted to
or derived frombacillus, enterobacteria, clostridium Li gg,[im

nycobact eri um pseudononas, staphyl ococcus, 15 eubacteria, nycopl asna,

chl anydi a, spirochetes, neisseria or salnonella. |Inmunogens may al so be

sel ected fr ®@00A.25 ol | owi ng epitopes of human i munodef i QARSI TP us:
GELDRVEKI (gag); ELDKWAS (gp 40); | GPGRAFYTTKN (V3 | oop); ELDKWA (gp 41)
and 20 DRFYKTLRA (gp 41). dycoproteins which may be |linked to HBV

capsi d-bi ndi ng peptides and thus, incoLpgrated into HBV core antigen
particles include, for exanple, antibodies, glycopeptides fromor
resenbling surface 25 conponents of animal cells or viruses or bacteria,
such as those cadsimgerteni ngkdi she HBVf cagaeatsigdn pothpaptidd esa As will be
appreci ated by . Of i I , i he i nogen shoul d
not be | arge 305%;1%%{33% n%aglligM%{cNP%ﬁ ;bﬁfnggl%oﬁ%?&giou%u%hg%e%? kggui nterfere
with the HBV capsivpertidiengypehes e | iSukbrpaHB\C1Gsr @apnbe gesedPest ein Due to
its particul ategpai ey JYBYeROr Lo 098 rRE O Hidh @QH&MEH@%@,@

advant ageous pl atform \D 00l 32625 - 10 - S,Sr]nlﬂil,lééﬂ PCTI US99128755 f or
the presentati oRPOFORRR 1 iTFCeUPMRNdefSY 6RPEt % 15P BFR&IIRY/ar type, to
t he i mmune syst enicictramdiengebp idteiireaeat intamidreonith sy adwant age i s
further enhanced_by .the.us f.. HBV .capsi d-bi ndi n tid s.5 ligands to
attach desired Pﬁ%%%g‘ér% ?3618%16%_'&&{6@%%&%ocrﬁg_%%gﬁg e%%\?t(’]oc:rlees contain
ei ther 90 or 120rbtghmdisi HBVngusfaass protehes capglied repitkesng each conposed
of an HBV core apiigeinsil®erk 6seg:fiiqunend) updhise PUlEE Pl & igyuR@Iens may
be physically linked to 10 the HBV core antigen particle by the HBV

capsi d- bi ndilly PEPRREREENS LY YaRdsih FRErPREYF1F M hBFPPRY 2G5 Capabl e of

i nduci ng an i MmuaecigsPpanse cbapadilt iefhsi, t ascvapbnentdibgnusogens . HBV core
antigen particles érgyitbieo fsogggdmgﬁgéhslﬁsgégr%&{ on cf reconbi nant codi ng
sequences for HEV RoY & an I gen pol'ypeptide®i A an appropriate mcrobial,

ani mal or plant system Sde pieperikdmyeatiSandtvokageocably wimddgl ar

G oning, A LabopalefyeMwal; rreRgh Edind0Bgeft®) dstPdaRg i alBiAeinSr ess, Cold
Spring Harbor, nTew York 20 (1989). The polypeptide to be expressed may
conpri se t he % uPFPFERQtH 988¢5¢c 0P Rt géR g%qﬁ’g‘?ﬁ%m@ffgdn‘ﬁ? atliorrgme
derivatives, trupuvatbo®paraicpertiThes rielseieois siriglk petaicldéhernahility to
assenble in particulate form_in_t cel I.s.of jon_system 25
Reconbi nant net ﬁgasef%]FClpern()tdlﬁ&”ﬁ%P%utcsh oIng\T/ %%%gseaan I 32’25%61‘?‘?? cl es are known
in the art. Seeimpopokbxaimslldy WalteklSnitesThasert s4nple, aeBlgen-

Al ~ernatively, chegig@inswaeshs Sehiadeemeye germ@@rraei@ﬁocdpce HBV core
anti gen pol ypepti de, Based e:égl 829,t he am ne_acjd se ugrélce_of the HBV core

anti gen pol YiepfiPdEsPLie b Mehed SHAEGTHRY YT EdCdY - using sol i d
phase synthesis [R B. Merrifield, Fed. Proced., 21, p. 412 (1964); R B.
Merrifield, Biochem str-~, B D)) DRATHT NG Mlich et

Figure 1 depicts the structure of an HBV core
antigen particle comprising various capsid binding
immunogens. A “capsid binding immunogen” comprises at

25 1least one HBV capsid-binding peptide component and at
least one immunogenic component. Each capsid binding
immunogen is linked to the HBV core antigen particle
through an HBV capsid-binding peptide.

Figure 2 is a table summarizing various HBV

30 core antigen fusion proteins which may also serve as
the HBV core antigen particle to which various
immunogens may be linked through HBV capsid-binding
peptides.



35 al., J. Im, :nol., 139, pp. 1223-31 (1987)]. - 3 ~J~1J~ WO 00/ 3262S
PCT/ US99/ 28755 - 11 Those skilled in the art will appreciate that since
nmut at ed or variant HBV core antigen sequences nay influence reactions with
bi nding or ligand peptides, the present invention applieg, egy@lm to
natural 5 variants or nutations introduced by mani pul ati or? of codi ng
sequences, wooBes procedures, in the HBV core antigen PEHUSIYE76r t he
correspondi ng binding or |igand peptides. Miutation of Core Protein Residues
10 I nportant for Peptide Binding Methods used to determne the fold of the
core protein have been applied to | ocate;by cryom croscopy the binding
sites on the core protein of SLLGRWKGA, an HBV capsi d- bi ndi ng peptide that
inhibits 15 binding to L-HBsAg. This approach has now shown the peptide
bound to the tips of the spikes, in both T=3 and T=4 shells [B. Bottcher et
al ., "Peptides that Bl oclpEFRPEED tBESCRIVIIOS @Y SEIDINVERDEOYSI S by
Cryom croscopy, Mitagenesis and Transfection", EMBO J., 20 17, pp. 6839-45
(1998)]. I mage anal ysi s dghowsd¢hathathéhpephvete: iinndiengisidescdibedat the tip
of the spikes L i e o[Y<To ri fQr . .pal ypepti de
fold [Bottcher m@%&a é q?otl 9§?f9gorre§gg§§§’t% chrlgggéglgnd%%gl%gigi on of
am no aci ds 78-82scidrien2ssaset thaFtaei di ¢ residues (glu77 and asp78) close
to the tip ol the core ppetetrdimfdd bacsehesdatld adi pgipepti de cont ai ned
two conserved basic residues, The iJmportapnce of these oppositely charged
rosi dues i n t he B TR r BXSERETF \&fs "GR! FAFR P ENPRUC At IBIIGE%r t her 30
of the acidic resdduss amnmbhe pymiseiof HBVataws ink-bdasihoupebittigiegreat |y
reduce the affini h ept. f e tered r el I's. Changi ng
aspartic acid 73%%?% eﬁrﬁyﬁggrg%gﬁ%ntk%g g?f?@l‘% t%m%ag-g?oﬁ%%;nd changi ng
glutanic acid 7Perblctani Aéteerricietslvnemal Fimiq ywopdge of -t sage 2003

10 immunogen may be linked to one type of HBV capsid-

binding peptide and crosslinked to various positions on

the HBV core particle. Multicomponent or multivalent

HBV core antigen particles according to this invention

are particularly useful for inducing antibodies to all
15 component immunogens.

The use of HBV capsid-binding peptides to
link immunogens to the HBV core antigen particle
permits enhanced immunogen presentation, without
destroying immunogenicity or stability of the immunogen

20 Dby denaturation, conformational disruption or other
destabilizing influences. For example, the HBV capsid-
binding peptide linkers reduce the risk that component
immunogens will interfere with each other to cause loss
of functional material. As a result, the HBV core

25 antigen particle elicits an enhanced immune response to
its componert immunogens. Therefore, it is possible to
achieve desired therapeutic or prophylactic effects
with fewer inoculations and/or less inoculant than that
necessary, were each immunogen administered as a

30 single-agent.

Linkage of immunogens to the HBV core antigen
particle through HBV capsid-binding peptides alsc
permits presentation of immunogens which vary in size,

conformation and nature. As a result, the present



WO 001 32625 PCT/ US99/ 28755 - 12 fold. This suggests that either or both
acidic residues on the HBV core antigen protein may provide at |east part
of the binding site for HBV capsid-binding peptides. 5 These results also
illustrate the inportance of the amino acid sequence of HBV.gopg a[jsi gen in
the region of the tip of the spike for |ligand binding. Those o?l skill in
the art wll wppoeseszate that HBV core antigen from sone HB\PCITUSEI/ZEI55NBLY:
require mutation for 10 effective binding of a particular |igand-immunogen
pepti de, or the selection and adaptation of variants of the |igand for
effective binding to that specific HBV corg antigen variant. HBV Core
Ant i gen Fusion Proteins 15 According to oné enbodi ment of this invention,
the HBV core antigen particle to which i munogens may be |inked via HBV

capsi d-bi nding peptydas iRy ReyO L Ausaatly ! Sl ayldd nang.or mor e

i mmunogens, as a result of genetic fusion techni ques. n one such

techni que, rel eva?RTRASHTHG s cERfasigns PRcHRpUIGGeRE asedpprbpriate

positions in pl aSéuidﬁtora @&B@d YO SR LahweE d\r ft%ale‘ﬁé/neow Antigen
pol ypeptide. Fusions tq_t R; g al act osi dase gene of E. 25 coli used to

enhance expressi o?ﬁ‘feé\/élngl& core antigen pol ypeptide denpnstrated that
repl acenent of5the first two amno acids of the antigen wth a sequence of

el even am no acigﬁ ?ﬁjgggsfron1the am no term nus of p-gal act osi dase and
three further re resulting fromtranslation of a |linker sequence

i ntroduced in the gene fusiwmndgahsnohidiaraye bargdatkedpbn HBe eapsd dof

recovery, antigemnigidivg BEpE'PcEeFH“HrRQXhQE t e AUkl §1t§tﬁé\l' &real -
~~Hepatitis B Virus Core Antj nthesis in Escherichia Coli and  ~3
n EértP%‘ﬂsus

JUL 2003 W O 00l 3vdger FRBES A P AT EnCPRT B RO SRS, Proc.
Natl. Acad. Sto. diSAoré9immmolkae:, lﬁlmﬁulﬂ&jz’échok aG@h@énﬁ@dephﬁipe chrmnd,

"Electron M crosggg% . it nt| hesi z E Cbll"
Nat ure, 296, pp. -$§l§§€%%§§¥fF%H§®R§%$E an Fﬁgh %ugl%h pr §i'nSTusef ul
in the present imv&edi én pafudse produced as exenplified in S.J. St ahl and

K. Mirray, "I mmunogenicityyofe '%%@th@ﬁlﬂ'ﬁ%orﬁn%ﬂog%a@théysbﬁ s\él ddgelore
Antigen", Proc. Natl. 10 Acad. Sci 283-8

AIternatlver, flﬂﬁqﬂngnﬁfaﬁﬂpyﬁﬁﬁFP & %Eq%ﬁﬁﬁé§“ﬁoaPhém%%?%r Rt of HBV

co;rg ant:cgen 15;3 guch hpghty imomwdegebit mtndﬁdasmatedemmﬂnﬁ‘ﬂr?@dsw t hI ad
. - .
nunper or vira %%q:I gggig%ﬁeﬁihﬁgﬁmﬁpﬂ&t&i ?Yg&r’%%tg% s, ese | ncl uae

a 15 particul ate produ ogeni Clt
antibodies, antlbody fragments, peptides, peptide

mimotopes which mimic an antigen or antigenic
determinant, polypeptides, glycopeptides,

20 carbohydrates, oligosaccharides, polysaccharides,
oligonucleotides and polynucleotides. Immunogens may
also be allergens, toxins or endotoxins.

Such agents also include those targeted to or
derived from various pathogenic agents, such as

25 wviruses, parasites, bacteria, fungi, phages, protozoa
and plants. Such viruses include retroviruses,
including human immunodeficiency type 1 and type 2
viruses and T cell-leukemia virus; herpesviruses, such
as herpes simplex type 1 and type 2 viruses, varicella-

30 =zoster viruses, cytomegaloviruses and Epstein-Barrx
virus;orthomyxoviruses, such as influenza A,
influenza B and influenza C viruses; paramyxoviruses,
such as respiratory syncytial virus, measles-like
viruses, mumps virus and parainfluenza viruses;

35 hepadnaviruses, such as hepatitis B viruses;



by expression via a vaccinia virus vector of the VPl peptide (residues
142-160) fused through a heptapeptide |inker sequence to the six am no
acids of the pre-core sequence inmediately preceding the amlmniﬁﬁ%ﬁnus of
20 HBV core antigen polypeptide [B. E. Carke et al., "Inproved

| mmunogenicity of a Peptide Epitope after Fusion to Hepatitis B Core
Protein", Natwe ey32830, pp. 381-84 (1987)]. See al so U ri chPET/U§9/28T5§998)
for other useful HBV core antigen fusion proteins. 25 A series of other
fusion proteins are characterized by replacenent of the arginine-rich
region at the carboxy term nus of HBV carg antigen polypeptide by other

al ternate codi ng sequences. Peptides that included the i nmunodom nant a _
region of 30 HBV surface antigen (residues 111-165), the pre-S1 and pre-S2

epi topes, and vagigusvERHEY)t sueh sden&anmatapecpy ot n r@fa@i@@ A
i mrunodeficiency virus (HV), werg aj t ached !’10 residue 144 of HBV core
i

anti gen pol ypept Vd4EUS At CRAET8xr bR SRALCFeRBYST i H 1S c8PPI%S to give

particul at e produdtss dirspltaykroess esridedhay ithe viM3&H) 32625 .. ~3 ~LI|.

2003 PCT/ US99128 - 14 f ntigen
éjﬁgﬁrn%l,m%%gg] .ggﬁlﬁg‘%pr o) &nggée ‘aye g\(\oﬁlﬂgs??@eni c

itself [Stahl an rra . oducts dr splaye € an
reactivity of SHBVoebrandmauféndiselass iweusespandt Pohimife lHBYscvirusint i gen

pol ypepti de trunegheg Sudds,’ 88kHUSs 1Abe lIR0OSerh o5t AthiRloA rRXNI Bitied HBV a
antigen reactivi tg_, whereas full-|ength HBV core antigen shows very little
[

such activity. F8Si BFPIfiTFHS/ cAReRA N USESy dBRQLIAVHEUESS ior 111- 165 from

HBV surface anti gedlaumxzmhmyeed n@ns&@rﬂﬂée@ﬁ@bﬁkﬂB\dv&}lcﬂ'ﬁlfs@@%ubﬁ asti ggn f
reactivity, a re j.ncaonsistent with the nf.ormati o ependence o
this major epito%g?i%ﬁoq%%‘}érﬁgﬁgfi%a(’)%‘}c?v&fruf‘ﬁ?s%lg]ge‘ﬁlcré?eﬁéi Rﬁ‘gburied Wi t hi n
the particled0 | whowerenifAr Syponsesruse sy hgufhisé® rorprostieiuss s havkever ,

reflected their YagiOUS&OMRARENS s L RANliAPES ud MUNE JRERYHSES Lo HBV
surface antigen are conplex, for in addition to epitopes residing in the

pre-S1 and pre- SEMPRRALHS BRY PRENRFandiCheFR) (HE 99PN EQ0RF nant a regi on,
a nunber of variabtiveadlfnppebrai teiLr Mntatbbabteel heylozssighed, t o ot her

regions of the short. .or tide of \V_surfac ttgen [G L. Le
Bouvi er, "The He %?%%gﬁgi?§8§#¥§§§ﬁﬁ4$’igsﬁﬁ ?%%ﬁé?’,ﬁ%a%%ygpf?c %, 123,
pp. 671-75 (R§713ubagteriBannyedplangman| chlapgdeei i snirgichaddsti onal Antigenic

Det erm nants of ge;fenald brSsBIfHd198N" ) 1dmuhbFeHWInay 2830 PP 842-48
(1972); A . -M Courouce- Paut . V. and Hol l and, ™ "Sunmmary of Workshop A2:

5)
HBsAg and its Subgdffeed qrﬁ%vF?%Jf &ﬁpﬁiEPl%QH@s'V¢é§,mS?N. Cohen and R
Schm d, eds. (PhitagelddfiiaiehSA vibnankIGERDRWBKI t (deay)Pr ESOKWAPP(gH49 30 54

Cironed rom ser i O diERBT H6eRub oASoH Spr S £ (B dadelin the
correspondi ngOprREYKTIFAqUiencek). - However, specific single nutations of
apparently critical residdegcghihidinseihech RagWd Al nReal EoMMNE
serol ogi cal S”btZ§§2§34%1%31330%£E¥15Q%)hngu%hus, incorporated into HBV
core antigen particles include, for example,
antibodies, glycopeptides from or resembling surface
25 components of animal cells or viruses or bacteria, such
as those causing meningitis, or fragments of such
moieties.
As will be appreciated by those of skill in
the art, the size of the immunogen should not be large
30 enough to allow a functional group thereof to interfere

with the HBV capsid-binding peptide linker.

HBV Core Antigen Protein
Due to its particulate nature, HBV core

antigen protein constitutes an advantageous platform



-~3, JUL 2003 WD 001 32625 PCT/ US99/ 28755 - 15 additional single nutations
i nduced a gradual change with both y and d reactivities and

i mrunogeni cities being displayed fromthe sanme nolecule [P. G

Asht onRi ckardt and K. Mirray, "Mitations that Change theuq‘S k%ogl cal
Subt ype of Hepatitis B Virus Surface Antlgen and Disting 3

Ant i geni ¢ awdod/smeasnogeni ¢ Determ nation", J. Med. Virol.PCROS99R$55 209- 14
(1989)]. The mutations involved were made within or close to the
conformation-sensitive 10 i munodonmi nant a region, and were all within the
segnent of HBV core antigen used in the.fusions to HBV core antigen
descri bed above. The inpact of the nutaglons upon the subtype specificity
of the antibodies induced pronpted the 15 suggestion that fusion proteins

m ght al so provighe @é‘@@@%ﬁ@gtﬁﬁa@gl ne e Shesubbgbhy, s thaifgsponse to
epi topes of int ereqs;leqsalg\artl cularly if they are de endent on conf or mati on.
Mit ati ons of glS%t BT a5 1he, tP‘c’) e e ﬁﬁtur%cfc%éj&&ﬁe frut ant ,

and to 20 ot hertmgiﬁas\ealtymwtzerttegmt,l vely chargeder ési tueshdd ysi ne and

gl utam c acid) f de .a hj esi : 1 .~E for
conparative stu 1 65 e;aeﬁgrrglﬁglm %fcg#’u{ﬁa‘?gﬁ mkr)gklﬁgl!rlg lL;;%Dnséis%s[ 2% L. shiau
and K. Mirra$, lMandsedoEprtapesiestiredpimiuiage®sSyef boe M9t icggr Fused 25 to

the Core Antig paﬁléﬂée VE{418 ;Ja{l(%li%@eén&é@%r?%ﬁﬂék Geact it h the Nature
Surface Antigen Med.  Virol 159-66 (1997)]. All were

expressed effi c%’e‘?ﬁf}cﬂ/ bBinding cttes g ngF NEPRHE SRLKEP patdd particul ate
product s show ngomddsay ofiB¥h cre cﬁarrbl grbigerd Yiaed dide 30iqurduced high

titers of antib t cor bhi i ke their, parent
protein HBcSlii - ?‘he%gﬁrée)el resf’gue ﬁ%y R @ h%gﬁdflrﬁqcrﬁdrrg

I nteractionlii t harfiibegyet enHRes peracelamy goe HRVsorpaf pivdodiss
radi o-i mmune asgaysi dAUIR! AL gARROt t ThabPE A iRShbaPkicle is capable

of inducing an immune response to all of its component

immunogens.
HBV core antigen particles may be formed upon
15 expression c¢f recombinant coding sequences for HBV core
antigen peolypeptide in an appropriate microbial, animal
or plant system. See, for example, Sambrook et al.,
Molecular Cloning, A Laboratory Manual, 2Znd Edition,
Cold Spring Harbor Press, Cold Spring Harbor, New York
20 (1989). The polypeptide to be expressed may comprise
the full-length HBV core antigen sequence, or
mutations, cderivatives, truncations, or portions
thereof, which retain the ability to assemble in
particulate form in the cells of the expression system.
25 Recombinant methods for producing such HBV core antigen
particles are known in the art. See, for example,
United States patent 4,710,463,
Alternatively, chemical synthesis methods may
be used to produce HBV core antigen polypeptide. Based
30 on the aminc acid sequence of the HBV core antigen
polypeptides, chemical synthesis may be carried out
using solid phase synthesis [R.B. Merrifield, Fed.
Proced., 21, p. 412 (1964); R.B. Merrifield,
Biochemistry, 3, pp. 1385-90 (1964) and D.R. Milich et
35 al., J. Immunol., 139, pp. 1223-31 (1987)].




- 3 JUL 2003 WD 00/ 32625 PCT/ US99128755 - 16 antibody precipitati on assays
in solution. However, they all showed strong reactions with a rabbit
anti-HBV surface serumin inmunobl otting experinents after el ectrophoresis
in acyl am de gels under denaturing 5 conditions [A L. Shidauyl "g@$runol ogi cal
Aspects of Hepatitis B Virus Core Antigen and its Derivatives", PhD Thesis,
Uni versity wbomrdisetour gh, UK. (1993)]. At hi gh concentr at PERYSIHZBBS par ent
and nmutant proteins al so gave weakly positive reactions with anti body to 10
HBV surface antigen when captured on a solid phase coated with anti body to
HBV core antigen, possibly as a result f sone disruption of the particles
af fordi ng access for anti-HBsAg nol ecul es [ Shiau and Murrav, |997]. 15

| muni zed rabbits were used to examne T-cell responses to the fusion
proteins, as well as antirhesly fuiadeat ienchdPertpheral a;h;LMart@n@Huel ear
cells (PBNC) t aken_ at ar| UStIITES g% muni zation were used_for
proliferation assays "B’aseﬁ a[réﬁf %%?rﬁeaﬁ l?%’&o?ep%)reé’tcegnm?ﬁ response
to exposure to imﬁlu@vecgeeciax\EmSQMnthoblrﬁwcprtprprl@gemh regad desr

| rmuni zat i on. Ifh@'ﬂre%%ﬁ%sln%r{tﬁ% GBS POLS &S g found, it h the fusion
protein exhibiting a higher stinulation | ndex than HBV core antlgen and

HBV surface antYyelfiéi Ay BUiRIcionSs 18EF A Gt PYaleRiipetiee™ RTdoubl e

ant i body radi oi mnﬁuors@qupnwél @r as8ay prdceHurByyrehltied HEV. cotrRapi d

Det ection of He aéitlns B §Hrf ace %rﬁtlgenrb Doubl e, An ilpocg%/r 1

Radi oi rrrrunoassa%/)n I RBRIOE T ST ph-e 1(1?993351% WK [198P]- HBV
surface antigenpewisidesed to 30 rreasure antl -HBs in the serum sanpl es and
showed the anticipated positive response to HBcSlii-156 The arginine

nmut ant al so gave a p05|t|ve res Lponse in this assay, although somewhat | ess
than that of i t¥u{ Jé’ﬁ‘t O%F%E%I ,,°t§ﬁa %e%\?e%@sr esponse was obtained fromthe
35 gl utam c 18ci HRRRH e—ysi ne mut ant . WO 00/ 32625 -
17 - 3 JUL 2009 PCT/USQHéE&&ﬁ5used to determine the fold of the

core protein have been applied to locate by

cryomicroscopy the binding sites on the core protein of
SLLGRMKGA, an HBV capsid-binding peptide that inhibits
15 binding to L-HBsAg. This approach has now shown the
peptide bound to the tips of the spikes, in both T=3
and T=4 shells [B. Bottcher et al., “Peptides that
Block Hepatitis B Virus Assembly: Analysis by
Cryomicroscopy, Mutagenesis and Transfection”, EMBQ J,,
20 17, pp. 6839-45 (1998)]. Image analysis shows that the
peptide binding sites lie at the tip of the spikes
which in the proposed numbering scheme for the
polypeptide fold [Bottcher et al. (1997)] corresponds
to residues in the region of amino acids 78-82. There
25 are two acidic residues (glu77 and asp78) close to the
tip of the core protein and the selected binding
peptide contained two conserved basic residues. The
importance of these oppositely charged residues in the
binding reaction was confirmed when mutation of either
30 of the acidic residues in the protein to alanine was
found to greatly reduce the affinity of the peptides
for the altered core shells. Changing aspartic acid 78
to alanine reduced the affinity 160-fold and changing
glutamic acid 77 to alanine reduced the affinity 1000-



Thus, the results showed that the fusion protein (designated HBcSI 4sR)
carrying the arginine 145 nutant was a strong T-cell stinulant and i nduced
anti bodies with a broader reaction specificity. 5 A further gro%p of
fusi ons of various portions of the HBV surface antigen pd ypepde,
i ncludi ng residue 145 nutants, to HBV core antigen pol ypepti de was nade to
expl ore t hewefdazes of the overall size and the nunber and®CHASP¥IHA of the
vari ous 10 additional conponents on the inmunogenicity of the products
[ Shiau (1993)]. These constructs are included in Figure 2 and, as with the
ot her fusions, all gave particul ate proodycts di splaying the norphol ogy of
HBV core antigen, although fusions with the HBS111-156 15 fragnent at the
am no term nus of HBV core antigen were | ess satisfactory, giving products
that forned i nsbbld! e Thggr egadests Thias githyr afr pooatustsdidi ke the earlier
ones wth the S h [ tt tion with
anti body to HB\leg%#déec%%gln??ggﬁi%ncog%l ?‘g@%%%ﬂsé"g@?e?% 12% rlO(r)V(raiL,%%blaJlt9 when
captured by antidwtly nartHRY the finttingeaite & iH@Vpraseidthiaydisowed
simlar reactivpiyrmdd antibody to HBV surface antigen and this was
sonmewhat hi gher (about two-fold), with fusions 25 carrying pre-S1 and
pre-S2 segnents in addi tﬁgﬁsf’or%%%flf-li?ﬁlllﬁ%rﬁﬁnﬁhgt’r Ltedcees for
| ynphocyt e prol of etlad iaginonhebd tsegruenereo AR cireongt i @¢n ailil thiee f usi on
proteins and th ; t- lngl re-S l]..as. native or nutant
HBcSlii-1s6 squé %:%{s]aogfa\;g%ggﬁﬁoepstﬁfoﬁgg?g'rsfegs%c}%?gs. #’h%?lu ‘on of the
pre-S1 and pre- S2osefiferfkédl bét viden aHBc T4l ArPrdsd akBcSha -HE6 cosquences
(either wild typgtOferdutrant yoBdviesihisghesn@ntd Padyul e¥ehst 4ty ddheogdoubl e
ions | acking the 35

anti body radio i nopreci.pi.tati on assay.than the fus

pre-S segrre(rjhos, egE%JCtilhvtf ?’r‘lg%ﬂ%c‘f’?@npéf’\t/ c‘éﬁacxbr%dgang:—l@mﬂﬂg%% WO

00/ 3262S PCT/ USP&p28B¥H5 or the selection and adaptation of variants of
the ligand for effective binding to that specific HBV

core antigen variant.

HBV Core Antigen Fusion Proteins

15 According to one embodiment of this
invention, the HBV core antigen particle to which
immunogens may be linked via HBV capsid-binding
peptides may be one already displaying one or more
immunogens, as a result of genetic fusion techniques.

20 In one such technigue, relevant coding sequences are
incorporated at appropriate positions in plasmids or
other vectors carrying that for HBV core antigen
polypeptide.

Fusions to the B-galactosidase gene of E.

25 coli used to enhance expression levels of HBV core
antigen polypeptide demonstrated that replacement of
the first two amino acids of the antigen with a
sequence of eleven amino acids (eight from the amino
terminus of f-galactosidase and three further residues

30 resulting from translation of a linker sequence
introduced in the gene fusion) had no adverse impact
upon the ease of recovery, antigenicity, or morphology
of the product [S. Stahl et al., “Hepatitis B Virus

Core Antigen. Synthesis in Escherichia Coli and



- 18 HBc5lii-156 sequence between HBcl g4 and the pre-S sequences produced
no further enhancement in any of the responses. The |ongest of these
sequences attached to HBV core antigen polypeptide at prolinel -- 165
anino 5 acids -- had no obviously adverse inpact on the=y |é|I"d2&]3 physi cal
properties of the fusion protein. The core protein (HCc) of hepatitis C
virus (HCV)WOae2815so been fused, in part and in nultipl ePFUPSPORERYL h
copies, to HBV core antigen pol ypeptide 10 truncated at valine 149 [A
Yoshi kawa et al., "Chineric Hepatitis B Virus Core Particles with Parts of
Copi es of the Hepatitis C Virus Core Prptein”, J. Virol., 67, pp. 6064-70
(1993)]. Fusions carrying HCc residues 3975 showed negli gi bl e HCc
antigenicity, but residues 1 15 91 or the full sequence of 180 am no acids
gayehposi ti ?/le m@@qﬁbeﬁsmrndu m%gﬁaﬁi?QHiPﬁiokV NaEL eased alsaest ysa, .

ari thretically g th t r I h&QPL e Q. four) of the
1-180 sequence i"aPEhor ?%j i :1889&1 e%l‘ti o% hgrosc%pé/ltghtg gm?ﬂ%‘t t he fusion
20 carrying a SiEiglcéroppyiafosdOpyr ef i Rrred iti91Bf Gereedirgdgenc| es

mor phol ogi cal | %ﬁ%ﬂ'e%%@&‘tl& q; %gl(_;ore tigensppl yeptd@engbut three
full -1 ength HCc copl es greatly |storte i$ structure and the product was
very sensitive i@ [?rr’d)t eol ysis giving, however, material 25 that retained

HBV core antigenicity. Wmv Q:drféeahaw@stfﬁsuehozar@t@ires Mnse@nli @d nore than
720 additional ,ani no aci core

g gart cle of tg HBX
antigen type app€afscfe” lrﬁ’ﬁ&éc?f’arf‘ﬂ/etfey ArgEce, % ANt sEe ifve been
used in other 3 Xktgdeb: aid tBheMetl’:exz,t ‘dhtuhegposcitprooffepisdon to HBCAQ

on i mrunogeni ci r e I Ons W S nts of
Tl 81 (1 oei dueligHap I A B p(HHR) CREPALELAS B, SRICRY D od to
HBV core ant? gdicad.yufeat St 8|§roPPne621 8dr (LA}t edMdternhit§veLEy posi ti on

within the fullslaargkhotB¥ yeptadti §8quences Bolthe 2R0BOGRERR625
uence. |In, these nal, ogous caonstructions with

PCT/ US99/ 28755 - se nd
esi dues 56- 108 P BhGOBRVETRE R EBE €1 FF o S50y, FETFARAEIRN ¢ vi rus (BLY) o
resi dues 78-12%aftitchesHhke texampiefibednel thr at eumb¢ypafl )viraiecsétuences

fused to 5 HBY coreauti 0g0 YehR ebh evechi besexpasad anchhigopar ticl e

surfaces, for all were repor Bot h antlgenlc and 1 mmunogeni ¢ and
the Cternihal Ié\f@lmuﬁéFFcW%Wél WighparEntimpupgaericite aeersedeffect. F.

Schodel et al.,py Hx@rBesiéh oniofa FAcHBL Rl GliegeuseEpbt Qpesenserted in
ViTol . 6, pp. PRREIR (OGRS IO LEO L HETpABE BT phait GRoBF %] on on
antigenicity andirtkesr isequemce espdahsesix dmilmoedchils e £ vitien ppeecS&te or pre- S2
segnents 15 werg, dc?&ehe%hﬁﬂm@&lmqyaglfao?&ﬁ{gmtmsammt uéémll%@gtafHBthore

antigen (either rectly or via part recore sechence or the

car boxy ter?r‘i)nl}§13"61‘cotrteur'=i€§*éﬁt%‘fﬁn MYEBPE:L%'[[IEQ@I’\ Cha¥¥e tHerflconst ructi on

carried a pre- Sirgagreat memmﬁmlldlsvycmeaaapltgae Egstabestierand 83 as 20

YE%; as the preFué%J%r%%nﬁepatltJ%h% Egygcﬁké%eln ,bO§Xt£§g}n§}%§ éBTO"”e
381-84 (1987)1. See also Ulrich et al. (1998) for

other useful HBV core antigen fusion proteins.

25 A series of other fusion proteins are
characterized by replacement of the arginine-rich
region at the carboxy terminus of HBV core antigen
polypeptide by other alternate coding sequences.
Peptides that included the immunodominant a region of

30 HBV surface antigen (residues 111-165), the pre-S1 and
pre-S2 epitopes, and various segments of the envelope
protein of human immunodeficiency virus (HIV) were
attached to residue 144 of HBV core antigen
polypeptide. All were expressed efficiently in E. coli

35 to give particulate products displaying essentially the



The, conpr ehensi ve anal ysis showed that the pre-Sl1 sequence fused to the

am no term nus of HBV core antigen via the short pre-core seguence was
antigenic, 25 but that fused directly to the amino term nus was _not and,
whil e both had the sane HBV core antigen inmunogenicitys=3 YL 88 on via the
pre-core sequence stinmulated a nmuch higher anti-pre-S1l response. The pre-S2
sequence atwbhesiseaincat ed HBV core antigen 30 term nus WRSTRRW2§EAMI ¢ and

i mmunogenic to a simlar degree in both contexts, but the pre-S1l sequence
fused internally so as to replace residues 76-82 (which include the major
HBV core antigen epitope) was substantially nore antigenic and dramatically
nore 35 i nmunogenic than in the N-termnal fusions. As - 3J UL 2003 W
001 32625 PCT/ US991 28755 - 20 anticipated, HSV core antigenicity and

iRmT}mOQeni ci t%/ Yehe reRbliygy esiiced ¢l Pftﬁgvicfﬁxeér Rak i eS| Dot ei n% 82)

epl acenent o i.nternal seque core antigen (res es -

with a fragnent ?Ma@é@é%%a ’agt%:%ﬁgn 5T BB RTINS gh‘(cépfff'%ﬁ#ngg‘(?m nant a
epi tope al so gazetmgericduenceinithi tdfngBposote \erthiB¥ncane, anitkegeni city and

i rmunogenicity IisQua, et e [ ]{—iepq)q L s: B M | eocapsi d
Beari ng an Imm%o&a%%%lealﬁt?ﬁéRggi%B?\J f%ogr%ng%%l Iti's g?gia?%g%eh;%%laggg", ~7.
Virol ., 67, Pp.atorssiome’?dd, (alums) tespgdaatn tdibakedrfRM isve, or as an
addition to theahtSian d¥aeteiNsy,dedereRsdr@bDViesngtANHBPaEsHL£ components nay
be attached to HBV, core antigen (tjzty tggerri call1 cr o.ss-tl i nkl,n%,[[{)r ocedures. 15
Super i mposi t i on®BF¥5HE SAARo" &Y o 'dddGeRte” TS HEV Wor e ATt9hen on t he

physi cal structpretsugygestrenihy Botidcker 18t-Hi6 orl1997)16%| Pont B¥Xpl ai n t he
ow anti geni ci { y,pfaSeqliehoes digad\ah A DEAL AhenEaRP Y, Larl nus of HBY

core antigen, since such séquences ly to be burted within the
HBV core antPgeApb¥et AC@SLE1HATY e NFRELH NPt FsiosAd Shayt beddf ithef r om

flexi bl e |inker sgamanaasn bepdiddite BE tRIMNQGRRY byitoes, f4omnkhe

rel atively confinped %fa%g at the foot of the s%i kes. Logati n of the

i munodoni nant LB@EJC RDEIhPF FHIUEBCESPRETIEHYIES BB Bfifeld et al.
(1989)] at the paptotldshe SpmisogeMdws rehpomtdd ant itha Ghisidri s position for
STt on of | APPSR, ahubbe: N AARSLALAN NG eRLL desh IRRROEn. |

principle, all ese positions nmay be used sinultaneous to I ncrease the
30 nunber and/ ofPHFRESity of epitopes presented by a given HBV core

antigen particle. HBV Capsindn8i ¥sigighsRepts desv Wspdate adh€iq@dre ah@munoct ens
to HBV Core Antlgen Fartdg! 88 acaitidn’¥s 290308 98534029 in the
pre-Sl and pre-S2 regions of L-HBsAg and the major
immunodominant a region, a number of variable subtype
20 determinants have been assigned to other regions of the
short, or S polypeptide of HBV surface antigen [G.L. Le
Bouvier, “The Heterogeneity of Australia Antigen”, J.
Infect. Dis., 123, pp. 671-75 (1971); W.H. Bancroft et
al., “Detection of Additional Antigenic Determinants of

25 Hepatitis B Antigen”, J. Immunol., 109, pp. 842-48

(1972); A.-M. Couroucé-Pauty P.V. and Holland, “Summary
of Workshop A2: HBsAg and its Subtypes”, in Viral
Hepatitis. G.N. Vyas, S.N. Cohen and R. Schmid, eds.
(Philadelphia, USA: Franklin Institute Press), pp. 649-
30 54 (1978)1. The HBV surface antigen coding seguences
determined on HBV DNA cloned from sera of differing
subtypes display differences in the corresponding
protein sequences. However, specific single mutations
of apparently critical residues did not effect a switch

35 from one serological subtype (y) to another (d), but



PCT/ US99/ 28755 - 21 As described above, inmunogens of interest nmay be
linked to a HBV core particle using a Iigand which is an HBV capsid-bi nding
pepti de. Such HBV capsi d-bi nding peptides are isolated, purified 5

peptides. These HBV capsi d-bi ndi ng peptides advant ageousk}ﬂ dthm and
interfere with HBV viral assenbly by bl ocking the interaction between HBV
core protei nyaogh2kBYV surface proteins. Preferably, HBV capsi/ussbestsi ng
peptides 10 include peptides, fragnents, anal ogs and honol ogs t hereof,

whi ch are between about 2 and about 20 am no acids in |length. Mre
preferably, the peptides are between agogé 3 to about 15 amino acids in

| ength. Such peptides include those |ist in the tables below, 15 as well
as fragnments and anal ogs thereof. As used herein, the term"fragnment"

refers to an amJHQnaccl'oﬁa§99H?%}‘“eemW‘EhEboﬂ§ ﬁmrcbar at badudde Bgppkde from
which it is derived, but which retains biological activity subStantially
simlar to that Wito#otheY Miyicharapbpyteiees SuchimmenegafEnitiesat | east two

amno acids in |l%”hg{9hdlé§l&|§eﬂﬂ fiemeitRe 41 'ﬁ@ﬂ@b nasafmgs. rp@h@bﬁ to .
variations in the i uences t he pe e may typically
i ncl ude anal ogs ff‘ﬁ?d%hl?@lrlg?y% teatil@ngb%?g %{ﬁn %ES aci d
changes. O heb ekmmioésgotahrﬂaihtgsaei nE| Heten thepsi de¥ivug Buriface am no acid
vari ations frommg%%ptahgeﬁl r&gﬁ%f]' ﬁgtm |Agtlbgnp@rgrl]ocul ar, peptides

i [

cont ai ni ng conservative am no aci-d repl acement ose that take
place within a 30URmedepiefDeamdnasien” + hht Meds Virated 2% PReir side

chai ns, constituw®-anal@gso) ﬁenqwecahtat%mqmoa%@m@@ Gmgare generally
di vi ded into four famlies: é %dlc gs arttate ﬁluéamate (2) basic:
lysine, argini ne" 1%t P& itoSY F° 38°nGAPLY IRt RPaRPRE SV i ne, | euci ne,

i sol euci ne, 10- ~irdnuhddoR083n\Q Q@/g38625a1£i€5/dﬁ899/l28\75’51rn 22e pr ol ine,
phenyl al anine, RN 06 udt XBLAPNADL AN unchar sed ol 3t wghyel ne
aspar agi ne, gl utani nhe el ne, et tyrosi

Phenyl al ani ne, teygs @plﬁagenafmﬁqwﬂo@sll peowR e sorretl mes” cl aSSI f| ed 5jointly

as aromatic am no acids. W¥ihifRIReek tRe H&%a@:@%ﬁbdu@érﬂcﬁﬁ@ sﬁ%@kbges it
may be beneficial to change one or nore _am no acid hose of skill in the

art may readily ReFifacet¥net ithsacrtébPodigh Ja{ldélﬁﬁﬂggronﬂﬁeq &P/ " honol og"
i ncl udes peptbdesiigagtephstidt whisdlbnshaseefiis ndgdt 60spermesiitel dentity at

(e Ao aci | e4sl, AN BLIGIANLY (30T RN, Ldepl (it cypstantial Iy
per cent ages ref | exttades Qﬁaimt%ﬁeﬁé&,oparhwlp]@mwdé§ they are

dependent on conformation. Mutations of glycine;ys to
arginine, to mimic the natural escape mutant, and to

20 other positively or negatively charged residues (lysine
and glutamic acid) were therefore made at this residue
in HBcS;4,-13¢ for comparative studies of humoral and
cellular immune responses [A.L. Shiau and K. Murray,
“Mutated Epitopes of Hepatitis B Surface Antigen Fused

25 to the Core Antigen of the Virus Induce Antibodies That
React with the Nature Surface Antigen”, J. Med. Virol.,
51, pp. 159-66 (1997)]. All were expressed efficiently

in E. coli, yielding the anticipated particulate

products showing strong HBV core antigenicity and all
30 induced high titers of antibody to HBV cocre antigen in
rabbits.
Like their parent protein HBcS;;;.154, the
three residue 145 mutants showed minimal interaction
with antibody to HBV surface antigen in solid phase

35 radio-immune assays (AUSRIA; Abbott Laboratories) or



15 Useful HBV capsi d-bi nding peptides include those based on the peptides
di scl osed in Dvson and Murrav (Z995). Such peptides were synthesized

fol |l owi ng random nut agenesi s of residues flanking the pe ﬁ WNK in the
fusi on phage Bl and re-sel ection 20 agai nst HBV core anf'l"itge‘

bi o- panning reaction to obtain derivatives that bind the antigen with

i mproved afwpm¥32g25 Hi gh resol ution el ectron cryoni cr oscoBGTHERB#SE r at ed

t hat such HBV capsi d- bi nding peptides bind at the tips of the spikes of the
HBV core protein 25 shell. The inhibitory effect of the peptides on the
interaction between HBV core antigen and.HBV surface antigen proteins in
infected cells was exam ned through transfection of perneabilized hepatoma
Hep & cells with a replication-conpetent plasnmd carrying a head 30
to-tail diner @nmmdwwr@@mmthantm@sesaneemn@bsemmeoért he pepti de.

See Bottcher et Hg?ﬁ%{ﬂeﬁﬁ\ﬁg actho?q' ngeggpt |rd%smcca ¥| nﬁ’B\f he LLGRWK

sequence reducec]letyhéﬁfl yi € TFans hepa orra el tures in
a dose- dependerﬁturlfainﬂeseawd 356 lvmntlholpmmmgeeapérm@nm estelmat reflect the

| CSO val ues  -¢ 153 robhbr 2003 1\Aoa994§t?rﬁ?e5 gE@ElH§8§£ 2fhuridg for the

peptides in the| r inhibition of reactjons between HBV core antigen and
L- HBV surface FRIGEAORA Ebilut iSE4 2 HB\AEHRSila9br Al AP ssesst Pdes preferably
have a 5 hal f rreégaltaltleonc‘emxrsat:b@e Alhtffq@)n laassitharembeitti végy, preferably

| ess than 5, ra Ies t ha refe bly | ess
t han about O. g‘%ﬁﬂ F}I% ?ef lrotcll,‘r}o/f‘"’|c§:‘er tde PI et n%géghbWa?@ ngg’B Ilmlg‘?ed t o:
SLLGRWKG p- A) C, hiRSL CORMITA; a tHRSIs|. GRVKG e reartd a0 RSLATCRIYKGAELhsSA) C, or

peptides derivegd Jhenebr pmy Al RERRE Ly elehctilal @1 peridde Ry the peptide
ALLGRWKG which inhi'bits the interaction between the |long hépatitis B virus

surface anti@erfR\L SHBSAGT 2ok 9a8c KEen vFalt Uk eRaPr #eSqiiel PEéd€entrati on

]gl |C|SO) of 13/h0 ¢8\4te§5w&|5h/ SPYdybi odimg deapt hdesqéat e wephiyf heda by the
ol | owi ng, erein presents a relati i ssogci ati.on const ant
for reactions Betiedn® ?—B%f’%% C&%HP 9eh %ﬁ&@dpﬁﬁgf%ﬂ aéflg *84PPying t he
pepti de sequencescass tthe almmasegnmnaécule@ dﬁm&tﬂm_ﬂll_rmmu protei.”". ",
[ see Dyson and Mysay (1995)]: Seauence KU Rel nM ADGALLGRMKGA 1525
ADGALLGRVKPA 7678 ADGSLLGRVKPA 322i -50 25 ADGALLGRVKRA 18112 ADGTLLGRMKLA

202 ADGSLLGRRKGA 1.70.3 ABRUMZS[KERLILHINEIG? LARBSHRE S HAERRGA™$2960. 32 30
ADGAHSSLLG?NKGA:éIspZﬂﬁe%?tAW&SLshGRWﬁkdu&OOa§33wé\[I§%i%SSInlt@Rb’KﬁA 0. 840. 07

ADGAHRSLLGT_~NKGA 940, 12 ADGYCEESh L GRG0, 880, 08, 3% ADGT GBShL ORMCA

0. 890. 06
taken at various times after immunization were used for

proliferation assays based upon [(*H]-thymidine

20 incorporation in response to exposure to the HBV core
antigen, or fusion protein used for immunization. 1In
all cases, strong responses were found, with the fusion
protein exhibiting a higher stimulation index than HBV
core antigen, and HBV surface antigen being a poor

25 stimulant, as expected. A double antibody radio-
immunoprecipitation assay [C.J. Burrell et al., “Rapid
Detection of Hepatitis B Surface Antigen by Double
Antibody Radioimmunocassay”, J. Med. Viregl., 3, pp. 1926
(1978)] with [!2°I]-HBV surface antigen was used to

30 measure anti-HBs in the serum samples and showed the
anticipated positive response to HBcSii;-15¢. The
arginine mutant also gave a positive response in this
assay, although somewhat less than that of its parent
molecule, and a weak response was obtained from the

35 g¢glutamic acid mutant, but none from the lysine mutant.



- 29 ADGVHRSLLGRWKGA 0. 55p. 03. PCT/ US99/ 28755 These peptides, which mmc
cytoplasmc regions of L HBsAg, were identified by selection froma random
hexapeptide library displayed on filanentous 5 phage and their_affinities
for HBV core antigen in solution deternmined in the phageda¥$o ted form
The follow ng rel ated peptides (listed below), are also exang)l es of HBV
capsi d- bi ndV@89B65t i des and the | Cso uM val ues represent PEHES9¥E%xnt rati on
of peptide required 10 to inhibit binding of L HBsAg to HBV core antigen at
a half maximal |level, N D represents no observable inhibition and [3-A
represents beta alanine [DVSOn and Mucray (1995)]:

Seauencel CSO~-ML5ALLGRMKGL1. 00. SLLGRMK(A6. 27. 4LGRVKE80157CGRMKGY DLLGRVN D20
CLLGRWKC65274ALLPRVKGY DSLLGRVKGS. 40. 7SLLGRVK40. 74. 8SLLGRVKGA2. 40. 225GSLLCGR
MKGAO. 790. 23DGSIhuGRVKIEAASe H0. tAABESE & GCRIMEBAABS . Bu i GACSItERNVKG26. 25. O0SLLGRWK

LGRNKGA( { 3- ) 00 SBSGIB5E 0 A3 387 gt 1 Ao gL s SECAie - 000 10FSE
VHRSL L GRVKGAG( ("BSARGEE 308D (L 6% L PESaoyt? 8n85 L raece\entdpefde i ndi ng

peptides, fragnpithsa BREAGGS rRRAGLNEATLNGS riberoof, which nay serve as

| i gands to bind i nmunogens_to HBV core antigen 5 rticles are preferably
synt hesi zed Usi ng convertti OHdPeSy AFAER | tfé‘gﬁﬁpﬁu‘gg,vaéﬁlé’.u,s by cheni cal

synt hesi s technioxiesnsAbt etheatiBVvekyyfaddee asitibbrdpa@l ypegarideny synt hesi ze any

of the peptides by ushnd- an AUl 978t L1 98 sypthss] 261 yshng standard
chem stry such "as, for exanple, t- ¢heni stry. "See, f3r exanple, L.A
Car pi no, J. AmProdiyeeptSde. wam mags. tasexpliorgsthe ¢thefpéspei des may be

prepared by cheiggahickesyagRl eheanfid iandObo8t hedn MRt hodsvadhgudept i des
are isol at e]g suc ,&hat i]he%[r are gubst r}#:eall free of chem cal 15
precursors of G4er18hBN CHIRCTRRER ¥ ntifedMPBaC e/ dal 19, UBF obt ai ned by
chem cal cl eavagedotta psloiai N.198B1 er nathesel yonkiBMuictapsird- hhathdgi pepti des
may be prepare : entionpal, _gengti.G engineek] techpLques, e.g.,

r ecombi nant DNcAk ?&%ﬁ?éugs&?{r} gshggﬁ c@ﬁ@%bggsﬁég%e 'wiatel\ﬁL ggﬂ%cl eic acid
sequence codi ngardricuhatpeprddistshgieplmiing dhd BxPsoiavygoli BBV n a host
m croor gani sm QioreehhtagdNA £12gUBAT redldnd RGtA €Rdimg sequence for the

sel ected pePti de. Wen _ _ ,
5 fragment at the amino terminus of HBV core antigen were

less satisfactory, giving products that formed
insoluble aggregates.
This group of products, like the earlier ones

with the HBcS.11.15¢ segments, showed little or no

20 reaction with antibody to HBV surface antigen on solid
phase or in solution, but when captured by antibody to
HBV core antigen on solid phase, they showed similar
reactivity with antibody to HBV surface antigen and
this was somewhat higher (about two-fold), with fusions

25 carrying pre-S1 and pre-S2 segments in addition to
HBCS 17.156. <The stimulation indices for lymphocyte
proliferation inhibition were again strong for all the
fusion proteins and those that included pre-S segments
as well as native or mutant HBcS i;.15¢ Sequences gave

30 the stronger responses. Inclusion of the pre-Sl and
pre-52 sequences between HBc 44 and the HBCSii3-156
sequences {(either wild type or mutant) gave higher
antibody levels in the double antibody radio-
immunoprecipitation assay than the fusions lacking the

35 pre-S segments, but the introduction of a second



25 produced by reconbi nant techniques, in appropriately transforned cells,
the peptides may be purified fromthe cell culture nmedium host cells, or
bot h, using conventional nethods. The reconbi nant peptides are isol ated
such that the peptide is substantial~y free of 30 cel Lgl gyL reed3eri al or
cul ture nedi um when produced by reconbi nant DNA t echni gues. Codi ng
sequences W@ 0¥3&Spepti des may be prepared synthetical | yPCBYS%@Fved from
viral RNA by known techni ques, or from avail abl e cDNAcont ai ni ng pl asm ds.
--3 JUL 2003 WO 001 32625 PCT/ US99/ 28755 - 26 For use in the nethods of
this invention, the above-described pepi4des may be designed into
conventionally known, or alternative constructs, to enhance production of
the peptide, or its bi ndi ng to 5 HBV core antigen. For exanple, the

peptides may beipest | Q{g@l éé’qtfdifa@dbb@wé’grpr}mc%l,ﬁ a0 pEPtpEs- usi on partner.
Thus, one of skill In e%gﬁx dgm@p t he F gtldetln assoc a?tlon with a
sel ected fusi oﬁeﬁé{‘FPﬁ‘é? PRIdreas " anbth EBPPAES St c}tnhélpyp%lf)t Mes or
proteins 10 whirsisponpest dési dabbesthafr atchteem stesndeas jatttaSysdems for
cloning and expjKseLng h@égce%pﬁbgypémo&g al%eBEbi’?E LN V-aws@uamﬁl

mi cr oor gani sns and cel |s, incltidi hg.~ For example, B‘toli, bac
streptonycesS $ddSifaronjredio ﬁﬁ?‘fﬁﬁ??%ﬁh adyexse, 1F“P|%<ébt°nl$h€eh”r%l%nd pl ant
cells, and sui tablgy¥eeiDrsrdoeeretoror ame Imgmena{mbteg@l | able fromprivate

and public |aboratories gnd depositories rc aI vendors.
Wet her produced reconblﬂh%t Ig r%)ejsriln(t]{%(?g dihelf év cZpEHY- bi ndi ng

pepti des may be(H8W)i heedalsi m@ecoﬁu@m,l omabaptlramaiaat morl tipdas. One of
skill in the ard,qapepgadidopidel etgi t&%eagﬁ‘&?ﬁéﬁ? JpBEELaQf purity

required fox the eS| r application for are to be used.
25 1t shoul ¥ beryRget st ovld teHdret héd cHoi d@shi kppy %*faﬁsll -d- BFh#Enert pept i de

l'inker will depwpdl ,tth(st@P(Eir@st EBEe mﬂl&qe@aww Iﬂsfrttsh%fpéblbié%“ ar HBV
core antigen po tide far re.antjg ti

exanpl e, HBV ¢ e%(g‘ﬁt *{8%"?11”8:515 |cyé§u%f %r(gz % 8?’%n‘t Mﬁ%&—w?is strains
may require difiper @AE4HBY CRASI d- bi Pl inpspeptrirdénd iRfandesidues t3-di ffering
am no acid Seq“ﬁf“‘s%%w@ﬂ REqNeAb1ENgcd 1 8N RILPI it §3sQhub e i ven HBV

core anti gen poI ypepti
91 or the full sequence of 180 amino acids gave

positive reactions and the antigenicity increased
almost arithmetically with the addition of further
copies (up to four) of the 1-180 sequence via short
linkers. Electronmicroscopy showed that the fusion

20 carrying a single copy of HCc residues 1-91 formed
particles morphologically equivalent to HBV core
antigen polypeptide, but three full-length HCc copies
greatly distorted this structure and the product was
very sensitive to proteolysis giving, however, material

25 that retained HBV core antigenicity. While the largest
fusion protein carried more than 720 additional amino
acids, the limit for a particle of the HBV core antigen
type appears to be appreciatively less.

PreS sequences have been used in other

30 studies of the effect of the position of fusion to
HBcAg on immunogenicity. Borisova et al. (1989) made
fusions with segments of pre-Sl1 (residues 20~68, 20-69,
or 69-106) or the whole of pre-~S2 linked to HBV core
antigen truncated at proline 144 or inserted at this

35 position within the full length HBV core antigen



Li nkaae of HBV Ca-~si d-Bi ndi ng Peptides to | munogens - 3 JuL 2003 WO

00/ 32625 PCT/ US99/ 28755 - 27 _ HBV capsi d-bi ndi ng peptides may be linked to
i mmunogens of interest to forma capsid-binding i munogen through a peptide
bond. Wiere the immunogen is itself a peptide, this wll-gigul jogs be
achieved 5 conveniently by a single synthesis, or by expression of a

correspondi {4 o594bN9 sequence, in transformed cells, of a-p I
conpri si ng the0 /a%v capsi d- bi ndi ng sequence linked to the Fn&’rﬁgﬁ’gg@%

sequence, usually and preferably through two to five (and often three) 10
glycine resitiues, to inpart a degree dfS flexibility between the two
conponents of this |onger peptide. Alternatively, the peptides may be
crosslinked to the i munogens . The orientation of the Iinkagtte bet ween t he

15 bi ndi ng conf8ABARCHT tlihe EREPE I A FRELPHPHIFITLAUGLAPRE M &he e~fi ci ency
of the ultinmat eepi @es5d-Q03CHOHSEHd RvRYopE Ep RS Ndolsi BE g | NMMunogen to
the HBV core antigen part.icle. ternativel 'PEFQ a_nunb f

capsi d-bi :: di née}lgﬁffﬁg%evﬁsrutso (%ancro&sérﬁsﬁg‘é%sto ¥ %QZBfHQF (é{)IrVg anti gen
particle, a givteansmeninogyenprayebe (@rddéd tlte tdrsuamcae fesed res of the
peptide to i (I j , i | e ikg%né pl aced at the
car boxy ter\g:nggvo{f-oéiear%gﬁ?gdzg?% b%r%iqc@:ﬁg?tE?s i%&gggd@s%%e i nst ances,
it my be advaRfageetd sWigcgée foe 213 ¥ane BIPitefefenkeibpfilhogens at each

end of the HBVagapgéskdididi REmPERfdrde. aSYChhy at-italrin®Aal Na £F GAMezat i on of

t he HBV capsi d-bi pding peptide-i nogen. conpl exes to crossl ~nked to a
gi ven HBV coreréﬁﬁi% %PPPEF%“%&W%&@EQ% F&\?Fd‘ég?‘ﬁ?tghl y
mul ti conponent or 30 nulR.i vahédel .8V ador e alm¢ i Ryeritpant ofl es. See Figure 1.

This, orientati [o) Lapsigdsbi ndj g'gnﬁng%g t@;bexcyosg) inked to the
HBV core ant?gg(r%ggaé%%&(}ﬁe |§§E?rpf)%érpg{r?? tt(%_t e u tltrrat.lg_]?cn\ryrunogeni city or
mul tival ency of°orRePaesifkesnFepartindse Thej yhbpmuncgesdigity20aB. WO 001 32625

PCT/ US99/ 28755y rd8. , i e)mppagens<id y(1@n2nubih Vadeneeak gpgepast ed when t he
i mmunogen is orl en%ed to.t m no ter.nnus, BV, Ca\PSi d- bi ndi ng

_ _ the.a r. of the \ _ _
peptide. Such 8PF&RtAR %N TURAPRCAMFGAGE §FbRY 7% ItE i DI, is al so
preferred for ZFebpogee siy e nbmadogens whehnkagres loforCapst 82 Biewtieng s| mmunogens
Iﬁ?ogglei EE\e/ d1@r GefBl L 0N HRAY LiClRe CaRHItRERGLNG JFTRUR QI LAS (TR YBRe

core antigen (either directly or via part of the pre-

core sequence) or the carboxy terminus of truncated HBV

core antigen; a further construction carried a pre-Sl

segment between HBV core antigen residues 75 and 83 as

20 well as the pre-52 fragment at the truncated carboxy

terminus (proline 156).

The comprehensive analysis showed that the
pre-S1 sequence fused to the amino terminus of HBV core
antigen via the short pre-core sequence was antigenic,

25 but that fused directly to the amino terminus was not
and, while both had the same HBV core antigen
immunogenicity, the fusion via the pre-core sequence
stimulated a much higher anti-pre-S1 response. The
pre-32 sedquence at the truncated HBV core antigen

30 terminus was antigenic and immunogenic to a similar
degree in both contexts, but the pre-51 sequence fused
internally so as to replace residues 76-82 (which
include the major HBV core antigen epitope) was
substantially more antigenic and dramatically more

35 immunogenic than in the N-terminal fusions. As



to an HBV core antigen particle using any conventional 10 crosslinking
agent. Such crosslinking agents include, for exanple, mnmultifunctional
crosslinking agents, for exanple, glutaral dehyde, su00|naldehy

oct anedi al dehyde and gl yoxol . Additional crosslinking ageht¥Laf8 |isted in
the Pierce Catal og and Handbook, 15 Pierce Chem cal Conpany, Rockford,
[11inois (|o®0p326e% her crosslinking agents include those PSTRRIARE75S

et hyl - 3- ( 3- di met hyl am nopropyl ) carbodiim de hydrochl ori de (EDC) and

N- hydr oxysul phosucci ni m de (sul pho-NHS), which |ink adjacent primary am no
and 20 carboxyl groups to forman am de,gond. \Wen added to a
capsi d- bi ndi ng i munogen/ HBV core antigen particle m xture, such agents
covalently crosslink an available Iysine conponent of the peptide to a

nei ghboring aspgitali®a@edd! manRire Eﬁ@ﬂ?m\éﬁﬁf %nanimﬁ%gezéclﬂt shoul d al so
be understood that the giopor |on of different i ens attac%ed to a

gi ven HBV core %G gEF3payt Ty bRe chtrd@alp §h Yy iPRe rel ative
proportions of Regspechieve ofmamdgersnah $deuanoe vfeHB$ecbfeomntigkhng t he

capsi d- bi ndi ng [ ; 0gen.4.0 1. B i | €l 3 JuL
2003 WO 00! 3262?%%%98?2%%5&1%25 Y’r%ﬁeg]ptg&ﬁ %E@O%%éé% & anbigeny ng to
this I nventibn J¥rtgimdggnthe nemniogamahsnt pr ;riidesecaohpodaveons useful for

the therapeut i cppad&rtogmamrfg tpro%%w@tmf dd}ql Xhé&'&érﬁé’ﬂ yhand
mul ti conponent or 5 nultivalent” HBV core antig Bart i scl osed
he

herein. Any i ndtURPACRILHRY ukfi nGoRdAaKS %%cPlot' Yﬁﬁwﬁd\“’é’,até?ﬁeﬁl as any
ani mal s, may bevineatedlebtipd e BdBYiggr £n antru@edoRanint|rgyidnhscl osed

her et - ThEtSPebl s OTRGE OGSO Lie, oL RGEyl) ol Ly, 19 effect i ve

effective téolnﬁﬁ%62§0agaﬂh%3 one or nore infectious agents or to treat one

or nore conditions in anpingdi Mi,dyal. 4o:¥ROM LReY -ar gsadm nisthepgd over sone

eriod of time. Prophylactic 15 conpositions conprise a prophyl acti cal
gffectlve to A% %USlon protelngpdescrlbed abgge, 1mmu§gg4%1% y

components may be attached to HBV core antigen by
chemical cross-linking procedures.

15 Superimposition of the amino acid sequence of
HBV core antigen on the physical structure suggested by
Bottcher et al. (1997) helps to explain the low
antigenicity of sequences fused at or near the carboxy
terminus of HBV core antigen, since such sequences are

20 likely to be buried within the HBV core antigen
particles, while N-terminal fusions may benefit from
flexible linker sequences, to bring the immunogen
further from the relatively confined space at the foot
of the spikes. Location of the immunodominant HBV core

25 antigen epitope [residues 78-82; Salfeld et al. (1989)]
at the tip of the spike shows the attraction of this
position for insertion or attachment of the HBV capsid-
binding peptide-immunogen. In principle, all these
positions may be used simultaneously to increase the

30 number and/or diversity of epitopes presented by a

given HBV core antigen particle.

HBV Capsid-Binding Peptides Used
to Ligate Immunogens to HBV Core Antigen Particles



anount of the HBV core antigen particles, i.e., an amount which is
effective to prevent one or nore conditions in an individual to whomthey
are adm ni stered over sone period of time. 20 In cases in which the HBV
core antigen particles contain multiple i munogens of &i¥ {JoL€26033t ypes,
conpositions and vacci nes conprising themmy be used to elicit an enhanced
i mmune respomgedzersan i ndi vidual to each conponent i nMmMuNOPETUSIIRBIEHASES 1N
25 which the HBV core antigen particles contain multiple inmunogens of a
comon type, conpositions and vacci nes conprising themmmay be used to
elicit an enhanced i mune response in an,jndividual to the common

i muunogen. The latter conpositions and vZa cines are'30 characterized by
enhanced nonoval ency and potency, as conpared with conventi onal

monot her api es. Conposi ti o LQIRELek NI, iRANRONGNY & iMWbibyal ent HBV
core antigen particles_of the invention may be adm ni stered al one, or as

part of a 35 phdPYaP8uli%ihd & pr BPRYIUS PETHEeparatitchd wWiegfAtdr - 3 JuL
2003 WD 00132625%nRGH/ USOHM 285 2aps 88-b Midih@ubepdi dyvantsuchngbudi ng

controll ed rel ease f.ornul ations. . They may .additi onally contain
Shar maceut | cal | ARECaTD M b BRPEATE i i PASAE LS L e or
adm ni strati on frepttibest r €ttarenHBYf capril-Bindfiegt pepisideSui t abl e

phar maceuti cal | y, Recepteble canhigis ML PRyskelogioal sy BeLh, and/ or
non-toxi c. Nunerous carriers are known in the art and nmay be chosen based

upon the desiredSS5PPLERY dHoBiBApERe yinterArELQR | hRAWFEE HBUt co¥F® not

limted to, sterddogelf sud iHBY, sh@choserauanese, cal ci um phosphate,
o1 ol ve oi || seaame of 120 ARATer AR Ona T4 4 HeCEArBRer or Gl uent
may i ncl ude B0t iimelddeapewtitdssi alf raguesttsas aghyogs odndirostegat e or

thereof, which are between about 2 and about 20 amino

acids in length. More preferably, the peptides are

between about 3 to about 15 amino acids in length.

Such peptides include those listed in the tables below,

15 as well as fragments and analogs thereof.

As used herein, the term “fragment” refers to
an amino acid sequence which is shorter than the
peptide from which it is derived, but which retains
biological activity substantially similar to that of

20 the original peptide. Such a fragment is at least two
amino acids in length.

As used herein, the term “analog” refers to
variations in the amino acid sequences of the peptides,
which may typically include analogs that differ only by

25 one to about four amino acid changes. Other examples
of analogs include peptides with minor amino acid
variations from the peptides exemplified herein. In
particular, peptides containing conservative amino acid
replacements, i.e., those that take place within a

30 family of amino acids that are related in their side
chains, constitute analogs.

Genetically encoded amino acids are generally
divided into four families: (1) acidic: aspartate,
glutamate; (2) basic: lysine, arginine, histidine; (3)

35 nonpolar: alanine, valine, leucine, isoleucine,



15 glycerol disterate, alone, or in conbination with a wax. In addition,
conventional slow rel ease polyner formulations including, for exanple,

sol ubl e gl asses, may be used. Potentially, conpositions conprising 20

mul ti conponent or nultivalent HBV core antigen particl es-3ayulc@iai n ot her
t herapeutic or prophylactic agents. For exanple, such conpositions may
conprise a Woowhkt@s| " of nultiple reagents useful in the ROTAIRPIASFRS, or
prevention, of infection, One such 25 cocktail may include other reagents
such as interferons, nucl eoside anal ogs and/ or N-acetyl cysteine.
Optional ly, conpositions conprising iqnggogenlc HBV core antigen particles
may further 30 contain i nmune system nodifiers, such as adjuvants o~

cyt oki nes which are useful to further induce antibody and T cell responses

in the patient. p&lllihe[m(iihfeh9ﬂ.§lér[hQieleﬁeQBﬂN@ﬂ{é LOnralypabprabased adjuvants,
or nuranyl dipegtldes servatives, cheni cal. stabi | zers or 35 ot her

anti geni ¢ pr ot eFRS SRS @glﬁ§ ¢ %ﬁﬁqelzg?garaglne’3gib D983 Wo 001 32623
PCT/ US991 28755 eyS3teirad uwamns,emhtqmneservayraaxne et ehenglal aopinien zed to

determ ne the b€§% ot PN akhgne: § s 1 glhf hEéC oxh&m% desiLed application.

Sui tabl e preservatives may 1| nclude | oryl butynol , potassium sorbate,
sorbic acid, 55 $RFFEAY diSoRraBati gEjrogaridtle, atakerBeCy| e éBVne and

pﬂenfl ISUI ]Eabl @apérmnﬁdlsudghgéﬁ@@@mnpeﬁlmprkse My elecde! efdridieagbased upon
the | evel of response desired. ener Lons gonprisin
i munogeni ¢ HBvogﬁ Tor®ran YRR %ﬁ&%lclgéb qﬁéﬁ?& niBetiedt B@gt 5ug and
about 200ug of rheﬁi&ytduﬂleateSUuhJm@apbsoflsunh reyhbegadn ni stered as one
or a series of inoculatiagh ' N terval s

. G + EB&OS%?SEB 'waggdébe?’%g@&é OfS, en‘tgji

of two to six nonths. Suitable a term ne
j udgment of 1Phevhieatshigephfsiersh, et BRFAGT ntderddégunt ¥%RRQﬂ%§O such as
the patient's hgaldh siat, uandvxﬁegmra@rlyage p@zsceml lidastihe, corventi onal

dosage of a component no n m ni st er.ed nonot her apy. Upon
i npr overment of B%E?Qﬁ#nﬂg ghﬁ?%% %18?°Pf% fl??ﬁiylgy g@ ¥ ncrease exposure
to a given pat hogéerercarmept édanceldesepot fer cohpesicenbagenmuiilsichg

i nmunogeni ¢ HBVtﬁgrghéygléggg Bgr{ﬂéﬂ %ﬁt?§¥sbe adm ni stered, if necessary.
Subsequently, t he dosage or uenc admi ni stration, or both, may be

reduced to &9 evel at ZSUWﬁﬁéﬁ ¥ %aQﬁ@§#?éﬁl%ﬁ¥QQanp§lﬂé§a&WR%PdQAt t hat
poi nt, treatmenthsfoWakeeeanetné nsipdidieal 81 §EYosDOWAY B sor E4HH e

intermttent treatnent termbasis u on r urren e of a gi ven
unwant ed conditﬁ%ﬁ——%bﬁ%%gﬁflo @E g?ﬁgw %ﬁSShéﬁ or
mul ti val ent HBVfoblewznu|qy9dopammtaﬂaaesmayober%ﬂﬁdwmssféaeuubytamw sui tabl e

route, such as, ,L0f; eXaRiRex PR’ &4 %ru@slloﬁdmﬁ%étﬂlata'ngnrep%ltéchLil arly
i ntranuscul ar or subcut aneous, as well as oral adm nistration. O her

routes, my e ageHSEUIEY 48T85AREAIRINAPY2 RERAANNARAFCAGHAR tder nal |

ocul ar, obtain derivatives that bind the antigen with improved
affinity. High resolution electron cryomicroscopy
demonstrated that such HBV capsid-binding peptides bind
at the tips of the spikes of the HBV core protein
25 shell. The inhibitory effect of the peptides on the
interaction between HBV core antigen and HRV surface
antigen proteins in infected cells was examined through
transfection of permeabilized hepatoma Hep G2 cells
with a replication-competent plasmid carrying a head-
30 to-tail dimer of the HBV genome in the presence or
absence of the peptide. See BOttcher et al. (1998),
HBV capsid-binding peptides carrying the
LLGRMK sequence reduced the yield of HBV in transfected
hepatoma cell cultures in a dose-dependent manner and

35 with relative efficiencies that reflect the ICq, values



-~ .3 JUL 2003 WD 00/ 32625 PCT/ US99/ 28755 - 32 intravenous, intraarterial
i ntraperitoneal, nucosal, sublingual, subcutaneous and intracranial.

| mmunogeni ¢ HBV core antigen particles according to this invention may be
used in the active 5 therapy of HBV infected individual s '3t guiL rega3bi t,
decrease, or slowthe proliferation of the virus within the body.

Ther apeut i cCWeOHI625 t i ons conpri se the i munogeni ¢ HBV coPET/HMPREER
particles capable of disabling, inhibiting, or preventing the assenbly 10
mechani sm of the virus. Such therapeutic conpositions may be fornulated to
contain carriers or diluents, and one_ogs;nore of the i munogenic HBV core
antigen particles of the invention. Such carriers and diluents are

di scussed above in connection with certain other 15 conpositions, and are
identifiable byfdrhate pépisidds innthéer amhibRreparet ixsacefioasnpositions or
vacci nes whi ch,contain gen HBV c ti | es as active

i ngredients nay Qgeggrﬁéggy5%1gFgg?%ﬁﬁ%(gteﬂgg |%€%% aﬁltggsnp05|t|ons or
vacci nes, eitherclagibhqui d sol utions or suspensions. Solid forns suitable

for solution or suspeHSImlaapshauwncpfdgo ebela@beﬁémamy Bhvo e
prepaxed. Preparations, al so in certai n enbodinents, be enulsified or

encapsul at ed® i P& PFﬁb@%ﬁnﬁ?ncﬁPtFﬁt%ﬂﬂlﬂﬂqy) P§§§e5h39(ﬁbQ§Fa&9al rel ease
and/ or prol ongededelrbiyyles tteanabj \mme preEpasial v Msnayiabeamdutaerosol or
spray form Th n r hes. The active

i ngredi ent may en%¥xgé§9 éﬁ}fer%k?ﬂng agxggglégﬂ i'ch are 30
pharnaceutlcaJI%r%i9§épﬂamﬁﬁikﬁﬂﬁ ébﬂ%%d&dﬂb@twﬁrh @¢ﬁakﬂmhbﬁé tagredi ent or

i ngr edi ents SLMLG@MRGWBB}Qté iRREL HREKGH O TRSX ABRURGA Fraeind’ s i nconpl ete,
bacteri al opol¥§acchar| es, ion exchan ers, alumina, aluninum stearate,

muranyl  di pje ¢ IRRELCRUERR 1) ChuPFepePCLUSD Slegt ¥ 0e IRSOBF 32625

PCT/ US99/ 28755 Alt%&nasubélp,ncsel&h gepépll dkemagspd SedISicRN CESGRIKG,

pol yet hyl ene gI agequsl ccines, conpr.,i,si HBV core antigen
particles accor |ﬁé’%§g ﬁﬂé g%Ve% ¥%Fac lonb egwconﬂﬁﬁhggg vacci nes,
conprising a ndrﬂp@rtlcbﬁSdBf\fne:tii@ntsu'rﬁmmcn;ms;ensmbhHW| red, HBogdude, for

exanpl e, combi natdoR Mé??'ﬁ@én&@”@éh@éﬂ&dtﬁ%n%@n &gaingt piwo or nore of:
di phtheri a,_tetanus, acellular pertussis, Hae usi nfl uenza, polio,

measl es, muhps, rubella, ™ ‘R?é’rslléep’r%dl%é’&hplttliigs Ban XETPREARERti s A virus
or pneunDcoccaunpnannﬁanBowﬁkﬁenmUﬁ@nmn%§ﬂ|mmludepréuhhisfer i nocul ation of

i ndi vi dual s pr|053€gvlnt§£yat%%nal travelt %uch vaccl nes.include, for

oclation constan actlons betwe?n
exanpl e, vacci nes conprising i mmunogens agalnst nore o yel | ow

HBV core antlgen and fd fusion phage carrylng the
peptide sequences in the amino terminal region of the

20 gplII protein [see Dyson _and Murray (1895)]:

Sequence Kp et (nM)
ADGALLGRMKGA 152%5
ADGALLGRMKPA 767+8
ADGSLLGRMKPA 322+50
25 ADGALLGRMKRA 181+12
ADGTLLGRMKLA 202
ADGSLLGRMKGA 1.7+£0.3
ADRSLLGRMKGA 1.09+£0.02
ADGSRSSLLGRMKGA 1.96x0.32
30 ADGAHSSLLGRMKGA 1.72£0.17
ADGHRSSLLGRMKGA 1.40x0.13
ADGPRSSLLGRMKGA 0.84x0.07
ADGAHRSLLGRMKGA 0.941£0.12
ADGYQRSLLGRMKGA 0.881£0.08
35 ADGTQRSLLGRMKGA 0.84+x0.06



15 fever, hepatitis B virus, hepatitis A virus, typhoid fever,

meni ngococcal encephalitis or chol era. Conpositions conprising HBV core
antigen particles according to this invention rmay al so be used in

i mmunot her apeutic regiments for desensitizing 20 indivi-dialt 2008 one or nore
al l ergens, such as animal allergens, insect allergens, plant allergens,

at nospheri wap/Bsgens and i nhal ant al |l ergens. Accordi ng PEI/E§992876%r nat e
enbodi ment of the present invention, HBV core antigen particles may be 25
used to elicit antibodi es agai nst i mmunogens of interest, for use in

i mmunot her apy or di agnostics. For exanpjg.- anti bodi es raised in individuals
i noculated with HBV core antigen particles nmay be isolated and used in
purified form Alternatively, such antibodies 30 or B cells fromthe

i ndi vi dual may beDeMpROVEIRMKGAPr oduce nonocl onad. ZEHG.Adi es, using
conventional techniques. Detection Methods Accordina to this Invention --
3 J UL 2003 WD 001 32625 PCT/ US99128755 - 34 The HBV core antigen
particles of the presentThaffeRePbhdemy Wlisd Bémicaytoplagnber of

conventional as&oher #RLS HERALL | Ketarildenitiruagass Ak ifekiBLSrfQk i agnosi s

of infection or exposure to infectious 5 agents. Such utility is realized
when the HBV cdpSRaBi REFHFAIEAe] GEPEOhEHARCEYEE The GREPEOREs of ¢ he
present i nvent iphragar endsisocirabédin tiea firaghvstoe laltdkenaishem cal

mar ker, a toxi t I i ide . I t BV
capsid-binding%O&%F?ggsﬁgﬁfﬁ%égggeﬂggégggg%gg %i%%?%ﬁ?%?gﬁf?%ha| €%;bels whi ch
are capabl e, al oYL nE nt tlAAsCnBEPbide sy tlH ssefcPe kmipogirei ahso or conpounds,
of providing adepetable wivgrabs MHihdwel Bebpdi&atRd heeptesenee of a
target analyte in a samgle nﬁp% exposur.e %o t he |nnuno%en 15 attached to a
given HBV cor o "SHERGenclt Frfiig Bept RN EAEhO et b ABILEY ABERLE Sy bo

sel ect ed frin amonghnbierioiusiiongnposi: tHENAg kKnoWRY armtka eadibynasyaid able to
those skilled ipithRagihs OfPed0Ngsh! L A3anss dhodueapign. therefore, s

not limted by e selection of the particular assay format, and is
bel i eved to endghididsiarsand BopnaeRresrittsapetRnaldning tlBgsenoindkill in the
art. For convengihge, (feegents for assays may be provided in the form of
kits. These kits can include mcrotiter plates to which the HBV 25 core
antigen particles of this invention have been preadsorbed, various diluents
and buffers, |abel edegoenpagates for the detectiDdy,0ofMspecifically bound
capsi d bind{ng peptideriggrunogens and ot her sigpal,generating reagents,
such as enzyme substrates, 30 cofactors and chronagens. O her conponents
may be easily deter AEB¥ Dy those of skill in the-Z%t-4 Alternatively, HBV
core antigen particl ggriagcording to this inventpotwisy be used in the

i nmunol ogi cal diagnos&ﬁﬁKéests currently availabﬁfbfor

LLGRM N/D
20 CLLGRMKC 652174
ALLPRMKG N/D
SLLGRMKG 6.4+0.7
SLLGRMK 40.7+4.8
SLLGRMKGA 2.4%20.2
25 GSLLGRMKGA 0.79%£0.23
DGSLLGRMKGAA 3.0+0.4
ADGSLLGRMKGAAG 4,5+0.8
ACSLLGRMKG 26.2%5.0
SLLGRMKG (B-A)C 1.8+0.4
30 RSLLGRMKGA 0.2940.02
HRSLLGRMKGA 0.50%+0.04
MHRSLLGRMKGA 0.80%0.10
RSLLGRMKGA (f-A)C 0.294£0.03



. 3 JUL 2003 WD 00/ 3262S PCT/ US99/ 28755 - 35 pathogen detection, that is
radi oi nmunoassay or ELI SA (enzyne |inked i nmunosorbent assay). Tn one
enbodi ment of the present invention, a sanple to be tested for the presence
of antibodies to 5 various inmmunogens may be contacted with J BBY core
antigen particle conprising detectably |abelled HBV capsid binding
i nmunogens avewsgedi f f erent i mmunogeni ¢ conponents, for aPQI/URe/28A85f i ci ent
to permt any antibodies in said sanple to forma conplex with one or 10
nore of the HBV capsid binding i munogens. Detection neans nay then be used
t he conpl ex formed between the capsid bindi_ng i nmunogen(s) and said
anti bodies in said sanple. A second screen nmay then be carried out on the
sanpl e based on each conponent i mmunogen, to identify 15 the specificity of
the antibodi es i nyiiReL SGMNRAG (ROaREe al ternate ermpadiyerb, of this invention,
a sanple to be tested for the presence of antibodies to a specific
i nmunogen may be contacted with an HBV core antigen particle conprising
detectably | abell ed HBV 2theca@p¥i dapd indibigdi fgupastei sha¥i-agmértiad, specific
i munogen as their,ipouno [ nt. for.a tj fficient to permt
any anti bodi es ?ha%% d sé%g¥%85§8$§$%§§°§bn§§%§hd#gﬁS%%Eeogsnnre of the HBV
capsi d bi ndi ng lArandg e bibde impunrdgens gh VRY errie @htiihen25 specific
i munogen dempnghi-at 8tk HYar @ rEBYr 80112 AREhESNz RAMIi6l4€ cof Wkt Borfdi1agnost i ¢
assay is characterized, by higher sensitivity than conventi opal assays.
EXAMPLES | n or d6¥PER&E T T SN EHES orf degc PY e FYBERB& frore fully
under st ood, thetkehhbgherw). erampkestare ysethéoskhlldd ashaukd ey under st ood
t hat these exa rJllu ' rposes. only a ot to be
const ruod as. |1 BAEAGEH St oentsorbqet Loy Banesa 2SRt ' U
00/ 32b25 peptide synthesizer using standard chemistry such as,

10 for example, t-BOC chemistry. See, for example, L.A.
Carpino, J. Am. Chem. Soc.,79, pp. 4427 (1957). And

the peptides may be prepared by chemical cleavage of a
protein or other methods. The peptides are isolated
such that they are substantially free of chemical

15 precursors or other chemicals when synthesized
chemically, or obtained by chemical cleavage of a
protein.

Alternatively, HBV capsid-binding peptides

may be prepared by conventional genetic engineering

20 techniques, e.g., recombinant DNA technigques in a host
cell transformed with a nucleic acid sequence coding
for the peptide, by cloning and expressing within a
host microorganism or cell a DNA fragment carrying a
coding sequence for the selected peptide. When

25 produced by recombinant techniques, in appropriately
transformed cells, the peptides may be purified from
the cell culture medium, host cells, or both, using
conventional methods. The recombinant peptides are
isolated such that the peptide is substantially free of

30 cellular material or culture medium when produced by
recombinant DNA techniques. Coding sequences for the
preptides may be prepared synthetically, or derived from
viral RNA by known techniques, or from available cDNA-

containing plasmids.



- 36 Exanmple 1 HBV Core AnticlLen Preparations PCT/US99128755 Expression of
either HBV Core antigen (aa3183) or Ctermnally truncated HBV core antigen
aa3 5 148) in E. coli and purification were perfornmed as described in Dvson
and Murrav (1995). Protein preparations were stored at 9@ YL S8 ose
gradient fractions in a buffer containing TBS, sucrose (20% and NaN3
(0.02% . Prwepewmeasons were stable in this formfor 10 atPeREs28%% nont hs.
Chem cal Cross Linkina of HBV Capsid-Bindina Peptides to HBV Core Antiaen
The HBV capsi d- bi ndi ng pepti de MHRSLLGRMKGA (Al bachem University of

Edi nburgh) was crosslinked to 15 HBV ggééa antigen particles using

1- et hyl - 3- (3di et hyl am nopropyl ) carbodii m de hydrochl ori de (EDC) and

N- hydr oxysul phosucci ni mi de (sul pho-NHS) (both from Pi erce Europe B.V.)
These reagents |ink adj acgntuser i ABfe atEth@dandr cawoxiHvegtoups tre form an

am de bond 20 [Staros et _al .. "Enhancenment by NHydroxysul f osuccini m de of
Wat er - Sol ubl e é%pl‘a’ néﬁf?ﬁ%’eﬁ%&ﬁggégei‘ow itbﬁgéﬁa%a ?%nl)sﬁ,o Anal vti cal
Bi ochem, 156, qepve220o22l (V1¥B6)h, Mherltaddetiive amsiBUctapstdbi ndi ng

pepti de/ HBV corgaRkibaeR.dlidtivheo s  AGY sdheubd, 25: covalimbli¥gcEosslink the
|l ysine fromthe peptide to a nei %hborl ng aspartate or glutamte from HBV
a

core anti gem sicAgei Rt iasinecular swATPHE t P nReREIES MBI ePSpeci fical |y,
Lr]y]pcat gg I(ﬁgg claytaoaanig_efus(d&tdg)awaﬁo_ ﬂ'dlelulaﬁt pspaiz%émtawiagnperaaur(elggm%

uf fer u ont ai nj.ng pot assium phos e D, :
(EDC T 80y - and e ehBho. NSk SaRvpt | Fetto 15f BOE CE g1 BEahen BI° « he

pept i de MHRSLL@GRGAe ( im\ssocialidblwirUz WOLe0t 6@ 6AE ion3par PEAY USQ9/ 28755
After 18 h, th agLi Mas.- yzed /ng?d =~ . descri bed

[ Sanbr ook et af\s.lf??llg%%gl?? Add%?lg(lgnégﬁ‘ %YDCOZ%E% Ssu ph%%l\,ll?l\g F%o?ﬁle&gepti de- HBV
core anti geh® patiicdl émeekpId8eirablet pLacterpaRiCShiT titcor responding 5 to
about 1 kd, occurring ons&ReRAEErf eromi iy asti egpedsdiey HBV core antigen.

Despite runs of the reaction under varioqus.conditions, nQ Xxi el d,of nore
t han 50~ of theca‘eﬂﬁl]dtg DO SR CHERE WA BSBOEE nBEST FHIK S oM st ent wi th
one peptide bi mdlig,t onalediver, dbrHBYAl ecoEecahti gaaridllose to the | ocal
2-fold axis ancggﬂgﬁ%omyces, saccharomyces, mammalian, yeast, insect
15 cells and plant cells, and suitable vectors therefor,
are known and available from private and public
laboratories and depositories and from commercial
vendors.
Whether produced recombinantly or
20 synthesized, the HBV capsid-binding peptides may be
purified using conventional purification means. One of
skill in the art can readily determine the appropriate
level of purity required for the desired application
for which the peptides are to be used.
25 It should be understood that the choice of
HBV capsid-binding peptide linker will depend, toc some
extent, on the nature of the particular HBV core
antigen polypeptide forming the HBV core antigen
particle. For example, HBV core antigen particles of
30 different original virus strains may require different
HBV capsid-binding peptide ligands, due to differing
amino acid sequences at or near the ligand binding

sites of the given HBV core antigen polypeptide.

Linkage of HBV Capsid-Binding Peptides to Immunogens



sterically bl ocking binding of another peptide to the 2-fold related site.
Exanple 2 HBV Core Antigen Preparations 15 In addition to the two HBV core
antigen sanples prepared in Exanple 1, sanples of HBV core antigens with
the HBV pre-Sl sequence 1-36 or the HBV surface antigen-$Sediledd® 111-156 or
111- 165 attached to the truncated HBV core antigen pol ypeptide (truncated
20 at resi sMoe00B2625 via a short |inker peptide sequence \RETAS/BH5pr epar ed
as described by Stahl and Murray (1989) . Chemical Cross Linking of HBV
Capsi d-Bi ndi ng Peptide to HBV Core Anticren 25 The foll ow ng capsi d-bi ndi ng
i munogens, nade by solid phase synthesj.,s_ were obtained from Al bachem

Uni versity of Edinburgh: AS-151: GSLL GA GGG LDPAFRG - 3 JUL 2~3 WO
00/ 32625 - 38 PCT/US99/ 28755 AS-152: GSLLGRMKGA GGG EKLI SEEDL AS- 163:
LDPAFR GG GSLLGRVKGA AS-164: EQKLI SEEDL GG GSLLGRMKGA, in which the

sequence GSLLGRVKGA is e tidsoapsindibgbpast ngpspepti de, 1iMedseguence
s the myc oncOlHRER She bpirest setunith des I bIGaBEA naeE L P ey
capsi d- bi ndi ngipeprdgrn GSEPERVKGRePRarde bowkhd thexs EHBY Turmogeni gen
particle separafel sk 0bepPigOMiMat koM Wudirhf 8ei Aoh LORLENt rations, and
crosslinked with EDC or sul pho-NHS, as described in Exanple 1.
conveniently by a single synthesis, or by expression of
a corresponding coding sequence, in transformed cells,
of a peptide comprising the HBV capsid-binding sequence
linked to the immunogen sequence, usually and
preferably through two to five (and often three)
10 glycine residues, to impart a degree of flexibility
between the two components of this longer peptide.
Alternatively, the peptides may be crosslinked to the
immunogens.
The orientation of the linkage between the
15 binding component of the peptide and immunogen may
affect the efficiency of the ultimate process for
crosslinking the capsid-binding immunogen to the HBV
core antigen particle. Alternatively, among a number
of capsid-binding immunogens to be crosslinked to an
20 HBV core antigen particle, a given immunogen may be
placed at the amino terminus of the peptide to which it
is linked, while another immunogen may be placed at the
carboxy terminus of the peptide to which it is linked.
In some instances, it may be advantageous to place the
25 same or different immunogens at each end of the HBV
capsid-binding peptide. Such wvariation in organization
of the HBV capsid-binding peptide-immunogen complexes
to be crosslinked to a given HBV core antigen particle
advantageous_.y provides highly multicomponent or
30 multivalent =BV core antigen particles. See Figure 1.
Thus, orientation of the capsid-binding
immunogen to be crosslinked to the HBV core antigen
particle is important to the ultimate immunogenicity or

multivalency of the resulting particle. Higher



Properties of the Resulting HBV Core Antigen Particles The products were
anal yzed by el ectrophoresis 15 in acrylam de gels, in the presence of SDS
(SDS- PAGE), followed by staining by-Coomassie blue and Western (ﬁéot
anal ysis with nonocl onal antibodies and pol ycl onal rabbit3s&laZil3i sed

agai nst HBV core antigen particles or denatured HBV surface antigen

particl es. WOAUBEFSnal 20 anti bodies to each of the HBV pPElV¥E¥REPY ope and
t he nyc oncogene epitope are avail able. These are, respectively, nonocl onal
antibody 18/7 [K. H Heermann et al., J. Virol., 52, pp. 396-402 (1984)]
and nonocl onal antibody 9E10 [Invitrogesg Catal og # R95025 25] . These
experinents denonstrated that products fromall the crosslinking reactions
exhi bited positive reactions with anti bodi es agai nst each of the
constituent epiimopesgemidity loirgati vivaleactyi ene 3@xwarpanehts. tkRosi tive

react i ons vere (L Beeg o $kUbrabl~ Y0.001.32625, PG S99/ 28755

1

- 39 innunogengﬁkﬁbgggt rough ?ﬁe am no or #Hetcaﬁboxy termnus of the

| i gand pepti de.caRsidebindiey pebonde pr épmharrdastafiqiur Whiied HBV core
antigen particlggolhonyr&addd Qméxwypileé;,nQSSa%@sgsﬂéMr@a woth two or nore
di fferent inmmunogens,  using a comon HBV capsi d-bi ndi ng peptide |igand,
react with ahti5ogfes*td PHE"Eonmponent i mrunogens. Furthernore, HBV
core antigen particles precipitated with anti body specific for one of the

i mmunogens ZO exhi, ki -l.eact j yi ' | bodies to the other
peptides(s) i néﬁ&%%&ghgiti%?ilﬁg%%égﬁ#g&g%ﬁﬁ%g?%géprocedure. The products of
the ligation were subjecte O uftrac ugation through sucrose

gradients. They 15 were @;%@dpb&aaﬁql%vm'n&dmn@@en@fmé@%ea@&bagﬁiﬁﬁedthe _
antinmyc antlboq¥, t hen anal zeg,b% SDS- PAGE "and West ern bIottlni%lh Mat eri al
precipitated with28nEPHictife 2N PBRRBLLFEr UBXAIATY, CRAVERRYR 3t i body,
showed 20 si0ongoesasskivacdgenictly SwmdH dretsklankingneyedtd antiudd,e- S1

anti body, int bl ot . . preci.pi i he her

anti body, the gﬁ?ygg%ﬁégT §%€F6§5§?9%%§8'§%§ﬁg%£?%§Q%§?%Bch F%%ctions in
whi ch two HBV c@EdPdebi atityadSehegei durscipardohydedi fferent i munogens,
were mxed in ddchaeansil@oRR bhangl oo 10l Nndbpdt fswh 1CTRSskL DKRthd O the core
particles, analysis by S S—PA%E,and stern blotting showed that the
relative inten§%FW%§ %fes HFN P W RS B CEwb 2 R R it ABARRS

reflected 305t I grcepOhemiore loCotmpeny wRaakfomdgenhslinpitshd 189X ure used for
crossl i nking.

Other crosslinking agents include those such as 1-
ethyl-3-(3-dimethylaminopropyl) carbodiimide
hydrochloride (EDC) and N-hydroxysulphosuccinimide
(sulpho~-NHS), which link adjacent primary amino and
20 carboxyl groups to form an amide bond. When added to a
capsid-binding immunogen/HBV core antigen particle
mixture, such agents covalently crosslink an available
lysine component of the peptide to a neighboring
aspartate or glutamate from HBV core antigen.
25 It should also be understood that the
proportion of different immunogens attached to a given
HBV core antigen particle may, of course, be varied by
the relative proportions of respective immunogens in
the mixture used for linking the capsid-binding

30 immunogen to the HBV core antigen particle.



These experinments showed that at | east sonme of the HBV core particles
resulting fromthe reactions had both i nmunogens covalently attached to
them Since 35 the |igand peptide binds to the tips of the HB%mgore WO
001 32625 -~- 3 JUL 2003 PCT/ US99/28755 - 90 antigen par8idile

(nucl eocapsi ds), such preparations will display high i munogenic potency
for both cowpswdas and woul d be expected to elict high ZETUBVYAY'Sbiters in
i ndi viduals to whomthey are adm ni stered. 5 Wile we have herei nbefore
presented a nunber of enbodi ments of this invention, it is apparent that
our basic construction can be altered_tg provi de ot her enbodi nents which
utilize the process of this invention. ﬁerefore, it wll be appreciated
that the 10 scope of this invention is to be defined by the clainms appended

hereto rather tha-ddeetspechhpdsianbadi neantsdiMy €h bave beamtpeesent ed
her ei nbefore by way of e 3 41 CLA 5 1. An HBV core

_ _ ( ﬁ”plese 3 3 JUH)Zog N IM? : _
antigen particle having ﬁu?t?ﬁ?erﬁnﬁﬂﬁﬁﬁghrﬁﬁ &Pt PEPYTYSS said particle
conprising at |easiosdntdopapssefili fdrnghe ntheregentisacrd wapsivd abtndi ng
| munogen comprisifigictd 8t Leas:pnes HR)eaRsidbkpdhog. Repti de conponent
and at | east one | munogeni ¢ conponent . . e H core antigen parti cle
accor di ng t oSclBrHiValghEr BB <fied 2phpgeRl RAGTICARGS| AhemEYET is oriented on
sai d herein. Any individual, including humans and other
mammals, as well as any animals, may be treated with
the HBV core antigen particles disclosed herein.
Therapeutic compositions comprise a pharmaceutically
10 effective amount of the HBV core antigen particles,
i.e., an amount which is effective to immunize against
one or more infectious agents or to treat one or more
conditions in an individual to whom they are
administered over some peried of time. Prophylactic
15 compeositions comprise a prophylactically effective
amount of the HBV core antigen particles, i.e., an
amount which is effective to prevent one or more
conditions in an individual to whom they are
administered over some period of time.
20 In cases in which the HBV core antigen
particles contain multiple immunogens of different
types, compositions and vaccines comprising them may be
used to elicit an enhanced immune response in an
individual to each component immunogen. 1In cases in
25 which the HBV core antigen particles contain multiple
immunogens of a common type, compositions and vaccines
comprising them may be used to elicit an enhanced
immune response in an individual to the common
immunogen. The latter compositions and vaccines are
30 characterized by enhanced monovalency and potency, as
compared with conventional monotherapies.
Compositions comprising multicomponent or
multivalent HBV core antigen particles of the invention
may be administered alone, or as part of a

35 pharmaceutical or prophylactic preparation, with or



15 particle su

ch that it permts said i nmunogeni ¢ conponent to el

cit an

i nmune response when said particle is admnistered to an individual. 3. The
en particle according to claim1, 20 mherelgniﬂg%g@apsid

HBV core antig
bi ndi ng i nmuno

of said HBV capsi dbi ndi ng pepti de conponent.

gen is linked to said particle through any [

d residue

4. The HBV core antigen

particle acwopsei2sa to claim 1, 25 wherein said capsid bi PERB¥2§HMInogen is
- 3 JUL 2003 42 particle through any am no acid residue or
of said i Mmunogeni ¢ conponent. 5. The HBV core antigen

linked to said
ot her residue
particle accor
i nmmunogeni ¢ co

pepti de conpon
wherein said c
the carboxy te
HBV core antig
I mmunogen issc

10

15

20

25

30

35

ding to claim4, 5 whereipysaid other residue of sai

d

nponent is a carbohydrate. 6. The HBV core antigen particle
according to claim1l, wherein said capsid binding i munogen is linked to
said 10 parti clwitHyeugh;bventgminel being riesntebisab drdi®aseapsi d bi nding

e

rofianracefit $aa Hl yHRVcenpah tbhiqedirig rpept i diiel wsmrgonent .
reéc}lsi;%&»t%iﬁg g&t: g&&ﬂrnqis@gawor? | & Mide WPELEIHSRIdsGARS]
infections. Suitable pharmaceutically acceptable
carriers are physiologically inert and/or non-toxic.
Numerous carriers are known in the art and may be
chosen based upon the desired application. Exemplary
carriers include, but are not limited to, sterile
saline, lactose, sucrose, calcium phosphate, gelatin,
dextrin, agar, alum, alumina, aluminum hydroxide,
peptin, peanut oil, olive o0il, sesame 0il and water.
Additionally, the carrier or diluent may include a time
delay material, such as glycerol monosterate or
glycerol disterate, alone, or in combination with a
waXx. In addition, conventional slow release polymer
formulations including, for example, soluble glasses,
may be used.

Potentially, compositions comprising
multicomponent or multivalent HBV core antigen
particles may contain other therapeutic or prophylactic
agents. For example, such compositions may comprise a
“cocktail” of multiple reagents useful in the
treatment, or prevention, of infection. One such
cocktail may include other reagents such as
interferons, nucleoside analogs and/or N-acetyl-
cysteine.

Optionally, compositions comprising
immunogenic HBV core antigen particles may further
contain immune system modifiers, such as adjuvants or
cytokines which are useful to further induce antibody
and T cell responses in the patient. Such modifiers
include conventional alum based adjuvants, or muramyl
dipeptides, preservatives, chemical stabilizers or

other antigenic proteins. Typically, stabilizers,

t. 7. . The HB ti o i cl cording to claiml,
Ry | AINBBGr L 1ickead Yt 6RETH 15 particle thr ough

8. The
d binding



20 said particle by a crosslinker. 9. The HBV core antigen particle
according to claim1, wherein said immunogenic conponent is |linked to said
HBV capsi d- bi ndi ng peptide conponent directly or through 3@ é&ngker
sequence. 43 - 3 J UL 2003 10. The HBV core antigen pa¥ t1-cl ccordi ng
to claim1, wherein said i munogenic conmponent is linked to the am no

t erm nus ofweai/xt639BV capsi d- bi ndi ng pepti de conponent 5 BEFEHR8/SHr t hr ough
a linker sequence. 11. The HBV core antigen particle according to claim1,
wherein said i runogeni ¢ conponent is linked to the carboxy term nus of

sai d HBV capsi d-binding peptide conponept 10 directly or through a |inker
sequence. 12. The HBV core antigen particle according to any one of clains
9-11, wherein said i nmunogeni ¢ conponent is linked to said HBV

capsi d- bi ndi ng JREpLhAes CAPPReBEr Byt Brekh (értessl éf&(efptihazetheo HBV core
antigen parti clde accordi Q gl ?i m%\/\her f"% crossl g{;ker s a

mul ti funct i onal®S¢FEEEF nKET 285 e 9By 86r% antdden™paPti cl e according
to claim 12, wuesdredsappl icraddshi nkdritiabla puktefuaicitviesnahycr ossl i nker. 15.
The HBV core arltn'cg_%epéﬁdﬁh%u%g}ﬁ id'ﬂe% %sr 3%}naé5‘}ﬂazbe W@a&ghg s

mul tifunctional crosslinker 1s se ect - 3J U _
sulfur dioxide, propyl gallade, parabens, glycerine and

phenol.
Suitable amcunts of these compositions may be

determined based upon the level of response desired.
In general, compositions comprising immunogenic HBV

10 core antigen particles may contain between about 5pg
and about 200pg of the particles. Such compositions
may be administered as one or a series of inoculations,
for example, three inoculations at intervals of two to
six months. Suitable dosages may also be determined by

15 Jjudgment of the treating physician, taking into account
factors, such as the patient’s health status, weight or
age, as well as the conventional dosage of a component
immunogen, when administered as a monotherapy. Upon
improvement of a patient’s condition or likelihood of

20 increase exposure to a given pathogen, a maintenance
dose of a composition comprising immunogenic HBV core
antigen particles may be administered, if necessary.
Subsequently, the dosage or frequency of
administration, or both, may be reduced to a level at

25 which the desired effect is retained. At that point,
treatment should cease. Individuals may, however,
require intermittent treatment on a long-term basis
upon recurrence of a given unwanted condition.

Compositions comprising multicomponent or

30 multivalent HBV core antigen particles may be
administered by any suitable route, such as, for
example, parenteral administration, particularly
intramuscular or subcutaneous, as well as oral
administration. Other routes, may be used, such as

35 pulmonary, nasal, aural, anal, dermal, ocular,



44 the group consisting of 1-ethyl-3-(3-dinmethylam nopropyl) carbodi m de
hydr ochl ori de and N- hydroxy-sul phosuccinimde. 5 16. The HBV core antigen
particle according to claim1, wherein said i munogenic conponent conprises
one or nore epitopes selected fromthe group consisting-0d3 Jum2Bdgeni c

epi topes and antigenic epitopes. 10 17. The HBV core antigen particle
accordi ng tWoewRsxh 16, wherein said epitopes are sel ect eBCTF¥ENREPe group
consisting of |inear epitopes, conformational epitopes, single epitopes and
m xed epitopes. 15 18. The HBV core antigen particle according to claim1,
wher ei n sai d i nmunogeni ¢ conponent is_sg} ected fromthe group consisting of
antigens, allergens, antigenic determ nants, proteins, glycoproteins,

anti bodi es, antibody fragnents, peptides, peptide m notopes which mmc an
20 antigen or amkkgeeh@uskﬂﬂmtwhaaﬂéri4m3|ypﬁpapdfﬁmoqyaﬂcomapbkﬂbs,

car bohydr at es, %Eiggaﬁﬁfharld%%a gg& %&Fhﬁtkng |gonucleot|des and

polynucleotldes core antigen par FelE accordlng toclaiml, 25
wher ei n sai d i nmunogeni clrevmogaBht HBY tcprgepptigen ararticles

according to this invention may be used in the active

5 therapy of HBV infected individuals to inhibit,
decrease, or slow the proliferation of the virus within
the body. Therapeutic compositions comprise the
immunogenic HBV core antigen particles capable of
disabling, inhibiting, or preventing the assembly

10 mechanism of the virus. Such therapeutic compositions
may be formulated to contain carriers or diluents, and
one or more of the immunogenic HBV core antigen
particles of the invention. Such carriers and diluents
are discussed above in connection with certain other

15 compositions, and are identifiable by those of skill in
the art.

Preparation of compositions or vaccines which
contain immunogenic HBV core antigen particles as
active ingredients may be carried out to formulate

20 injectable compositions or vaccines, eilther as liquid
solutions or suspensions. Solid forms suitable for
solution or suspension in liquid priocr to injection may
also be prepared. Preparations also may, in certain
embodiments, be emulsified or encapsulated in

25 liposomes, or in soluble glasses, for gradual release
and/or prolonged delivery. Alternatively, preparations
may be in aerosol or spray form. They may also be
included in transdermal patches. The active ingredient
may be mixed with any number of excipients which are

30 pharmaceutically acceptable and compatible with the
active ingredient or ingredients., Such excipients
include, for example, Freund’s incomplete, bacterial
lipopolysaccharides, ion exchangers, alumina, aluminum

stearate, muramyl dipeptide, lecithin, buffer



-~3 JUL 2003 45 derived froman agent selected fromthe group consisting of
viruses, parasites, nycobacteria, bacteria, bacilli, fungi, protozoa,

pl ants, phage, aninmal cells and plant cells. 5 20. The HBV core antigen
particle according to claim19, wherein said virus is select&dULrdilt he
group consisting of retroviruses, herpesviruses, orthonyxoviruses,

par anmyxovi r usggeo/feadnavi ruses, flaviviruses, picornavirupepusessisrss
papovavi ruses, adenoviruses, bacul oviruses, 10 hantaviruses, parvoviruses,
ent eroviruses, rhinoviruses, tunor viruses, DNA viruses, RNA viruses,

t ogavi ruses, rhabdoviruses and poxviruses._21. The HBV core antigen
particle according to claim20, 15 wher&ifsaid virus is selected fromthe
group consi sting of human i nmunodeficiency type 1 virus, human

I mmunodefi ci ency | r T 1 ' Lrus,_her | ex type 1
virus, herpes si ﬁ%}sgga%§%ée’ %Se\/lil}ltﬁg,ggv%érsleetgél @g%%éfgg %/rfcre@g?ﬁ%e%g%ne
cyt onegal ovi rus, 9EgSe&i n-Barr virus, influenza A virus, 20 influenza B

virus, influenza C virus, Af3Rkhgb8hd1 Py Ve¥ciks Vibtri SBASHBY- Lbke Virus,
munps virus, parainfluenza |, i o
antigen particles according to this invention may be
5 combination vaccines, comprising a number of different
immunogens. Such vaccines, include, for example,
combination vaccines comprising immunogens against two
or more ofidiphtheria,tetanus, acellular pertussis,
Haemophilus influenza, polioc, measles, mumps, rubella,
10 varicella, hepatitis B virus, hepatitis A virus or
pneumococcal pneumonia. Other vaccines include those
for inoculation of individuals prior to international
travel. Such vaccines include, for example, vacclnes
comprising immunogens against two or more of: yellow
15 fever, hepatitis B wvirus, hepatitis A virus, typhoid
fever, meningococcal encephalitis or cholera.
Compositions comprising HBV core antigen
particles according to this invention may also be used
in immunotherapeutic regiments for desensitizing
20 individuals to one or more allergens, such as animal
allergens, insect allergens, plant allergens,
atmospheric allergens and inhalant allergens.
According to an alternate embodiment of the
present invention, HBV core antigen particles may be
25 used to elicit antibodies against immunogens of
interest, for use in immunotherapy or diagnostics. For
example, antibodies raised in individuals inoculated
with HBV core antigen particles may be isolated and
used in purified form. Alternatively, such antibodies
30 or B cells from the individual may be employed to
produce monoclonal antibodies, using conventional

techniques,

Detection Methods According to this Invention



virus, hepatitis B virus, hepatitis C virus, hepatitis A virus, hepatitis E
virus, yellow fever virus, malaria, dengue virus, tick-borne encephalitis

Vi rus, oncovirus, - 3 JUL 2003 46 polionyelitis virus, papillomavirus,
rubel la virus, rabies virus and vaccinia virus. 22. The BEBWWor@3anti gen
particle according to claim 19, 5 wherein said i munogenic conmponent is
target ed t oworoomdmes ved from bacillus, enterobacteria, cl ®STUSHV2THS

listeria, mycobacterium pseudononas, staphylococcus, eubacteria,

nycopl asma, chl anydi a, spirochetes, neisseria or salnmonella. 10 23. The HBV
core antigen particle according to claim,a9, wherein said i munogenic
conponent is targeted to di phtheria, tetanus, acellular pertussis,
Haermophi |l us i nfluenza, polio, neasles, munps, rubella, varicella, 15

hepatitis B virus, hepatirhiSuy VbdréS anRRGERDSOGGRI BNEUMPIL B rekehkow fever,
mal aria, typhoid fever, , ,

invention may also be used in number of conventional
assay formats, particularly immunocassay formats for
diagnosis of infection or exposure to infectious

5 agents. Such utility is realized when the HBV capsid-
binding peptide components of the constructs of the
present invention are associated with a diagnostic
label, a chemical marker, a toxin or another protein or
peptide. For example, the HBV capsid-binding peptides

10 may be associated with conventional labels which are
capable, alone or in combination, with other
compositions or compounds, of providing a detectable
signal which would indicate the presence of a target
analyte in a sample, upon exposure to the immunogen

15 attached to a given HBV core antigen-binding peptide.
Such detectable labels may be selected from among
numerous compositions known and readily available to
those skilled in the art of diagnostic assays.

The invention, therefore, is not limited by

20 the selection of the particular assay format, and is
believed to encompass assay formats that are known to
those of skill in the art. For convenience, reagents
for assays may be provided in the form of kits. These
kits can include microtiter plates to which the HRBV

25 core antigen particles of this invention have been
preadsorbed, various diluents and buffers, labeled
conjugates for the detection of specifically bound
capsid binding peptide immunogens and other signal
generating reagents, such as enzyme substrates,

30 cofactors and chromagens. Other components may be
easily determined by those of skill in the art.

Alternatively, HBV core antigen particles

according to this invention may be used in the

immunological diagnostic tests currently available for



meni ngococcal encephalitis or cholera. 24. The HBV core antigen particle
according to claim 18, 20 wherein said i munogeni c conponent is selected
fromthe group consisting of aninmal allergens, insect allergens, plant

al | ergens, atnospheric allergens and inhal ant allergens=3 JUL3Z0BUL 2003 47
25. The HBV core antigen particle according to claimZ, wherein said HBV
core anti gemonm2e2s HBV core antigen fusion protein. 5 26PCTIUR9YMBY core
antigen particle according to claim25, wherein said HBV core antigen
fusion protein conprises an i nmunogeni c epitope or an antigenic epitope.
27. The HBV core antigen particle accorging to claim26, 10 wherein said
HBV core antigen fusion protein conprises an i mrunogeni c epitope or an
antigenic epitope fused to HBV core antigen directly or through a |inker

sequence. 28. PaenbBdh citecibhgemmparild ehaiactRiadgalooe! @i 1gA26, 15
wherein said HRY core ANLIGeI LS LUt §LRagPrmPri ses an
In one embodiment of the present invention, a

sample to be tested for the presence of antibodies to

5 wvarious immunogens may be contacted with an HBV core
antigen particle comprising detectably labelled HBV
capsid binding immunogens having different immunogenic
components, for a time sufficient to permit any
antibodies in said sample to form a complex with one or

10 more of the HBV capsid binding immunogens. Detection
means may then be used the complex formed between the
capsid binding immunogen(s) and said antibodies in said
sample. A second screen may then be carried out on the
sample based on each component immunogen, to identify

15 the specificity of the antibodies in the sample.

In an alternate embodiment of this invention,

a sample to be tested for the presence of antibodies to
a specific immunogen may be contacted with an HBV core
antigen particle comprising detectably labelled HBV

20 capsid binding immunogens having that specific
immunogen as their immunogenic component, for a time
sufficient to permit any antibodies in said sample to
form a complex with one or more of the HBV capsid
binding immunogens. Due to the high valency of the

25 specific immunogen demonstrated by the HBV core antigen
particle, such a diagnostic assay i1s characterized by

higher sensitivity than conventional assays.
EXAMPLES w

In order that the invention described herein

30 be more fully understood, the following examples are
set forth. It should be understood that these examples

are for illustrative purposes only and are not to be

construed as limiting this invention in any manner.



| munogeni ¢ epitope or an antigenic epitope fused to the carboxy term nus
of said HBV core antigen directly or through a |linker sequence. 20 29. The
HBV core antigen particle according to claim 26, wherein said HBV core
antigen fusion protein conprises an inmunogeni c epitope-drJdn8tigenic
epitope fused to the amno term nus of said HBV core antigen directly or

t hrough a IWORBY6equence. 25 -~3 JUL 2003 48 30. The PMBUYHRESZnti gen
particle according to claim 25, wherein said HBV core antigen fusion
protein conprises truncated HBV core antigen. 5 31. The HBV core antigen
particle according to claim25, whereLnsgaid HBV core antigen fusion
protein conprises HBV surface antigen or portions thereof. 32. The HBV core
antigen particle according to claim31, 10 wherein said HBV core antigen
fusion protein conprises a sequence stagtiedifromthe group consisting of
the pre-S1

HBV Core Antigen Preparations

Expression of either HBV core antigen (aa3-
183) or C~terminally truncated HBV core antigen aa3-

5 148) in E. coli and purification were performed as
described in Dyson and Murray (1995). Protein
preparations were stored at 4°C as sucrose gradient
fractions in a buffer containing TBS, sucrose (20%) and
NaN3y (0.02%). Preparations were stable in this form for

10 at least six months.

Chemical Cross Linking of HBV Capsid-Binding Peptides
to HBV Core Antigen

The HBV capsid-binding peptide MHRSLLGRMKGA
(Albachem, University of Edinburgh) was crosslinked to
15 HBV core antigen particles using l-ethyl-3-(3-
dimethylaminopropyl) carbodiimide hydrochloride (EDC)
and N-hydroxysulphosuccinimide (sulpho-NHS) (both from
Pierce Europe B.V.) These reagents link adjacent
primary amino and carboxyl groups to form an amide bond
20 [Staros et al., “Enhancement by N-
Hydroxysulfosuccinimide of Water-Soluble Carbonddimide-
Mediated Coupling Reactions”, Analvtical Biochem,, 156,
pp. 220-22 (1986)]. When added to an HBV capsid-
binding peptide/HBV core antigen mixture, they should

25 covalently crosslink the lysine from the peptide to a
neighboring aspartate or glutamate from HBV core
antigen, causing its molecular weight to increase.

More specifically, truncated HBV core antigen
(15ng) was incubated at room temperature in a buffer

30 (30nl) containing potassium phosphate (25mM, pH7), NaCl
(150mM), (EDC 1.8mM) and sulpho-NHS (1.8mM) in the
presence or absence of the peptide MHRSLLGRMKGA (1lmM).



regi on of HBV surface antigen,

truncati ons,

sel ected fromthe group consisting of: -3 JUL ~f~3 49 SLLGRWKGA,

GSLLGRVWKGA, DGSLLGRMKGAA, ADGSLLGRWK

HRSLLGRVKGA, ALLGRWKG MHRSLLGRMKGA, RSLLGRMKGA(| 3-A) C and

VHRSLLGRMKGAG 1~- A) GC. 5 35. A vaccine conprising a prophylactically
effecti ve anoupiftetr a® HB\theotreaebtidrgevaspantigied ape@ndi/rgcEo(rdsi m 1.

10

15

20

25

w/v) as described [Sambrook et al. (1989)]. Addition
of EDC and sulpho-NHS to the peptide-HBV core antigen
particle complex resulted in a band shift corresponding
to about 1 kd, occurring on SDS-PAGE for a fraction of
the HBV core antigen. Despite runs of the reaction
under various conditions, no yield of more than 50% of
the shifted protein band was obtained. This is
consistent with one peptide binding to a dimer of HBV
core antigen close to the local 2-fold axis and thus
sterically blocking binding of another peptide to the
2-fold related site.

Exanple 2

HBV Core Antigen Preparations

In addition to the two HBV core antigen
samples prepared in Example 1, samples of HBV core
antigens with the HBV pre-S1 sequence 1-36 or the HBV
surface antigen sequence 111-156 or 111-165 attached to
the truncated HBV core antigen polypeptide (truncated
at residue 144) via a short linker peptide sequence
were also prepared as described by Stahl and Murrav
(1989) .

Chemical Cross Linking of HBV Capsid-Binding Peptide to
HBV Core Antigen

The following capsid-binding immunogens, made
by solid phase synthesis, were obtained from Albachemn,

University of Edinburgh:

AS-151: GSLLGRMKGA GGG LDPAFRG

the pre-S2 region of HBV surface antigen,
t he i mmunodom nant a region of HBV surface antigen and portions thereof.
33. The HBV core antigen particle according to claim1,
core antigen is a full length HBV core antigen pol ypepti d”ea, JY- %’Bart i ons,
mut ati ons or derivatives thereof which are capabl e of
assenbl i ng wWao0@R6sarti cul ate form 34. The HBV core anti BEHUPAREPTI e

according to claim1l, wherein said HBV capsi d-bindi ng peptide conmponent

SLLGRMKG( 1~- A) C, RSLLGRVKGA,

15

wher ei n_sai d HBV

i's



36. A pharmaceutical conposition conprising a 10 therapeutically effective
anount of an HBV core antigen particle according to claim 1. - 3J UL
2003 50 37. A nethod for increasing the i munogencity of an i munogen by

| i nki ng said i mmunogen to an HBV core antigen 5 particl e-thddudg¥an HBV
capsi d- bi ndi ng peptide. 38. The HBV core antigen particle according to
claimil1, whwoaomeshni d capsi d bi ndi ng i nmunogen conpri ses PETAISHREGSt i ¢ | abel
or a chemcal nmarker. 10 39. A nmethod for detecting the presence of

anti bodies to an imunogen in a sanple conprising the steps of: (a)
contacting the sanple with an HBV core gntigen particle according to claim
38, for atine 15 sufficient to permt any antibodies in said sanple to
forma conplex with said capsid binding i nmunogen and; (b) using detection
means to detechsthsp conpl ex fornmed betpeetridke. GapstdxkhiKipig | nmunogen and

AS-163: LDPAFR GG GSLLGRMKGA
AS-164: EQKLISEEDL GG GSLLGRMKGA,

in which the sequence GSLLGRMKGA is the HBV capsid-

5 binding peptide, the sequence LDPAFR is the HBV pre-Sl
epitope or immunogen, and the sequence EQKLISEEDL is
the myc oncogene epitope or immunogen. These peptides,
and the basic HBV capsid-binding peptide GSLLGRMKGA,
were bound to an HBV core antigen particle separately,

10 or in combination, at differing concentrations, and
crosslinked with EDC or sulpho-NHS, as described in
Example 1.

Properties of the Resulting HBV Core Antigen Particles

The products were analyzed by electrophcresis
15 in acrylamide gels, in the presence of SDS (SDS-PAGE),
followed by staining by -Coomassie blue and Western blot
analysis with monoclonal antibodies and polyclonal
rabbit sera raised against HBV core antigen particles
or denatured HBV surface antigen particles. Monoclonal
20 antibodies to each of the HBV pre-Sl1 epitope and the
myc oncogene epitope are available. These are,
respectively, monoclonal antibody 18/7 [K.H. Heermann
et al., J. Vircl., 52, pp. 396-402 (1984)] and
monoclonal antibody 9E10 [Invitrogen, Catalog # R950-
25 2bj7.

These experiments demonstrated that products
from all the crosslinking reactions exhibited positive
reactions with antibodies against each of the
constituent epitopes in the ligation reaction

30 components. Positive reactions were obtained with the



said anti bodies in said sanple. - 3 JUL 2003 51 40. An HBV capsi d- bi ndi ng
pepti de i mmunogen conprising at |east one HBV capsi d-bi ndi ng peptide
conponent and at | east one imrunogeni c conponent wherein said i mmunogenic 5
conponent is selected fromthe group consisting of allerdeddarfbodi es,

anti body fragnents, carbohydrates, oligosaccharides, polysacchari des,

ol i gonucl edv@ 8fé2625nd pol ynucl eotides. 10 41. An HBV capsPE/BNeA#y pepti de
i mmunogen conprising at | east one HBV capsi d-bi ndi ng peptide conponent and
at | east one i munogeni ¢ conponent, wherein said inmmunogenic conmponent is
targeted to or derived froman agent _sgiected fromthe group consisting of
parasites, nycobacteria, 15 bacteria, bacilli, fungi, protozoa, plants,
phage, animal cells and plant cells. 42. An HBV capsi d- bi ndi ng peptide

i Mmunogen conphimdihBgent 1imast thneudiB\teapat do bbnditg qaepbkgde conponent and
at |l east 20 one_i nmuno IL,C GO pent .. .wherein said i rmunogeni ¢ conponent
is targeted t%egplaggi€€Qh¥?gﬁ§§8%i9%ﬁ§%gérected fromthe group consisting
of retroviruses, herpeshd rdesed ledribvdiamyx prepasabiopacdnpuoviteses,
flaviviruses, @hcepRavifuses, pRAPPVAN USRS re AOENIOM TiWS8S vi RACUl OVi ruses,

25 hant aviruses, parvoviruses, enteroviruses, rhinoviruses, -3JUL
2003 52 tundr SFOPESeBXINATIFEr f¥esor mKey Al fEesent idurgsRs, rhabdovi ruses
and poxvirusesisi4gd. aABortdh GRS tap i diingipgphésieideMuiragen €y i sing at 5
| east one HBV capsid:bindin eptide conponent, and at | east one inmunogenic
conponent , mhé?%%nagggﬁpgﬁﬁﬁﬁggg%%dtG% n%ﬁgﬂ?nFsl HJ&8a to or derived
froma virus seirgbesyofe orfilfvheoge oanptigremsipetrithglesd dnevapitabedodefi ci ency

type 1 virus, mﬁwankmw%%%hgk%%f e BrVik simmnn%gehs' eukem a 10
virus, herpes S|qglex type virus, herpes sinplex type 2 virus,

vari cel | a- ¥dsteP 1P FuSTOTIIGHEGAV BYY Mish PpSierdBat rtvithasOthel | uenza A
virus, influenzptBaesiss aitdudatl uenza CivehdScré@Spinkahgry syncyti al

Vi rus, neasleslikedvirus, munps virus, parainfluenza virus, hepatitis C 15
virus, hepati ti"€“R*Vffus, hepatitis E virus, yellow fever virus, dengue
virus, malaria, tick-bofie rewdephalof itheviligstipolvwarey elbtestedrus, rubella

virus, rabies gy u$ 80 MAGGIGRL AN EiliuR0 sfidro A0 HBM eaRs! d-piadi ng
pepti de i nmunogen conpri sing | east one HBV capsi d- bi ndi ng pepti de

conmponent éﬁcl%ﬁ?el€5§Fi9ﬁﬁ?WQHﬁ%ﬁBbe9ﬂ%:Q§3ﬁ56néﬁf%b%ﬂﬁﬁseiﬁhga?%F%?nanogenic
conmponent i s tmrgehedbbdy orthder anetyidddmyb3osPNGE a1t ecebacheri a,
clostridium 'ﬂf%%%&k&z mycobact eri um
Material precipitated with one of the
antibodies, for example, anti-myc antibody, showed
20 strong cross-reactivity with both anti-myc and
anti-pre-51 antibody, in the Western blot. Products
precipitated with the other antibody, the anti-pre-si
antibody, also showed the same.
In reactions in which two HBV capsid-binding
25 peptides, carrying different immunogens, were mixed in
different proportions for binding and crosslinked to
the core particles, analysis by SDS-PAGE and Western
blotting showed that the relative intensities of
staining with the two monoclonal antibodies reflected
30 the proportion of the two immunogens in the mixture
used for creosslinking.
These experiments showed that at least some
of the HBV core particles resulting from the reactions
had both immunogens covalently attached to them. Since

35 the ligand peptide binds to the tips of the HBV core



- 3*J UL 2003 53 seudononas, staphyl ococcus, eubacteria, nmycopl asna,

chl anydi a, spirochetes, neisseria or salnonella. 45. An HBV capsi d- bi ndi ng
pepti de i nmunogen conprising at 5 | east one HBV capsi d- bi ndi ng peptide
conponent and at | east one i munogeni ¢ conponent, wherei " &adbd d8runogeni c
conponent is targeted to diphtheria, tetanus, acellular pertussis,

Haenophi | usyhgédemnza, polio, neasles, nunps, rubella, vagt/o§ohsyss hepatitis
B virus, hepatitis A virus, 10 pneunobcoccal pneunoni a, yellow fever,

mal ari a, typhoid fever, neningococcal encephalitis or cholera. 46. An HBV
capsi d- bi ndi ng peptide i rmunogen conprising at | east one HBV capsi d- bi ndi ng
pepti de conponent and at | east 15 oné i4HTrﬁnogeni c conponent, wherein said

i mrunogeni ¢ conponent is selected fromthe group consisting of aninal

al l ergens, insgect. all Pl ens, S i.c.allergens and

i nhal ant al | eraglsl(;grll : nzggggpélﬁfg Fa%lgé%%%%hd?ﬁgpp‘g%%{acfgti%ﬁ%gnogen
accordi ng to amyllodspflagl kids ygunogenigratengysded ¥atiunogeni ¢ conponent
is linked to s@ihdriBY teapsh diilidbRde Potit e tdi BeCEt YniYh LRALOHIRya | i nker

sequence. . A -
9 titers in individuals to whom they are administered.

5 While we have hereinbefore presented a number
of embodiments of this invention, it is apparent that
our basic construction can be altered to provide other
embodiments which utilize the process of this
invention. Therefore, it will be appreciated that the

10 scope of this invention is to be defined by the claims
appended hereto rather than the specific embodiments
which have been presented hereinbefore by way of

example.



» -~ 3 J UL 2003 54 48. The HBV capsi d- bi ndi ng peptide i munogen accordi ng
to any one of clainms 40 - 46, wherein said i nmunogeni ¢c conponent is |inked
to the amino term nus of said HBV capsid-bindi ng peptide conponent directly
or through a 5 linker sequence. 49. The HBV capsid-binding_pygk&dﬂna
i mmunogen according to any one of claims AO - 46, wherein said inunhogenic
conponent is linked to the carboxy term nus of said HBV 10 capsi d- bi ndi ng
pepti de conponent directly or through a |inker sequence. 50. The HBV
capsi d- bi ndi ng peptide i rmunogen according to any one of clainms 40-46,
wherein said i rmunogeni ¢ conponent 15 is crosslinked to said HBV
capsi d- bi ndi ng peptide conponent by a crosslinker. 51. The HBV
capsi d- bi ndi ng pepti de i mmunogen according to claim50, wherein said
crosslinker €BAa@Mful tifunctional 20 crosslinker. 52. The HBV capsi d- bi ndi ng
pepti de i nmunogen according to claim51, wherein said multifunctional
crosslinker is selected fromthe group consisting of 1-ethyl-3 - 3 JUL
2003 ss (3-di met hyl am nopropyl) carbodi mi de hydrochl oride and N

5

1. An HBV core antigen particle having multiple immunogen

specificities, said particle comprising at least one capsid

binding immunogen, said capsid binding immunogen comprising
10 at least one HBV capsid-binding peptide component and at

least one immunogenic component.

2. The HBV core antigen particle according to claim 1,
wherein said capsid binding immunogen is oriented on said

15 particle such that it permits said immunogenic component to
elicit an immune response when said particle is

administered to an individual.

3. The HBV core antigen particle according to claim 1,
20 wherein said capsid binding immunogen is linked to said
particle through any amino acid residue of said HBV capsid-

binding peptide component.

4, The HBV core antigen particle according to claim 1,

25 wherein said capsid binding immunogen is linked to said



* hydroxy- sul phosucci ni m de. 53. The HBV capsi d- bi ndi ng pepti de i nmunogen
according to 5 any one of clains 40 - 46, wherein said HBV capsi d- bi ndi ng
pepti de conponent is selected fromthe group consisting of: SLLGRVKGA
GSLLGRMKGA, DGSLLGRMKGAA, ADGSLLGRVKGAAG, SLLGRWMKG ~3- A) C, RELIUERRIEA,
HRSLLGRWMKGA, ALLGRWKG, MHRSLLGRMKGA, RSLLGRVKGA ( ~i-A) C and MHRSLLGRVKGAG
( (3-A) GC . 10 54. The HBV capsi d-bi ndi ng peptide i nmunogen according to

any one of clainms 40 to 46, wherein,said HBV capsi d-bi ndi pepti de
Componant | SPArT Lagrehir GREANARBG Bl el £ ERIKERS LGSt | ORRERS” DEBP L ERRIKEAA,
ADGSLLCGRVKGAAG, SLLGRVKE (3-A)C, 15 RSLLCRMKGA, HRSLLGRMKGA, ALLGRWKG
VHRSL L GRVKGAS @ RS LIRVREBET 1 £ 3C AP e8Pt MVHRSLLGRMKGAG ( (3-A) GC . 55. The
HBV core antigen particle according to claim1, wherein said HBV capsid
bi ndi ng conmponent is a fragnment or 20 anal og of SLLGRVKGA, GSLLGRVKGA,

DGSLLGRVKGAA, ADGSLLGRVKGAAG, SLLGRVKG ~3- A) C, RSLLGRMKGA, HRSLLGRVKGA,
ALLGRVKG, MHRSLL GRVKGABYRSbEERWVKEAGeh - B3 €t bt 1 YHRSELERVKGAGO( cl31R) 4GC .

5 wherein sald other residue of said immunogenic component is

a carbohydrate.

6. The HBV core antigen particle according to claim 1,
wherein said capsid binding immunogen is linked to said
10 particle through the amino terminus of said HBV capsid-

binding peptide component.

7. The HBV core antigen particle according to claim 1,
wherein said capsid binding immunogen is linked to said
15 particle through the carboxy terminus of said HBV capsid-

binding peptide component.

8. The HBV core antigen particle according to claim 1,
wherein said capsid binding immunogen is crosslinked to

20 said particle by a crosslinker.

9. The HBV core antigen particle according to claim 1,
wherein said immunogenic component is linked to said HBV
capsid-binding peptide component directly or through a

25 linker sequence.



+ - 3'JUL Yuu3 56 56. Use of an HBV core antigen particle according to any
one of clains 1-34 for the manufacture of a nedi canent for producing an
i mrune response in an individual. 5 57. The use according to claim 56,
wherein said nedicanment is to be parenterally adm ni stered 19 ml 9003
i ndi vidual. .A

. An. A% A. A(F. Ay. Ans2. AnY. ANl . AR A A . AA/&A@ A A A3. AY9. A. A@GH . An. A
.A.A,[.A.AL Ay. A A A AE. A A A Ay. A A Al . AY#. AY. A" % A R ALY% ALF. A" hE

CALL.AL.A'U3#. A AY.A .A . AAY

. A3. AFr-)*0123_"f $%23ef | w mhc”Y] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cajcalc
a] ca] ca] c*a] £ a] chRg cARY caPea] 2 £3¢k Pl ehg caatprai)}gafeacliaim 1,
}~& (<=hjtu}xsnid_Z]]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca]wé calwajzhd camaicadwhd cadmpdranlis linked to the amino
/ 5{- 6ysni c"XSni ] ca] c*a] ca] c”a] ca] caU] cal] ca] ca] ca] c”a] ca] c”a] ca] c™a] ca]ca]c
aU] ca] ca] ca] edahtrel £ af cadl ¢ Al £p3 tal s et g apKQEEME p¢dhbonent

" 2#CHE#SHWEg## B @A.% wr ngb] XSni ] ca] ca] ca] ca] c”a] ca] calU] ca] ca] ca] ca] c”a]

ca] cha] caj ¢ "@l eatef ¢l 62] et sade al p@ﬂlpea] seyeéagea] chaj cal chal cal cha
L9 Y%e% BBORO" ' ()) *+++, , <, 2220393| 3" 9" 939A9P9VIi >| wgl f a\ Whi ] ca] ca] ca] cal] ca
] cal] ca] ca] c”a] ca] ca]j ca] ca] ca] c”a] ca] cal] ca] ca] ca] ca] c™a] ca] ca] ca] ca] ca] ca]
cal] cal] ca] ca] ca | >3?7L?27??27?27?7@ @\ A@:f C<FHFnF| FFFFFFFGE G
HHHH| vql gb] ca] ca ca clal c al ¢c”aj ca] c”
a] ca] c~a] ca }:AQ‘T% %%3\2 E)%)E%LJ]”& tqa]: EY %‘R%?EJA#@%JSQKR% r P<RA
R T@GIST TgTvTTT U3UEUPWY{ UUVZz uoj e ca cal ca ca cajc”alcalc % ]éca C
aU] ca] ca] caearehy] %a}@la}%maﬁl%a?%u% E 1€ 1]‘cafc FRKSF chP chBf cafE
VEVIWXXXY] YZ[ z[ [[[[[[” ~  aabbbbb. cbc~xsnhb] XSni | ca] ca] cal] cal] ca] ca] calc”
a] ca] c”a] ca] eenftaleapE rajid] BBV capebdioindand apent £a¢ ccaneanenht] cal cal cha
] ca] c”a
bcl dWidddl eedpYgbbiyyori fhppkghl &1 Phob8y?géqugnhoe d”Yni | ca] ] cal] ca] ca] c*a] ca
] ca] ca] ca] c”a] ca] ca] ca] ca] caU] caU] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca] ca]ca
] ca] c™a] ca
FgNgSgbqPsZs s% "ttt u@Nvv_wwbxpx| xxxz{~~}w ngb] Xni ] ca] ca] ca] cal] ca] ca] ca]
;fﬂa]cg?](:;“a] cepcalbgaUsnl caleal el gahcgleal calcatealalgal saksgl snal gl cal c

"AQUhzt of d Y‘gg]]lg; ?12} o gl acg;@qﬁafgﬁgggaﬁagaeaﬂcmaleaal cnal

ca] ca] c"a] ca{]: a] ca

o e o et Xa]te@%maﬁgﬁl\é}eé FRCIIREU Apn SA A

| vgql ga\Whi 1] U] ] ca] ca] c™a] ca] ca] ca] c™a] ca] ca] ca] cal] ca] ca] ca] cal] cal] ca] ca] c
a] c”a] calxa] @é?ééiéﬁ%@é} ca] ca] ca] c”*a] cal] ca

m 3hZc0* 9@yt oj d_Zni]] U] ]c]ca] ca] c”a] ca] ca] cal] cal] ca] ca] ca] ca] ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] c”*a] caU] ca] ca] ca] ca] ca] ca

"+2>\ > ow % zupkfal Vni ] ] U] c”*a] ca] ca] ca] ca] ca] cal] ca] ca] ca] caU] cal] ca] ca] ca]
c™a] ca] ca] catpca) thecBBuatecat) eatjgahcpheajcagcatcatfitag to claim 8,

. [ 6DPVWA1BX<Odkp| J{| wgkf a[ Vkf a\ Vni ]] U] ca] c*a] ca] ca] c”a] c”a] ca] ca] c*a] cal] ca]
cal] cal ca] cgheatenaksahccabsal enakeathcal afiat efaheatbaal calkeakcahgearNIVery
ytoje [Vni]] U ca] ca] ca] ca] ca] ca] caU] ca] ca]ca] ca] calU] cal] ca] ca]ca] ca] c”a] ca]
cMa] ca] ca] ca] cal] ca] caU] cal] ca] ca] ca] ca] c”a w

20 14. The HBV core antigen particle according to claim 12,

wherein said crosslinker is a multifunctional crosslinker.

15. The HBV core antigen particle according to claim 14,

wherein said multifunctional crosslinker is selected from



v k!

(8é}xsni d_Z] U ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]c
aJca] ca] ca]ca] ca]ca]ca] ca]ca]ca] calca]ca! p"X)[*]2i (d}xsnid_Z] U ca] ca] ca] ca]
ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca] ca] ca] ca] caj Cﬁ]Lc%oga] cal ca]
ca] ca] ca] ca] ca! Ap<u+gM $] 8

"W 1} xsnid _Z] U] ca]l ca] ca] ca] ca] ca] ca] caj ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
calca]calcalgc calc L1l ##3$BS{ $$$9846 %
BVEE aaraekeh s ar oD, cpeal ot Ea] o] EFERySRpchre é}%ﬁf%&]ﬁ%}aafeawi cal cal
ca] ca] ca] ca] ca] ca] ca] ca] ca] cal ca] ca] ca] ca] ca%ca Jcal &' O """ #(_(((
)+).)f)))*&carkediplae hydepghlorida gndd) Ny aiiéaﬁfaf%hylaafea%a}@aﬁea] calc
a]J ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]lca]calca]cal,,,$
A N..../Qt///0U2"41444478889P999: : } xsni d_Z] U] ca] ca] ca] ca] ca] ca] ca] ca]
cal ca] cal] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]
caI o I

ca] ca] ca]sca] p@] caTﬁ@.] gBYcabea] @ﬁi@g&ﬁaﬂagai@aléa&@@b@alﬁ@] €8] eahem] ¢a] cal ca)
ca! BOBBBBC>Cv CCCDPDDDD$EBECEREEI FAAALAgAAAB} xsni d_Z] U] ca] ca] ca] ca] ca] ca] ca]

cal ] ca] ca]
col o o Rtk etk e ek AR DR ety Bl e
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10 17. The HBV core antigen particle according to claim 16,

wherein said epitopes are selected from the group

consisting of linear epitopes, conformational epitopes,

single epitopes and mixed epitopes.

15 18. The HBV core antigen particle according to claim 1,
wherein said immunogenic component is selected from the
group consisting of antigens, allergens, antigenic
determinants, proteins, glycoproteins, antibodies, antibody
fragments, peptides, peptide mimotopes which mimic an

200 antigen or antigenic determinant, polypeptides,
glycopeptides, carbohydrates, oligosaccharides,

polysaccharides, oligonucleotides and polynucleotides.

19. The HBV core antigen particle according to claim 1,

25 wherein said immunogenic component is targeted to or
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5 20. The HBV core antigen particle according to claim 19,
wherein said virus is selected from the group consisting of
retroviruses, herpesviruses, orthomyxoviruses,
paramyxoviruses, hepadnaviruses, flaviviruses,
picornaviruses, papovaviruses, adenoviruses, baculoviruses,

10 hantaviruses, parvoviruses, enteroviruses, rhinoviruses,
tumor viruses, DNA viruses, RNA viruses, togaviruses,

rhabdoviruses and poxviruses.

21. The HBV core antigen particle according to claim 20,

15 wherein said virus is selected from the group consisting of
human immunodeficiency type 1 virus, human immunodeficiency
type 2 virus, T cell-leukemia virus, herpes simplex type 1
virus, herpes simplex type 2 virus, varicella-zoster virus,
cytomegalovirus, Epstein-Barr virus, influenza A virus,

20 influenza B virus, influenza C virus, respiratory syncytial
virus, measles-like virus, mumps virus, parainfluenza
virus, hepatitis B virus, hepatitis C virus, hepatitis A
virus, hepatitis E virus, yellow fever virus, malaria,

dengue virus, tick-borne encephalitis virus, oncovirus,
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107171 derived from bacillus, enterobacteria, clostridium,
listeria, mycobacterium, pseudomonas, staphylococcus,
eubacteria, mycoplasma, chlamydia, spirochetes, neisseria
or salmonella.
10
23. The HBV core antigen particle according to claim 19,
wherein said immunogenic component is targeted to
diphtheria, tetanus, acellular pertussis, Haemophilus
influenza, polio, measles, mumps, rubella, varicella,
15 hepatitis B virus, hepatitis A virus, pneumococcal

pneumonia, yellow fever, malaria, typhoid fever,

meningococcal encephalitis or cholera.

24, The HBV core antigen particle according to claim 18,
20 wherein said immunogenic component is selected from the

group consisting of animal allergens, insect allergens,

plant allergens, atmospheric allergens and inhalant

allergens,
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wherein said HBV core antigen fusion protein comprises an

immunogenic epitope or an antigenic epitope.

27. The HBV core antigen particle according to claim 26,
10 wherein said HBV core antigen fusion protein comprises an
immunogenic epitope or an antigenic epitope fused to HBV

core antigen directly or through a linker sequence.

28. The HBV core antigen particle according to claim 26,
15 wherein said HBV core antigen fusion protein comprises an

immunogenic epitope or an antigenic epitope fused to the

carboxy terminus of said HBV core antigen directly or

through a linker sequence.

20 29. The HBV core antigen particle according to claim 26,
wherein said HBV core antigen fusion protein comprises an
immunogenic epitope or an antigenic epitope fused to the
amino terminus of said HBV core antigen directly or through
a linker sequence.

25
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truncated HBV core antigen.

5 31. The HBV core antigen particle according to claim 25,
wherein said HBV core antigen fusion protein comprises HBV

surface antigen or portions thereof.

32. The HBV core antigen particle according to claim 31,

10 wherein said HBV core antigen fusion protein comprises a
sequence selected from the group consisting of the pre-Sl
region of HBV surface antigen, the pre-S2 region of HBV
surface antigen, the immunodominant a region of HBV surface
antigen and portions thereof.

15
33. The HBV core antigen particle according to claim 1,
wherein said HBV core antigen is a full length HBV core
antigen polypeptide, or portions, truncations, mutations or
derivatives thereof which are capable of assembling in

20 particulate form.

34. The HBV core antigen particle according to claim 1,
wherein said HBV capsid-binding peptide component is

selected from the group consisting of:
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5 35. A vaccine comprising a prophylactically effective

amount of an HBV core antigen particle according to claim

1.

36. A pharmaceutical composition comprising a
10 therapeutically effective amount of an HBV core antigen

particle according to claim 1.
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38. The HBV core antigen particle according to claim 1,
wherein said capsid binding immunogen comprises a
diagnostic label or a chemical marker.
10
39. A method for detecting the presence of antibodies to
an immunogen in a sample comprising the steps of:
(a) contacting the sample with an HBV core
antigen particle according to claim 38, for a time
15 sufficient to permit any antibodies in said sample to form
a complex with said capsid binding immunogen and;
(b) using detection means to detect the
complex formed between the capsid binding immunogen and

said antibodies in said sample.
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10  41. An HBV capsid-binding peptide immunogen comprising at
least one HBV capsid-binding peptide component and at least
one immunogenic component, wherein said immunogenic
component is targeted to or derived from an agent selected
from the group consisting of parasites, mycobacteria,

15 bacteria, bacilli, fungi, protozoa, plants, phage, animal

cells and plant cells.

42. An HBV capsid-binding peptide immunogen comprising at
least one HBV capsid-binding peptide component and at least
20 one immunogenic component, wherein said immunogenic
component is targeted to or derived from a virus selected
from the group consisting of retroviruses, herpesviruses,
orthomyxoviruses, paramyxoviruses, flaviviruses,
picornaviruses, papovaviruses, adenoviruses, baculoviruses,

25 hantaviruses, parvoviruses, enteroviruses, rhinoviruses,
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10 wvirus, herpes simplex type 1 virus, herpes simplex type 2
virus, varicella-zoster virus, cytomegalovirus, Epstein-
Barr virus, influenza A virus, influenza B virus and
influenza C virus, respiratory syncytial virus, measles-
like virus, mumps virus, parainfluenza virus, hepatitis C
15 wvirus, hepatitis A virus, hepatitis E virus, yellow fever
virus, dengue virus, malaria, tick-borne encephalitis

virus, poliomyelitis virus, rubella virus, rabies virus and

vaccinia virus.

20 44. An HBV capsid-binding peptide immunogen comprising at
least one HBV capsid-binding peptide component and at least
one immunogenic component, wherein said immunogenic
component is targeted to or derived from bacillus,

enterobacteria, clostridium, listeria, mycobacterium,
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one immunogénic component, wherein said immunogenic
component 1is targeted to diphtheria, tetanus, acellular
pertussis, Haemophilus influenza, polio, measles, mumps,
rubella, varicella, hepatitis B virus, hepatitis A virus,

10 pneumococcal pneumonia, yellow fever, malaria, typhoid

fever, meningococcal encephalitis or cholera.

46. An HBV capsid-binding peptide immunogen comprising at
least one HBV capsid-binding peptide component and at least
15 one immunogenic component, wherein said immunogenic
component is selected from the group consisting of animal
allergens, insect allergens, plant allergens, atmospheric

allergens and inhalant allergens.

20 47. The HBV capsid-binding peptide immunogen according to
any one of claims 40 - 46, wherein said immunogenic
component is linked to said HBV capsid-binding peptide

directly or through a linker sequence.
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20 crosslinker.,

52. The HBV capsid-binding peptide immunogen according to
claim 51, wherein said multifunctional crosslinker is

selected from the group consisting of l-ethyl-3-
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any one of claims 40 - 46, wherein said HBV capsid-binding

peptide component is selected from the group consisting of:
SLLGRMKGA, GSLLGRMKGA, DGSLLGRMKGAA, ADGSLLGRMKGAAG,
SLLGRMKG (B~A)C, RSLLGRMKGA, HRSLLGRMKGA, ALLGRMKG,
MHRSLLGRMKGA, RSLLGRMKGA (B~A)C and MHRSLLGRMKGAG (B-A)GC

10
54, The HBV capsid-binding peptide immunogen according to
any one of claims 40 to 46, wherein said HBV capsid-binding
peptide component is a fragment or analog of SLLGRMKGA,
GSLLGRMKGA, DGSLLGRMKGAA, ADGSLLGRMKGAAG, SLLGRMKG(R-A)C

15 RSLLGRMKGA, HRSLLGRMKGA, ALLGRMKG, MHRSLLGRMKGA,

RSLLGRMKGA (f-A)C or MHRSLLGRMKGAG (B-A)GC

55. The HBV core antigen particle according to claim 1,
wherein said HBV capsid binding component is a fragment or

20 analog of SLLGRMKGA, GSLLGRMKGA, DGSLLGRMKGAA,
ADGSLLGRMKGAAG, SLLGRMKG(B-A)C, RSLLGRMKGA, HRSLLGRMKGA,
ALLGRMKG, MHRSLLGRMKGA, RSLLGRMKGA (B-A)C or

MHRSLLGRMKGAG (-A) GC



) H#10YBY& ()- f& 109BY& () - AAMALAGAAA| [ : NA41010 s"1090$9& ()- f 1099$9& ()-
Sy1090$9& ()- Z1099$9& ()- 109939& ()- #31099$9& () - ABOBBBBC| [ : NA41010 f
1090$9& () - 1090$9& ()- SmLOYO$9& ()- f1090$9& ()- f1090$9& () -

S! 1099$9&' () - C>CvOCCDPD) [ : NA41010 y&*610%9$9& ()- f,81090$9& { JjuL zuu3
&St 1099$9& ()- f "1099$9& ()- S 1090$9&
f:!lO@@$9&f()-PDDDD$E7E@EAEBE|[NA410109$ 109$9109$9 f F41099$9& () -
S@1099$9&' ()~ S90NML0Y9$9& ( ).- 099$9& ().~ f.,

1099$9& () - EOEREEu F| | FﬁA&fﬁ)fﬁb%@%’lﬁﬁo lﬁ@&i@%ﬁ&lﬁ acﬁ’é&é&@&t@

,1!100/60/6& )- s109%6%s& I 00 O/G& - Nor adi ng
23] c" I—|ead(‘_"r‘i1 :?él]ec e %1”}?9% oy gﬁ W@”@?}g@turﬁeé’ 1c,°a di ng
73] c" Headl n r'rJ " Headi ng 93 c "Def aul t, Par agr ph Font oB

\" (/1 6<CIFQf ReENI5 Gy elsfﬁ@msaﬁmaﬁr WGHRH | npr t vxz| ~L% >

HVbcFgk . pW& Bi Ffu
Mm@ % ) +. 2R47P9/ ’?AFG—H\/[DTEUgV\[ [ a. cI ehi k?n?9% @wx} #na, . (Jr=cRF A'?Z .P' H
vv{)] dM 8 'l ["" $"NUR&H( . -./358: ;" =>?AACPDBEi F
"HSYR (5*_,_ /012345 use accordlng to claim 56, wherein said
<= >’>@\BCDEFGI—|I JKLM\IODQ?STUVV\XYZ[\]" “abcdef gh rmopqr stuvwxyz{ }~6Ti mes
New RomanAr FECEEFMEET Newt? RS0t IEFSPAG &ﬁ%ﬁ‘t ‘J
"HEUR ()*+,-./0123456789: ;
<:>?@\BCDEFGHId}P{LlI9|\l@ﬂ‘Q?STUVV\XYZ[ \]~_abcdef ghi j kl mopgr st uvwxyz{|} ~
" #$UR' ()*+,-./0123456789: ;
<=>? @GABCDEFGHI JKLMNOPQRSTUVWKYZ[ \ ] ~_" abcdef ghi j kl mopqr st uvwxyz{| } ~



